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10 Hz to 50 kHz
with one dial turn

With our new Type 1313-A Oscillator,  the others, the 1313-A has a SYNC
you can manually sweep through its jack for external synchronization, is
entire frequency range with one turn  completely self-contained, and is

of the main dial. There are no range- small and lightweight (8 by 6 by 8 in,
switching transients or ambiguous 7 Ib). Even the price is a feature —
dial multipliers to contend with; it's only $325%!

frequency changes can be made For complete information, write
quickly and conveniently. The all- General Radio Company, W. Concord,
solid-state 1313-A provides both sine-  Massachusetts 01781; telephone (617)
and square-wave outputs, has a 369-4400; TWX 710 347-1051.
calibrated 60-dB step attenuator with
a zero-volts-behind-600 © output
position, and a 20-dB continuously

adjustable attenuator. Distortion is GENERAL RAD'O

only 0.5% from 100 Hz to 10 kHz.

The 1313-A is the fourth in our new
line of ‘'sync-able" oscillators. Like

*Price applies in USA only.
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Inkless recording isn’t
a“record-breaking” technique.

It’s designed not to be.

The exclusive new inkless writing option
for the Hewlett-Packard 10" 7100 series or
the 5" 680 series strip-chart recorders won’t
“break” your records by tearing, smearing
or running out of ink when you’re not
around to notice it.

Instead, it takes the uncertainty out of strip-
chart use by offering reliable, long-term
recording—without interruption or con-
stant attention—with economical and
maintenance-free operation. This new low-
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voltage electric writing method gives you
sharp and clear printing on unique electro-
sensitive paper—and with instant start-up.

Call your local HP field engineer or write
Hewlett-Packard, Palo Alto, Calif. 94304.
Europe: 54 Route des Acacias, Geneva.

HEWLETT ﬂ PACKARD

GRAPHIC RECORDERS 102
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The hp Models 3439A and 3440A Digital Voltmeters are com-
pact, accurate, rapid, multiple function instruments—built rug-
ged, reliable and versatile! With the appropriate plug-in, you
get automatic ranging, remote or manual operation with an
accuracy of 0.05% of reading on a four-digit readout; 50 Hz to
50 kHz bandwidth with 10 uV; 10 nA sensitivity!

Rugged !'—Models 3439A and 3440A are built with solid-state
circuitry and reed relays to provide a rugged instrument. Use
of solid-state components also gives a lighter weight for easy
portability. These units are test operated at temperatures from
0°C to 50°C with relative humidities of O to 95%, vibration
tested at 10 to 55 Hz at 0.010" peak-to-peak excursion, and
drop-tested four times from four inches. Construction and test-
ing assure you of a rugged instrument—ideal for bench or sys-
tems applications.

Reliable !'—With either the 3439A or 3440A, you get an in-
ternal calibration source with a TC better than 0.002%/°C and
a stability typically better than +0.005% over a three month
period. You can verify accuracy of these models simply by
pressing a front panel button. You get digital readout on large
rectangular display tubes which hold the previous reading un-
til the input voltage is changed. Long-term reliability is assured
with solid state components—but, if something should happen,
the easy-to-service plug-in circuit cards mounted in the mod-
ular enclosure can be quickly replaced to minimize down-time,

Versatile '—You get a dc accuracy of better than =0.05% of
reading =1 digit. Specified accuracy is retained to 5% beyond
full scale. The ac filter has a rejection of 30 dB at 60 Hz. Re-
sponse time to a step change is 450 msec to read 99.95%
of final value. The 10 M{? impedance presents a constant load
on ali voltage ranges.

Add the capability of six plug-ins to these features and you
have a truly versatile instrument! But—that's not all! You can
make true RMS measurements using the dc output of the hp
Model 3400A RMS Voltmeter and either the 3439A or 3440A.
The 3440A has a BCD recorder output to operate with the hp
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Rugged, Reliable and Versatile!
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Model 562A Digital Recorder to produce a printed, six-column
readout.

Plug-in* 3441A(3442A|3443A 3444A[§445A 3446A
AC volts

10V to 1000V WA Pk ] *k ; X X
DC volts

10V to 1000V X X X X J X X
DC voits 100mV I

to 1000V X X |
DC amps“ ] X i
Ohms X
Manual ranging X X X X X X
-/Eto-ranging - X X |
Remote ranging X X X X
Remote function B { X
Ftoating input X X X X Tl X X

*3439A and 3440A require a plug-in to operate

**Average response measurenents: 100 uV to 300 volts. 50 Hz to 500 kHz-hp-457A or 1 mV
to 300 volts. 10 kHz to 10 MHz with -hp- 400€/EL. True RMS measurements: 1 mV to 300
voits. 10 Hz to 10 MH2z use -hp- 3400A.

Get the full story on the rugged, reliable, versatile hp Model
3439A or 3440A Digital Voltmeter from your nearest hp field
engineer. Or, write to Hewlett-Packard, Palo Alto, California,
94304. Europe: 54 Route des Acacias, Geneva. Price: hp model
3439A, $950.00; hp Model 3440A, $1160.00, plus plug-ins

($40.00 to $575.00).
097/9
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Technical articles

I. Design

Topology: a shortcut to

understanding systems

Systems analysis is speeded up by a trio of
graphical techniques

S.P. Chan, University of Santa Clara

Designer’s casebook

= Five valuable circuits from changes
in feedback

® Simple feedback network shapes trailing
edges

8 MOS phase-shifter controller cuts motor
hunting

@ Operational amplifier gain varied by FET
chopper

Microstrip plus equations adds

up to fast designs

Accurate formulas eliminate cut and try

in designing hybrid IC's for microwave
Alfred Schwarzmann, Radio Corp. of America

Data at twice the speed eases

h-f traffic jam

A new modulator-demodulator permits
more traffic and cuts error rate by 1,000
Gene C. Porter, Martin B. Gray and

Charles E. Perkett, General Dynamics Corp.

I1. Application

H-shaped resonators signal

upturn in tone telemetering (cover)

A single telephone line can handle 1,000
channels using a new generator and filter
Hugh Baker and John R. Cressey,

HB Engineering Corp.
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Readers Comment

Healthy situation

To the Editor:

The article, “Ton implantation
gets a shot in the arm,” [Aug. 7,
p. 162] obviously requires our com-
ment. In particular the reporting
of a source’s comment on our prog-
ress reports goes, we helieve. be-
yond the reasonable bounds of ed-
itorial license and of good taste.

The implantation program, ini-
tially company-funded six years
ago at Ton Physics, early gained
supplemental support from the Air
Force and later from Nasa. The Air
Force particularly is to be com-
mended in recognizing with us the
potential of the method. Progress
in an expanding research, develop-
ment and, now, production pro-
gram has been continuous. Indica-
tive of this is the arvangement made
in April this vear with the Corning
Glass Works for additional devel-
opment programs and licensing,
Sustenance for continued health
has been our way of life; not sick-
ness-connoting shots in the arm.

Inaccuracies in the article in-
chide “Ton Phvsics . . . plans to skip
discrete devices and start work im-
mediately on 1¢’s.” Even though
the previons Electronics article
[Mav 15, p. 42] reported “Ton Phys-
ics plans to continue work on high-
frequency  transistors  because it
feels that implantation offers ad-
vantages in junction resolution and
depth.”

Further. we do not claim to pro-
duee more radiation resistant solar
cells. A reading of onr progress re-
ports would establish this.

A. John Gale
President
Ton Physics Corp.
Burlington, Mass.

No complications

To the Editor:

The item in Electronics Newslet-
ter, [Julv 24, p. 25] “Even chance
scen for h-f transistor parameter
shift.” appears like an overly dram-
atized description of the status of
transistor characterization.

The situation is very simple:

1. It is easier to measure tran-
sistors in the microwave frequency

Electronics | October 2, 1967



' DON'T BE DOGGED

SPRAGUE SSL

(Super-Speed Lagic)

IS THE BEST DOGGONE TTL

* Trademark

/

SPRAGUE SSL.  /

~ BY CIRCUIT SPEED TO THE RESCUE!

PROPAGATION DELAY ..........cocovvnininnn, 5 nsecsk
POWER DISSIPATION ............................. 25 mwok
NOISE IMMUNITY ................................. 10 v
FANOUT ... n
FLIP-FLOP TOGGLE FREQUENCY ................... 60 MHz

* As faithful as our four-footed friend, these values are typical, NOT exceptions.

For additional information on
Sprague SSL Super-Speed Logic,
write to:

Semiconductor Division

Sprague Electric Company

115 Northeast Cutoff
Worcester, Mass. 01606

SPRAGUE’

485.9148

SPRAGUE WORCESTER. .. the world’s finest microcircuit facility
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THE MARK OF RELIABILITY

*Sprague’ and '@’ are registered trademarks of the Sprague Electric Co.
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Knock off 35%

of shielding

material costs

with Hipernom'

..and stay competitive
into the 1970's.

Of course you want to pay less for
magnetic shielding against DC to
10,000 Hz. fields. Solution: Get
Westinghouse Hipernom alloy.

Of all commonly used shielding alloys,

Hipernom has the highest permeability.

It lets you use thinner, lighter shields,
allows easier, lower-cost fabrication.
And you use less material per shield.

Circle 6 on reader service card

The 35% material cost saving per shield
cited above is typical. Hipernom also
brings you an important extra...

the largest group of metallurgists
specializing in magnetics. They'll put
Westinghouse’s 50 years of research
leadership in magnetics at your service
Want specific details? Call Bob Carroll
at412-459-9400.

Hipernom meets the requirements of Federal Standard No. 222,

Free 36-page book on magnetic shielding
Any engineer who reads this book
becomes one of America’s foremost
authorities on magnetic shielding. Itis
just that complete, practical and unique.
For your free copy, write for ‘‘Shielding
Book."' Address Westinghouse Metals
Division, Box 868, Pittsburgh,
Pennsylvania 15230.

You can be sure if it's Westinghouse

J-05013




range with s-measuring sets than
with y- or h-measuring sets, and
if the transistors are to be used
in 50-ohm circuits, circuit design
is generally easier.

2. Y and h parameter charac-
terization is often more useful in
transistor development for the inan-
ufacturer, or for the circuit devel-
oper, to the extent that the s-
parameters are measured and are
then transformed to the y’s with a
computer.

3. Y-parameters can just as well
be entered on a Smith chart as s-
parameters. In fact, the Smith
chart is most popularly employed
in terms of immittance parameters,
v and z

4. There is no “simmering”; the
situation is as follows: because
easicr-to-use s-parameter measur-
ing equipment is now more readily
available, and some manufacturers
are converting to this equipment.
work is in progress to prepare an
s-characterization document, sim-
ilar to the current v-character-
ization document now nearing
completion. Involved in this prep-
aration will be the evaluation of
the existing equipment.

John Zorzy
Microwave group leader
General Radio Co.
Bolton, Mass.

It works in Denmark

To the Editor:

In the article about automatic
phototypesetters [May 29. p. 137],
it was surprising for us to see that
none of the third-generation devices
has yet been proven in full-fledged
printing operations.

Our company. the Telephone
Company of Copenhagen, received

| il B e p—

} SUBSCRIPTION SERVICE +———

| Please include an Electronics Magazine address
I label to insure prompt service whenever you
write us about your subscription.

i
} An‘ACH if you are moving, please let us know ,

the first Videocomp (here in Eur-
ope sold under the name Digiset)
from Dr. Ing. Rudolf Hell about
six months ago. The tvpesetting of
the directory for Copenhagen has
been accomplished on the Video-
comp.

This book contains about 1,200
pages with about a half-million en-
tries, and has been printed in 700,-
000 copies. The films have been
made here in the Telephone-House
in Copenhagen and delivered to our
printer in Aarhus.

We are preparing the publication
of other Digiset directories and the
production of up-to-date catalogs
for our information service.

Olaf Nielsen
Kjobenhavns Telefon Aktieselskab
Copenhagen

No connection

To the Editor:

In the article “Regenerative plan
turns up in combiner,” [July 10. p.
164], describing Raytheon’s ppc-4
predetection combiner, it can be
inferred from the first two para-
graphs, particularly  from the
phrase, “building on this work,”
that our regenerative technique
was derived from information in a
technical paper presented at the
IEEE [nternational Communications
Conference in 1966. To the best of
our knowledge the ieeE presenta-
tion cited in vour article dealt with
different technical subject matter
and did not describe our regencra-
tive technique. There is no rela-
tionship between our work and the
technique described in the ig:e
presentation.

John E. Severance
Ravtheon Co.
Lexington, Mass.

J

CHANGE OF ADDRESS

five weeks before changing your address.

| Mail to: Fuifiliment Manager Lﬁgﬁ% Place magazine address label here, print I
Electronics ’ your new address below,

I P.0. Box 430 | |
| Hightstown, N.J. 08520 boo S e =___W |
' To subscribe mail this form with your payment
l and check [] new subscription [J renew my ! name I
| present subscription I
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MEASURE

transient response

output impedance

loop stability

proper regulation

microvolt ripple

short and
long term drift

of your power supply

WITH ONE (1)
INSTRUMENT

Now you can perform a complete check
on all important parameters of your
power supply . in a fraction of the
time you used to take . . . with one small
instrument instead of a bank of equip-
ment.

PM’s new Model 1004 Power Supply Test
Set contains an electronic load capable
of pulse loading a supply up to 20A and
70V. Operates in pulse or DC mode. Con-
tains a regulation monitor for precise
drift and regulation measurements. The
meter is calibrated directly in % regu-
lation. 10%, 1%, .1%, and .01% full
scale. Accuracy is 3PPM/min. and 10-
PPM/8 hrs.

PM 1004 — $1100.00

PM 1003 (without regutation monitor)$750.00

LemMY pACIFIC
MEASUREMENTS
INCORPORATED

940 INDUSTRIAL AVENUE
PALO ALTO, CALIFORNIA
(415) 328-0300
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How can | stop
sample-&-hold droop?

Simple.
':Iiagtg?g;:g 9 ANALUK 9 dait-:v:lrsu%?sgur

Forget about droop with ANALOK because it doesn’t. What it does do is give you
a simpler, less expensive system with greater flexibility.

Here’s how. ANALOK is a multichannel unity gain track-and-hold amplifier

with zero dccay. It can retain stored values in an analog state indefinitely. This
unique memory capability gives you greater flexibility because there's no time re-

striction between acquisition and use of sampled values. Check these applications:

8

® Use ANALOK as a high speed data buffer. Sample multiple functions simul-
taneously, or transient phenomena in a programmed sequence. Transfer the
data to your low speed data processor as slowly or rapidly as you wish. No
matter how much time you take, the stored values won't droop.

e Decommutation with one DAC and a multichannel ANALOK eliminates the
need for periodic updating nccessary when using conventional samplc-and-
hold channels. The result of using ANALOK is optimum use of your com-
puter since it need only address each ANALOK channel when it has new
information.

® Provide the information storage capability in your analog system with
ANALOK. You may not have to go hybrid.

Get complete specifications. Write to
ANALOK Sales, Dept. 215, Analog-
Digital Systems Division, Control Data
Corporation, 4455 Eastgate Mall, La
0 .L Jolla, California 92037. Or phone

-

L
J
\]

714/453-2500.

CONTROL DATA
[ conrorarion]

CORPORATION

4455 Eastgate Mall, La Jolla, Calif,
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People

One of rcy'’s most  sensitive
jobs, general manager of the De-
feuse Electronics Products division,
opened snd-
denly last month
amid rumors
of  production
problems on a
supersccret proj-
cct, called R-13.
Named to the
job was lrving
K. Kessler, who Irving K. Kessler
also received the title of division
vice president. [For more on
the project, see page 39.] The
48-year-old Kessler replaces Arnold
K. Weber, corporale vice president,
who's been with rea since 1918 and
scrved as gencral manager of the
division since last \larch.

Contract loss. Kessler’s appoint-
ment came only weeks after it was
learned that the Radio Corp. of
America division had lost the Na-
tional Security Agency contract be-
cause of production problems on
R-13, which involves fast crypto-
graphic equiprent.

Industry insiders say Weber was
named to the job when his prede-
cessor became ill and the produc-
tion problems became evident to
management, and that Weber’s se-
lection was an interim one—at
least as long as it would take for
the veteran rca official to solve the
manufacturing problems.

The new general manager, in an
interview, conceded that the Cam-
den, N.]., division was having pro-
duction problems—especially with
multilayer boards. However, he
said that the problems were not
insurmountable and should be
solved quickly.

Step up. Kessler previously
served as general manager of the
Aerospace Systems division. In his
new post he will be responsible
for five operating divisions within
the Defense Electronics division:
Aerospace Systems, Burlington,
Mass.:  Astro-Electronics, Prince-
ton, N.J.; Communications Sys-
tems, Camden; Missile and Surface
Radar, Moorestown. N.J.; and the
West Coast division, Van Nuys.

Kessler is no newcomer to the
defense industry. In 1957 he was
manager of the defense division’s

Electronics | October 2, 1967



AT WABC-TV
MACHLETT ML-7007
HIGH-POWER
TRANSMITTING TUBES
HAVE JUST LOGGED

125,000 HOURS.

Where prime time requires prime
performance specify Machlett transmitting
tubes. Available now:

The new Machlett short form catalog,
from The Machlett Laboratories, Inc.,
1063 Hope Street,

Stamford, Connecticut 06907.

THE MACHLETT LABORATORIES, INC.
@ A SUBSIDIARY OF RAYTHEON COMPANY
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New from Sprague!

5 Times the Resistance of
a Conventional Metal-Film Resistor

of Equal Size!

Maximum

Type Rating Size | Resistance
Extended-Range "

" 0957 0.

Filmistor [ 1/10 9507 L 1.5 MQ

Resistor

Conventional
Metal-Fitm
Resistor

1/10 .095° D.

9507 L. 0.3 MQ

EXTENDED-RANGE FILMISTOR
METAL-FILM RESISTORS

Substantial saving of space in all wattage ratings —
1/20, 1/10, 1/8, 1/4 1/2, and 1 watt—with
absolutely NO SACRIFICE IN STABILITY!

Extended-Range Filmistor Resistors now offer, in addition to accuracy . . . sta-
bility . . . reliability . . . resistance values in size reductions which were previously
unobtainable. Size and weight advantages of Filmistor Resistors now make them
ideal for applications in high-impedance circuits, field-eflect transistor circuits,
etc. Many designs which previously had to settle for the higher temperature
coefficients of carbon-film resistors in order to obtain required resistance values
can now utilize the low and controlled temperature cocfficients of Filmistor
Metal-Film Resistors.

Other key features are +=1% standard resistance tolerance, low inherent noisc
level, negligible voltage coefficient of resistance, and tough molded case for
protection against mechanical damage and humidity.

For complete technical data, write for Engineering Bulletin

7025D 1o Technical Literature Service, Sprague Electric Co.,
35 Marshall Street, North Adamns, Massachusetts 01247,

SPRAGUE COMPONENTS

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS

PULSE TRANSFORMERS

THIN-FILM MICROCIRCUITS CERAMIC-BASE PRINTED NETWORKS
INTERFERENCE FILTERS PULSE-FORMING NRETWORKS
4SR-6139 *Sprague’ and ") are registered trademarks of the Sprague Electric Co.

RESISTORS
CAPACITORS
TRANSISTORS
INTEGRATED CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY
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People

management  engineering  group.
Two vears later he was appointed
general manager of the former Air-
borne Systems division and the
following vear became division vice
president and general manager.

After 25 vears at the Philco-Ford
Corp., Oscar T. Simpson has re-
signed as vice president of the
firm’s clectron-
ics group to
become vice
president and
general manager
of the MNagna-
vox Co.’s Gov-
ernment and In-
dustrial division,
Fort Wayne.

Why the move after 25 vears?
Simpson, 49 vears old, savs the
smaller Magnavox organization of-
fers him broader responsibility and
a greater chance for top manage-
ment positions. He also hopes his
experience in satellite communi-
cations and microelectronics will
help expand Maxnavox’s already
profitable Government business,
now concentrated on antisubmarine
warfare and avionics work.

Heir unapparent. There’s no as-
surance a successor will be named
at Philco-Ford. The six-division
manager formerly under Simpson
will now report to Robert O. Fickes,
president, the way it was done be-
fore Simpson was named group
vice president. If a successor is
named, some insiders bet it will be
Lou De Rosa, director of engineer-
ing and research for the group,
who was named vice president the
day after Simpson left.

Simpson denies that the slump
at Philco-Ford’s Microclectronics
division forced his departure. and
insiders at Philco-Ford agree. But
the division’s ledger has been
slightly in the red for most of 1967.
These losses may have triggered
the current marketing reorganiza-
tion, which has already cost the
division its marketing, sales, and
product managers. These men left
because they differed with manage-
ment’s reorganization plans, Simp-
son says, adding that his reasons
were personal.

Oscar T. Simpson
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Sorensen modular power supplies
3% x 3% x 7, £0.005% regulation

58900

any questions ?

Electronics | October 2, 1967

[J Model QSA48-.4 Power Supply,

shown actual size, illustrates the com-

pactness of the Sorensen QSA Series.

New off-the-shelf models cover the

range to 150 volts.

[] All silicon transistor design—con-

vection cooled—operating tempera-

tures up to 71°C.

[0 Requires no external heat sink—

mount in any position.

[J Lowest ripple of any modular sup-

plies—300 .V rms.

[J Best voltage regulation—=0.005%

line and load combined.

[] Lowest prices—$89 to $149.

[] Overload and short circuit protec-

tion.

(] 20 us response time—no turn-on/

turn-off overshoots.

[J Three sizes in each voltage range

depending on power level—all are

rack mountable with optional 3%"” rack

adapter.

[J Remote sensing and remote pro-

gramming —capable of series/parallel

operation.

[] Any further questions? For QSA

details or for other standard/custom

DC power supplies, AC line regulators

or frequency changers contact your

local Sorensen representative or:

Raytheon Company, Sorensen Opera-
tion, Richards Avenue,

Norwalk, Connecticut
06856. Tel: 203-838-6571

Circle 11 on reader service card 11



Wednesday
morning,

October .

You're invited to a briefing on integrated
circuits. Don’t dress up. It's at your house.




Fairchild has produced a half-hour color
television program, a briefing on inte-
grated circuits. It's not a big state-of-the-
art spectacular. 'In fact, it's pretty basic.

If this seems like an extraordinary move
for a technical company, we agree. It's
been an extraordinary decade.
IBF(I[EFING QUTLINE
[ What 1s an Integrated Circuit?
A. What it looks like
B. What 1t does
[ C. How it compares to other circuits
Il How an Integrated Circuit is made
Circuit design
Masking
Etching
Diffusion
Metallization
Wafer testing
Scribing
Packaging
Testing the completed circuit
1. Uses of Integrated Circuits.
A. Functions now available
B. Applications in industry
C. Applications in research

|

TIOMMOoO®@>

b
CITY CHANNEL TIME
Albugueique KOB-4 7:00 AM
Balt:more WMAR-2 7:00 AM
Boston WNAC-7 6:30 AM
Chicago WBKB-7 6:30 AM
Cincinnati WKRC-12 7:00 AM
Cleveland WEWS-5 7.00 AM
Dallas-Fort Worth KTVYT-11 6:30 AM
Davtor WHIO0-7 7:00 AM
Denve KLz-7 7:00 AM
Detroint WWJ -4 6:30 AM
Fort Wayne WANE-15 700 AM
Houston KHOU-11 7.00 AM
Huntsviile YAAY-31 7 00 AM
Indianapolis \WISH-8 7.00 AM
Kansas City KCMOQ-5 7 00 AM
Los Angeles KHJ-9 7 00 AM
Miam WCKT-7 6.30 AM
Milwaukee WIT!-6 7.00 AM
Minneapohs-St Paul WCCO-4 7:00 AM
New Orleans WVIUE.12 7:00 AM
New York WPIX-11 630 AM
New York WPIX-11 7:00 AM
New York WPIX-11 7:30 AM
Orlando WDBO-6 6 30 AM
Philadelphia WFIL-6 7.00 AM
Phoenix KTAR-12 9.00 AM ¥
Rochester WHEC-1 7:00 AM
St Lou:s KPLR-11 7:00 AM
San Dirgo KOGO-10 6 30 AM
San Francisco-Oakland KPIX-5 6.30 AM
Seattle-Tacoma KING-§ 6:30 AM
— Syracuse WHEN-5 7:00 AM
L ‘ Utica WKTV-2 7:00 AM
\ Y Washington, D.C WTTG-6 7:00 AM
. 1 Ctnbar 14
FAI REHII_D
SEMICONDUCTOR
Owrsinn of Farch amers and nstrumer: Cor
33 Farchin Dave, Mawirtam Cal:f 94040

167 L0011 TWX 910 379 6435



There always has to be a winner —and
when it comes to all-purpose sweep signal
generators, the Jerrold Model 900-C is a
shoo-in.

Measure a narrow band circuit (sweep-
width down to 10 kHz) or check the entire
coverage of broad band units such as mix-
ers, amplifiers, or filters (sweepwidths up
to 400 MHz). Design, test or measure a
variety of VHF, UHF, narrow and wide band
devices in the frequency range 500 kHz to
1200 MHz. .. and do it with incomparable
ease and accuracy. Here is convenience
only an all-purpose sweeper can provide.

The 900-C and ultra-reliable Measure-
ment-by-Comparison techniques permit ac-
curate and simple measurement of gain,
loss, and VSWR. You can disregard vari-
ables such as nonlinearity of detectors, os-
cilloscope drift, and line voltage variations.

If you need more convincing, send for
complete data— or contact us for a demon-
stration. Write Government and Industrial
Division, Jerrold Electronics Corporation,
401 Walnut St., Philadelphia, Pa. 19105.

clean,

sweep?

IN TEST,
MEASUREMENT,
AND
DESIGN
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Meetings

Active Sonar Classification Symposium,
Department of the Navy; Naval
Postgraduate School, Monterey, Calif.,
Oct. 3-5.

Ultrasonic Symposium, IEEE; Bayshore
Inn, Vancouver, Canada, Oct. 4-6.

Engineering Management Conference,
IEEE; Jack Tar Hotel, San Francisco,
Oct. 9-10.

Machine Tool Conference, IEEE;
Zleveland Sheraton Hotel, Cleveland,
Oct. 9-11.

Systems Science and Cybernetics
Conference, IEEE; Statler Hilton,
Boston, Oct. 11-13.

Symposium on the Physics of Selenium
and Tellurium, Senlenium-Tellurium

Development Association Inc.; Montreal,

Oct. 12-13.

Electrical Insulation Conference, IEEE;
Palmer House, Chicago, Oct. 15-19.

Seminar-in-depth on Laser Range
Instrumentation, Society of Photo-
Optical Instrumentation Engineers;
Hilton Inn, El Paso, Texas, Oct. 16-17.

Joint Materials Handling Conference,
American Society of Mechanical
Engineers and |EEE; Pfister Hotel,
Milwaukee, Oct. 16-18.

Electronics and Aerospace Systems
Technical Convention, |EEE; Sheraton-
Park Hotel, Washington, Oct. 16-18.

{nternational Scientific Radio Union
Meeting, International Scientific Radio
Union; University of Michigan, Ann
Arbor, Oct. 16-18.

Society for Nondestructive Testing
Conference, Society for Nondestructive
Testing; Hollenden House, Cleveland,
Ohio, Oct. 16-19.

International Antennas & Propagation
Symposium, IEEE; University of
Michigan, Ann Arbor, Oct. 17-19.

International Electron Devices Meeting,
IEEE; Sheraton-Park Hotel, Washington,
Oct. 18-20.

Symposium on Switching and Automata
Theory, IEEE; University of Texas,
Austin, Oct. 18-20.

Conference of the Association of Data
Processing Service Organization,
Association of Data Processing Service
Organization; Fairmont Hotel, San
Francisco, Oct. 19-20.

Symposium on Adaptive Processes,
IEEE; International Amphitheater,
Chicago, Oct. 23-25.

Elecironics Conference, IEEE;
International Amphitheater and
Sherman Hotel, Chicago, Oct. 23-25.*

Short Courses

Fundamentals of infrared technology,
University of Michigan’s School of
Engincering, Ann Arbor, Oct. 23-27;
$175 fee.

Engineering seminar on electric contact
phenomena, lllinois Institute of
Technology and !IT Research Institute
Chicago, Nov. 6-9; $125 fee.

Image Processing, University of
California’s Engineering and Physical
Sciences Extcnsion, Los Angeles, Nov.
6-10; $225 fee.

Call for papers

Automatic Control Conference, I[EEE;
University of Michigan, Ann Arbor,
Mich., June 26-28, 1968. Nov. 1 is
deadline for submission of papers to
Michae! Athans, program chairman,
1968 JACC, Room 24-306, MIT, Cam-
bridge, Mass. 02139

Frequency Control Symposium, U.S.
Army Electronics Command; Shel-
burne Hotel, Atlantic City, N.J., April
22-24, 1968. Dec. 15 is deadline for
submission of summaries to Director,
Electronic Components Laboratory,
U.S. Army Electronic Command, Att.
AMSEL-KL-ST (M.F. Timm), Fort Mon-
mouth, N.J. 07703

* Meeting preview on page 16.
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Even though Fluke differential voltmeters feature de accuracies high as 0.0025", ac accuracies
of 0.05%.. and 100 microvolts full scale sensitivity. thev are so well designed that use is both simple and
casy. Solid state bench top models are adaptable for half- or full-rac mounting... Many are offered
in both line and rechargeable battery operated versions. Vacuum-tube models are available in
~Eee—— cabinet or tull-rack configurations. There are many accessories, too. All the fine features of
5 Fluke differential voltmeters should surprise no one familiar with the Fluke line.
For uncommon standards laboratory performance in portable instrumentation has
always been and continues to be standard.
For particulars, write Fluke, Box 7128, Seattle, Washington 98133.
Phone: (206) 774-2211. TWX: (910) 449-2850. In Europe address Fluke
International Corporation, P. 0. Box 5053, Ledeboerstraat 27,
Tilburg, Holland. Telex: 844-50237,

Count ’em. It’s the world’s largest, most
sophisticated line of differential voltmeters,
And what a line! You can buy a solid

state dc,ac/dc, or true rms voltmeter.

Or our vacuum tube version. You’d think
Fluke invented the differential voltmeter.,

(Well, we did.)

DC DIFFERENTIAL VDLTMETERS
ACCURACY INPUT MAX. METER
ODEL INPUT VOLTAGE % DF INPUT IMPEDANCE RESOLUTION PRICE NOTES
8018 0-500 VDC =+0.05% 50 uV $ 485.00
825A 0-500 VDC =+0.02% % Infinite at null Suv $ 590.00 ¢ —$20 for rack models
821A 0-500 VDC =>0.01% Suv $ 795.00
871A* 0-1100 VDG *+0.02% Infinite at nuil 10 uv $ 565.00 ) +$130.00 for
881A° 0-1100 vDC =2.0.005% to *=11V 10 Meg luv $ 825.00 rechargeable
885A* 0-1100 VDC +0.0025% above = 14V luv $ 965.00 battery pack
895A* 0-1100 VDC 2.0.0025% Infinite at null 1uv $1,195.00
to #1100V
AC/DC DIFFERENTIAL VOLTMETERS

03B 0-500V AC or DC =0.05% DC, *0.2% AC (lnfiniteat null DG 50 uv $ 875.00
803D 0-500V AC or DC 20.02% DC, #0.1% AC 1 Meg, 35-50 pf AC Suv $1,055.00 ¢ —+ $20 for rack models

A 0-500V AC or DC =0.01% DC, *-0.1% AC g € P 5u $1,215.00

73A*  0-1100V AC or DC  =0.02% DC, =0.2% AC Infiniteat nulito 10 10 uv $ 875.00 { -+$160.00 for
883A*  0-1100V AC or DC  ==0.005% DC. +0.1% AC zMeg above 11 VDC 1 uVv $1,215.00 rechargeable

87A*  0-1100V AC or DC  70.0025% DC, =0.05% AC) 1 Meg, 40 pf AC 1uv $1,375.00 battery pack

TRUE RMS DIFFERENTIAL VOLTMETER 1 ;
31A*  0-1100V AC =0.05% AC 1 Meg, 8 pf with 20 ppm  $ 895.00 +$ 50.00 for Circle 15 on reader service card
BNC Input of dial permanent probe
1 1 Meg, 5 pf with setting - $100.00 for recharge-

*Solid State probe able battery pack
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and you have over
1700 transformers in stock.

A TRIAD catalog and your phone gives you instant access to the
largest stock of standard transformers. TRIAD distributors are
practically everywhere, offering you over 1700 off-the-shelf
transformers for immediate delivery. And at factory prices! Your
TRIAD distributor will also give you ready technical assistance and
application help. The secret is in getting a TRIAD catalog. If your
requirements can be met with a standard component, your phone
and a TRIAD catalog are two things you shouldn’t be without.

Triad Distributor Division, 305 North Briant St., Huntington, Indiana.

Triad Distributor Division
of Litton Industries (8
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Meeting preview

The consumer side

Although surrounded by sessions on
communications, computer-aided
design, microwaves, and solid state
components, the discussions on
consumer applications at this year’s
National Electronics Conference
(NEC) promise the most interest.
The papers on consumer electron-
ics point to growing use of inte-
grated circuits in radio and tv.

NEec has scheduled 200 technical
papers in 45 sessions, running from
Oct. 23 to 25 in Chicago’s Inter-
national Amphitheater. Four dis-
cussions make up the fourth annual
consumer electronics symposium,
cosponsored by IEEE groups on
electroacoustics, broadcast and tel-
evision receivers, and electron de-
vices.

Where the action is. Many of the
papers in these four sessions cover
new IC’s for television applications,
most of them in thick-film hybrid
format. One paper from the Radio
Corp. of America’s J. A. Dean de-
scribes a hybrid 1c vertical deflec-
tion circuit. The 1c uses a transistor
multivibrator oscillator combined
with a diode-equipped vertical out-
put tube to provide performance
and cost advantages in tv sets.

Texas Instruments engineers
J.C. Prabhakar and R.L. \Weber
will describe a thick-film hybrid tv
intermediate-frequency video am-
plifier. The 11 achievement lies in
development of high-Q ferrite in-
ductances compatible with hybrid
ics and in manufacturing tech-
niques which can make the i-f strip
self-aligning.

Packed. A thick-film circuit has
been combined with electron tubes
in a single vacuum envelope de-
signed by General Electric’s R.]J.
Walker and D.M. Wilson. It’s
called a moduletron. In this ap-
proach a tube and its accessory re-
sistances and capacitances are
placed in one package. When the
tv receiver is designed, only wiring
to and from the tube sockets need
be considered; grid or cathode re-
sistors, and even coupling capaci-
tors 'are on the thick-film circuits
and plug in with the tube.

Moduletrons could be useful in
all but high-voltage sections.
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3950
Series

More miles than with any other analog tape recorder.

If down-time and troublesome adjustments continually
hamper high-performance operation—check with Hewlett-
Packard for your tape systems wherc maintenance and
adjustments arc at an absolute minimum.

Approach your recording problems with reliability and
worry-free operation. No cooling is required with HP’s
all-silicon solid-state circuitry—designed to give you the
maximum service and long-term reliability before any
maintenance is required.

Eliminated: adjustment and realignment when you switch
speeds or change from Direct to FM recording. . . the tape
path is cleancd in a matter of seconds; casy field replace-
ment of all assemblies.

The HP 3950 Series typifics the excellent performance of
all HP magnetic tape systems: mount tape reels on snap-on
hubs, select one of six switchable tape speeds, then record
with an unprecedented 30 dB signal-to-noise ratio for full

Circle 17 on reader service card

At1.5MHz...

How many
miles of tape

before
maintenance?

1.5 MHz bandwidth. (Outstanding specifications are also
available in 300 kHz tape systems.)

A great price/performance ratio—that’s why Hewlett-
Packard is the principal choice for users of IRIG-compat-
ible analog tape recorders and IBM-compatible digital
tape units. The 1.5 MHz analog systems start at $16,550;
others even lower.

Want more information? It’s as near as your local HP ficld
engineer. Or write Hewlett-Packard, 690 Middlcfield Rd.,
Mountain View, California 94340. Europe: 54 Route des
Acacias, Geneva, 42705

i

lll

HEWLETT @ PACKARD

RECORDING SYSTEMS
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Why Astro/348. won the
high contact density
design competition
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Better features

e One-picee dielectric retention system eliminating
metal retention elips.

e Contact dielectrie separation of .021 in on
085-in centers, equivalent to existing
miniatures with .130-in centers.

e Monoblock construction eliminating air voids
between contaets. Wire sealing range of .030 to
054 1n.

e Dual environmental mating proteetion
providing interfacial and shell 0" ring seals.

e Duamage-proof mating. Pins recessed bevond
reach of shells. Closed entry hard socket inserts,
prod-proof socket contuacts.

e Grounding springs that mate prior to electrieal
engagement. Shielding for [SMI/RFI proteetion.

e Iront release, rear servieeable erimp contacts.

e Front or rear mounted receptacles on %” panels.

A complete family (6 shell styvles, 4 to 85 contacts)

is now being qualified to MIL-C-81511 (Navy).

Ask an Amphenol sales engineer about Astro/343.
Or write Amphenol Connector Division, 1830 S.
54th Ave., Chicago. 111. 60650,

AMPHENOL
“
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Wﬂ
COMPONENT
CAPSULES

\. ")

New low-cost triode  We designed it specifically for the 1090 megahertz master-
. oscillator power amplifier function in the AIMS APX-72 tri-
for airborne service IFF-ATC transponder. But it's also a natural for new
. e tunable DME designs and/or for broadband amplifiers in the
OSC|“at0rS and ampllflefs 1025-1150 megahertz range. It easily meets all their size,
weight, shock and cost requirements. You can depend on
Y-1537's to operate at power levels well above the specified
minimum of 500 watts. Circle Number 90.

Actual size GE Y-1537
planar ceramic triode

And another No loss in performance. No change in electrical characteristics.

. : Latest group to make the switch is our GE line designed for

GE transistor ||ne @é_ high grade and critical, industrial and military applications.
Several series choices, too. Among them: the D33A general

goes epoxy. GE D33 transistor— purpose amplifier; D33B (2N3973-76, 2N4951-54) medium current,

SHEIND] 3E8eR IS general purpose switch/amplifier/driver; D33D high gain driver;

Result: Cost savings  pze (2N3605-07, 05A, 06A) high speed digital switch; D33G (2N5029, 30) low current, high
Up tO 50% speed digital switch; D33K high current core driver and medium current, high speed
switch; and D33L low voltage, very high speed switch. Seen our latest epoxy transistor

reliability story? Order a copy now. Circle Number 91.

o That's right. We've doubled our 150-grid relays’ cur- ]
150 grld relays rent ratings from 1 amp to 2. And now there are four {

now rated 2 amps ~ N, forms to choose from-——the 2 Form C, 4 Form C, 4 Form
. C AND logic, and the 50 mW 1 Form C (or 1A + 1B).
now come in 4 forms All 150-grid relays are just 0.32” high. Take advantage
of the space-saving size and get performance as good
or better than much larger mil spec relays. Circle

Number 92.

Actual size

More than 20 million GE tantalum foil capaci-
tors have already been applied. They are
designed to withstand unsuspected voltage
reversals and are self-healing. Low impedance
circuits or catastrophic failures are no prob-
lem with GE tantalum foils. Ratings are avail-
able up to 450VDC, 0.15 to 3500 uf —55C to
85C, or 125C with voltage derating. For all the
facts on these capacitors, Circle Number 93,

Proved:
In-circuit reliability
for military uses

GE tantalum capacitors

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE.

285-32

GENERAL @3 ELECTRIC
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Editorials

A lamentable decision ...

The U.S. decision to build an antiballistic missile de-
fense system, which will cost about $5 billion cven
though it wil] be just a thin one, raises mixed emotions.
On the one hand, it is joyful economic news for the
companies that will participate in the production [page
146]. But on the other, it sinacks of great waste because
SO many engincers believe the current Nike X system is
technologically obsolete.

Among electronics firms, the news of production of the
AaBM system will mean the most to semiconductor com-
panies. The giant computers that will steer the phased
array radars onto incoming missiles demand mountains
of discrete transistors. And so far in 1967, it is the dis-
crete segment of the semiconductor business that has
performed the least brilliantly.

Instrument companies, particularly those that make
devices that work in the microwave region, will also
enjoy some additional business as production of the aBx
system starts.

Still, even with these apparently pleasing prospects,
Electronics believes it is unfortunate that the present
system has been ordered into production. Despite pro-
testations to the contrary by Defense Secretary Robert
McNamara, the decision was a political one. The Ad-
ministration, already facing a hostile Congress, moved
to head off more Congressional agitation and hostility
that could be embarrassing during the clection year.

Our objections are technical ones. Although the aBm
problem has stimulated development of phased array
radar techniques, the current system is still a Modcl-T
because it’s really the first big one that's been designed.
Engineers are just on the verge of making great develop-
mental strides in phased arrav radar; they are close to
understanding much of the theory. Nike X in contrast,
is a brute-force way to switch an antenna electronically.

To us, it makes far more sense to take the millions
that will go into Nike X this fiscal year and spend them
to improve phased array techniques and to convert the
Nike-X computers to tst circuitry. If the government
were to put its $175 million, not spent from previous
vears, into development of bulk-effect generators,
theoretical studies of control circuits, and phase relations,
and antenna radiator designs, not only would the military
have a better Nike-X system in 24 months, but the fall-
out into other military projects and the rest of the
civilian economy would be awesome.

... And one to be applauded

But there can be no lament about President Johnson’s
decision to ask the Department of Transportation to
build a better, more efficient air traffic control system.
The President’s request for $7 million to start the project
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is a symbol, a drop in the bucket of what such a system
will eventually cost. What is important is the President’s
personal involvement in the project. It comes as a result
of an increasing awareness in high Government circles
that the Federal Aviation Administration is floundering
in its job of assuring air safety. [July 24, p. 141 and Aug.
7, p. 23].

Stung by criticism of its avoidance of technology, this
summer, the agency has tried to offset the barbs with a
giant public relations campaign: posters are appearing
in airports and puff stories are showing up in news-
papers depicting Administrator William McKee as Sir
Launcelot fiercely attacking the Black Knights who
stingily dole out budget appropriations. In reality,
McKee admitted to a Congressional committee this
summer that he has done little fighting with budget
cutters and even defended cuts in the agency’s budget,
prompting one Congressman to chastise him for sound-
ing more like the director of the Bureau of the Budget
than the administrator of the raa.

President Johnson’s move will be only lip service
unless the Transportation Department is courageous
enough to insist on the following:
= A tough, but honest, investigation of the current
system of time separation, which is fundamental in air
traffic control today;
®* An open-minded examination of all other possible
approaches;

* An impartial technical evaluation of the Beacon Sys-
tem planned for the National Air Space System, and
recognition that any system that excludes 97% of the
traffic is asinine;

* A concentrated effort to mechanize the controllers’
work using the full advantages of computer and com-
munications technology, instead of a one-for-one me-
chanization of the current procedures;

®* A long-term solution to the problem of terminal con-
trol with a system that can have a new technology im-
posed upon it without destroying it;

» Short-term aids for the controllers—like 3-D radar at
heavily trafficked terminals. Despite Faa insistence that
3-D radar cannot be used for air traffic control, the U.S.
Navy is using it successfully at Saigon Airport, one of
the world’s busiest these days. The Navy could give the
FAA reliability, accuracy, and operational data if the
FAA would only listen.

* Give the job of developing an effective air traffic
control system to some other section of the Department
of Transportation so that the moribund and technically
backward management of the Faa cannot torpedo new
ideas;

®* Or, restaff the management of the raa with energetic
men who understand technology and are willing to listen
to outside experts.

The biggest and toughest job in improving the air
traffic control system will be changing the negative at-
titude of the Federal Aviation Administration. For the
President has given the Faa a stupefving alternative: to
delay traffic. The current Faa could casily be seen shut-
ting down the airways rather than changing its pet con-
cepts.
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CLIFTON STEPPER MOTORS TYPICAL CHARACTERISTICS

SIZE 8 8 8 (10 (11 11 11 15

Length (ME) {LN2 om0 jot0 0770 (1215 1215 1215 | 1535

weght@z) 5 10 o s P2 (32 32 |12

060 ' 24

Inertia @mem?) 045 fo18 s Bas o |om
Index Angle  [OPEF |90 3 52 BEd BREd 452 (1510 | 9
Type PM 20| PM 205(PM 2,21(PM 25 [PM 205 |PM 25 [VR 35 | PM 25

Rate DC Yol 28v 28v 28y 28v 28v 28v 28y 28v

Resistance
(Ohms/Phase) |3

=]
=1

o0 135 (300 300 130 150 150

No Load Response
Rate Pulse/Sec. |250 20 (580 300 185 430 500 150

No Load Stew

Rate Pulse/Sec. {320 750 #800 750 235 150 1000 | 160

Holding Torgue

0z-1nOnePhase [0.75 |0.30 (050 [0.35 18 18 10 32

Detent Oz-In

Zero Input 013 1005 {0.05 0.0 828 (030 (-

1 Al A3 A AS-1 AS-2  |AS-14 [ AS
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Type Number MSL-8-|MSA-8- |[MSA-8- [MSA-10- [MSA-11-| MSA-11-{RSA-11-{ MSA-15-
A

Who knows more

about Stepper Motors
than CLIFTON?

— At Clifton, you will
find not only an ex-
ceedingly wide variety
of permanent magnet
and variable reluc-
tance sizes and types,
but the application
know-how that goes
with them!!

Our Stepper Motor
Brochure entitled
“‘Stepper Motors Are
Best When . . ." tells
not only when to use stepper motors, but how to select the
Clifton motor for your particular application.

TIM 20 4ZLLCTING
ARERIIT-
| STEPPLR MOTORS ARE B! GITON FTEPPER MOTONS

Stepper motors should not be considered apart from the
logic and pulse source modules which control them. Clifton
designs and manufactures controllers for use with all Clifton
stepper motors (PM or VR). Thus, you can have single
source responsibility in your system.

Inquire today for further information and a copy of our
Stepper Motor Brochure. Clifton Div. of Litton Industries,
Clifton Heights, Pa, 19018; 215 622-1000; TWX 510 669-8217.

l:-r
]
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Fairchild challenged
by Tl for IC lead

Bipolar and MOS
teamed in op amp

Bulova is working
on |IC wristwatch

Monsanto readying
process-control
instrumentation line
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Texas Instruments, second largest producer of integrated circuits, is
gaining fast on the leader, Fairchild Semiconductor, and threatens to
pull nearly even.

So far this year, TI's sales have climbed more than 60% from year-
earlier levels, while Fairchild has had a rise of slightly over 40%.
If these gain rates are maintained through the year, each firm will close
1967 with IC sales around the $60 million mark, but with Fairchild
still ahead by a narrow margin of about $3 million. Fairchild’s lead over
TI last year was estimated at up to $10 million.

Fairchild Semiconductor, determined to maintain its lead in linear inte-
grated circuits, will soon introduce a new monolithic operational ampli-
fier. Company sources say the new device is superior to any existing IC
product on the market. The IC contains both bipolar and metal oxide
semiconductor elements, with the MOS-FET’s used for the input stage.

Behind the development: linear IC sales, spearheaded by operational
amplifiers, have grown large enough to support a higher-priced device;
all bipolar IC’s are now near their theoretical limits; competitive op amps
are beginning to chip away at sales of 700-series circuits, and Fairchild
finds it uneconomical to develop only sighty better circuits.

The new unit will have, among other things, higher input impedance
and less drift. Fairchild hopes to introduce the item before year’s end.
Rivals, such as Motorola, Westinghouse, and Philco-Ford, are also work-
ing on the MOS-bipolar combination, but are further behind.

Bulova is working on an IC-equipped electronic watch. Development of
the thin-film hybrid integrated circuits for the watch was done at Aero-
jet-General’s Von Karman Center, Azusa, Calif. Bulova’s aim is to replace
the large tuning fork in their Accutron electronic watch with a smaller
electronic oscillator suitable for ladies’ wristwatches.

Although Bulova, probably for competitive reasons, denies plans for
an IC watch, Aerojet sources say the watch company asked for price
quotes on production quantities. Aerojet declined to bid, according to
sources, because it was busy producing microelectronics for its own
systems.

Monsanto, a chemical-industry giant, is planning to market its own line
of process-control instrumentation. The move is significant since it com-
bines the firm’s heavy process-control applications experience with its
in-house electronics instrumentation development capability.

An engineering team from Monsanto’s Central Research and Central
Engineering divisions—including engineers newly hired from instrument
companies—is setting up a product and marketing plan.

First major product will be an electronic analog controller with a
digital tie-in, insiders say. The controller will use integrated circuits and
will be connected, via a digital multiplexer and programing link, to a
cathode-ray tube readout. The system will display—in either alphanu-
meric or graphic form—normal process operation. In addition, the
operator has the option of calling out any process informnation he wishes.
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Tape recorder snags
space data link

More electronics,
news firms team up
to sell stock data

Tl gets new look:
market-oriented
organization

Desk-top calculator
has floating point

26
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The Air Force’s Advanced Space-Ground Link Subsystem (ASGLS) may
be a bit too advanced. Requests sent out in late August for industry pro-
posals on the tape-recorder portion of the 20-million-bit-per-second data
link [Electronics, April 3, p. 65] for such sophisticated systems as the
Manned Orbiting Laboratory and Program 949—the top-secret inte-
grated reconnaissance satellite—have so far drawn only “no bids.” The
20-megabit requirement, it’s suggested, is beyond the state of the tape-
recorder art.

An industry observer maintains that 2 million bits per second is the
present available maximum rate, though Air Force researchers say
they've come up with a combination of systems to handle the required
data recording. However, an Air Force spokesman concedes that the
tape-recorder portion of the ASGLS “remains to be engineered,” and
adds that because of engineering difficulties, the firm that wins the
contract may not make any money on it,

The teaming up of news-gathering organizations and electronics firms
to offer information services to brokerage houses, financial institutions,
and industry continues.

Last week, Trans-Lux Corp., which provides large, overhead displays
of stock prices, introduced, with CBS Laboratories, a service that presents
stock data on television screens. Also last week, Reuters, a London-based
worldwide wire service, announced that by the first of next year it will
join Ultronic Inc., a subsidiary of Sylvania Electric Products, to market
a financial news service throughout the U. S. Ultronic, which offers stock
information displays and inquiry services worldwide [Electronics, Aug.
21, p. 137], will transmit the Reuters-Ultronic Report over 100-word-per-
minute teleprinter lines and display it on its newly developed television
monitors. The report will compete with the Dow-Jones news service.

As expected, a complete reorganization, shifting the company from a
product-oriented to a market-oriented organization, has been undertaken
at Texas Instruments [Electronics, Aug. 21, p. 25]. The aim is to pave
the way for products using large-scale integrated circuits, avoid intra-
company product competition, and ease customer interface problem. TI
recently set up its microwave department along this line.

The new company-wide structure consists of three groups and 10 op-
erating divisions. The new groups are headed by J. Fred Bucy (com-
ponents), R.C. Dunlap Jr. (equipment), and E.O. Vetter (materials and
services).

A small nuclear instrumentation firm has developed a desk-top calculator
with a floating-point capability and a new calculating algorithm that
boost the machine’s speed by a factor of 3,000 over conventional
machines. The company, Nanosecond Systems Inc. of Fairfield, Conn.,
which also produces high-speed counters, plans to introduce the machine
shortly. The algorithm was an outgrowth of the firm’s nuclear instru-
mentation work.

Because the unit’s output, on adding-machine tape, has to be printed
with a conventional mechanism, its speed is of no advantage except in
iterative calculations, in which an operation is repeated many times
before the printer is activated.
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Dont
riskit!

These wires were subjected to a transient
current overload in a normal atmosphere. The
insulation smoked. then burst into flame. This
won't happen with insulation of Du Pont
TEFLON® fluorocarbon resins.

TEFLON will not propagate flame. It is
nonflammable . . . by all recognized vertical and
horizontal flame tests.The point is simply this:
for provenreliability you need the combined ben-
efits offered only by TEFLON. Nonflammability
is just one. Among others: ® TEFLON is rated
for continuous use from —450°F. to +500°F.
(TFE)® Inert to virtually all chemicals and cor-
rosives ® Provides space and weight savings
without sacrificing performance or long-term re-
liability.

It comes as no surprise, then, that when
reliability is considered, TEFLON answers the
need. Its reliability has been proven in use for
more than 20 years.

We’d like to send you detailed perform-
ance data on nonflammability. Write Du Pont

Company, Room 5365, Wilmington,Del. 19898.
TEFLON...for an extra measure

of reliability!

REG U g PAT OFF

Better things for better living
...through chemistry



20 AMPS

+ 25,000 OPERATION
10 AW . '

OPERATIONS

L"J JJ JJJb

The rugged Hi-G “T"” Series of 10 amp. crystal can relays
meet all applicable requirements of Mil-R-5757. Testing
has proved more than 25,000 operations typical at 20
amps. They match or out-spec. other 10 amp. DPDT crys-
tal can relays and are priced competitively or lower. Case
size: 1.234” X 1.025” X .515”. All standard configurations
and header styles are available for fast delivery.

Write or call Hi-G for bulletin which provides full details
on this high quality line of 10 amp. crystal can relays. Test
data and performance capabilities are available on request.
Tel: 203-623-2481.

SPRING STREET & ROUTE 75 /| WINDSOR LOCKS, CONNECTICUT 06096

INCORPDORATED
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From Monsanto:
130,000,000
discrete frequencies
with almost perfect purity.

1l

( ® @ @

MONSANTO DIGITAL FREQUENCY SYNTHESIZER MODEL 3100A

DECADE
~ DRIVE SELECT ATTENUATOR

Computer-aided design and integrated-circuit
construction in this new Frequency Synthesizer
bring a new level of perfection to signal generation.
The new “4th generation” Model 3100A Digital
Frequency Synthesizer obsoletes just about every
current concept of general purpose signal sources.
Pick your frequency from 0.01 Hz to 1.3 MHz in
0.01 Hz steps. The result — signal purity you can
get only from Monsanto, with a sta-
bility of 1 part in 10¢/ day. Other re-
finements include: internally supplied
rapid or slow sweep and provision for

ELECTRONICS

Monsanto

external sweep; dc coupled output permitting inter-
nally supplied offset; continuous control of output
level over a 90 dB range; provision for amplitude
modulation; and, in the remotely programmable
version, switching time of less than 20 microseconds.
Best of all, you can put this better way of signal
generation to work for you for only $3,950%, Call our
field engineering representative in your area for full
technical details, or contact usdirectly at:
Monsanto Electronics Technical Ctr., 620
Passaic Ave., W. Caldwell, N.J. 07006.
Ph. (201) 228-3800; TWX 710-734-4334.

*U. 8. Price, FOB West Caldwell, N. J.
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CLARE /Optimity
in control

Clare
provides
maximum
variety

in Reed
Relays

CLAREED RELAYS
(2.1 switch)

Open Coil
pcb Module

Enclosed
pcb Module

MICROCLAREED

RELAYS
(%" switch)
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handles them all
...large and small,

matches design versatility to the speed, reliability and long
life demands of industrial process control systems !

CLAREED and MicroClareed Sealed-Contact Reed Relays
are fast—speeds in the low millisecond range serve ad-
vanced system requirements. And no matter what'’s around
them, there’s virtually no falsing, no sequence disruption—
these relays are insensitive to transient electrical noise !

Sealed-in-glass contacts never need adjustment, stay clean
whatever the location. Use ‘em singly or in combinations
up to 12 contacts, for switching millivolt low level signals
or up to 15 va (ac or dc) loads. Count on long service, up
to 100 million operations at full rated loads, in pcb appli-
cations and wired assembilies.
Send for full facts. Circle Reader Service Number, or ask
Clare for Clareed Bulletin 951A, and MicroClareed Data
Sheet 961...write Group T0N4,

C. P. Clare & Co., Chicago, lllinois 60645

Four Different Switches e Switching speeds in low
2.1"—General Purpose, millisecond range
Mercury-Wetted, e Immunity to transient electrical
High Voltage noise
(available in models illus-
trated, and in plug-in o Life:20x102 or100 x 108
and solder-type for (depending on switch)

ALCEIGEERS) e 1 to 12 contacts—Clareed

%" —MicroClareed 1 to 5 contacts—MicroClareed

e Completeinput/outputisolation

CLAREED® SEALED-CONTACT
REED RELAYS

for industrial control, data logging and instrumentation, communication switching, ground control and check-out systems
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FAST, EFFICIENT
OPTOELECTRONIC
SOURCES,
DETECTORS...

GaAs source, PIN photodiode
Rugged, compact

Proven reliability

Economy priced

...from HPA

Get optimum performance and design flexi-
bility in the HPA 4107 gallium arsenide infrared
source and the fast 4205 photodiode. Both are
in identical compact pill packages.

The 4107 delivers a narrow, high-intensity
beam when forward biased. The 4205 is a fast
detector, DC to 1 GHz, with high sensitivity,
stability, and low noise characteristics. To-
gether, these solid-state devices offer unex-
celled performance for a broad range of high-
speed applications. Quantity price discounts.

For information call your local HP field engi-
neer or write HP Associates, 620 Page Mill
Road, Palo Alto, California 94304.

Specifications 4107
Total Qutput Modulation .
Power P Rise Time Price
|
100 xW 100 nsec ‘ ol ((169_)99)
Specifications 4205
Response at | Sensitive | Speed of Dark
77008 Area Response Current Price
B 7 L
1.5 uA/ - | $16.00(1-9)
: | mW/cm? 3.0x10"* cm? <1 nsec i150 pA(max)f 13.60(10-99,

HEWLETT _
PACKARD hp 1p

| oo ASSOCIATES
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Maybe it seems so.

In our thrifty, Scottish way, we've
brought out a Honeywell taut-band
meter that costs even less than a
pivot-and-jewel meter. (About 107,
less, on the average.)

Does that make you think we
might be short-changing you? We
are: Weleft all the unnecessary parts

out of our taut-band

. meter. (Fewer parts:

\ fewer things to go
wrong.)

It’s simple. Which
~ is the whole idea.
It’s self-shielded.

>
.‘)‘\
-

There’s no friction in its
moving parts. Which gives
you better readout accuracy,
better repeatability.

And it comes in just about any
style you’d like.

Obviously, the low-cost taut-band
meter from Honeywell has a brilliant
future ahead of it.

But the question is: Will it ever
replace the pivot-and-jewel meter?

We doubt it. We
believe there are
some sensitivities
and applications
that will always be
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handled best by our good, old
pivot-and-jewel meter.
But if you like the idea of
our low-cost taut-band meter,
by all means write us for our
brochure. It’ll tell you all the sizes,
styles and prices.
Honevwell Precision Meter Divi-
sion, Manchester, N.H. 03105.
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Honeywell

the pivot-and-jewel meter
 going out of the picture!




A new dimension in satellite communications

34

Satellite communications transmitlers can
now operate broad band using MEC's high
power, high efticiency TWT, the M4444. This
tube delivers more than 12 kilowatts of ¢ w.
power from 7.7 to 8.4 GHz at efficiencies
greater than 35%. For the first time, a TWT
matches klystion efficiency while providing
14 times the instantaneous bandwidth!

The metal-ceramic construction of the
M4444 permits high temperature process-
ing, and its integral ion pump and low cath-
ode current density.assure stable, long lived
dependability.

A single stage depressed colleclor mini
mizes power supply complexily, and broad
band operation is obtained at constant
beam voltage.

Complete gain, phase shift, intermodulation,
power and electrical characteristics are
available for the asking. Our technical staff
will be pleased to fill in the details on the
M4444 or its counterparts in

other frequency. ranges.

The M4444 is one more ex-

ample ot MEC being first with
the best in high power TWTs.

g MICROWAVE ELECTRONICS

A TELEDYNE COMPANY
3165 Porter Drive - Palo Alto, California 94304
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Smallest 4-pole relays
to qualify for UL
Component Recognition Program

P&B Quality, too!

only
1.281” x1.109” x .859"

Meet our new KHU relays. ..companions to our KHP series

These new 4-pole relays have an extraordinary combi-
nation of features. Small size (only slightly larger than
one cubic inch), 4-poles, exceptional electrical stability
over a long life, a wide choice of mountings . . . all of
these and Underwriters’ recognition, too. Spacings pro-
vided are 1/16” through either air or over the surface
and are maintained between any uninsulated live part
of opposite polarity or grounded part, including the
grounded frame.

Switch four circuits from low level to 3 amps

The KHU, available in both AC and DC versions, has
gold flashed silver contacts rated 3 amps 120V AC
(80% PF), 3 amps 28V DC (resistive), and 1/10HP
120V AC (40-509%PF). Coil ratings are to 120V 60Hz,
and to 120V DC.

Minimum power requirement for AC relays is 0.55
volt amperes at 25°C. DC relays will operate on only
0.5 watts at 25°C. Expected mechanical life is excep-
tionally great; 100 million cycles for DC relays; 50
million for AC relays.

Variety of mountings

The relay has pierced solder terminals with a No. 3-48
mounting stud. Three sockets are available, two having
solder terminals and one having printed circuit tabs.
Each is acceptable for mounting under U/L File No.
E22575 when the combination is found suitable by
Underwriters’ Laboratories.

Send for complete specifications or contact your local
P&B representative or the factory direct for complete
information.

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

POTTER & BRUMFIELD

Division of American Machine & Foundry Company, Princeton, Ind. 47570
Export: AMF International, 261 Madison Avenue, New York, N. Y. 10016



CONTROL KNOBS
FROM RAYTHEON

Military knobs, aluminum cap knobs, color knobs
for every panel requirement

You can meet military specs, select styles and
colors that harmonize or contrast with any panel
design and decor — when yau specify Raytheon
control knobs.

Because, Raytheon offers the largest selection of
military and commercial knobs. And makes them
promptly available to you through distributors
from coast to coast.

Meet MS91528C Military Specifications from more
than 300 standard types. Raytheon has custom de-
signed over 2,000 'specials.”

Every knob in the Standard Series is functionally
designed. All styles have an integrated design to
give uniformity to your panel. And each knob
meets MS91528C for resistance to flame, torque,
temperature and humidity extremes, salt spray and

Industrial Components Operation—A single source for Circuit Modules/Control Knobs/Display
Devices/Filters/Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panel Hardware
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ultraviolet radiation. Colors include black, red,
gray or to your special order.

Or, specify aluminum-cap knobs. These handsome
knobs are made of strong plastic with satin finish
aluminum caps. Raytheon aluminum caps are
treated with an epoxy coating for corrosion resist-
ance. Colors: black, gray, or to your order.

Color knobs highlight panels. Choose from eight
colors plus black — in ten styles — to harmonize
or contrast with commercial equipment design.
Raytheon makes these 400 Series Knobs of dura-
ble high-impact ABS.

Call your distributor or nearest Raytheon regional
sales office for catalogs and data sheets. Or, circle
the reader service card. Raytheon Company, Com-
ponents Division, Quincy, Mass. 02169.




Some people can make
anything with Signetics’
linear integrated circuits.

Like this FM receiver our friend put together. Its IF strip
is made up of Signetics' new 510 Dual RF/IF Amplifiers.
It will never win a prize for either industrial or electronic
design—but then, it wasn't intended to. Does it work? We
had it running continuously during the recent WESCON
show. Our booth traffic indicator says that some 20,000
engineers saw it, heard it, and thought it sounded pretty
good. We know that lots of them can design a better
receiver with the same parts. That's their business. Ours
is making integrated circuits.

Want to know more about the Signetics’ 510 Dual RF/IF
Amplifier? Send for a data sheet and a reprint of Ralph

SIGNETICS SALES OFFICES: Metropolitan New York (201) 992.-3980; Upp

Seymour's WESCON paper on its design and applications.

Want to know more about Signetics’ other new linear
IC’'s—the 515 Differential Amplifier and 516 Operational
Amplifier—or about the field-proven 501 Video Amplifier
and 518 Voltage Comparator? Just ask. We'll get data
sheets and application notes to you...fast.

SIGNETICS
INTEGRATED
CIRCUITS

A SUBSIDIARY OF CORNING GLASS WORKS

er New York State (315) 469-1072; Southwestern (214) 231-6344; Western Regional (213) 272.9421; Eastern Regional (617) 245-8200; Mid-Atlantic
(609) 858-2864; Southeastern (813) 726-3734; Midwestern Regional (312) 259-8300; Northwestern (408) 738-2710

OISTRIBUTORS: Compar at all locations listed below. Semiconductor Specialists, Inc. (312) 279-1000; Terminal Hudson Electronics (212) 243.5200; Wesco Electronics (213) 684.0880: Wesco Electronics (405) 968-3475;

Hammond Electronics (305) 241-6601; Avnet Electronics Corp. of Massachusetts (617) 272.3060.

DOMESTIC REPRESENTATIVES: Jack Pyle Company (415) 349-1266. Compar Corporation at the follo
Colorado (303) 781.0912; Connecticut (203) 288-9276; Flonda (305) 855-3964: lllinois (312) 775
Missouri (314) 428.5313; New Jersey (609) 429-1526; New Mexico (505) 265.1020; New Yor|

wing locations: Alabama (205) 539-8476; Arizona (602) 947.4336: California (213) 245.1172; California (415) 697-6244;
5300; Maryland (301) 484.5400; Massachusetts (617) 969-7140: Michigan (313) 476-5758; Minnesota (612) 922.7011;
k (518) 436-8536: New York (607) 723-8743; New York (716) 684.5731; New York (201) 471-6090; North Carolina (919) 724.0750:

Ohio (216) 333-4120; Ohio (513) 878-2631; Texas (214) EM 3.1526; Texas (713) 649-5756; Washington (206) 725-7800.

INTERNATIONAL SALES: France, Germany, italy, Belgium, Holland, Luxemburg. Spain— Sovcor Electronique,
Austria, Portugal — Electrosil Ltd., Lakeside Estate, Colnbrook-By-Pass Slough, ingh i

Canada, Ltd., Leaside Plant, Ontario, Canada (416) 421-150. tsrael—0ptronix, P.O. Box 195, Ramat-Gan, Israel 724-437. Japan
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11, Chemin de Ronde. Le Vesinet. (5.-&0 ) France. United Kingdom, irefand. Sweden, Denmark, Norway, Switzerland,
‘ hire. Great Britain. Australia — Corning, 1202 Plaza Building, Australia Square, Sydney, N.S.W. 27-4318. Canada — Corning Glass Works of

—ASAHI Glass Co., Ltd., Corning Products Sales Dept. No. 2, 3-Chome Marunouchi, Chiyoda ku, Tokyo, Japan
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6 WEEKS DELIVERY...NEW LOWER PRICES...

due to CTS automated production techniques = SeEgLos
. . — R ia.
and the industry's biggest output. =wem_ 3 watts @85°C
Seri"es.SOO —\ i
Consider these CTS Cermet Pot characteristics: ?{f,zd,',fe;tts @85°C ;%:_.3

. 20 Q to 5 megohms resistance range. ?%i’ecsi 600
- " dia.

. Greater power/size ratio. (See captions.) 3/4 watt @85°C

The environmental stability & higher wattage rating of wirewound.

. R c e . . " P Q_\
. The wide resistance range & infinite resolution of carbon. Series 550 \.&' |
Series 2-500 —1 {

0O NGO U WD =

. —— 3/4" dia.
. Extremely high temperature capabilities. 2/wattlsa@70°C 3747 din N ?
ili idi q 1-1/2 watts @85°C
. Stability under extreme humidity. _— ??;,3,2253:': 1g1/2 watts GEB°C
. No catastrophic failures. i e ".ﬁ 1/8 watt @125°C m-n
K " For P.C. applications .
. Low noise. Long life. ?%-uegigoom ha B,
7 . LE
-R- im: -R- = 3/4 watt @85°C ‘"
9. Exceed MIL-R-23285 (Navy) metal film; far exceed MIL-R-94B. = = S Tethons
Series 660
. . 3/8" dia. -
Specify from the broadest line 1/4 watt @125°C “:ﬂ
of thick film controls available. Series 630
1/2" dia. 3
New low prices begin at $1.35 each in large quantities, 1/2 watt @85°C
e ¢ o Request Cermet Catalog,
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Companies

Out in the cold

The Radio Corp. of America, one
of two companies building super-
secret cryptographic equipment for
the National Security Agency, has
been dropped from the program,
industry insiders say. Rca’s loss of
the multimillion-dollar contract,
these sources add. stemmed from
apparently insurmountable difficul-
ties the firm’s Camden, N ], facility
encountered in producing the high-
speed gear. The Nsa project carries
the code name R-13.

Rca isn't the only company hurt
by the contract loss: the Philco-
Ford Corp.’s Microelectronics divi-
sion has been a major supplier of
milliwatt  resistor-transistor-logic
circuits to rca. and also stands to
lose a substantial amount of busi-
ness.

The dimensions of the problem
came to light last month when the
Nsa awarded two follow-on orders
for R-13 work to Texas Instruments
Incorporated, and allowed nca’s
contract to lapse. The other firm
holding substantial R-13 orders is
Honeywell Inc; its circuits are sup-
plied by the Sprague Electric Co.
and Motorola Inc.

New faces. Rca has apparently
been having problems with the
R-13 program for some time, and
the turnover in executives in charge
of the contract has been unusually
fast. Last spring. the program’s
chief engineer, Hi Waters, was
fired. And last month, Arnold K.
Weber, the general manager of the
Defense Electronics Corp., the di-
vision making the equipment. was
given new duties within rca, He
was replaced by Irving K. Kessler,
a divisional vice president and gen-
eral manager of the Aerospace Sys-
tems division in Burlington, Mass.
[For more on Kessler’s appoint-
ment, see page 8.]
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An Rrca spokesman, who inci-
dentally declined even to confirm
that the concern holds an R-13 con-
tract, contends that the personnel
moves were unrelated to any pro-
duction difficulties at the defense
division. He did concede, however,
that executive turnover has been
unusually high.

One of the production problems,
according to engineers close to the
project, involves the manufacture
of multilayer boards (on the order
of 15 to 20 lavers). It was easy
enough to line up the lavers. but
when they were sealed under pres-
sure and heat thev slipped out of
line.

Rivalry. Philco-Ford, left with a
circuit made especially for the R-13
project, is still looking for a share
of the program. It's hoping the
Government won’t allow Texas In-
struments to be its own sole source,
but it may find that 1. a competi-
tor, won’t want to throw anv busi-
ness to it. It’s understood T1 will
go outside for 50% of its needs.

The incident comes at a particu-
larlv awkward time for the Micro-
electronies division, since Philco-
Ford is understood to have heen
slightly in the red for most of 1967
after two years of profitable ac-
tivity. And the Microelectronics di-
vision could tip the scale.

Electro-optics

Light track

Although satellites can be tracked
with lasers, most systems depend
on cooperation in the form of a
reflector attached to the satellite
[Electronics, May 29, p. 50]. Now
a continuous-wave doppler-tvpe
laser radar under development at
the Massachusetts Institute of
Technology’s Lincoln Laboratory,

which does not need reflectors,
may point the way to laser sys-
tems to track unannounced and
hostile space vehicles.

It could be a next-generation
Spacetrack radar. But only “on
clear days,” quickly adds Robert
H. Kingston, lcader of the Optics
and Infrared section at the labora-
tory.

Although the 10.6-micron output
of the carbon-dioxide laser is bet-
ter for penetrating bad weather
than other wavelengths, it will still
not cut through heavy clouds and
rain.

Many improvements are still re-
quired before a workable laser ra-
dar system can be realized. Today,
the exploratory Lincoln system
tracks and measures the speed of
pedestrians, cars, and aircraft.
Doppler return signals have becn
observed from objects up to 2
miles away.

Beam bouncing. Rescarchers
working from the roof of the Lex-
ington, Mass., laboratory bounce
beams off low-flying aircraft, cars
running along ncarby Route 128,
and colleagues on foot with pro-
tective goggles.

The system depends on a detec-
tion scheme using the heterodyne
principle. The return laser beam,
shifted in frequency by the mov-
ing object in proportion to the
velocity of the object. is combined
with a sample of the laser output
on a fast square-law detector. The
output of the detector includes a
signal at the diflerence frequency
of the two mixed beams that is
proportional to the velocity of the
target. The heterodyne detection
is accomplished by copper-doped
germanium photoconductors oper-
ating at liquid-helium temperature,
about 4°K.

A closed-circuit vidicon camera
aligned to the laser beam axis
simplifies target acquisition. The
laboratory is also developing an
automatic tracking system similar
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to that used in microwave systems,
where the receiver uses the return
signals to kecp the transmitter
locked onto the target.

Solid state

Making the scene

If the small producers of metal
oxide semiconductors had written
the script themselves, Fairchild
Semiconductor’s entry into the aros
picture couldn’t have come out
better. To their relief, Fairchild
isn’t stealing the scene by slashing
prices.

“Price is not the problem,” says
Charles H. Sutcliffe, Fairchild’s
manager of Mos integrated circuits.
“Price cuts simply won’t stimulate
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sales.”

With a six-channel multiplexer,
the 3701, and a dual three-input
gate, the 3102, already on the mar-
ket, the company is ready to go all
out with Mmos. It has set the stage
for the introduction of the 3700
multiplexer and a pair of shift
registers, the 3303 and the 3300,
within the next few months. Not
too far behind is a large-scale ac-
cumulator, the 3800, which is so
complex that a pair of them could
perform all the arithmetic functions
for a small calculator. And in 1968,
Fairchild plans to introduce new
MoOs circuits at the rate of one a
month.

Welcome aboard. The problem
in »os, says Sutcliffe, is the sup-
pliers. “The people we've talked to
are wary because the present sup-
pliers are small,” he savs.

The suppliers are well aware of
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Segment August  July August
of Industry 1967 1967+ 1966
Consumer electronics 106.5 79.5 108.0
Defense electronics = . . 149.9 144.7 123.5
Industrial-commercial

electiomics™ it B B 119.8 119.3 119.6
Total industry = . . 133.7 128.1 119.7
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Volume of elecironics production jumped 5.6 index points in August to
a level 14 points ahead of the August 1966 pace. Much of the gain was
due to a 27-point spurt in consumer production. One of the factors in
the [atter rise was an inventory buildup by RCA after a strike settlement.
Despite the surge, however, the consumer index was still 1.5 points below
the year-earlier level. Output of defense electronics rose 5.2 points in the
month, while the industrial-commercial segment made a modest half-
point advance.

Indexes chart pace of production volume for total industry and each segment. The.

base period, equal to 100, is the average of 1965 monthiy output for each of the

three parts of the industry. index numbers are expressed as a percentage of the

base period. Data is seasonally adjusted.
* Revised.

the fact: Because of it, some of
them—].P. Ferguson of the Philco-
Ford’s Microelectronics division is
an outspoken exception—actually
welcome Fairchild Semiconductor
into their ranks.

There are several reasons for
Fairchild’s late start in a field for
which it has already supplied much
of the technical knowledge—and,
many of the employees now housed
at Philco-Ford, American Micro-
systems, and General Instrument.
First, Sutcliffe says, “If, like Fair-
child, you have a large, successful
business in one technology (bi-
polar), the incentive to push an-
other is small.”

“More important,” he adds, “we
have been looking at reliability
problems. There isn’t enough hasic
knowledge of the oxides; con-
taminants, such as sodium, can
connect high-voltage lines on a
chip and shorten the pulse width
in a shift register, for example. I
don’t mean that the mos products
now on the market aren’t reliable.
They are. But we're going to stress
reliability, and offer data on high-
temperature stress testing, at 30
volts d-c reverse bias. In most
cases, current testing is strictly
functional.”

Sutcliffe scoffs at the idea that
Mos is hard to make. Fairchild uses
the thick-oxide process in general
use throughout the industry; the
trick, Sutcliffe says, is to design
with loose tolerances so that the
process always works and yields are
relatively high.

A question of selling. His con-
fidence will be welcome to some
users who were skeptical when
Fairchild advertised a 256-bit read-
only memory, then abruptly
stopped talking about it. “The
question was not whether we
could make it,” says Jerome D.
Larkin, large-scale integrated (1Ls1)
products manager, “but whether we
could sell it. A 256-bit memory was
not complex enough for sine/
cosine functions; also, there is a
$4,000 masking charge to put a
given customer’s code into the
memory. But we did generate cus-
tomer help on what was really
needed, and we are now working
on a device that has a 1,024-bit
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memory.”

Fairchild now has about a dozen
diffusion ovens in its aros facility,
but plans to double that number
shortly. “It’s now a pilot-size line
but organized on production
methods,” Sutcliffe says. “Our en-
gineering commitment is heavy.
There are three groups—one for
large-scale integration, one for
shift registers, read-only memories,
and other fairlv complex devices;
and one for simple components,
such as gates, flip-flops, and multi-
plexers.”

When Sutcliffe joined Fairchild
last year, he reported to the then
general  manager, Charles L.
Sporck. When Thomas Bay suc-
ceeded Sporck last winter, the aros
operation was placed under Gordon
Moore, the research and develop-
ment director. But now that prod-
uction has started, Sutcliffe expects
the operation to be shifted back to
Bay.

Although its introduction is six
months away, the 3300 accumulator
has already been produced by the
st group. This device, in a 36-pin
ceramic dual in-line package, is an
eight-bit slice of the arithmetic
unit of a computer. It has more than
200 gates and more than 600 aros
transistors on a chip 116 by 86 mils.
Two of these chips plus a memory
would make a small calculator;
and if four of them were put to-
gether, the calculator would have
square-root capability.

Routine products. The 3800 is
not necessarily destined for a cal-
culator. It could be used as part of
computer hardware to replace
software in either control programs
or fixed subroutines. Fairchild has
hired a group of systems engincers
to advise it on the needs for just
such products.

If the 3800 is a glamnor product,
the rest of Fairchild’s line is rou-
tine. The 3303 dual 25-bit shift
register is almost a copy of General
Instrument’s. “We think the 3701
is the best multiplexer on the mar-
ket,” Sutcliffe says, “but it’s true—
at present we’re not the ‘most’ of
anvthing. I don’t think we need to
be. Fairchild has a strong reputa-
tion, and if we’ve got a product,
people will buy it.”
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Getting its feet wet. Fairchild Semiconductor's move into the metal-
oxide semiconductor market begins with a six-channel multiplexer, the
3710. Soon the company plans to offer one new MOS product a month.

Manufacturing

The cold touch

Passive networks with resistance
values of 100,000 ohms per square
and capacitances of 60,000 pico-
farads per square inch have been
achicved with a cold substrate-
deposition technique developed by
the Librascope group of General
Precision in Glendale, Calif. This
compares with around 300 ohms
per square, which is about the best
for standard hot-deposition sys-
tems.

The resistance values were ob-
tained with a temperature coeffi-
cient of resistance of less than 300
parts per million. says Donald
Fresh, manager of the group’s phys-
ical research department. The ca-
pacitors have a thermal coefficient
of capacitance of 300 ppm and
breakdown voltages of 20 volts.

Cold deposition. says Fresh, has
three advantages over hot deposi-
tion:

» Adherence is better.

s The film is smoother and more

homogeneous, minimizing the is-
land structures and thus allowing
high performance with a thinner
film.

® The process is simpler.

Fresh claims that the results obh-
tained by Librascope arent one
shot. “We could produce to these
specifications within six months,”
he says.

He points out that Librascope
isn’t interested in getting into the
semiconductor business and doesn’t
plan to produce circuits using the
technique. However, the company
expects to conclude an agreement
with Nasa shortly under which the
process would be made available
to the space agency’s semiconduc-
tor vendors. It is now negotiating
a license for the process with a
solar-cell manufacturer, but Fresh
won't reveal which compar.y.

Librascope plans to negotiate li-
censes with any company interested
in using the process.

Meanwhile, the company has a
contract with Nasa’s Electronic Re-
search Center in Cambridge, Md.,
which calls for producing sample
networks that will withstand 300°C,
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and has resistance values of 100,000
ohms per square with a tempera-
ture coefficient of less than 300
ppm. The contract also calls for
networks having capacitances of
100,000 pf per square inch with a
thermal coefficient of 300 ppm per
degree C and a breakdown voltage
of 30 volts. The networks will be
deposited on passivated silicon
wafers.

Means to an end. Librascope
started on the project not as a
means of producing electronic cir-
cuits, but for the deposition of
optical coatings—depositing anti-
reflective coatings for conductive
coatings on plastic lenses, for ex-
ample. The problems with heat
deposition are that it takes time to
heat up large lenses and some plas-
tics cannot be heated bhecause of
outgassing.

Fresh says modified vacuum-
deposition equipment is used and
that deposition is done at room
temperature at 10-%f or 10-¢ torr.
He claims the process lends itself
to depositions at cooled or super-
cooled temperatures in cases where
they tend to outgas at room tem-
perature.

Rejection masks can be put on
the substrate itself, which makes
the process simpler than hot dep-
osition, he says. Standard photo-
resist film is put on the substrate
prior to deposition.

“This could not be done with
a heated substrate hecause vou
would polymerize it,” he explains.
“Also, with our process you don’t
subject the film to any severe chem-
ical etchants. which avoids such
problems as undercutting your
depositions.”

Librascope has deposited stand-
ard nichrome, chromel and chro-
mium resistors, and standard di-
electric capacitors, such as silicon
monoxide, aluminum oxide, and
titanium, plus some compounds of
cermets. Depositions have been
made on such substrates as silicon
dioxide, silicon monoxide, glass,
quartz, glazed and unglazed ce-
ramics, and polyimide. A variety
of metals, including tungsten, plat-

inum, tantalum, copper, cobalt,
gold, and nickel have also been
deposited.

Outpaces sputtering. Reactive
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depositions can be made with the
process by introducing a gas into
the system and causing it to react
with a purer material to deposit a
compound. Librascope has de-
posited zinc oxide by using zinc
under a partial pressure of oxygen.
It has also made a tantalum nitride-
tvpe deposit with tantalum and
nitrogen. This method for reactive
depositions is faster than sputter-
ing, Fresh says.

One application for reactive dep-
osition would be deposition of sili-
con nitride, which some manufac-
turers believe may one day replace
silicon dioxide as a dielectric. At
present, silicon nitride is deposited
by a pyrolytic process, which isn’t
done in a vacuum.

So far, the main application of
the process has been for depositing
0.002-inch coatings of silicon di-
oxide on space vehicle solar cells
to prevent radiation damage. The
conventional method has been to
glue a cover glass on to each cell.
But this method has its drawbacks.
The glue may cut down on trans-
mission to the cell, and the glue
may fail, so that the glass separates.

Librascope has already coated
solar cells for ~asa and several
firms working with the agency, pri-
marily for experimental arrays. The
company recently received a con-
tract from Jet Propulsion Labora-
tory at Pasadena, Calif., to coat
more than 5,000 cells.

Avionics

Long-range lookout

The application of large-scale in-
tegration to military avionics may
be five years or more away but
the Navy wants to take a good look
now at the prospective benefits the
technique offers.

Litton Industries, which the
Navy has already contracted to de-
velop an 1c version of the AN/Aws-
27 digital data link, has now been
asked to design an Ls1 model of
the system for an applications
study. Production of the 1c version
should start before 1970 and the
large-scale integration model could
make its bow between 1975 and
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Next step. Litton is trying to apply large-scale integration to this
AWS-27 communications system. Engineers say an LS| version
of this IC model would be far smaller and more reliable.
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1980 if the Navy approves the de-
sign.

Litton engineers predict that the
Lst system will be 10 times more
reliable than the 1c version and
only one-quarter the size; it will
require Y,th the circuitry area
and 14th the power. The 1c model
has a specified mean time between
failure of 2,000 hours, occupies
770 cubic inches, and requires an
input power of 80 watts.

The Data Systems division of
Litton in Van Nuys, Calif., is de-
veloping the 1€ version under a
contract with the Naval Air Devel-
opment Center at Johnsville, Pa.
The system will link aircraft and
such networks as the Navy and
Marine Corps Tactical Data Sys-
tems.

Plane and missile. To direct air
sorties and control all-weather car-
rier landings. controllers need a
wealth of data, including airvcraft
position. fuel level, and weapons
status. The aws-27 will be installed
in the F-111B plane, which will
carry the complex Phoenix missile,
to supply this information.

Although neither the Navy nor
Litton will disclose the value of
the st order, it’s known that the
money will come in three incre-
ments. In the first four months, al-
ready funded. Litton will evaluate
potential suppliers of Lsi devices,
do a partitioning study of the
system to work out applications,
and determine component specifi-
cations.

The second increment, now be-
ing negotiated, will cover a year
and “should lead to a flyable Ls1
version of the asw-27.” according
to Floyd Smoller, manager of Lit-
ton’s program. The final phase,
also a vear long, would vield a
production model that employs Ls1
“everywhere it makes sense to use
it,” savs Jerome Weissman, the
company’s  engineering product
manager. Smoller sces a  flight
model in perhaps two years.

Leapfrog. \Weissman notes that
partitioning hasn’t gone far enough
to indicate where Ls1 can be intro-
duced. But he adds: “Ls1 is amen-
able to a large majority of the cir-
cuitry. Anything that can he done
in integrated circuits can be done
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in Ls1, and the discretes we’re now
using could jump to rs1 without be-
ing converted to 1c form first.”

The upcoming asw-27 is com-
patible with such present ultra-
high-frequency transceivers as the
AN/ARC-124, expected in about a
year. Because the system is time-
division addressable, many planes
can be controlled on one frequency.

Litton’s Weissman says the 1c
set employs about 600 dual in-line
packages of diode-transistor logic
in the digital circuitry, plus some
linear 1c operational amplifiers and
summing comparators.

Consumer electronics

Life's darkest moment

The word leaked by Fisher Radio
before the New York High Fidelity
Show promised “the most signifi-
cant engineering feature of the
year.” Well, the show opened last
week and the company unveiled a
low-cost, tablemodel f-m radio
with an electronic pushbutton tun-
ing device—the same device Audio
Dynamics was displaying in a top-
line, f-m stereo receiver costing
$379.95. Fisher has set the price of
its radio at $99.

Push button. Tuning a radio
electronically.

Fisher’s embarrassment, accord-
ing to Leonard Froemel, Audio Dy-
namics’ general manager, stems
from the fact that both firins
bought their preselector from the
same supplier, PREH-\WVerke of
Bad Neustadt, West Germany.

Station hopping. The main fea-
ture of the new device is a series
of five vertical scales that enables
the listener to preselect five sta-
tions and tune to any one of them
simply by pressing a button.

A similar function is provided by
an electronic touch tuner that
Matsushita Electrical Industrial
Co. has introduced in a low-cost
table-model radio.

The receiver tuning circuit pre-

Vive la difference. Fisher Radio and Audio Dynamics introduced
receivers with the same ‘“‘exclusive’ electronic tuning device,
which they both happened to buy from the same German firm.
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LISTEN CAREFULLY NOW,

In just 6 months, Motorola has introduced more than 15 state-
of-the-art thyristor and trigger products — more than all other
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available. Box 955, Phoenix, on your company letterhead.
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Cassette set. Harmon-Kardon’s music
system, which features industry’s first
built-in stereo cassette tape recorder.

sented at the show consists of a
pair of varactor diodes, wired back-
to-back, across the tuning inductor.
The diode tuning voltage is sup-
plied by a regulated 24-volt d-c
power supply across a tuning po-
tentiometer. At maximum voltage
—24 volts—the tank circuit tunes
the high end of the f-m band, 108
megahertz. At minilmum voltage
about 4 volts—the circuit tunes the
low end of the spectrum, 88 Nhz.

Back at the ranch. Besides the
Fisher-Audio Dynamics confronta-
tion, the show featured the intro-
duction by Harmon-Kardon of a
30-watt 1HF. compact. f-m stereo
music system—the  first with a
built-in sterco cassctte tape re-
corder. The unit, which sells for
$399. includes a Garrard changer
and a low-distortion recciver with
an integrated circuit intermediate-
frequency amplifier.

Low-budget picture

A video tape recorder selling for
less than $500 could be on the mar-
ket next vear. Prototypes are al-
ready being demonstrated at All
American Engineering Co., Wil-
mington, Del.

The svstem was developed by
Par Ltd.. Clifton, N.J,, which has
patents pending. But All American,
which holds options to buy the
patents, will decide within three
months whether to pick up its op-
tions and build the svstem.

Picture quality is claimed to he
as good as that of home machines
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like the Sony Corp.’s $695 model,
according to All American’s ¢en-
eral manager for consumer prod-
ucts, James Guenveur. The system
has about one-third the electronic
components of the Sony device;
there are only about 33 transistors
in its record and playback ampli-
fiers.

“The picture was so good that,
when I first saw the machine dem-
onstrated, I scarched the next
rooms to find hidden electronics,”
savs Guenveur. “Nothing that small
should have worked so well.”

Tiny tricks. Measuring 12.5 by
13 by 8 inches. the system weighs
only 18 pounds—less than many
audio recorders. The under-$500
price is also below that of many
audio machines.

The tape transport is similar to
many low-cost audio recorders; it
uses & single motor to control hoth
reels and capstan drive. Tape speed
for both record and plavback is
60 inches per minute.

Guenveur savs wow and flutter
in the tape transport was reduced
even though a single motor and
belt drive were used. Earlier low-
cost video recorders never reached
the market because of these prob-
lems, despite the fact that more
complex tape transport designs
were used.

Although one-quarter-inch wide
instrumentation tape is specified.
Guenveur savs audio tape can be
used at a sacrifice in picture qual-
itv. But the instrumentation tape
itself onlv costs about $15 for a
onc-hour reel, about one-half to
one-quarter the cost of tape for
comparable machines, sayvs Guen-
veur.

Ie savs the tape heads will be
low-cost replacement items—only
%4 to $5 each—much lower than
replacement heads for audio tape
recorders. And because the heads
are stationarv, he savs, thev will
last up to four times longer than
those of comparable machines in
which the heads spin. Rotation
makes for faster relative tape
speeds—and for faster wear.

Behind the tube. All American
engincers say a slight modification
allows the recorder to work with
any home television set. A pick-off
stage just before the cathode ray

tube accepts horizontal and vertical
deflection and electron-heam in-
tensity signals from the tv set and
transmits them to the recorder via
an emitter-follower circuit. An-
other connection sends sound to
the tape deck. The modification
also includes addition of a record-
playback switch on the television
set.

Space electronics

Fallout by default

Nasa may be first to use a side-
looking radar developed for the
Army because the Army hasn’t vet
found a program to incorporate
the system.

Built for the Army by Philco-
Ford’s Aeronutronic division, the
classified system is being modified
for tests aboard a xasa Electra air-
craft. It's one of the sensors being
considered for inclusion in the
space agency Earth Resources Sur-
vey (ers) satellite program. The
system was a casualty of the can-
cellation of an Army program that
was to provide the aerial platform.

The space agency describes the
system as a K-band (12.4 to 18 giga-
hertz), unfocused, side-looking
radar imager with a 10° beam-
width and opcrating in the 1.82-
centimeter portion of the spectrum.
An Aeronutronic contract calls for
the firm to modify two of the Army
units. The principal modification,
however, would be covered by a
second contract, which would en-
compass the design and testing of
the multipolarized antenna. and in-
stallation of the system in the air-
craft. Company officials are con-
fident the second phase will he
funded. Oscar Schlussel, manager
of the radar engineering depart-
ment at Aeronutronic’s radar and
intelligence operation, Santa Ana,
Calif., believes both units can be
delivered to the space agency by
next March.

One for four. Frank Jayne,
supervisor of the facility’s antenna
and microwave section, says the
new wrinkle in the synthetic-aper-
ture antenna is that it combines
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Broad look. Waveguides for Aeronutronic's new side-looking radar,
developed for the Army, may be used by the space agency.
Strip chart shows typical antenna spike pattern—decibles

compared with radiated beam width.

in one square waveguide the hori-
zontal and vertical polarization for
which two separate wavegnides
are usually needed. Crossed slots
in the waveguide vield a combina-
tion of horizontally and vertically
polarized radiators that operate
simultancously and independently.

This means that an aircraft or
satellite carrying the system would
nced only one pass over a given ter-
rain swath to gather data that
would previously have required
four passes: one for vertically po-
larized data, one for horizontally
polarized returns, one for combina-
tion of horizontally and vertically
polarized returns, and one for a
combination of vertically and hori-
zontally polarized returns.

In the Acronutronic scheme, this
capability results in the generation
of four side-by-side strip maps
simultaneously, cach with a dif-
ferent polarization, and each en-
hancing certain  terrain  features
that may be ecither indistinct or not
apparent on the other three strips.

Less than 150 feet. The ~asa
system will have the same power
requirement as the Army radar,
which is classified. Schlussel savs
the system power would have to
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be boosted for a satellite applica-
tion. Schlussel describes the swaths
the radar can record as medium
range. The typical line of sight
from a 200-mile altitude would be
a 1,600-mile-wide swath, “but we
don’t want to record all that data,”
he says. Calculated mean time be-
tween failures for the Army radar
is more than 500 hours, according
to Schlussel. One observer who ex-
amined a radar photo of the Wash-
ington, D.C,, vicinity generated by
the system estimated that resolu-
tion is less than 100 fect.

Schlussel says flatpack, digital
integrated circuits are used wher-
ever possible, chiefly in the signal
processor’s timing circuitry. This
processor enables integration of
radar returns as successive pulses
and gives the radar its synthetic-
aperture feature. by which a 4-
foot-long antenna is made to be-
have as though it were about 30
feet long, says Schlussel. He main-
tains integrated electronics could
be used elsewhere in the system,
but explains that ~asa officials
wanted to avoid any extensive re-
design of the Army radar. which
is almost entircly solid state and
weighs 164 pounds.

Oceanology

Monster rally

Next vyear, two 100-ton buoys,
dubbed “Monsters” [Electronics,
July 25, 1966, p. 48] and loaded
with more than 100 sensors and
other electronic gear. will he
towed to stations in the North Pa-
cific to telemeter occanographic
and meteorological data over 4 mil-
lion square miles of occan. Each
will transmit data from its sensors
and from surrounding clusters of
smaller buoys.

The mission, to be carried out
by the Scripps Institute of Occan-
ography under Navv sponsorship,
marks the first attempt to survey a
large area of ocean with automated
devices. The two Monsters. devel-
oped by the Convair division of
the General Dynamics Corp.. have
been undergoing rugged Navy tests
over the past two years.

In a trial last week. one of the
buoys telemetered data on such
variables as salinity. temperature,
and wave direction from its moor-
ing off the California coast to a
mobile shore station in Washing-
ton. D.C. Another Monster recently
purchased by the Coast Guard is
being used as a navigational aid in
place of a manned light-ship. and
next month will start operating as a
collector of oceanographic data.

Components

Bright shield

The black box may soon have a
plated lining. The metal enclosures
now used for radio-frequency and
electromagnetic shielding may be
replaced by plastics plated with
copper, chrome. and nickel.
Metal-plated plastics aren’t new,
but they haven’t vet been success-
ful in shielding cquipment. How-
ever, engineers at a Philadelphia
plating and casting concern, La-
France Precision Castings Co.,
report that plated plastics have
helped solve problems of crosstalk
between line amplifiers in closed-
circuit color tv systems. Spurred
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Theres a
NEW title at
your RGA

Distributonr

RCA’s new SILICON POWER CIRCUITS MANUAL (SP-50) was writ-
ten by engineers for engineers (the circuits and systems design variety) who
are working with solid-state power devices and want to know more about them.

With more than 10 main chapters and more than 400 pages, the new manual
provides comprehensive design information for a broad range of power circuits
using RCA silicon transistors, rectifiers, and thyristors (SCR’s and Triacs).
Procedures are also included for applications involving rectification and power-
supply filtering, power conversion and regulation, ac line voltage controls, rf
power amplifiers, and control and low-frequency power amplifiers.

While the new manual is intended primarily for
engineers, it will also be of use to educators,
students, hobbyists and others interested in
learning about solid state devices.

The introductory chapters of the manual
familiarize the reader with semiconductor
physics and describe each type of silicon
power device in terms of construction,
operation, and ratings. Clear under-
standing of the fundamentals of silicon
power devices and how they oper-
ate in circuits is set forth with
specific design criteria.

Drop by at your RCA Dis-
tributor and pick up your
copy of this important
new manual today.

RCA Electronic Components and Devices,
Harrison, N.J. 07029

®
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by these reports, the company is
embarking on a program to further
evaluate metal-plated plastics in
shielding applications. LaFrance
is currently negotiating with a test-
ing facility to subject a variety of
plated parts to rfi and emi tests.

Reevaluation. Other companies
have tried to use metal-plated plas-
tics for shielding but have rejected
the idea because it was only useful
for very low-level fields. However,
LaFrance believes that many op-
portunities exist in the area of low-
level fields for such applications
as enclosures for tuners in tv re-
ceivers. f-m sets, and electronic
instruments. Metal-plated plastics
would be especially useful in
equipment on ships, where corro-
sion problems are acute.

LaFrance uses the Marbon proc-
ess, developed by the Marbon
Chemical division of the Borg
Warner Corp., to plate the plas-
tic parts. The firm has achieved a
strong bond with this process,
often sufficient to withstand a 7-
pound pull.

The lightest metal generally used
for enclosures, aluminum, is alimost
three times heavier than the plastic
sandwich. Also, though raw alu-
minum castings are cheaper than
injection-molded plastic parts, they
require finishing operations that
raise their cost above that of the
plastic. And in volume, the molded
plastic parts would he cheaper
than even the raw metal castings.

Communications

Rapid response

This past summer the Fed-
eral Communications Commission’s
common carrier bureau recom-
mended changes in the long-stand-
ing law under which the Bell Sys-
tem tries to bar unauthorized at-
tachments to telephones. Although
a decision on the recommendation
is not expected for several months,
two firms are already conducting
marketing drives for electronic de-
vices that compete with Bell’s rapid
card-dialing system.
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Speedy dial. Automatic telephone
dialer can ring a number in seconds.
To program the unit, produced by
Atlantic Research, the user inserts
tiny cubes into a printed-circuit board.

The Atlantic Research Corp.’s
Electronics and Communications
division in Alexandria, Va., is pro-
ducing a rapid dial system, called
Repertory Dialer, for industrial
users and G-V Controls Inc., of
Livingston, N.]J., will, for the time
being, sell its device. dubbed Auto-
Dialer, through independent phone
companies. Neither system has
been approved by American Tele-
phone & Telegraph, but both are
being used by the military.

Make a call. Fach system costs
between $1,000 and $2,000. Both

can dial a touch tone numn-
ber in abont a second and
a rotary or pulse number in
about 10 seconds. For examn-

ple, a touch of a button on either
unit is enough to dial a digit for an
outside line, a unit area code, and
the full number of an addressce.
The Atlantic Research console has
50 buttons for 50 numbers, and will
accommodate up to 18 digit num-
bers. The G-V system handles 132
eight-digit numbers or 66 of 16
digits.

Both companies offer program-
ing of numbers which a layman
can master. G-V's Auto-Dialer con-
tains slide-switches on removable
printed circuit boards. The switch
is dialed to the digit the operator

wishes to program. Atlantic Re-
search’s Repertory Dialer is pro-
gramed with digit module cubes
that are plugged into one of five
removable p-c boards. Each cube
is marked with the number that it
will program.

Both devices emplov discrete
semiconductors, although J.L. Wal-
lace, the designer of Atlantic Re-
search’s dialer, says, “We are look-
ing into the possibility of using
integrated circuits in the near fu-
ture.”

Both companies see the dialers
as an alternative to the card-dial
system of the phone company,
which costs about $15 for initial
installation and about $3 a month
thercafter.

Military electronics

Mounting greenery

How do radio signals penetrate a
dense jungle? They don’t. They
rise above it.

The Army Electronics Command
at Fort Monmouth, N.J., has come
up with a way—short of hurling it
up—to lift an antenna into the
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LUTTER ANALYZE
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If you use recorders...

shouldn’t you check flutter before you gather
valuable data? VIDAR'’S 720 analyzes and measures
flutter accurately, quickly, and conveniently in
accordance with IRIG 106-66 and recorder
manufacturers’ recommendations. The oscilloscope
display helps you analyze and track down flutter
components as low as 0.02% peak-to-peak over
flutter bandwidths ranging from 0.2 Hz to

20 KHz. For complete details on this VIDAR
laboratory-quality instrument contact Carl Smith,
(415) 961-1000, VIDAR Corporation, 77 Ortega
Avenue, Mountain View, California 94040.

VIDAR




CONVERT
COMPUTER DATA
T0 TV DISPLAY

WITH THE
ELECTROSTORE®

This TV Display shows a high resolution
alphanumeric presentation derived from
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a computer. It is only one example of a
computer display using the Electrostore,
Model 221,

o~ 4
g L AVIE
WIS

Model 221 Electrostore
| single-gun storage tube
Input/Output Response
10 MHz or 20 MHz
Input Amplitude
g Required 0.7 volts to
| . 2.0 volts p-p
1Y " Deflection Amplitude
» - 5 volts p-p
HA Deflection Response
#° * ko DC to 800 KHz

Programmer Optional

The Model 221 scan-converter utilizes
a cathode-ray recording storage tube.
Input video signals and deflection
information are applied to the tube
through various amplifiers and con-
trol circuitry. Data is stored within
the tube in the form of a raster, cir-
cular, or spiral scan. This information
can be read off periodically through
appropriate amplifiers without de-
stroying the stored data. The input
can be up-dated periodically and the
stored information erased partially
or in its entirety. By introducing the
proper signals, the Electrostore can
convert a variety of formats to TV
display, i.e. computer-to-TV, radar-
to-TV, IR-to-TV, or sonar-to-TV.

Write for technical memos and application
notes covering the Electrostore.

instruments

223 Crescent Street
Waltham, Mass. 02154
O el (617 8348200

A DIVISION OF
DASA CORPORATION
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trec tops without alerting the whole
jungle. A standard M-79 grenade
launcher, using a special shell which
muffles the sound of the report,
lofts a 200-foot braided copper
wire into the top branches of a
tree.

Over the limb. For log periodic
or vagi antennas, which have more
complex configurations, Army en-
gineers will use a similar shell and
the M-14 rifle to shoot a weight,
trailed by a strong, 250-foot nvlon
string, over the tree limb. The an-
tenna will then be tied to the string
and hoisted.

The shells were originally de-
veloped for the Army’s Limited
War Laboratory as a nvlon line
thrower by engineers at the AAI
Corp., Cockeysville, Md. They’ll
be tested in the jungles of South-
east Asia, and if successful, will
probably be bought in quantity.

For the record

Transition. Carl A. Frische is re-
tiring as president of the Sperry
division to become a special con-
sultant to J. Frank Foster, presi-
dent of the parent firm, the Sperry
Rand Corp. Frische will not be
replaced.

This change follows a corporate
reorganization for the Sperry divi-
sion, which, during the past year
has been under increasing financial
pressure after losing a major con-
tract with Pan American Airways
for an inertial navigation system
[Electronics, Sept. 4, p. 44-45). The
division also has been rmnning into
technical problems with its com-
puter-operated traffic control sys-
tem for New York City [Electron-
ics, May 29, p. 56].

Punched polls. The largest single
order for an electronic voting sys-
tem has been placed by Los Ange-
les County for the International
Business Machines Corp.’s Voto-
matic recorders. Ordered were 33,-
000 recorders and 7,000 demonstra-
tors units, which are worth $5.6
million.

The Votomatic recorder permits
each voter to place his ballot on
a punched card; when the polls

close, the ballots are tabulated on
computers. In the two years since
the Votomatic was introduced, it
has been adopted by 10 other coun-
ties of California, and by counties
in Oregon, Illinois, and Georgia.

At present, the cards must be
carried from each polling place to
a central computer. Eventually,
data-transmission terminals could
conceivably be placed in polling
places to transmit the count to the
computer.

Acquisition. Applied Technology
Inc., a military reconnaissance sys-
tems company based in Palo Alto,
Calif., became a division of the
Itek Corp., Lexington, Mass., after
stockholders approved a stock
swap last month. Applied Tech-
nology has five plants in the San
Francisco area and one in Lincoln,
Neb.

Domestic squabble. The Ford
Foundation, a strong advocate of
publicly owned domestic tv broad-
cast satellites, urged the Federal
Communications Commission to
withhold approval of a pilot do-
mestic satellite program proposed
by the Communications Satellite
Corp. McGeorge Bundy, founda-
tion president, told the rcc in a
letter that approval of the Comsat
plan would “prejudge” the work
of the President’s task force on
telecommunications  policy and,
secondly, would indicate that Com-
sat has “the inside track to the
preferred position” in the field.
Comsat, which proposed its five-
year $57 million system in March
[Electronics, June 26, p. 59], re-
sponded in a letter from Chairman
James McCormack, who said
“nothing could be further from the
truth. . . .7 He maintains that
quick approval of the pilot pro-
gram would supplement rather
than hinder the task force’s job
and that Comsat realizes that the
pilot program could be taken over
for public ownership.

The foundation also argued that
by delaying the pilot plan, im-
proved technology might be devel-
oped to handle frequencies for
satellite broadcast above 10 giga-
hertz. This would lessen interfer-
ence with frequencies in the
crowded 6 Ghz range now being
used.
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tricky tapers...

o

g
I Allen-Bradley Type J
" hot molded variable resistor
shown twice actual size

Allen-Bradley Type J potentiometers
offer tapers designed
to your special needs!

® When standard tapers fail to provide the control you desire, Allen-Bradley
Type J potentiometers have the unique capability to provide a virtually limitless
variety of curves to meet your specialized requirements. While not a precision
device that is continuously taper-trimmed to very close tolerances, Allen-
Bradley’s control of the resistance-rotation characteristics during production
assures a high degree of conformity.

Allen-Bradley Type J potentiometers have a solid hot molded resistance track
made by an exclusive process which was pioneered and perfected by A-B.
This solid resistance track assures smooth adjustment at all times—with none of
the discrete changes in resistance that are encountered in wire-wound units.
And being essentially noninductive, Type J controls can be applied in high
frequency circuits where wire-wound units are useless.

Furthermore, A-B’s solid molded resistance track assures low noise and long
life. On accelerated tests, Type J potentiometers exceed 100,000 complete
operations with less than 109, change in resistance.

For more complete details, please write: Allen-Bradley Co., 222 W. Green-
field Ave., Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada Limited.
Export Office: 630 Third Ave., New York, N.Y., U.S.A. 10017.
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QUALITY ELECTRONIC COMPONENTS
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ADDITIONAL ALLEN-BRADLEY
HOT MOLDED VARIABLE RESISTORS

TYPE G CONTROLS are
only %" in diameter.
Quiet, stepless opera-
tion. Rated Y2 watt at
70°C. Values to 5 meg-
ohms. Type L are similar
in construction but rated
1, watt at 100°C.

TYPE F TRIMMERS are
for mounting directly on
printed wiring boards by
means of their terminals.
Rated 14 watt at 70°C.

Values to 5 megohms.
Type O are similar but
rated 0.4 watt at 70°C.

TYPE R ADJUSTABLE
RESISTORS for trimming
applications are built to
withstand environmental
extremes. Only 1%" in
length. Have stepless ad-
justment. Watertight and
can be encapsulated.
Rated 4 watt at 70°C.
Values to 2.5 megohms.
Type N for less severe
environments are rated
13 watt at 50°C.
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Printed circuit board from General
Radio Type 1680 Automatic Capaci-
tance Bridge showing use of A-B Type
CB 14 watt fixed resistors and Type F
14 watt adjustable resistors.

“we use Allen-Bradley hot molded resistors

because their consistent, stable characteristics—
month to month and lot to lot—ensure repeatable
measurements by our instruments.” GeneraL RADIO coO.

-~ —any
"F ,~<b;l_ Type F variable resistor TypPE BB 1/8 WATT
| B . = with pin type terminals
Rl for mounting directly on NNS—

General Radio Type 1680 Bridge auto-
matically measures capacitance and loss
simultaneously, generates coded digital

printed wiring boards.
Rated !4 watt at 70°C. Total
resistance values from 100
< ohms to 5 megohms. Shown
actual size.

TYPECB 1/4a WATT

— I

TYPE EB 1/2 WATT

TYPE GB 1 WATT

output data, and displays measured
values in about one-half second. The
basic accuracy is 4+ 0.1% and the range
is from 0.01 pF to 1000 uF.

A-B hot molded fixed resistors are avail-
able in all standard resistance values
and tolerances, pius values above and
below standard limits. Shown actuai size.

~_AYVAER
)

TyrpE HB 2 WATTS

Just as surely as automatic equipment saves its users’
money when it is in operating condition, it is virtually
worthless when failure of a component has made the entire
device inoperative. To insure the reliable and accurate
performance of their new automatic capacitance bridge,
General Radio designers selected Allen-Bradley hot
molded fixed and variable resistors.

Allen-Bradley resistors are made by a hot molding
process using completely automatic machines developed
by Allen-Bradley. This results in Such precise uniforinity
from one resistor to the next—year in and year out—that
long term resistor performance can be accurately pre-
dicted. Furthermore, there is no known instance of catas-
trophic failure of an Allen-Bradley hot molded resistor.

72-06-7E

The same manufacturing technique is used with the
Type F variable resistors. Their solid hot molded resis-
tance track assures smooth control from the very begin-
ning and which improves with use—and are completely
devoid of the abrupt changes to be expected of wire-
wound controls. In addition, A-B variable resistors are
essentially noninductive, permitting their use at fre-
quencies far beyond range of wire-wound units.

For more complete information on the full line of
Allen-Bradley quality electronic components, please
write for Publication 6024: Allen-Bradley Co., 222 W.
Greenfield Ave., Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Limited. Export Oftice: 630 Third
Ave., New York, N. Y., U.S.A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS



we've maae

...“nless there’s no further engineering development in patchboar

programming systems. We've made a mistake unless there’s no need for faster
deliveries. We've made a mistake unless there's no need for innovation and design
improvements in receivers, removable patchboards, patchcords and accessories.
O Most of us have been in the programming business long enough to know these
needs exist. So...here we are. Give us a try If we're right you'll be hearing a great
deal about us...if we're wrong you won’t see us again. Send for Catalogs 567 and

667 and find out ALLIED SYSTEMS CORP.,4 Tri-Port Circle, Greensboro, N.C.27420
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Starting today you
voltage regulator on




can aflord to put a
every circuit card.

For $3.60 in 1000 lots you can
now simplify your power distri-

bution problems with our new
LM-300. It’s a plastic TO-5 ver-

sion of the LM-100. It operates

over a temperature range of 0°C to 70°C with output

UNREGULATED

iNPUT

200mA Regulotor

>

REGULATED
gy | OUTPUT
>
3 cat

N LAF

GROUND

*Basing diagram is Top View

7Solid Tantalum

2A Regulotor with Foldbock Current Limiting

kA
v Vo = 10V
Rog R4 337
al ) 1 iRl o
3055 1K I o
L aov
2 {
2N2905 b k2
v -Lz.n(
clt =

. . . 470
*Basing diagram is Top View

1Solid tantatum.

deliver up to 5A with added
external transistors.
It’s probably the biggest bar-
gain you’ll find in this magazine.
You can get them at any of

voltage adjustable between 2 and 20 volts,

The LM-300 is built on a single silicon chip and can

Electronics | October 2, 1967

our distributors, or for more information, write National

Semiconductor Corporation, 2975 San Ysidro Way,

Santa Clara, California 95051 (408) 245-4320,

National Semiconductor

Circle 57 on reader service card 57



The newest look 1n
anew look at

Circle 59 on reader service card



color TVrequires
interconnections.

Major innovation from Motorola: ten pluggable solid-state modules
in one solid-state color TV. All with AMPMODU* Interconnection
products. Why? Reliability. Economy. Serviceability.

The AMPMODU System: a post and a double-spring

receptacle. For hand or automated wiring. Infinite variety of
modular combinations. Joins circuits electrically. And

mechanically. So all circuits can be assembled or replaced in minutes.
Joining circuitry ? Investigate AMP's Interconnection ideas now.

* Trademark ot AMP Incorporal ted
PUT YOUR IOEAS INTO ACTION WiTH THE HELP OF AMP ENGINEERING . .. WORLOWIOE. A M P
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into a shell the size of a quarter.

Our new BULLS-EYE connector gives you the greatest contact
and mounting density available in a circular subminiature.

The idea behind our new BULLS-EYE
connector was to increase contact
density and at the same time decrease
space and weight. To make it work
we used our proven PolarHex center-
mounted jackscrew for positive con-
tact alignment and mating. Then we
designed a slim line, stainless steel
shell which eliminated conventional
coupling methods.

The result was a connector with all
the performance characteristics of
the latest MIL-C-26500, MIL-C-26482,
and MIL-C-81511 connector types, but

with a contact density that actually
increased from 50% up to 200% over
the next highest comparable con-
nector: 102 size #22 contacts in a
size #18 shell! And the PolarHex jack-
screw also lets you mount far more
connectors per panel, or use smaller
panels, because you can mount them
flange to flange in standard MS cut-
outs.

The BULLS-EYE incorporates the
same contact design and contact
retention system as in the famous
Hughes rectangular subminiatures.

Available in arrangements of 14 to
102 contacts in six shell sizes and
four body styles, all in environmental,
non-environmental, and potting ver-
sions.

For complete information on the
connector that's the best choice for
any space age application, write to
Hughes Aircraft Company, Connect-
ing Devices, 500
Superior Ave- | y
nue, Newport i_ HUGHES j
Beach, Cali- =i i ez
fornia 92663.

NEWPORY DEACH. CALIFORNIA
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Youve named it!

Here’s the winner:
Dale’s new

Our contest proved it...
you want a better 1" commercial
trimmer (for less than a buck). SPECIFICATIONS:

Standard Resistance Range: 10 ohms
to 50K ohms

Resistance Tolerance: =10%

Our 2300 Series has created so much industry interest that several
thousand engineers, procurement specialists and even a few vice presi-
dents suggested names for it. For example: ke
) ’ Resolution: .18% to 1.82%

J. P. Thompson of Lockheed MSC wanted to call it the Sta-Set; which Power Rating: 0.5 watt at room

has merit because the way we install the 2300's lead screw creates ex- temperature to O watt at 85° C
cellent setting stability. Operating Temperature Range: —55°C
Abe Pearlman of Westinghouse suggested Quik-Trim. Good idea, but to85°C
maybe a bit too close to competitive models (with which our 2300 Econo- Mechanical Adjustment: 15 turns
Trim Series is directly interchangeable). nomlr.lal
We picked Econo-Trim submitted first by Barry Donohue of Teledyne. M?.,ﬁgiﬂ;°r?i'sf,ﬁ°,§’§;ﬂ§2§‘vg',;‘f§$‘e,
It describes the cost and performance breakthroughs made by Dale in without damage
the commercial trimmer field. What's an Econo-Trim? It's a lot of mil- Dimensions:
style trimmer features for less than a buck.* 1L0"Lx.36"Hx.28"W
Terminals:
Call us today for Econo-Trim details — including P.C. terminals (Model 2387)

Hook-type solder lugs (Model 2389)

delivery information. Phone 402-564-3131.

*In 1,000 quantities —
DALE ELECTRONICS, INC. g
1300 28th Ave., Columbus, Nebraska 68601 ,,,.m‘\o

In Canada: Dale Electronics Canada, Ltd. E BT
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Pentagon revises
programs in light
of Nike X go-ahead

Hughes team
favored to win
Navy ABM study

‘Flight insurance’
for the President

Burroughs yields;
TRW gets 407L

Electronics | October 2, 1967

Washington Newsletter

October 2, 1967

The Pentagon is making changes in several major programs as a result of

its decision to build a thin Nike X system.
» Raytheon’s development of the SAM-D air defense missile [Electron-

ics, Feb. 20, p. 54] will be accelerated so the system can be deployed
with the Nike X.

®» The Airborne Warning and Control System (Awacs), a detection
and interceptor-vectoring air defense program [Electronics, Aug. 7,
p. 66], will get boosted funding, technical updating, and possibly a

formal deployment go-ahead.
® Strat-X studies of the requirements for an advanced ICBM for the

1980’s will be stretched out, as defensive planning seems, at least tempo-
rarily, to have gained the upper hand over the offensive.

The commitment to Nike X brightens chances for a seaborne antibal-
listic-missile system, according to observers. If theyre right, prospects
are also brighter for Hughes Aircraft, which seems a sure winner over
Aerojet-General and Boeing in the final bidding for a $610,000 Navy-
sponsored study [Electronics, July 24, p. 50] of a seaborne ABM system.

Teamed with Hughes on the six-month preliminary design study will be
the Lockheed Missile & Space Co. and the Newport News Shipbuilding
& Drydock Co.

The cynics are calling President Johnson’s air safety program an obvious
maneuver to rob the Republicans of a campaign issue. One observer
renamed the program “pre-election flight insurance” and said it was
intended to protect Johnson against the charge of neglecting air safety
in the event that any serious air accidents occur between now and
election time.

The President’s program isn't expected to produce any immediate
changes. In fact, one point—directing Secretary of Transportation Alan
S. Boyd to develop a long-range plan for future air traffic control equip-
ment and facilities—may delay acceptance of new hardware or systems
because the aviation industry will be expected to share system costs.
Another directs the FAA to study air traffic regulations and recommend
changes; the study isn’t expected to be ready for at least a year.

The TRW Systems Group will receive a contract this week to integrate,
assemble, and check out the Air Force 407L tactical air control system.
The award has been held up more than a month by a protest from low-
bidder Burroughs, the other contract finalist [Electronics, Aug. 21, p.25].
Under life-cycle buying, a military service can award a contract to a
higher bidder if it feels the total cost of producing and maintaining the
equipment through its lifetime is lower.

Burroughs withdrew its objection after being briefed by the Air
Force’s Electronic Systems Division, Hanscom Field, Mass. The cost-
plus-fixed fee contract for coordinating field deployment of the system
will be worth $3 million the first year, then climb to $10 million a year
and continue at that level for several years.



Rx for Apollo ills:
X-ray inspections

IBM's Dacor gets
trial at test range

NASA pushing
space spin-offs

House panels battle
for right to probe
Pentagon’s buying

CATV may gain
third FCC backer

Washington Newsletter

Bent and recessed pins and improper potting have been a growing head-
ache for the Apollo program so NASA wants all connectors examined
with a simple X-ray unit. The results would be photographed for analysis.
The Navy has had good results with similar testing on its Polaris program.

NASA is asking Grumman, RCA, and Ryan to make connector tests.
All three have been encountering connector problems in the radar sys-
tems for the lunar module. If persuasion fails, the agency is expected
to make connector testing a requirement. NASA plans eventually to
ask all Apollo contractors to test connectors.

IBM has received a $1.1 million contract to install its Dacor (data cor-
rection) system along a portion of the Air Force’s Eastern Test Range.
If the system succeeds in improving the quality of the National Range
Division’s high-frequency radio telemetry, it will be expanded to cover
the division’s worldwide r-f data links.

Dacor, in contrast to other error-correction systems, can handle
both random and burst-pattern errors. It also does its job without having
to retransmit messages in which errors are detected. It won’t be used
with the highly reliable submarine cables linking Cape Kennedy launch-
ing pads with downrange sites, but with the often-unreliable radio links.

NASA officials, sample cases in hand, will hit the chicken-and-mashed-
potatoes trail in an accelerated campaign to shine up its image and get
public backing. Hurting from $500 million in budget cuts, NASA has its
Office of Space Technology Utilization switching to a harder sell on space
spin-offs. The technology office, for example, issued more than 1,000
“Tech Briefs” last month, equaling its normal annual output.

The office also will oversee the ad hoc technology task force about
to be created by the Administration to get technology out of Government
agencies and into industry. However, some argue that space programs
have yet to produce any appreciable spin-off.

Two House subcommittees are locked in a behind-the-scenes battle for
the right to investigate the Pentagon’s procurement policy. The elec-
tronics industry will be involved in the hearings no matter how the Con-
gressional squabble is resolved.

The Government Operations subcommittee on military operations,
headed by Rep. Chet Holifield (D., Calif.), claims prime responsibility
in this area and wants to form a blue-ribbon Government-industry com-
mission to investigate military buying. But the Armed Services Inves-
tigating subcommittee, chaired by Rep. Porter Hardy (D. Va.), plans 18
months of hearings on all aspects of the buying policy, and asserts that
Holifield is pushing his subcommittee’s claim because he wants to make
sure the big contractors in California are protected.

The result is likely to be separate investigations.

CATYV is expected to pick up another supporter on the FCC. It’s antici-
pated that Commissioner Nicholas Johnson will come out strongly for
community antenna television in a speech at an Oct. 9 regional meeting
of the National Community Television Association. This would change
the FCC alignment to three for, three against, and one undecided.
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CIRCUIT CONTROL AND PROTECTION BY AIRPAX

Style AP is all magnetic trip, hermetically sealed, meets
MIL-C-39019, available 1, 2 or 3 pole, 10 ma to 20 amperes
AC or DC, interrupts 1000 ampere fault at 240 volts AC.

e |
sLEcyRomics [
' sl

O 0 O
TRIP SIGNAL

~
ANPAX
TAMPAISGE. man T

-

l
l
I
|
l
|
|

.

(e} e) OO0 O

= (V)
and app\\a“ Style 50-APL is entirely magnetic trip (no heating ele-
ments), available 1, 2, 3, 4 and up to 10 poles, 10 ma

to 50 amperes AC or DC, will open a 5000 ampere fault
style 50.APL at 240 volts AC.

)

TIME IN SECONDS
I

i
100[150 200 300 400 500 600 700
PERCENT OF RATED CURRENT

O T [ [5R)

Series Type Shunt Type Relay Type Series With Remote

Completely magnetic circuit breakers

depend on current only trip. Any coil or AIRPAX ELECTRONICS AIRPAX ELECTRONICS AIRPAX ELECTRONICS

. . gl . incorporated incorporated incorporated
combination within listed ranges can be Cambridge, Maryland Ft. Lauderdale, Fla. Van Nuys, Calif.
supplied for immediate delivery. (301) 228-4600 (305) 587-1100 (213) 781-2821

AIRPAX ELECTRONIC S incorporated Cambridge Division, Cambridge, Maryland
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How to keep relay contact forces balanced at 30 G’s.

Picking a relay for an extreme
shock/vibration environment is a
tough problem for many a circuit
designer. Few relays are designed
to meet the problem head on.
There is now one notable exception
—a 4PDT, 10 ampere relay in a one-
inch cube.

Using a new design principle —
balanced-force —this relay
withstands severe shock,

vibration or acceleration while
maintaining high contact and
overload capabilities. It will take
more than 30 G's to 3000 Hz
vibration, a shock of 100 G’s and
has a minimum life of 100,000
cycles. This one-inch cube is all
welded, weighs 2.5 cunces, and

is rated at 2.9 watts coil power.

EFFICIENT MAGNETIC CIRCUIT

In the conventional relay motor,
forces for open and closed
contacts are unequal. Energized
coil power causes the armature to
close the normally open contacts.
But, when the coil power is
removed and the contacts return
to the normally closed position,
only the spring forces of the
contacts and the return spring
provide the force. These combined
spring forces are usually low,
allowing the contacts to bounce.
In addition, the low spring force
allows the armature to rebound
off the armature stop, again
knocking the contacts open—
sometimes, for as long as several
milliseconds after they have
initially closed.

Force-Stroke Curve of Typical Relay
and Balanced-Force Relay.

- -» An obvious
| \\\ i // . method of
N L L2 getting rid
gi, N4 ofa bpynce
i\“ X FOHdItIOﬂ
- - ,_/ { s to
1‘" T balance
w | | 7>y the arma-
_cuosen anumrone U e amarne | tUre forces
Curve CA - Balanced-Force Relay eXaCt|y,
e e nany THIS iS
g ::\T: Il‘)yE :(Z:in—c‘l?yr:iacca'ls‘ﬂelay. la: T II‘IeeV € d

Leach Balanced Force Relay by
use of an extremely efficient
magnetic design. It has to be to
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keep the forces balanced while
ignoring 30 G's,

Basically it is a controlled
application of magnet and coil
flux. in the de-energized position,
a permanent magnet flux flows
between the armature and the tip
of the adjacent pole piece,
resulting in a high holding force.
The motor is, therefore,

relatively immune to shock and
vibration. When coil power is
applied, the flux from the
permanent magnet is nullified by
the coil flux flowing in an
opposite direction. The armature
closes with a rapid build-up of
magnetic force driving it against
the contact overtrave! forces and
into a sealed position.

MAGNET
A\ ) feoten

|
[ . .l When coll
| 2
g !uv@d » power is
P ) removed
ot EEE s 7
N i I L and the
i / -
e N2/ armature
~ARMATURE
returns,
Balanced-Force Motor De-Energized the

restoring force of the permanent
magnet builds up quickly. The
armature is then driven against
the overtravel forces of the
normally closed contacts and into
its de-energized sealed position.
With this type of force-
displacement, the armature isn't
about to rebound.

New Leach Model K employs
balanced-force concept.

BUFFERED CONTACTS

The moving contacts are mounted
to an armature, which is held
firmly at the end of each stroke by
high magnetic forces. Since the
armature can’t move during shock

*U" SHAPED CONTACT SPAING

or vibration, undesirable contact
opening is eliminated.

HINGE PIN v sLor

the moving
contact is
a buffer
strip which
assumes a
variety of chores. It has a bow in
the center to act as a spring load
while serving as a rivet plate. It
works as a heat sink. It will break
the contact strip free from a weld
if one occurs because of excessive
overload. It makes contact with
the moving blade which results in
excellent low contact drop. It
serves as an electrical contact
between the moving blade system
and the header. And, as the name
implies, it buffers the contact
blade against extreme shocks

and vibrations.

=~ CONTACT CARRIER

< b

CONTACT BLADE BUFFER STRIP

-RIVETS

Moving Contact System

WELDED ASSEMBLY

In assembling the relay all detail
parts are welded. No part is solder
assembled. There is no possibility
of contamination from solder flux.
The unit is then pressed into a
can and electron-beam sealed,
leaving only an evacuation hole.
After a high temperature bake,
the relay is filled with a dried inert
gas, and the hole is welded shut.
Here, ready for shipment, is a
relay with a magnetic circuit
designed so the force without

coil power applied is equal to the
force with coil power applied, but
in exactly the opposite direction.
And you can rest assured those
forces stay balanced no matter
how you shake them.

Covmg;lel:e Motor and Contact Assemlf'ly Write for

‘ U . your copy

|
F———1— “Tomorrow's
—\ .//" Relay

- MINGE PIN BXT,
| &

Today"”, a
technical
paper

- seem oo Presented

at the

National Relay Conference. Leach
Corporation, Relay Division, 5915
Avalon Boulevard, Los Angeles,

LEACH California 90003

(213) 232-8221.

=y =
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Our L.C. digital modules reject
more noise than anybody’s.

Integrated flip-flops, inverters
S and buffer amplifiers in T
Y Series modules are made to

our proprietary design and T Series input and load re-

sistors, madc to much tighter

bgimeticy- e tolerances than can be at

J ly sealed haa X1 ¥N 433408 . i S

1" iyn TO-5 M% B - tained with integrated com-
L s o N - . ponents, are mounted out-

side the integrated cir-
cuit containers, =

climinating |

( power dis-
uv 5 V sipation

problems.

Full-width copper ground b @

plane sandwiched between ©

cpoxy-glass boards mini- x 6| b o

mizes circuit inductances and kA

discourages noise spikes. I‘ =~

Mounting cases zllso‘ have i’ 2 T G 3

full-width shield planes to | ¥  -“SRICSH:~ e 3

retard noisc coupling > B - :
{

between logic wiring.

Discrete input diodes cnable
us to place the switching
threshold right in the middle
of the logic swing.

_

_ The payoff.
\ ydv - ,/,-—-" [Lo@e 1

L3 l s ) ; 451 \(L'\:‘ \x Tz‘\‘f'ﬂT‘V
+ \ [
FAN /'y
; ‘.& [ % ,
L0V pmwensssvmsmmemsni ~ ;-/ - ey
Circuit output may change state :

T Series logic levels are 0 and +4 volts,
and noise rejection is 1.5 volts minimum,
leaving a maximum uncertainty band
only one volt wide within which noise can
trigger the circuit output. This uncertainty
band of 25% is far =

narrower than those '
of other I.C. mod-
ules on the markct. = {

Scientific Data Systems,
Santa Monica, California




Here’s how to get more cooling

with less size and weight:
Use Garrett-AiResearch “ICE”:

The Garrett-AiResearch systems
approach to "'black box" cooling is
callied Integrated Cooling for
Electronics ("'ICE"). It can save you
development dollars, cut system
weight, and reduce circuit enclo-
sure size.

Simply give us your circuit design
heat transfer problem and we'll do
the rest: trade-off studies, interface
details, heat transfer system design,
and manufacturing.

You'll get an optimized system
with minimum power consumption
for maximum cooling, and a com-
pact, lightweight chassis with an

68 Circle 68 on reader service card

integral or separate heat transport
loop or heat pump.

If you're developing electronics
circuits for space vehicles, weapons
systems, aircraft or ground commu-
nications, or other critical applica-
tions, call in AiResearch while your
package is being conceived; we'll
work with you to match an "ICE"
system to your specific needs.
Contact AiResearch Manufacturing
Company, 9851 Sepulveda Blvd.,
Los Angeles, California 90009.

ELECTRONICS

HEAT EXCHANGER

ACCUMULATOR

FAN

GX:{ HEAT EXCHANGER

PUMP

THERMAL
CONTROL
VALVE

HEAT
SINK
FLUID

TYPICAL "ICE" SYSTEM SCHEMATIC

This AiResearch "“ICE" system in-
cludes both the heat transport system

grated heat exchanger.

and electronics enclosure with inte-

e AiResearch
@ Heat

Complete heat transport system (left)
is contained in a single, compact unit. We can
also utilize integral heat exchangers, heat pumps,
and expendable evaporant cooling methods.

Transfer Systems
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Ready-made or
tailor-made...

RCA’s new L-Band
Microwave
Power Source

Instant specifications to fit—that’s the versatility of

the S190, RCA’s new L-Band Solid-State Power Source.
Designed for low-voltage operation for efficient use of
battery and spuce in rocketsonde applications, the
standard unit operates as a fundamental frequency oscillator
delivering 200 mW of output power at 1680 Mlz.

$190 employs a single RI transistor in a unique dual-cavity
microwave circuit. Its specifications can be readily

tailored for operation at any frequency in the range from
1.2 to 1.9 GHz You can have the power output,
temperature range, and packaging most suited to your
application, as well as vour sclection of supply voltages from
—15 to —30 Vdc with integral regulator; from —12 to

—30 Vdc without regulator.

Available in a compact, rugged package, the
S190 can withstand extreme shock,
vibration, and acceleration conditions during

operation with minimal variation in frequency. N S
The device is temperature compensated to - s S NN
be frequency stable within 4 MHz.

)

FOl‘ full information on RCA,S 5190 and hOW it Typical Characteristics of S190 and $170 Power Sources
be tailor-made to your specifications, call your | —toroetef | SP70VI00 | S190
can be tai (LCCItORY OIS RECITICS » CaLlY ~ Voltage _ | —20vdc ~ —20 vdc
RCA chrescnt.atn‘e. Fot‘ teplnncal Qata, write: " Current : 160 mAdc | 90 mAdc
RCA Commercial Engineering, Section J19Q-1, | Poweroutput | 200 mw (Min.) 200 mW (Min.)
Harrison, N.J. 07029.  Frequency | 1e80MHz [T 1680 MHz
—-10dB @ 560 MHz
Spurs ~15dB @ 1120 MHz —S0dB @ 3360 MHz
B c - —30 dB @ 3360 MHz —20 dB @ 5040 MHz
o  s190 L-Band | Pulling Figure 2MHz | 4MHz
1 Sai.auE __Pushing Figure | 1.5 MHz/Volt | 0.5 MHz/Volt 1
| Efficiency | 8-10% 10-15%
. . __Length ~1.4in o 23o0r2.1in
RCA Electronic Components and Devices weight 250z e —

The Most Trusted Name in Electronics

®
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Actual photographs show the filtering effect of Stackpole ferrite beads
on critical electronic circuits. Left — without beads, right — with beads.

Stackpole Ceramag® beads solve noise and
filter problems easily and economically

X
¢

>
>«

Ceramag?® ferrite beads offer
a simple, inexpensive, yet
effective means of obtaining
RF decoupling, shielding, and
parasitic suppression without
sacrificing low frequency
power or signal level.

Unlike conventional RF
chokes, beads are compact,
have no DC losses, and will not
couple to stray capacity and
introduce detuning or spur-
ious oscillations. Ceramag®
beads offer an impedance
which varies from quite low at
low frequencies to quite high
at noise frequencies. Beads
need not be grounded; how-
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ever, chassis contact is per-
missible when desired, as
beads possess sufficiently
high resistivity to preclude
grounding.

Installation of Stackpole
beads is easy. Simply slip one
(or several) over appropriate
conductor(s) for the desired
noise suppression or high fre-
quency isolation. Beads are
available in sleeve form in a
range of sizes starting at .025
{D, .060 OD, and .400 long. For
special compact filtering ap-
plications such as cable con-
nectors, beads can be supplied
to tight mechanical tolerances.

Several ferrite grades pro-
vide a variety of attenuation
characteristics. Inductance
tolerance is normally == 30%
as measured on an LC meter.
The performance of a Ceramag®
7D bead as a parasitic suppres-
sor is shown in Figure 1.

Other typical applications
might include: decoupling in
“B" circuitry; noise suppres-
sion; RF isolation in filament
circuits; use in combination
with capacitors to form “L”
networks.

STACKPOLE CARBON €O
CERAMAG 7D FILTER BEAD
AL B AR vs FREQUENCY

FIGURE 1
CODE 57-0:80
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Sample quantities of Ceramag® beads are
available without charge upon request. Send
your requirements to Stackpole Carbon
Company, Electronic Components Division,
St. Marys, Pennsylvania 15857. Phone: 814-
717-8521. TWX: 510-693-4511.

> STACKPOLE

ELECTRONIC COMPONENTS DIVISION

®
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World’s first 200 amp logic-triac is
in pilot production at International
Rectifier in voltage ratings from
400 to 1000 Volts. This unique
“logic’’ capability allows the selec-
tion of the conduction direction as
a function of the gate signal. The
logic-triac is an advanced develop-
ment made possible by IR’s exclu-

INTERNATIONAL RECTIFIER

sive epitaxial process. Send your
purchase order today for imme-
diate delivery: 200AC100, 1000
Volts, $850; 200AC80, 800 Volts,
$625; 200AC60, 600 Volts,
$352; 200AC40, 400 Volts, $270.
Or ask for complete technical
data via inquiry card, letter, or
telephone.

IS

R

SEMICONDUCTOR DIVISION [] 233 KANSAS STREET, EL SEGUNDO, CALIF. 80245 [J PHONE (213) 678-6281




Our vacuum capacitor

testing is the next best

- =) 2

thing to the worst field conditions.

Only ITT Jennings maintains the facili-
ties to test vacuum capacitors in an
environment that exactly duplicates
actual operating conditions—and then
some. In fact, as a government-
approved facility equipped to perform
capacitor qualification testing under
MIL-C-23183A, we carry our testing to
extremes far beyond the worst possible
field conditions.

Our vacuum capacitors are rf tested
at rated voltage and current or to cus-
tomer specifications on transmitters
ranging in frequency from 17 kc to 600
mc and up to 100 kw cw power.

ITT Jennings environmental testing
includes capacitance shift versus
temperature from —65°C. to +125°C.;
dynamic vibration; static vibration;
shock; salt spray; humidity; and bellows
life testing.

All of this testing is done to assure
you the most reliable performance from
every vacuum capacitor we make: units
up to 5000 pf in the 15 kv range, 1000

pf to 55 kv and 200 pf to 120 kv. Current
ranges of our ultra high vacuum die-
lectric capacitors are available up to
250 amps rms at 16 mc with convection
air cooling and 1000 amps rms with
water cooling. Small units for lower
power or space-saving use range from
less than 1 pf to 25,000 pf.

TYPICAL SPECIFICATIONS

CADA CVIW cvDD
600 1600 1000

40-600 100-1600 25-1000
55, 60,65 7.5,10,15

Capacity Range (PF)...
Peak Test Voltage (kv) 10,15

Amps rms (16MHz).... 65 600 125
Overall Length........ 5.8in. 23in. 8in.
= o)

! ‘ - l

\ o

CADA 600 CVTW 1600 cvDD 1000

ITT Jennings has more to offer than
the industry’s only complete testing
facility. To back up our reputation for
design leadership —which began with
the first vacuum variable capacitor ever
built and has been responsible for vir-
tually every significant new develop-
ment since—we rely on a staff of experi-
enced communications engineers. This
staff directs its capacitor design capa-
bilities toward meeting the anticipated
communication equipment needs of the
future. This is why new developments in
advanced vacuum capacitor design are
always on their way from ITT Jennings.
Before they ever reach you, however,
they must first pass the most rigid
quality control in the industry: testing in
our own testing facility.

For complete information on vacuum
capacitors, write for Catalog No. 101.
ITT Jennings, a division of International
Telephone and Telegraph Corporation,
970 MclLaughlin Avenue, San Jose,
California 95108.

JENNINGS ITT




Today $1495 buys you immediate delivery of our new 540
Series Integrating Digital Voltmeter.

Stability : within specs for six months. No zero adjust. It auto-
matically corrects for zero offset as a part of each computation.

Reliability: at least an order of magnitude better than our
competitors’ most reliable IDVM.

How come? Because 909 of the design is done with integrated
circuits. No vacuum tubes or mechanical chop-
pers. No wonder it delivers specs like these:

Accuracy: 0.019, of reading == 1 digit in four
ranges from 1.5000 to 1000.0 volts dc. Auto-

ELECTRONICS,INC

matic and manual ranging via illuminated, inter- BEEARUICiol A AIel]

locking pushbuttons, with automatic polarity selection. Input
impedance: 10 megohms on all ranges. Normal mode rejection:
=>80dB at 60-Hz without the use of an input filter. Speed: 1.5
readings per second.

For $2750 you can getimmediate delivery on the 540 Integrat-
ing Digital Multimeter. It measures dc millivolts, dc volts, ac
volts, dc current, and resistance.

Prices FOB San Diego. Additional export charge.
Full details are available from your nearest Cohu
engineering representative, or from Ken Walker,
Manager, instruments and Systems. Telephone:
714-277-6700. Box 623, San Diego, Calif. 92112.

While BVerybody else is still talking about using integrated
circuits to design the most stable and reliable [py 1 ever...

Cohu ships it.

DGITAL VOLTVETER -

AR ol

OFF AUTO.
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What's gnu?

Mystik NOMEX’ KAPTON" and TEDLAR, that’s what!

Circle 74 on reader service card

Mystik scores again by being the first to utilize three new materials
...Nomex, Kapton and Tedlar...and add them to their already ex-
tensive line of pressure-sensitive tapes.

NOMEX —a highly conformable tape that offers excellent holding
power and dielectric strength characteristics.

KAPTON—the featherweight of wire insulations...excellent high
temperature applications which require low weight struc-
tures.

TEDLAR—ideal for electrical applications because of high dielectric
strength combined with excellent weather and hydro-
lytic resistance.

If you would like more information on these or any other Mystik

special-purpose tapes, contact your local Mystik distributor. He is

listed in the yellow pages under “Tapes—Adhesive”. Or, write Mystik

Tape Division, The Borden Chemical "
Company, 1700 Winnetka Avenue, N2 BORDEN
Northfield, I1linois60093. % CHEM‘CAL

Circle 75 on reader service card—>
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Frenchtown/GFl
can make you
2,000,000 ceramic
dual-in-line bases
and caps a week

"

For high volume, custom-made alumina and beryllia
ceramic products, astute buyers make sure to contact

Frenchtown/CFl, Inc. Shipping rates of more than
5,000,000 pressed parts per week are easily main-
tained—month after month after month.

For complex parts, too, Frenchtown/CF! is a prime
source.You can get them large or small, moly-manganese
or gold-platinum metallized. Intricately shaped. Assem-

left photo: 92% alumina—opaque—metaliized gold dot.

right photo:

...0" 200,000
ceramic insulated
gold piated

power transistor headers
a year

bied to other ceramics or metal parts. Optically flat.
Hermetically sealed.

Whether your application is electronic, electrical, me-
chanical or chemical, consult Frenchtown/CFl on prob-
lems of ceramic production, metallizing and sealing.
You can save weeks on your timetable. Describe your
need and request a proposal. (We'll send you an informa-
tive brochure too.) For fast action call:

FRENCHTOWN/CFI, INC.

A subsidiary of Alloys Unlimited, Inc.
Eighth Street Frenchtown, New Jersey 08825
(201) 996-2121

FRENCHTOWN/CFI MEANS CERAMICS FOR INDUSTRY

96% alumina lead insulators—OFHC can—Ni leads— hermetic to 10-e torr.



What does the CD-65 have

that all other 22D
memory systems don't?

MORE STRINGENT DESIGN CRITERIA + HIGHER RELIABILITY + GREATER USER VERSATILITY.

The CD-65 is designed with the demanding user in mind. Operating margins in this unit are signif-
icantly greater than accepted industry standards. Mechanical packaging of key circuits and magnetics
in the CD-65 provides a system organization easily adapted to custom application. All circuits are
worst case designed and are verified by customer examination. [ Featuring a newer 22 D
packaging concept, the CD-65, with a 650 nanosecond cycle time, 2 ~
pérmits faster speeds and definite economies for larger word // "‘; Visit Lockheed

/

¥
N A
ilfly7

Al 1

/A

systems. The CD-65 is available in sizes from 8K to 65K words—  / /, Memory Land

each containing from 16 to 144 bits. [ Speaking of words, may FJCC Booth 148-151
we have some with you? We'd like to tell you more about the
CD-65. For more information, write: Lockheed Electronics
Company, Memory Products, 6201 East Randolph Street, Los

Angeles, Calif. 90022. Or phone (213) 722-6810.

LOCKHEED
ELECTRONICS
COMPANY

A Division of Lockheed Aircraft Corporation
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) Now you can test

111124 parameters of a
1 10-pin microcircuit
| In 2 minutes flat...

o

_m-v ~
ettt e e
e p——

L

with this new semi-automatic IC analyzer

Now even a non-technical operator can
speed through comprehensive DC tests

on all types of IC packages with from
2 to 40 pins. Test conditions are easily
set up on the programming switches of
MICA-150 and pushbutton sequencing
of the test from pin-to-pin of a device is
simple and fast with test results indi-
cated by direct digital readout. On a
typical 10-pin, 5-input gate circuit, as
many as 24 parameters of the device
can be checked within two minutes with-
out changing a single crosshar switch.

gMece
e

e

For additional information on applications of MICA-150 for DC
or high frequency testing, contact W. Leo McBlain, (609) 424-2400

COMPUTER TEST CORPORATION

CHERRY HILL, NEW JERSEY
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Want to make something BIG
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into something Small?
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A new technical report on Evaporative
Cooling with FREON tells you How!

When miniaturization is your objective, FREON
dielectric coolants can solve a lot of design problems.
They are the ultimate in heat-transfer effectiveness
(1,000 times as effective as air; 100 times as effective
as oil) and they have a dielectric strength in both
liquid and vapor phase that equals or exceeds oil.

Our new technical report describes evaporative
cooling systems and makes recommendations for best
heat-transfer results. Just fill in the coupon on the
right and we will be glad to send you this report.
We’re pretty proud of it.

FREON®

REG, ues PAv.OTE: dielectric coolants
BETTER THINGS FOR BETTER LIVING. ..THROUGH CHEMISTRY
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E. 1. du Pont de Nemours & Co. (Inc.)
FREON Products Laboratory
Development Section

Chestnut Run

Wilmington, Delaware 19898 =

I

l
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Please send me the 24-page Technical 1
Report “Evaporative Cooling with 1
FREON Dielectric Liquids”. [° }
|

l

|

l

l

|

|

|

I’m interested in cooling:

Title,
Address.

Name.

Company.

Zip.

City & State.
B-2
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It seems good for philosophers to move to fresh ways and systems; good for them

to allow neither the voice of the detractor, nor the weight of ancient culture, nor

the fullness of authority, to deter those who would declare their own views. In Fernel,

that way each age produces its own crop of new authors and new arts .. .” 16th Century

GLAS
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Simplest Switch ever made by man is an
active thin film of OVONIC semiconductor
material vacuum deposited between two
wires. Oscilloscope trace shows inherently
symmetrical E-1 characteristic. Switching
speed is less than 150 picoseconds.

&
O\ O NIICS

BULK-EFFECT SEMICONDUCTORS*

NANAUAA

0T YAYA You'vE SEEN drawings of crystal lattice
f)(, J > p structures like this before. Over the past
-‘7\7{ 77777577 20 years they've become the classic way of
S ,‘), MO " itlustrating the basic precepts of present-
4 ‘ __________ day solid state physics and semiconductor

M 0 > Y P technology. In fact, the theories and mate-
@<><> 0 4 rials represented are so widely known now

that most scientists have come to assume
that periodicity, controlled diffusion of impurity atoms in high
purity crystals, and rectifying p-n junctions are the fundamental
basis for semiconduction and solid state switching.

That may have been a fair assumption once. But it's not any more.
For the past seven years, we at ECD have been ‘‘moving to new
ways and systems’ for solid state control of electricity. We've
taken some common elements—mixed and meited them in a
variety of compositions—and come up with a whole new family of
semiconducting devices having many unique characteristics:

First, they’'re made of OVONIC semiconducting glass—inorganic
amorphous materials that need not have periodicity or impurities,
and that are not dependent upon p-n junctions for their solid state

switching action. What's more, being homogeneous polymeric
materials, they can be processed much like plastics—extruded,
hot pressed and spun, or applied as thick or thin films by vacuum
deposition and other low-cost batch fabrication techniques.

Regarding electrical characteristics, OVONIC bulk-effect semi-
conductors are inherently symmetrical with respect to current
flow. They respond identically to both polarities; switching speed
is less than 150 picoseconds (10-12sec.); and conduction occurs
as a free carrier effect through the material. In addition, they
can tolerate levels of X-ray and fast neutron radiation several
orders of magnitude higher than p-n junction devices without
transient or permanent effect on their performance.

State of the art: At the present time we’re producing OVONIC
Threshold Switches as discrete components for use in a wide
range of applications for example: They can perform all circuit
functions in digital computers, generate and switch microwaves,
control electroluminescent displays, amplify analog signals by
pulse width modulation techniques. We're also developing mass
arrays and large scale all film integrated circuits—plus unique
non-volatile memory devices and sensor amplifiers.

1f you have applications for OVONIC Bulk-Effect Semiconductors, we'd like to discuss them with you. Write or call:

Career opportunities are now open in this
new field of OVONIC physics and technology.
If you would like to take part in changing
the structure of Solid State, send resume.

Energy Conversion Devices, Inc.

1675 W. Maple Road « Troy, Michigan 48084 « Telephone 313/549-7300

Circle 79 on reader service card An Equal Opportunity Employer *Covered by United States and Forcign Patents—issued and pending. ©Et.c.D.



onthe airin

The MTI Image Orth is a problem solver
at WBAL-TV in Baltimore. Crash news
programs can be on camera in seconds with
a flick of the switch. No need to interrupt
camera crews who might be in the middle
of a taping session. Operational set-up is
minimal too. Here’s how WBAL-TV makes
use of the MTI Image Orth.

Camera is aligned and locked in fixed
position in a small announce booth studio.
Few lights are used due to the excellent

m i vARYLAND TELECOMMUNICATIONS, INC.

York & Video Roads, Cockeysville; Md. / 301.666-2727 / World's largest manufacturer of low light level television cameras.

Cold camera

3

low-light capabilities of the camera. And as
a result, no additional air conditioning
facilities are required. While desk and chair
are fixed furnishings, backdrop can be
quickly changed to fit any presentation
situation.

WBAL-TV engineers claim camera needs
little maintenance, has good depth of focus
and needs trimming only once per week.
Low light levels do not affect picture
quality,

80 Circle 80 on reader service card

You might have other uses for a camera
of this size and quality. If so, give us a call.
We'll have a sales engineer to see you
quickly—but not as quickly as the MTI
Image Orth warm-up period.
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October 2, 1967 | Highlights of this issue

Technical Articles

Topology: a shortcut
to understanding systems
page 82

H-shaped resonators signai
upturn in tone telemetering
page 99

Microstrip plus equations
adds up to fast designs
page 102

Data at twice the speed
eases h-f traffic jam
page 115

For theoretical design, engineers used to rely on matrix alge-
bra to analvze electronic networks. But once a circuit gets
above three nodes. vou can’t use the techniques of matrix
algebra unless you have access to a computer. And cven with
a computer, the engineer can have trouble visualizing the
relationships between clements in the network. That’s where
graphical techniques come in. The methods of topology not
only produce graphical solutions to complex analysis prob-
lems but also help the engineer visualize the circuit inter-
relationships. This article describes three tools of topology:
signal-flow graphs, flow graphs and k-trees.

Although tone signaling is used widely in
circuils that require only a few signal tones
especially industrial circuits—it normally
isn’t used in some of the new appli-
cations that require many more signal
tones. A new design that balances two
masses on a connecting spring so improves
the selectivity of clectromechanical genera-

' tors and filters that a single telephone line
can carry 1,000 signal tones, thus opening new applications
for tone signaling. For the cover, Vincent Pollizzotto has
photographed a collection of the new H-shaped resonators.
Some are capable of generating tones of variable frequency
and others produce fixed frequencies.

Electronics

The microstrip process, in which a flat conductor is deposited
atop a dielectric and ground plane, is an attractive way to
build hybrid integrated circuits for microwave use. But the
technique requires that the engineer have accurate equations
to design such components as filters and directional couplers.
A new sct of equations can climinate the former method of
cut and try.

Even though new media are being used for communications
—like troposcatter systems, and communication satellites the
high-frequency band continues to grow and carry a full load
of traffic. A new modulator-demodulator allows the h-f band to
carry more traffic by handling data twice as fast. At the same
time, the error rate is cut to onc in a million—a thousand-told
improvement. Responsible for all this is a technique called
frequency-differential phase-shift keying, which means data is
represented as the phase shift between signals transmitted in
suceessive time intervals.

Coming
October 16
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= Linear IC series: Operational amplifiers

= The scope as a computer display

= An integrated approach to 3-D radar

= More on designing with scattering parameters
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Design theory

Topology: a shortcut
to understanding systems

A trio of techniques, signal-flow graphs, flow graphs, and k-trees,
provide a sharp insight into the workings of linear networks
so that analysis can be achieved rapidly and readily

By S.P. Chan

University of Santa Clara, Santa Clara, Calif.

Before topology—a graphical technique for analyz-
ing electrical networks from their physical struc-
tures—engincers relied on matrix algebra for sclu-
tions. Unfortunately, circuits with more than threc
independent meshes or nodes are troublesome to
analyze without the aid of a computer. And calcu-
lations for the determinants and cofactors in mesh
and node analysis are tedious, time-consuming, and
prone to human error.

Since a matrix is but an array of numbers ar-
ranged in a specific manner, it is often difficult
to visualize the relationships and interactions be-
tween signals and variables inside a system. With
topology the engineer gets a graphical representa-
tion of the signals and their interrelationships and
avoids calculating the determinants and cofactors;
instead he obtains them by inspection while follow-
ing a simple sequence of steps.

Compared with conventional methods, the topo-
logical technique is faster and simpler; it also
includes a check that keeps the engincer on the
right track toward obtaining the correct analysis.

The results are the same but topological methods
offer these extras:

= All existing feedback loops are readily identi-
fied on a drawing.

The author

As principal investigator of a
National Science Foundation
research project, S. Park Chan
studied topological applications for
switching networks. Since receiving
his Ph.D from the University of
lllinois in 1963, he has been
teaching at the University of

Santa Clara.
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» Values for transmittance and input and output
impedance arc conveniently generated through ex-
amination of the drawing. As a result the engineer
can quickly determine the effects of disturbances
and variations of network parameters.

* The method adapts easily to computer-aided
analysis of simple and complex networks.

Three topological techniques currently vying for
acceptance arc signal-flow graphs, flow graphs, and
k-trees. The first two are particularly suited for
systems and are developed from the system’s de-
fining equations. The k-tree method, subdividing a
network graph, is best applied when the designer
is concerned with the physical structure of a net-
work.

For example, a system composed of many linear
networks can be represented by a block diagram.
The defining equations for such a system would be
the transfer functions, and input and output vari-
ables. Here the designer is not concerned with how
the networks are physically constructed to produce
these results, he is only interested in the relation-
ships between all the terms. The k-tree technique
is applied directly to a network’s structure with
each component replaced by a line segment called
a branch.

Signal-flow graphs work best when the system
has only one input; they give excellent physical
insight because they reveal the cause-and-effect
relationships between the signals at all stages when
a graph-reduction procedure is followed. Flow
graphs, on the other hand, can be applied to a
system with several inputs but the system cannot
be dissected by a simple graph-reduction tech-
nique. The major feature of the k-tree approach is
that is does not produce the redundant mathe-
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matical terms of the first two methods and thus
the calculations are simplified.

Understanding signal-flow graphs

Signal-flow graphs, introduced by S.J. Mason!
in 1953, are the best known of the techniques for
analyzing linear nctworks and systems, particularly
when feedback is present in a circuit. The method
graphically displays all signals as they proceed
through a network, shows all feedback loops of the
system, and enables the analyst to solve for all
system unknowns, such as voltages and currents,
quickly and without the drudgery common to con-
ventional techniques.

The signal-flow graph, G,, is a graphical repre-
sentation of a set of n independent linear relation-
ships of a system, S. Each graph consists of junc-
tion points called nodes that are connected by sev-
eral directed line segments called branches. Nodes
represent the signals or variables of a system with
each node labeled to denote the signal’s strength.
A branch is a unidirectional path segment de-
scribed by arrows that define the signal’s direction.
These signals show how an input and an output
are related. Therefore, an output x; is equal to a
source x; multiplied by a gain g,; between x;. and xj,
as shown below.

The input and output points, or junctions, are
called nodes [see “Signal-flow graph definitions on
this page]. An input node, or source, has only out-
going branches; an output node, or sink, has only
incoming branches. A path is a continuous uni-
directional succession of branches, all of which
travel in the same direction; a forward path is a
path from the input node to the output node that
encounters all nodes between the two only once;
a feedback path is a closed loop that originates
from and terminates at the same node, and along
which all other nodes are encountered exactly once.
A path gain is the product of all the branch gains
of the path; and similarly, a loop gain is the product
of all the branch gains in a loop.

In the procedure for forming a signal-flow graph
from a system of linear algebraic equations, the
engineer follows the cause-and-effect relationships
of the system. The steps are as follows:

Step 1. Arrange all the equations of the system
in such a way that the jth dependent (output)
variable x; in the jth equation is expressed only in
terms of other variables. Thus, if the system under
study is described by the set of algebraic equations:

'El aij X; = bi ¢))
=
where
i=12-.--,n
or

a1 Xy + a1 Xe ¢+ o+ a1 X = b,
2m X1 + Qo Xo £+ 821 X = b
b

2 2

&n1 X3 + an2 X2 +“‘+annxn =

n
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Signal-flow graph definitions

Source node. A node with no branches entering
(node E,).

Sink node. A node with no branches leaving (node
E;).

Intermediate node. A node with branches entering
and leaving (nodes E., E;, E;, and Eg).

Open path. Any path along which a node is en-
countered only once (abed or aeh).

Forward path. An open path between a source node
and a sink node (abcd or aehd, but not aef).

Feedback loop. A path that retwrns to the starting
node in which no node is encountered more than
once except the starting node (loop g and ef, but
not egf).

Self loop. A feedback loop consisting of a single
branch (g but not ef).

Branch gain, The linear quantity relating one node
to another regardless of its dimensions (a, b, c,
d, e, f, g, and h).

Loop gain. The product of the gains of branches in
a closed loop (e times f).

where by, bs, . . ., b, are inputs (sources) and xi,

Xa, . . ., X, are outputs; rewrite the equations as
i 1 a12 a13 &1n
x1= bl— XZ__'— x3—..._—— n
an an an an
1 as a
1 23 Aon
A Top = X;— - cee— X 3
X2 Qoo “ Q9o ! Qoo g2 " ( )
1 an1 Qn2 an—1, n—1
Xn= bn_ 2 X1— 2 Hgmir o erer— = Xn—1
&nn Qnn Qnn Qnn

Step 2. Select the input nodes in the flow graph
by noting all the nonzero b’s and mark them. Each
of the source nodes corresponds to a nonzero by

Step 3. Select the output nodes by noting the
nodes associated with the dependent variables xi,
Xo, . . ., Xn, and mark them. Each output node cor-
responds to a dependent variable.

Step 4. Calculate the value of the variable rep-
resented by a node; this value is the sum of all the
incoming signals.

Step 5. Place the value of the variable repre-
sented by a node onto all branches leaving that
node and mark the branches and values between
the proper input and output nodes.

Hence a general gain formula can now be stated

9 .
+ X} = Gkj*k

2y O— —0 X
Signal-flow graph. Mathematical relationship
between the gain gxy, output node X; and input
X« is expressed by the equation X;=gxs Xx.



with the following theorem:

Let G, be the over-all graph gain and G, be the
gain of the kth forward path from the source to
the sink. Then

1

-2 Gy Ag (4)

[\

1
A

ke

where
A=1_2;pml_}—z‘lpm'_’_2pm3_}—°°°
m m

m
+ (—1)i 2 pu;j
m

Pm1 = sum of all individual loop gains;
Pme = sum of the gain products of all possible
combinations of two nontouching loops;
Pms = sum of the gain products of all possible
combinations of three nontouching loops;
A = the value of A for that part of the signal-
flow graph not touching the kth forward path. It is
obtained by removing the kth forward path along
with those branches touching the path and examin-
ing that part that remains.

Applying the gain formula

Signal-flow graphs can be applied to both sys-
tems and network equations, but the gain formula
only works when applied betwcen an input and
an output node and not between an intermediate
and output node. To demonstrate the procedure for
using the gain formula consider the system de-
scribed by equation 5. The terms x; and x; repre-
sent the variables between stages of a block dia-
gram; these could be voltage or distance. The a’s
are the transfer functions of the blocks, usually
cxpressed as a gain, by and by are the inputs to the
system, possibly velocities, and x. is the output.
It is desired to find x. as a function of the variables
using the gain formula,

an X1+ arp X +apx; = b

amXe + agx; =0 (%)
a31 N + agx; = by
First, rewrite equation 5 in the form:

1 a1 ar.
X = — bl— ‘_:'.\'2— ~ §X3
an an an
Qo3 Y
Xo = — — X 6
o= — 2y ©)
A
ayy
b1 O—— ¥
bs

1 X
i 3
033

Superposition. Because more than one input is
applied, the solution for x. using signal-flow
graphs requires superposition.

84

.\'3=-—1-‘b agy

3
az3 33

- —x

Then draw the signal-flow graph shown below with
b; and by as input nodes and X1, X2, X3 as output
nodes. Application of the gain equation yields

13 as1 Qo3 A1 azt
3 pm=| —2 ) 324 Gy ey as
an 33 Aoz HAT a33

__ 813 Q22 331 — Q12 Qg3 831

apr Qo2 433

2

2

Epm.l:zpma = e e = O

Bir Ao 853 — A A Au + Ap A Ay
Q11 Qg2 Qg3

for the forward path from b; to x.:

G = 1 as1 Az )\  aspagy
L= 3 — == .C
an HEH Qao Q11 290 Az’

and A = 1,
and the forward path from by to x:

1 293 as
G; = - = 2 ,and A; = 1
33 Qoo Qoo Q33

Thus, for the input b, alone:

A=

1
(x2) w1 = A G144y by
and for the input b; alone:
(x2) 13 = ‘i— Gs 43 bs

Finally, by the principle of superposition, the final
expression for xo is

Xo = (Xg) b1 + (XQ) b3

I

1 1

A Gi AL by +TG3A3b3

- 823 Az b1 — an ax bs B )
Qi Qo 833 — 13 Q20 31 + e Asg Qg

As demonstrated in example 1, signal-flow graphs
are very useful for analyzing linear systems. This
method not only retains the intuitive character of
the block diagrams but also allows the analyst to
sce the gain between an input and on output node.
However, the gain cannot be obtained without
superposition if more than one input is present.

Forming a flow graph

By slightly modifying the signal-flow graph in
1959, C.L. Coates®* introduced a new approach
which he called the flow graph. The flow graph,
denoted by G,, enables an engineer to calculate the
gain of a system directly, regardless of the number
of inputs. This graph’s topological structure is de-
pendent only on a set of algebraic equations. Phys-
ically, a flow graph is still a collection of branches
and nodes, but the interconnections between nodes
no longer follow the principles of cause and effect.

A major difficulty encountered in applying signal-
flow graphs to solving equation 1 is that it must
first be converted into a set of cause-and-effect rela-
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Forming a flow graph

LOOP-SETS OF Gyg

Xy
422

03 93

X3

QOH
X
%2
X3

a22

X2 J34 %)

2-LOOP SETS OF Gyp

Xy
04y
X4

934
X2

a23

X3

Flow graph. Graph G, is formed
directly from equation 9. To obtain
G.. the analyst deletes source node 1
N and all branches connected to it.
Graph G is formed by removing all
outgoing branches from node x- and
then shorting nodes 1 and 2. Loop-
X2 sets of G, ccntain all the nodes of
G, with each node having only one
incoming and one outgoing branci.
The 2-loop sets of Gi. contain all

the nodes of G:. with each node
having only one incoming and one
outgoing branch.

tionships. For example, cquation 2 must be re-
written in the form of equation 3 to obtain a signal-
fiow graph. The variables, x,, X, X, on the left-hand
side of equation 3 may be interpreted as cffects,
and thosc on the right-hand side are causes.

A flow graph, however, does not require this ar-
rangement of variables; it can be drawn directly
from the equations. The relationship between a
flow graph and the linear algebraic equations is

n

T4 % = b 1i=1,2,---,n (8)
j=1
By definition, the variables x;, x», .., X, may be

represented by nodes, and aj; by a branch gain.
Each branch is connected between nodes x; and x;

Electronics | October 2, 1967

with an arvow that indicates the signal direction
from x; to x;.

To draw the flow graph, it is necessary to label
cach of the n equations with a variable chosen from
the variables xiy, X2, . . ., X, For example, if n = 3
the defining equations become

X1 anX; F apxe +agxs = —h
Xe Ror Xy F amXe - axgxg =0 (9)
Xs | far X1 + Qg2 Xo + fgg Xg = —bys

Note that cach equation is assigned a variable,
which is placed on the left for identification pur-
poses. It is permissible to assign x» to the first
cquation, x; to the second, and x; to the third, or

85
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any other combination, as long as only one variable
is assigned to only one equation.

Constructing the flow graph on page 85 first
requires drawing the nodes x;, xo, . . . x,. Thus for
equation 9 the nodes are x;, x», and x3. Each node
is a summing point for the equation to which it is
assigned. Hence, the first term in equation 9 calls
for drawing a branch with a gain a,, from x; to x,,
thus forming a self-loop at the node x,. The second
term is represented by a branch with gain aj.
drawn from x. to x;, and finally, a branch with
gain a3 is directed from x; to x; for the last term.
Furthermore, a source node equal to 1 is included
to account for the b; and b; constants.

Before a general gain formula can be developed
for the flow graph it is necessary to define several
new graphs and subgraphs. Graph G, is the sub-
graph of G, obtained by deleting the source node 1
and all the branches connected to it. Graph Gj; is
the subgraph of G; obtained by first removing all
the outgoing branches from node x; and then short-
circuiting node 1 to node x;. A loop set [ is a sub-
graph of G, that contains all the nodes of G,, with
each node having exactly one incoming and one
cutgoing branch. The product p of the gains of all
the branches in [ is called a loop-set product. A
2-loop set I. is a subgraph of G;; containing all the
nodes of G;; with each node having exactly one
incoming and one outgoing branch. The product ps
of the gains of all the branches in . called a
2-loop-set product.

The gain formula for the flow graph is now stated
in the following theorem:

In a system of n independent linear equations
in n unknowns

ainj=bi i=1,2,---,n
the value of the variable x; is given by
iy "
C— AL De ;
a zZ (=DNp )
(all p)

where N2 is the number of loops in a 2-loop-set I,
and N; is the number of loops in a loop set [.

Applying Coates’ gain formula

Flow graphs, like signal-flow graphs, can also be
applied to both system and network equations but
unlike the latter direct results can be obtained
when more than one input is applied. To demon-
strate the ease with which the flow-graph gain
formula is used, consider the same equations used
in the previous example and find the value of x.
using the gain formula. The graphs G; and G, of
the system are drawn on page 85.

To find x», it is necessary to draw Gp. The graph
is obtained by removing all outgoing branches from
x2 and shorting node 1 to x.. The results are shown
on page 85. Then, the set of all loop-set products of
Gy, and all 2-loop-set products of G;» are found by
drawing one incoming and one outgoing branch
for each node in G, and similarly for Gp. Thus,
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by applying equation 10, x- is found to be:

e (=1) all_fl‘.!._’;b3 + (=1)! a5 a3 by

S (1) anfeeag - (—1)> apanfee+ (—1)! 21285003
g3 a3 by — an 3e3b_3 (11)

a1 Q22 833 — f3 Ao» 831+ Qg0 Qg3 Aay

The result is identical to that obtained previously.

Since the signal-flow graph, G,, and the flow
graph, G;, both represent the same equations, it is
logical that one can be transformed into the other.
The interrelationships are stated as follows:

Transformation of G,, into G;. Graph G,, can be
transformed into an equivalent graph G,, represent-
ing equivalent equations:

Step 1. Subtract 1 from the gain of each existing
self-loop;

Step 2. Add a self-loop with a gain of —1 to
each branch devoid of a self-loop;

Step 3. Multiply the gain of the branch at the
kth source node by by — b, (k = 1,2.. . r; r be-
ing the number of source nodes) and then com-
bine all the r nodes into one source node (now
denoted by 1).

Transformation of G, into G,,. Graph G, can be
transformed into G:

Step 1. Add 1 to the gain of each existing self-
loop;

Step 2. Add a self-loop with a gain of 1 to each
node devoid of self-loop except the source node 1;

Step 3. Break the source node 1 into r source
nodes (r being the number of branches connected
to the source node 1 before breaking); identify the
r new source nodes by by, b, . .. , b, with the gain
of the corresponding r branches multiplied by

1 1 1

= =

—b:,..., b,

respectively. This assures that the new gains of
these branches are all equal to 1.

Transforming the graphs

Although signal-flow graphs and flow graphs are
regarded as different topological structures, the two
are directly related. In fact, it is possible to con-
vert a signal-flow graph into a flow graph, and
vice versa. As an example of the technique, trans-
form the graph G,, into G; using the relationships
of equation 5. The graph G, is already shown.

Equivalent G; of graph G,, is obtained with the
three defining steps, and the result is on page 87.
Note that if G, is obtained directly from equation
5, the graph G, on page 85 is the result. Although
these two graphs do not look alike, they are indeed
equivalent since both represent the same equations.
This becomes evident by noting that G; may be ob-
tained directly from the following system

aze a13 b,
FOI'X1: = S g — — Xz = — ——
an an an
Qg3
for Xs: — X9 — X3 = 0
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Graph transformation. Graph G, right, is formed from G.., left, by first adding a self-loop with a gain of
-1 to each branch devoid of a self-loop. Then the gain of the branch at source nodes 1 and 3 are multiplied
by -b, and -b; respectively. These are then combined into one source node, labeled 1.

a, b
le e oo D

for x3: —
33 HEX]

Rearrangement of these terms yields the same
results as in equation 5 or 6.

System versus networks

For systems, the signal-flow graph provides an
excellent physical insight of the signal flow through
the subgraphs (forward paths and feedback loops)
of G,. However, the problem is a little different
for networks. When a lincar network is known, loop
or node equations can be written that describe the
network, and the analysis achieved with cither a
signal-flow graph or a flow graph. But if a third
approach, the k-tree technique, is employed, the
redundancy inherent in the direct expansion of
determinants or in the flow-graph techniques can
be completely eliminated.

The k-tree technique* was developed quite ex-
tensively in “Topology cuts design drudgery,”
[Electronics, Nov. 14, 1966, page 112]; however, a
brief review is helpful. Before demonstrating an
actual topological analysis, it is necessary to define
the terms with the help of bridged T-network
shown on page 88. The network is loaded by im-
pedance Zs, and has four nodes (Vi, Vs, V3, and Vy)
and five branches (Z,, Zs, Zs, Z;, and Z;). The volt-
age E represents the source.

If each of the five impedances is replaced by a
line segment while retaining the four nodes, a
graph, G, of the nctwork results. Each of the five
line segments of the graph is called an edge of the
graph, and cach edge corresponds to a branch in
the network. For the graph shown, the edges are
ey, e, €3, ¢y, and e;. Each of the nodes in the net-
work, N, corresponds to a vertex in the graph, G.
Thus, V,;, Va, Vi, and V, are the vertexes of the
graph. The number of edges connected to a given
vertex is called the degree of the vertex. For cx-
ample, vertex V; has a degree of 3 since three edges
connect to it, and vertex Vi has a degree of 2.

The graph can be divided into a number of sub-
graphs, G;. If G, does not contain all the cdges
of the graph, G, it is called a proper subgraph of G.

Electronics | October 2, 1967

In the diagram, cdges c3, ¢, and e; would be one
subgraph, in this case called a loop-set because it
forms a closed loop. Two other types of subgraphs
arc the path-set and the tree. A path-set consists
of a group of edges that link one vertex to another
without repeating an edge; e, ¢, and e. represents
onc path-set because it connects vertex Vy to V.
A tree is a connected subgraph that contains all
the vertexes of G but does not form any closed
loops. One possible trec contains edges ey, €., and
¢;. Two other trees of G arc e., es, and ey and e,
ez, and e;.

Increasing the trees

By subdividing the graph further it is possible
to form a 2-tree. A 2-trce of G consists of two un-
connccted subgraphs that do not contain loops,
but when taken together contain all the vertexes of
G. Such a 2-trce can be formed with edges e; and ey
or ¢» and e;. Note that a 2-tree is obtained by re-
moving onc of the edges. The tree-admittance
product for the tree ¢, e;3, and ¢; is Y1Y5Y;, and
is obtained by multiplying the admittances of the
three edges. The 2-tree admittance product of the
2-tree e. and e5 is YaY5.

Further subdivision of the graph G yields a set
of trees, called 3-trees or k-trees. A 3-tree consists
of threc unconneccted subgraphs having no loops,
which when conneccted contain all the vertexes of
G. Each 3-trce contains (V — 3) branches, where V
is the total number of vertexes. In this example
cach 3-trec contains V—3:=4—3=1 branch.

It is necessary to definc three more terms, A,
5, and Ay

A — the sum of all trec-admittance products for
a network N, where a tree-admittance product is
the result of multiplying the admittance of all
branches in a tree.

Aj; = the sum of all 2-tree admittance products
of a network, N, with each 2-tree term formed from
a two-part subgraph having node j in one subgraph
and the reference node in the other.

A;; = the sum of all 2-tree admittance products
of a network, N, with each 2-tree term formed from

Continued on page 90
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Topological analysis [« ]
\ \7 v e e
Forming a graph. Graph of the ! 2 =17, e Fi 2 ” 3
T-network is formed by removing the vq v2 v3
source E and replacing each
impedance with a line segment that Z4 Zs
connects the respective nodes. €4 es
Vg V4
€4
€2 €2
Trees. To form the trees of the v Vo V3 vy va v3
T-network all nodes are marked and the
edges are drawn between the nodes
without forming any closed loops. eq eq es
V4 vq
€
vy e V.z e3 VE vy [¥] v v3 A e v2 e3 v3
ey eg esg
\ vq V4
€1 ey eq
vt v2 v3 A v2 €3 v3 vq v2 €3 3
e4 es €4 (13
V4 A7 A7

2-trees of A Those 2-trees common to both Ay

and Ag are the 2-trees of Ajs.

D,

.V4

88

Electronics | October 2, 1967



2-trees of Ay Vertex 1 appears Q=S
in one subgraph and node 4 appears in g < K2 s B £ ‘2 e
a second subgraph. Together
the two subgraphs contain all es
the vertexes of G.
e'4 Vg
&4
L 3 iz €3 v‘3 vq V2 vy vy v2 vy
]“ “u
eVd Yq Va4
€1
. /l .
vq v2 e3 vy Vi ve €3 v3 vq v2 e3 v3
€q !35
Vg e'4 vq
€4
2-trees of M. Subdividing the graph Vi ez B2 v°3 Q
into two unconnected subgraphs that do not V3
contain loops, but together contain all the
vertexes of the network, forms a 2-tree. €q
Vertex 3 appears in one subgraph and the
reference node 4 is in another subgraph. .
4
°

v V2 €3 v3

] €2 V2 €3 R
[ 2%

vy e V2 e3 V3
®vy
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Continued from page 87

a two-part subgraph containing nodes i and j in
one connected subgraph and the reference node in
the other.

Applying k-trees

Unlike signal-flow graphs and flow graphs, which
are based on a set of network or system equations,
the k-tree technique depends on a network’s physi-
cal structure. The results can be checked. For ex-
ample:

Obtain the driving-point admittance Y,(s) for
the passive one-port network on the opposite page.
As established in “Topology cuts design drudgery,”
Yd(S) = A/Au.

Step 1. To find A, draw the graph of the network
by replacing each element with an appropriate line
segment that represents the admittance of that
branch.

Step 2. Form all trcc-admittance products, shown
in table 1, for the network by inspecting the trees
of the graph

Step 3. Form A by summing all the tree-admit-
tance products. Thus,

A = 5/2+2s%/5+1/12+s/15
+1/20+1/6+2s/15+1/60s
= 2s2/54-7s/10+3/10+1/60s

Step 4. To find Ay, short vertex 1 to 1’ and ob-
tain a new graph of the network, which for con-
venience is called Gy’

Step 5. Form all 2-tree admittance products of
N by obtaining all tree-admittance products of G,y’,
as shown in table 1.

Step 6. Form Ay by summing all the 2-tree ad-
mittance products. Thus

Ap = 28?4s/3+45s/5+2s/3+4-1/2
+2s/5+1/12s4-1/20s
= 28?48s/5+1/2+2/15s

Step 7. Form Yq(s).
A (25/5+7s/10+3/104-1/60s)
Ay~ (25°+8s/5+1/2+2/155)
_ (2454425 +18s+1)

(12084 9652+ 30s4-8)

Comparing the three techniques

Ya(s) =

The merits and limitations of the three techniques
are best judged by comparing an analysis of each
technique performed on the same network. Since
signal-flow graphs work best on networks with a
single input, the circuit, N, top of page 92, was
chosen for this example fixamining the results
show that signal-flow graphs indicate the cause-
effect relationships at various stages; flow graphs
cannot be reduced by a step-by-step procedure as
can signal-flow graphs; and k-trees are based di-
rectly on the physical structure of the network and
not by its defining equations.

To visualize these features, determine the gain
Vo/ Vi using the method of signal-ﬂow graphs, flow
graphs, and k-trees.

The two node equations for the network are

90

given by the relationship

(Yn+Yb+Yc) V2+(_ Ye) V0=Yﬂ Vi
for node 2.

(_Ye) V2+(Y0+Yd+Ye) V0=Yc Vi (12)
for node 3.
Where
1 1 1 1
Yn=Zﬂ, Yb—Z,, Yc—'Z—c, Yd—Z—d
1
Well= Z

Signal-flow graphs: rewrite equation 12 as fol-
lows:

Wy Y.
h '(Tﬂ') I’ +<W> w09

Y. W,
V°=<Y0+Yd+Ye> Vi +<Y +Yd+Y> V2

Vo=AV;+BYV,
V.=CVi+DYV, (14)
where
Y. _ Y.
A=y iv.+v. B~ vIvow
Y. - Y.
C=¥iv.+v. P=Yiv.oy

The signal-flow graph of the system is on page
92, and applying the gain formula yields

Gap = A'D: Aap =
Hence,
Vo 1 < 1
S i Gxdx = 7—pp (C+ AD)
L . .
_ g, (Ya+Yb+Yc>(Yc+YaiYi
Y 2
1 _ e

(Yat Yot Y (Yo Yat Yo
Upon cancellation and rearrangement of terms
Vo _ Y. Ye+Y, Y4 Y Y4 Y, Y,
Vi Y. Ye+Y,Yat+ Y, Y. +Y, Yot
Y, Yo+ Y, Yo+ Y, Yo+ Ya Ye
Flow graphs: obtain the flow graphs G;;, Gy, and
Gz shown on page 92 from equation 12. The set of

all loop-sets of Gy, and the set of all 2-loop-sets
of G;; are shown on page 92.

(15)

( 113 (—=1) "2p,

all p,)

No=l— w7 e
T (=DNp

(all p)
(=)' (=Y (Y. Vi) +
_ (= 1) (Yat Yot Yo) (Yo V2)
(=D (=Y) (=Y +
( 1) (Yr'\+Yb+Yrc) (Yc+Yd+Yc)

Continued on page 94
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Table 1. Applying k-trees

_<
u.
W

Y3

Yy=jwCy=s
Y2=25

1,

Y3=1/3
Y, =1/jul=1/4s

TREE-ADMITTANCE PRODUCTS

2~-TREES OF NETWORK

2-TREE ADMITTANCE PRODUCTS

Ui
Y.

2
/3
q

2

d

2:_’
q
{

YyYs¥g=(s)(1/3)(1/5)=5/15

2 2 Yy
‘e —e3 3
Yy )
Y, Y(YpY,=(s)(25)(1/45)=5/2 Y Yy Y, ={s){2s) =252
' 14
Y Y
{o— e — 2 3 "
Yy YpYs:(s)(2s)1/5)=25%/5 y Yy Yz=(s){1/3)=5/3
1
1.4
2
3
f 3
Y Yy Y3Y4=(s)(4/3){1/45)=1/12 Y YiYs=(s){1/5)=5/5
Y,
Yy

Y,Y3=(25){1/3)=2 5/3

%.. 3

Y{YqYs5 = (s){1/45)(1/5)=1/20

N

Yo Y4z (25)(1/4)=1/2

Y2
s
1
3
Y
]
3
Ys
Y2
[

Ys
{' 1
L 2 Y,
2 3
1 3
Y YpY3Y4 = (25)(1/3)(1/45)=1/6 Yo Ys=(25)(1/5)=25/5
4 Y5
14
1
Y3
2 T3
[ 3
Y,Y3Ys = (25){1/3)(1/5) = 25/15 Y, Y3 Y47 (1/3)(1/45)=1/125

Y3Y4Ys = (1/3)(1745)(1/5)=1/60s

&<
Ul_<;
ol

Y4 Ys=(1/45)(1/5) = 1/20s
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One problem, three solutions

impedance Z, as a load represents
a one-port configuration driven by
a voltage source, V,. Voltage gain

for the network is Va/V;.

Voltage gain. Bridged-T network, N, with 4

Vi

cause-and-effect equations for the
network the analyst forms the
signal-flow graph.

1 Signal-flow graph. By writing the

\ k4
A®

G10

613
Yot Yyt Y,
Vo
YaVi =Yg
Vo
YoV

LOOP SETS OF Gy

Va

Vo

YaVi

Vo
2-1.00P SETS OF Gq3 O
V2

Flow graph. By writing the network
equations and arbitrarily labeling
each with a different unknown the
analyst forms the flow graph. Loop
sets are then drawn by following the
procedure outlined on page 85.

V2

—Y

Vo

O Ya+Yb+Ye

Yo+ Y+ Y

Yo +Yp+Ye
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Ye
/‘ )
Yo

ol

R (REFERENCE NODE)

Y4

Yo 2
Ye Y Ye
3,R

Ye=—® Ye—® | &—Y, Y,
TREES / [
OF Gy Iy, S Yo Y4 Ya Yo Ye Yb Yd Yb Ye Yd
1 Ye 1 1 1~ Ye 1 1~ Tc 1
e «~Y,;-® /o &Y -0-Y. -0 « T ~N|e T / ° T-Ye-o € o e o—Ye7
2-TREES
OF G Yd Yb Yb Y4 Yb Y4
Re R / Re Rl Rl/ Rl Re R /
Bt Yo \ 7 Yo Y, Yy Ye Yy Vg Yy Ye Yo, YqYe
o _T YYG - T _T \ T \ T
TREES
OF G3 b Ye Yle Ye wa Ye wYe
3 Ye 3 3 Ye 3 Ye 3
o—Ya—T ° Y, —® \o —Y,~0—Y,—® /T \o o/ Y,
2-TREES
OF G Yp Yp
lR oR oR lR oR
ADMITTANCE
PRODUCTS YaYp Yo Ye Yo Ye YpYe YeYe
Y Y Y
1 c 3 3 1 c 3 1 c 3
4-—0 \0 *—Y, —o0— Y, —o 0/ T \o o/_ o—h
2 -TREES OF 6 Ys
WITH 1 AND 3
IN ONE PART 1
oR oR R oR
ADMITTANCE
PRODUCTS Yo Ye Yo Ye YbYe YeYe

3

k-trees. Each branch of the network is replaced by a line segment that represents impedance of the
branch. By shorting terminal 1 to the reference node the analyst can form all the 2-trees of Au. Similarly,
shorting terminal 3 to R yields the 2-trees of Awx. The 2-trees of A are those common to both.
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Comparing topological techniques

Signal-flow graphs

Flow graphs k-trees

For systems or networks having one input

For networks
having any
number of
inputs

For systems or networks having
any number of inputs

Uses system or network equations arranged as,

1 an ag
Xy =— i 2 — —— X3 —
an a1 an
a
1n Xn
an
1 ag ag
Xp=—by — X — By ...
ag g2 a2
82n
— n
Az
1 an1 8,
Xo=——hy— 22X — 2 X, —...
&nn &nn ann
a(n—1), (n—1)
- 8=, (1) o

8pnn

Uses network

Uses system or network equations
structure

arranged as,

1

Xifan X1+ a2 Xp +o+
+aln Xn - b1

Xo|an Xy 480 Xy -
M aﬂan=b2

Xn an1 Xl +an2 X2 +“'
+ &nn Xn = bn

Continued from page 90

Or, after simplification,

(Ya Y0+Yn Ye+Yb Y0+Yc Yc) Vi
Yn. Y0+Yu Yd+Yn. Yc+Yb Yc+
Yb Yd+Yb Yc+Yc Ye+Yd Yc
which gives the same ratio V,/V; as equation 15.
k-trees: the gain formula for V,/V; using the
k-tree approach is given by

Vo _ i

Vo = (16)

Vi  An
all 2-tree admittance products
2 [ with nodes 1 and 2 in one part
and the reference node R in
_ \the other part. a7

B <All 2-tree admittance products>
Z

with node 1 in one part and the
reference node in the other part.
where

Ay = the sum of all tree-admittance products
of the graph obtained by shorting node 1 to the
reference node;

Azz = the sum of all tree-admittance products of
the graph obtained by shorting node 3 to the
reference node;

Ay3 = the sum of all tree-admittance products
common to Aj; and Ags.

Next form the ratio as expressed by equation 1 of
2-tree admittance products. Thus,

Vo _ Y. Y+ Y. Yo+ Y, Y+ Y, Y.
Vi B Yn Yc+Yn Yd+Yn Yc+Yb Yc+
Yb Yd+Yb Yc+Yo Ye+Yd Ye

which is identical to the results obtained by the two
previous techniques.
Checking the k-tree results

Since each tree, or 2-tree, is obtained by inspec-
tion, it is quite possible that one may be omitted
by oversight. Systematically listing the trees and 2-
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trees insures that none are lost. The method for
determining the terms in the expansion of Ay; and
Ags requires evaluation of the determinant for the
network’s node-admittance matrix with each ad-
mittance value replaced by the numerical 1. Thus
for the bridged T-network, the matrix is

Ya + Yc - Yn - Yc I
""Yn Ya+Yb+Ye —'Ye
—Y. ~ Y, Yo+ Yo + Y,

Substituting 1 for the terms produces the deter-
minant from which the number of trees can be
found.

2 -1 -1
N terms = |—1 3 —1]|=18 — 10 = 8 trees,
-1 -1 3|

they are: Y.Yu Y., Y.Y, Y4, Y.V, Y, Y. Y, Y,,
Y.Yq.Y, Y, Y. Y, Y, Y, Y, and Y, Y,Y..

To find the correct number of 2-tree for Ay strike
row 1 and column 1 from the node-admittance
matrix and evaluate the remainder. Thus, the Ag,
terms equal 8.

Similarly, the number of terms in A3 is found by
striking out the third row and column of the node-
admittance matrix and evaluating the remainder.
Hence, the Az; terms equal 5.
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Circuitdesign

Designer’s casebook

Five valuable circuits
from changes in feedback

By Gordon Silverman

Rockefeller University, New York

By simply changing the feedback network in the
level detector, shown below, an engineer can modify
the circuit to form an astable, monostable, bistable,
or gated oscillator. The gate of a field effect tran-
sistor is the summing point for signals. In addi-
tion, the circuit draws no standby power and
requires fewer components than similar circuits.

The basic network is a level detector that has
been used to analvze electroencephalographs (EEG).
A positive voltage applied to the input adds to
the bias voltage across potentiometer, Py, reach-
ing the pinchoff potential of rer Q,. Then, Q,
conducts, turning on Q.. a conventional bipolar
transistor. The collector voltage of Q. causes diode
D, to conduct. returning a small in-phase signal
to the input. For the eec application Q. drives a
S-kilolim relay, but most circuits will work without
it. The level detector handles inputs ranging from
0 to 20 volts.

Designer's casebook is a regular

feature in Electronics. Readers are invited
to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published.

1800————————————

1500 -

1200

900 -

HYSTERESIS (mv)

! 1 1 = - . ]
100 200 300 400 500 600 700

R. (KILOHMS)

Hysteresis curve. Increasing the value of R,
minimizes or eliminates the ciicuit’s hysteresis.

3 3
o S o
ol——— -0

The amount of feedback and hysteresis is deter-
mined by R.. For example, high values of R can
make the livsteresis negligible. Once R is fixed,
the hysteresis is independent of the trip point, an
advantage over the Schmitt trigger. By removing
diode Dy a large amount of hivsteresis is introduced.
The hysteresis keeps the circuit from returning to
its normal state oncce it has been tripped. When the

+24v
Q
MPF 105 10k
INPUT ————AAA , e W o
i Tq_ N3644
46.5k = >
5k
B ae e . ¢
24y .10k I Y ; AAA 1l o 300 pf
R 470k \ —l(_ .
Py = ' 450k 0 l Q3
{10 TURN) I Dy I 2N2102
{ 1N3728 l
i | AAA
| | 47k
| - | é
| | -
F
L ___°F e 1L
Versatile feedback. Changing the level detector’'s feedback causes the circuit to behave as an astable,
mcnostakle, bistable, oi gatcd oscillator because Q.'s gate has a high input impedance, allowing
signals to be summed at that point.
/
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input reaches the negative value of the upper trip
point, the normal state is again established. The
circuit uses the pinchoff potential of the rET as a
comparison level.

Substituting a capacitor, C, for the feedback
network alters the detector to an astable multi-
vibrator. The input must be grounded and P; ad-
justed to make Q;’s gate-input voltage slightly more
than the pinchoff potential. The on time is given by
the expression

tow = 15 + 7(C — 100)
and the off time by

tr — 26 + 12(C — 100)
where t is in microseconds and C is in picofarads,
variable from 100 to 1,000 pf. Returning the input
to a pulse generator and adjusting P; to cut Q

off, makes it a monostable multivibrator whose
delay time is equal to t,,. This circuit is sensitive
to l-usec pulses, making it an excellent pulse
stretcher. Since both Q; and Q. are off, capacitor
C discharges through a relatively large impedance
after the delay time, limiting the duty cycle to
about 30%. However, the circuit can be adjusted
to divide the input pulse train in two.

Resetting Py for astable operation and having the
input switch between a negative voltage (—1 volt)
and ground produces a gated oscillator with the
same on and off times as in the astable mode. If
feedback is through a single 100-kilohm resistor,
instcad of the capacitor, the circuit becomes a bi-
stable multivibrator, responding to alternate posi-
tive and negative pulses.

Simple feedback network
shapes trailing edges

By K.J. Foord
Allen West Ltd., Brighton, England

Adiling a diode, capacitor and resistor between the
output and threshold reference of a pulse-generator
circuit causes a sharp decay in the output pulse’s

trailing edge. In addition to shortening the decay
time by a factor of 10, the network does not load
the output stage and thus enables full amplification
of the current.

In the avalanche-type pulse circuit, Dy, C., and
R, form the feedback network. Transistors Q, and
Q- are a complementary pair arranged to switch
like a unijunction transistor; transistor Qj is the
pulse-boosting, emitter-follower output stage. When
the voltage on the emitter of Q; exceeds the sum
of the voltage across R. and the base-to-emitter
drop of Qy, both Q; and Q. turn on abruptly. This

+24v
R, R3
1k 27
DI 15121
C, K
[
CONTROLLED-
CURRENT 0.47pf ANV
INPUT Rq 560 ]
v 2N1917
ol
Q3
Q, 2N698
LG 25701
T~
0puf
R Rs ouTPUT
820 270 LOAD
18

Pulse generator. Feedback network between pulse-circuit output and avalanche-swilching input, formed
by Q. and Q., permits trailing edge of output pulse to be shaped. Exponential decay in the trailing edge of
Fulse output is unwanted. With a sharp decay the trailing edge triggers or controls other circuits.
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action brings Q; into conduction, causing current
to flow through the 18-ohm load.

If the feedback network between the collector
of Q; and the junction of Q,’s base and Q.’s col-
lector were not present, the output pulse would
decay exponentially to zero. With the feedback
network connected, the collector of Q; drops by
12 volts when Qy is suddenly turned on, and capac-
itor C. discharges through Ry, Q3, and the 18-ohm
output load.

When the input current to transistor Qs lowers and
(as established by the discharge rate of C, through
Q; and Q.) Q; starts to turn off, its collector voltage

rises. When this level exceeds the potential on
the right-hand side of C., diode D, becomes for-
ward biased and conducts. This action raises the
voltage levels on each side of C.; the increase
in the base potential of Q; causes the Q;-Q- com-
bination to turn off sharply.

The rapid transition is the result of the loop
formed by Q,, Q., Qs, Dy, and C.. The remaining
components do not affect the trailing edge. Resistor
R; serves as a current limiter; R; and R, form a
voltage divider that sets the threshold switching
point of Q, and Q.. With R; as a potentiometer,
the pulse width may be varied.

MOS phase-shift controller
cuts motor hunting

By Robert D. Andersen

Lockheed Aircraft Services, West Covina, Calif.

Hunting of a synchronous capstan drive motor is
held to a minimum by a phase-shifting network
with a metal oxide semiconductor as a voltage-
variable resistor.

The rotor hunts or oscillates about its natural
synchronous position with respect to the motor’s

Vectors. Voltage that is proportional to the source-drain
resistance of the FET is represented by vector DB. Output
of network is a vector that is constant in amplitude and
represented by CD.

REFERENCE ¢,

2-¢ SYNCHRONOUS
MOTO

PVed R| CON-

>

\ 4

GAIN ADJUSTMENT

:

TROL
-E R+ #e
L &

-

LOW-PASS FILTER

POWER

¢st g

OAMPLIFIER &

7

Servo loop. MOS field effect transistor serves as variable resistor in phase-shift network.
Output is fed to motor winding to reduce hunting.
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rotating field. The result is a phase error, A¢, pro-
portional to the difference between the reference
phase, ¢., and the control phase, ¢5. When a phase
error occurs, the reluctance of the motor’s control-
phase winding varies, and with it the impedance of
the winding. The result is a variation of current
through the sensing resistor R,, whose value is
about 2 ohms,

The hunting or modulation frequency is low com-
pared to that of the primary-drive voltage, and so
may be easily detected by a low-pass filter. Hunting
signal is then amplified and applied to the gate of
the FET, causing a variation in the FET’s source-to-
drain resistance. Voltage between points D and B
varies with the hunting-phase error.

The bias point of the FEr and the value of capaci-
tor G, are picked so that a nominal 90° phase shift

occurs in the network. The bias point is controlled
by varying resistor R., which sets the d-c output
level of the operational amplifier. The output of the
phase-shifting network, at T., is proportional to
vector cp, amplified by the power amplifier, and
applied to the control winding of the motor.

The phase shift can either lead or lag the phase
of the control winding field. For example, if the
motor hunts in such a direction that its rotor lags
the rotating field, the phase of the voltage applied
to the control winding is advanced. The result is an
acceleration torque that nullifies the hunting.

This type of motor-control circuit is able to
operate successfully because the rer provides an
clectronically (high frequency response) variable
phase-shift network that has no incidental ampli-
tude variation,

Operational amplifier gain
varied by FET chopper

By Donald E. Lancaster

Goodyear Aerospace, Phoenix, Ariz.

Smooth and continuous gain control of an opera-
tional amplifier is possible with a singlé field effect
transistor connected to a signal source that is pulse-
width modulated. Electronic gain control is es-
pecially desirable when operational amplifiers are
used to synthesize the active filters in audio net-
works.

Negligible control power is required due to the
extremely high input impedance of the MEM511.
Furthermore, several amplifiers may be controlled
simultaneously with excellent gain tracking and
total channel isolation.

Gain variations are achieved by chopping the
input signal to the operational amplifier on a
variable duty cycle basis. The chopping frequency
must be significantly higher than the upper cutoff
frequency set by the desired transfer function of the
composite amplifier circuit. Under these conditions,
the time average value of the amplifier’s input sig-
nal determines the resultant gain reduction.

The purely resistive, bilateral switching capa-
bility ‘with zero offset of the MEMS511 makes it
an ideal field effect transistor for this chopper
application.

For example, the MEMS511 can control the gain

E
N ,

2
OUTPUT
OPERATIONAL
AMPLIFIER

MEMS11 ADDITIONAL STAGES

IF USED
GAIN-CONTROL INPUT

YU nn

20khz
MEDIUM GAIN

rrr

HIGH GAIN LOW GAIN

Pulse control. Signals for FET gain-changing circuit
are provided by a pulse-width modulated source. High
gain results from raising the on-off time ratio and
low gain occurs when the ratio is reduced. Additional
stages may be added to the gate of the FET.

of a simple low-frequency integrator. The actual
operational amplifier used does not effect the prin-
ciples involved. The MC1530, nA702, or CA 3010
are typical amplifiers that may be used.

The MEMS511 is driven from a 20-kilohertz pulse-
width modulated source. During the off time, the
integrator functions normally. But during the on
time, the input signal is attenuated by the ratio
of input source impedance to the FET’s on resis-
tance, which for this circuit is 250/10,250, or 32.3
decibels.

Thus, by varying the ratio of on and off time,
the gain may be varied directly over the 32.3-db
range. Higher values of input resistance would
provide a wider control range.
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Components

H-shaped resonators signal
upturn in tone telemetering

New design that balances two masses on a connecting web improves
the frequency selectivity of electromechanical generators and filters
to the point where a single telephone line can carry 1,000 signal tones

By Hugh Baker and John R. Cressey
HB Engineering Corp., Silver Spring, Md.

A new shape for tone generators and filters—a cap-
ital H—could spur a renaissance in industrial
telemetry at audio frequencies. The revolutionary
configuration reduces the cost of constructing elec-
tromechanical resonators with Q’s of 1,000 or more
—a figure that allows the handling of more than
1,000 supervisory-control or data-communications
channels on a single telephone line or other voice-
grade link.

Railroads, pipeline concerns, clectric utilities and
other companies that use large numbers of chan-
nels have been abandoning tone signaling lately in
favor of microwave links and radio-frequency te-
lemetry techniques. Tone signaling has been losing
out because of the expense of achieving high Q in
tuning forks, resonant reeds, and other conventional

The authors

Hugh Baker, the president of

the HB Engineering Corp.,

worked on Bomarc missile designs
earlier in his carer. He later held
engineering and marketing
management posts at several
instrumentation, control, and

data communications companies.

-

John R. Cressey, chief engineer,
has designed both space and
industrial telemetry systems.
While with the Army, he

5 A

developed a cloud-cover
recording system that is
B credited with taking the first
) picture of earth from a
> satellite, Vanguard IlI.
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electromechanical resonating devices.

An indication that this tide may turn, however,
came this summer with the first major application
of the H-shaped resonators, called Twintrons. They
arc used in a system that reads electric meters in
private homes at a cost of about $15 per meter for
the tone-signaling equipment. The resonators are
operated by tone signals transmitted over telephone
lines; the remote stations are passive.

Break with the past

In its initial and simplest form. the Twintron
consists of two balanced masses—the bars of the
H—connected by a flexible web. This iconoclastic
design avoids energy loss or gain through the
mountings of the resonant system, solving the Q
and stability problems inherent in conventional
resonators [sce “Classic electromechanics and Q,”
p. 104].

The division of functions and the symmetry of
the design not only raise Q and make the device
immune to shock and vibration, but provide several
bonuses in functional versatility.

Piezoclectric  transducers -—— another departure
from traditional design—can be fixed to the web
to provide unusual combinations of input and out-
put signals. Twintrons can be used as oscillators,
encoders and decoders, f-m discriminators, filters
that simultancously pass and reject a discrete fre-
quency, and even as frequency dividers, frequency-
selective microphones, and motor drives. They can
be mechanically tuned over a broad band of fre-
quencies, or precisely adjusted electrically.

Prices for individual devices run from $5 to $25
depending upon Q and other requirements, and
may be even lower when several resonators are
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Push-pull. As the piezoelectric input transducer contracts
and expands, the web flexes and the bars oscillate in
opposing directions. The resonance signal can be

picked off by a coil near a bar or by another

piezoelectric transducer underneath the web.

packed in a single housing. Costs are higher,
though, when Q’s over 5,000 arc needed and trans-
ducers more sensitive than piezoclectric ceramics
arc used. Resonant frequencies can range from a
fraction of a hertz to 20 kilohertz.

Division of labor

The Twinlron’s success is partly due to the sepa-
ration of mass and spring properties in the resonat-
ing structure. In the conventional resonator forms,
thesc two properties are inseparable, and the de-
vices give up energy to the mounts.

On a theme. Variations on the basic H-shaped design
include big models that operate at very low frequencies,
models fitted with tuning slugs, and a cylindrical
version that can be used as a microphone.
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The two parallel bars in the Twintron contribute
a mass moment of inertia to the resonant system.
They are balanced on axes at their centers of rota-
tion, or nodal points, as in the diagram at the left;
there’s no lateral motion of the bars at the nodal
points.

Acting as a spring, the crossbar, or web, of the H
mechanically connects the bars in the plane estab-
lished by the two nodal axes. When the web is
flexed by a piezoeclectric transducer, it drives the
masses into oscillation. The resonant frequency is
also picked off by a transducer on the web.

The Twintron’s resonant cnergy is retained in
the masses and the web except for a few low-order
losses such as thosc caused by molecular friction
in the materials and by air dampening.

As the web flexes with cach half cycle of the
input signal, the two bars oscillate in opposition
to each other. Each rotates only a few minutes of
arc about its own nodal axis. Since the axial pins
rotate freely on their supports, none of the rotary
motion is transmitted to the mounting base.

The most convenient way of holding the pins is
to insert them in moderately firm rubber. Typically,
the pins arc 0.02 inch in diameter and rotate
through 10 minutes of arc. The circumferential dis-
placement of such pins is, for all practical purposes,
Zero.

The rubber isn’t required for mechanical isola-
tion. Welding the pins to the mounting would only
add their torsional spring characteristics to the
spring stiffness of the web in the over-all resonant
system. Since the pins rotate counter to cach other,
there’s virtually no net transmission of energy
through the common plane of the base.

The response curve of a Twintron with a Q of
4,000 is at the right. A Q of 1,000 means that a
filter can discriminate—at half-power points—be-
tween two frequencies 1 hz apart at a nominal
frequency of 1,000 hz, or two that are 0.1 hz apart
at 100 hz.

Dimensional variations due to temperature
changes have little or no cffect on the device’s bal-
ance; the frequency stability of a Twintron made
of aluminum bars and a nickel-steel alloy web is
better than 0.05% from —40 to +35°C. It can have
a temperature stability as high as 1 part per mil-
lion per degree centigrade if the bars and web are
of a nickel-chrome-steel alloy such as Ni-Span-C.

Tunability

Resonant frequency can be shifted 20% to 30%
by balanced pairs of threaded tuning slugs inserted
in threaded holes running the entire length of each
bar. Balancc about the axis of rotation is main-
tained by positioning the slugs at cqual radii and
distances from the nodal points; the Twintron re-
mains immune to shock and vibration as long as
this balance exists.

The slugs alter the inertial mass moment of the
bars, increasing {requency as they are moved to-
ward the centers of rotation.

Q can be deliberately reduced to broaden the
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device’s frequency response by setting the slugs
at differing distances from the bars’ nodes. The
two bars will then have different mass moments of
inertia and will move out of phase.

The range of adjustment can be extended to a
ratio of 10:1 by using both internal tuning slugs
for fine adjustments, and using sleeves on the out-
side of the bars for coarse adjustments, as in the
photo at the right. One such Twintron can be
made to resonate at any frequency between 300
and 3,000 hz—the entire voice band—and its Q can
be adjusted between 50 and 200.

Tunable filters offer a significant advantage when
a lower Q is acceptable. Tone control manufac-
turers can stock up on one type of filter to take
advantage of volume-production savings, and can
tunc cach individual unit to suit certain appli-
cations.

Flex and reflex

Conventional resonators generally have electro-
magnetic or magnetostrictive transducers. These
don’t physically contact the resonator and have
little cffect on the resonant system’s properties.
Piczoclectric transducers, on the other hand, don’t
mate well with conventional resonators.

Both of a tuning fork’s tines are in motion over
their entire length, for example, and covering them
with piezoelectric ceramic to convert all the motion
into electrical signals would be expensive and
would degrade the tines’ mechanical properties.

O
-5}
S F, = 318.36 hz
BANDWIDTH = 0.08I hz ot -3db
=] hz ot -20db
Q =4,000
-10~
INSERTION
LOSS = 18 db at 5v
=15}~
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FREQUENCY IN HERTZ

High Q. One Twintron’s response curve
shows a quality factor of 4,000.
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Tuning slugs. Applications versatility is indicated by

the pair of resonators on the board at the left. Device
with large tuning sleeves resonates at 300 hz, the lower
end of the voice band. An identical device, but with
small tuning collars, operates at 3,000 hz, the upper end
of the band. Cylindrical objects are acoustic resongtors;
transducers haven’t yet been placed on their webs.

Twintrons can usc all three kinds of transducers,
but generally employ piczoelectric transducers. The
H shape capitalizes on the piezoelectric type’s high
cfficiencies. The web is short and stiff compared
with a tine or reed, and mechanical coupling be-
tween the web and piezoelectric material placed
on it is nearly perfect. The amount of material
needed to flex the web, or sense its motion, is small
and has little effect on the spring properties.

Piezoelectric transducers can deliver a substan-
tial clectrical signal into a low-impedance load even
though they are inherently high-impedance devices.
If the transducer and load are properly adjusted,
therc can even be a voltage gain of as much as two
to one.

Though Twintrons can withstand input signals
of up to 40 volts without damage, levels are gen-
crally held to between 0.5 and 1 volt. With inputs
between a few microvolts and about 1 volt, output
varies linearly with the input; above 1 volt, output
remains fairly constant until the device is driven
so hard that the piczoclectric propertics of the
transducers arc destroyed. The apparent Q drops
off when the input rises above a few volts.

The device’s self-limiting property can be ex-
ploited to protect the circuits following the filter.

The output voltage is high cnough to drive the
gate of a silicon controlled rectifier circuit directly.
The receiver circuit on page 102 can activate sole-
noids and trigger lights and relays. If a diode is
placed in series with the a-c voltage on an indi-
cator, such as a lamp, the circuit becomes a “hold”
indicator; once turned on, the lamp remains on
until the circuit is opened. Such circuits have wide
applications in tone control and selective calling
systems.

Multiple combinations of inputs and outputs can
be achieved by coupling a number of separate
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Indicator. Position of switch at remote station is
ON if the Twintron receives a tone signal and
produces an output that triggers the SCR.
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Oscillator. A single transistor is combined
with a resonator whose inputs and outputs are out of
phase. Third transducer at right is an isolated output.

transducers to the web. Also, since piezoelectric
material has a polarity, transducer pairs can be
placed so their responses are in phase or 180° out
of phase with each other.

The result of setting the input and output signals
180° out of phase is a simple, frequency-stable
oscillator, shown above, that needs no phase-shift-
ing networks. The oscillator inputs and outputs are
the transducers at the left of the web. The third
transducer picks up the resonant frequency for use
by a following circuit stage. It provides an isolated
output and avoids loading the circuit and changing
its frequency. In effect, the third transducer is a
buffer between the oscillator and the following cir-
cuit stage.

Rejection, or notch, filters are made with a shunt
resistor and out-of-phase input and output trans-
ducers, as on page 103. The resistance is chosen so
that the signal across the resistor at resonance
equals the voltage at the output transducer; signals
at frequencies other than the resonant pass only
through the resistor, and the off-frequency response
is flat down through d-c. There is no off-frequency
output from the transducer; at resonance, the signal
from the transducer and the equal but opposite
signal through the shunting resistor cancel each
other.

A leading candidate for rejection is the 60 hz of
line power and its harmonics. A rejection filter
measuring 2 by % by 1% inches is being made for
this application and has the response curve on page
103. The output can be fed to a field effect tran-
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sistor, which provides an excellent impedance
match with other circuits, some power gain, and
no d-c offset.

This circuit effectively eliminates the 60-cycle
hum that has for ycars been a thorn in the side of
designers of instrumentation, communications and
consumer electronics equipment.

A Twintron with one input, two outputs and a
resistor (bottom, p. 103) acts as both a notch and a
pass filter. The output connected to the input
through the resistor rejects the resonant frequency
and passes all other input frequencies, while the
other output passes no frequency but the resonant.
This arrangement is a convenient way to put a
control tone on the same line as voice communica-
tions. The tone emerges from the pass output at
the receiver end; the rejection output contains the
voice minus the control tone.

Floating differential outputs can also be obtained
from isolated output transducers, as in the ultra-
narrow-band, f-m discriminator circuit shown on
page 105. Slight frequency shifts produce large out-
put signal swings.

Frequency calibration

The resonant frequency of a Twintron can be
changed *1% by biasing the output transducer.
A unique feature of piezoelectric ceramics is that
their elastic properties change with electrical load.
Thus, the spring property of the web can also be
varied because web and transducer are mechan-
ically coupled.

Frequency will shift in the circuit on page 105
because the resistor allows electrons to leak off the
ceramic, changing its elasticity and hence the res-
onator’s center frequency. This effect is maximum
when the resistance equals the ceramic’s character-
istic impedance—typically 20 kilohms at a fre-
quency of 1,000 hz.

A variable resistor can be adjusted to cause a
highly stable oscillator to shift from one discrete
frequency to another, or to vary the center fre-
quency of a selective filter.

A thermistor can be substituted for the resistor
to obtain a temperature-compensated resonator; a
zero temperature coefficient is theoretically pos-
sible.

Wobbulation

On the theory that if two bars are good, more
shiould be better, work has begun on multiple-bar
Twintrons. The object is to create an array of me-
chanically coupled resonators, not necessarily in
pairs. Interesting phase relationships crop up when
groups of resonators are tightly coupled through
common nodal pins or shafts and are stagger-tuned
to create wide pass bands, as in the sketch at the
bottom of page 105.

If the mass moments of inertia of all the bars are
equal, Q is significantly improved. If the bars are
cut so that the moments are unequal, periodic un-
dulations—called wobbulations—occur in the res-
onant system. The phase relationship of each bar
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to the system varies in a regular manner.

Fascinating to watch—and pronounce—wobbu-
lation may also open up many new applications.
Phase modulation can add a new dimension to
audio-frequency signaling techniques. Each bar in
a row can be cut slightly longer than the preceding
one so that the shortest resonates at the input sig-
nal’s frequency, and the motion of the succeeding
bars is progressively delayed. Transducers adja-
cent to each bar produce outputs whose phase is
delayed by a period dependent upon the length of
cach successive bar.

In one variation on this theme, the bars are cou-
pled to a disk-shaped web. One piezoelectric wafer
is the input transducer; another is cut into pie seg-
ments to form isolated output transducers. As the
device resonates, both the moving ends of the bars
and the electrical outputs form Lissajous patterns.
One pattern, a slow elliptical rotation, can be put to
use as a frequency divider. The division can be
continuously variable—not limited to discrete steps
or whole integers.

Another variation—the cylinder-like object in the
photo on page 101—is the basic part of a highly
selective acoustical tone generator or microphone.
The design won’t interest broadcasters because it
only picks up a specific frequency, but producers
of security systems could use it. Depending on bar
size and contour, a frequency-selective acoustical
warning device would radiate or detect sonic or
ultrasonic energy in both directions from the plane
of the wcb.

The resonator can be machined from a metal rod
so that both ends follow an exponential curve and
leave a thin disk of metal as the central web. Pie-
shaped longitudinal sections are cut, creating dif-
ferent sized bars coupled to the web, and input and
output transducers are then mounted on either side
of the web.

Other experimental variations look as if they
might work well as timepicce motors—combining
the functions of a stable time base and a drive
mechanism—and as light choppers or laser modu-
lators.

Passive monitoring systems

Several tone communications systems have been
developed that require no active devices at a re-
mote site. The normal signaling tones carried over
wire or radio links provide power enough to actu-
ate the Twintrons—a feature that boosts reliability
and lowers costs.

One of the simplest such systems is called the
“echo.” In the case of Twintrons with Q’s greater
than 1,000, ox-oFF conditions can be determined at
more than 1,000 remote sites through a two-wire
voice communications circuit. The capacity of such
a circuit using conventional low-cost resonators
would be about 30 channels.

At a central station, an oscillator similar to the
circuit on page 102 and a receiver filter like the one
above it are provided for each channel. At the
remote station, a passive resonator is connected to
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Electromechanical resonators have
no peers as. filters at audio and sub-
audio frequencies. Resistor-capaci-
tor and inductor-capacitor networks
cannot equal resonators’ frequency
selectivity, or Q, because of the
large time constants in low-fre-
quency circuits. High Q in such
networks would require impracti-
cally large capacitors and induc-
tors..

On the other hand, the Q of a
resonator can be severely degraded
by energy losses through the reso-
nating system’s mounting. Worse;
the device can be triggered into
false operation by external shock
and vibration. These two problems
have often proved bothersome in
classic resonators, shown below.

Quality factor

In a filter, Q is the ratio of the
center frequency of the response
curve to the total bandwidth at the
half-power, or —3-decibel, point.
In a mechanical resonator, Q is an
expression of the amount of energy
conserved compared with the
amount dissipated.

Some energy is lost through in-
ternal friction in the resonator, air
dampening of the moving parts,
and inefficiency of the transducer.
In most cases, however, the great-
est energy loss stems from vibra-
tions transmitted by the resonator

Classic electromechanics and Q

to its mounting base.

Any mechanically resonating
body has nodal points—points of
least deflection—about which the
mass of the body resonates. Reso-
nating efficiency is greatest when
the mass is mounted at the nodal
points. This, however, invariably
leads to loss of energy to the
mount in the classic designs be-
cause the nodes aren’t motionless.
The masses rotate slightly about
the nodes and move laterally a
small amount as the mass vibrates.

False talk

The mounting structure is a two-
way street for mechanical energy.
A shock can set the resonator in
motion, even making it resonate.

Energy {from the mount need not
be at the resonant frequency, or
even close to it, for the output
transducer to generate a false sig-
nal. Piano tuners prove this every
day when they ring their tuning
forks with a sharp blow, then am-
plify the note—a specific audio
frequency—by pressing the fork’s
base against a sounding board.

These characteristics of resona-
tors can be devastating in a tone-
signaling system. The circuits
should respond only to a command
transmitted at a particular fre-
quency, not to the rumble of a
passing train or the thump of

heavy machinery.

The problems are compounded
when a system requires many
closely spaced tones or frequencies.
If the filters are mechanically in-
terconnected through a common
chassis, the vibrations of one can
sct its neighbors in motion.

Great care must be taken, there-
fore, to isolate one resonator from
another and from the environment.
The filters are often mounted on
foam rubber or other vibration-
absorbing materials, but this only
degrades Q further because the
same materials absorb some of the
energy the designer wants to keep
in the resonating system.

Transducers

Another factor affecting Q is the
way the transducer gets energy in
and out of the system. Electrical
energy must be converted to
mechanical energy, and vice versa.

The input and output transduc-
ers can be electromagnetic, piezo-
electric, or magnetostrictive, and
capacitance, photoelectric, or elec-
trostatic devices tliul sense motions
of the mass can be used as output
transducers.

The final frustration, of course,
is when a designer improves trans-
ducer efficiency, to raise filter Q,
only to find that spurious reso-
nances are picked up more readily.

SIMPLY SUPPORTED BEAM

NODAL POINTS ~

TUNING FORK CANTILEVERED BEAM
\
NODAL POINT
Y

o)

T

The old way. Tuning-fork tines and vibrating beams always lose energy through mountings at their nodes.

the communications link through a switch that de-
termines the oN-oFF conditions of the equipment
being monitored.

The channel transmitter and receiver are alter-
nately connected to the communications link
through a chopper. During the transmit half of the
chopper cycle, the transmitter sends the tone signal
assigned to that channel down the wire (or any
duplex communications link), and the remote reso-
nator receives and stores the signal energy. In the
receive half of the chopper cycle, the resonator
echoes the tone back into the line and the central
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receiver’s output triggers an indicator.

As long as the switch at the remote site is closed,
or oN, the indicator will also remain ox. If the
switch is open, no echo is received and the indi-
cator goes to ofFF and remains ofF until the switch
closes and an echo is received. The system is fail-
safe and there is no scanning. The indication can
be changed in approximately 8 milliseconds (the
transmit-receive period) with a 60-hz chopper, and
in less than 2 msec if a 400-hz chopper is used,
with allowances for a slight decay time in the
channel receiver’s Twintron.
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If amplification is needed for impedance match-
ing to the line or to overcome signal attenuation,
one broadband amplifier can serve all transmitters
and receivers. When several echo transponders are
required at one remote station, the Twintrons can
be packaged in a common housing, as in the photo
at the top of page 106.

Another system can actuate an indicator, sound
an alarm, or alert a telephone at some remote sta-
tion. The necessary power is provided not by the
tone signals, but by a signal at a fixed frequency—
say 2 khz—continually transmitted on the line.
The alarms, however, remain mute until a tone
assigned to a station is transmitted. The tone
actuates a Twintron-scr circuit that switches the
2khz signal into an alarm, such as a piezoelec-
trically driven howler.

Rural telephone networks could use this tech-
nique to reduce the size of their wires, as the wires
wouldn’t have to handle heavy surges of separate
ringing current. Or they could go entirely to signal-
level a-c operation, since there would no longer be
the need to handle dialing with d-c and ringing
with high-power a-c.

A-c power monitoring

A further variation would free turnpike authori-
ties, railroads, and pipeline companies from worries
about burned-out bulbs in safety lights or valves
not operating because of a blown fuse or an open
switch. An a-c power monitoring system would
give a positive indication of proper operation.

The remote site in this case has a pair of Twin-
tron filters and a diode mixer. A tone assigned a
station—1,002 hz, for example—is passed through
one of the filters, and the diode mixer combines it
with the 60-hz frequency picked off the electric
circuit. The second filter is tuned to 1,062 hz, the
sum frequency. If the second filter receives a 1,062-
hz signal from the mixer, it passes back this reply
tone to a central station, which then knows the
bulb or valve is drawing power and is operating.
When the mixer output is 1,002 hz, no reply signal
is received, and an alarm or indicator is actuated.

Allowing for 2-hz separation of channels, 500
channels can be provided in a voice-grade circuit
—half as many as the basic echo system because
interrogation and reply are at different frequencies.
All 500 stations can be monitored simultaneously.

Passive telemetry

Many companies have tried to design systems
to read utility meters over telephone lines, but they
have been frustrated by economic and technical
problems. Utilities say they would install auto-
matic reading devices only if the units cost less
than $15 each.

The device must not drain a-c or d-c power from
the phone lines, and signals must not interfere
with voice communications. Also, the phone com-
pany won’t send power over its lines to drive
another utility’s devices, and electric utilities don’t
want to connect the remote unit to their own

Electronics | October 2, 1967

DISCRIMINATOR
OUTPUT

Fe »
100k 00k o~
INPUT gr | %
AlOITE 180 ° 100 k 1001% ~
L. ~ T
. L
I |+
}4—'\:1—2hz
|
(L 1V
F, / l
: FREQUENCY

Discriminator. Out-of-phase transducers help
f-m discriminator produce a large change in output
when a small shift in frequency occurs.

OUTPUT
Fr * A FREQUENCY

CALIBRATED
FREQUENCY
CONTROL

Frequency shift. Resonant frequency of the
Twintron can be varied over a range of 1%
by adjusting the calibrated resistor.

Fc Fc+A

F
Ac
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power lines because that sort of installation by
electricians would be costly. Besides, power sup-
plies and amplifiers would add to cost and present
a potential source of unreliability.

The new PRT (passive remote telemetry) system
overcomes these difficulties. Meter readings can
be transmitted in any numerical format—binary or
decimal code, for instance—but the preferred
method is to generate decimal data with shaft-
position encoders, commutators, or switches built
into the meter.

With this decimal data, system capacity is de-
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fined as the number of decade switches being read;
a voice-grade line can handle 100 decades. The
distribution of the decades in the communications
circuit is immaterial—a single decade can be used
at cach of 100 meters (or any other telemetry trans-
ducer), or five can be used at cach of 20 remote
sites. ‘Capacity of the interrogation system can be
raised to 1,000 deccades if the link’s bandwidth is
raised from 3 khz to 8 khz.

The prr system uses a combination of frequency
and time-division multiplexing at the central sta-
tion, and frequency translation at the remote sta-
tion.

Typically, the central station transmits 20 tones
in four interrogation sets of five tones cach. These
sets are needed to identify a decade and determine
the numerical value of the switch position. Each
set consists of four interrogation tones and one
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Echo system. Basic passive monitoring
setup echoes the transmitted tone when the
switch is closed at a remote station.
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Close quarters. Their immunity to
vibration enables several resonators
to share a housing. The photo above
shows a three-channel transponder
for the echo system; at the left is

a four-channel transponder for the
passive remote telemetry system.

encoding tone.

At the remote station, a four-output Twintron
converts the four encoding tones into the binary-
coded decimal equivalents of the decimal numbers.
The seventh position in a unit’s decade, for ex-
ample, can be designated by a combination con-
sisting of tones A, B and D, but not C. The ABD
outpuls are wired to position 7 on the decade
switch or segment 7 of the shaft encoder.

Combined replies

Connected to the wiper arm of the decade is a
diode mixer and a Twintron filter tuned to a spe-
cific difference, or reply, frequency. As the inter-
rogation tones are transmitted in sequence from the
central station, they mix with the encoding tones
passing through the decade contact and wiper arm.
The single discrete combination tone passed by the
filter indicates which decade is being read and the
switch position. Tone combinations to produce
specific replies are worked out by straightforward
summation of the code tones. A four-channel trans-
ponder used at sites having four decades is shown
above at left.

Onc encoding tone is transmitted simultaneously
with each set of interrogation tones so that one
binary-coded decimal bit is read on all decades
simultaneously. The maximum time needed to read
all decades in the system, therefore, is the time
taken to transmit four sets of interrogation tones—
typically, 0.1 to 0.5 seconds. The reply tones are
filtered at the central station and the decoded
numerical values are handled conventionally by a
data acquisition system.

This basic design affords great flexibility in the
reading of the decades. The system can be modi-
fied, for example, to telemeter cach decade in-
dividually, determining the numeral in any decade
with a single set of interrogation tones. The decades
would have to be read one at a time, but they
could be read selectively.
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there are four

reliable

computer tapes

(Delivery is another matter)

As you may surmisc from the name at
the bottom of this message, CEC is the
new challenger in the computer tape
field.

We would like to add that the perform-
ance of our tape is demonstrably supe-
rior to our three competitors’. But that
would not be true. All four arc well
within allowable tolerances of the refer-
ence tape used by the computer indus-
try. And all are certificd “drop-out free”
for the first pass, and remain so for
many more.

Obviously, since CEC had no exclusive
on cxcellence, we had to have a pretty
compelling rcason for climbing on the
totem pole.

And we did.
Delivery.

Electronics | October 2, 1967

From the time you place your order,
vou should receive your CEC computer
tape within 24 hours — virtually any-
where in the United States.

If you're 100 miles somewhere west of
Laramie, it might take a little longer.
Perhaps as much as 48 hours.

Quite a difference, we suspect, from the
delays you’ve become accustomed to.

This is no miraculous achicvement on
CEC's part. The advantage was already
there. Namely, the largest established
ficld force in the industry. Plus — the
only warchousing facilitics strategically
located to scrve the entire nation.

P.S. Onc more bencfit: if you order
CEC Analog Tape along with the new
computer tape, you’ll also realize some
significant savings.

CEC/TECHNICAL SUPPLIES

M BELHOWELL

Consolidated Eiectrodynamics Corp.
360 No. Sierra Madre Villa, Pasadena, Calif. 91109
Please send me complete information about |

CEC's ncw Computer Tape.
Bulletin Kit 332-X 8. I

I
|
I
I
| NAME
I
I
I

OKRGANIZATION I
ADDRESS :
LI,‘ITY, SIATE & ZIP _I
Circle 107 on reader service card 107



Will a bargain bypass/filter
capacitor jeopardize your
entire system?

Specify CORNING®Glass-K Capacitors. .. for confidence

Considering the finality of bypass failure,
anything less than the reliability
of glass is false economy.

CORNING Glass-K Capacitors guarantee
that reliability in two case sizes.

Get 1000 to 51,000 pf in .250” x .100”, and
12,000 to 100,000 pf in .250” x .140”.

.250"L

100D

Specify CORNING Glass-K Capacitors
when you need:

* bulk capacitance in minimum case size

e the total design flexibility of three stability
characteristics, T, U, and V

e capacitor A to track capacitor B with the
positive retraceability of glass

e minimum power attenuation and phase error
with CORNING Glass-K Capacitors’
low power factor

108 Circle 108 on reader service card

o tight end of life design with the
guaranteed low capacitance change of
CORNING Glass-K Capacitors

« adaptability to cordwood, printed circuit,
and point-to-point packaging.

Get all this in a competitively priced

unit that gives AC with life as tight as 2%, IR

greater than 100,000 megohms,

D. F. as low as 1%, and standard

item delivery of two weeks or less.

Tell us what you want a bypass/filter capacitor
to do, and we’ll tell you which CORNING
Glass-K Capacitor will give you the

confidence you need.

For complete data, write to:
Corning Glass Works,

Electronic Products Division,

3913 Electronics Drive, Raleigh, N. C.

CORNING

ELECTRONICS
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Microwave

Microstrip plus equations
adds up to fast designs

New equations for the characteristic impedance of coupled lines
sharply reduce the number of steps in microwave 1C design

By Alfred Schwarzmann

Radio Corp. of America, Camden, N.J.

The microstrip process, in which a flat conductor
is deposited atop a dielectric and ground plane, is
an ideal way to build microwave integrated cir-
cuits—if there are accurate design equations for
such components as filters and directional couplers.
The new equation on the next page can eliminate
present cut-and-try methods and save much time
and expense. Though complex in appearance,
they’re really straightforward and casy to use.

Agreement between theory and actual circuit is
generally poor when the few previously derived
equations are used to calculate characteristic im-
pedances and propagation constants. And cut-and-
try designing may be acceptable for some discrete-
component circuits. but with hybrid ic’s, every
design means a new drawing and a new etching
step. However, when the new equations are ap-
plied, one prototype usually serves to fix compo-
nents to within 1% or 2% of desired values.

The odd couple

The problem in designing coupled circuits in
microstrip transmission line has been to analyze the
so-called odd mode of propagation, where cnergy
traveling down one microstrip linc is coupled into
a parallel line and travels in the reverse direction

The author

Alfred Schwarzmann is a design
engineer in the advanced technology
group at RCA's Communications
Systems division. His equations for
coupled circuits have been so
successful that he now sees
microstrip as a viable design for all
microwave circuits and says it may
completely replace waveguide.
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in that second line. Because the odd mode gives
tighter coupling than the cven, in which the energy
travels in the same direction after coupling, the
odd is the one most often used in coupled circuits.

Derivation of the ecquations for the odd mode
begins with a consideration of the basic, single
microstrip conductor. Characteristic impedance can
be caleulated with the clementary transmission-
line equation Z, == 1/vC,, where v is the velocity
of propagation down the line and C, is the capaci-
tance per unit length.

Unfortunately, the microstrip sctup doesn’t lend
itself to casy calculation of this capucitance, since
part of the field is in air and part in the dielectric.
To avoid solutions involving infinite series, the
total capacitance per unit length is subdivided
into three casily analyzed components—the parallel
plate capacitance, Cp.p. hetween the lower surface
of the conductor and the ground plane; the fring-
ing capacitance, C,. at the edges of the con-
ductor; and the capacitance between the conduc-
tor’s upper surface and the ground plane, Cppy.

In the case of the single conductor, calculations
on this basis provide the characteristic impedance,
the propagation constant, and all the other trans-
mission-line parameters. The problem gets a bit
more complex when a second conductor is intro-
duced close to the first one, altering the fields. In
the cven mode, the electric field lines follow a
pattern fairly similar to that in the isolated con-
ductor casc. In the odd mode, the two conductors
are linked by the field lines.

The cquation applving to the isolated case is
employved to find the characteristic impedance of
cach of the coupled modes, except that modified
capacitances per unit length—C,. for the even
mode and C,, for the odd—are used instead of
C,. Since the even mode is similar to that of the
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Microstrip coupled circuits
Isolated conductor
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Propagation constant

vy=a+]8
Line velocity
v = cK
1
K e ————— ——————
VI+E(@E—1)
T, = L
1
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1
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Phase constant

w
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Line wavelength Ag
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TEM = - KVe
Attenuation constant
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Conductor loss
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Dielectric loss
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isolated conductor, its characteristic impedance
equation degenerates to the isolated conductor’s
when the spacing between conductors widens.

For all their seeming complexity, the equations
for characteristic impedances can be evaluated
term by term. And with the aid of a computer, the
characteristic impedances can be easily plotted as
a function of conductor width with conductor spac-
ing as a running parameter.

With that part of the field represented by the
upper-plane capacitance in air and the rest of the
field in the dielectric, the velocity of propagation
in microstrip is not a simple constant. To find the
wavelength along the line, which will determine
the length of resonant sections, the free-space value
of propagation velocity must be adjusted to account
for the heterogeneity. This is done by including the
effects of the air-dielectric in a multiplying factor,
K, for the velocity in free space, c, in the equation
v = cK. A subfactor of K, designated as 1, relates
the heterogeneous air-dielectric capacitances to the
capacitances that would occur if the air were re-
placed with the substrate dielectric.

A universal equation for a directional coupler
contains a coefficient of coupling, k, defined as
the ratio of the difference, Zoe —Zoo, to the sum,
Zoo + Zoo, of the cven and odd mode characteristic
impedances. The over-all characteristic impedance
is equal to the square root of the product of the
even and odd mode characteristic impedances, Z.?
— Zoe Zoo. These two equations are thus used to
calculate the even and odd mode impedances for
the desired coupling and the over-all Z,.

Designing couplers

To design a coupler, one must first choose a
substrate material with a known dielectric constant
and thickness. Because of skin effect, the thick-
ness of the conductors must also be considered; for
low losses, the conductor thickness should be at
least six times the skin depth—the distance below
the surface at which the current is 37% of its value
at the surface.

Good results have been obtained with copper-
on-chrome conductors. The chrome layer is placed
directly on the dielectric, and the copper layer is
deposited over the chrome, which adheres to the
dielectric better than copper does. Since the copper

e

—~=

Wo

T

Directional coupler. The 50-ohm line tapers to the
proper width for the corresponding coupled-mode
characteristic impedance.
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Coupling coefficients, 50-ohm Z,

DB k z, Z,.
3 707 20.7 121
6 .501 28.8 86.7

10 316 36.1 69.3

20 .100 45.1 55.3

has a higher conductivity than the chrome, it is
made thicker. A typical copper thickness is 0.0005
inch; the chrome is usually about 1/50th as thick.

A complicating factor is that the length of the
coupling region—a quarter-wavelength—depends
on the degree of coupling. A 3-decibel coupler, for
example, is considerably longer than a 20-db unit
working at the same center frequency, because a
greater percentage of the field in its coupling re-
gion is in the air. The difference may be larger
than 25%, depending on the choice of substrate
material. In addition, insertion loss is higher for
3-db couplers because conductors are narrower.

The determination of the needed even and odd
mode characteristic impedances through the use
of the universal coupling table is followed by an
evaluation of the required conductor width and
spacing, either from a simultaneous solution of the
characteristic impedance equations or from com-
puter-generated curves. To determine the length of
the quarter-wave coupling region, line wavelength
is then calculated using the upper-plane capaci-
tances in the equations for 1,, and K. To figure the
losses in the coupler, the equation for conductor
loss can be used alone, as this loss is usually much
greater than dielectric losses.

Coupled line filters

Half-wavelength resonator filters are well suited
to microstrip construction; as open circuits, they
don’t require ground returns through the substrate
as do such shorted quarter-wavelength structures
as comb-line or interdigital filters. When a short is
required, any inaccuracy in its placement results

Maximally flat response, 50-ohm Z,
Pole n Z, Z,
1 2 64.6 41
52.9 47.4
2 3 67.9 39.9
52.9 47.4
3 4 71.1 39.1
53.5 46.9
52.2 48
4 5 74.2 38.5
54.2 46.4
52.3 47.9
5 6 77.1 38.1
55 45.8
52.5 47.7
52.1 48
6 7 79.8 37.8
55.8 45.3
52.8 47.5
52.2 48
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Multisection filter. In each section, coupling length
X~ depends on end capacitance C..a for each conductor.

in inaccurate tuning. The microstrip half-wave
filters, however, need only be controlled in the
outer dimensions, and thus can be accurately tuned.

The half-wave, parallel-coupled filter configura-
tion has been thoroughly studied. A few years ago,
S.B. Cohn of the Rantec Corp. published design
charts for the even and odd mode characteristic
impedances for both the maximally flat and equal-
ripple designs. One of his tables, shown at lower
left, relates the number of resonators needed for a
maximally flat response with 5% bandwidth to the
corresponding characteristic impedances.

One of microstrip’s disadvantages is that the
wavelength along the line varies with line width,
W, which is, in turn, a function of the coefficient
of coupling k.

Another disadvantage of microstrip is that once
the circuit is designed and built, it’s difficult to
adjust the tuning even by cutting or scraping the
conductors off the substrate. Any cutting or scrap-
ing lowers the Q of the circuit since some con-
ductor material usually proves impervious to at-
tempts to remove it.

When designing a microstrip filter, the desired
response is selected from Cohn’s chart. The dielec-
tric material, dielectric thickness, and conductor
are chosen and are used to calculate resonator Q.

The conductor width, W, and spacing, S, of the
coupled lines are then determined by applying the
even and odd mode characteristic impedance
curves. Finally, the length of each coupled section
is figured using line spacing, wavelength along the
line, and extra capacitance at the ends of the res-
onator sections, which acts to shorten the line.

Bibliography

S.B. Cohn, ‘Parallel-Coupled Transmission-Line-Resonator Filters,"”
IRE Transactions on MTT, April 1958.
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M WIN

A periodical periodical. designed
to further the sales of Microdot I
connectors and cables. Publi
entirely in the interest of

high dens
packaging |
BXDEPL

goes 0o far!

et's face it. The reason our
I connectors lend themselves
so superbly to high density
packaging solutions is that they
are—in and of themselves—out-
standing examples of high density
packaging. That’s a long winded
way of saying that we make
smaller connectors than anybody.
And it takes some pretty far out
designers to jam 420 contacts on
one teeny square inch of connec-
tor surface (see Twist/Con).
One of these far out types—
Algonquin G. Squozen in our
design group —has a hobby. In his
spare time he dreams up all sorts
of high density packaging solu-
tions. Trouble is there isn’t always
a problem to fit the solution. A
classic example of Algon-
quin’s creative work is shown
on this page. Study it care-
fully because it will
help you to
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best family of rack/panel and strip
connectors on the market. Some of the
high density applications for TWIST/
CON include connections for IC’s,

WHOLE BASKET OF

GOURMET interconnecting of printed circuit
FOODS! boards, edge-on connections for p.c.
(Everything boards, and on modules with connec-

tors welded to hybrid circuits. Single
pins are being used for high density
line splices. TWIST/CON is usable
with 22 AWG to 30 AWG standard

wires.  Next, we applied the

from imported

sardines and
paté de foie

gras to Beluga
caviar. Shipped .

to you TWIST/CON principle to
direct from LEPRA/CON—
Vendome's

'* | WORLD'S SMALLEST
FULL 50 OHM COAX

OD is !y inch and mated length is
about one inch. That makes it the
smallest. And the completely protected
contacts also make it the most reliable.
The size means you can use a much
smaller OD cable for even greater
weight /size reduction in your
package. The price is as low as
$1.07 in nominal quantities.You
lcan get straight plugs, jacks,
bulkhead jacks, right angle
plugs, or printed circuit recep-
tacles. Screw-on or slide-on

versions in entire line. That’s

the menu for today.

BIG WINNERS!

But everybody who enters receives a
photo of Squozen’s high density pack-
aging solution. Five lucky entrants will
receive the cases of gourmet foods. All
you have to do is (a) study the infor-
mation about our Twist/Con and
Lepra/Con connectors, and (b) write
an appropriate caption or problem
statement for the sardine can, working
in at least one of the two connectors
we've talked about. Contest is not valid
anyplace where it is considered illegal,
immoral —or fattening.

Gourmet Foods
in Beverly Hills, Calif. ) =

Now that we've whetted you1 appe-
tite, a few well chosen words about the
entree —our connectors. You'll need to
know about these before
vou can stuff
vourself.

THE
TWIST/CON

—A LACARTE

It all started like this: We eliminated
the contact spring member normally
found in socket contacts by creating a
breathing helical spring principle on

the pin contact. Smaller. More durable.
More economical. The result was the

B

MICRODOT INC.

MICRODOT INC., 220Pasadena Avenue, South Pasadena, California 91030

Dear Microdot:

Lepra;Con and Twist/Con are registered trademarks of Microdot Inc.

| |
| |
: [J Enclosed find my entry in  Name — — :

your high density packaging |
: contest Title — R S e —— |
| [ Enough of this foolishness.  Firm p— = — — ]
| Just send me literature on i
| (circle) TWIST/CON Address. — -
| LEPRA/CON ) |
| all your connectors city —— |
| []! have a connector applica-  State Zip Code |
| tion for high density packag- |
| ing. Getsomebody overhere.  Telephone Ext = — |
| |
L i
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The packaging is unique.
Then why isn’t it the most important feature of
this new crossed-field amplifier?

Because it’s self-modulated. That’s the most  without the need for high power modulators. It
important feature of Litton’s new DEMATRON  can upgrade the performance of existing radars.
crossed-field amplifier — it starts and stops solely — New applications include
with the application and removal of rf energy. ]

The tube’s outstanding perform-

multi-mode
airborne radar,
phased arrays
and pulse com-
pression systems.
System design
flexibility is in-
creased by the
tube’s high density
linear package. A
typical four tube high
power X-band array (illus-

ance characteristicsinclude:
excellent phase
characteristicsin
spite of changes
in frequency,
drive power and
cathode voltage;
turn on/off time
less than 5 nano-
seconds; 10%

instantaneous trated) is mounted on less than
bandwidth; gain- 5” centers. The magnetically shielded
variationless than envelope ends tube/component inter-

1 db over 10% ference. Tubes can easily be paralleled to
bandwidth; amplification achieve extremely high radiated power levels,
of varying pulse widths, rates and operating from a common DC voltage source.
amplitude; family concept (common To learn more about the potential of Litton’s
voltage), applicable from L through Ku-bands. DEMATRON crossed-field amplifier, write Electron
The DEMATRON crossed-field amplifier pro-  Tube Division, 960 Industrial Road, San Carlos,

vides enhanced detection and resolution capability ~ California 94070 or call (415) 591-8411.
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Communications

Data at twice the speed
eases h-f traffic jam

Using phase shifts between simultaneously transmitted signals,
modulator-demodulator cuts error rate from one in a thousand
to one in a million and doubles the transmission rate

By Gene C. Porter, Martin B. Gray and Charles E. Perkett

Electronics Division, General Dynamics Corp., Rochester, N.Y.

Like an old highway that remains jammed with
traflic regardless of freeways. the high-frequency
band continues to handle its full share of traffic
despite the emergence of coaxial-cable links, tropo-
scatter systems, and communications satellites. But,
unlike highways, h-f lanes can’t be widened to ac-
commodate the increasing traflic. However, con-
trary to the best rules of the road, an answer has
been found by doubling the speed limits.

Based on frequency-differential phase-shift key-
ing, a digital data modulator-demodulator (modem)
has been developed that can transmit data at twice
the speed—4,500 bits per second—ol previous sys-
tems, and in the same bandwidth. With added cir-
cuitry, it also reduces the chance of crror from one
in a thousand to one in a million. A particularly
useful system in handling the new teletype and
data transmissions, the modem employs the prin-
ciple that data represented by the phase shift be-
tween two simultancously transmitted signals can
overcome delays.

The system, called the Andeft/se-320. was devel-
oped at the General Dynamics Corp.’s Electronics
division in Rochester, N.Y. With the advantage of
a higher transmission rate, the system can he oper-
ated in the same ways as the existing 2,400-bps
svstems: maximum data-rate, redundant, and error-
correcting modes.

In all three, the obvious benefits are in hoth the
amount and speed that data can be transmitted.
In the maximum mode, of course, twice as much
data can be sent than with cxisting systems. The
same is true in the redundant mode, where greater
reliability during severe ionospheric disturbances
is achieved by transmitting the same data in each
half of the bandwidth. But it’s in the crror-correct-
ing mode that an additional advantage is gained.
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In existing svstems, crror correcting hasn’t found
widespread use. To set up an error-correcting code,
complex circuitry is required and about hall the
available number of bits is used; actual transmis-
sion of data is halved. Thus, what is a desirable
mode is also a costly one. But with a scheme that
doubles the transmission capability together with
the availability of low-cost digital integrated cir-
cuits, coding now becomes more feasible. At 4,500
bps, divided between coding and data transmission,
the new system can deliver the same data rate as
existing systems operating in the maximum mode.
Not only does it meet today’s needs, it does it
without requiring a wider h-f bandwidth.

Using the ionosphere

The high-frequency band, 3 to 30 megahertz,
is often the most inexpensive means of communi-
cating across long distances. Ranges upwards of
several thousand miles are obtained by bounc-
ing the signals ofl the ionosphere, a mass of sev-
cral layers of rarified air ionized by the sun’s
ultraviolet rays. The ionosphere starts about 50
miles above the earth’s surface. Constantly shifting,
the ionized layers produce varying effects on radio
signals that are reflected from them. The signals
can bounce off different parts of the ionosphere,
creating a multipath cffect. This causes successive
signals to be unpredictably delayed or shifted in
phase when they arrive at the recciver.

In time-differential phase-shift keyed systems,
where data is represented as the phase shift be-
tween signals transmitted in successive time inter-
vals, such delays limit the transmission rate. If
data intervals arce too closely spaced, multipath
cffects cause amibiguities at the receiver.

But since the new system is keyed to frequency
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DATA TRANSMISSION BASEBAND, 400-3,000hz

Multiplexing. Each group of eight data characters is first m odulated in the groupband, 3,640 to 3,960 hz, and
then multiplexed down to the voice, or baseband. The process is reversed at the recejver.
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Phase encoding. Digital data is encoded by shifting
successive tones by a multiple of 90°. For example,
if f.-1 is one tone, the next higher tone ¥, is shifted
by 0° for 00, by 90° for 01, and so on.
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Pulse decoding. The phases of the output “Z"" pulses
correspond to the original data characters. The pulses,
however, may be shifted from their undisturbed positions
due to transmission delays. Shifts are in color.
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differential, not time differential, time delays have
little effect. Information is carried in the phase
difference between toncs spaced 40 hertz apart,
which tend to experience similar phase shifts.
The ionosphere’s effects thus are minimized, leav-
ing noise from the atmosphere itself and interfer-
ence from other transmissions as the system’s major
limiting factors.

The complete modem, with its cooling and power
supplics, is contained in a single 6-foot-high cabi-
net. A feasibility model of the new modem was
recently tested in its maximum mode in an h-f
transmission between San Diego, Calif., and Bed-
ford, Mass.

Tone-by-tone referencing

In the General Dynamics modem, the allotted
baseband, 400 to 3,000 hz, is divided into 66 single-
frequency channels—400 hz for the first, then
440, 480 . . . and on to 3,000. Two bits of informa-
tion are represented by the difference in phase
between two adjacent tones. Since two bits offer
four possible combinations, four phase differences
—in 90° increments—are used. Therefore the phase
differences are 0°, 90°, 180°, and 270°, corre-
sponding to 00, 01, 11, and 10, respectively. Each
pair of data bits is called a data character and 64
characters—each occupying a single channel—
make up a data word.

The phase-shifted signal for each data character
is transmitted for 26.67 milliseconds. At the de-
modulator, the signal is detected over a 25-msec
interval and the remaining 1.67 seconds are used
as guard time. The guard time is a settling period
in which the multiple transmission paths and the
demodulator circuitry can clear themsclves of one
symbol before coping with the next.

By dividing the 64 data channels into eight
groups of eight channels each, hardware is mini-
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mized. Each group is modulated in the 3,640-to-
3,960-hz band and then translated, or multiplexed,
down to its proper position in the £00-10-3,000-hz
voice, or baseband.

This method only requires 17 synthesized tones
—mnine for modulation (since a data character cor-
responds to the phase difference between two tones,
nine tones arc neceded to get eight spaces) and
cight for multiplexing.

Eight data channels per group is the optimum.
If the data were broken down into cither larger
or smaller groups, more tones would be required.
For example, if four channels per group were used,
five tones would be needed for modulation, and 16
for multiplexing—21 in all. If the data were divided
into 16 channels per group, 17 modulation tones
and four multiplexing tones would be required.
And, if modulation were done directly in the 400-
t0-3,000-hz band on 64 characters (in cffect, a single
group), 66 tones would be nceded for modulation.

Data is fed into the modulator serially at the
rate of 4,800 bps. The first data character acts on
the phase of the 3,860-hz tonc, while the 3,640-hz
tone scrves as a reference frequency to start the
process. If the data character is say, 11, then the
3,650-hz tone would be shifted in phase by 180°
with respect to the 3,640-hz reference tone. If the
next data character is say, 10, the 3,720-hz tonc
would be shifted in phase by 270° with respect to
the 3,680-hz tone.

This process continues until the cighth data
character acts on the phase of the 3,960-hz tone,
and then the group is (ranslated down to its
proper spot in the voiceband (for the first group,
3,000 to 2,650 hz).

The next group of data characters is then sent
into the modulator, with the last character from
the previous group serving as the reference for
the first character of the sccond group. The process
continues until four groups arc processed and
placed in the range covering 3,000 to 1,720 hz.
Then a new reference, which will later be multi-
plexed to 1,680 hz, is used to start the modulation
process for the second set of four groups.

Demultiplex and demodulate

At the receiver, after radio-frequency detection,
the data is again processed in groups of cight data
channels, allowing the use of cight identical sets of
demodulation circuits. The 400-10-3,000-hz signal
containing the encoded data is applicd to a group of
demultiplexers to convert cach of the eight groups
back to the 3,640-t0-3,960 hz range at which it
was modulated. The phase dilference between
adjacent pairs of frequencies then is sensed and
the original data thus is recovered.

The group signal is applied to a bank of nine
corrclator assemblies (eight data characters cor-
respond to the phase differences betiween nine fre-
quencies); cach assembly consists of two cor-
relator circuits operating on a particular group
frequency within the designated range.

Four alternate corrclator assemblies—operating

Electronics | October 2, 19€7

lonospheric effects

Multipath. A single transmitted pulse may be received
as a sequence of pulses due to multipath effects.

Selective fading. The amount of fading of
different frequencies varies with time.

Fading envelope. Large and rapid amplitude changes
are characteristic of continuous-wave signals.

Phase changes. In high-frequency propagation, phase
changes can also be large and rapid.
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at 3,680, 3,760, 3,840, and 3,920 hz—set up the
phase references for the five remaining assemblies,
which use the refercnces to provide the differences
corresponding to the data characters.

A phase-reference corrclator assembly operating
at 3,760 hz, for example, corrclates the input tone
with the sine and cosine components of a locally
generated signal at the same frequency to deliver
two d-c voltages, A,sing, and A,cosg,, related to
the phase angle ¢, between the two (n refers to
3,760 hz; n-1 thus will refer to 3,720 hz and n-1 to

bearing phase angle, but will be used as a refer-
ence in determining the data phase.

The two d-c signals then are used to set up a
9,600-hz wave with the phase angle ¢,—A,sin
(ot + ¢u), where v is 2r times 9,600 hz. This phase
reference signal then is applied to the modulators
of the two adjacent assemblies, 3,720 and 3,800 hz.

A phase-difference assembly, 3,720 hz for exam-
ple, is similar to a phase-reference assembly except
that it produces a 9,600-hz signal with phase angle
by—Pn—1; Au—ISin (U’t -+ Gu—Pn—1 -+ 450)- At this

3,800 hz). This phase angle, ¢,, is not the data- point, the desired phase difference, ¢, — ¢u_;, has
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0Odd and even. In demodulation, the phase-reference assembly develops a phase angle used by adjacent
assemblies to determine phase differences corresponding to the digital data.
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been determined and is ready for final sensing and
decoding.

The signal now is sent through a zero-crossing
detector, which provides a narrow output pulse
when the signal crosses zero in an increasing direc-
tion.

The pulse, called a “Z” pulse, is positioned in
the 9,600-hz cycle at a point corresponding to the
phasc difference ¢,—¢,—y, which, in turn, cor-
responds to the data character that is to be re-
covered. All that is necessary now is for the Z pulse
to gate the proper two-bit character into the digital-
output register, the character then is assembled
with the rest of the outputs to recreate the 128-bit
data word that was transmitted.

The 3,800-hz unit, in a similar way, will produce
Z pulses corresponding to the phase difference
dn—ns1 between 3,760 and 3,800 hz. However,
what is desired is the higher frequency’s phase
minus the lower frequency’s, ¢,+1_¢.. Negative
phasc angles are produced by the so-called cven
channels, which correspond to the phase differences
between 3,720 and 3,680, 3,800 and 3,760, 3,880
and 3,840, and between 3,960 and 3,920 hz.

Correcting phase errors

The effects of phasc shift that might have oc-
curred during transmission must be minimized. The
system measurcs the phase error and the decoding
circuitry accommodates this error.

The phasc-error detector monitors the positions
of the Z pulses. If a phase error has occurred in the
transmission link, the Z pulses will be shifted from
their undisturbed positions. Five digital-decoding
gating waveforms, with dilferent phases, are pro-
vided to accommodate the data’s phase shift. The
phase-crror correction circuit selects the gating
waveform that is nearest in phase to the phase-
shifted Z pulses.

Each of the cight demodulator groups has two

Group decoding. Each group band, corresponding
to eight data characters, is decoded with a bank of 3960
correlators. Alternate correlator assemblies supply -

phase references for the phase differences.

REFERENCE WAVEFORM
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Correcting errors. Time lags in odd-channel pulses are used to sense phase retardation; lags in even-channel
pulses are used to sense advances. The counter measures phase error and sets up the digital gating waveform that

best accommodates the error.
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Simulated results. The eiror rate at 4,800 bits per
second and at 2,400 bps with inband frequency diversity
(in color) decreases with improved signal-to-noise

ratio, but levels off and is limited by multipath

delay spread, Tu. lonosphere effects were

simulated in laboratory.

phasc-error detectors, one for the odd and one
for the even channels, and an up-down counter to
measure the phase ervors. The Z pulses are applied
to one input of a detector, which compares their
positions with a locally generated reference wave-
form.

If the phase has been retarded in transmission,
the odd-channel pulses will be retarded from their
undisturbed positions, while the even channel
pulses, because they correspond to negative angles,
will be advanced. Therefore, to scnsc phase re-
tardation, the system uscs only the odd-channel
pulses. To sense phase advance, the system uses
the retardation of the even-channel pulses.

The phase-detector outputs are applied to the
up-down counter. A down count results from a
time lag in the occurrence of any of the odd-channel
pulses and an up count results from a time lag
in the occurrence of any of the even-channel pulses.

At the end of each phase-error detection period,
which follows each 25-msec correlation interval,
the state of the up-down counter indicates the di-
rection in which the phase has been shifted. This
information is used to sclect a decoding waveform
from one of the five available—11.25° and 22.5°
advance, 0° normal, and 11.25° and 22.5° retarded.

The phase advance-retard information also is
used by a fine sync system, which moves the re-
ceiver time base so that the best average position
of the Z pulses can be achieved for the entire sys-
tem. Thus, on the average, the same number of Z

120

pulses will be shifted in one direction as in the
other.

The coarse sync system corrects large framing
errors that appear when the modem is first turned
on. It does this by comparing the transmitted refer-
ence tones, at 3,000 and 1,680 hz, with locally gen-
erated reference tones, and adjusting the detection
interval until there is a maximum correlation.

The transmitted reference tones are phase-
reversal modulated—alternate 0° and 180° phase
shifts for every two 26.67-msec data-character in-
tervals. At the receiver, one locally generated tone
is also phasc-reversal modulated, while the other
carries a continual 0° phase shift.

The system is aligned when the locally generated
phase-reversal-modulated tone shows maximum
correlation with the transmitted reference, and the
0° phase-shifted locally genecrated tone shows zero
correlation,
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New sfanse welding techniques
solve most assembly problems.

Laser Welding: LINDELWM-1—indus-
try’s first laser welder that makes precise re-
producible welds on a production basis. Use
it where the weld arca may be smaller than a
mil. The LWM-1 features low total heat input
but high energy density. Since all this energy
comes from the laser light beam, there is no
physical contact with the work itself. All that
is needed is a line of sight. The welder joins
metals like copper, nickel, tantalum, stainless
steel, molybdenum, titanium and others. It
will join dissimilar metals of widely varying
mass and thermal conductivity.

Cross weld between 0.005-in.
diameter tungsten and 0.020-in.
diameter nickel wires.

The LINDE LWM-1 is easy to
use. The 25:1 ratio micro-ma-
nipulator makes precisc posi-
tioning a simple operation. The
binocularviewerin combination
with a turret arrangement of
threc objective lenses gives a
continuous view of the weld area
at20, 40 and 100 power of mag-
nification. A shutter protects
the operator at the moment the
weld is made. LWM-1 adapts
readily to automated welding
and digital tape controls.

UKDE is a registered trade mark of Union Carbide Corporation.
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Plasma Needle Arc Welding:
LINDE PWM-4—the practical, economical
way to make high quality fusion welds on thin
metals and miniature components. Plasma
needle arc welding uses a constricted arc jet
which extends more than V2 inch beyond the
torch nozzle. The needle-like arc is extremely
stable and easy to use: melting action remains
constant despite great changes in arc length.
Current values can be set so that burn-through
is impossible. The angle of the torch and the
long arc permit an unobstructed view while
welding.

Plasma needle arc welding eliminates elec-
trode contact and corrosive fluxes in the weld
area; and these, combined with inert gas
shielding and the highly stable arc, produce
high quality welds without the limitations im-
posed by other commonly used processes.

Repair welding of hermetically
sealed relay case, using LINDE

plasma needle arc torch,
LINDE PWM-4 plasma necdle

arc welder —a complete pack-
age, including power supply/
control unit designed for bench
mounting. Uses conventional
power and water supplies. Foot
switch provides on-off arc con-
trol; 10-ft. service line connects
torch to control unit,

For more information write
Union Carbide Corporation,
Linde Division, 270 Park Ave.
New York, N.Y. 10017.

ULl B WELDING
(H21: 11D PRODUCTS

Circle 121 on reader service card 121



NEW OPERATIONAL AMPLIFIERS

Throw

Mode|3049/15'—SMALLEST CHOPPER BURR-BROWN
STABILIZED UNIT. Only 1.80” x 1.20" l
x.60". Maximum voltage drift: 1 zV/°C. W
Maximum current drift: .002 nA/°C. 3049715 l
Our 500 kHz full power response. 160 dB -
gain. $165.00 [
JE Bl Tt A |

old '67
Burr-Brown
Catalog.

It's 1967%!

Model 3038/25 — HIGH COMMON MODE VOLTAGE, HIGH
SUPPLY REJECTION LOW CURRENT OFFSET. Rated output:
100 V at 20 mA, minimum. 100 V common mode limit. Oper-
ates from any power supply voltage from x40V to =135 V
with output voltage 20 volts less than supply. Input imped-
ance 10! ohm. Input current offset: 0.1 nA. In a 2.40” x 1.80"
x .60” package. $175.00

Model 3071/25 — LOW FLICKER NOISE (6 uV peak to peak),
FAST OVERLOAD RECOVERY (less than 1 psec). Voltage drift
less than 0.5 pV/°C max. Current drift 0.001 nA/°C max.
From —25°C to +85°C. $175.00

Model 3044/15 — HIGH SUPPLY REJECTION (2 uV per Volt
and 0.5 nA per Volt) VARIABLE POWER SUPPLY (%6 to 32V)
Output Voltage = supply voltage minus 4 Volts. Output cur-
rent: = 10 mA. $75.00

Model 3063/40 — HIGH OUTPUT CURRENT (!, Amp) —
HIGH SUPPLY REJECTION (2 nV per Volt and 0.2 nA per Volt).
Ideal for servo applications. Completely encapsulated in
2" x 2" x 1" package. No external heat sinks required. Oper-
ating temperature range: —40°C to +85°C. $135.00

NEW QUARTER SQUARE MULTIPLIER

Model 4012/25 — Fully encapsulated in 2.40” x 1.80" x .60"
package. Accuracy: *+0.159%,, 3 db response is 1 mHz. Rated
output: 10 Volts at 10 mA. Will operate in multiply, divide,
square, and square-root modes. Requires no external
amplifiers. $695.00

NEW SAMPLE AND HOLD MODULE

Model 4013/25 — Fully encapsulated in 2.40"” x 1.80" x .60”
package. Accuracy: +0.19%,. Aperture time: 50 nsec. Acquisi-
tion time as low as 1 usec. Frequency response: 500 kHz.
$225.00

NEW 20-PAGE FALL CATALOG

These and many other important new product developments
are included in the new Burr-Brown 20-page fall 1967 catalog.
It’s available from your Burr-Brown Representative . .. or, use
this publication’'s reader service card.

BURR-BROWN
BB

RESEARCH CORPORATION

Operational Amplifiers
Instrumentation Amplifiers
Function Modules

Analog Simulators
International Airport Industrial Park » Tucson, Arizona 85706 Geophysical Instruments

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

ENGINEERING REPRESENTATIVES : ALABAMA, HUNTSVILLE (205) 534-1648 / ALASKA, ANCHOR-
AGE (907) 272-5231 / ARIZONA, PHOENIX (602) 254-6085 / CALIF., LOS ANGELES (213)
665-5181, SAN FRANCISCO (408) 245-3321 / COLO., OENVER (303) 388-4391 , CONN., ENFIELO

ALBANY (518) 436-9649, BINGHAMTON (607) 723-9661. MT. VERNON (914) 968-2200, NEW
HARTFORO (315) 732-3775, ROCHESTER (716) 473-2115 / DHID, CINCINNATI (513) 761-5432,
CLEVELAND (216) 237-9145, DAYTON (513) 277-8911 + OKLA., TULSA (918) 835-248)  DREGON

(203) 749-7888 / 0.C., WASHINGTON (SEE MARYLANO) / FLORIDA, ORLANDO (305) 425-2764
ILLINOIS, CHICAGO (312) 286-6824 / LA., NEW ORLEANS (504) 888-2266 / MO., SILVER SPRING
(301) 588-8134 / MASS., BOSTON (617) 245-4870 / MICH., OETROIT (313) 353-3822 / MINN.,
MINNEAPOLIS (612) 781-1611 / MD., ST. LOUIS (314) 524.4800 / N.C., GREENSBORO (919)
273-1918 / N.J., CAMOEN (215) 925-8711 / N.M., ALBUQUERQUE (505) 255-1638 / N.Y.,

122 Circle 122 on reader service card

PORTLAND (503) 292-8762 / PENN., PHILAOELPHIA (SEE CAMOEN, N.).), PITTSBURGH (412)
243-6655 / TEXAS, DALLAS (214) 363-1671, HOUSTON (713) 928-5251 / UTAH, SALT LAKE CITY
(801) 466-3709 / VIRGINIA, (SEE MARYLANO) / WASH., SEATTLE (206) 767-4260 / CANADA,
TORONTO (416) 293-7011
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EMI/RFI-SHIELDED
PUSHBUTTTON SWITCHES

Choice of two
and four circuit momentary, plus DPDT push-push.
Ratings of 1 to 10 amps at 28 vdc; 1 amp at 120 vac.

Four models, one with wide button.

SUBMINIATURE EMI/RFI-SHIELDED [y
INDICATOR LIGHTS

U p = @ p=

Lens diameter of

Dome, flat and flush mounting.
Six

7/32", .22” and .383" respectively; 5v and 28v.
lens colors, plus clear.

STANDARD EMI/RFI-SHIELDED
INDICATOR LIGHTS

In-

Translucent and transparent dome-type lcnses.
candescent, standard neon and high-intensity neon
tamps in all popular voltages. Six lens colors, plus
clear..

3C-7101

These EMI/RFI-shielded switches
and indicator lights available at
Control Switch distributors now!

Still more new EMI/RFI-shielded components on the way.

Need shielding from EMI/RFI leaks in panels
and systems? Look to Control Switch . . . first
to introduce the types of shielded switches and
lights shown above. Now we are deep into the
development of still other shielded components.
Tell us your requirements. We may be working

CONTROLS
COMPANY
fOF AMERICA

CONTROL SWITCH DIVISION
1420 Delmar Drive, Folcroft. Pennsylvania 19032

A Subsidiary of
General Precision Equipment Corp.
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on the component you need and be able to help
you fast. Order EMI/RFI-shielded switches and
lights from your Control Switch distributor, or
contact us direct.

FREE BULLETIN!
Check number on Reader Service Card corresponding to
number at left below for our Bulletin on EMI/RFI-shielded
components. While you're at it, get all the items listed below.

#483  EMI/RFI-shielded Component Bulletin 62A
=484 Condensed Switch Catalog 100

=485 BasicSnap-Action Switch Catalog110
+486 Toggle Catalog 180

#487 Indicator Light Catalog 120

=488 Hermetic Switch Catalog 130

=489  Switchlite Catalog 220

#490 Pushbutton Catalog 190
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World'S only gas lasers il
JUS1 1 control: an on-0fl Switc

~Model 240

1.0 milliwatt guaranteed

Full year warranty
$295 complete

Never need adjustment, alignment, or maintenance

As simple to work as a light switch, these
new, rugged He-Ne continuous gas lasers
are operated by a single on-off control.
Nothing morc is necessary, because ULUs
Lasertron™ plasma tubes have perma-
nently aligned and scaled internal reflec-
tors. Their proprictary design completely
climinates the need for adjusting mechan-
isms commonly found in other lasers of
this type.

The tubes are long-lived and foolproof
—will operate even under water! (They
arc practically complete instruments in

124 Circle 124 on reader service card

themselves and are available scparately
to OEMs.)

Since they have no mechanisms to get
out of order or out of adjustment, these
lasers are cxcellent performers in tough
environments. The solid-state power sup-
plies are simple and thoroughly reliable,
assuring immediate, continuing output
to specification.

Use the coupon o order now from
University Laboratories, Inc./733 Allston
Way, Berkeley, California 94710/ Tele-
phone: (415) 848-0491.

BERKELEY, CALIFORNIA 94710

Name—

UNIVERSITY LABORATORIES, INC., 733 ALLSTON WAY

O Plcase send technical data on ULT lasers.
[ Please reserve [] a Model 200 [J a Model 240 from your current pro-
duction. My oflicial purchase order and shipping instructions will follow.

Model 200

0.6 milliwatt guaranteed
Full year warranty
$195 complete

{—MODEL 200 $195 complete

* Power over_ 0,6 milliwatt + Wave-
length: 6328 A + Uniphase (TEMoo)
wavefront « Alignment stability guaran-
teed * Built-in collimator « Low ripple
DC supply ¢ Full year warranty.

MODEL 240 $295 complete

« Power over, 1.0 milliwatt - Wave-
length: 6328 A + Uniphase (TEMgo)
wavefront » Alignment stability guaran-
teed + Built-in collimator « Adjustable
tripod mount ¢« Rugged design « Low
ripple DC supply * Full year warranty.

Organization

Address.
City_

_State

Terms: 255 discount 10 days, net 30 days, ULI products returned for any
reason, prepaid and undamaged, within 30 days will reccive full credit.

— Y /|, Y.

i Universily Laboralories
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an invitation from 5,200 Manufacturers:

5,200 manufacturers invite your judg-
ment of their products in Visual Search
Microfilm Files.

VSMF...1,500,000 catalog pages,
5,200 manufacturers, millions of com-
ponents and materials, indexed by
product for side-by-side comparison.
The VSMF Defense Design File, alone,
contains over 250,000 pages from de-
fense manufacturers. And, there’s a
file for OEM, too. In all, Information
Handling Services produces 6 dif-
ferent VSMF files for industry and
government.

We know that when you design a prod-
uct you want to use the best compo-
nents and materials. And, to do this,
you need to compare all that is avail-
able. VSMF can help you in this com-
parison because VSMF supplies the
data on all products. You supply the

judgment. ' :
Manufacturers who place their data in é ok’ ‘ beSal v-:!_._i i
VSMF know this and invite compari- ety } o : =+ )

son. The constantly changing ‘‘state of . ' ' :
the art’ is reflected in the pages of
VSMF.

If you have VSMF in your company, William H. 8. Combs, Manager, Engineering Services, Relay Division, Leach Corporation, Los Angeles, uses the VSMF Defense Design File.
look into it. If you don’t, you might look

into that, too. Write for “’Looking in-

.'l'... ‘D ' -':I -
- s ||

to VSMF.”’

Informatlon
HANDLING SERVICES, INC.
Dept. E-102

Denver Technological Center
Englewood, Colo. 80110 Circle 125 on reader service card



In this tiny box is
a 1000 ft.antenna,
a 1000 ft.boom,
a 1000 ft. probe.

Like the other STEM (Storable Tubular
Extendible Member) devices we have de-
veloped, it's a strip of specially tempered
metal rolled onto a drum.

When the drum unrolls that metal strip
forms an unsealed tube. Automatically.

Normally, an unsealed tube would be
much weaker than a seamless one. But
because we preform it with a 180 degree

overlap it has a bending strength almost
cqual to a seamless tube of the same
measurements.

And because it is unsealed it can be
retracted and used over again.

The Mini-STEM was designed specially
for use in space. That's why we could
afford to make it 1000 feet long. And why
we had to make it compact enough to fit

LT

in the palm of a hand.

But the STEM principle can be used in
a number of more conventional ground
applications. As radio antennas, for exam-
ple. Or portable masts.

We make them in a variety of alloys,
styles and sizes.

You'd be surprised how much we can
putinto so little,

1
]
Bsrem 3%
i
¢

|

de Havillaiid Canada

Special Products & Applied Research Division, Box 6016, Toronto International Airport, Ontario
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DOW CORNING

Silastic’ 1603 silicone rubber insulation is

... tougher than nails ...and flame retardant!

This NEW Silastic brand silicone
rubber insulation takes torture tests
without cutting, crawling, oozing or
burning. You can now specify braid-
less silicone rubber insulation for
those tough applications...and the
hot ones, too.

Typical properties of Silastic 1603
rubber are: 65 durometer hardness;
1300 psi tensile strength; 125 ppi

Electronics | October 2, 1967

tear strength; 350% elongation; only
four inch flame travel and zero sec-
onds burn time in the U.L. vertical
flame test. Combine these physical
properties with 500 volts per mil and
17 kv insulation breakdown ratings
—both after immersion for 24 hours
in water—and vou have an excellent
wire insulating material. Add sili-
cone rubber’s resistance to ozone,

moisture, chemicals and corrosives,
heat, cold, heat-aging, and you have
an ideal insulation for appliances,
motor lead wire and high voltage
hook up wire.

For further information, write to:
Dept. 3722, Engineering Products
Division, Dow Corning Corporation,
Midland, Michigan 48640.
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Display and digital equipment engineers:

Spearhead development of
computer-based instruction systems

at RCA in Palo Alto, California

RCA Instructional Systems, in
the San Francisco Bay area,
heads Radio Corporation of
America’s full-scale entry into
the field of educational technol-
ogy. In the first major joint
undertaking of its kind by indus-
try and education, our highly
competent nucleus staff is work-
ing in close collaboration with
nationally-known educators —
such as Stanford University’s pioneer in computer-
based instruction, Dr. Patrick Suppes.

Their task: to study, create, and test total educational
systems aimed at coping with the problems created by
enormous increases in student population, and in both
volume and complexity of knowledge. The market: all
levels of education.

At one level alone, the President’s Science Advisory
Committee has urged colleges to spend $400 million a
year on computer-based instruction by 1971.

Today, RCA Instructional Systems offers you ground-
floor opportunity for career growth in this rapidly
expanding field. You'll work with RCA’s Spectra 70,

N

first computer family to utilize
monolithic integrated circuitry
and cross the threshold into the
third generation. And be backed
by the full spectrum of RCA prod-
ucts, skills, and services in such
areas as communications, switch-
ing, displays, publishing, and
field services.

If you are an engineer experi-
enced in educational systems
analysis, electronic display development, and/or com-
puter svstems design, we’d like to talk to you. Current
efforts include: development of concepts for advanced
computer-based instructional systems; design of ad-
vanced CRT displays and electronic data entry devices;
and design of the elements of digital processing and
communications systems for use with computer-based
information. Areas of work are: digital circuits; digital
logic design; packaging; human factors engineering;
display devices design; and analog circuit design.

To inquire about career opportunities at RCA, send
your resume to A.J. Tasca, RCA Instructional Systems,
530 University Avenue, Palo Alto, California 94301.
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WHERE IS

Electronic component needs of the free world are served
through the combined efforts of sixteen O/E/N divisions
and subsidiaries. Eight in the U.S. and seven off-shore
operate a total of twenty-one plants. This import-export
balance of manufacturing and sales assures customers
throughout the world of a dependable source for qual-
ity components.

There is one common denominator of the entire O/E/N
organization...a firm belief in engineering excellence.
Reliability is built into every component. Customers
who rely on O/E/N quality in domestic operations are
assured of equal quality for their overseas operations,

¢ O/E/N

supplied by local overseas inventories, direct exports
from the U.S., or from the output of O/E/N plants in
Canada, England, Holland, South Africa, Japan and
Hong Kong.

O/E/N is rapidly moving toward its ultimate goal of
becoming the industry’s most respected components
manufacturer with engineering, marketing and produc-
tion facilities throughout the world.

For complete information about O/E/N, its facilities
and its products, send for a copy of our Facilities &
Capabilities Brochure.

OAK ELECTRO/NETICS corp
CORPORATE QFFICE
CRYSTAL LAKE, ILLINOIS 80014



LEVEL-MEASURING
SYSTEM PSM-5

“} - ”‘%@sm

@é’— Until now, it has been impossible to cover such a wide range of frequencies
:i —t " 5 g a2 and applications as is possible with the PSM-5 family of measuring instruments.
C ' 18 Accurate within+10 Hz at 1 kHz check points and + 100 Hz at any frequency.
By

Level Generator and Receiver (combined or separate)

The PSM-5 level measuring system consists of a generator, a receiver and a tuning oscillator.
The oscillator and generator may be combined to form a level generator, PSO-5. The oscillator
and receiver may be separately combined to form a selective level meter, PMO-5. Any of these
combinations can be provided.

Level Calibration Selectable

Both the generator and receiver may be set to measure either voltage level or power level,
i.e. levels can be indicated either in dB or dBm. This is accomplished through a front panel
switch which physically changes the attenuator scales and electrically compensates the meter
circuits for the referenced impedance of the measurement.

Input and Output Impedances

Both generator and receiver portions of the PSM-5 can be switched to match impedances of
50, 60, 65, 75, 135, and 150 ohms. The receiver is equipped with a high impedance “bridging”
input (30 pF input capacity) and an accessory high impedance probe (7 pF) is available.
Battery Operation

When normal AC power is not available, the PSM-5 can equally well be powered from a DC
source in the range of 23V to 30 V.

Point-to-Point or Sweep Measurements

The measuring system allows exact point-to-point measurements. With the addition of an
oscilloscope display it can also be used for sweep measurements (WM-50). A wide range of
sweep rates and ranges is already provided in the tuning oscillator unit.

Frequency adjustment: 10 kHz (2 kHz) to 36 MHz, phase locked to a crystal at 100 kHz points,
phase compared at 1 kHz point; optically projected fine and coarse tuning scales, each
virtually 8 ft. in length.

Built-in electronic sweep with common tuning of generator and receiver.

Sweep range =+ 17.5 Hz to + 17.5 MHz.

Sweep frequency: 0.1 to 50 Hz, manual and external.

Level measuring range: — 130 dB to + 20 dB.

Selectable bandwidth: 500 Hz and 3.5 kHz.

Meter scale linear (20 dB) and logarithmic (100 dB).

Calibration: Selectable dB or dBm.

Oscilloscope display unit with electronic calibration line and frequency markers.
Graticule markings, full scale (level): 2 dB to 100 dB.

Graticule markings, full scale (frequency): 35 Hz to 35 MHz.

Accessories: Expanded scale meter (= 1 dB), high impedance probe, dual trace switching
unit, return loss bridge (50 - 150 ohms).

Wandel & Goltermann wes: cemany

REPRESENTED IN U.S.A. BY

I E L- CO M 6 Great Meadow Lane, Hanover, New Jersey 07936

INSTRUMENTS., INC Telephone: (201) 887-8700
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If you buy HP counters,
we have news for you.

stron-Donner makes advanced counter
Ltrumentation that has no equivalent
the HP catalog. That's why it

ys to check with Systron-
bnner before you buy. You'll

d equipment with unique

pability like:

plug-in that will extend your counter’s frequency
ge to 15 GHz — measuring FM and pulsed RF
well as CW and AM. The only way to get the full
o 15 GHz range in one cabinet. No calculations.

splays final answer.

-

2 i
2. Plug-ins that produce automati
readings of microwave frequenci
S By far the most compact and

economical equipment for
“Thin Line  counters that take only 1%” producing automatic reading
rack space. Built with ultra-reliable ; in the 0.3 to 3 GHz band
egrated circuits to give you automatic or the 3 to 124 GHz band.
.quency measurements — dc to 100 MHz
0.3 to 124 GHz.
\ese are the highlights of expandable 1 - .
stems that will make just about
y measurement possible with counters.
he accuracy of our basic 50 MHz
\d 100 MHz counters is unsurpassed.
ime base aging rate is only & parts in
10 per 24 hrs.) All devices to extend
e range or add functions are convenient
Mug-ins — not rack mounts. The newest
e a prescaler to extend counter
nge to 350 MHz and a heterodyne
\nverter to measure noisy signals
the 0.2 to 3 GHz range.
re you surprised that Systron-Donner
a step ahead of HP in counter technology ?
ow else could we stay in business?
'stron-Donner Corporation, 888 Galindo Street,

oncord, California 94520
SYSTRON @ DONNER
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NUMBER1

IN NUMBERS

Wang products tend to be friendly.. ..but calculating

Take ourSeries 300 calculator...

It's small, quick, quiet and very easy
to get along with. You'd never guess,
titl you get to know it, that inside this
trim little keyboard console lurks the
most versatile, most advanced elec-
tronic desk-top calculating capability
ever developed. Among other things,
these vital statistics:

& Petite keyboard and large display

B Silent, fast, and easy to use

M Maximum economy — 4 keyboards can
share the cost of 1 "'brain”’

B 2 adders, and 2 more registers for each
keyboard

M Automatic invoice extensions and

ine counts

M Special keys for LogeX, eX, \/X— and X2,
SIN (#), COS (8), ARCSIN (X) and ARCTAN (X)

.. then there’s the brand new Series
370 programmable calculator

Although it looks like its little Series 300
brother, this new, absolutely unique in-
strument can do things no other etec-
tronic calculator in the world can
handle.

& Attaches to the 300 Series

B Same calculating keys

B Program capacity from 80 steps up

B Only 8'/2" page printed output on a
calculator

B Complete programming features including
decisions and loops

B Extensive program library

B Additional data storage up to 64 registers
(with 10 digits, decimal point and sign)

B Communication with telephone lines and
data acquisition equipment

B Fully programmable for long or iterative
calculations

... and while you’'re here, meet the
Series 4000 on-line data system

Actually a series of compatible "black-
box” data modules, this unusual “sys-
tem” can be custom-assembled, at low
cost and virtually on a plug-in basis, to
handie any of a broad variety of on-line
data acquisition and reduction tasks.
& Completely modular for versatility and
expandability

B Fully programmable multiple inputs and
outputs

8 Data and program storage in modules of
1024 — 10 digit numbers plus decimal
point and sign

B Economy of calculator with power of
computer

When your calculations are be-
yond an adding machine and
below a computer, call

WANG

LABORATORIES, INC
OEPARTMENT N-10, 836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 018768 — TELEPHONE: (617) 851-731
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Now, your Babcock 10 amp. full size crystal
can relay will also switch dry circuit with the
same set of contacts. These exclusive universal
contacils have greatly simplified your relay
stocking requirements. You can order one
model to meet a given set of performance pa-
rameters without concern for load requirement
—at no cost premium. Get complete informa-
tion about this versatile relay, and the entire
Babcock line, all with universal contacts.

Werite Babcock Relays, Division
of Babcock Electronics Corpo-
ration, 3501 Harbor Boulevard,
Costa Mesa, California 92626;
or telephone (714) 540-1234.

WATCH FOR BABCOCK RELAYS ON THE EDN MOBILE DISPLAY — SOON IN YOUR AREA. j

#1=N

This Babcock

1 L]
-

b/ ¥ Ny 10 amp. relay

//

also
switches
dry circuit
with the
same contact set

The Babcock Model BR7 relay
will perform from dry circuit to
10 amps., with universal contacts,
and is designed to meet critical
aerospace applications.

SPECIFICATIONS
SIZES PULL-IN POWER:
1.300” h. x 1.075" 1. x .515” w Low as 80 mw.

WEIGHT: | L
Approx. 1.0 oz. 100.000 operations, min.

CONTACT ARRANGEMENTS: | TEMP. RANGE!
SPDT and DPDT | —65°C to +125°C

FROM THE BABCOCK FAMILY OF CRYSTAL CAN RELAYS

J s 5
q.%‘9.\. L o /p,_:
, la%a™ o
R Lt \

::’: -~ \‘\l\ i S
TWICE sizE FULL SIZE HALF SIZE SIXTH SIZE
4PDT DPDT SPDT & DPDT | SPDT & DPDT
dc to 10 Amps. | de to 10 Amps. | dc to 2 Amps. | de to 1 Amp.
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a TCXO that fits almost anywhere

and offers exceptional frequency stability between —55°C and +85°C

Only about ¥z of a cubic inch in size, this
TCXO (temperature compensated crystal
oscillator) offers excellent frequency sta-
bility; 5 ppm over a temperature range of
~55°C to -}-85°C. It's one of four new
miniature TCXO's from Motorola. The
slightly larger models offer stabilities as
low as =1 ppm. Zener diode regulated
compensating circuits provide on-
frequency operation the instant they're
turned on. All-silicon solid-state con-
struction provides exceptional reliability.
Take a look at these facts.

MOTOROLA

PRECISION
INSTRUMENT
PRODUCTS

134 Circle 134 on reader service card

SMALL SIZE: Sizes range from 0.58 cubic inch to 3.4 cubic inches.

WIDE TEMPERATURE RANGE: From —55°C to --85°C.

HIGH FREQUENCY STABILITY: Available as low as =1 ppm.

WIDE FREQUENCY RANGE: From 1 MHz to 30 MHz.

LOW POWER CONSUMPTION: As low as 100 milliwatts.

NO WARM-UP TIME: Adjusts instantly to temperature conditions.

FOR MORE INFORMATION contact your Motorola representative. Or write for
bulletin TIC-3213.

MOTOROLA COMMUNICATIONS AND ELECTRONICS INC.
Dept. EO, 4900 West Flournoy Street
Chicago, lllinois 60644. A subsidiary of Motorcla Inc.
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King Radio needed:
acitors that stay reliable even

with extreme cold, humidity

and vibration.

So King Radio chose: capacitors

Strict aircraft safety standards require
the most reliable navigation equipment
available, That’s why King Radio Cor-
poration uses capacitors of MYLAR*
for their Distance Measuring Equip-
ment. MYLAR can take temperature
extremes from -60° to +150°C;
MYLAR remains constantly stable un-
der humid conditions.

FDY PONT’S RCOISTERED TRAGEMARK FOR ITS POLYESTER FILM.

Electronics | October 2, 1967

of

But reliability
isn’t the only reason King Radio chose
MYLAR. The extremely high dielectric
strength of MYLAR permits its use in
thinner film, thus helping King Radio
to build the lightest and most com-
pact distance measuring unit on the
market. MYLAR is available in films as
thin as 15 gauge.

/ R.

And another reason why you will
want to investigate using capacitors
of MYLAR: they usually cost no more
than others. Write for complete tech-
nical data to DuPont Company, Room
4960A, Wilmington, Delaware 19898.
(In Canada, for information write
Du Pont of Canada Ltd., Post Office
Box 660, Montreal, Quebec.)

@@ MYLAR®
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The Tektronix Type 454 is an advanced new portable
oscilloscope with DC-to-150 MHz bandwidth and 2.4-ns
risetime performance where you use it—at the probe tip. It
is designed to let you make convenient measurements of
fast-rise pulses and high-frequency signals previously out-
side the range of conventional oscilloscopes.

The Type 454 is a complete instrument package with dual-
trace vertical, high-performance triggering, 5-ns/div delayed
sweep and solid-state design, all in a rugged 31-1b. instru-
ment. You also can make 1 mV/div single-trace measure-
ments and 5 mV/div X-Y measurements with the Type 454.

The2.4-nsrisetime and DC-to-150 MHz bandwidth are speci-
fied at the tip of the new miniature P6047 10X Attenuator
Probe. The dual-trace amplifiers provide the foliowing
capabilities with or without probes:

Defiection Factor* Risetime Bandwidth

20 mV to 10 V/div 2.4 ns | DC to 150 MHz
10 mV/idiv | 3.5 ns DC to 100 MHz
5 mV/div | s9ns DCto 60 MHz

*Front panel reading. Deflection factor with P6047 is 10X panel reading.

The Type 454 features a new CRT with distributed vertical
deflection plates and a 14-kV accelerating potential. It has
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a 6 by 10 div (0.8 cm/div) viewing area, a bright P-31 phos-
phor and an illuminated, no-parallax, internal graticule.
The Type C-30 and the New Type C-40 (high writing speed)
cameras mount directly on the oscilloscope.

The instrument can trigger to above 150 MHz internally, and
provides 5-ns/div sweep speeds in either normal or delayed
sweep operation. The calibrated sweep range is from 50
ns/div to 5 s/div, extending to 5 ns/div with the X10 magnifier.
Calibrated delay range is from 1 us to 50 seconds.

The Type 454 is designed to be carried and has the rugged
environmental characteristics required of a portable instru-
ment. A rackmount, the 7-inch-high Type R454 oscilloscope,
is available with the same high performance features. Also
available is the new Type 200-1 Scope-Mobile® Cart.

For a demonstration of the Type 454, or the new Tektronix
DC-to-100 MHz plug-in oscilloscope, the Type 647A, con-
tact your nearby Tektronix field engineer, or write:

Tektronix, Inc., P. O. Box 500, Beaverton, Oregon 97005.

Type 454 (complete with 2 P6047 Probes and accessories) . . $2600
Type R454 (complete with 2 P6047 Probes and accessories) . $2685
C-30Camera . . . . . . . .. e e e e $ 420
C40Camera . . . . . . . i s e e e e e e e e e e e $ 560

U.S.Sales Prices FOB Beaverton, Oregon

230,000 square feet devoted to R&D
... part of the Tektronix commitment
to progress in the measurement sciences
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Probing the News

Consumer electronics

General Motors pulls ahead

Beating out rivals, GM builds its own IC voltage regulator
for 1968 Pontiacs but can’t find second sources

By John D. Drummond

Consumer electronics editor

Zooming off with the first inte-
grated circuit in the auto industry,
the General Motors Corp. leflt
semiconductor makers at the start-
ing line. But now the giant auto
maker has run into a roadblock:
it's thus far been unable to con-
vince the major 1c houses to act as
second sources.

Developed by car’s Deleo Radio
and Delco-Remy divisions, this first
device—an 1c voltage regulator for
the Deleotron generator—is being
installed on some models of the
1968 Pontiac linc [Electronics, Aug.
21, p. 25]. Because Delco Radio’s
semiconductor facilities are already
severely taxed, the company has
been pressing in recent months for
other sources of supply. Specifica-
tions, along with requests for
samples and prices, have gone to at
least six major 1c makers, but as
one Delco-Remy spokesman says,
“We haven’t had any takers so far.”
Several 1c manufacturers are un-
derstood to have already turned
down ¢ar; others have yet to reply

Ic makers fear that high produc-
tion costs and low prices—Dbecause
the auto companies are tough bar-
gainers—will make the business
unprofitable.

But at ¢y, an engineer belicves
the reasons are more technical than
economic. “The 1c voltage regulator
cannot be fabricated and tested by
electronic technology alone,” he
says. “Without a knowledge of auto-
motive cngineering, or the active
support of the auto industry, semi-
conductor manufacturers will be
sweating this one out for a while.”

The General Electric Co., the
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Today and yesterday. The new General Motors Delcotron,
with its IC voltage regulator, is at the left. Earlier generator,
with its electromechanical voltage regulator, is at right.

Sitting on top. Block in color shows position of the IC regulator
in the Delcotron generator. Side view is at left, end view at right.
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Got a30 MHz
counter

headache?

sedy
relief!

If your counter instrument or system
designs have been a bit sluggish and
out of spec, lately, you may have a
30 MHz Counter Headache! Reach
for a Janus UC-300 Series 30 MHz
BCD Counter-Display, WITH TTL, and
get speedy relief! This Series accepts
periodic and aperiodic signals to 30
MHz. Important features: BCD out-
puts, preset to non-zero numbers,
external count control and bright in-
line display. Input and output levels
are compatible with DTL and TTL
integrated circuit logic levels. Also
available with latch storage for “blur-
free' display and BCD data storage.
For slower-speed headaches use
Janus 5 MHz Counter-Display
Modules.

See your local Janus Representative
or write for clinical data.

JANUS CONTROL DIVISION | BNCO
;A\<

296 Newton St.,, Waltham, Mass. 02154
Phone (617) 891-4700
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VOLTAGE
SENSING

REGULATOR

IND LAMP

AMMETER

STATOR

FIELD

GENERATOR =

New look. As the voltage of the zener diode increases, the input
transistor saturates. This turns off the Darlington pair and the
generator field current. As generator output dips, the zener
turns off and full current is applied to generator field coil.

Westinghouse Electric Corp., and
the Radio Corp. of America won’t
say whether they have been ap-
proached by cM. General Electric’s
silence is easily explained. As a
GE spokesman puts it: “Delco is one
of our biggest customers.” But one
firm that admits it has been ap-
proached is Sylvania Electric Prod-
ucts Inc.

In the dark. Says Alvin Phillips,
general manager of Sylvania’s 1c
operations: “We had a rather high-
level visit [from GM] a few months
ago. They demonstrated sample
devices and circuits, but didn’t say
what the 1c’s were for. A few
months later we read about the
voltage regulator.”

The disclosurc of General
Motors™ Delcotron caught some ob-
servers by surprise. Until then, the
Ford Motor Co. was the odds-on
favorite to be first because it had
Fairchild Semiconductor working
on an Ic regulator. But Fairchild
abandoned its work in this area
shortly after submitting samples
last year. Motorola Semiconductor,
another firm contacted by oM, is
working on the Ford project, with
Philco-Ford as backup. Motorola
admits it is now making integrated
circuit regulators for an auto
maker, but wont confirm that it’s
Ford.

I. Down the road

Besides Ford, the Chrysler Corp.
and the American Motors Corp. are
expected to follow cm’s lead with
an Ic voltage regulator—perhaps
as early as this winter.

Despite the difficulties of making
an 1c that can take the torturous
environment of a car’s engine—
and it has to have a low enough
price for the auto makers—some
auto industry observers estimate
that by next fall more than half
the vehicles being produced will
be equipped with the 1c devices.
By 1972, when all new vehicles are
expected to be equipped with in-
tegrated regulators, there would be
an annual market of 10 million
integrated circuits,

Cut-rates. Auto makers are now
paying up to $3 each for some
standard electromechanical regula-
tors. With the present limited pro-
duction runs, the 1c regulator costs
about this much to make. How-
ever, as volume increases and
manufacturing  technology  im-
proves, the cost per circuit is ex-
pected to level off at about $1.

Standard in Pontiac’s Grand Prix
and a $10 optional extra in the
Catalina, Executive, and Bonneville
models, the 1c regulator is about
the size of a man’s wristwatch, It
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fits into a recess in the rear frame
of the car’s generator, eliminating
the conventional external assembly
as well as associated harness wir-
ing. It can operate when under-the-
hood temperatures are as high as
960°F. and as low as —30°F, while
maintaining the generator output
within 0.2 volt of the prescribed
setting.

Il. Sales and service

The 1c device represents more
than a cM marketing gambit in
the auto sales wars. The assembly
provides better voltage regulation
than conventional units, thereby
prolonging the life of the battery
and lighting systems. Moreover,
the sealed 1c is unaffected by mois-
ture, aging, weather extremes, and
vibration. Because the 1c regulator
senses only the battery voltage, it
is immune to interference by the
generator's magnetic field, elec-
trical noises, or transients. From
a service viewpoint, the 1¢ requires
no periodic adjustment.

The standard electromechanical
voltage regulator is prone to relay-
contact erosion and wear, which
introduce unwanted resistances
that change circuit regulation.
Metal fatigue in springs can causc
voltage and current sensing lev-
els to change. And sticking relay
contacts can cause a voltage-regula-
tor failure, which, in turn, can
destroy the generator itself.

The function of a voltage regula-
tor is to keep the generator output
within preset limits across a wide
range of engine speeds and under-
hood temperatures. It does this by
sensing the voltage at the battery
terminals and varying the charge
rate of the generator as necessary.
As the voltage of the zener diode
increases, the diode breaks down,
causing the input transistor to sat-
urate. This turns off the Darlington
pair and the generator field current.
As the generator output drops, the
zener turns off to bring the input
transistor out of saturation, and the
full current is once again applied
to the generator field coil. A ther-
mistor provides temperature com-
pensation in a voltage-divider con-
figuration.

l1l. Meeting the challenge

Knowledgeable spokesmen at
the leading semiconductor houses
feel that Delco Radio engineers
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Clearest

Logic:

§

)

it

Logic modules are built on printed circuit cards. Hole location and
front-to-back registration must be very accurate for machine assembly.
Hand assembly is costly. Plated thru-holes must provide positive con-
tinuity. Rejects are costly. Circuit boards for logic modules must be
easily solderable. Poor solderability is costly. Printed circuit cards must
be delivered in volume quantity for large-scale logic module produc-
tion. Time delays are costly.

These are the reasons that Cinch-Graphik boards are built with such
exacting precision. Anything less is too costly.

»

CINCH-GRAPHIK

DIVISION OF UNITED-CARR

MEMBERA .
200 South Turnbull Canyon Road, City of Industry (Los Angeles), Calif. 91744 - Phone (213) ED 3-1201, Sales

offices in 33 principal cities throughout the United States, Great Britain, Canada, Australia and West Germany.
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YOU BE THE
OFFICIAL JUDGE!

a

"THE GREAT
RELAY RACE”

You always come out ahead with Eagle relays. After all, we developed
them because we use relays in our other products, and we just couldn’t
find any relays on the market to meet our standards of reliability.

The chart below shows that we have succeeded in building a better relay.

Now, we ask that you be the official judge! FREE RELAYS AND OFFICIAL
SCORE CARDS are available for your own test . . . under your own con-
ditions. To receive an official entry blank to the great relay race, contact
R. W. Emelander, Eagle Signal Division, E. W. Bliss Company, 736
Federal Street, Davenport, Iowa 52808. Or circle the reader service
number below.

COMPETITIVE BRANDS EAGLE
CONTACTS apn agn ugr pr = wpr RELAYS
Arrangement 3POT 3 PDT 3PDT 3PDT 3 PDT 3PDT 3PDT
Rating 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp. 5 Amp.
LIFE .
Mechanical 15,061,261 | 14,077,866 28,808,000 | 21,625,333 | 16,923,133 | 29,433,600 § 34,492,950
Operations |Operations | Operations | Operations | Operations | Operations Operations
ELECTRICAL
5 Amp. Resistive | 295,466 490,433 129,600 235,700 778,200 921,400 948,675
Operations | Operations | Operations | Operations | Operations | Operations § Operations
1.6 Amp Inductive| 488,666 | 1,071,666 | 496,000 284,333 | 3,529,466 | 1,842,000 3,102,200
Operations | Operations| Operations | Operations | Operations | Operations Operations

These ‘‘track records’’ show that Eagle Relays have a consistently longer life. A 20%
greater life than the closest competitor at 5 amps resistive. An almost 70% greater
electrical life than the average of the six competitors tested.

Like to prove us wrong? Chances are you’re more likely to set a new ‘‘track record!”’

LTTEYS ¢ [EAGLE SIGNAL

A DIVISION OF THE E. W.
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Looking down. Top view of regulator
circuit showing hybrid IC configuration.

Looking up. Bottom view showing
output power transistor in a TO-3.

have taken the lead in this phase
of integrated circuitrv fabrication.
“An 1c voltage regulator is tough
to design,” says Frank Cook, a mi-
crocircuits product planner at Ge.
“There are problems of temperature
tracking that present a real chal-
lenge. To get the kind of voltage
regulation the auto industry wants,
components must be matched
pretty closelv.”

At Delco Radio, un engineer
says, “At first it seemed like an im-
possible task. There was always
the danger of thermal runaway
upon subjecting the substrate to
extremely high temperatures. An-
other problem area is material com-
patibility as chips are bonded to
the substrate.”

Mechanically, the lead bonds
presented problems since they had
to withstand tremendous pressures
and vibration. The regulator tem-
perature-compensation circuit had
to be designed with the aid of a
computer.

General Motors™ ic regulator is a
hybrid; transistors, diodes, resistors,
a capacitor, and a thermistor are
mounted on a ceramic substrate.
The assembly is mounted on a dis-
crete power transistor packaged in
a TO-3 can with six lead terminals
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for interfacing with the generator.

Safety first. The high develop-
mental cost of cars regulator is
attributable in part to the rigorous
testing that the device has under-
gone and the caution taken by et
engineers. A Delco-Remy engineer
says: “With the present furor over
auto safety still simmering, ¢
couldn’t afford to have its cars re-
called because of a defective or
malfunctioning charging system.”
Few components in the car have
been as thoroughly tested as the 1c
regulator. “We just had to be sure
this thing was foolproof,” adds an-
other car spokesman. The regulator
was road-tested for 2 million miles.

After fabrication, each 1c is
checked for mechanical flaws and
undergoes a scries of electrical
tests. It is then placed in an en-
vironmental chamber where it is
subjected to tempcratures ranging
from —30°F to -}-260°F during a
30-minute cycle. The device then
undergoes a vibration test that ex-
ceeds the worst the auto can offer.
Once these preliminary tests are
completed, the regulators are
mounted on operating gencrators
for prolonged life testing. Regula-
tion is checked at 0° 80° and
160°F.

Sneak preview. General Motors
began road testing the 1c regulator
three years ago in more than 200
cars. Some Delcotron generators
were installed in cars driven by
company officials as well as service
personnel. Others went into devel-
opment vehicles.

IV. Smoothing it out

After each test cycle, which
lasted for about a year, the regula-
tors were removed, checked, and
modified. Most of the failures ex-
perienced were mechanical in na-
ture. Leads continually broke off
and had to be reinforced. In-
ternally, bonds had to be rede-
signed to withstand the torturous
environments of bumpy, dusty
roads. The epoxy developed cracks
that could only be prevented by
adding a thin plate around the
sides of the ceramic base. After
each modification, the regulators
were tested again until all flaws
were corrected.

Based on its experiences with
the device, Gat’s next generation of
1c regulators will probably be plug-
in units without leads.
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7ay/arfs total reliakility plan:

Glass-Enoxy

COpperCIAL

in sheets, panels or punched blanks to your
specifications and reliability requirements

Accepted by an increasing number
of major OEMs and commercial
etchers who give their stamp of ap-
proval, because . . .

. in atmosphere-controlled white
rooms, under extremely tight quality
control procedures, to produce cop-
per-clad . . .

. . . then deliver when promised, or
in an emergency, from plant or ware-
house stocks in special packages.

. they get highest quality level
assurance from two fully-equipped
copper-clad plants using white-glove
techniques . . .

. . . to specifications and established
reliability requirements in standard
sheets, ultra-thin sheets and multi-
layer prepregs . . .

Let us prove the advantages of
Taylor’'s TOTAL RELIABILITY
PLAN to you! Ask for a demonstra-
tion today. Write for a sample (give
grade designation and copper com-
bination) and Bulletin GB-2.

e 73 laylor copper-clad

TAYLOR CORPORATION e Valley Forge, Pa. 19481

...yourassurance
of quality

Phone: 215-666-0300  TWX: 215-666-0659

West Coast Plant: La Verne, Calif.

Also manufacturer of Taylor laminated plastics, Taylorite® vulcanized fibre and Tayloron® prepregs
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Forms sharp or shallow

SCRATCH-PROOF, TOO!

Welcome! This is the Di-Acro Tru-Form Die. A Jack of
all jobs, as you can see. The secret? A new urethane
insert by DuPont. It makes a resilient pad that takes
the exact shape of the male die for each forming
operation. Again and again.

And it won’t scratch the material. Not even
polished aluminum. Not even painted surfaces. You
can forget about work marking. Period!

Look how frugal! Fewer dies in your inventory.
Shorter setup time. This one die does the work of a
mob by changing just the male die. No special female
dies needed for forming special shapes, either.

Choose a 1” x 1”7 or 2” x 2” forming pad. Six to
144 inches long.

There are other Di-Acro brake dies too. Rol-Form Dies
with half round inserts that provide an easy folding —
mar-free —action when forming to any angle up to 60°
in material up to %" thick.

Standard V-type press brake dies for bending, box form-
ing, corrugating, curling, hemming, flattening, etc. They
fit all standard press brakes on the market. See your
nearest Di-Acro distributor or write us for a press brake
die catalog.

@DI-ACRDm

division of
4310 EIGHTH AVENUE
LAKE CITY, MINNESOTA 55041

thick or thin straight or curved

INDUSTRIES INC
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C’est la guerre

CSF, France’s largest
electronics firm, to merge
with Thomson-Houston

By Peter Kilborn

Paris news bureau

In the past year or so, the French
electronics industry has kept an
anxious watch on the Rhine, won-
dering how it could stand up to the
onslaught of huge West German
companies when the Common Mar-
ket abolishes internal tariff barriers
next July.

Even France’s biggest electronics
firm—CSF-Compagnie Générale de
Télégraphie sans Fil—felt itself
vulnerable. For one thing, the com-
pany was in a financial bind; last
year’s $306 million of sales just
wasn’t enough to support the exten-
sive research and development cs¥
must do to keep its products, es-
pecially its defensc and space hard-
ware, up to the mark.

Now csr is going to get some
hefty protection, but at the expense
of its corporate indentity. Com-
pagnie Francaise Thomson Hous-
ton-Hotchkiss Brandt, a fast-grow-
ing producer of electronic gear,
appliances, and machinery, is ab-
sorbing csF and plans to make it
the core of a yet-unnamed elec-
tronics subsidiary. With csr in its
fold, Thomson will become an $800
million company and rank as the
number four clectrical-electronics
producer in the six-nation Common
Market trade bloc behind Holland’s
Philips and West Germany’s Sie-
mens AG and AEG-Telefunken.

l. Or else

Some observers say the merging
of the two companies—arch rivals
up to now in several electronics
lines—may have been the only
means of assuring a strong elec-
tronics industry for France. Thom-
son itself has been in trouble; rapid
expansion has brought on growing
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pains, and the company last year
posted a $1.1 million loss.

Less than two years ago, Thom-
son-Houston was France’s 24th
biggest company in terms of sales.
Then it took over Hotchkiss-
Brandt, primarily an appliance and
heavy-vehicle firm, and jumped to
14th biggest. The csr acquisition,
to be effected early next year, will
put Thomson in the seventh or
eighth slot and its electronics sub-
sidiary alone up among the top 15
French firms.

This subsidiary will mesh most
of Thomson’s nonconsumer elec-
tronics business—whicl accounted
for a third of the company’s $460
million sales last year—and all csF.

Mix gently. Until recently, csr
and France’s finance and industry
ministries  followed ~ a  gradual,
piecemeal approach to growth via
mergers. Under de Gaulle’s Plan
Calcul, for example, Paris prodded
three firms to merge their com-
puter-manufacturing efforts. And
under the newer Plan Composants,
the government helped arrange the
merger of two firms’ semiconductor
operations. Three other companies
were expected to follow suit until
the latest development.

Csr figured importantly in those
projects and initiated some of its
own as well. It is one of three
owners of Compagnie Francaise de
Télévision (cFr), the producer of
France’s Secam color-tv system and
a new picture tube that may one
day replace rca’s shadow mask. It
signed an agreement last year with
West Germany’s Grundig to jointly
develop advanced components for
consumer products. And CsF’s
Compagnie Générale des Semi-
conducteurs (Cosem) set up a
joint marketing subsidiary with
another components concern, So-
ciété Industrielle des Liaisons
Electriques (Silec).

11. The down staircase

Yet csF continued to flounder.
Problems started two or three years
ago with drastic cutbacks in the
R&D contracts the company had
been receiving from U.S. defense
agencies. Crr’s new tube still
hasn’t reached the market after six
years of trying. And Cosem, with-
out in-house, volume integrated-cir-
cuit production, has been forced
to market solid state devices at
prices set by U.S. components

Y
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The new Bausch & Lomb Aero-
sol Dust Counting System keeps a
watch on dust in your clean room. Airborne
contamination is detected. counted and recorded
.. automatically, accurately, dependably. Particles of
different refractive indexes are correctly sized the only accurate
way . . . using near-forward light scattering. The efficient con-
centric optical system can classify particles of any shape and
orientation by equivalent diameter. Any particle concentration
up to one million per cubic foot—is read and printed directly.
Response is instantancous. Counts all particles greater than
the preset size. Seven presettable sizes can be selected—0.3,
0.5, 1.0, 2.0, 3.0, 5.0 and 10 microns. And, surprisingly, this
superior system is priced far below any other commercial unit.
Ask for our new Catalog 38-2190 . . . it has the full story. Write
Bausch & Lomb, 99746 Bausch Street, Rochester, N. Y. 14602.

BAUSCH & LOMB (§)

In Canada, Bausch & Lomb Optical Co., Ltd., 16 Grosvenor St., Toronto, Ontario.
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Tube capability is right down our alley

Challenge has been our game for
nearly 30 years...the challenge of
designing, engineering and pro-
ducing new CRT’s for special
applications.

We meet this challenge continually,
and from our modern R & D and
manufacturing facilities have come
many “firsts” in CRT development.
Our contributions to industry, sci-
ence and the military have earned us
areputation for solving the particu-
larly difficult display problem.

Today, as a result of our 3-decades
of pioneering activities in tube tech-
nology, we offer one of the largest
lines of off-the-shelf CRT’s in the
industry. Each has undergone the
quality-controlled product engi-
neering and stringent testing
required as a custom fabricated
item. And each will provide more
performance per dollar in the ap-
plication for which it was designed.

Try “pinning us down” to your
individual CRT needs, whether

they involve multi-gun displays,
multi-layer phosphors, special bulb
shapes, or ultra-high resolution.

You'll find us “right down your
alley” when it comes to meeting
your specs. Why not call us today
... or write for our complete capa-
bility catalog.

GENERAL

ATRONICS
ELECTRONIC TUBE DIVISION
PHILADELPHIA +  PENNSYLYANIA 1911

GENERAL

<ATR0NICs®




. . . decision to merge companies caught
government with its blueprint down . ..

companies that manufacture in
France.
Last April, cs¥’s president,

\Maurice Ponte, disclosed to stock-
holders the depth of the company’s
trouble. He announced a 1966
deficit of $27 million, most of it
representing unamortized research
that the company decided to put in
the liability column for the first
time. The biggest liability: a com-
plete new line of telecommunica-
tions hardware that spent two
vears in the Jab before its introduc-
tion late last vear.

Bowing out. CSF chief Maurice Ponte
will have advisory role in new setup.

Squeeze. A painful belt-tighten-
ing followed Ponte and his second-
in-command, Andre Danzin, put a
freeze on hiring and the replace-
ment of employees lost by attrition.
The company’s three big rescarch
divisions at Corbeville, near Paris,
were consolidated, and a number
of their projects were cut back or
dropped. Csr’s one manufacturing
subsidiary in the U.S., Warnecke
Electron Tubes, was sold [Elec-
tronics, Aug. 7, p. 272].

Talks with Thomson began last
summer, but they were initially
aimed at implementing the govern-
ment-songht merger of Cosem,
Silec, and Thomson’s semiconduc-
tor subsidiary, Sociét¢ Européene
des  Semiconducteurs  (Sesco).
There were two immediate bar-
riers. First, there was the General
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Electric Co.’s 49% ownership of
Sesco; ¢t would have to be bought
out, the government felt, but the
U.S. firm showed no desire to sell.
The other problem was that Thom-
son didn’t view favorably its pro-
spective partner’s financial woes.
Cs¥. for its part, concluded that the
proposed merger offered scant hope
of relieving its pinch in other prod-
uct arcas.

The solution that was ultimately
adopted surprised even the govern-
ment planners. But while the com-
panies” decision upsets the govern-
ment's blueprint for a delicate,
step-by-step strengthening of the
industry, the result is just what
Paris wanted—a couple of years
carly.

111. Interested party

It wasn’t csF management that
initiated the company’s move into
the Thomson camp. In fact, there
is little evidence that management
plaved more than a secondary role
in the talks. The central figure was
the company’s biggest stockholder,
Banque de Paris et des Pays-Bas
(Paribas). The bank felt it wasn’t
getting a big enough return on its
heavy investment in cs¥. Paribas
hasn’t disclosed the extent of its
holding, but it undoubtedly has a
controlling interest. Until the com-
pany’s annual meeting last April,
the bank held 21% or 22%, Bourse-
walchers believe. After that, Pa-
ribas reportedly picked up more
shares as cs¥ dropped on the
Bourse when the 1966 loss was an-
nounced. Of the company’s 12 di-
rectors, three represent the bank.

The takeover by Thomson won’t
be completed until both firms’
stockholders meet again, probably
after the end of the year. However,
the three parties have reached an
accord under which Thomson will
move all but its consumer and
medical electronics operations into
the csv structure, and cs¥’s capital
will be increased to cover Thom-
son’s contribution to the new com-
pany. The new capital, represent-
ing about a third of the company’s
total, will he held by Thomson; the
bank will exchange most of its
holding in csr for a noncontrolling

Engineer. Andre Danzin, managing
director, will run technical side.

interest in Thomson. As a result of
all this, Thomson is expected to
wind up with 9% control of the
consolidated subsidiary.

Old faces. Managing director of
the subsidiary will be csr’s Danzin,
41 vears old, long Ponte's heir ap-
parent. An engincer, he’ll run the
technical show. Ponte, who has
reached retirement age and was
expected to leave csr this summer,
will become honorary president of
the unit and scientific adviser. The

new company’s president, Paul
Richard, formerly president of
ITotchkiss-Brandt and now a

Thomson vice president, will con-
centrate on management and fi-
nance.

Though Thomson’s acquisition of
csr is now all but fact, it will take
two or three vears to become effec-
tive. Early next vear, the companies
will begin merging those opera-
tions that fit most casily together.
Consolidating some others  will
take longer because third parties—
¢t in the case of Sesco—will have
to be dealt with.

Top title. Paul Richard, president, will
worry about finance, management.
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NEW MAGNETIC RELAY
plugs into your PG board!

NO Springs, NO Wiring,
NO Sockets, NO Soldering,
NO Mechanical Linkage

Printack

Standard Series G
Latching Series LS/LD

|
%

(actual size)

Plated Conductors on Your PC
Board are the Fixed Contacts

Save SPACE, MONEY and MANHOURS with
these new small, lightweight, highly reli-
able Standard and Latching PRINTACT
Relays.

Available with Bifurcated Palladium or
Gold Alloy contacts for more than 10
million cycle 2 to 4* pole switching. Han-
dles up to 2 amp. res. loads. Coils for 6,
12, 24 and 48 vdc at 500 mw. Operating
temperature —30°C to +95°C. Operate
tir]role 7 ms. The little gem is an 0.8 0z. %"
cube.

Quality features include: double-break
contacts; balanced armature, enclosed
housing, plug-in application; encapsu-
lated coil; self-wiping contacts and in-
herent snap-action — saves sockets sol-
dering, and wiring and the cost is lower
than you think!

*Switches up to 4 form A plus B, or 4 form C.

For data and prices write or call:
212-EX2-4800

Lecalone

PRINTACT RELAY DIVISION
47-37 Austell Place
Long Island City, N.Y. 11101
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Military electronics

Thin Nike, fat orders

Three-quarters of $5 billion slated for system
is for electronics, and firms may have to expand

“We are completely in the dark at
this point, but the numbers we
have heard unofficially indicate we
would need to build a whole new
plant.”

That optimistic comment from
semiconductor producer Donald
Dickson, president of the Dickson
Electronics Corp., Scottsdale, Ariz.,
typifies the reaction of the elec-
tronics industry to the Govern-
ment’s decision to build the Nike X
system.

Industry vendors and subcon-
tractors, who will account for most
of the 3,000 companies expected to
participate in the production of the
antimissile system, were anxiously
awaiting more details from major
subcontractors who met with the
Army Missile Command, the pro-
gram manager, at Huntsville, Ala.,
late this month. But there’s no
doubt that Nike X will have an
enormous impact on all facets of
the industry.

I. Stage is set

Defense Secretary McNamara’s
grudging go-ahead for the so-called
“thin” antiballistic missile (aBm)
system raises the curtain on the
biggest single job the electronics
industry has ever tackled. An es-
timated three-quarters of the $5
billion price tag for the limited sys-
tem will go for electronics equip-
ment—the giant radars and com-
puter complexes that would direct

U.S. missiles toward incoming
enemy intercontinental ballistic
missiles.

Swamped. The biggest gainers
will be the makers of discrete semi-
conductor devices, an area of
slumping sales recently. But some
observers worry that this segment
of the industry may soon have more
business that it can handle. De-
pending on how fast the Pentagon
pushes the program—now esti-
mated to be a $1 billion-a-year pace
—Nike X could push much of the

industry beyond present capacities,
force a rapid expansion of produc-
tion facilities and require auto-
mated lines. The Army acknowl-
edges that a few new production
lines will be opened and that man-
ufacturers will be required to use
a high degree of automation.

It will be six months before the
first  production  contract s
awarded. Money is already avail-
able—nearly $1 billion. This in-
cludes $440 million approved for
continued research and develop-
ment; $375 million authorized and
awaiting a production go-ahead;
and more than $175 million left
over from previous years. In fiscal
1969, $1 billion will be requested
for the thin system and another
$500 million for over-all r&D on
Nike X.

The first aBM battery will be in
place by the early 1970’s—the en-
tire system, which will cost $500
million annually to operate, will
be operational in about five or six
years.

Major subcontractors in the r&p
program will get the production
contracts, but second and third tier
contracts, which include most
electronic components and subsys-
tems, will be let to dual sources in
many cases. Western Electric is
the prime contractor; Bell Tele-
phone Laboratories is responsible
for design and development.

11. Small packages

As much as 3% of the total out-
lay will go for discrete semicon-
ductors, or up to $150 million over
the five-year program, predicts
Motorola Inc’s Semiconductor
Products division in Phoenix.

The impact of this business on
semiconductor firms won’t be felt
for about a year, say officials of
Texas Instruments Incorporated in
Dallas. The next several months
will see only small-lot orders for
prototypes, they believe. Motorola
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officials anticipate some tight deliv-
ery schedules during the first
phase of the Nike X program, but
expect scheduling of work for other
customers to return to normal after
the initial production buildup for
the ABAM system.

High test. Most of the semicon-
ductor devices ordered for Nike X
will be high-reliability units akin
to those developed for the Minute-
man ICBM program; rigid testing
will take up more time than produc-
tion.

Motorola has been working for
some time with all the principal
contractors to build devices for pro-
jected Nike X equipment. The work
has covered most of its discrete
line, including zener diodes, recti-
fiers, small signal transistors, and
silicon power transistors in both
low- and intermediate-frequency
ranges.

Also with Nike X in mind, the
Continental Device Corp., Haw-
thorne, Calif., has been working for
two years on l-watt and 10-watt
radiation-hardened high-speed rec-
tifiers. Development of both units
is nearly complete. Another pro-
ducer preparing to bid is the Il
Monte, Calif., semiconductor facil-
ity of Globe-Union Inc.s Cen-
tralab division—formerly a IToff-
man Electronics Corp. division. “If
the program is as big as we hear it
is, we would have to expand pro-
duction,” says E. M. Baldwin, man-
ager. Contracts would be primarily
for zener diodes and high-current
high-speed computer diodes.

Dickson Electronics has been
working with Nike X prime con-
tractors for more than three vears
to develop zener diodes, and also
will bid on tantalum capacitors.

[11. Outdated?

Some enginecrs, noting that the
Nike X was designed five or six
years ago, say it will be obsolete
before it’s built. Integrated circuits
are just being introduced into some
parts of the system, but only to re-
place discrete components. Some
in the industry say the application
of large-scale integration tech-
niques to the large computers, and
microwave integrated electronics to
the phased-array radars, could re-
volutionize the system.

Pow. Morgan McMahon, R&D
manager at TRW Semiconductors
Inc., Lawndale, Calif., believes the
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how to measure phase angledown

to.25° from 10Hz to 100KHz
(plus in-phase and quadrature!)

North Atlantic’s Model 301A Broadband Phase Angle Voltmeter® adds a new
dimension to AC by enabling you to measure phase angle, in-phase and quad-
rature while frequency is varying over half-decades...without recalibration. It
provides complete coverage from 10Hz to 100KHz and incorporates plug-in
filters to reduce the effects of harmonics in the range from 27Hz to 28KHz with
only 11 sets of filters. Vibration analysis and servo analysis are only two of the
many applications for this unit. Selected specifications are listed below:

.1 mv to 300 volits full scale

. 2% full scale
O° to 90° wnth O 1° resolution
(plus 4 quadrants)

..0.25°, 31.6Hz to 31.6KHz
(deratmg to.6° at 10Hz, 1° at 100KHz)
..10 megohms, 30uuf for all ranges
(signal and reference inputs)

.0.15 to 130 volts

50 db

Voltage Range..
Voltage Accuracy...... S —
Phase Dial Range.....................

Phase Accuracy......................
Input Impedance.......................

Reference Level Range.....

Harmonic Rejection........... .
Nulling Sensitivity............. less than 2 microvolts
SiZe.. ... . 19” x 7" x 13%2" deep
Price... '$2790.00 plus $160.00 per set of filters

North Atlantic’s sales representative in your area can tell you all about this unit
as well as other Phase Angle Voltmeters*® for both production test

and ground support applications. Send for our data sheet today.
*Trademark

WORTH ATILAINTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 516—681-8600
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who
solved the problem
of excessive rejection rates
jor a maker
of precision springs?

A manufacturer of torque watch gauges searched long and far
for a material to meet the rigid specifications for a highly
critical, calibrated, helical coil spring. What was needed was
a thin, corrosion-resistant, high-strength material with con-
sistent tensile strength and uniform modulus of elasticity.
Materials that had been tried resulted in rejects of from 30%
to 100%.

With years of experience in precision processing of thin
metals, Hamilton Precision Metals recommended 17-7PH cold
rolled stainless steel 0.012” thick, 34¢” wide, with a =0.0002"
thickness tolerance. The result is finished springs that con-
sistently come within 3.5% of actual calibrated value eliminat-
ing previous costly trial-and-error methods—to say nothing
of the costly rejects.

Hamilton Precision Metals is your prime source for ultra-pre-
cision-rolled metals in mass production guantities. 7 proprie-
tary metals, 12 pure metals and 112 commercial alloys are
available from Precision Metals. Write today for new 48-page
data book.

HAMILTON PRECISION METALS

division of Hamilton Watch Company, Lancaster, Pa. 17604
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.. . Some say it will be
obsolete before it's built . . .

impact of Nike X will be felt most
in the fields of radiation-resistant
devices and microwave microelec-
tronics. The program, he says,
“could mean a lot to us in our
power-at-frequency transistor fam-
ily.” The company, which partici-
pated in the early part of the pro-
gram as a device maker, recently
introduced a 50-watt, 500-mega-
hertz transistor.

The systems technology, Mec-
Mahon claims, “is not as frozen as
some people think it is.” Another
California observer agrees, and
predicts that Nike X’s design will
be upgraded to take advantage of
ic’s. The redesign effort, he adds,
“will throw the whole time sched-
ule off.”

According to a top marketing
manager on the East Coast, “the
Nike X political football could be
kicked around for up to a year. If
this happens, several subcontrac-
tors would be likely to use micro-
wave 1C’s rather than the giant
quantities of discrete semiconduc-
tors now contemplated.”

If there is a major redesign to
take advantage of 1c technology,
the California observer says, the
semiconductor portions of the pro-
gram “would be up for grabs.”

But officials in the Pentagon’s
Office of the Director of Defense
Research and Engineering say
otherwise. Rather than wholesale
modifications, they see the system
evolving gradually to take ad-
vantage of technological improve-
ments as they become practical.

When and if. As an example of
this piecemcal approach to modermn-
ization, the pp&E officials say 1C’s
will be substituted for discrete
parts on an individual basis and
only when they prove better for the
job and won’t degrade system reli-
ability.

IV. Playing a zone

The thin system approved by
McNamara—the smallest of the
aBM deployments considered by
the Pentagon—involves an area de-
fense of the country plus a point
defense of all Minuteman inter-
continental ballistic missile bases.
According to Gen. Earle G.
Wheeler, chairman of the Joint
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Chiefs of Staff, it will give “pretty
good protection against the carly
Chincse-type of 1cBat attack in the
'70’s.” Tlc told Congressmen last
April, though, that ‘it wouldn't
provide much protection against a
Sovict attack.”

The Defense Department says the
system will have 15 to 20 missile
batteries; the main line of defensc
will be just south of the Canadian
border. .\ battery will be made up
of about 10 missiles, cach costing
roughly $1 million.

Eyes. Only two of the four
phased-array radars being devel-
oped under the Nike X program
will be built for the thin system—
the General Electric Co.’s peri-
meter acquisition radar (par) and
the Raytheon Co’s missile-site
radar (asr). This part of the pro-
gram is expecled to account for
about two-thirds of the total cost,
or more than $3 billion.

Each of the radar complexes—
both asr’s and rar’s—will cost
about $100 million. An arsr will be
located at cach battery; there will
be fewer par’s and they'll be spread
along the Canadian border.

The par radar will handle the
long-range scarch and acquisition
of enemy 1icear’s. With the ex-
tended-range Spartan missile now
being developed by the McDonnell
Douglas Corp., the target must be
picked up at a great distance so
that its trajectory can be computed
before the Spartan is fired.

Control. Raytheon’s nisi, a much
smaller, phased-array radar, would
be used to control the Spartan and
the Martin-Marietta Corp.’s Sprint
missile during engagement of the
oncoming enemy missile. Several
sizes will be built to accommodate
the needs of cach defended arca.

The two larger and more com-
plex radar systems—Raytheon's
multifunction array radar (3rar)
and GE's tactical arar (Tacmar)
won't be included in the thin sys-
tem but will continue to be devel-
oped and evaluated. It a more
sophisticated Nike X svstem is de-
ploved, these radars will be in-
corporated to give a high degree of
discrimination between warheads
and decovs. One Mar radar is lo-
cated at the White Sands Missile
Range, while a sccond is Deing
constructed on Kwajalein, where
an MsR is also being built.

Backup. The thin system will de-
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Tolerances 10 + 5 ohms
Wil this new
Mmiature
Coai!

Now, here is a new miniature coaxial
cable providing extremely tight electrical
characteristics and a greatly extended
parameters in a variety of applications
including low noise amplifiers, micro-
wave transmission, high speed com-
puters, airborne instrumentation and
radar.

Offered in three sizes off-the-shelf:
.141”, .085” and .070” and in random
lengths from 12 feet to 200 feet, con-
struction consists of a silver-plated Cop-
perweld inner conductor with a TFE
Teflon dielectric and solid copper sheath.
Electro-plated silver, gold and tin outer
sheaths are also available from stock.

The new miniature coax offers very
low attenuation across Gc band, low
VSWR, no radiation or performance de-
terioration at environmental extremes

PHELPS DODGE ...
- NORTH HAVEN, CONNECTICUT

Circle 149 on reader service card

and maintains impedance despite ex-
treme bends. This latter feature makes
it possible to cut, bend or form the coax
into coils for the achievement of signal
delay or a variety of shapes for the
fabrication of special assemblies for RF
front ends and amplifiers without prob-
lems of loss or coupling to impair
reliability.

This new miniature coax has been
qualification tested for severe aerospace
applications and has performed remark-
ably well where desired electrical per-
formance cannot be achieved with con-
ventional braided cables.

Why not write today for your free
miniature coaxial cable folder which in-
cludes actual samples of the coax plus
complete descriptive data?
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al an INPassily low pricel

Duncan Electronics now offers for the first time in the
history of the potentiometer industry a PRECISION,
TEN-TURN WIREWOUND pot for less than $6.00. In
fact, the new Model 3253 “"PIXIEPOT" potentiometer
is yours for as low as $3.97 each in production quanti-
ties and only $5.95 each for 1-24 units.

Ot ymdine CPIXIERPOT noten T er fec res:

The Model 3253 "'"PIXIEPOT" potentiometer incorpor-
ates all of the fine engineering workmanship you've
come to expect from other Duncan products. Only our
new,.unique production techniques enable us to bring
this potentiometer to you at these unheard of prices.

And if you need your “PIXIEPOT' potentiometers in a
hurry, we guarantee they'll be on an airplane out of
Los Angeles within 24 hours after receipt of your order!

How can a ""PIXIEPOT potentiometer help you?

Call or write your Duncan representative (listed on the
facing page). He will personally deliver to you, FREE, a
1K “PIXIEPOT' potentiometer for your evaluation in
exchange for the filled out certificate.

This certificate redeemable for one 1K “PIXIEPOT”
- ey

:\AQ & l}
(TYPE OR PRINT) ol
MY APPLICATION IS
NAME
COMPANY TITE
ADDRESS DIVISION
CITY STATE. 2P,

This offer expires December 1, 1967

DUNCAN ELECTRONICS, INC. + 2865 FAIRVIEW ROAD, COSTA MESA, CALIFORNIA 92626
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ENGINEERING SALES
REPRESENTATIVES

ALABAMA, Huntsville

Orbe, Inc.

Tel: (205) 881-8230

ARIZONA, Phoenix

Southwest Engineering Company

Tel: (602) 944-1521

CALIFORNIA, Costa Mesa

Duncan Electronics, Inc.

(Factory Sales Office)

Tel: (714) 545-8261

CALIFORNIA, San Francisco

Jack Pyle Company

Tel: (415) 349-1266

COLORADO, Denver

Hyde Electronics Co.. Inc.

Tel: (303) 936-3456

CONNECTICUT, New Haven

Gerber Sales Co.. Inc.

Tel: (203) 777-6279

FLORIDA, Orlando

Orbe, Inc.

Tel: (305) 424-0978

FLORIDA, St. Petersburg

Orbe, Inc.

Tel: (813) 894-0687

ILLINOIS, Chicago

Carlson Electronic Sales Co.

Tel: (312) 774-0277

MARYLAND, Baltimore

Biechler Associates, Inc.

Tel: (301) 825-8222

MARYLAND, Rockville

Biechler Associates, Inc.

Tel: (301) 762-6210

MASSACHUSETTS, East Longmeadow

Gerber Sales Co., Inc.

Tel: (413) LAurel 5-3059

MASSACHUSETTS, Waltham

Gerber Sales Co., Inc.

Tel: (617) 891-8040

MICHIGAN, Detroit

Grant Shaffer Company

Tel: (313) 273-5390

MINNESOTA, Minneapolis

Carlson Electronic Sales Co.

Tel: (612) 788-4111

MISSOURI, Kansas City

Harris-Hanson Company

Tel: (816) 444-9494

MISSOURI, St. Louis

Harris-Hanson Company

Tel: (314) 647-4350

NEW JERSEY, Harrington Park

B. B.Taylor Corporation

Tel: (201) 768-0969

NEW YORK, Baldwin, L.1.

B. B.Taylor Corporation

Tel: (516) 223-8000

NEW YORK, Rochester

Reed Electronics, Inc.

Tel: (716) 473-2767

NEW YORK, Syracuse

Reed Electronics. Inc.

Tel: (315) 468.5488

NEW YORK, Vestal

Reed Electronics, Inc.

Tel: (607) 748-7391

OHI0, Cleveland

Rockford Controls Ohio, Inc.

Tel: (216) 531-4841

OHI0, Dayton

Rockford Controls Ohio, Inc.

Tel: (513) 274-1911

PENNSYLVANIA, Mitlersville

Biechler Associates, Inc.

Tel: (717) 872-2793

PENNSYLVANIA, Pittsburgh

Rockford Controls Ohio, Inc.

Tel: (412) 731-4600

TEXAS, Dallas

Robert R. Thomas Company

Tel: (214) 363-8591

TEXAS, Houston

Robert R. Thomas Company

Tel: (713) 644-2369

WASHINGTON, Seattle

Hamilton-Electro Corporation
of the Pacific Northwest

Tel: (206) 624-5930

S

DUNCAN electronics, inc.
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... System can be plugged
inas easilyasanewlamp...

pend on the long-range Spartans
to hit attacking missiles up to 400
miles from their targets, and on a
fewer number of fast-acceleration
Sprints to take care of any missed
by the Spartans. About 25% of the
initial deployment cost—or more
than 81 billion—is expected to go
for the two missiles.

The Sprint and the »sr radar
will be tested as a system first with
a large number of target missiles
launched from Vandenberg Air
Force Base, Calif,, to Kwajalein.
The Sprint, in flight test since 1965,
will engage a hostile 1cBar or sea-
launched ballistic missile in the at-
mosphere about 15 to 25 miles from
the battery. The Spartan, which is
still on the MMcDonncll Douglas
drawing boards, is a complcte rc-
design of the original Zcus missile.
Ncither the Sprint nor the Spartan
have sclf-contained guidance sys-
tems; they will be command-guided
by Nike X ground radars.

V. Like Topsy

Army Missile Command engi-
neers boast that the Nike X design
is so modular that the various sub-
systems can be “plugged in like a
new lamp in the home.” This
means that beefing up the thin sys-
tem would be relatively simple.

That’s what worries McNamara
and other Nike X opponents; it’s
too easy to expand the system. The
Defense Secretary still holds that
offensive weapons such as the
Navy’s Poseidon missile arc the
best defense. He says the danger
in deploying the small system is
that “pressures will develop” to
extend Nike X beyond the “prudent
level required,” and he’s concerned
that military and Congressional
leaders will push the country into
a massive Nike X program that
could cost up to $40 billion.

Snowball. Rep. James Harvey
(R.. Mich.) sces the thin system as
“only a start; within a few years
we will probably commit 320 bil-
lion to $40 Dbillion.” and Simon
Ramo, vice chairman of TRW Inc.,,
and a former chief scientist in the
Air Force 1car program when it
was getting started, believes that
the initial system will probably
cost a lot more than estimated.

Extra insulation
reliability for
high temperature
applications

NATVAR
400
Vinyl Tubing

Here's an insulation you can

rely on when the heat’s on. Because
Natvar 400 vinyl tubing has excel-
lent thermal life. In fact, it's U.L.
recognized for 105°C continuous
operation. Besides that, it has
exceptional resistance to oils.

Use Natvar 400 high temperature
vinyl tubing to insulate leads. ..
terminations...wiring. .. electronic
equipment... oil filied trans-
formers... harnesses.

Available in a wide range of sizes and
colors—in continuous lengths or

cut pieces. Send for FREE samples and
complete technical data.

NATVAR CORPORATION
PO Box 67 Retway. Mew Jersey 07065
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removable
wire crimp
termination
contacts

Compy
Botp Plez fé?S’ Set

ocket
WITH CONTINENTAL'S
SERIES 25 MINIATURE
RACK & PANEL CONNECTORS

L/ EXCLUSIVE 3-TINE TENSION SPRING CLUTCH

Now, high quality contacts you can depend on and
still stay within your budget requirements. Only seven
cents a contact set (in quantity) provides you with a
choice of .0625 or .040 pin diameters, closed entry
cartridge on socket and gold plated phosphor bronze
! material. Series 25 plug and socket connectors are
. : available with 7, 9, 14, 18, 20, 26, 34, 42, 50, 66, 75 and

APPLICABLE MIL SPECS A AR
CONFORM TO MIL-C-22857 Complete specifications and information are con-
MS No. €CC No. tained in our Series 25 catalog. Write for your free
MS17803-16-20 2500-P6A20 copy today. Phone sales department (212) TW 9-4422
MS17804-1620 | C2500-S6A20 for immediate action on quotations and catalog. Mi-
MS17803-16-16 2500-P6AL6 crominiature Series MMM also available.
MS17804-16-16 C2500-S6A16

N

For the Sales Representative Nearest You, See Qur Listings in EEM and VSMF Directories.

CONTINENTAL[<x>1 CONNECTORS

CONTINENTAL CONNECTOR CORPORATION = WOODSIDE, NEW YORK 11377
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Expand your counter range

Tn"

r,".'vé.

e

Usefulness of the Hewlett-Packard counters that
accept front panel plug-in accessories recach new
frequency heights with the 5256A Frequency Con-
verter plug-in. Now you can make measurcments
from 8-18 GHz with speed, simplicity and highest
resolution ... another result of HP’s continuing
cfforts to augment the versatility of your HP plug-in
counter. (Models 52451, 5245M, 52461, 5247M)

The 5256A gives | Hz resolution in a 4-sccond
counter gate interval (or 10 Hz in 0.4 scc., 100 Hz
in 0.04 scc., etc.). It's therefore 15 to 250 times
faster than manual or automatic transfer oscillators,
assuming cqual resolution.

Easy to usc. Turn the 5256A dial upwards from the
lower end until the front-panel tuning meter enters
the green area, and add the dial reading (8 to 18
GHz) to the counter’s display. There are no spur-
ious responses in the 5256A, and you avoid errors
in determining which of several indications is true.

W 2165038

R
Again

5256A FREQUENCY CONVERTER 3-18 GHz
HEWLETT ¢ PACKARD

o 3
=

i
'

o4 i

e .
"

AUX N AUX OUT
1=200 MHz 1-200 MHz

O O

0 dBm MAX

10 dBm MAX

The counter is automatically gated when the 5256A
is properly tuned, and recycles if the input signal
drops out. Unskilled pcople can use it quickly,
and with confidence.

The 5256A also serves as a prescaler for automatic
measurcment and direct readout of frequencies
from 1 to 200 MHz with a sensitivity of 5 mV. It
also can be used as a down-converter to cxtend the
range of low-frequency instruments to 18 GHz.
Sensitivity is 100 mV; input impedance is 50 ohms
nominal. Price: Model 5256A, $1750.
Complementing the high resolution of the 5256A
are two new HP counters, the Model 5245M and
5247M: short-term stability: 5 x 10-"* (rms) per
sccond, long-term stability 5 x 10 ' per day, rapid
time base warm-up.

For more information call your local HP field engi-
neer or write Hewlett-Packard, Palo Alto, Calif.
94304. Europe: 54 Route des Acacias, Geneva.

HEWLETT W PACKARD

ELECTRONIC COUNTERS
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New lower-cost way to
make f£lat wiring sy

Make them modern
with heat-sealable
Scotchpak polyester film...
tough, flat and f£lexible

"SCOTCHPAK” film laminates easily — like a ther-
moplastic. And since it is a polyester, it is excep-
tionally strong...chemically resistant...with
high dielectric properties. It’s available in various
types and thicknesses — probably one just right
for your needs. Enables you to make cables that
easily follow unusual contours . . . that lie flat . ..
take up minimum space. Printed circuits that flex
...but dont snap. A market potential estimated
at over $100 million by 1970!

Interested? For more information, write: Film &

Allied Products Div., 3M Co., 2507 Hudson
Rd., St. Paul, Minn. 55119, Dept. ICL-107. gm
COMPANY

Typical Applications: Pipe and tank-heating cable by Electro-
Trace Corp.; printed circuit panels made by firms such as
Flexible Circuit Corp.; flat cables by Tape Cable Corp.; and

a variety of other uses including coil covers and wire wrap.
*SCOTCHPAK' I8 A REG. T.M. OF 3M CO,
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B This is a multicontact
8% Con nector. Type MS-M. It works with
standard, Submlr\ and twisted

Dalr contacts\- :i?\\ This

meansversatility And N
using one block insures uniform

shop Instructions; quality controls.
That saves time and money. For
extra safety add polarizing guides,

Jack /'{ SCrews, - strain
relle "No0dsey— =5 /\ ‘ana
olf @ protect- " ing skirts

Also available with low: - ~

cost formed contacts.
Get the complete story.

2 Write for your new MS-67/
catalog. BI.JF!NDY

NORW CONNEC CU




Beckman®

AC BREAKDOWN TESTERS Model PA Series

Type PA variable high voltage AC breakdown testers are
designed to meet the requirements of ASTM specification
D-149, and Federal specification LP-406, Method 4031, as
well as all general purpose breakdown testing. Provided
with motor.driven control of output voltage with any
desired rise of secondary voltage. Available with wide
variety of testing jigs.

PA-5-152 15,000 V. rms. 2KVA
PA-5-155 15,000 V. rms, SKVA
PA-5-252 25,000 V. rms. 2KVA
PA-5-255 25,000 V. rms. 5KVA
PA-5-502 50,000 V. rms. 2KVA
PA-5-505 50,000 V. rms. S5KVA
PA-50-1005 100,000 V. rms. 5KVA

For even greater versatility, dual range units using mul-
tiple winding transformers are available on order. These
provide two meters and a total of six scales. Typical
dual-range models as follows.

PA-5-252/052 25 kv or 5 kv rms, 2KVA
PA-5-502/102 50 kv or 10 kv rms. 2KVA
PA-50-5010/1510/510 50 kv or 15 kv or 5 kv rms, 10KVA

HIGH-VOLTAGE SCHERING BRIDGE Model PS Series

Used to measure dissipation and capacitance of
electric insulating material while subjected to high-
voltage stress. From these two measured values and
the dimensions of the sample and test electrodes,
dielectric constant, loss factor, and other values may
be calculated.

Exceptionally wide capacitance range Model PS-
1GP general purpose bridge from 0.0000025 to 1.0
mfd. Model PS-1C cable bridge from 0.0000025 to 2.0
mfd ¢ Built-in shunts for testing large capacitances
without additional equipment ¢ High voltage operation
. . . materials can be tested at operating value » Easy-
to-operate . . . all controls located on front panel.
Few calculations required * High accurary . . . plus or
minus 0.2% capacitance accuracy and 2.0% or better
tangent accuracy ¢ Compact design . . . general pur-
pose bridge housed in one unit. Cable bridge housed
in one unit with separate air capacitor and power
supply.

TRACKING AND EROSION RESISTANCE
TEST SET TERT-1

Evaluates relative track and erosion resistance
of various materials using Liquid Contamination
Inclined Plane method described in ASTM and
|EEE specifications. Test represents service ex-
posure evaluation of wide range of insulated
material subject to AC surface current. Test
conditions simulate water film on insulation
. surface in which ionizable and other contam-
inants may dissolve. Contaminant rate easily
controlled to simulate different service
stresses and outside conditions. Tests con-
ducted on 2” x 5" specimen; actual test covers
17 x 27 track area. Test criteria is either ‘'time
to track a fixed distance at a fixed voltage,’ or
‘“'yoltage to initiate tracking’” — depending on
specific service requirement evaluation.

NEW CONVENIENCE FEATURES
(1) Large clear chamber for sample observation accommodates up to 10 testing
stations.

(2) Regulated power supply delivers test voltages up to 7.5 Kv.
(3 Straight forward operation offers ease of set up and test control.
(4) Separates all grades of insulating material,

INSULATION TEST EQUIPMENT

ARC-RESISTANCE TESTERS Model ART Series

Model ART series arc resistance tester is supplied
in conformance with ASTM Spec. D-495-56T and
Federal Spec. LP-406, Method 4011.2. Unit is
employed for the measurement of insulating ma-
terials ability to withstand high voltage, low
current arcs.

The Model ART-1 has the following steps: 10/8,
10/4, 10/2, 10, 20, 30, and 40. The 10/8 means
that a 10 ma arc is applied for Y& of a 2 second
cycle in one Ya second period. The 10/4 means
that a 10 ma arc is applied for ¥ of a 2 second
cycle in two % second periods, etc. The 10, 20,
30, and 40 ma arcs are sustained for 60 seconds.
The stepping is automatic at one-minute inter-
vals, On manual operation all steps are available
for any time duration.

Mode] ART-2 provides additional arc intensities
of 60, 80, and 100 ma. It also includes metering
facility for the volts after tracking measurement.

WIDE- RANGE MEGOHMMETERS Model L Series

Designed for laboratory and high speed testing of motor
and transformer winding insulation, cable insulation, high
value resistors, capacitor insulation, and for the measure-
ment of surface and volume leakage of insulating materi-
als. Meets requirements for testing insulation resistance
in accordance with ASTM D-257, and Federal Spec. LP-
4068, Method 4041. Models L-6B and L-7 feature con-
tinuously variable, built-in voltmeter for accurate setting.

Model Voltage RANGE POWER
odel]  test Low High Consumption
L-4A 200 and | 1 meg. | 100,000 meg- | 50 Watts
500 fixed | 2.5 meg.| 250,000 meg. 80 Watts
168 | 200%™ | 1meg. | 100,000 meg. | 75 Watts
L7 égg to 1 meg. | 5x10' ohms

DIELECTRIC BREAKDOWN TESTER Model PDA-1

Designed to provide simple, safe, accurate means
of determining dielectric strength and breakdown
voltage in the laboratory or factory (conforms to . !
requirements of ASTM specifications D-149 and
Federal specification L-P-406 method 4031).

m Push button selection — four different leakage
current meter ranges (six operating modes) — en-
closed test cubicle, fail-safe circuitry, interlocked
doors and oil immersed gravity-drop shorting
switch allows safe use by unskilled personnel.
m Continuously adjustable (automatic or manual)
test output voltage control uses full 100% rotation
to allow fine control for critical testing (choice of
AC or DC).

= Provides for transient suppression and introduc-
tion of non-linear resistance into transformer.

m Maximum versatility of test jig set.up using
plug-in jigs or high voltage cable to external
‘“‘hi-pot" testing circuits.

» Self contained unit — portable yet provides easy
access to all parts for maintenance,

The Beckman line of instrumentation for the evaluation of ®
insulating properties is the most comprehensive in the in- BeCkman INSTRUMENTS, INC,
dustry. For complete specifications or assistance with your CEDAR GROVE OPERATIONS

application call your local sales engineer or write direct.

89 COMMERCE ROAD
CEDAR GROVE, ESSEX COUNTY, NEW JERSEY » 07009

INTERNATIONAL SUBSIDIARIES: Geneva; Munich; Glenrothes, Scotland; Tokyo; Paris; Capetown; London; Mexico City.

INSULATION CONFERENCE EXHIBITOR — VISIT BOOTHS 430, 431
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Design engineer Bob Alden
searched for nearly an hour
to find he didn’t have the

information he needed.

Chances are 10 to 1
he’d have found it
in less than
o minutes in the new/
Sweet’s Industrial
Information System®

Sweet’s Industrial Information Systemisa vendor
catalog file on microfilm. Because we make no
charge to vendors, and microfilm everything
they have in print, Sweet’s has more than
600,000 pages of vendor data includ-
ing application notes, reliability
tests, price lists and names of

distributors and reps. What's more,
the Sweet’s vendor catalog file on microfilm is updated

: every 60 days!

I

-

T
1

i

Smalt wonder.

In addition, the Sweet’s system is tailored to your needs
by adding the vendors you want — at no extra cost. We
start with a basic file of the most wanted information. Up-
date it regularly, and then—to top it off—“personalize” the
file by adding the complete vendor information you request.
It also reduces storage area by 98%, cuts redundancies in
design efforts and increases sources and use of standard
items.

You can install a Sweet’s vendor catalog file on an an-
nual subscription for less than the cost of a file clerk.
Sweet’s vendor catalog files are in use in plants with as few
as fifty employees. The “user-orientated’’ idea not only pro-
vides current knowledge of the component state-of-the-art,
but also expedites the purchasing function. Because of its
complete coverage, more than 60% of our recent installa-
tions have replaced other microfilmed vendor catalog
systems.

&
formerly IRI Information Retrieval Incorporated

It takes about 2 hours to demon-
7 strate to your key people. But in much
less time than that your design, stand-
ards, quality control, drafting, receiving, in-
spection and purchasing people will realize that
a Sweet’s Industrial Informatlon System is the
next best thing to a
raise in pay! We have
demonstration teams
in most principal cities.
To arrange a demonstra-
tion, send the coupon
today, or call collect:
George Stevens, (212)
971-3941.

Find it fast.
Make a print-out in 6 seconds.

SWEET’S INDUSTRIAL INFORMATION SYSTEM
330 W. 42nd St.,New York, N.Y. 10036
Dept. # B-42

{1 I'd like to see a demonstration of the Sweet's Industrial

interested in [J Mil Specs [J Mil Standards.

|
| |
| |
| |
I |
l information System. Have your.representative call me for an |
} appointment. }
I [0 I'm not ready for a demonstration at this time, but please |
| send further information. |
: Name Title {
| Company |
| Address I
} City State Zip {
| Telephone Ext. |
{ Number of employees at this location {
| We [ have [ have not had experience with a vendor I
I catalog file on microfilm. |
, In addition to the Vendor Catalog File on microfilm we're |

|
|



A power supply is the heart of your system

If this NJE power supply
doesn’t meet your exact requirements

...we'll show you 309 more.

NJE SY 36-20 DC power supply
with output of 10-36 volts.
0 to 20 Amps. = 0.01%, Regulation,
1 mv RMS ripple — Price $465.

One of our 310 models is sure to be exactly what
you need...no matter if it's a lab rack, full rack,
half rack, or modular DC power supply. Fact is,
we offer you the widest line of power supplies on
the market today—voltage and/or current regu-
lated, system “wide slot,” regulated or semi-regu-
lated characteristics, high-voltage DC, regulated
high voltage, and frequency converters.

N ' CORPORATION
Electronic Development & Manutfacturing

Kenilworth, New Jersey 07033 / (201) 272-6000

TELEFAX: FFP ¢ TWX: (710) 996-5967

Our wide line also means savings. Using it as
your single source for power supplies makes you
eligible for volume discounts. (You don't have to
buy large quantities of one mode! to get these dis-
counts.) Your local NJE factory-trained represen-
tative will give you complete details.

For technical assistance or a free catalog on
all 310 NJE power supplies, write or call today.

A SUBSIDIARY OF CONDEC CORPORATION

318
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for high-speed molding
of electrical parts.

We have put all the
high-impact resist-
ance, heat resistance, and
dimensional stability of Durez
23639 phenolicmoldingcom-

pound into a new, nodular form.

Durez #23639 nodular is particularly
suited to the latest types of high-speed,
screw-type molding equipment, and also
greatly facilitates automatic preforming.

now
Durez 23639
IS

nodular

We particularly recommend it for such
applications as automotive parts and
heavy-duty industrial switches.

If your job calls for brown parts, rather
than black, you can get the same high-
quality performance by specifying Durez
23727 in nodular or flake form.

For complete data on these two members
of the Durez family of high-grade mold-
ing compounds, please write Durez Divi-
sion, Hooker Chemical Corporation, 9010
Walck Rd.. No. Tonawanda, N.Y. 14120.

Il Hooker

DurEz DIVISION
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Authoritative. Accurate. Current. products and their sources in one reference.

Computer programming makes its entire contents In wide use. An industry standard. Makes

as current as the week it went to press. phone to phone discussions more efficient.
Comprehensive. 2,000 pages, 126,000 items. Valuable. EBG can help you save time. Make

Including a complete list of trade names. more profit for your company. Meet deadlines.
Easiest to use. Organized for speed. Locate Improve products. Use it often.

* , *
Electronics Buyers’ Guide
A McGraw-Hill Market Directed Publication, 330 West 42nd Street, New York, N. Y. 10036

integrated
product listings—
product sources and color
specifications in ‘ coded readouts—
the same section. yellow section for

product, green section
for manufacturers
and trade names.

coming this fall...

”IgﬂkBOX

Lxplosion

pull here wide band

coverage—
EBG lists over
4,000
products and
cross references:
more than 6,000

shelf mounting— manufacturers.
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Accurate coax power measurements to 18 GHz?

bsolutely!

Here’s a new thermistor mount that lets you mcasure power
in coax systems all the way to 18 GHz, the widest microwave
frequency coverage available with a single mount. Use the
new 8478B Coax Mount with the HP 431C Microwave
Power Meter . .. and be sure of absolutc accuracy. All sources
of error are accounted for.

Low SWR and high efficiency of the mount combinc with the
high precision of the 431C to give you high—and known—
overall accuracy. For maximum absolute accuracy in power
mcasurements, apply the NBS-traccable Calibration Factor
and Effective Efficiency data individually imprinted on each
mount. Just set the 431C Calibration Factor control to the

percentage called for on the mount, and your meter reading
is automatically normalized. No calculations requircd. Meter
zeroing is easy with a unique balanced-biasing feature in the
mount, which keeps bias signals out of the coax system. As
with other thermistor mounts for the 431C (coax and wave-
guide), the 8478B is temperature-compensated for high sta-
bility. And all mounts are delivered with efliciency data.

The importance of mount cfficiency is described in HP Ap-
plication Note 64 ... yours for the asking. For the application
note and complete information on the 431C and new 8478B,
call your HP ficld engincer or write Hewlett-Packard, Palo
Alto, Calif. 94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT ﬂ PACKARD

Major specifications:

8478B Coax Thermistor Mount
Freq. Range: 10 MHz to 18 GHz.

431C Power Meter
Range: 10uW (—20 dBm) to 10 mW

(4 10 dBm) full scale in 5 dB steps.
Accuracy (+20° to +35°C): +1% f.s.,
100 4W range and above; (+1.5%,

30 uW; *=20%, 10 uW range)

(0° to +55°C): +3% f.s., all ranges.
Calibration Factor Control: Normalizes
meter reading for mount efficiency; range
100% to 88% in 1% steps.

Zero carryover: <1% of full scale when
zeroed on 10 uW range.

Price: $475.

SWR: See chart.

Mount calibration: Calibration Factor and
Effective Efficiency furnished at 7
frequencies between 10 MHz and

18 GHz, NBS-traceable.

RF Connector: Type N male; also
available with APC-7 precision

7 mm connector.

Price: $275; Option 11, APC-7 connector,
add $25.
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3788 SR Other HP thermistor mounts for
1.7 the 431C Power Meter
1.6 Coax: 478A, 0.01-10 GHz, $155.
15 Waveguide: S486A, 2.6-3.95 GHz, $195;
’ G486A, 3.95-5.85 GHz, $180;
14 J486A, 5.3-8.2 GHz, $170;
x — | H486A, 7.05-10.0 GHz, $165;
w13 X486A, 8.2-12.4 GHz, $145;
12 M486A, 10-15 GHz, $225;
: MAXIMUM P486A, 12.4-18 GHz, $195;
n p— K486A, 18-26.5 GHz, $300;
i " LA R486A, 26.5-40 GHz, $375.
0102.05.1.2 5102 51018
FREQUENCY (GHz) )
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.kl another WTON first

the only monolithic
16 channel random
access multiplexers
available...anywhere!

The MEM 5015 1s the first multiplexer
with address storage and decoding
capability and the first with voltage
and current mode operation.

MEMN 5015 Random Access Multiplexers cocoeeeee o ST98 2 e

OTHER FEATURES:
» Exclusive Differential Mode . . . per-
mitting multiplexing of eight differen-

« Low Power Consumption...80mW (total)
e Low Leakage . .. less than 2 nA per

General Instrument’s MEM 5015 is the
newest complex integrated circuit available
in the rapidly expanding line of MTOS

tial signal pairs

« Expandable . . . to permit larger multi-
plexing arrays

channel
o Zero Offset Voltage . . . not possible with
bipolar switches

firsts. It is 2 monolithic MTOS Large Scale
Integrated Circuit containing 223 P-chan-
nel enhancement mode transistors on a chip
77 x 74 mils operating as a 16 channel ran-
domly addressable multiplexer. The unit
consists of four address holding flip-flops, a
“four-in/sixteen-out” decoding matrix, 16
single-pole-double-throw switches, and
some auxiliary logic for increased versatil-

TERT ]
Fads
s

Actual Size
PanALLEL LOM0— i ity. A Current Shunt Inhibit control line
’j;D-ﬂ permits the selection of Current Mode or
H ote 00— Voltage Mode multiplexing, while the Dif-

ferential Control allows the switches to
operate as cight ganged pairs. A Matrix
Enable linc allows multiple MEM 5015s to
be connected to form larger multiplexing
arrays.

The MEM 5015 is in a 40 lead hermeti-
cally sealed in-line package which can be
soldered to a printed circuit board or used
with a 40 pin socket. They're available off-
the-shelf from your authorized General In-
strument Distributor. In Europe, contact
General Instrument Europe, Via Turati 28,
Milano, Italy. Write for complete data.
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*in quantities of 100

GENERAL

INSTRUMENT

GENERAL INSTRUMENT CORPORATION . 800 WEST JOHN STREET, HICKSVILLE, L. L, NEW YORK

162 Circle 162 on reader service card Electronics | October 2, 1967



Our abrasion-resistant TFE wire
keeps on flying
after others call it quits.

Keeps flying up to 12 times longer, as proved in use on six leading
types of commercial and military jets. Reason? It’s 100% more
abrasion resistant than other airframe wires. Because it has a
tough insulation core of mineral-reinforced TFE bonded between
pure TFE layers.

Our wire also averages 50% smaller in diameter and 60% lighter
in weight than comparably rated wires. It can operate continuously at
500°F and remain tough at —450°F. It's nonflammable,
nonhygroscopic, highly resistant to chemicals, has optimum dielectric
properties and good flexibility.

Right now, it’s reducing wire replacements in aviation, mining,
refining, ground transportation and railroad equipment
manufacturing. It can do the same for your application. For a free
test sample and further data, write: ITT Wire and Cable Division,
International Telephone and Telegraph Corporation,

Clinton, Mass. 01510.

WIRE AND CABLE ITT
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. __YOUR WORK

IN ORBIT

... is exactly what you will be doing at American Science and Engineering. At AS&E we design and supply scientific
payloads for NASA rockets, satellites, and manned orbiting vehicles.

We're a small (slightly over 400 employees), spirited organization; performing dynamic, challenging assignments
including the Apollo Telescope Mount, the X-ray Explorer Satellite, the Orbiting Solar Observatory, and Aerobee

Rocket Payloads.

To participate in our present and future programs, we currently have openings for:

SENIOR SCIENTISTS-SPACE SCIENCE

To engage in current research programs in x-ray astron-
omy and space research as scientific investigator. To
contribute 1o the concept and design of future experi-
ments and the design, calibration of instruments, and the
analysis and publication of the scientific data. Ph.D. in
Physics with or without additional experience.

SENIOR SYSTEMS ENGINEERS

EE or Physics degree required. Must have heavy back-
ground in airborne data systems including PCM and
FM-telemetry, digital logic design, and spacecraft inte-
gration for a minimum of seven years. Must also have
had supervisory responsibility.

SENIOR ELECTRONICS ENGINEERS

To assist the project engineer in coordination of project
activities and to assume complete design responsibility
in specific areas. Must have five to ten years’ experience
in the design of digital and analog equipment. BSEE re-
quired, MSEE desired. Logic and circuit design experience
necessary. Experience must also include the supervision
of junior engineers.

SENIOR MECHANICAL ENGINEERS

To design aerospace structures, mechanisms, and optics.
Must have a BS or an MS degree and at least five years’
design experience in these fields.

SENIOR GSE ENGINEERS

Senior Engincers for Ground Support Equipment in new
program. Define GSE requirements for in-house system,
subsystems test and full operations. BSEE or ME with
minimum oi 5 ycars’ experience in GSE for electronic
systems.

SENIOR RELIABILITY ENGINEERS

To review contract specifications for reliability require-
ments, perform reliability predictions, conduct circuit
stress analysis program, perform design reviews on elec-
tronic equipment. Will prepare reliability program plans
and be responsible for reliability requirements on project
level. BSEE or Physics required. MS desired and at least 6
years’ engineering experience which includes 2 years of
reliability engineering and component applications and
specifications.

DOCUMENTATION SPECIALISTS

Schedule, coordinate, write and cdit all contract docu-
mentation, reports, ctc. Assist in proposal writing. BS
Engineering or English with experience in report writing.

SPECIFICATION ENGINEER

Prepare electrical and mechanical systems specifications
for instrumentation and related support equipment. Min-
imum 5 years’ related experience with knowledge of
NASA Specifications.

If you are interested in these opportunities, please send your resume, in confidence, to:

Mr. Charles J. Clark

ASGE

11 Carleton Street

AMERICAN SCIENCE
and ENGINEERING

Cambridge, Massachusetts 02142

An Equal Opportunity Employer.
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if you could
find a more
stable
polyester film
you’d use
it.

right?

Users report a measurable stability advantage with
Celanar polyester film. In printed circuits Celanese
polyester film means less shrinkage—hence a more
reliable circuit.

Celanar has other substantial advantages, too. Its
tensile (pull) strength is 30% stronger than other
films. And Celanar film is the cleanest, freest from
contamination, in the industry. We produce Celanar
in a ""White Room’' where air filtration systems
effectively trap dirt specks as tiny as 0.3 microns—
infinitesimal as the point of a needle.

What's more, we lean over backwards to supply

Electronics | October 2, 1967

Celanar film in the roll lengths, widths and gauges most
convenient for you. Ship it with temperature recording
flags, even impact recorders where necessary, to assure
your receiving quality as high as we produce.

Those are reasons why major automotive manufacturers

use Celanar film for under-the-dash printed circuitry.

And why you should know the full facts

about Celanar film. All it takes is a

letter to: Celanese Plastics Company,

Dept. 133.J, P. 0. Box 629, Linden,

New Jersey 07036. CELANESE
PLASTICS COMPANY

Celanese Plastics Company is a division of Celanese Corporation.

Celanese® Celanar®

Circle 165 on reader service card 165



*0.05% regulation is only
one of twelve outstanding
specs in Helipot’s exclusive
new microcircuit dc

voltage regu

The
other eleven:

= short circuit proof models

m small size—0.5 sq. in.

= [ow profile—0.170"

m up to 5 amps load current

m output range—3 to 32 volts
= fixed and adjustable outputs
» fully sealed

m hybrid cermet construction

m operating temperature range:
-55°C to +125°C

m 60 db ripple rejection
® mil spec tested

166

" / MODEL 803 DC Voltage Regu-

lator, one of a complete family
of six miniature, hybrid
cermet thick film units with
outputs from 3 to 32 volts.

Fixed
Output

Adjustable

= . Output
The price:
= $30.00~fixed output models

= $35.00—adjustable output
models

(prices are 1-9 quantity, delivery
from factory stock)

lator series.

The applications:

Helipot Series 800 DC Voltage Reg-
ulators are physically compatible
with dual in-line and flat pack inte-
grated circuits. This permits sys-
tem use of unregulated power with
precise regulation at the point of
use. In addition to the 1,000:1 rip-
ple rejection capability, these units
provide excellent circuit decou-
pling and protection from transi-
ents and sudden power surges.

Application

L Airborne and
Analog Circuits  General Purpose
9 to 21 Volts Circuits
20 to 32 Volts

Digital Circuits
3to 9 Volts |

Model 805 Model 801 Model 803
Reader Service Reader Service | Reader Service
No. 491 No. 492 No. 493
Model 806 | Model 802 Model 804
Reader Service Reader Service Reader Service
No. 494 ! No. 495 No. 496

Ask your local Helipot sales represen-
tative for information or circle the
appropriate number on the reader
service card.

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA « 92634

INTERNATIDNAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES,
SCOTLAND; TOKYQ; PARIS: CAPETOWN: LONDON: MEXICO CITY

Electronics | October 2, 1967
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New Products

New instruments

Oscilloscope shows doctors
waveforms in living colors

Three or more biopotentials can be monitored by Japanese scope
that separates waveforms by new system of color coding

Color coding, used extensively in
equipment ranging from bulletin
boards to x-y plotters, is now be-
ing adapted to medical diagnosis
and surgery.

The problem in using cathode-
ray-tube displays in this area has
been the difficulty doctors and their
technical assistants have encoun-
tered in distinguishing between
several superimposed waveforms.
Separation of such waveforms as
electroencephalograms and electro-
cardiograms on individual horizon-
tal bands of the tube miglt be bet-
ter than superimposing them, but
it complicates the correlation of
the waveforms and makes for inef-
ficient tube-area utilization.

Japan’s Kobe Industries Corp.
sees a way out of the problem with
an oscilloscope that will show
three waveforms—and sometimes
more—superimposed but in differ-
ent colors. The oscilloscope s
designed around the Colornetron-
type single-gun color crt devel-
oped by the company for small-
screen, transistor color television
[Electronics, May 31, 1965, p. 81].

Kobe Industries hasn’t yet got-
ten production levels up—and
price down—to warrant use of the
crt in competitively priced color
tv sets; it's estimated that this
would require a unit price to the
manufacturer of under $30. But
company officials claim that mar-
kets in special-purpose oscillo-
scopes and systems are opening up
for the tube.
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1. Switching grid

Design of the tube makes it
especially suitable for portable
equipment with transistor circuits.
The single-electron gun, efficient
use of beam clectrons, and post-
deflection  focusing keep both
high-voltage and sweep power re-
quirements moderate. Deflection
components, in fact, can be thosc
used for black-and-white tv.

Single-gun design eliminates con-
vergence problems, Kobe says,
and the vertical-color-strip charac-
teristic of Lawrence-tube design
eliminates most problems of mis-
registration caused by the earth’s
magnetic field.

The tube has a color switching
grid of 0.l-millimeter wires with
center-to-center spacing of abont
0.3-mm. The number of color strips
is exactly double the number of
grid wires. Since the viewing area
of tube face is about 16 mm wide
by 12 mm high, there are about
330 color strips—265 blue, 133
green, and 133 red.

In focus. Alternate wires of the
color switching grid are connected
to opposite terminals of the driv-
ing circuit. Between any two grid
wires is a center color strip—Dblue
for this tube—that is excited by
the electron beam when both halves
of the color switching grid are at
the same potential. The green
strips are under one set of the al-
ternate grid wires, and the red un-
der the other. The proper voltage

and polarity between alternate grid
wires deflect the beam and focus it
on eithier green or red color strips.

The capacitance between the
two sections of the color switching
grid, approximately 700 picofarads,
draws a high reactive current when
the grid is switched at the 3.58-
megahertz frequency required for
dot-sequential color tv, but a rea-
sonably small current at the lower
repetition frequencies.

Because magnetic deflection is
used, the major disadvantage of
this tube for some applications is
limited frequency response. This
isn’t considered a serious limi-
tation in medical electronics, how-
ever, or some educational and in-
dustrial applications where the
waveforms of interest occur pri-
marily at low frequencies.

In Kobe’s oscilloscope, the verti-
cal deflection coil has an induct-
ance of 0.1 lenry. For full-scale
vertical deflection at 50 kilohertz—
the high end of the amplifier pass-
band—the voltage required across
the deflection coil is 141 volts. This
is provided by a single-ended pnsh-
pull amplifier. The low-frequency
response of the oscilloscope ex-
tends to d-c.

1. Chopped or alternate

Speed of the built-in sweep is
variable from 20 microseconds per
division to 1/10 psec. External
sweeps from d-c to 5 khz can also
be used.

Waveforms are displayed by
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Bulova can
supply »
the

crystal

you need

to match your specs!

Many years of supplying crystal control
units for the most advanced military and
space programs enable Bulova to offer

a full line encompassing virtually the
entire frequency spectrum—2 k¢ to 125
Mc for oscillator and filter applications.
We can supply every type of packaging
—including koldweld and glass sealed.
Our military crystals meet latest
MIL-C-3098D specifications. All

reasons why you should make Buiova
your single source of supply.

HIGH PRECISION GLASS SEALED
CRYSTALS 1 Mc to 125Mec. Available in
vacuum sealed, glass enclosures of the
HC-26/U and HC-27/U type.

Example: Precision SSB Crystals
Frequency: 1 Mcto 5 Mc
Holder: HC-27/U
Tolerance: #.0025%
from —55¢°C to +90°C, or
to specification

Aging: 3 x 10°® per week
after one week stabilization
at 75°C

KOLDWELD SEALED CRYSTALS —low
aging, high reliability, 1 Mc to 125 Mc.
Now available in TO.5, HC-6/U

and HC-18/U type cans sealed by the
koldweld process to eliminate effects of
heat and to reduce contamination.
Example: TO-5 =
Frequency: 15 Mc to 125 Mc y
Tolerance: =.0025% from
—55°C to 4+105°C, or to
specification

Aging: 1 x 107 per week
after one week stabilization

at 75°C ) ;

Write or call for specifications on
Bulova’s complete line of crystals.
Address: Dept. E-17.

BuLova

FREQUENCY

CONTROL PRODUCTS
ELECTRONICS DIVISION

OF BULOVA WATCH COMPANY, INC.

61.20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000
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... waveforms are chopped at 25 khz,
displayed as dots of primary colors. ..

either dot or ficld color sequences
corresponding to the chopped and
alternate sweeps provided in other
multichannel oscilloscopes.

In chopped display, the input
waveforms are chopped at about
25 khz and displayed as successive
dots of primary colors. The highest
frequency that can be displayed is
about 3 khz, but frequency re-
sponse extends down to d-c. Phase
relationships between input wave-
forms are preserved, but only one
waveform can be synchronized
with sweep if inputs are at dif-
ferent frequencies.

Split image. Alternate display al-
lows the utilization of full pass-
band to display signals up to 50
khz. Waveforms can be individu-
ally synchronized with sweep, but
unless the sweep is synchronized
from an external trigger common
to all three inputs, the phase rela-
tionships of the inputs may not be
preserved. Alternate sweeps aren’t
suitable for display or very low
frequencies, because individual
sweeps will be seen separately ra-
ther than superimposed.

It's also more difficult to display
more than three colors with alter-
nate sweeps, especially at low fre-
quency, because the two primary
colors needed to give composite
color when more than three arc
needed will be seen separately.

Kobe
[338]

Industries Corp., Kobe, Japan.

New instruments

Watching the waves

Standard strain gage used
in improved wave recorder

Recording the ups and downs of
waves is becoming important in
areas other than ocecanography.
Marine architects depend on wave
recorders to study artificial swells
in developing new hull designs,
And, since the impact of air waves
can be sensed by the same trans-

ducers, spacecraft designers use
wave recorders to determine the
effects of vibration on the vehicle.

Today’s conventional wave re-
corders use a differential trans-
ducer that is mechanically back-
loaded hy air or a stable oil to
compensate for the transducer’s
operating depth. Consequently
readings cannot be obtained rap-
idly. In addition, these transducers
are part of a d-c bridge circuit,
which means long-term-drift prob-
lems.

No pressure. To overcome these
limitations, Alpine Geophysical As-
sociates Inc., has developed a
wave recorder incorporating a
standard strain gage as the sensing
element. This requires no pres-
surization—it can be electrically
bhalanced. Also, the new instrument
operates from an a-c source, which
means greatly simplified recorder
clectronics and improved stability,
This design approach enables the
instrument to record short-term
wave data as well as such long-
term phenomena as tides and seis-
mic disturbances of the ocean.

Mcasurements can be made at
any depth to 100 feet without a
pressurizing process. The instru-
ment will work with a wide range
of strain gages.

Included in the Model 418 elec-
tronics is an input balance and
quadrature correcting network to
permit operation with many pres-
sure transducers.

The depth range switch—0.4, 2,
10, 50, and 100 fect full scale—
changcs the gain of the input pre-
amplifier and electrically balances
the transducer. Accuracy is within
+=2% except for the 0.4 foot range
where it is within +=3%. The pre-
amplifier is a high-gain, a-c coupled
module. Its stability is sufficient to
permit tide recordings over a 12-
hour cycle. The amplifier handles
both the error signal from the quad-
rature correcting network and the
transducer’s displacement signal.

The Model 418 can record on
magnetic tape or on a paper chart.
It will operate from a battery sup-
ply or a 115-volt a-c power line.

Alpine Geophysical Associates Inc.,

Norwood, N.J. [339]
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In Making Masks for M
Flectronic Components... |  aisss
... there’s no
Margin for Error!

& \ |
Now carefully peel oft the film as
outlined leaving a completed photo
mask, positive or negative, that
corresponds exactly to the desired
pattern.

THAT’S WHY EXPERIENCED DESIGNERS
AND ENGINEERS ALWAYS INSIST ON...

UBYLITH

HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS

THE KNIFE-CUT, LIGHT-SAFE MASKING FILM &y
LAMINATED TO A STABLE POLYESTER BASE

The most versatile line of hand-cut masking films, including

+0075—RUBYLITH 75 DR* .005 RUBYLITH 5 DR
.005 AMBERLITH 5 DA ™

These new, thick Ulano films provide the positive answers
where exact register assumes a critical importance.

*Available in sheets only, cut to your specifications.

TM.
610 DEAN STREET,BROOKLYN, N.Y. 11238
U d n NEW YORK s CALIFORNIA® CHICAGO *ZURICH

In Europe: ULANO A. G., Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland
Write on your letterhead for special electronic test kit (no charge) No..4148
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New Components Review

Series LS air-flow switches can
withstand vibrations of 10 g to
500 hz and shock loadings up to
50 g at 11 msec. They are suited
for use in military aircraft as pre-
ventive devices to protect air-
cooled mechanical and electronic
equipment from overheating, The
units are factory set to nominal
air velocity from 200 to 1,000
fom. G-V Controls Inc., Okner
Parkway, Livingston, N.J. [341]

*
>
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Half-inch-diameter variable re-

sistors with conductive plastic ele-
ment feature infinite resolution
over a 50-ohm to 5-megohm range
in sealed units with either stand-
ard (type BA) or locking (BL)
bushings. Dust-, moisture-, and
water-proof to 15 psi, they have
an end resistance of less than 5
ohms each end. Reon Resistor
Corp., 155 Saw Mill River Rd.,
Yonkers, N.Y. [345]

A lamp socket for mounting a T-1
size bayonet-base lamp in edge-
lighted instrument panels has an
over-all length of less than 5/ in.,
plus mounting centers as close as
3 in. It positions the lamp for
maximum lighting efliciency by
providing 100% exposure of the
lamp filament when installed in
panels of 316 in. Western Indicator
Co., 1710 N. Potrero, So. El
Monte, Calif. [342]

Card-edge receptacle series 6021
has 30 dual-readout or 15 single-
readout wire-wrap contacts spaced
on 0.156-in. centers. It accommo-
dates a 1/16-in. p-c card. The
unit is available with simple-canti-
lever or double-cantilever bifur-
cated-nose contacts, both rated at
5 amps and made of phosphor
bronze with a gold flash over a
nickel underplate. Eico Corp., Wil-
low Grove, Pa. 19090. [346]

Fixed ceramic capacitors called
High K Unicerams come in 17
sizes, the smallest being 0.07 x
0.035 x 0.04 in.,, and 3 voltage
ratings (50, 100, and 200 wvdc).
They meet or exceed requirements
of MIL-11015C. Insulation resist-
ance is 10° megohms-uf at
+25°C. Temperature coefficient is
*+15% max for —55° to +125°C.
JFD Electronics Co., 15th Ave, at
62nd St., Brooklyn, N.Y. [343]

Dipped epoxy, solid tantalum ca-
pacitors series G come in 3 case
sizes ranging from 0.47 uf/50 v
t 150 af/6 v. Maximum moisture
protection is offered without costly
hermetic sealing. The stand-off
lead functions as a stress relief
during handling. Prices range
from $1.65 to 32 cents in
quantities of 1 to 999. Dickson
Electronics Corp., Box 1390,
Scottsdale, Ariz. [347]

Miniature oscillators using IC's
have frequencies as low as 1/10
hz in a case 132 in. square x
0.600 in. high, for p-c board
mounting. Frequency accuracy is
maintained from 0° to 65°C.
Long-term accuracy is assured by
a temperature compensated bi-
metallic tuning fork operating be-
tween 1,000 and 10,000 hz.
Fork Standards Inc., 211 Main
St., West Chicago, Ill. [344]

A d-c¢ reciprocating motor con-
sists of a copper-wound piston op-
erating in an annular permanent
air gap. The piston connects to a
rotating shaft through a push rod
and crank, and connects directly
to an axial tinear shaft. The motor
is brushless, and commutated by
an electronic circuit. Operating
voltage is from 1.25 to 26 v.
Mathews Electronics Corp., 312
S. Broad St., Mobile, Ala. £348]

New components

Auto tape recorders headed
for improved performance

Glass-filled encapsulant more than doubles
life of laminated eight-track stereo head

When Donald Fry, who was gen-
eral manager of the Ford division
of Ford Motor Co. at the time, first
came up with the idea of putting
a stereo tape recorder in an auto-
mobile, most consumer electronics

170

people were horrified. The auto-
mobile is a very hostile environ-
ment for electronics equipment and
you have only to observe how radio
designs have to be upgraded to
pass auto company demands to

understand this clearly.

The big problem that equipment
engineers saw was the wear on the
tape head, wear that would be ac-
celerated by the steady vibration
of the car engines. Although every-
body agreed such a tape recorder
could be built, nobody was willing
to bet that a tape head would ever
meet the auto company’s needs for
maintenance-free service while per-
forming as well as a home playback
machine.

It is history that such a tape re-
corder was built and became a
smashing success among auto buy-
ers. But the struggle to improve
the recording head goes on.

Long life. Last month, Michigan
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Model SPR-275 is a 21-w resistor
designed to isolate line drive im-
pulses and terminate lines within
the demanding space requirements
of a computer, It has a resistance
range of 0.025 ohm to 1 kilohm,
within 5% tolerance. Mounted to
a heat sink maintained within the
computer at 70°C, its maximum
temperature on the other side is
100°C at 21 w. Dale Electronics
Inc., Columbus, Neb. [349]

\ S

Trimmer resistor named Slim-Trim
is useful in consumer, military and
industrial equipment. Rated at
Ya w per section at 70°C, it has
resistance values ranging from 100
ohms to 15 megohms. Maximum
voltage is 350 v. The unit is built
upon a base plate of alumina for
heat dissipation. Centralab Elec-
tronics Div., Globe-Union Inc.,
5757 N. Green Bay Ave., Mil-
waukee, Wis. [353]

Reed relay series 442SS  with
built-in solid state driver occupies
only 0.05 cu in. Typically, 40
2-pole relays with their driver
stages can be mounted on a 4%
x 512 in, p-c board with adequate
spacing between "boards. Height is
only 0.25 in. Contact is rated at
a full 7 w. Units are available
in 1-to 4-pole models. Wheelock
signals Inc., 273 Branchport Ave.,
Long Branch, N.J. [350]

. =

(S

— L

AY 3
= 'H
~
. . {
e
[ -§ ]
T %

Shorting-contact series 44 rotary
switch is available in a 45° angle
of throw. It has 1 or 2 poles per
deck. The 1-pole unit has up to 6
decks; the 2-pole type, up to 3
decks. Initial contact resistance is
0.005 ohm, rising to 0.020 ohm
max after 25,000 cycles of opera-
tion. Price is from $7.70 to
$17.50, depending on poles and
decks. Grayhill Inc., 523 Hillgrove
Ave., LaGrange, Ili. [354]

1
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Metal film resistors in the MAF60
series are made by depositing a
stable resistive film alloy on a
ceramic substrate through a vac-
uum evaporation process. Units
are rated at ¥Ya w at 70°C and
s w at 125°C. Change in resist-
ance after 1,000 hours load life is
less than *0.5%. Standard tem-
perature coefficient is 100 ppm/
C. Mallory Controls Co., 100 S
Parker Ave., Indianapolis. [351]

9,~’

Metalized Mylar capacitors series
322 and 323, in epoxy cases,
mount on p-c boards. Radial lead
styles have premolded standoffs to
permit cleaning agents to pass un-
der the unit and prevent moisture
from collecting and introducing
leakage paths. Values are 0.001 to
10 u#f. The 0.001-af unit is 0.42
X 0.29 in.; the 10-4f unit, 1.92 x
0.72 in. Gudeman Co., 340 W.
Huron St., Chicago. [3551]

oNe
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Transipad 10299-DAP adapts 12-
lead TO-5 IC's to a standard
0.100-in. grid pattern. It provides
insulation and support, elevating
the device only 0.150 in., includ-
ing 0.025-in. feet under the
Transipad. The feet permit air
ventilation and open area for
flushing away excess solder flux.
DAP resists heat of 450°F. Mil-
ton Ross Co., 511 2nd St., Pike,
Southampton, Pa. [3521

9.

LA

Miniature capacitors type V170
are constructed by wrapping the
film dielectric with a synthetic
film and thermally sealing the end.
They may be subjected to 100°%
relative humidity for 72 hours at
75°C and suffer not more 13 loss
in insulation after exposure and
subsequent drying. Capacitances
range from 0.01 to 0.1 uf.
Aerovox Corp., New Bedford,
Mass. £3561

Magnetics,

ample,

one of the principal 10
producers of magnetic recording
heads for auto tape recorders, in-
troduced a new head that ought to
outperform any developed yet—
and at no increase in cost.

The laminated, eight-track stereo
head is encapsulated in a newly
developed glass-filled composition
that lasts two to threce times as long
as previous encapsulants. The head
on a home tape recorder,
is usually fabricated of =30,

for ex-
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laminations of nickel-alloy iron and
copper shims which are encapsu-

lated in a resin plastic like Bake-
lite. In a car, resin plastics wear
away quickly and degrade the per-
formance of the recorders, so other
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10,000 20000

Impressive performance. Frequency response of new head is 10 kilohertz at
—6db, with a playback speed of 334 inches per second. In addition, crosstalk
rejection, which is even a more critical parameter in auto recorders than in
home units, is greatly improved, to 80 db.
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Unequalled Electronic Grade
Epoxy Molding Powder from HYSOL

Now HYSOL has a specially formulated hi-grade electronic molding
powder for use in applications where high quality and reliability are
a must.

HYSOL recommends using these soft flow molding powders for trans-
fer molding, encapsulation of transistors, integrated circuits, diodes,
critical resistors, capacitors, inductors, as well as the more sophis-
ticated semiconductors that demand super quality control, moisture
resistance and a broader range of compatibility.

The HYSOL laboratories located in the East and West, have the test
equipment procedures and personnel to supply you with test data on
the effect of encapsulation on your products. HYSOL can solve your
problems now. Write, wire or phone HYSOL, Dept. EM-107, Olean,
New York 14760.

HYS ©OL HYSOL CORPORATION + OLEAN, NEW YORK 14760

LOS ANGELES, CALIFORNIA/HYSOL [CANADA) LTD., ONTARIO/LONDON, ENGLAND
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.. . ought to outperform
any developed yet . . .

Glass house. Tough, glass-filled
material encases new recording head.

materials are needed.

The electrical performance char-
acteristics are equally impressive:
Adjacent crosstalk rcjection is 80
db and frequency response is 10
khz at —6 db with a playback
speed of 334 ips. Contour effect is
practically ecliminated at low fre-
quencies. The NH2LX can be sup-
plied unmounted, or with side, bot-
tom, or rear mountings installed.
Price is $3.40 each in quantities of
10,000 units. For larger orders—
50,000 to 100,000 units—the price
is negotiated.

Specifications

Impedance at 1 khz 2600 ohms
Record level 12 db
Playback level
1 khz 0.8 millivolt

10 khz —6 db
Frequency response (at

334 ips) 10 khz, —6 db
Nominal inductance 0.38 henry

Interchanne! crosstalk

rejection 50 db min. (1 khz)
Adjacent channel
rejection 70 db min

Michigan Magnetics Inc., Vermontville,
Michigan 49096 [357]

New components

For discrete users

Zener diode chip assemblies
are step toward IC’s

It's a giant step from discrete com-
ponents to monolithic integrated
circnits. For those who are not

Circle 173 on reader service card—>



LOOK AT HOW THEY'VE IMPROVED
IF AMPLIFICATION—

HighErdgainmm

YOUR IF STAGES FROM TWO NEW
RCA FRAME-GRID TYPE TUBES
-THE IMPROVED 'JC6A FAMILY
OF SHARP-CUTOFF PENTODES
AND THE NEW 'KT6 FAMILY OF
SEMIREMOTE-CUTOFF PENTODES.

HIGhEHd VeV alUES

WITH CONSEQUENT IMPROVEMENTS
IN GAIN AND gm PERMITTED

BY NEW PLATE STRUCTURE
INCORPORATED IN EACH FAMILY.
'KT6 FAMILY ALSO HAS AN
EXCELLENT SEMIREMOTE-CUTOFF
CHARACTERISTIC FOR BETTER
AGC CONTROL.

RCA DISTRICT OFFICES—OEM SALES: EAST, 2075 Millburn
Ave., Moplewood, N.J. 07040, {201) 485-3900 « MID-ATLANTIC,
605 Marlton Pike, Hoddonfield, N.J. 08034, (609) 428-4802 -
MID.CENTRAL, 2511 Eost 46th St., Bidg. Q2, Atkinson Square,
Indianopolis, Ind. 46205, (317) 546-4001 « CENTRAL, 446 East
Howard Ave., Des Plaines, |1l 60018, (312) 827.0033 « WEST,
6363 Sunset Blvd., Hollywood, Cal. 90028, (213) 461-9171
INTERNATIONAL OPERATIONS, RCA International Division:
Central and Terminal Aves., Clark, N.J. 07065, (201} 382-1000
¢+ 118 Rue du Rhone, Geneva, Switzerland, 35 75 00.

3JC6A,4JC6A AND 6JC6A SHARP-CUTOFF PENTODES
(9-PIN MINIATURES UNILATERALLY
INTERCHANGEABLE WITH UC6 FAMILY)
* Py = 3 W

* Pgo= 0.7W
* Om = 16,000 umho
¥ INTERNAL SHIELD

3KT6,4KT6 AND 6KT6 SEMIREMOTE-CUTOFF

PENTODES (9-PIN MINIATURES)

x pb = 3.1 W

* gm= 18000 umho

* INTERNAL SHIELD

* SEPARATE BASE-PIN TERMINAL FOR G3—
PERMITS USE OF UNBYPASSED CATHODE RESISTOR

* TWO BASE-PIN TERMINALS FOR CATHODE
TO REDUCE CATHODE LEAD INDUCTANCE

This is what you can expect from RCA Engineers. They are
alwayvs on the alert for new ideas, new materials and new
methods to give the color-TV circuit engineer tubes that will
provide even better performance at the lowest possible cost.

For more information on the RCA ’JC6A and ’KT6 fami-
lies of receiving tubes, contact your nearest RCA District
Office, or write to RCA Commercial Engincering, Section
J19-DE, Harrison. N.J, 07029,

®

RCA Electronic Components and Devices, Harrison, N.J,

The Most Trusted Name in Electronics



KEITHLEY UNWRAPS F/RST MOS FET
ALL SOLID-STATE ELECTROMETER

frequent zero adjustment

Using Mos Fets at the input, this new Keithley solid state
electrometer measures voltage, current, resistance and charge
over 73 ranges. It is so stable the only discernible drift is with
temperature. And only at a rate less than 300 uv/° F.

The 602 exhibits minimum zero shift from shock, vibration or
voltage overloads up to 500 volts. Battery-operated, this
versatile giant operates up to 1500 volts off ground and has
battery life of 1000 hours, even when recording ! Fast warm-up
time, low 5 x 10-15 ampere offset current and freedom from
microphonics make it truly unique! ‘

Call your Keithley man for our technical engineering note.
Ask for a free in-plant demonstration, too.

Model 602

o 1mv fs. to 10v, with 1014 © 100 ohms f.s. to 1013 ohms
ohms input resistance e 1013 to 10°¢ coulomb

o 1074 ampere fs. to 0.3 amp. o 500-volt overload protection
$675, with input leads

174

B < =) TR [ = B9 DSF Sl g
INSTRUMENTS

28775 Aurora Road - Cleveland, Ohio 44139

EUROPE: 14 Ave, Villardin, 1009 Pully, Suisse
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... for users who don’t
need military specs. ..

ready to make the big jump, who
want to stay close to the discrete
technology, and still improve per-
formance, Dickson Electronics
Corp. of Scottsdale, Ariz., has
geared up to produce zener diode
chip assemblies for usc in hybrid
integrated circuits.

David Hutchins, diode product
enginecring manager, says the as-
semblies are also for customers
doing research on how to integrate
a system—for example, those
building a system for the military
who are trying to cut space and
weight but have not yet adapted
to working with monolithics.

The company sees another mar-
ket segment in equipment makers
who are frequently changing de-
signs, such as commercial televi-
sion manufacturers. They too are
used to working with discretcs,
and will probably buy chip as-
semblies as a transition to mono-
lithic 1C’s.

Bonding. Some want the supplier
to do the bonding for them,
particularly those customers work-
ing with active semiconductor de-
vices. Says Hutchins: “If you bond
them yourself, you can run into
problems of control. If you don’t
know what kind of solder to use,
or you don’t have precise control
over the bonding temperature, the
junctions of active devices might
be destroyed.”

At Dickson, there’s considerable
interest in the commercial elec-
tronics coustomer who won’t pay
the premium prices for military-
grade 1c’s and hybrids. “Most
semiconductor manufacturers de-
sign to specs that arc tighter than
many a commercial product manu-
facturer needs,” says Hutchins.
“The bigger semiconductor houses
aren’t too interested in him.”

The chips which come in four
standard assemblies are nominally
0.025 inch squarc. Costs for an
entire assembly, in quantities of
1,000, range between 75 cents and
$2. Power ratings: 400 milliwatts.

The standard chip assemblies are
available with chip zener diode
types in voltages ranging from 7.5
to 33 volts. All metallized substrate
surfaces are sufficiently gold-plated
to permit thermocompression or
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No bubble,
no trouble.

When you immerse your components in hot 3M
Brand Inert Fluorochemical Liquids, bubbles of es-
caping air quickly detect gross leaks.

No bubble, no trouble.

That's one of the known test bath applications
for 3M Inert Liquids. Thermal shock tests, transistor
matching, temperature testing of integrated circuits
at —55°C and +150°C, are just a few other
examples.

Our Inert Liquids quickly drain and leave no
residue. So when the test is finished, additional
cleaning steps are unnecessary. You save time and
get greater accuracy.

,///‘ -
™ : .,/,
/v“'/ Q
S
V4
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Test 3M Inert Liquids...and save a lot of
trouble.

3M Chemical Division
Dept. KAX-107, St. Paul, Minn. 55119
Send me all the details about 3M Brand Inert Liquids.

Name 0000000000000 e
—_Title_
Address.

City. State

____Zip

1
I

1

1

]

|

: Company__ S
{

1

1

1

1

|

!

[

Chemical Division 3

o
o
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PLOTAMATIC

x-y recorders offer more
performance, features, value

just compare the specs

Input Impedance

Paper Holddown
System

Servo System

Calibration Check

X-Y Zero Adjustment

Price

BBN/DE 600

1 megohm, constant
all ranges

Vacuum: better
holddown, easier
line-up, quiet

Sealed follow-up pots

(no slide wire cleaning
kits)

Push-button zero check
on control panel

No shift from zero
calibrate position
regardless of full scale
input range selected

$25 less

HP

100K on four most
sensitive ranges

Electrostatic:
attracts dust particles

Open slide wires
(require frequent
cleaning)

Must remove X-Y
input signals

Shifts from zero
calibrate position when
attenuator input range
is adjusted for proper
full scale setting

Plotamatic is a clear winner on these and other basic important fea-
tures. You'll want to test all features right in your own lab. We have
30 models of X-Y recorders to choose from. Call us, and we'll bring
the particular Plotamatic best suited for you to compare and evaluate.
Or write for our complete Plotamatic brochure.

BOLT BERANEK AND NEWMAN INC

.
MDATA EQ U I PMENT DIV I1ISI ON

2126 South Lyon Street, Santa Ana, California 92705 = Phone: (714) 546-5300
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... customers can choose
tobond or nottobond. ..

ultrasonic bonding. Either alumi-
num or gold leads can be attached
to the assemblics.

Series choices. The MA and MB
series are for customers who have
their own bonding capability. Dick-
son says the Kovar substrate of
the MA scries provides good heat
dissipation and allows mounting
directly to cleetrically active sur-
faces. Only onc lead attachment is
required to connect the upper con-
tact of the diode chip to other cir-
cuit terminals. The MB series uses
a ceramic substrate which elec-
trically insulates the diode chip
from the bottom of the substrate.
Two lead attachments are needed,
one to the upper contact of the
diode chip, the other to the metal-
lized top surlface of the substrate.

The MC and MD series are for
those users who do not have their
own bonding capability. With the
MC series, bonding directly to the
diode chip is not required, so the
possibility of overheating the de-
vice is recduced. In addition to pro-
viding heat dissipation. the ceramic
provides electrical insulation be-
tween the diode chip and an active
surface of a hybrid circuit sub-
strate. The substrate is in the form
ol a channel, with the chip inside.
Diode chips mounted in the chan-
nel can be enclosed in protective
coatings.

Mass production. Assemblies in
the MDD series are similar to lead-
less inverted devices. They are
mounted onlo the circuit substrate
by inverting and bonding to four
metallized mounting posts, so
mass-production mounting tech-
niques can be used. The sturdiness
of this assembly, Dickson says,
mcans less skill is required in
handling of fragile semiconductor
chips. The mounting posts permit
testing hefore installation into cir-
cuits, and the assemblies can be
color coded for identification.

Dickson will also produce multi-
chip assemblies for special ap-
plications. The Arizona company,
which formerly made field effect
transistors, plans to get back into
that business eventually with a
chip approach.

Dickson Electronics Corp.,, P.O. Box
1390, Scottsdale, Ariz. 85252 [358]
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Radiation now offers

36 Monolithic
Diode Matrices

&12 Monolithic

Interface Circuits
in TO-84 and Dual In-Line Packages

COLUMN CONNECTION PIN NO. Radiation S. M(?nOllthIC Diode Matnces‘ and MONOLITHIC DIODE MATRICES
1 7 14 8 13 Interface Circuits form a compatible family of oUADRL Ine
FUSIBLE integrated circuits to implement any logic de- Matrix Fast Medium General
LINKS . Lo Size Recovery Recovery Purpose
u,\ s\ R ~< sign. These circuits perform the AND, OR, and —. oA i e
. 0 . . X
g 2 INVERT logic functions. In combination they ::"‘:%4 :m;-” mjy
£, j\ﬁ\ﬁ\i‘\ d\ provide the AND/OR, NAND/NOR and ex- 20 LR B 12 333%3—
z 7 . K g o K
= ENENENENEY pandable NAND/NOR logic functions. These | _6%8 RM130  RMI31  RM.134
Q 4 . " " i ofe RM-80 RM-81 RM-84
g &\\ﬁ\&\ﬁ\ circuits are compatible to all logic families, 8x5 RM-180 RM-181 RM-184
g 5 o Sx6 RM-40 RM-41 RM-44
$ S‘“\ \ \H‘\ ‘1\ RTL, DTL, T°L and CML. X RM-140 RM-141 RM-144
2 & The node-input on the interface circuits 4x10 %0 BhiT51 M3
SR TR BERCRERICESTONI ZNGE provides a universal inverter for circuit appli-
cations. They can operate at conventional IC MONOLITHIC INTERFACE CIRCUITS
0 . q g 0-84
19Qve voltages and are ideally suited for interfacing DUARTELINE
1840 to hiSh-VOItage logic to 55 volts. lntl:ff);ce lntsref);ce Incng:tor
| e atisale i At i Inverter Drivers Drivers
Radiation’s interface circuits .and matrices Outpui bsits  Outpul SEvolts  Outeut e volts
are available for immediate shipment at at- RD-534 RD-535 RD-536
. 0 0 5 RD-1534 RD-1535 RD-1536
tractive prices. For example, hex interface cir- RD-334 RD.235
0 Q 3 RD-1334 RD-1235
Basic ntrlace circui. cuits are priced as low as $3.50, and diode RD254
ne element. " . 5
-l matrices as little as $2.50. idee o1

All Radiation integrated circuits are dielectrically isolated.

RADIATION

o= L INCORPORATELD  MCROELECTRONICS DIVISION

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION

Sales Offices: Suite 622, 650 North Sepulveda Blvd., El Segundo, California (213) 772-6371—Suite 232, 600 Old Country Road, Garden City, N.Y. (516) 747-3730—-P.0. Box
738, 1slington, Massachusetts (617) 762-3470—Suite 704, 2600 Virginia Avenue, N.W., Washington, D.C. (202) 337-4914—P.0. Box 37, Melbourne, Florida (305) 723-1511.
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Vector Impedance Meter makes measurements in seconds

MODEL 4815A OFFERS DIRECT READOUT OF
HIGH FREQUENCIES IN OPERATING CIRCUITS

The 4815A offers direct readout of
impedance and phase angle measure-
ments from 500 kHz to 108 MHz
with continuous tuning. Probe on five-
foot cable simplifies in-circuit measure-
ments. Price: $2,650.00. Complete
specifications are yours on request.

Circle 178 on reader service card

Now there’s no excuse for not making all the impedance measurements that
previously have been too bothersome to make. The Hewlett-Packard 4800A
Impedance Meter eliminates bridge balancing and nulling. It does for AC mea-
surement what the ohmmeter does for DC testing. Just plug it in and read it. The
4800A may be mechanically swept to produce measurements over its full fre-
quency range. You get direct readings of impedance and phase angle from 5 Hz
to 500 kHz. Analog outputs of frequency, impedance and phase are available for
X-Y recording.

The 4800A is an all solid-state integrated vector impedance system
that reads out directly in Z and ©. Low-level signal strength prevents
overloading of the test component. Price: $1,650. 00 For complete speci-
fications, contact your local Hewlett-
Packard field engineer or write:
Hewlett-Packard, Green Pond Road,
Rockaway, N.J. 07866.

HEWLETT W PACKARD

IMPEDANCE INSTRUMENTS

1071B




New Semiconductor Review

Three seties of fast-recovery sili-
con rectifiers are in flat-button
form. The TR series is rated for
20 amps at 100°C case tempera-
ture. The RU series handle 40
amps and the RD units 200 amps.
Both TR and RU have 500-nsec
recovery times; the RD, 700-nsec
recovery time. Piv ratings are from
50 to 1,000 v. Electronic Devices
Inc., 21 Gray Oaks Ave., Yonkers,
N.Y. 10710. [436]

Fast-recovery rectifiers feature 7
current ratings, from 34 to 30
amps, and 6 voltage ranges, from
50 to 600 v. More than 50 recti-
fiers in the series offer 2 reverse
recovery speeds of 200 nsec max
and 1 asec max thus providing 2
frequency ranges of 50 khz and
250 khz. Prices (1,000 and up)
are 40 cents to $40.50. Motorola
Semiconductor Products Inc., Box
955, Phoenix, Ariz. [4371]

Microminiature zener diodes are
electrically interchangeable with
standard Jedec types. Measuring
0.075 in. in diameter and 0.125
in. long, the MTC series are en-
capsulated in high-temperature
epoxy. Standard units cover the
voltage range of 5 to 12 v. They
have either silver leads or gold
plated, weld ribbon type. Computer
Diode Corp., Pollitt Dr. South,
Fair Lawn, N.J. [440]

Infrared detector QKN1227 is a
mercury-doped germanium  unit
that responds in less than 100
nsec and is sensitive from 2 to 15
microns. Designed for laboratory,
industrial, and airborne use, it de-
tects radiation from carbon-di-
oxide lasers emitting light at 10.6
microns. The unit measures about
12 X 3a in, Price is $2,900. Ray-
theon Co., Foundry Ave., Waltham,
Mass. [441]

¥
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Thyristors in the CR7K series offer
surge ratings of 7,000 amps and
rms current of 770 amps from a
pair in inverse parallel. These cells
will replace ignitrons as the SCR
is smaller and can be mounted in
any position. Arc volt drop and
triggering time are reduced by a
factor of 20, and power reguire-
ment of the gate is 5 w peak.
Calvert Electronics International
Inc., 220 E. 23d St., N.Y. [438]

Hermetically sealed, glass-case
silicon rectifiers series G have
avalanche characteristics for pro-
tection from reverse voltage tran-
sients, Rated at 1 amp at 55°C,
they have piv ratings from 200 to
1,000 v. Max. operating tem-
perature is 175°C. Size is 1a X
1/4 in. Prices range from 20 to 46
cents in quantities. Sarkes Tarzian
Inc., 415 N. College Ave., Bloom-
ington, Ind. [442]

A solid state device called a reso-
nant gate transistor (RGT) s
available in evaluation guantities.
It is a frequency-selective unit
capable of Q's from 20 to 200,
and helps solve the problem of
building tuned circuits without in-
ductors. Freguency range is pres-
ently limited to about 3 to 30
khz. Price is $67. Molecular Elec-
tronics Div., Westinghouse Elec-
tric Corp., Elkridge, Md. [439]

Differential amplifier model SE515
is a linear IC featuring differential
input and output, an input-offset
voltage of 0.5 mv, and compati-
bility with commonly used logic-
circuit power supplies. It is of-
fered in two operating ranges;
—55° to -+125°C, and 0° to
+70°C. The former costs $15 for
100 and up; the latter, $4.75.
Signetics Corp., 811 E. Argues
Ave., Sunnyvale, Calif. [443]

New semiconductor

ments’ Series 74 TTL line.”
“By the end of 1967,” Blanchette

Third-place Motorola steps up TTL pace

Will introduce own line of 30 circuits
in bid to overtake Tl and Sylvania

When you're third, you try even
harder.

Motorola Inc.s Semiconductor
Products division, trying to catch
up in transistor-transistor logic, will
introduce this month the first 30
circuits of its own TTL line.

Called the MC 3000 series, the

Electronics | October 2, 1967

line marks the entry of Motorola’s
own circuit designs into the TTL
race. Says E.A. Blanchette, man-
ager of integrated circuit opera-
tions: “The series, which will
eventually number about 50 cir-
cuits, will be directly competitive
with and superior to Texas Instru-

says, “we will be supplying more
than 100 TTL circuits.”

Most of these will be in the
sunL 1 and 2 lines (Sylvania Uni-
versal High-Level Logic).

Motorola has been a second
source for these lines since Decem-
ber. In addition to its own line, the
company will also introduce a
dozen circuits in the suHL 2 line,
including all the flip-flops, plus
some gates, line drivers, and dual
flip-flops. Also to be introduced are
some Motorola-designed additions
to the suHL 1 line.

Stockpile. Development of the
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Cost-price squeeze? Downtime? Quantity control? Quality control?

Beat any or all of these problems now with

COUNTER-MIEASURE1...
yours only from Quasar Microsystems

If your product or process can profit from new speed,
new accuracy in counting or measuring, it's
time to lay COUNTER-MEASURE 1 on the line.
Because this rapid, reliable, rugged decade
counter counts or measures anything you
want to—and flashes the answer in instant,
visual display. Thoroughly proven in
performance, COUNTER-MEASURE 1 is at work
solving problems in more and more industries,
and in product after product, with each passing
month. What's your application? Chances are
COUNTER-MEASURE 1 Can help you where it counts
most—in the fight for greater profitability.

For your data sheet, and answers to questions on
applications of COUNTER-MEASURE 1, simply write, on
your letterhead, to:

Quasar

MICROSYSTEMS INC.

466 Rockaway Avenue, Valley Stream, N, Y, 11581
Telephone: 516-872-8680

® You can count on Quasar...always

Circle 251 on reader service card

This announcement is a matter of record only.

Teledyne, Inc.

has acquired substantially all the business assets of

Continental Device Corporation

The undersigned assisted in the negotiations leading to this transaction.

LOEB, RHOADES & Co.

September 8, 1967
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.. . Motorola optimism based
on ‘broadest line' of TTL...

MC 3000 series has been going on
for two years, says Robert Lyon,
the division’s product manager for
tTL, and the company has been
stocking the circuits for eight
months.

Blanchette says Motorola ranks
behind Sylvania and 11 in TTL
production. But the company is
optimistic of moving up in the
standings. One company spokes-
man says that with 100 circuits,
Motorola will probably have the
broadest line. However, Sylvania
is gencrally acknowledged to have
the broadest Tr1. line in the in-
dustry [Electronics, Sept. 18, p.
179].

Motorola officials are convinced
that, by 1968, 20% of the digital
integrated-circuit market will con-
sist of TTL logic.

Details on the proprietary mc
3000 series are few. Lyon says
typical speeds will be about 6
nanoscconds, with a maximum of
10 nscc. Other than that, he says
only, “we have gone through the
key devices in the industry and
supplemented them with Motorola
design techniques.”

Blanchette says the new gates
offer an additional decision node,
which “allows implementation of
complex functions such as shift
registers, more easily,” He claims
that the standard pin connection
for 1c’s in saturated logic appears
to be the 930 diode-transistor logic
pr. made by most semiconductor
houses in which pin 7 is the ground
connection and pin 14 the power
supply connection. The MC 3000
circuits follow this standard. Thus,
they can replace the lower speed
DTL circuits in existing systems.

Lyon claims two other advant-
ages for the MC 3000 series: active
pulldown that increases noise
thresholds, and input-clamp diodes
to minimize the ringing effects in-
herent in TTL.

Among the circuit types being
introduced are four kinds of quad
two-input gates (NAND, AND, OR,
NOR); a dual four-input ~NaND
gate; a single cight-input ~anp
gate; a triple three-input ~NaND
gate; a dual four-buffer Nanp and
AND gate; a three-input, three-
output series-terminated line driver
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information Sustem

tiesioned for tomorrow

In Classical Greece, a scholar could get almost all the information he
needed about society, geography, science, military tactics, and religion
from the poems of Homer. Today’s information systems, complex as they
are, will someday look nearly as quaint.

How do we know? Because our scientists and engineers are building
toward tomorrow’s information systems, right now. Underway now at
Sylvania Electronic Systems are [] programs aimed at global communi-
cations networks [] data gathering satellite systems that will make no
place on earth inaccessible [] new data handling and display techniques
that will bring the world’s information into useful focus quickly and
efficiently.

We are designing our tomorrow. It can be your tomorrow too. Come
help to create it. Send your resume in strict confidence to Mr. Kimball
Shaw, Professional Staffing, Sylvania Electronic Systems, Division of
Sylvania Electric Products Inc., Box 903, 40 Sylvan Road, Waltham,

Massachusetts 02154.
Opportunities in suburban Boston, &
Buffalo or San Francisco.

GENERAL TELEPHORE & ELECTRONICS

Tolol Commenicotions from 3 1imgin seurcs Irvegs

SYIVANIA ELECTRONIC SYSTEMS

RESEARCH o SYSTEMS DEVELOPMENT o PRODUCT & FIELD ENGINEERING
An equal opportunity employer
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A source
you can depend on

Whether you need custom headers or
off-the-shelf single-pin terminals, Atlas
offers uncommon reliability. That’s be-
cause we have extensive manufacturing
equipment and in-house test facilities
to make any header you design, and
then test to your specifications or
MIL specs.

Electron-beam welding . . . altitude,
temperature and humidity cyclingcham-
bers . . . metallographic and cross-sec-
tioning photography. In-house facilities
such as these mean unmatched quality
and reliability for you. Over 150 sizes
and configurations of single-pin termi-
nals in stock. Custom headers to your
drawings. Send today for complete in-
formation. Or phone 215 666-0700.

QOA\TLAS

CHEMICAL INDUSTRIES, INC.
Aerospace Components Divislon
Valley Forge, Pa. 19481
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that includes both ¥anp and anp
circuits; a single J-K flip-flop with
a positive-edge trigger and which
can be plugged into a Fairchild
9001 socket, a dual high-speed J-K
flip-flop that is negative-cdge
triggered; and a dual type D flip-
flop that will fit the same socket
as the TI 74/74 unit.

“The people who have expressed
most interest in the series are mili-
tary-equipment  manufacturers,”
says Lyon, who adds that larger
computer manufacturers and a sup-
plier of cquipment for airliners
have also sent out feelers.

Motorola  Semiconductor  Products,

Phoenix, Ariz. [444]

New Semiconductors

High-power triacs

Complete logic-gate control
in a-c or d-c operation

Thyristor technology takes two
steps forward with the advent of
a new triac series with high power-
handling capability and complete
logic gate control. Designated the
logic-triac line by the developers,
International Rectifier, the new
units handle 200 amperes at 220
kilowatts and provide a digital-like
gate sensing element that permits
a-c¢ or d-¢ operation.

The triac, a bidirectional triode
thyristor for static switching and
a-c power control, is the functional
equivalent of two silicon controlled
rectifiers connected in inverse-par-
allel. Prior to the entry of the new
series, maximum current capabili-
ties were in the 33-50 wmnpere
range, and gate sensing was re-
stricted by the polarity of the load
current to be passed. With the new
units, a positive signal to the gatc
results in scr-like operation, i.e., a
low impedance path across the
main terminals in one direction,
and a blocking (high impedance)
statec across the terminals in the
opposite direction. When bias cur-
rent is pulled out of the gate, the
new triac unit displays bidirec-
tional current handling, much like
conventional triacs.

International Rectifier, 233 Kansas St.,
El Segundo, Calif. {445]

"MITSOMI - - =
IF TRANSFORMER -

Reliability proved by a

Monthly production
of 13,000,000 !

output

The Mitsumi IFT is widely used in many
fields such as AM or FM radios, black and
white or color television sets and various types
of communication equipment. A monthly prod-
uction output of 13,000,000 -.--- Mitsumi’s
untiring efforts for the promotion of reliability
have borne fruit and the Mitsumi IFT has now
become an international product used the
world over.

Avutomatic winding machines that assure
maximum stability

The Mitsumi IFT, famed for its originality,
high quality and excellent performance. is made
on digital type automatic winding machines of
our own design, which, by inserting punch cards,
can wind one IFT every 8 seconds. The use
of strictly selected materials and perfect prod-
uction control always guarantee stable per-
formance.

The mechanical performance of the Mitsumi
IFT is also stable with excellent shock resist-
ance and smooth rotation torque. The Mitsumi
IFT will give you full satisfaction in every
respect.

~— | T
Model
N K€ [ woe w208
Specificali ~
Frequency cover range | 455+ 20k 455+ 20k 455 = 20k
=
‘g 1 apacity tbuiltin} | 180 £ 20, 180 20uuF 150 & 30, uf
I 0=
= Unkated 70 15% 70+ 15% "
Qi 110.L 35% | 110 358
| frequency cover range | 10.7: D.3Mc | 10.7 3Mc 10.7 £ 3Mc

ABC =50k 5uuF | ABC = 50 £ 50uF| AB.C— 50uuF |

= .
H T“”“;’.:_I:{ | D= 30% 3unf D= 30.£ 3uuF 0- 302 3pnF
& S €~ 50+ 5uuf €~ 50 £ 5uuf £~ 50 5uuf ‘
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MITSUMI

MITSUMI ELECTRIC CD., LTD,

1056 Koodachi, Komoe-mochi, Tokyo 415.6211

302, Cheong Hing Bldg, 72, Nothon Rood, Kowloon,
Hong Kong 666-925

Morienstrosse 12, Disseldorf, W Germony

MITSUM ELECTRONICS CORPORATION

11 Broodwoy, New York 4, N Y 10004 HAS- 3085
333 N Michigon Avenue, Chicogo, Ili 60601 263-6007

Circle 252 on reader service card




Protects delicate electronic equip-
ment in shipment.

PELASPAN-PAC®loose fill packing
will absorb the shock. Unlike
other loose fill, dunnage material,
it doesn’t settle or mat. It's resil-
ient and highly shock absorbent.
These curled strands of foamed
polystyrene interlock to protect
your product no matter how it's

bounced around.

And how PELASPAN-PAC can
lighten your shipping problem! A
cubic foot of it weighs only 8 oz,
eight times lighter than other
packing materials. What that does
for shipping costs !
PELASPAN-PAC has other advan-

T

tages. It's clean and dust free. So
easy to work with you'll get major
savings in labor time and cost.
Does your equipment get a boot
out of shipping ?

Get PELASPAN-PAC from vyour
distributor. Write for his name.
The Dow Chemical Company,
Plastics Sales, Department 71231,
Midland, Michigan 48640.
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New Instrument Review

Electrostatic voltmeter model 144
Isoprobe uses a noncontacting 1V
X 1Y x 24¢-in. probe to per-
mit drift-free measurement with
0.1% accuracy. Range of =1 to
*2,000 v full scale at greater
than 10" ohms input impedance
allows for many potential applica-
tions in general materials research
and evaluation. Monroe Electronics
Inc.,, 5 Vernon St., Middleport,
N.Y. [3611

* Q4

D-c multimeters MV-964A and
MV-864A measure 100 uv to 1
kv full scale, 0.1 ma through 1
amp full scale and 100 millichms
through 5,000 megohms. Both
operate on 115/230 v, 50 hz
through 450 hz and the 964A also
operates on internal nickel cad-
mium batteries. Price: $695 for
the 964A, $625 for the 864A,
Millivac Instruments Inc., P.0. Box
997, Schenectady, N.Y. [365]

Unidirectional differential-pressure
transducer PL385TC is capable of
direct exposure to either gas or
fluid corrosive pressure media on
active or reference ports. Typical
pressure ranges are from 0-5 to
0-50 psig. Differential overload is
5,000 psig. and max. allowable
internal pressure is 6,000 psig.
Price is $500. Statham Instru-
ments Inc., 12401 West Olympic
Blvd., Los Angeles 90064. [362]

Power factor meter model 83
measures input frequencies ranging
from 50 to 2,500 hz. It has an
accuracy rating of =1% of total
span with sine-wave inputs of 120
v and currents ranging from 1 to
5 amps. The meter is self-ener-
gized from the voltage input and
produces direct readings for leads
or lags of up to 90°. Weston In-
struments Inc., 614 Frelinghuysen
Ave., Newark, N.J. [366]

The ultraMonitor reads out any
temperature point that can be
sensed by a thermocouple. Used
with standard thermocouples, the
unit, with a 5%-in. meter scale,
is better than 2% accurate. It
may be used with a thermocouple
in parallel with other equipment
because of its high input imped-
ance that almost eliminates addi-
tional loading. Airborne Acces-
sories Corp., Hillside, N.J. [363]

Linear position transducers series
230 are 60-hz units that provide
infinite resolution. They are avail-
able in 20 different models with
range of travel from =0.010 to
%4 in. Units feature sensitivity to
100 mv/mil and linearity to
0.05%. A wide variety of stand-
ard mounting options simplifies in-
stallation of core and case. Robin-
son-Halpern Co., 5 Union Hill Rd.,
West Conshohocken, Pa. [364]

Solid state oscilloscope DM-4 is

.designed for the communications

field. With the FM-9 frequency
meter/deviation meter/signal gen-
erator, the unit presents the com-
plete deviation picture. Alone, it
serves to trouble-shoot audio cir-
cuits and to compare frequencies.
Unit measures 6Ya x 82z x 10 in.
Price is $295. Gertsch Division,
Singer Co. 3211 S. La Cienega
Blvd., Los Angeles. [367]

Environmental monitor model 166
uses a dry-writing method for a
continuous, permanent record of
temperature across —50° to -100°
C range, with an accuracy of
*1.5° C. The chart speed of 1
in/hr provides a 31-day record
with standard 63-ft, style B, 75-
division paper. The unit measures
554 x 358 x 57 in. Rustrak
Instrument Co., Municipal Airport,
Manchester, N.H. [3681]

New instruments

Extra heads double recorder s capacity

Two data channels can now be recorded at the same time
with a maximum time-displacement error of 25 nsec

By adding an extra set of recording
heads, a change that eventually
necessitated the development of an
electronic quadrature technique,
the Ampex Corp. has added a sec-
ond channel to its top-of-the-line
instrumentation tape recorder. Two
sets of data can now be recorded

184

at a 6-megahertz rate with only 25
nanoseconds of time-displacement
error between the channels.

The instrument, the FR-950, was
originally developed for the Navy
Air Development Center, which
wanted to analyze radar data on re-
entry vehicles. To assure the track-

ing data corresponded to the spe-
cial data on altitude, cross-section,
and the like, the Navy needed the
time-locked, two-channel capabil-
ity.
“Actually,” says product man-
ager John R. Lake, “we only spec
25 nsec because that’s the best we
can measure, But we have experi-
mented by recording a color-tele-
vision signal on each of the chan-
nels, then switching back and forth
to determine changes in hue. This
information is contained in the
phase of the transmitted signal
with respect to a 3.58-Mhz subcar-
rier burst. It takes a 7-to-10° phase
shift to produce a detectable
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An  X-Y monitor, Transi-Scope
701, uses solid state components
and IC's. Specifications for the
vertical and horizontal amplifiers
include: deflection sensitivity of
10 kilohms, 1 kilohm, 100, 10 and
1 mv/major division with a vernier
adjustment of X1 to X10 mini-
mum; amplifier response of d-c to
1 Mhz (—3 db). Measurement
Control Devices Inc., 2445 Emer-
ald St., Philadelphia, Pa. [369]

® e
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Solid state uhf sweep generator
model 1501 features completely
automatic frequency tuning and
r-f attenuation. An electronic at-
tenuator provides a 30-db dynamic
range of r-f output level, and the
tuner i-f or tv receiver 2nd detec-
tor demodulated curve is main-
tained at a constant amplitude
over this range. Basic unit price is
$425. Sweep Systems Inc., P.O.
Box 616, Indianapolis. £3731]

Temperature - compensated d-c
tachometer 9011-2710-0 has an
output gradient, with 100-kilohm
load, of 7 v/1,000 rpm. Maximum
deviation is no more than 0.01%/
°C change from —25° to +75°C.
Ripple voltage is 3% max. Arma-
ture inertia is 6.5 gm-cm? max.
Life expectancy is 10,000 hrs at
3,600 rpm at +25°C. Beckman
Instruments Inc., 2500 Harbor
Blvd., Fullerton, Calif. (3701

Digital multimeter B8000B is a
portable instrument that wuses
Ni-Cd batteries. It offers 3 ranges
of d-c volts, 3 of a-c volts and
5 of resistance. Features include
full 4-digit readout, with 10%
Sth-digit over-ranging. Accuracy is
+0.05% and resolution is 0.01%.
Input impedance on all ranges is
10 megohms. California Instru-
ments Corp., 3511 Midway Dr.,
San Diego, Calif. [3741

Frequency comparator 103A can
make relative frequency compari-
sons, relative phase measurements,
and short-term stability measure-
ments without peripheral equip-
ment. It makes short-term fre-
quency comparisons to 1 part in
10, Test and reference frequen-
cies of 100 khz to 5 Mhz in 14
discrete increments are accepted.
Montronics Inc., P.0. Box 7428,
Seattle, Wash. [3711

Logarithmic picoammeter model
12EN1126 is a 6-decade (120 db)
current-to-voltage transducer cap-
able of processing currents in the
-1 x 107'* to —1 x 107% amp
range. Output is 0 at minimum
input current and +5 v at maxi-
mum. Rise time is 9 msec maxi-
mum and noise is less than 50 mv
peak to peak. Washington Techno-
logical Associates Inc., 979 Rollins
Ave., Rockville, Md. [375]

Miniature  pressure  transducer
series P2-5000 combines a preci-
sion variable reluctance, twisted
Bourdon tube pressure sensor with
an integral carrier-demodulator.
The series includes models for
measurement of gauge, differen-
tial, and absolute pressure in
ranges from 0-1 to 0-5,000 psi,
with *0.509% accuracy. Whittaker
Corp., 12838 Saticoy St., N. Hol-
lywood, Calif. 91605. [372]

Portable, solid state power con-
verter 4000A is designed for mo-
bile use; the 4000AP is suited for
ground service and lab use; the
4000AR, for rack or pancl mount-
ing. [nput requirements are 120 v
a-c, 47-450 hz. Output signals are
fixed at 400 hz at 1 kva, or varied
from 100-130 v a-c and 360-
400 hz at outputs to 1 kva.
Power Systems Inc., 4023 Del Ray
Ave., Venice, Calif. [376]

change in hue. At about 0.8 nscc
per degrec, that means that the
smallest time delay between sig-
nals that would produce a change
would be about 6 nsec; and we did
not sec any change in hue between
the channels in our experiment.”

The two channels can also be
combined into one with a band-
width g¢reater than the rated 6-
Mhz; but because of envelope de-
lay in the transmission path, the
top single-channel bandwidth is
about 8 Mhz.

Sequential recording. The con-
ventional transverse-tape recorder
has four recording hecads at 90°
intervals around a drum that is
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part of the tape-transport system.
These heads write across the mov-
ing tape. The FR-950 has an addi-
tional set of four heads at a 45°
angle to the first set, so that in-
formation from each channel is re-
corded sequentially.

In the single-channel form, Lake
says, an error of 50 microinches
in the placement of the heads will
result in an error of half a micro-
second in the time basc on the tape.
With two sets of heads, Ampex
found that optical methods of
alignment took too long and were
too costly for a production instru-
ment—the drum is smaller than a
silver dollar, Considering that the

Business end. Extra set of recording
heads was squeezed into tape-
transport system.
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This announcement is a matter of record only.

General Instrument Corporation

has acquired through merger

Universal Controls, Inc.

The undersigned, on behalf of General Instrument Corporation,
assisted in the negotiations leading to this transaction.

LOEB, RHOADES & Co.

September 8, 1967
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September 8, 1967

General Instrument Corporation

and

Universal Controls, Inc.

have effected their merger

The undersigned acted as financial advisor to Universal Controls, Inc.
and conducted negotiations on their bebalf leading to this transaction.

Smith, Barney & Co.

Incorporated

NEW YORK « PHILADELPHIA + CHICAGO » BOSTON * SAN FRANCISCO » MINNEAPOLIS ¢ PARIS
Albany « Allentown » Cleveland « Dallas « Hartford « Los Angeles « Milwaukee « Tampa
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... servo network
corrects tape speed...

whole system costs $130,000, and
fills two racks, the cost of optical
alignment on that small part must
have been astronomical for Ampex
to have abandoned the approach.
Instead, the company came up
with an electronic system to do
the job. Ampex considers the new
method proprietary. Other than
saying that a laser isn’t used, the
company won’t give any details
about the method.

Countdown. Positioning of the
heads is only part of the problem.
Because minute variations in tape
speed and the rotation of the drum
can cause frequency differences in
the reproduced signal, Ampex cor-
rects the variations with a servo
network,

Since a four-head drum has at
least one head in contact with the
tape at all times, the resultant load
variations on the drive capstans
can cause diversions from the spe-
cified 244 revolutions per second.

To overcome the problem, a 500-
kilohertz pilot signal, derived from
a temperature-controlled quartz os-
cillator, is utilized. The pilot is
counted down to 244 hertz and
compared to the actual revolutions
per second, generating error volt-
ages to correct the spin rate. This
mechanical correction can do the
job to only about 200 nsec; the
remaining correction is electronic.
The signal is fed through a voltage-
variable delay line—an inductance-
capacitance section in which the
capacitor is variable. The phase of
the recorded signal is compared
with the phase of the pilot tone.
The difference is utilized to derive
a d-c bias voltage that is equal but
opposite to the phase-differential
voltage.

IC's are used. The FR-950 uses
off-the-shelf integrated circuits in
the servo countdown circuitry.
Both channels are related to the
same stable oscillator; the individ-
ual channel’s time-base stability of
=#15 nsec is the second component
of the *25 nsec displacement er-
ror between channels.

The system is also available in
stripped-down form, with mini-
mum playback capabilities, as a
data-acquisition recorder with
quick-look, on-site verification. One
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Dual Technique
for 0.004% Accuracy

hp 34608 Integrating/ Potentiometric Voltmeter Has High
Accuracy... >10"1 Input Resistance...Systems Compatibility

The new hp 3460B Digital Voltmeter is a dual-
technique instrument that combines the best
features of an integrating voltmeter with those of
a potentiometric voltmeter—to give an accuracy
of 0.004% of reading, superimposed noise im-
munity of integrating DVM’s and a high common
mode rejection of 160 dB at dc.

You get up to 15 readings per second with five
full digits and 20% overranging indicated by a
sixth digit. Polarity selection is automatic. The
3460B has 10 uV sensitivity. Four ranges are
selectable by pushbuttons on the front panel,
or, range selection can be automatic or remote.

Floating and guarded input connectors are on
both the front and back of the instrument. input
resistance is >10!° Q at balanceon 1V and 10V
ranges (minimum 10 MQ), and a constant 10
M€ on 100 V and 1000 V ranges.

Programmability.—hp 3460B is designed for
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fully automatic operation in a digital data acqui-
sition system. A four-line BCD output (1-2-4-8)
on the back of the instrument contains 6 digits of
data, polarity, decimal location and overload in-
formation. Voltage range and two integration
periods can be selected by external circuit closure
to ground.

Get the full story on the new dual-technique hp
34608 Digital Voltmeter from your nearest hp field
engineer. Or, write to Hewlett-Packard, Palo Alto,
California 94304. Europe: 54 Route des Acacias,
Geneva. Price: hp Model 34608, $3600.00.

097/13

PACKARD

An extra measure of quality

HEWLETT |
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about Wisconsin’s skilled labor force, male and female.
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Gerard W. Mulder, President,

Gibbs Manufacturing and Research Corp.,
Janesville and Milton, Wisconsin,
{Subsidiary of Hammond Corporation)
inspects a variety 'of the timing devices

his firm manufactures. '

It’s Time To Investigate
Wisconsin’s “"Profitable Difference”

"We've grown from 125 employees in 1961 to our
current level exceeding 600, says Jerry Mulder. And
there has been no shortage of skilled, trainable labor.
When your product line includes audio reverberation
units and electronic, mechanical, electromechanical,
and electrochemical timing devices for military, space,
and commercial applications, you must attract a top-
notch engineering staff. Ours equals those in the
popular east and west coast ‘brain centers.” Thanks
to Wisconsin’s excellent vocational and technical
schools, perhaps the best in the nation, we have an
ample supply of skilled technicians. Our female labor
force is better than I've seen anywhere else and I've
been an administrator for 22 years in six states. Gibbs
will continue to expand in Wisconsin. We like it here!”’

Our Director of Industry Development,
John R. Frederick, can show you a lot of facts

Call him collect at 608-256-3151
or write: Dept. F, P. O. Box 192,
Madison, Wisconsin 53701.
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