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560 —~ Telemetering low pass
filter. Available from 400 —
to 70 KC. + 7.5% band-
width flat to” 1 db. Attenua-
tion greater than 35 db be-
ond the 2nd harmonic of —
5% frequency. Impedance
878K ohms. MIL-F-18327B. Wt.
.8 oz
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Band pass 400 cycle Gaussian
filter. Linear phase response
in pass band. Attenuation
380 cps to 420 cps within 0.5
db. 2nd harmonic down 25
db, 3rd harmonic down 45
db. Source and load 5K ohms.
MIL-F-183278 Wt., 0.9 Ibs.

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE

from your local distributor.
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FREQUENCY-CPS ~
Low frequency band pass fil-
ter. Designed for 2.5 cps
center frequency. At 2 to 3
cps within 3 db. At 1.5 cps
and lower, and 4 cps and
higher, greater than 30 db.
Spurce and Load 10K ohms.
Size: 4 x 4-11/16 x 6”. MA
MIL case, MIL-F-183278B.
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Minimum phase _shift 400
cycle band pass filter. Within
+ 1.5 db 370 to 430 cycles,
greater than 45 db beyond
1100 cycles. IK ohms to 100K
ohms. MIL-F-183278; | Ib.

+10

RESPONSE-DB

0
20
30 \
40
I0KC 100KC
FREQUENCY

IMC 2MC

High frequency low pass fil-
ter. Zero to 700 KC within
1 db. 1.95 mc to 10 mc 40
db minimum. Source and
Load 1000 ohms. Molded flat
construction for printed cir-
cuit applications. Size: 1 X 2 X
157; Wt: 1 oz. MIL-F-18327B.
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FREQUENCY-KILOCYCLES
Band reject filters (two
shown). The 1050 ~ filter
has 50 db attenuation and is
only 3 db at 950 and 1150
cycles. The 12.75 KC filter
has more than 100 db at-
tenuation and is only 3 db
at 10.8 and 15 KC. Source
and load 600 ohms, both are
MIL-F-183278,

CUSTOM BUILT

10 YOUR
SPECIFICATIONS

ILLUSTRATED ARE
TYPICAL SPECIAL FILTERS

RANGE OF FREQUENCIES ON SPECIAL UNITS
IS FROM 0.1 CYCLE TO 400 MC.

Over thirty years of experience in the design and
production of special filters have resulted in UTC
being a first source for difficult units. Present
designs both military and commercial incorporate
a wide variety of core structures, winding methods,
and capacitors to provide maximum performance,
stability, and reliability. Fully experienced, top en-
gineering talent backed by complete environmental
testing and life testing facilities assure the highest
standard in the industry. Full analysis and evalua-
tion of materials are conducted in UTC's Material
and Chemical Laboratories. Rigid quality control
measures coordinated with exhaustive statistical
findings and latest production procedures results
in the industry’s highest degree of reliability.

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

POWER TRANSFORMERS e AUDIO TRANS-
FORMERS e INDUCTORS e PULSE TRANS-
FORMERS e ELECTRIC WAVE FILTERS e
LUMPED CONSTANT DELAY LINES e HIGH
Q COILS e MAGNETIC AMPLIFIERS e SAT-
URABLE REACTORS e REFERENCE UNITS

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. « 150 VARICK STREET, NEW YORK, N. Y. 10013
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The HP:5050A™Digital Recorder is no quitter.
New mechani@al techniques make this 20-line-
per-secénd prifiter rugged, quiet, economical
and simple. FOF example, there are no rotat-
ing electrical contacts for decoding, and no
start-stop-operation of printwheel and ink rib-
bon. Iﬁs%?noto-electric decoding is used,
and the print drum rotates continually against
an ink-impregnated roller. Fewer parts lead to

The 5050A can print up to 18 columns at rates
to 20 lines per second . . . and without making
a lot of noise about it.

Notice the unusual transparent hood. It muffles
the sound. It lets you hear yourself think. It
keeps your printed records in a neatly folded
stack, instead of streaming over equipment,
bench and floor. And it stores completely with-

increased reliability potential, which is necessary in printers
with the 5S050A’s speed. Zero suppression is available.

The 5050A is quiet, too . .. measured noise is less than an
electric typewriter, less than other printers in its speed class.
It accepts 4-line BCD data from one or two sources, which
can be in different BCD codes. For extra versatility, formats
and codes are easilyand economically changed by mechanical
means without buying new circuitry for driving the printer.

in the recorder when you’re not using it.

The 5050A is, of course, fully compatible with other HP
solid-state equipment. Price is favorable, too: $1750 without
the driving electronics (which are an additional $35 per
column).

For more information call your local Hewlett-Packard field
engineer or write Hewlett-Packard, 1501 Page Mill Rd., Palo
Alto, Calif. 94304; Europe: 54 Route des Acacias, Geneva.

Brief Specifications
Print Cycle Time: 50 msec, asynchronous.

Maximum Capacity: 18 columns, 16 characters each.
Data Input: Parallel entry, BCD (1-2-2-4,1-2-4-8
or 1-2-4-2); “1” must differ from
“0” by 4.5 V min. to 75 V max.
+150 V max.; both “0” and “1”
states are required.

Reference Voltage:

Input Impedance: Approximately two megohms.
Hold-off Signals: Both polarities diode coupled, simul-
taneously available; 10 mA load max.

+15 V open circuit from 1 K source

—15 V open circuit from 1 K source
+ or — pulse, 6 to 20 V amplitude,
1 V/psec min. rise time, 20 psec or
greater in width, AC coupled.

Print Command :

HEWLETT 7@ PACKARD

See new Hewlett-Packard instrumentation
at IEEE Show New York Coliseum March 20-23

2561
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VARIABLE
BANDWIDTH
MARKERS
PINPOINT THE
FREQUENCY

Sweep Oscillator gives top performance in the

All solid-state Hewlett-Packard 3211A Sweep Oscillators
with RF and marker plug-ins meet virtually all of your
swept frequency testing requirements. Variable bandwidth
markers permit accurate, well defined marking under a
variety of test conditions.

The main frame of the 3211A contains everything you
could hope to find in a sweeper. RF plug-ins operate at
fundamental frequencies with good linearity and spurious
mixing products are eliminated. Plug-in markers offer not
only variable bandwidth, but also Z-axis or pulse-type
marking. An accurate 59-db attenuator makes the unit a
valuable tool for testing both high- and low-gain circuits.

Circle 2 on reader service card

100 kHz to 110 MHz range

The 3211A is ideal for general testing in the video to VHF
range where flat, linear output and an accurate marking
system is required. Typical applications are: alignment, cali-
bration and design of FM tuners and receivers and testing
filters, amplifiers, transformers, resonant circuits and IF
sections of TV receivers, radar and communications sys-
tems. For complete specifications, contact your local
Hewlett-Packard field engineer or write Hewlett-Packard,
Green Pond Road, Rockaway, N.J. 07866.

 PACKARD

meanering instruments
for science and industry
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Technical Articles
I. Design

The year of the integrated circuit
At the IEEE show, IC’'s will be showing
up routinely in products

Designer's casebook

m Gain-multiplied capacitance generates
ramp waveform

= |C amplifier serves as stable current source

m Constant relay on-time for any input pulse

A worldwide look at the Gunn effect (cover)
While the Gunn effect seems confined to
laboratories, other solid-state microwave
phenomena may replace it

Stephen E. Scrupski, senior associate editor

Computer-aided design: part 7

Performing nonlinear d-c analysis
Nonlinear devices such as transistors

and zener diodes require a different
approach and program than linear devices
M.J. Goldberg and J.W. Achard,

Norden Division, United Aircraft Corp.

Integrated circuits in action: part 5

In search of the ideal logic scheme

A survey of the kinds of integrated-circuit
logic illustrates the advantages of each
Donald Christiansen, senior editor

Understanding integrated-circuit logic

The engineer has to know how logic works
because the specifications are often sketchy
Robert Sanford, Babcock Electronics Corp.

Logic IC's don't live alone

The ultimate system determines the final
performance of the logic scheme

W.T. Rhoades, Hughes Aircraft Co.

Il. Application

The airborne 4 pi computer:

IBM aims at aerospace guidance

A low-cost mass-produced computer may
replace special-purpose machines

W.N. Carroll and F.F. Jenny, IBM

TV show of the century:

A travelogue with no atmosphere

Apollo astronauts will use an unusual tv
camera to send back pictures of their trip
S. Lebar and C.P. Hoffman, Westinghouse
Electric Corp.
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Readers Comment

Nothing new under the sun

To the Editor:

In the article “Tv cameras are
slimmed down to follow action on
sports field” [Feb. 6, p. 103], your
Tokyo regional editor described a
simplified color television pickup
system, made and used by NHK.
One essential part of this highly
and deservedly praised develop-
ment effort is a lenticular plate
used before the pickup television
camera and preceded by a primary
color strip filter or dichroic mirror.

It may be of interest that a sys-
tem using a lenticular plate with a
tricolor filter on the pickup side
for the purpose of producing color
television was published by me in
August 1937, in Television and
Shortwave World, in a paper en-
titled:

“A Novel Scheme for Television
in Colours.”

Victor A. Babits
Vice President of Research
Marshall Laboratories
Torrance, Calif.

Ancient lore

To the Editor:

At the 1967 International Solid
State Circuit Conference, after hav-
ing heard the problems users had
with integrated circuits and large-
scale integration, I recalled an an-
cient form of circuitry, now in dis-
repute, known as pcc.

In this, the user has the following
building block characteristics:

Transistors

Types: pxp and NPN
Max. voltage: 300 volts
Max. current: 5 amperes
Capacitors
Range: picofarads to micro-
farads
Max. voltage: kilovolts

Resistors
Initial tolerance: below .1%

Range: fraction of an ohm to
hundreds of megohms
Temp. coeff.: 5 ppm
Note: Resistors are linear and
symmetrical
This ancient form requires a min-
imum investment by the user. All
that is required is a workbench and
a few hand tools available at the
local hardware store. The building

Electronics | March 6, 1967



Only from Sprague!

DIGITAL-TO-ANALOG

- HYBRID & fo

CIRCUITS

A with precision components not found in
monolithic integrated microcircuits

SPRAGUE COMPONENTS

-
2
UT-1001 LADDER NETWORK
Up to 12 bits with less than /2 bit error!
® Silicon-base hybrid microcircuits in hermetically- ® Combination of precision thin-film tantalum
sealed flat packs. nitride resistors, nickel-chromium resistors, and
- ® 3 to 1 size reduction over conventional con- active devices of planar construction.
verters using discrete components. ® Packaged for compatibility with monolithic
® Improved tracking over temperature range of circuits. i .
L ]
=55 Cite 125 €.
® Reduced handling of components ... fewer For complete technical data on D-to-A microcircuits,
external connections . .. lower assembly costs. write to Technical Literature Service, Sprague
® 4-bit series expandable to 8 or 12 bits... Electric Company, 35 Marshall Street, North
5-bit series expandable to 10 bits. Adams, Massachusetts 01247,
4

THIN-FILM MICROCIRCUITS

INTEGRATED

TRANSISTORS

CAPACITORS
RESISTORS

4ss-7101

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

CIRCUITS

Electronics | March 6, 1967

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

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and @ are registered trademarks of the Sprague Electric Co.
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Prices apply only in U

®

Introducing GR's new...

Standard-Signal Generator with a 9.5- 10 5UU- d
10-V, cw output behind 50 2; odu

natic output leveling I modes ¢ erati g
(no trimmer adjus t needed). T jent ‘
locked t ¢ | dard fr s
than 1t 80% AM. Type 1 Star rd 0%

Sweep and Marker Generator for use with GR Synthesizers. [t has nine

op speeds, from 0.02 to 60 seconds, and sweep exc ursion is adjust-
able from =+.001 Hz to =1 MHz. Generates scope markers for quick cali-

bration of the swept output. The sized center-frequency marker

and side markers

1160-P2

le, and precisely settable. Type

eep ai

General-PurposelLaboratoryOscillator with its full 10-Hz to 50-kHz range
covered by one turn of the dial. No range switch to wear out! This also
means no range-switching transients and no ambiguous dial multi-
pliers. Generates both sine and square waves, and can be synchronized
to an external signal or can supply a sync signal. Has a calibrated 60-dB
step attenuator and a 20-dB continuously adjustable attenuator. Type
1313-A Oscillator . . . $325.

Scanner System to connect up to 100 capacitors sequentially to GR's
1680-A automatic capacitance bridge. Also useful for other scanning
applications. Modular construction offers great versatility in the number
of input channels, number of lines switched per channel, and line ter-
mination. Preserves the three-terminal, guarded connection between

bridge and unknown. Digital readout and BCD output of chan nel identi-

fication. nally programmed operating modes

utomatic, manual, or exte

Type 1770 Scanner System . . . $3500 for a typical 50-char

el guarded

system.

Precision Decade Transformer with 0.2 PPM linearity and easily repeat-
able settings to 1 x 109, Lever switches for easy, in-line readout plus
infinite-resolution slide wire (that can be switched out of circuit for cali-
bration). Type 1493 Precision Decade Transformer . .. $1100.

GENERAL RAD'O Circle 6 on reader service card



blocks can be obtained from a wide
number of interchangeable, com-
peting sources and are so cheap
that they can be stocked by the
user. It gives the manufacturer a
much larger value added than in-
tegrated circuits or large-scale inte-
gration and he can use his own pro-
prietary circuit.

The designer can use pcc blocks
in a wide variety of digital logic
configurations. The same elements
can be used for analog as well as
digital applications.

The parts can be readily repaired
or changed as all parts are readily
accessible.

The design turnaround time can
be measured in minutes rather than
months.

In case the reader has not
guessed it by now, pcc is discrete
component circuitry.

Philip D. Goodman
Narberth, Pa.

What’s the time?

To the Editor:

It seems to me there’s some-
thing missing from your report on
the Harris-Intertype photographic
typesetter [Feb. 6, p. 34], namely:
the time required to transfer the
text to the magnetic tape, the time
required for the computer to justify
lines, and the time to convert the
crt display to a metal plate.

Surely you would not have us
believe that all these steps are
completed in 30 seconds.

Clarence W. Metcalf
Engineered Advertising
Stoughton, Mass.

= The telephone company sup-
plies its subscriber information to
the printer on magnetic tape that
serves as an input to the computer
typesetter. In 30 seconds, the ma-

chine sets each line, justifies it, and
produces a complete page on film.
Making the printing plate takes a
few minutes more. Formerly, the
telephone company supplied sub-
scriber names on punched paper
tape that ran an automatic linotype
machine. Setting a page this way
took an hour and a half.

The numbers game

To the Editor:

In the article “Light touch”
[Dec. 26, 1966, p. 168], you in-
cluded some misinformation.

Although you are, of course, at
the mercy of manufacturers’ exag-
gerated claims about their sales,
this statement of 200 cameras sold
with 80% to North American manu-
facturers is unusual. The general
consensus around this country is
that Marconi has delivered about
16 cameras and there are firm or-
ders for about 34 more. With 50
cameras ordered in the U.S., this
would mean 110 cameras in Can-
ada and since the Canadian Broad-
casting Corporation has ordered
none of its color yet, this seems
very unrealistic.

Generally our information indi-
cates that Norelco and rca are
about equal in color camera sales
at around 300 (excluding the earlier
3-tube image orthicon cameras
which are no longer being built),
GE is somewhere around half this
number, and Marconi sales are well
below that.

Charles E. Spicer
Vice President-Engineering
Visual Electronics Corp.
New York, N.Y.

= Executives at Marconi Co. in
London insist they have received
orders for 160 Mark Seven color tv
cameras from the U.S. and Canada.

e e e ik ks al . T T S T S S Sy | S Ykt S (| (S, {mny
{ SUBSCRIPTION SERVICE /|
| Please include an Electronics Magazine address cHANGE OF M]DRESS I
label to insure prompt service whenever you i I
l write us about your subscription. AHACH If you are moving, please let us know
I '.ABE'. five weeks before changing your address. I
' Mail to: Fulfillment Manager Place magazine address label here, print | l
| 5'8“?0",26230 HERE your new address below,
| Hightstown, N.J. 08520 ' N I
| To subscribe mail this form with your payment : I
| and check [] new subscription [J renew my . npame I
l present subscription I
l Subscription rates: in the U.S.: 1 year $8; two i address I
| years, $12; three years, $16. Subscription rates
| for foreign countries available on request I
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€9 years ago
we had a great
idea that put us
in the high-rel
relay business.

It’s still a great
idea, and now
we’ve put it
in a one-inch
package!

Wedge-action* was the great idea. By com-
bining long precious-metal contact wipe with
high contact force, it gives Electro-Tec relays
the highest dry-circuit confidence level ever
reached. (90%, based on a failure rate of only
.001% in 10,000 operations.)

Packing wedge-action into a one-inch enve-
lope wasn't easy. But it was worth it. It gives
you maximum reliability in minimum space.
And it's available for both 6PDT and 4PDT
operations, in relays that exceed all require-
ments of MIL-R-5757/1 and /7.

The one-inch relay is just one of our family
of wedge-action relays, which cover almost
every dry-circuit to 2 amp application. When
you need a high-rel relay that really works,
remember our great idea, and put it to work
for you.

*U.S. Patent No. 2,866,046 and others pending.

Electro-Tec Gorp.

SLIP RINGS * RELAYS * SWITCHES * OPTICS

P.O. Box 667 * Ormond Beach, Florida
(904) 677-1771 * TWX 810-857-0305
Manufacturing Facilities:
Ormond Beach, Fla. * Blacksburg, Va.
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ew solid
tantalum
capacitor for
printed circuits®

actual size

TIM miniatures are fully molded in a rectangular
epoxy case that makes maximum use of space

on printed circuit boards. Parallel leads, spaced .125".
Ideal for automatic insertion.

Exceptionally stable electrical characteristics, proved by
5000-hour life test at 85°C . . . long shelf life.

Excellent performance in severe environments...
values stay well within spec limits after
5000-hour humidity test.

One case size: .345" by .288" by .105" thick.
Values from 12 mfd, 3 volts to .68 mfd, 50 volts.
Temperature rating —55°C to +85°C at full
voltage, +125°C at %3 nominal voltage.

Write for Bulletin 4-82, and for quotation.
Mallory Capacitor Company, a division of
P. R. Mallory & Co. Inc., Indianapolis, Indiana 46206.

See our full line of molded electrolytic capacitors
at the L.E.E.E. Booth 3C11-3C17.

MALLORY
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People

Northrop Corp.’s Nortronics divi-
sion means to expand and intensify
its efforts in inertial guidance
work. It has just
named Helmut
Schlitt, an ex-
pert in the field,
to the new post
of director of
advanced devel-
opment.

Nortronics al-
ready has a ca-
pability in airborne digital com-
puters, inertial platforms and gy-
roscopes. The division’s biggest
effort at the moment is for the C-5A
systems.

Schlitt’s plans for Nortronics go
beyond the general type of work
the division has been doing. “We
want to become more systems ori-
ented,” he says.

Well rounded. While declining
to be specific about his plans, he
said they include tactical systems
such as low-cost, precision naviga-
tion systems, target-location sys-
tems, and radars and doppler sys-
tems. He added that these are not
necessarily «ll for aircraft.

Schlitt, a native of Germany,
comes to Nortronics from Litton
Industries Inc. He was vice presi-
dent of new product technology at
Litton’s Guidance and Control Sys-
tems division, Woodland Hills,
Calif., and was also in charge of
its space science laboratory in
Beverly Hills, Calif., where he di-
rected work on plasma engines and
space suits,

He holds many patents in the
field of inertial guidance and is
credited with development of the
case-rotation concept for gyros.

In his new job, Schlitt is in
charge of Nortronics” advanced avi-
onics laboratory, the inertial sys-
tems applications group (market-
ing), and the commercial navigation
systems group.

£

ut Schlitt

Helm

Although some electronic equip-
ment makers do produce their own
integrated circuits—or at least
maintain an in-house capability—
most still buy on the open market.
But in the view of William J. Mac-

Circle 9 on reader service card—>



Here’s an engineer’s
magazine even
your wife will love

It's the portable chart paper maga-
zine from our new Mark 250 Strip
Chart Recorder. Now you can take
the record home with you, or any
place for that matter! Manual turn-
ing knobs let you roll the chart
forward and back. Later, you can
re-record on the same chart for
side-by-side comparison. Chart
take-up is automatic. And you can
reload the magazine in seconds.
(Many users get an extra magazine
. .. study one while the other is in
the recorder.)

But the world’s slickest chart maga-
zine is just one of the Mark 250's
great new features. Step response
over the full 4%-inch span (10% to
90%) is 40 milliseconds . .. records
up to 100 cps . . . flat to 10 cps full
scale! Choice of 21 interchangeable
preamps. Pushbutton selection of
12 chart speeds. Crisp, clear, rec-
tilinear presentation. Patented,

pressurized inking system. Owners
say there's no other strip chart
recorder in the same league.

Words just don’t do it. You have to
see a Mark 250 to understand why
it's called ‘“the first strip chart
recorder for the perfectionists of
the world.”" A call to your local Brush
Sales Engineer brings a Mark 250
right to your office or lab. Go ahead.
Even our wives will love you for that.
Clevite Corporation, Brush Instru-
ments Division, 37th & Perkins,
Cleveland, Ohio 44114,

——

CLEVITE

——brush INSTRUMENTS DIVISION



Did You Know
Sprague Makes 32 Types of
Foil Tantalum Capacitors?

125 C TUBULAR
TANTALEX® CAPACITORS

) ———

Type 120D polarized plain-foil

Type 121D non-polarized plain-foil
Type 122D polarized etched-foil
Type 123D non-polarized etched-foil

ASK FOR BULLETIN 3602C

Circle 332 on readers
service card

RECTANGULAR
TANTALEX® CAPACITORS

Type 300D polarized
plain-foil

Type 301D non-polar-
ized plain-foil

Type 302D polarized
etcied-foil

Type 303D non-polar-
ized etched-foil

ASK FOR BULLETIN 3650

ircle 334 on readers
service card

RECTANGULAR TANTALUM
CAPACITORS TO MIL-C-3965C

CL51 polarized plain-foil

€L52 non-polarized plain-foil
CL53 polarized etched-foil
CL54 non-polarized etched-foil

Circle 336 on readers
service card

10

85 C TUBULAR
TANTALEX® CAPACITORS

NORNES. }J?ﬁnn ve

Type 110D polarized plain-foil

Type 111D non-polarized plain-foil
Type 112D polarized etched-foil
Type 113D non-polarized etched-foil

ASK FOR BULLETIN 3601C

Circle 333 on readers
service card

TUBULAR TANTALUM
CAPACITORS TO MIL-C-3965C

CL20, CL21 125 C polarized etched-foil
CL22, CL23 125 C non-polarized etched-foil
CL24, CL25 85 C polarized etched-foil
CL26, CL27 85 C non-polarized etched-foil
CL30, CL31 125 C polarized plain-foil
CL32, CL33 125 C non-polarized plain-foil
CL34, CL35 85 C polarized plain-foil

CL36, CL37 85 C non-polarized plain-foil

ircle 5 on readers
service card

For comprehensive engineering bulle-
tins on the capacitor types in which
you are interested, write to:
Technical Literature Service
Sprague Electric Company
35 Marshall Street
North Adams, Mass. 01248

4SC-5161 R1

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ' (@' are registered trademarks of the Sprague Electric Co.

People

Donald, the new president of a
small Burlington, Mass., company,
Film Microelectronics Inc., the
number of companies with an in-
house 1c capability will soon rise
sharply. Film '
Microelectron-
ics is counting
on this trend;
it specializes in
selling or leas-
ing do-it-your-
self hybrid 1c
production  fa-
cilities.

“The threat to equipment makers
without an in-house capability is
that they will be contributing less
and less to their own equipment as
time goes on,” says MacDonald, a
41-year-old engineer.

Subtractive process. The do-it-
vourself approach employs printed-
circuit board techniques and etch-
ing to produce a passive network
of resistors and conductors. It is
a subtractive process. Starting with
a resistor-conductor board that has
already been coated with layers of
metallic material, the circuit maker
selectively etches to remove the un-
wanted portions, leaving the de-
sired pattern of resistors, capaci-
tors and interconnections.

“If a device maker needs 20.000
circuits a year, or fewer, he should
be wusing hybrids,” MacDonald
claims. “Development costs vary
from $100 to $10,000 for a hybrid
circuit, but it costs at least $50,000
to develop a monolithic 1c.”

He sees an increasing market in
commercial applications, including
television and hearing aids. The
company recently bid on a new de-
vice proposed for installation on
the wheels of automobiles to sense
motion and trigger antiskid equip-
ment.

MacDonald got where he is be-
cause the company did not grow
faster. Film. Microelectronics was
founded in 1964 as Mallory-Xerox
Corp., a joint venture of P.R. Mal-
lory & Co. and the Xerox Corp.
Xerox quickly bought out Mallory’s
interest and operated the company
as Electronic Films Inc. until De-
cember 1966, when it offered to sell
the business to MacDonald, then
chief engineer.

W. J. MacDonaid

Electronics | March 6, 1967



Continuous cone electrode geometry: designed into
all these tetrodes only by Machlett

The result: uniform internal
r.f. energy distribution and
high performance stability.

Write for complete details:

. [ The Machlett Laboratories, Inc.,
o L_ o Springdale (Stamford), Conn. 06879.
ML-8170/ ML-8171/ ML-8281/ Engineers’ resumes invited
4CX5000A 4CX10000D 4CX15000A

THE MACHLETT LABORATORIES, INC.

\RAITHEON

Electronics | March 6, 1967
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THE HULL STORY...
ENCAPSULATION

BY TRANSFER MOLDING

For components
like these...

b

why do the world’s
leading manufacturers™
depend on Hull
packaged systems ?

Here’s why:
RECOMMENDATIONS BASED UPON
OVER 500 INSTALLATIONS —Since
1956, Hull has accumulated a wealth
of encapsulation know-how to guide
selection of the right production
equipment.

UNDIVIDED SYSTEM RESPONSIBILITY
—The Hull “‘package’” includes
press, molds, loading frames, and
auxiliary handling equipment . . .
assuring smooth, economical flow of
production parts.

INTO PRODUCTION, FASTER, SURER
—Hull can help steer system design
for optimum encapsulation while
product is at “‘bread-board” stage. ..
minimizing lost motion and delays.

LOW-COST, QUALITY PRODUCT AS-
SURED—Hull encapsulation systems
offer a proven method for rapid, pre-
cise, and economical packaging of
electronic components and circuits,
large or small.

FOR MORE OF THE HULL STORY on
encapsulation by transfer molding,
write for a copy of Bulletin P963.
HULL CORPORATION, 7032 Davis-
ville Road, Hatboro, Pa. 19040.
Telepnone: (215) 675-5000. Export:
1505 Race St., Phila., Pa. 19102.

*Texas Instruments, General Electric, IBM,
Motorola, Philips. Fairchild Semiconductor,
Siemens & Halske—to name a few.

Visit us at |.E.E.E. Show, Booths 1H02-1H04.

14 Circle 14 on reader service card

Meetings

Symposium on the Effects of Radiation
in Semiconductor Components, Faculte
de Sciences of the University of
Toulouse; Toulouse, France,

March 7-10.

International Symposium on Residual
Gases in Electron Tubes and Sorption-
Desorption Phenomena in High
Vacuum, Italian Society of Physics;
Rome, March 14-17.

National Convention, Air Force
Association; Hilton and St. Francis
Hotels, San Francisco, March 14-17.

Temperature Measurements Society
Conference and Exhibit, Temperature
Measurements Society; Hawthorne
Memorial Center, Los Angeles,
March 14-15.

International Convention, |IEEE; New
York Hilton Hotel and Coliseum,
March 20-24.

Symposium on Modern Optics,
Polytechnic Institute of Brooklyn;
Waldorf-Astoria Hotel, New

York, March 22-24.*

Lectures on Glass in Electronics, New
York State Science of Technology
Foundation; Polytechnic Institute, Troy,
New York, March 28-29.

Photovoltaic Specialists Conference,
IEEE; Sheraton Cape Colony Inn, Cocoa
Beach, Fla., March 28-30.

Advancing Technology & Purchasing
Management Workshop, Institute of
Science & Technology; University of
Michigan, Ann Arbor, Mich.,

March 29-30.

Structures, Structural Dynamics &
Materials Meetings, American Institute
of Aeronautics and Astronautics; Palm
Springs, Calif., March 29-31.

Symposium on Microwave Power,
International Microwave Power Institute;
Stanford University, Stanford, Calif.,
March 29-31.

Conference on the Transport Properties
of Semiconductors, Solid State Physics
Committee of Institute of Physics;
Canterbury, Kent, England,

March 30-31.

Rubber & Plastics Industries Technical
Conference, IEEE; Sheraton-Mayflower
Hotel, Akron, Ohio, April 3-4.

Call for papers

Union Radio Scientific International
Meeting, IEEE; Ottawa, Canada, May
22-25. March 15 is deadline for sub-
mission of abstracts to George Sin-
clair, department of electrical en-
gineering, University of Toronto, To-
ronto 5, Canada.

Electrochemical Society, Lumines-
cence Session; Dallas, Texas, May 7-
12. March 31 is deadline for submis-
sion of abstracts to Paul Goldberg,
General Telephone & Electronics Lab-
oratories Inc., 208-20 Willets Point
Blvd., Bayside, N.Y. 11361.

Symposium on Adaptive Processes,
IEEE; Chicago, Oct. 23-25. April 1
is deadline for submission of abstracts
to Lloyd Benningfield, Sixth Sym-
posium on Adaptive Processes, Uni-
versity of Missouri-Columbia, Colum-
bia, Mo.

Symposium on  Microelectronics,
IEEE; the Colony Motor Hotel, St.
Louis, Mo., June 19-21. April 1 is
deadline for submission of papers to
Dr. Remo Pellin, Inorganic Chemicals
Division, the Monsanto Co., 800
North Lindberg Blvd., St. Louis, Mo.
63166.

Computer Conference, [EEE; Chi-
cago, Sept. 6-8. April 10 is deadline
for submission of abstracts to S.S.
Yau, Department of Electrical Engi-
neering,  Technological  Institute,
Northwestern University, Evanston,
I11., 60201.

Winter Meeting, American Society of
Mechanical Engineers; Penn-Sheraton
Hotel, Pittsburgh, Pa., Nov. 12-17.
April 15 is deadline for submission
of abstracts to T.V. Sheehan, program
representative, Brookhaven National
Laboratory, 81 Cornell Ave., Upton,
N.Y. 11973.

Fall Joint Computer Conference,
American Federation of Information
Processing Societies; Convention Cen-
ter, Annaheim, Calif., Nov. 14-16.
April 17 is deadline for submission of
papers to Mr. Larson, 1967 Fall Joint
Computer Conference, P.O. Box 457,
Costa Mesa, Calif. 92627.

Conference on High-Frequency Gen-
eration and Amplification, Cornell Uni-
versity, Aug. 29-31. May 1 is dead-
line for submission of abstracts to
Conference Committee, School of
Electrical Engineering, Cornell Uni-
versity, Ithaca, N.Y.

* Meeting preview on page 16
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A periodical periodical designed,
quite frankly, to further the sales of
Microdot Inc. connectors and
cables. Published entirely in the
interest of profit.

THE BROOKLYN
BRIDGE!

Every March, rumblings

of wanderlust begin to stir
within the breast of every true
electronic engineer. It is time for the
IEEE convention. It is time once more
to bend one’s lance against the Visi-
goths of New York: waiters, cab drivers,
mods on Bleeker Street, the maitre d' at
21, bilious brokers of theater tickets,
the subway and just plain people who
use words like “chic,” “fabulous” and
“devastating.”

EVERYBODY WINS

In honor of all those beautiful people,
simple of soul, broad of brow, and
intrepid of heart, who stem from the
provinces, Microdot is offering a genu-
ine, invalid DEED OF TRUST TO THE
BROOKLYN BRIDGE printed on equally
invalid parchment. Or, if you prefer,
Microdot will send you a handsome,
invaluable booklet entitled NEW YORK
DIETARY LAWS or How to Eat Dinner at
the King Henry IV Without Floating a
Loan from Chase Manhattan. Nothing
to do.

You only get one of these, so choose
carefully. There is a way you can get
both. Patient reading will tell you how.

THE BEST CONNECTIONS
IN NEW YORK! (PL. 5-5800)

Microdot makes connectors, as a mat-
ter of fact, the best microminiature
coax connectors in the industry.
Whether you're talking about the some
6000 standard off-the-shelf items or the
high density, multi-pin MARC 53,
Microdot has some rather surprising
answers to connector problems. Of
course, some of you will not have the
advantage of exposing yourselves to the
invectives of the hotel clerk in the St.
Moritz for the IEEE show. Don’t be sad.
This is what you would have seen.

Electronics A March 6, 1967
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LEPRA/CON is Microdot's newest
ultraminiature series of coax connec-
tors. The screw-on has an OD of only ¥
inch with a mated length of only one
inch. Packaging can be reduced by as
much as 50%. New versions of the
LEPRA/CON include the slip-on, multi-
pin and rack and panel based on the
TWIST/CON concept. See below.

TWIST/CON is a concept as much as
a product...the most economical
microminiature pin and socket in the
history of electronics. TWIST/CON per-
mits high density packaging of contacts
on .050” centers, up to 420 contacts
per square inch.

There are also the Microcrimp,
Golden Crimp, Mini-Noise coaxial cable
and those 6000 standards we were
talking about.

MARC 53 is the world’s smallest,
high-performance circular connector
with as many as 61 crimp contacts in
a tiny %, inch receptacle shell. “Posi-
lock” push-pull coupling mates easily
with no danger of damage and elimi-
nates accidental disconnect. “Posiseal”
guarantees an interfacial seal. The new
rear-insertable version of the MARC 53
is a revolution—field assembly without
special insertion or extraction tools. We
will have a sound color film at the St.
Moritz during |IEEE which explains all
about the MARC 53.

SEE US AT THE ST. MORITZ!

Microdot will not have a booth at the
IEEE show. Instead it has set up a
Bessarabian Harem at the St. Moritz,
one of the finest combined inns and
watering holes in the world. Here, any
of you making the trek to Gotham can
get all the hot Microdot news first hand.
And while you are there you can pick
up (free!!!!) at the St. Moritz BOTH
your Brooklyn Bridge Deed and your
copy of the New York Dietary Laws. By
the way, we did say it was a watering
hole.

MICRODOT
INC.

Microdot Inc., 220 Pasadena Avenue, South Pasadena, California 91030

Dear Mr. Microdot:
[JPlease send me my personal Deed of

Trust to the Brooklyn Bridge. | can under- Name s ey
stand people leaving Brooklyn to come
to New York. But going to Brooklyn? '
[J Although | am a personal friend of David  Title
Rockefeller and could get a Chase Man-
hattan loan easily, | still want my free Fi
copy of the New York Dietary Laws. rm —
NOTE: Only one of the above is available
per person unless you visit the Microdot  address :
Pasha’s suite at the St. Moritz in New York.
Both will be sent only to those people who
state in 25 words or less (1) why they are a  City
hardship case and (2) why Microdot makes
the best connectors in the world.
[ Send me information on all those things State Zip -
like MARC 53 and TWIST/CON, etc. | am MARC 53, Posilock, Posiseal, TWIST/CON, LEPRA/CON, Micro-
going to New York, but | have better  crimp, Golden Crimp and Mini-Noise are registered trademarks

things to do.

of Microdot Inc.

Circle 15 on reader service card
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INTRODUCING LEPT CONNECTORS

Swiss-made LEMO connectors are precision machined like fine
watches. A complete line offers you total connector capabilities
(] in sizes from Vs to 1% inches in diameter [] for critical
applications requiring contacts up to 104 pins [] with multi-coaxial
and power pin combinations [] to function under severe
environmental conditions. The patented LEMO snap-latch, self-
locking device—with its positive locking and easy disconnect
features—is what you've been looking for. The clean functional
design and competitive pricing will please you. If you use
cylindrical connectors you will want engineering facts on LEMO

. now available in the United States exclusively from Frazar &
Hansen. For information, write or call for Data File H317.

L LEMO.

DIVISION OF

150 California St., San Francisco, Calif. 94111 « (415) 981-5262
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Meeting preview

Optics topics

An optical recorder that may com-
pete with magnetic tape in certain
applications, real-time holographic
techniques, and a single-frequency
argon laser are among the advances
to be discussed at the three-day
Symposium on Modern Optics to
be held at the Waldorf-Astoria Ho-
tel in New York City beginning
March 22. The session is sponsored
by Brooklyn Polytechnic Institute,
the 1EEE and the military.

The recorder is a multichannel
electro-optical device for pulsed
signals being developed by Colum-
bia University’s electronic research
laboratory for the Defense Depart-
ment. Far smaller than conventional
signal-processing equipment, the
recorder is designed to save hours
of computing time by processing
signals optically. The recorder—
currently working with 24 channels
—is the first to convert multichan-
nel parallel electric signals into
optical signals that can be recorded
on film. Moses Arm, the Columbia
lab’s supervisor, says that this re-
cording technique will be used in
telemetry, communications, and
medical electronics systems. The
recorder will be installed in exist-
ing radar systems in early 1969.

Real-time 3-D. Techniques for
producing both magnified and real-
time holograms that can be viewed
continuously without requiring the
development of a photographic
plate will also be discussed. The-
oretically, the combination of the
magnification and holographic tech-
niques will produce a “holoscope”
—a real-time hologram that mag-
nifies the subject. Such a system
would permit the viewing of an en-
tire volume of material rather than
just the single plane upon which
the conventional microscope can
f.()('ll&

Among the laser work to be dis-
cussed will be an argon laser de-
veloped for xasa by Donald Caddes
of Sylvania Electronic Systems,
Mountain View, Calif. It’s slated
for installation in an optical radar
system for tracking launch vehicles.
The laser employs supermode con-
trol to convert output to a single
frequency; it radiates in the blue-
green portion of the spectrum.
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j take the COOL slot supplies

° No need to put ‘em on ice * no need for added heat sinks

- All Silicon e Fully Serviceable ¢ No Encapsulated Components

HP’s new SLOT Series of DC Regulated Power Supplies have a constant voltage
output, screwdriver adjustable #=10%. Using four nuts imbedded in end plate,
modules can be mounted inside instrument or on standard 19" rack panels
available from hp. Barrier strip has terminals for AC input, DC output, and
remote sensing.

Design insures operation to 50°C without derating or added heat sinks.
Internal construction employs no cables, hand-soldered connections, or com-
ponent encapsulation — units are fully serviceable. Stock models, available on
a short-delivery basis, are listed below. The area below each curve at the
right indicates limits of ratings available on special order.

. OUTPUT CURRENT RATING

o
®

STOCK MODELS DIMENSIONS

| Output ackage {Model Price Module Mounting Length
| Voltage Current Size Number Rfty. 1-9 Size Surface

[6V=10% [ 0-3A 5  |60065A |$100. 2 3% X 415" 2" - B
f2v+10% | 0-1A 60123A 79. 3 3% x 4V5" 5" s RS
12V+10% | 0-2.2A 60125A | 100. 4 3% x 5V5" 6

5

6

o
&

o
n

-]
2 R

S0 A

t_;L R o “ L+7J_L1,_i dE 5

o
N

on Bl ! SR Sl T HE T
338" x 58" 7% b 2 3 456 BIOI2 20 30 40506080100 200 300
4Va" X 5Y5" 11" OUTPUT VOLTAGE RATING VOLTS —=

4V = 10% 0-1A 650244A 88.
- 8V = 10% 0-1.5A 0285A 100.

ulslo|lw

Contact your nearest Hewlett-Packard Sales Office
Load Regulation, 0.05%; Line Regulation, 0.05%; Ripple, less than 0.006% or 1 MV for full specifications.
RMS, whichever is greater ¢ Transient Recovery Time, less than 25 i sec to within

L 10 MV e Short-Circuit-Proof, Current-Limited Output ¢ No Overshoot on Turn-On,
Turn-Off, or AC Power Removal « Operating Temperature, 0°C to 50°C; Storage HE WLE TT

~— 40°C to +85°C PACKARD

HARRISON
DIVISION

700 Locust Ave., Berkeley Heights, New Jersey 07922 e Telephone 201-464-1234 TWX 710-984-7972
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| SOLID STATE TIMER

The Man from E.A.G.L.E.* presents two samples that show the range in his
bag of timing tricks. The CA100 solid state timer provides split-second con-
trol of continuous, high-speed, “on-off” cycles from 3 to 2000 times a min-
ute. Housed in Eagle’s famous Cycl-Flex case, the CA7100 can be plugged in
and taken out in seconds. Solid state circuitry eliminates moving parts,
makes this timer great for dusty, dirty locations. At the other extreme the
HG100 electromechanical dual-function timer does the job of two ordinary
timers. With a single, easily-set dial it provides adjustable “on” and “off”
time periods for cycles ranging from 30 seconds to 60 hours. It gives you
unmatched ease of adjustment without setting cams or changing gears.
For detailed descriptions of one or both of these timers, get our CA Series
Bulletin 322 and our HG Series Bulletin 320. Write Eagle Signal Division,
E. W. Bliss Company, 736 Federal Street, Davenport, lowa 52808, or call

(319) 324-1361.
LITETH [+ [EAGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY

*E.A.G.L.E.—~Engineering Assistance Given Locally—Effectively.

Visit With the Man From E.A.G.L.E. at March IEEE Show, Booth 4G36-4G38
For information on CA100 Timer circle reader service number 18.
For information on HG100 Timer circle reader service number 19.




INSTANT EAGLE RELAYS

Test Them Immediately...
Get Production Quantities inTwo Weeks!

That’s right . . . Eagle challenges you to compare them with any
relay on the market. NOW you can get immediate delivery on these
general-purpose or medium-power relays. Test results prove they’re
the finest of their kind in the world. Eliminate your relay delivery
problems. Call your “Man from E.A.G.L.E.”. . . listed at the right.
You’ll find he has full details and specifications on Eagle relays.

W EAGLE SIGNAL

ADIVISION OF THE E.W. BLISS COMPANY

736 Federal Street, Davenport, Iowa
Visit With the Man From E.A.G.L.E. at March IEEE Show, Booth 4G36-4G38

YOUR ““MAN FROM E.A.G.L.E."

Distributors

Burlingame, California
415-697-6244
Glendale, California
213-245-1172
Englewood, Colorado
303-781-0912
Hamden, Connecticut
203-288-9276
Orlando, Florida
305-855-3964
Baltimore, Maryland
301-484-5400
Newton Highlands, Massachusetts
617-969-7140
Minneapolis, Minnesota
612-922-7011
Clifton, New Jersey
201-471-6090
Haddonfield, New Jersey
609-429-1526
Albuquerque, New Mexico
505-265-1020
Albany, New York
518-436-8536
Depew, New York
716-684-5731
Endwell, New York
607-723-8743
Fairborn, Ohio
513-878-2631
Fairview Park, Ohio
216-333-4120
Dallas, Texas
214-363-1526
Houston, Texas
713-649-5756
Seattle, Washington
206-725-7800

Representatives

Scottsdale, Arizona
602-947-4336
Pasadena, California
213-681-4421
Jacksonville, Florida
305-388-7656
Orlando, Florida
305-422-4295
Roswell, Georgia
404-993-6498
Chicago, lllinois
312-775-5300
Chicago lllinois
312-784-7314
Baltimore, Maryland
301-276-1505
Norwood, Massachusetts
617-769-3600
Minneapolis, Minnesota
612-922-0243
St. Louis, Missouri
314-428-5313
Hackensack, New Jersey
201-342-2602
Latham, New York
518-785-5032
Rochester, New York
716-436-4410
Skaneateles, New York
315-685-6172
Fairfield, Ohio
216-333-4120
Havertown, Pennsylvania
215-528-6640
Dallas, Texas
214-748-7788
Houston, Texas
713-224-9715
Bellevue, Washington
206-454-5200
Charleston, West Virginia
304-342-2211




’77, LOOK TO THE LEALZER
LL)/" IN INTEGRATED CIRCUITS

¥

Five new complex-function ICs . . .

Cut costs, simplify designs and improve reliability . . . use these
new Texas Instruments Series 74 TTL integrated circuits in your -
digital electronic systems.

Cut costs two ways. First, you pay less per circuit function
than when buying conventional ICs. Second, you save on con- =

nectors, circuit boards, inventory, and assembly costs . . . since
fewer packages and less area is required. Net result . . . you
can often realize over-all savings in excess of 50 percent! )

You simplify designs because Tl has already done a lot of
the work for you. These devices, which are fully compatible with

SN7482N DUAL ADDER

o Cost savings of 269% over two single

IC adders.
e 15 nsec serial carry through

both additions.
® Provides the =, of A, and B,, and

the 3, of A, and B, including

_ appropriate carry manipulations.

Circle 497 on Reader Service card for data sheet.

SN7493N I’OUR BIT BINARY COUNTER

o Saves 16% over four separate IC flip-flops.
e Operates at 15 MHz.
o Ripple through operation provides
frequency division by sixteen,
eight, four, or two.
. Stmaitaneoas independent operatmu
of divide-by-eight and
divide-by-two sections.
Circle 500 on Reader Service card for data sheet.
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SN7483N QUAD ADDER

o Saves 419 over four single IC adders.
@ 30 nsec serial carry through four
additions
o Provides the 5, of A, and B, the
3, of A, and B,, the X, of A, and
B,, and the =, of A, and B,, including
appropriate carry manipulations
Circle 498 on Reader Service card for data sheet.

SN7441N  BCD-TO-DECIMAL
DECODER/DRIVER

@ Saves 239% over separate IC decoding
circuits and driver transistors.

e High-voltage output (65 volt guarantee)
transistors directly drive
gas-filled readout tubes.

e BCD inputs provided for use with

SN7490N decade counter.
Circle 501 on Reader Service card for data sheet.

Find out how TTL complex-function

SN7492N DIVIDE-BY-12 COUNTER

o Saves 199% over four separate
iC flip-flops and gating.

e Operates at 15 MHz.

e Frequency divides by twelve, six,
three, or two.

e Simultaneous independent operation of
divide-by-six and divide-by-two sections.

Circle 499 on Reader Service card for data sheet.

MOLDED PLUG-IN PACKAGES

All Series 74 TTL integrated circuits — including
these five new complex functions — are
available in TI's popular molded plug-in
package. A new 16-pin configuration (right) is
orovided for circuits requiring more than

14 pins. Both packages have pins located

on standard 100-mil centers. These packages
provide highest reliability and greatest ease

of handling at lowest possible cost.

integrated circuits from Texas Instruments

can fit into your programs. Ask your
local Tl Sales Engineer, or write us at
P.O. Box 5012, Dallas, Texas 75222
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- here’s how they can work for you!

all other Series 74 integrated circuits, will enable you to develop
new systems faster, at reduced expense.

You also improve system reliability — because the increased
« circuit complexity per package means fewer soldered joints and
plug-in connectors.

How can these new Tl complex-function ICs work for you? For
illustration, we have designed the frequency-measuring subsys-
tem shown below, and compared it with a similar subsystem
using conventional ICs. The savings realized here will give some

w idea of what you may expect.

PROBLEM:
To measure unknown frequency by comparing with known reference frequency and displaying difference freguency.
SOLUTION:
(A) count both frequencies (B) subtract the two frequencies (C) decode and display the difference
|
’ ; SN7441
SN7493N | SN7493N DECODER/
- FOUR BIT FOUR BIT ; DRIVER
BINARY BINARY
COUNTER COUNTER |

=
2
2
UNKNOWH SN7483N SN7483N BINARY ngggég/ §
QUAD QUAD TO BCD DRIVER &
¥ ADDER ADDER l CONVERSION g
m
SN7493N SN7493N e
2 FOUR BIT FOUR BIT | | SN7441
BINARY BINARY DECODER/
COUNTER COUNTER ] DRIVER

REFERENCE

With new Tl complex-function integrated circuits:

YOU SAVE... ! YOU SAVE. .. I YOU SAVE...
2 169 in IC costs | 199% in IC costs | 239, in IC and transistor costs
75% in number of packages | 87% in number of packages I 939, in number of packages
‘] 168 soldered connections | 178 soldered connections | 196 soldered connections
& | HERE'S HOW...
With new Tl complex-function integrated circuits, you require:
Four SN7493N four bit | Two SN7483N quad adders ] Three SN7441N BCD-to-decimal
- binary counters | connected to subtract ‘ decoder drivers
56 pins are to be soldered | 32 pins to be soidered . 48 pins to be soldered
, With conventional integrated circuits you would require:
16 single flip-flops _ | 12 quad two-input gates | Three dual four-input gates

224 pins to be soldered 22/ triple three-input gates

| Six triple three-input gates
| 210 pins to be soldered
I

‘ 114 quad two-input gates
| 30 driver transistors
| 244 pins to be soldered

: TEXAS INSTRUMENTS

4 INCORPORATED
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allahle

-the-shelf

RATINGS FOR RF SERVICE

40305 40306 40307 Units
Veeo (max) 65 65 65 Volts
Vcev (max) 65 65 65 Volts
Vceo (max) 40 40 40 Volts
I¢ (max) 1.0 1.6 3.0 Amperes
Pour (min) 25W @ 75W @ 13.5W @

175 MHz 100 MHz 175 MHz

RCA, originator of the revolutionary “overlay” tech-
nique, introduces another new concept in rf-power
transistors. . . high-reliability units available off-the-
shelf. Designed primarily for critical aerospace and
military high-frequency applications, RCA 40305,
40306, and 40307 transistors go beyond the high
standard of reliability established by RCA “overlay”
to assure a new level of confidence ... confidence for
those designs where device failure cannotbe tolerated.

Available now, these three “overlay” transistors
drastically reduce the time and effort normally de-
manded by hi-rel specs...response time is kept to
minimum with no delivery problems. And because
they are part of a formal RCA high-reliability pro-
gram, the high cost of “customizing” is eliminated.

Electrically similar to RCA types 2N3553, 2N3375,
and 2N3632, these hi-rel devices are designed to

meet MIL-S-19500. (Hi-rel selections of “overlay”
types 2N3733, 2N4012, and 2N4440 are also avail-
able.) Each transistor is subjected to strictly con-
trolled pre-conditioning tests including:

e Fine Leak, 1 x 10-® cc/sec/max.

e Gross Leak, 70 psig, 16 hours min.

e Acceleration Test (2006 of MIL-STD-750,
10,000 G, Y; axis)

e Temperature Cycling (MIL-STD-202)

e Power Age (168 hours)

e X-ray Inspection, RCA Spec 1750326

For more information on RCA’s “overlay” high-relia-
bility capability, consult your RCA Representative.
For technical data on 40305, 40306, and 40307,
write: RCA Commercial Engineering, Section IN3-1,
Harrison, N.J. 07029.

ALSO AVAILABLE FROM YOUR RCA DISTRIBUTOR

RCA Electronic Components and Devices

The Most Trusted Name in Electronics
Circle 22 on reader service card
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Editorial

Credibility gap in hiring

There are more job openings for electronics engi-
neers than there are engineers available and seek-
ing to fill them. That’s the conclusion of Elec-
tronics” annual survey of employment which be-
gins on page 211. To hear the recruiters tell it,
a good engineer with the right specialization can
pick a top notch spot anywhere in the country.

But the survey produced one alarming note:
fewer and fewer engineers believe what com-
panies tell them about their jobs and their fu-
tures. In spite of—or maybe because of—the
tantalizing descriptions in advertisements that
would have applicants believe that the job is
the way to wealth, power, prestige, and paradise,
a credibility gap has opened. One executive of
a personnel agency reported that some of his
engineer applicants were insisting that com-
panies guarantee the jobs will still exist in a year.

The disenchantment with what recruiters
promise is part of a bigger picture of business’s
sagging reputation. Not too long ago, a study at
Harvard University concluded that the brightest
undergraduates don’t want to work in private
industry. The students associate industry with
some distinctly distasteful characteristics, mainly
exaggerated advertising whose claims are over-
stated or overdramatized, products that are de-
livered new but in unworkable condition, and
unfilled promises of services. So, instead, they
seek jobs at nonprofit foundations or in govern-
ment agencies. An 1BM executive complains that
his company can’t hire the cream of a college
graduating class because the top students prefer
nonindustrial work.

Fear of being drafted has caused some young
engineers to go to work in industry when they
preferred other work, but clearly their motivation
is the poorest possible.

Unhappily, a lot of companies have earned this
distrust. They have hired willy-nilly for a short-
term project, completed the work, and promptly
laid off the engineers. Then they’ve gone out and
hired a batch of new technical men for a new
project. Or a few companies have stockpiled en-
gineers on the chance that they would receive a
big contract. When the project went to another

Electronics | March 6, 1967

company, they promptly dumped the engineers
they had so recently hired. Practically none of
these defense-business-oriented companies were
interested in cultivating long-time engineering
employees, training engineers to keep pace with
technology, or planning growth to build a solid
enterprise.

Too often, a company has jumped on a techni-
cal fad, hired a lot of engineers to pursue it, then
discovered the company had no management or
marketing ability in this area so the executives
closed down the entire new operation, throwing
the engineers onto the street without warning.

At too many companies engineers have become
expendable, like paper clips, staples, and type-
writer ribbons. Now management is beginning
to pay for this sloppy attitude and haphazard
hiring practice.

Not enough companies can boast, as Hewlett-
Packard Inc. did in an advertisement last month,
that it has never had a layoff. Steady employment
has not come easy to this progressive and profit-
able instrument company. It takes careful plan-
ning, painful patience, intimate knowledge of
technical trends, aggressive product planning,
and superb management. The company may have
missed participating in one or two technical
areas because its management couldn’t be sure
the developments wouldn’t be just passing fan-
cies, but it is represented in most of the impor-
tant product lines.

The credibility gap makes hiring more difficult,
but there is even a more important aspect that
should concern the industry. If an engineer
doesn’t trust a company enough to go to work
for it, will he trust its products in a ecritical
application that could cost him his job? The
answer clearly is no.

Thus electronics companies have several
urgent reasons to improve their reputations—
and quickly. The best method is not with a
public relations campaign to improve the image,
a favorite ploy in the 60’s. What’s needed are
realistic hiring practices, a business-like ap-
proach to planning the company’s future, a will-
ingness to train the company’s technical people
so they can keep pace with technological ad-
vances, and a determination to tell the truth
about job prospects, product performance, and
the company’s future.

Some electronics companies have already
reached the point where they cannot hire good
engineers because their reputations are so bad
and they have trouble selling their products. Un-
checked, the credibility gap can sink a company.

a2




They've just been approved as Automatic
Direction Finding antennas on the new
supersonic jets where high skin tempera-
tures demand an antenna with a high Curie
point coupled with low loss characteristics
at high frequencies.

They are used on submarines where low
frequency signals demand high-perme-
ability, low loss, and the ability to operate
over a wide range of temperatures.

Both these ultra-sophisticated antennas
are made from the same Indiana General

ferrite material. Our Ferramic® O-5.

This versatile material is the preferred
antenna material in practically every type
of application. It exhibits high permeability,
a high Curie point, low loss and maintains
these characteristics over a frequency
range up to 400 KHz. It can be fabricated
in practically any antenna configuration
from the smallest rods to plates a foot or
more in length. This is one more example
of the newest uses of ferrites in an ever-
widening range of industries.

Our engineering department is perhaps
the most knowledgeable in the industry in
the application of ferrite materials to an-
tenna designs. Their experience is avail-
able to you. So is literature on our O-5

ferrite and a complete set of ferrite infor- ©

mation sheets. Just write Mr. K. S. Talbot,
Manager of Sales, Indiana General Corpo-
ration, Electronics Division/Ferrites,
Keasbey, N.J.

INDIANA GENERALEFAX .

Our new ferrite antennas can follow
faint radio signals just about anywhere.

©1967, Indiana General Corporation
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Litton plans
two computers
with MOS arrays

Scr’s power rises
but prices hold

Patent reform hits
asnag in court

Electronics Newsletter

March 6, 1967

Litton Industries is designing two experimental computers based on
large-scale arrays of metal oxide semiconductor integrated circuits. Both
are in the early stages of development; the more advanced design has
recently received financial support from the Air Force.

One machine is essentially a complex of digital differential analyzers
that can perform such limited tasks as solving for trigonometric functions.
Designed for aircraft navigation, it could be applied to automatic tool
control. The other machine, planned as either a backup or replacement
for the differential-analyzer unit, uses MOS arrays to perform logic and
memory functions. Its design, more advanced and more along the lines
of a general-purpose computer, could be expanded to handle target
recognition or fire control.

Both designs depend heavily on the development of highly reliable,
easily reproducible MOS arrays. Litton has asked Philco-Ford and Gen-
eral Instrument to prepare experimental circuits.

The two circuit makers are acting as consultants to Litton. Both
received specifications for the production of a limited quantity of test
arrays designed to be quickly tested with a single probe. Litton’s plan
is to determine quickly the expected yield (the number of usable functions
on an array) that will result from the still-infant MOS technology.

For the more advanced machine, called a block-oriented computer,
Litton engineers haven’t decided whether to use single or two-layer
metalization to interconnect the circuits within the wafers.

The major reason for turning to the MOS arrays is reduction in cost,
size, and power needs. It’s estimated that the price of a production-model
MOS computer would be about a tenth the cost of a computer using
bipolar devices; the size would be reduced by a factor of 5 to 10 and the
power needs would be cut by a factor of from 100 to 1,000.

The power-handling capability of low-cost silicon controlled rectifiers
is continuing to rise, making them more attractive for use in consumer
appliance. Motorola Semiconductor Products has just introduced an
8-ampere, 600-volt scr—one of a series of four plastic-encapsulated types.
The scr’s, 2N4441 through 2N4444, are rated at 8 amperes root-mean-
square forward current and have blocking voltages ranging from 50 to
600 volts. Typical gate current is 10 milliamps. In quantities over 100,
they cost from 80 cents to $3. General Electric’s C106 series of plastic-
encapsulated scr’s cost about the same. However, the highest power unit
in GE’s line, which has probably had the giant share of the consumer scr
market, is rated at 2 amperes, 300 volts.

Just as the Administration’s patent reform bill was being sent to Congress
late last month, a Federal court handed down a ruling that threatens to
stir up a new controversy over patent jurisdiction.

The bill, containing sweeping proposals to end the long and costly
court battles, calls for ultimate jurisdiction by a regional court. But the
U.S. Court of Claims, ruling in behalf of Technograph Printed Elec-
tronics, said a patent judged invalid in one court case can be brought
up in another case.

Technograph, whose main business is to exploit its patents and licenses,
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Peak laser pulses
top billion watts

FAA will test
“inexpensive”
anticollision unit

Production woes
beset Philco-Ford

Transit bids

26

Electronics Newsletter

had lost its battle for back royalties on printed circuits from Bendix
[Electronics, Nov. 2, 1964, p. 23]. Now the firm has been given the green
light to sue the Government, as purchaser of circuits, and others over the
same patents as in the Bendix case. Outlook: the controversy is likely to
embroil the Supreme Court as well as Congress.

Peak powers greater than a billion watts have been achieved with an
experimental two-stage Raman-effect laser that uses reverse pumping,.
The work, done at Gaithersburg, Md., by the International Business Ma-
chines” Federal Systems division, has produced pulses as short as %
nanosecond. Although the in-house effort is a long way from application,
IBM believes an optical system based on the development could enable
precise tracking of orbiting spacecraft.

A new proximity-warning system, designed by the National Co. of Mel-
rose, Mass., will be flight-tested this spring by the Federal Aviation
Administration. The system is being considered for use by planes flying
the North Atlantic routes.

National’s design is hardly a full-fledged collision-avoidance system,
but it can warn a pilot if another aircraft comes within 60 nautical miles
in any horizontal direction and within 1,500 feet in either vertical direc-
tion. Il cost considerably less than the estimated $50,000 unit price of a
collision-avoidance system, which would use either cooperating ground
stations or highly accurate time-frequency techniques.

With an expected accuracy of within 1 mile, the National system is
adequate to maintain safe separation between planes flying over the
ocean. For the dense overland routes, better accuracy is needed.

Though it is not yet out of trouble with its integrated-circuit calcula-
tor (see story on p. 31), the Santa Clara, Calif., operation of the Philco-
Ford Corp.’s Microelectronics division has a new worry with one of
its major programs in bipolar integrated circuits. Because of production
difficulties, the plant has been temporarily suspended as a qualified
source on the National Security Agency’s classified R-13 program. Santa
Clara was making milliwatt resistor-transistor logic for the project. Ac-
cording to insiders, unless the suspension is lifted, the plant will have
to lay off a large percentage of its 1,200 employees. Although Philco-
Ford executives have admitted having a problem, they say no layoff
is now planned. Nearly 60% of Santa Clara’s output is in bipolar IC’s.

The troubles are in the deposition of aluminum metalization. If the
suspension on the Santa Clara plant continues, Philco-Ford will shift
all its bipolar production to a sister plant in Lansdale, Pa., which cur-
rently is also producing circuits for the security agency project. Ironically,
Philco had wanted to switch bipolar production there a year ago, but
the agency opposed the idea.

The Westinghouse Electric Co. was the apparent low bidder for the
train control and communications portion of the San Francisco area’s
rapid-transit system. The bid, for $26.2 million, must now be studied to
make sure it meets specifications. Official word is expected March 23.

Circle 27 on reader service card—>



at more is there to precious
plating. .. besides using the
rocess! |Everything!




“We don’t disappear once we
sell you the process.”

If precious metal electroplating could be learned from a set of textbook
rules, half the need for service would vanish.

But since electroplating is a dynamic, living thing, a blend of skill and
science, optimum results depend on more than just a process.

That’s why Sel-Rex offers a “total approach”. One that guarantees con-
sistent reliability. Maximum production.

Such an approach starts out with the best process for your product. (Sel-
Rex probably has the best process for you because Sel-Rex has the greatest
number of precious metal electroplating processes.)

And if we don’t have a process that’s just right for you, we’ll develop one.

You’d expect that from the company that developed the first bright gold,
the first acid gold, and the first non-cyanide gold processes for industry.

Prototype Plating Service

Bring us your product, and we’ll con-
duct process studies for you aimed at sat-
isfying your specifications. (Last year we
were involved in evaluating over 5000
high-reliability electroplating applications.) §

Whether you have an in-plant plating |
operation or a job shop, we’ll help you
select a process and we’ll run a sufficient
number of samples to prove out the process.

We'll recommend the proper type of
plating equipment, supply it if you need

& | | ? it, provide information on plating procedure and process control,
\ and offer technical information on the maintenance of the bath.
I . [f you've re-designed a product and it’s not going through the
‘i cycle properly, our prototype plating service will check it out for you.
Or if your product can’t be plated with standard equipment,

e ‘we’ll help design new equipment for you—just as we designed the
S ~ 1 f plat | th 1
\ ¢ ‘speua type of plating barrel that made transistor plating a

routine operatlon

v i >



g Matter of fact, the Meaker Company
- (a Sel-Rex subsidiary), is responsible for
P many widely-accepted advances in rectifier
and control circuitry, and in manual and
automatic equipment design. A number of
these are still exclusive with us.

, Preventive Maintenance
) Once you’re set up and running, we’ll help you continue running prop-
erly—with preventive maintenance.

We’ll backstop your control procedures in our analytical labs.

Every month we’ll double-check samples from your plating baths with
== our direct emission spectrograph and our X-ray spectrograph. (In
. about 2% minutes we obtain analyses of 22 elements in your
sample.) We also check for non-metallic constituents, efficiency
and other physical values.

Within 48 hours of receipt of your sample, we’ll put our
analysis in the mail to you. If the sample reveals less than opti-
¥ mum conditions, we’ll offer recommendations for improving the
bath’s plating performance.

Research for your needs
While all this is going on, we’ll also serve you indirectly through con-
tinuing research; and we’ll make available to you the results of our
new knowledge.

Our research spans the full spectrum from extremely high purity gold
deposits to the relatively unexplored areas of low karat gold.

For example, we've developed several low karat gold alloy processes that
perform the same functions, at lower cost, in certain applications, as high-
¢ karat deposits.

- And though we’re best known for our work in gold, we’ve made and
. continue to make significant contributions in rhodium, silver, platmum and
A4 palladium plating. | ‘

The final step

One other thing. If you use precious metal,
you are bound to generate scrap. When we handle
4 b your scrap salvage, you can be sure of a complete
- refinery service with full technical facilities.
i Including, under one roof, a fire assay laboratory,
instrumentation laboratory, and laboratory facil- §
ities for wet chemical analysis and electrolytic g
methods of analysis.

Fact is, when it comes to research and technical service, Sel-Rex
has more people involved than anyone else in the field.

Any questions?




“

Sel-Rex specialist\s share
their knowledge with you.

If you run into a particularly unusual or difficult situation, you can turn to the staff at Sel-Rex’s
central headquarters—the greatest concentration of know-how in the precious metals plating field.

This staff represents a totality of diverse experience that ranges from the purely theoretical to
the highly practical.

They’ve provided answers to just about every question that’s ever been asked...so they
probably know the answer to most any question you might ask.

But quite often you need a plating specialist close at hand. Therefore, in order to make service
more convenient, we’ve divided the U. S. into major areas, and have placed a man in each of them,
close to your plant.

These specialists back up our field men, who are excellent technicians themselves and represent
our first line of service.

Which means that wherever you are, there’s someone within hailing distance who can supply
technical advice. Immediately.

If your product involves precious metal electroplating, find out what Sel-Rex service can mean
to you. Write to us about your specific requirements. We can be Sef-R ®
of help. Address: Sel-Rex Corporation, Nutley, New Jersey 07110. vex



. We keep some powerful

- experiments quiet.

Fuel cells don’t have to be noisy.

We developed one for the Army
that you can’t hear only 100 feet
away. This 300-watt cell should
produce 28 VDC for more than
1000 hours without special atten-
tion.

Yet, complete with cell stack,
blower, pump, starter and voltage
regulator, it weighs only 30 lbs.

Fuel cells are the lightest, most
effective, non-mechanical devices
yet discovered for generating
electric power.

We make them in all sizes.

But fuel cells are only one of
the activities that keep Union
Carbide up front, on the frontiers
of electronics. For instance,
among other things, we're lead-
ers in research, development and
production of single crystals and
crystal products; solid tantalum
and foil-film capacitors; laser
systems and accessories; solid
state devices.

These are among the reasons to
think of Union Carbide for help
before your projects get beyond
the talking stage.

Union Carbide
UNION Corporation, Elec-
(UL tronics Division,
270 Park Avenue,
New York 10017.

-
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FEATURES:

Micro-miniature
Size

Completely
Solid State

Low Power
Consumption

Wide Numerator

Magnetic Division Modules
ACCURACY OF 1% OR BETTER!

These Analog Division Modules
employ a concept which elimi-
nates high gain operational am-
plifiers and logarithmic circuitry
used in electronic dividers. The
result is fewer components, ex-
cellent stability, micro-miniature
size, lower cost. The combina-
tion of magnetic and semicon-
ductor circuitry results in analog
division accuracy of 1% or better.

15 Kl B¢ *AC INPUT [NUMERATOR) 800 CPS

G/M COMPONENTS have proven to be
superior in function and reliability of operation in thou
sands of military, space and commercial applications,
including aircraft automatic flight control, guidance,
weapon systems, fire control, missile and space vehicle
flight and. stabilization control, pressure-volume-tem-
perature control of gases and liquids.

They conform to MIL-T-27 and MIL-E-5400 specifica
tions, and provide a ready solution to problems involv-
ing solid state —integrated or micro circuit —analog
computer design. Call or write for Bulletins

nalog Computin

NANO AMP LEVEL
Current Sensing
Magnetic Modulator

|1 ULTRA LOW LEVEL—
oMTh
jf g‘%& HIGH STABILITY!

This G/M extremely low level sig-

| &&j nal current magnetic modulator
L operates from Oto =1 pa DC full
scale with a frequency response

':_ ] of 0 to 100 cps minimum for a
f:w}\\‘fxu[f Jel A | carrier excitation of 400 cycles.
St - Il Excellent zero point, amplitude
o connn s 22 & : i, and phase angle stability with re-

5

« Spect to line voltage, frequency
and temperature range.

Wide Frequency Response (over 100 cps)
0 to 1+ a DC Full Scale Input

Drift: Less than 10 Nanoamps
referred to Input Terminal

FEATURES :

REQUEST
BULLETIN MM 110

and Denominator
Ranges

°

AC OUTPUT RMS VOLTS 800 CPS

o

Eo=V sin?’©
EQUATION SOLUTION
ACCURACY—2% fs

A micro magnetic multiplier and
squaring block assembled with

appropriate semiconductor-transfer gain to solve the indi-
cated expression. Micro miniature, solid state microblock
design features high accuracy, extremely stable operation
through the application of micro magnetic stages in cas-
cade circuitry.

» FEATURES:
| | 13?»':3"4%0

l =150
)

Operates over Wide
F'Ei T il Environmental
b Ranges

Unlimited Life, Low
=¥ Milliwatt Power Level

¥ Wide Frequency Range
Wide Dynamic
0 Computing Range

REQUEST DESCRIPTIVE LITERATURE

THERE IS NO SUBSTITUTE FOR RELIABILITY

Input Resistance 1 Megohm
Complete Solid State Magnetic
Rugged, Unlimited Life

Magnetic Demodulators
HIGH RELIABILITY—SMALL SIZE!

The new G/M Magnetic Demodulator is
a solid state circuit for converting phase
reversing AC signal voltages into phase
detected polarity reversing DC voltages.
The amplitude and polarity of the DC
output are directly proportional to the
phase and amplitude of the AC signal.
High reference impedance results in very
small reference power requirements.

FEATURES:

Qutput as High as = 10v. DC
in Present Units

Very Low DC Offset Null Voltages
(As low as 0.1% of full scale)

AMPLITUDE
RESPONSE

Operation Over Wide O T
Environmental Conditions P o
Completely Solid State — .

No Moving Parts
REQUEST BULLETIN MM 108

Circuit and Fundamental
Principles of Magnetic
Modulators are covered
by U S. Pat. No. 2758162




The algebraic sum of
two magnetic squar-
ing blocks feeding a
switching Demodula-
tor, delivers the indi-
cated DC analog out-
put. Input and output data may be either AC
or DC, depending on system requirements

and gain stability.

Greatest Reliability, Uniimited Life  awpuruoe
Repeatable Data over Years of Sl
Continuous, Unattended Operation :
High Shock and Vibration Proof e
Low Milliwatt Power Consumption [ | ]
Wide Band Width
Clean Sine Wave Output

without Resonant Filtering

REQUEST BULLETIN MM 101X

x2
Eo= -
Yy

EQUATION SOLUTION
ACCURACY—2% fs

The micro magnetic squaring
block and division module are
assembled with semi-conduc-
tor operational amplifier for
the solution of the indicated
equation. Completely mag-
netic, solid state microblocks
constitute the most reliable,
space-saving analog voltage
computing circuits available.

Equation solution accuracy—

. 2% fs
Low Milliwatt Power
Consumption
Completely Solid State
T Magnetics
Y (VoLTS 0C) "~ Wide Dynamic Range

REQUEST DESCRIPTIVE LITERATURE

OUTPUT—RMS VOLTS—800 Hz

. - =
TN

Micro “Mag Mods"®
SINE WAVE OUTPUT, NO TUNED FILTERS!

“MAG MODS''® provide four quadrant op-
eration, extreme stability with negligible
change of phase, gain and zero position
over a wide temperature range. Design is
simple, featherweight and rugged—with no
vacuum tubes, semiconductors or moving
parts to limit life. These Modulators are
avanlable in micro, miniaturized and standard sizes de-
pending on requirements, and feature an essentially
drift-free, wide-band width circuit with superior phase

Extremely Broad Range of
Voltage, Current Impedance
Levels may be handled
r: Computing Accuracy to
—ew 3% f.s. over temperature
=" range of —55°C to +85°C
Completely Solid State

Low Milliwatt Power
Requirements

Analog Voltage Multiplier
WORLD'S SMALLEST, MOST RELIABLE!

Available as small as 0.1 cubic inch
and weighing as little as 0.1 ounce,
Micro Magnetic Multipliers feature
extreme stability with negligible
change of product over wide temper-
ature range, high shock and vibra-
tion proof. Band-width may be ex-

FEATURES tended into the
kilocycle range. Low
Four Quadrant Multiplication milliwatt power con-

or Squaring Monolithic Micro sumption; four
Circuit Block for Analog Voltage  quadrant operation.
Multiplying of DC/AC Voltages

Addition, Subtraction, Multipli-
cation, Division and Extracting a
Root of Many Voltage Variables
may be Handled by one G/M
Magnetic Microblock

Product Accuracy of up t0 0.5%
of Full Scale, with very slight
Derating over a Wide
Temperature Range

REQUEST BULLETIN MM 109

General
Magnetics ' Inc

135 BLOOMFIELD AVENUE
BLOOMFIELD, NEW JERSEY 07003

Telephone: (201) 743 2700
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; It's the right electronic component plus a trained and
| experienced marketing man working on your team

Straight talk! The new idea in electronics starts with a man—a man with
a unique orientation to the special needs of your business.

- He's more than a salesman. He's an expert oriented to your markets
and to your business problems. He's not just looking for ways to replace the
old with a new component; his responsibility is to find new ways electroni-
cally to do things for your business. He's business oriented. He's new idea
oriented. He's new product oriented. He's customer oriented.

He's backed by General Electric’s total electronic capability—in-depth
technical backup assistance and the biggest (by far) product market basket

" in the world. You name it, and it's available through this one man. To men-
tion just a few of the component types he offers:

compactrons foil and wet slug tantalum capacitors
. film and paper-oil capacitors integrated circuits
epoxy transistors sealed relays
4 general purpose motors five-star military tubes
full-line receiving tubes signal diodes
- aluminum electrolytic capacitors Alnico and Lodex* magnets
silicon, selenium, germanium rectifiers carbon brushes
< and stacks general purpose and reed relays—
Volt-Pac* variable transformers contactors
> microwave ceramic tubes current transformers

#Reg. Trademark of General Electric Co.

He's your Electronic Components Sales Operation District Sales Man-
ager—your single source for almost any electronic component requirement.

r He's located in every major market area.
Give him a call. Put the new idea in electronics to work for you. 2ss19
> ELECTRONIC COMPONENTS SALES OPERATION
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Service beyond
the call of duty

Those red and yellow ones at the left. They're for action, .

beyond the call of duty on a computer application. The little
round one in the middle. Fighting at close quarters on a panel. .
The next two rows were on machine tools, office machines, guidance

control and a few other items. 2
ON...the fastest

Y . 5 LIC
We put the whole Licon® lighted switch § " onten

SH ||
story in a book. It looks like this. swircnes | Request your copy
. | ’

Join forces with LICON ...
jastest growing full-line switch supplier

4 LICON

DIVISION ILLINOIS TOOL WORKS INC.

e 6615 WEST IRVING PARK ROAD — CHICAGO, ILLINOIS 60634
"Remember, you're never more than a few feet away from a product of ITW" ® .

A

REWIND
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_ NEW! A commercial relay
'l small with 2-ampere dpdt
Printed circuit or socket

cover. This design bonus from our
aero/space program is ideal for tape

- copylng machmes television cameras
 alarm systems, etc., etc., etc., etc., etc.

High density relay packaging becomes a reality with the low
profile HP Series. Only one-fifth of a cubic inch is required for
each relay. Seated height in socket or printed circuit board
is 0.49"”. Mechanical life is placed at 10 million operations.

The DPDT contacts are rated from low level to 2 amperes
at 30V DC resistive or 0.5 ampere maximum at 120V AC.
Coil voltages range from 6V to 48V DC ... with 12- and
24-volt models available from authorized electronic parts
distributors.

These microminiature relays are direct descendants of our
military, aero/space designs and have been engineered to
perform with singular reliability in modern commercial
equipment.

HP SPECIFICATIONS

GENERAL:
Temperature Range: —45°C to +70°C.
Dimensions: 0.49” x 0.88" x 0.48" max.

CONTACTS:
Arrangement: DPDT, 2 Form C.
Rating: Low level to 2 amps @ 30V DC, resistive;
0.5 amps max. @120V AC.
Contact Resistance: 50 milliohms before life
measured at maximum rated load.

COILS:
Power: Approximately .662 watts nominal @ 25°C.
1.0 watts max. @ 25°C.
Duty: Continuous.
Pick-up: 75% of nominal @ 25°C.
Operate Time: 5 milliseconds max. at nominal coil
voltage and 25°C.

Call your electronic parts distributor

POTTER s BRUMFIELD

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




3.2-mm 10-Kw Pulsed Radar System For Target Analysis Studies Photo courtesy of North American Aviation, Inc., Columbus Division

For designing millimeter wave antenna
systems, no one can match the capability

and experience of TRG, the country’s

largest supplier of millimeter wave components.

There is no other source for millimeter wave antenna systems
that has had the engineering and design experience of TRG.
These systems have included: prime focus, four horn monopulse,
conical scan, cassegrain, linear and circular polarized . . . to
name a few. If millimeter wave antenna systems figure in your
future, it's a sure bet you save yourself a lot of headaches
by contacting your TRG representative or writing to: TRG, 400
Border St., East Boston, Mass. 02128. Phone (617) 569-2110.

TRG | A Division of Control Data Corporation
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Specimen: Austenite (6% manganese, 19, carbon, 93% iron). Specimen prepared by and photographed on the new Research il
Rolled, quenched in brine from 2000°F. Etched with Vilella's reagent. Metallograph by Prof. Joseph R. Vilella, Department of Metallurgical
Original magnification: 100X Engineering, School of Mines, University of Pittsburgh.
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..and create

outstanding photomicrographs like this on the

NEW BAUSCH & LOMB RESEARCH 11

METALLOGRAPH
~

All features you want are built-in, at your fingertips.
They can be used while you're comfortably seated.
Conveniently reached control zone. Focusable stage.
.5x-83x zooming variable magnification. Exclusive
high-power stereo viewing. Visual observation, pro-
jection or photomicrography. Built-in shutter controls.
Selector for transposable camera and viewing screen.

Close at hand .. .the quickly-interchangeable com-
bination xenon-tungsten light source. Highest-inten-
sity, long-life xenon, best for bright field, dark field,
stereo, polarized light, sensitive tint and projection.
Tungsten ideal for visual and photomicrographic work.

Everything is faster, easier, handier to
use. Low-positioned inverted stage is
at correct, table-top level. Operation of
interchangeable stage plates and trav-
ersing controls is simple and effortless.

New flat field objectives for bright field,
dark field, polarized light and phase
contrast; give highest quality results.
Individually-centered, parfocalized ob-
jectives selected by turning quintuple
nosepiece. No handling of objectives—
eliminates danger of dropping—smear-
ing. Focus is automatic. Focus and res-
olution are uniform across entire field.

The exclusive Bausch & Lomb
Foster Calcite Prism . ..your as-
surance of the finest results in po-
larized light...also provides verti-
cal illumination for built-in bright
field, sensitive tint, phase contrast
and high power stereo viewing. A
second prism produces an opti-
mum level of dark field illumination.

An integral exposure meter re-
moves guesswork—Iets you turn
every film into a properly exposed
photomicrograph with optimum
contrast, high resolution. Within
arm'’s reach is the built-in desicca-
tor cabinet—a moisture-free area
for safe storage of normal size and
most frequently used specimens.



with the NEW RESEARCH II METALLOGRAPH

Just imagine a materials study center loaded with every feature you could ever want. It includes a
never-before available high power stereo viewing system to enable you to see areas in three-
dimensional clarity. An exclusive .5 X -3 X zoom system permits a total magnification range of from
25x to 3000x. A design so modern, user-oriented and engineered, that everything you want is
readily-at-hand. From your comfortable seat you're in complete command of every operational
feature. Only Bausch & Lomb, the traditional leader in metallograph manufacture, could have pro-
duced this outstanding instrument. Convince yourself with a demonstration. Write Bausch & Lomb,
61403 Bausch Street, Rochester, New York 14602. Our fully-detailed Catalog 42-2154, which also
describes the equally revolutionary Routine model, the new Balphot Il, is available for the asking.

BAUSCH & LOMB (9)



AUTOMATIC

SCANNING FOR

EMI MEASUREMENTS

from 20-15,000 Hz
WITH THE APPROVED ONE

Solid-State, Compact and Lightweight Model NF-315A is
preferred by military and civilian government agencies,
and major aerospace contractors for rapid and precise
EMI measurements. Here's why:

B Three scanning modes: manual, sector, and single

sweep over the complete frequency range

Three separate calibrated scales — peak, average

and RMS

180 db signal range

0.005 uv sensitivity

7 or 70 Hz bandwidth selection

Reliable scanning at maximum sensitivity

>70 db spurious response rejection

Internal frequency and amplitude calibrators for

on-the-spot checking without disconnecting signal

input leads

Highly stable circuits eliminate recalibration when

tuning to new frequencies

B Excellent shock, vibration and temperature
characteristics

B Six hours of continuous operation with built-in

ON DISPLAY AT IEEE rechargeable batteries
BOOTHS 2B25-2B30

Write for complete technical data; better yet, call for a demonstration.

SINGER

EMC * GERTSCH *» PANORAMIC * SENSITIVE RESEARCH INSTRUMENTATION
THE SINGER COMPANY, METRICS DIVISION ¢ 915 Pembroke St., Bridgeport, Conn. 06608, U. S. A. * PHONE (203) 366-3201

E-67-1
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Model 120 is a fixed frequency unit which allows
the benefits of phase sensitive detection to be
achieved at an economical price. Representative
specifications are:

FREQUENCY RANGE: 5 Hz to 150 kHz. Frequency
is determined by two plug-in circuit boards, each
of which contains two or four (depending upon
frequency) resistors and two capacitors. Plug-in
frequency determining boards for any particular
frequency in the above range can be ordered from
PAR or the user can change frequency by changing
the resistors and capacitors on the two plug-in
circuit boards. A front panel vernier adjustment
functions as a fine frequency control.

SIGNAL INPUT CHARACTERISTICS: Single-
ended input of 10 Megohms shunted by 30 pF.
Selectivity characteristic is that of a parallel reso-
nant circuit with a Q of approximately 10.
SENSITIVITY: 100 1V to 50 mV rms full scale in
a 1, 2, 5 sequence. Output X10 monitor position
increases meter sensitivity by factor of 10 on any
range.

FILTER TIME CONSTANT: 1 mS to 30 seconds in
a1, 3, 10 sequence and EXT position. 6 dB/octave
roll-off rate.

OUTPUT: == 10 volts full scale, single-ended with
respect to ground.

PRICE: $765.00.
Export Prices approximately 5% higher, (except Canada).

G i .

New PAR Lock-In Amplifiers
Recover Low-Level Signals from Noise

MODEL 120

Model 121 is continuously tunable throughout its
entire operating frequency range. It provides the
versatility required for use in many sophisticated
research applications. Illustrative specifications
are:

FREQUENCY RANGE: Continuously tunable from
1.5 Hz to 150 kHz in 5 ranges.

SIGNAL INPUT CHARACTERISTICS: Single-
ended input of 10 Megohms, shunted by 20 pF.
Adjustable Q from 5 to 25 over the entire fre-
quency range.

SENSITIVITY:10 1V to 500 mV in 1, 2, 5 sequence.
Output X10 monitor position increases meter sen-
sitivity by factor of ten on any range.

FILTER TIME CONSTANTS: 1 mS to 100 sec. in
1, 3, 10 sequence and EXT. position. 6 or 12 dB
per octave roll-off.
OUTPUT: = 10 volts full scale, single-ended with
respect to ground.

VOLTMETER MODE: Internal demodulator refer-
ence signal derived from signal to be measured.
Unit operates as average responding AC voltmeter
with overall sensitivity unchanged.

PRICE: $1,600.00.
Export Prices approximately 5% higher, (except Canada).

For additional information write to Princeton Applied
Research Corporation, Dept. D, P.O. Box 565, Princeton,
New Jersey 08540. Telephone: (609) 924-6835.

PRINCETON APPLIED RESEARCH CORP.
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Companies

Follow the leader

Even in a business as used to man-
agement raids as the semiconduc-
tor industry, the grabbing of five
top executives of giant Fairchild
Semiconductor by little National
Semiconductor Corp. is startling,

In fact, National’s chairman,
Peter Sprague, seemed a bit over-
whelmed after hiring Charles E.
Sporck, former general manager of
the Fairchild Camera & Instrument
Corp., division, and naming him
president. As an added windfall,
four of Sporck’s cohorts at Fair-
child followed him to National.
They are: Pierre Lamond, inte-
grated circuit manager; Fred Bialek,
director of international opera-
tions; Roger Smullen, 1¢ manufac-
turing manager; and Floyd Kvam-
me, marketing product manager
for 1c’s.

Fairchild wasted no time in try-
ing to repair the damage, appoint-
ing Tom Bay, its Instrumentation
division manager, to head the Semi-
conductor division.

Described by Sprague as the
latest in a series of moves to
strengthen and expand the Dan-
bury, Conn., semiconductor firm,
he said the addition of the Fair-
child group is expected to have a
negative effect on company earn-
ings initially, but is part of a four-
to-five-year growth plan. “Right
now, we have a lot of chiefs and
only a few Indians,” Sprague com-
mented.

Asked if the five Fairchild execu-
tives were hired as a group,
Sprague noted that Sporck “is
pretty much of a leader and when
it became known that he was leav-
ing, the others asked to come with
him.” He called their arrival late
last month “somewhat of a sur-
prise.”

As to definite plans regarding
the group, Sprague said they had

Electronics | March 6, 1967

not been accurately worked out as
yet. But the additions do mean
that National will expand its hy-
brid-integrated-circuit  operations
in Danbury and monolithic-1c work
in Santa Clara much faster. After
it firms up plans, National will seek
new financing, Sprague said.

Other recent additions are Ken
Davis, West Coast sales manager
for Texas Instruments Incorporat-
ed; Ken Moyle, leader of an inte-
grated circuit development group
at the Hewlett-Packard Co.; and
John F. Hughes, a financial vice
president at the Perkin-Elmer
Corp. Davis will become market-
ing manager of National, and
Hughes will become chief financial
vice president,

All of this talent, except for
Hughes, is currently clustered at
National’s Santa Clara, Calif., op-
eration at what used to be called
Molectro, Corp., before National
bought it year and a half ago.
Molectro employs about 50 per-
sons.

National’s main business is in
discrete components, although it
recently introduced a line of its
own linear 1c’s. The company
holds licenses from Fairchild. “Our
plans are not completed in terms
of what circuits we will make,”
Sporck said. “Planning is our first
step.”

Jack F. Hegarty, National’s pres-
ident for the past six months, will
take over Danbury operations and
product marketing, according to
Sprague.

Both Fairchild and Sporck said
that the parting of the ways was
friendly. “The reason we left,”
Sporck said, “was that the attrac-
tion of working with a small com-
pany was just too great.”

Fairchild group vice president
Robert N. Noyce says the loss of
five top men won’t hurt Fairchild’s
operations. “You ask me how I am
and it’s a little like ‘aside from
that, how did you like the play,
Mrs. Lincoln,” he grinned. “And

to be honest, last week 1 did feel
a little low. But Fairchild is not
just a few people; we're not scrap-
ing the bottom of the barrel for
talent.”

Computers

Soft hardware

For years the Stanford Research In-
stitute has been studying ways of
organizing integrated circuits in
standardized arrays that could be
used as computer building blocks.
Theory may soon become practice
with a plan to program the func-
tions of 1c arrays by external elec-
trical signals.

The institute is now seeking
funds to fabricate experimental
computers with arrays. A 64-cell
model array was designed by Sven
Wabhlstrom of the institute’s com-
puter techniques lab. Each cell will
have a working structure, or “base,”
of 13 logic gates, plus 13 flip-flops
that will be switched on or off by
programing signals to control data
flow through the arrays and proc-
essing by the logic circuitry.

One cell, for example, might be
set up as a NaxDp gate with any
number of inputs up to seven. Sev-
eral cells would then be combined
to form a subsystem, such as an
adder. The flip-flop could later be
switched by a new program to form
another type of logic function, or
the other functions could be pro-
gramed into duplicate arrays.

In the past, the institute’s scien-
tists have concentrated on cellular
arrays organized by cutting or add-
ing wiring, an approach that re-
sembles the methods 1c manufac-
turers are now using to make
large-scale arrays. The institute has
also studied such techniques for
altering arrays as shining light
through a mask onto photoconduc-
tive switches in the array. But the
new design is the most flexible yet
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—the array’s function can be con-
trolled through only two leads.

MOS for more cells. Wahlstrom
and an associate, Bruce Clark, have
decided to use metal-oxide-semi-
conductor circuitry. Layout is sim-
ple, Clark explains, and the small
size of aos devices allows large
arrays—probably larger than 64
cells per chip in the future. Several
semiconductor companies near the
Menlo Park, Calif., lab have
checked the design and found it
feasible for production, Wahlstrom
says. Clock cycle will be 2 mega-
hertz, slower than most logic cir-
cuitry but fast enough for good
computers.

Single-chip arrays are needed to
fit the building-block concept. If
mass-produced, the blocks would
be far less expensive than custom
arrays made with fixed wiring.
Wahlstrom notes; custom arrays
can cost as much as $30,000, de-
pending on the number of com-
puters made. Wahlstrom thinks the
standardized arrays might cost as
little as 5% as much as custom
arrays, though over-all systems sav-
ings wouldn’t be that great. If
fewer than 500 computers were
built in a production run, the sav-
ings would be significant, he says.

Programs for chips. Programing
the building blocks would add little
to system design costs, Wahlstrom
believes. As the computer is de-
signed, the logic designers would
list cell logic functions and record
them in code on magnetic tape.
When the computer is turned on,
the tape would be the initial input
to the computer, setting up the
functions.

Because logic 1C’s require power
to retain switch positions, the pro-
gram tape would have to be rerun
cach time the computer is turned
off and on, or standby power would
have to be provided by a battery
during the time the computer is
turned off.

The control circuits would oper-
ate like an X-Y switching matrix,
using one set of input signals for
X and another for Y. These signals
would enter the array as serial bit
streams and would be passed on
to the cells by a cluster of input
circuits at one corner of the chip.

They initially go to the cell in the
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corner of the chip farthest from
the input. That cell decodes the
signals that set its switches, and
this decoding and switching proc-
ess then works back, cell by cell,
to the input. Clear paths for re-
programing signals can be left in
the array.

Communications

Phone-a-train

Before the year is out, rail travelers
will be able to make telephone calls
while zipping along at speeds of
up to 160 miles an hour from New
York City to Washington, D.C. Tel-
ephone booths are being installed
on Budd Co.-built cars to be put
into service by the Pennsylvania
Railroad in the first test of ad-
vanced data links planned for
rapid-transit systems [Electronics,
Jan. 23, p. 59].

Expected to start in October, the
test will be one in a year-long
series of Northeast Corridor dem-
onstrations sponsored by the Of-
fice of High-Speed Ground Trans-
portation (soon to become part of
the newly formed Department of
Transportation). The Northeast
Corridor is the high-traffic-density
sector from Boston to Washington,
where improved rail service is
sought.

The Pennsy, prime contractor for
the New York-to-Washington test
run, will use 30 electric-powered
parlor and snack-bar cars equipped

Y

FIXED STATION

TWO-WAY AMPLIFIERS

for phone service — actually, a
radio-telephone setup.

No cross talk. The American Tel-
ephone & Telegraph Co. will pro-
vide the radio-telephone service.
Sixteen Government frequencies——
8 mobile and 8 wayside—in the
400-megahertz band will be used.
Each channel will be 100 kilohertz
wide, and a 1-Mhz separation be-
tween transmit and receive bands
will prevent cross-talk.

Fifty-watt transmitters and re-
ceivers will be included on the
telephone-equipped  cars. There
will be nine wayside stations, each
with a 307-watt transmitter, a re-
ceiver and an antenna. These sta-
tions will be from 35 to 40 miles
apart and will link the mobile
equipment with a central operator
in Philadelphia.

Down the tracks. As a train ncars
the range limit of the wayside
transmitter carrying a signal, a
wayside coil—essentially a mag-
netic triggering device—will auto-
matically shift the signal at the
same frequency to the next way-
side station.

The General Electric Co. is pro-
viding the mobile equipment and
Motorola Inc. is making the way-
side station gear, both as AT&T sub-
contractors. Bell Telephone Lab-
oratories, an AT&T subsidiary, is to
supply the amplifiers and wave-
guides to carry signals through
the two tunnels near the Baltimore
terminal.

A “leaky” waveguide consisting
of two parallel wires is expected
to overcome the problem of signal
attenuation in the Baltimore tun-

TUNNEL

BOOSTING STATION

WAVEGUIDEJ

MOBILE STATION

/ﬂ\\,—le
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Passengers will make phone calls from trains—even while under a tunnel.
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nels. Two-way amplifiers may be
placed along the waveguide as
needed, and a two-way amplifier
at the tunnel portals will boost the
signal for relay either to the train
or a wayside station.

A communications consultant es-
timates the cost of the mobile and
wayside hardware at between $1
million and $1.5 million.

Routing. To make a call, a pas-
senger deposits a coin in the pay
phone to reach a Philadelphia op-
erator who can connect him with
any phone system in the country.
Incoming calls will also be routed
through the Philadelphia system.

Amplitude-modulated voice sig-
nals generated at the telephone
handset are converted into fre-
quency-modulated, single-sideband
signals before reaching the train
transmitter. The transmitter relays
the signals to a wayside station;
from there they go by land line to
Philadelphia and are converted
back to a-m at the switchboard.
Similarly, incoming signals are
converted to f-m at Philadelphia
and sent by wire to a wayside sta-
tion that beams them to a train.
They are converted to a-m after
reception.

Manufacturing

Testing on the run

Svlvania Electric Products Inc. is
betting a half-million dollars that
production volume of monolithic
integrated circuits has reached a
point where automatic in-line test-
ing and sorting will pay off in re-
liability and orders.

Sylvania, a subsidiary of the
General Telephone & Electronics
Corp., has put the $500.000 into a
computer-controlled system mnow
undergoing final tests at its semi-
conductor division headquarters in
Woburn, Mass. Two more systems
are in the works—one is to be in-
stalled in May.

Called Mr. Atomic, for multiple
rapid automatic test of monolithic
integrated circuits, the Sylvania
system is the industry’s first auto-
matic in-line tester-sorter. It will be
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used on Sylvania’s entire circuit
production output. Within the next
month, the division will also install
a commercially produced automatic
probe for testing dice prior to as-
sembly.

The market push. These are part
of a quadrupling of Sylvania’s 1c
facilities since August 1964, when
Alvin B. Phillips left Motorola Inc.
to become the general manager of
the integrated circuit operation at
Sylvania.

Phillips is setting his sights on
third or fourth place in 1c produc-
tion within the next vear. Presently,
the company ranks about fifth or
sixth. Phillips” optimism is based on
the 100% testing of d-c¢ parameters
at four temperatures, plus a-c
switching tests at room tempera-
ture. “This would be close to im-
possible without Mr. Atomic,” he
says.

Mr. Atomic’s four temperature-
controlled d-c¢ test chambers and
one switching test station are de-
signed in-line with an automatic
mechanical feed and regulated by
a digital computer. An operator
leads the circuits into plastic pal-
lets, which take either To-5’s, flat
packs or dual in-line plug-in pack-
ages. The dispensing rack presents
a new circuit to the tester every
2.2 seconds. It takes a circuit 25
minutes to go through the entire
system. During that time, 60 d-c
characteristics are probed in each
of the temperature chambers and
20 a-c tests are made at room tem-
perature, for a total of 260 tests.

Circuit warmer. As each circuit
enters the first chamber, with a
75° C ambient temperature, it is
automatically inserted into a wheel-
type holding device, designed in
such a way that the circuit travels
180° to the test position. The time
required to reach this point insures
that the chip, case, and junction
will have stabilized at the test tem-
perature. Two probes contact each
of the 14 leads on the package,
one is the test probe and the other
a sensor to signal the system that
electrical contact has been estab-
lished. A circuit that fails this con-
tact-sensing test is automatically
sorted into a bin for future reinser-
tion.

The circuits move on to other

chambers of 125°C and —55°C,
The computer memory stores the
results obtained at each tempera-
ture.

After completion of d-c tests, the
1c is moved to the fifth test station
for the switching tests. Here, as in
d-c testing, the circuit is “worse
case” tested. Rise time, fall time,
turn-on delay, and turn-off delay
are all verified to each circuit’s
specification.

After the switching test, the cir-
cuit’s performance is reviewed by
the computer and a decision is
made on its limits. The circuit then
goes into one of 20 sorting bins
where it is stored until removed by
the machine operator.

Because the system can’t handle
all the a-c tests, some tests are
made off-line. This is particularly
true for J-K flip-flops, where from
30 to 35 a-c tests are required. Ac-
cording to John C. Blackie, engi-
neer in charge of test equipment,
as much as 25% of all a-c testing
is done off-line.

In the system, 700 circuits at a
time are run through the machine
and each is allocated a slot in the
computer memory. To reduce the
amount of information the com-
puter has to retain, the test limits
are divided into performance
bands. The memory keeps track of
the bands and sorts the circuits
accordingly into groups of devices
that are suited for specific applica-
tions.

Computer control. “The bands
are adequate for sorting,” says
Blackie, “but the computer keeps
other quality-control types of infor-
mation that can be read out.”

The second Mr. Atomic will be
a copy of the first. But No. 3 is
being designed with a different con-
cept: to test functions instead of
circuit parameters. “It will ripple
through a truth table in mavbe 100
microseconds,” says Blackie, “mov-
ing through all possible logic com-
binations.”

Parameter testing, he points out,
is limited. But a simple gate can
have as many as 250 possible logic
combinations. “We'll hit the circuit
with most all of them, and any
leakage is bound to show up,” says
Blackie.

Functional will

tests require
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about 100 microseconds per circuit,
compared with 16 milliseconds per
second on the first-generation Mr.
Atomic.

Hot tipon IC's

Even a nimble-fingered girl has
trouble soldering the tiny leads of
integrated circuits on a cordwood
package. If she holds the solder-
ing-iron tip to the lead too long
she’ll get broiled 1c’s. The Ryan
Aeronautical Co. of San Diego
found that in one project—a pack-
age for the radar altimeter that will
be used on Apollo’s lunar excursion
module—it was getting a defect
rate as high as 30%. And the major
reason was either bad soldering
connections or broiled 1C’s. D.A.
George, manufacturing director of
the package, decided to try solder-
ing the interconnections while most
of the cordwood package was in
an inert liquid. The result of using
this liquid heat-sink technique, says
George, was a drop in the rejection
rate to 1%.

Circuit bath. What George did
was to bathe the entire bottom half
of the cordwood package in a
fluorochemical, produced by the
3M Co., while the soldering opera-
tion was going on. As soon as the
upper surface was soldered, the
entire package was flipped over,
and the other half was done.

To make it easy for the girls on
the assembly line to handle the
package in the fluid, he devised a
small metal frame that holds it and
suspends it in the bath. The level
of the fluid is just short of touching
the surface of the package being
soldered.

Not only did the girls cut down
on the number of connection fail-
ures, they did the soldering job
about 25% faster.

Meetings

By invitation only

In response to a crescendo of dis-
satisfaction, the technical sessions
at the 1967 convention of the In-
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stitute of Electrical and Electronics
Engineers will have a new, and
possibly improved, look. Over 90%
of the 312 papers scheduled for
presentation at the four-day meet-
ing, which opens March 20 in New
York City, were invited.

In years past, a blanket call for
papers was standard operating pro-
cedure. This shotgun approach pro-
duced anywhere from 700 to 800
papers of varying quality and rel-
evance from which about 300 were
chosen for spots on the program.

Unfortunately, a number of draw-
backs attended that procedure. For
one thing, the institute’s planners
tended to spotlight established
techniques rather than advanced
technology. For another, standing
technical groups husbanded the
more significant presentations for
their own symposiums and local
conferences. Predictably, the result
was a series of pitiful performances
at what could, and should, have
been the industry’s annual show-
case.

Reform. This year, however, the
technical program committee has
taken a different tack. According to
the promotional material that has
been flowing from the institute’s
offices since last summer, the 1967
meeting “has been designed to pro-
vide insights of [sic] some of the
advances, during the past year,
within the technology of particular
interest to 1IEEE members. Empha-
sis is on broad, state-of-the-art cov-
erage rather than either the highly
specialized report or the tutorial
presentation of previous years. The
sessions are being organized inde-
pendently by the sponsoring 1EEE
committees . . . and groups, thus
assuring variety, timeliness, and
spontaneity while retaining rel-
evance to the impact of these tech-
nologies on modern society.”

What this rhetoric boils down to
is that the technical program com-
mittee chose session topics that it
hoped would combine to make the
best program. Sponsoring groups
then sought technical papers from
the top men in these several se-
lected fields.

It remains to be proved whether
the drive to select rather than settle
can deliver on its promise. But a
careful check of the convention

prospectus suggests that a giant
step has been taken in the right
direction,

Copping a plea. In partial ex-
tenuation of the low standards of
previous technical sessions, an in-
stitute staffer says the upgrading
process has been necessarily slow
since most of the work is done by
volunteers. This source admits that
quality was a casualty of the con-
fusion prevailing after the merger
of the IEEE’s two ancestor organi-
zations—the International Radio
Engineers and the American Insti-
tute of Electrical Engineers. For
example, AlEE members were pre-
occupied with standards while 1RE
groups were more concerned with
communications. It was difficult to
resolve their biases. “But,” he says,
“the groups are squared away now
and all working together.”

Medical electronics

Magnified X rays

A pulsed X-ray technique has been
developed that allows high-reso-
lution motion pictures of a pa-
tient’s heart and blood vessels to
be taken at three times their actual
size—twice the magnification level
that’s possible with present meth-
ods.

The technique, using very square-
shaped X-ray pulses to boost the
beam’s density (and as a result,
resolution), was devised by the
Picker X-ray Corp. in cooperation
with St. Vincent Charity Hospital
in Cleveland.

Dr. Henry Zimmerman, director
of the hospital’s cardiovascular lab,
says the method “gives us the abil-
ity to spot small difficulties or le-
sions that might otherwise be over-
looked.”

It's the first time, according to
Herman Vahjan, Picker’s medical
products manager, that a pulsed
X-ray tube, an image intensifier,
and a 35-millimeter cinecamera
with a zoom lens have been com-
bined in one system.

Off and on. Picker emplovs an
electronically pulsed X-ray tube.
Usually tubes are pulsed by turn-
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ing on and off the primary or sec-
ondary power but Picker uses a
grid effect. A grid control turns
the electron stream on and off with
square-wave pulses, resulting in a
higher-energy X ray leading to
shorter exposure times. In fact, says
Vahjan, the exposure time can be
as low as 0.5 millisecond.

The X-ray’s square-wave control
is pulse-width modulated. To oper-
ate, the set is adjusted for the
density required on the film. The
amount of tissue to be penetrated
by the Xrays determines the ex-
posure time and therefore the total
energy of the beam. This closed-
loop control provides a uniform
density on the film independent of
the patient or his position.

The next step, says Dr. Zimmer-
man, will be to perfect the equip-
ment so surgeons will be able to
take Xrays as they operate and get
an almost instantaneous view of
their work.

Employment

Raiding the Pentagon

Back in the 1950’s, the Defense De-
partment and the high-paying
“think factories” it employs raided
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Researchers study X-ray motion picture taken with new Picker equipment.
Image, of main trunk of a coronary artery, is magnified three times
(photo on left). Top photo shows same section enlarged only 114 times,
the best that could be achieved previously.

college campuses for gifted profes-
sors. The lure was money. But in
recent years the pendulum has
swung the other way. Using the
same bait—money—the nation’s
colleges have been busy raiding the
Pentagon and its “think tanks.”

Faculty pay scales have risen
sharply in the past few years and,
as an added incentive, lucrative
consultant positions for moonlight-
ing professors have been on the
upswing. The result: a professor
earning $25,000 a year—which is
on a par with a top-rated think-
tank researcher—is almost sure to
be able to pick up another $15,000
to $20,000 as a consultant.

Eye for an eye. Among the first
to feel the squeeze are the same
defense agencies and semi-inde-
pendent research groups which
raided the campuses a decade ago.
And those most difficult to keep are
the personnel trained in systems
analysis and computer technology.

Although the greatest competi-
tion is coming from colleges, indus-
try and other Government agencies
—where the systems approach is
becoming increasingly fashionable
also are grabbing their share of
scientists whom the Pentagon once
had merely for the asking.

Examples of what has been hap-
pening:

® The deputy directorship of the

Pentagon’s Advanced Research
Projects Agency—hardly a sinecure
or a dead-end to a scientific career
—went unfilled for six months be-
fore the Pentagon latched on to
Peter Franken, a laser expert, last
month.

= The Institute for Defense Anal-
yses reports that top scientists and
engineers are rejecting its job of-
fers 30% to 40% more often than
was the case a year ago.

Says Gordon MacDonald, the in-
stitute’s vice president for research:
“We're finding an increased reluc-
tance on the part of first-rate people
to commit themselves to defense
problems, at a time when we very
badly need their help on major
systems decisions being made.”

Among the institute’s projects are
antiballistic missile defense and the
new generation of intercontinental
ballistic missiles.

MacDonald and Lawrence J.
Henderson Jr., vice president in
charge of the Rand Corp.’s Wash-
ington office, cheer the keen com-
petition from universities even
though it poses problems. They feel
those returning to the campuses
from defense and the think tanks
will show the schools the need to
train more systems men, thus even-
tually raising the supply to meet
the demand.

Moral stand. Do their objections
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to the Vietnam war cause a sig-
nificant number of scientists to shy
away from, the Pentagon? Mac-
Donald, for one, doubts it. He says
it might affect a small minority, but
that’s all.

One Pentagon official says the
shortage of scientists and engineers
is running into the hundreds. He
emphasizes that the jobs can be
filled, but not with men of the de-
sired caliber. As he put it:

“I can get 50 applications for any
job at any time, but too often not
one from the type of man we had
in mind. It’s getting so you have to
go out and beg for him on your
hands and knees.”

Military electronics

Know your enemy

Although the U.S. has not vet de-
cided whether to proceed with de-
ployment of an antimissile defense
system, it is researching the key
problem: how to distinguish the
vehicle
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Keeping track of missiles. Sylvania Electric Products is shipping new
electronic hardware for missile defense to the Marshall Islands. The
equipment is part of the military’s Project Defender Program.

penetration aids.

En route to the Marshall Islands
in the Pacific is a new radar sys-
tem that will improve this discrim-
ination capability.

But how significant an improve-

]

Model of new 150-foot dish. New unit, called Altair,
may eventually replace Tradex, the long-range defense
system that’s now in operation in the Pacific.
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ment, military officials will not dis-
close.

Among other things, the new ra-
dar will gather “signatures” of
orbital vehicles as well as reenter-
ing missiles. Also, its wider range
of frequencies and fast maneuver-
ability will aid in tracking the next-
generation of missiles, which will
no doubt have multiple, individ-
ually guided reentry bodies instead
of ballistic warheads.

Part of Project Defender, the
$25-million radar system is spon-
sored by the Advanced Research
Projects Agency of the Defense De-
partment. It’s designated Altair, for
ARPA long-range tracking and in-
strumentation radar.

Latest step. Altair will be in-
stalled on Roi-Namur Island, part
of the Kwajalein Atoll far down
the Western Test Range. The site,
now under construction by the
Army Corps of Engineers, is near
the first-generation radar, which it
may replace. The earlier system is
called Tradex, for target resolution
and discrimination experiment ra-
dar.

Like Tradex, Altair will locate a
reentry vehicle for other sensors
and then record a vast amount of
data for analysis in the Press (Pa-
cific range electromagnetic signa-
ture studies) program. Press is op-
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erated by the Lincoln Laboratory
of the Massachusetts Institute of
Technology [Electronics, Dec. 27,
1965, p. 106].

“Altair will mean increased sensi-
tivity, higher resolution, more pre-
cise range and range-rate data, and
other - benefits,” says Alfred Y.
Harper, chief of the Altair office at
the Army Missile Command, Red-
stone Arsenal, Huntsville, Ala.

High-resolution Altair will obtain
data on both missiles and orbital
vehicles at very-high and ultrahigh
frequencies. Tradex, an adaptation
of the radar developed for the bal-
listic missile early warning system,
operates at uhf and L band.

According to Harper, no decision
has vet been made on shutting
down Tradex, which has been op-
erating five vears. “Tt will depend
on the success of Altair,” he says.
In one mode, Altair can be slaved
to Tradex.

State of the art. The new radar
was designed as a data-collecting
instrument, not a test bed. “We
have stayed away from new de-
velopments,” says William Wis-
nowski, deputy program manager
for the prime contractor, Sylvania
Electronic Systems, a division of
the Sylvania Electric Products Inc.
Sylvania has a $17.2-million con-
tract for Altair, which does not
include the site work on Roi-Namur
and some logistic support.

When completed, Altair will be
turned over to the Lincoln Labora-
tory for the Press program.

According to Harper, the steer-
able parabolic antenna will provide
more precise measurements than
would a phased array, and for less
cost. “If it had to deal with widely
separated multiple targets, the job
would better be done with a phased
array. But Altair will look at multi-
ple targets within its beamwidth,”
says Harper.

Altair will scan 0° to 90° in ele-
vation #=200° in azimuth. It will
rotate on azimuth thrust bearings,
built like railroad tracks.

The system consists basically of
a 150-foot diameter antenna using
an elevation-over-azimuth mount
and a focal-point feed, low-noise
receivers with radio-frequency pre-
amplification, pulse expansion and
compression, and a real-time con-

52

trol system using a small general-
purpose computer. The system can
perform closed-loop tracking with
a monopulse receiving system in
the vhf band; it can perform pro-
gramed tracking, or it can be slaved
to target tracking data provided by
the Press computer.

Selected widths. To increase the
amount of reflection data and dop-
pler shift information, Altair will
have higher pulse-repetition fre-
quencies than required in systems
where range determination is un-
ambiguous. The pulse ratios and
transmitted pulse widths can be se-
lected to allow removal of range
ambiguity and blind spots caused
when the transmitter pulse or clut-
ter obliterates the target return
pulse.

A burst mode of transmission is
also available, to obtain high ef-
fective pulse-repetition frequencies
at reduced average transmitted
power.

Pulse compression will be used
as needed for longer-range track-
ing in order to transmit relatively
high-energy pulses without degrad-
ing range resolution. With Altair,
it will be possible to track incoming
targets with a long expanded pulse
first, then to change to an inter-
mediate-length  expanded pulse,
and finally to track with a narrow
constant-frequency pulse. The video
pulses at the receiver output will
be essentially the same length un-
der all these conditions, thus pro-
viding constant range resolution.

.. .do you read me?

When two engineering teams come
out of the jungles of Thailand later
this year they will bring with them
precise data on how jungle foliage
attenuates radio communications.

It’s an old problem—first faced
by troops on the Pacific islands
during World War II—now crop-
ping up in Vietnam. The Army has
attempted everything—from tying
antennas to rocks and tossing them
high into trees, to launching an-
tennas by balloons—in its war with
the jungle that absorbs and deflects
transmissions from man-pack radio
sets [Electronics, Sept. 7, 1964, p.
114].

The Atlantic Research Corp. and
Stanford Research Institute will
wind up their studies in December
for the Pentagon’s Advanced Re-
search Projects Agency. After
spending three years in the jungle
to gather empirical data, the teams
are expected to come up with jun-
gle environmental factors that radio
designers never had—the effects of
soil, climate, terrain, vegetation.
and ambient noise on radio trans-
missions, With a mathematical
model of jungle environments, de-
signers could identify the best fre-
quencies, antenna polarization pat-
terns, wave path techniques, and
deployment methods.

The possibilities. Thus far, the
studies indicate some possible
ways of improving jungle commu-
nications other than by brute force
techniques. Horizontally polarized
antennas may be more effective
than the vertically polarized an-
tennas now used. But since they are
very wide, they are virtually im-
possible to carry in the jungle. One
possible trick would be to put a
hinge on a whip dipole antenna.
thus converting it from a vertically
polarized antenna to one that’s
horizontally polarized.

Another possible solution could
be using what Atlantic Research
calls the “treetop” or “up, over, and
down” signal transmission path.
Instead of a wave that goes through
the jungle in a direct path to a re-
ceiver, a radio could utilize a path
that takes the signal above the
heavy foliage; the signal could ra-
diate up from the transmitter over
the treetops, then through the air
to a point over the receiver and
then down.

The long-range solution appears
to be directional antennas. Cur-
rently these are impractical be-
cause the extensive direction-find-
ing equipment needed would be
unwieldy for jungle use.

Advanced technology

Standard volt

An experimental technique devel-
oped at the University of Pennsyl-
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vania may allow a company to cali-
brate its voltage equipment to
within 6 parts per million without
periodically sending its standard
voltage cells to the National Bu-
reau of Standards in Washington.

Using the a-c Josephson super-
conducting tunneling effect, scien-
tists have measured a fundamental
physical constant—the ratio of
electronic charge to Planck’s con-
stant—and related it to standard
voltage in a relatively simple, eas-
ily duplicated experiment.

In the a-c¢ Josephson effect, two
superconductors separated by a
thin insulator are coupled by an
a-c current, the frequency of which
is proportional to the voltage across
the sandwich. If the frequency and
d-c voltage are measured, the con-
stant, 2e/h, can be calculated. Al-
ternatively, if the constant is known
and the frequency is measured, the
voltage can be calculated to an un-
certainty of a few ppm. In the
Pennsylvania experiments. scien-
tists measured the constant to
about 6 ppm with 70% confidence.
Foreseeable improvements in the
system can reduce the uncertainty
to the 1-ppm level, according to the
researchers.

Two structures. The scientists,
William Parker and Donald Lan-
genberg of the University of Penn-
sylvania, and Barry Taylor, now
with the Radio Corp. of America’s
laboratories in Princeton, N.J.. used
two structures in making the meas-
urement: a sandwich consisting of
two superconducting tin films sep-
arated by a thin insulating oxide
layer, and a point-contact device
consisting of a superconducting
wire with a fine point pressed onto
a flat superconducting plate.

The structures were mounted in
an X-band waveguide and inserted
in a liquid helium dewar. When
they were subjected to microwave
radiation, the a-c Josephson current
produced a d-c sideband, zero-beat
frequency that was measured by a
newly available nanovolt potenti-
ometer produced by the Julie Re-
search Laboratories, New York.

Part of the over-all uncertainty
is due to the 4-ppm uncertainty in
the relationship between the abso-
lIute volt and the volt as set by the
NBs, since the measurements were
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carried out in terms of the ~Bs
standard.

World effect. The effect can thus
be used to compare standards in-
ternationally, since it depends only
on the physical constants e and h
and on the microwave frequency,
which can be precisely measured
with available equipment. The xBs,
for example, could measure 2e/h
with its own standard cell and pub-
lish the measuring frequency and
the value of the constant. Other
countries could then duplicate the
measuring frequency and calculate
their own standard voltages from
the published value of 2e/h.

Industrial calibration laborato-
ries would similarly be able to cor-
relate the voltages of their standard
cells with the ~Bs standards. The
NBS now uses the gyromagnetic
ratio of a proton to determine the
constancy of its standard voltage,
but this is a difficult experiment for
outside laboratories to duplicate.

Single frequency

While many companies seem to be
concerned primarily with getting
more power out of carbon dioxide
lasers, the Hughes Aircraft Co. has
come up with a continuous-wave
CO. laser that puts out only 5
watts, but which operates on a sin-
gle frequency and single wave-
length—vital requirements for use
in communications and radar.

Developed partly with company
and partly with military funding,
the laser operates at 10.59 microns
—a wavelength that can penetrate
the atmosphere with relatively little
attenuation. It is a sealed-off sys-
tem (as opposed to flowing gas)
and is water cooled, employing a
quartz or Invar cavity. The laser
cavity is 50 centimeters long and
one centimeter in diameter.

Growth potential. Having
achieved the single-frequency ob-
jective, Hughes is now building a
laser system one meter long and
one centimeter in diameter. Sched-
uled for completion in June, it too
will be a sealed-off system and will
put out 10 to 15 watts.

“We may be able to extend
our single-frequency, single-wave-
length techniques for lasers up to

4 meters long and with over 100
watts power output,” says Peter
Clark, a researcher at the Hughes
Research Laboratories. Malibu.
Calif., who developed the unit.

Hughes has delivered several to
military customers for evaluation
in communications and ranging
applications and some have gone to
a commercial customer. Clark de-
clines to identify the customers or
applications.

When it operates at a single
wavelength the CO. laser is almost
as efficient as it is in a multiwave-
length mode. Clark points out that
other c-w gas lasers lose efficiency
when operated at a single wave-
length. Also, the CO. laser has a
narrow transition line width (the
frequency margin in which it op-
erates) of only about 60 to 80 mega-
hertz and only one frequency per
wavelength. Other gas lasers. such
as argon ion lasers, have a transi-
tion line width of about 4,000 mega-
hertz, with many frequencies at the
same wavelength.

Isolation problems. A major prob-
lem with a CO. laser is that several
wavelengths can oscillate at the
same time. These are so close to-
gether it is difficult to isolate them
but Hughes is able to suppress all
but one wavelength without using
a dispersive element, such as rock
salt, by:

= Adjusting the cavity length to
favor oscillation on one transition
and suppress oscillation on neigh-
boring transitions.

= Increasing the helium pressure
in the laser to obtain faster transfer
of energy from one transition to
another.

= Adjusting the output coupling
(the mirror from which radiation
comes) to achieve single wave-
length operation.

Clark notes that by making a
short, narrow laser with an opti-
mum resonator design, Hughes
was able to ensure a stable cavity
and to obtain a single longitudinal
mode and a single transverse mode,

Cold-cathode emitters

Rather than being replaced by solid
state devices, microwave tubes of
the future may have semiconduc-
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tors working inside the tube envel-
ope, according to scientists at the
Stanford Research Institute. A new
cold-cathode tube developed there
can be pulsed quickly with low
voltages, simplifying the pulse-
forming circuitry now used to drive
conventional microwave tubes. The
cathodes may also benefit infrared
sensors because they require far
less energy than present hot-cath-
ode sensors. The new cathodes lend
themselves to batch fabrication
with integrated-circuits technology.

The new device, called the
transverse field emitter (TrE), has
run 6,000 hours without a mishap,
according to Burnell V. Dore. sen-
ior research engineer at Stanford.
Conventional cold-cathode emitters
have a considerably shorter life.

Four layers. In assembling the
cathode, an n* (heavily doped)
silicon substrate is first coated with
a l-micron layer of silicon dioxide
and then a layer of aluminum is
deposited on the oxide to form a
three-layer sandwich of silicon, sili-
con dioxide, and aluminum. An
aluminum ohmic contact is depos-
ited on the underside of the silicon,
Next, a hole is etched into the
upper-surface aluminum, cutting
down through the oxide, into the
silicon substrate. Contact is then
made to the two conducting layers
and the assembly is placed in a
vacuum envelope. A thin layer of
semiconducting barium oxide then
is deposited over the top aluminum
contact, coating the walls of the
hole.

When 50 to 100 volts is applied
across the conductors, eclectrons
flow to the edge of the silicon
through the barium-oxide film.
Some acquire enough energy to fly
off into the surrounding vacuum,
where they are collected on an
anode. Thus, the tube is pulsed
with the relatively low voltage of
100 volts, in contrast to the 5,000
volts needed to pulse conventional
microwave tubes. In a microwave
tube, the transverse-field emitter
would operate without cooling, but
would operate at a higher noise
level than conventional thermal
cathodes.

There are some other problems,
though Dore believes they are not
insoluble:

The TFE is also noisier than con-
ventional cold-cathode tubes be-
cause the electrons are not moving
at the same speed. The effect of
residual poisonous gases, such as
fluorides resulting from hydroflu-
oric acid cleaning, may kill the
cathode reaction. The thickness of
the barium-oxide layer is also diffi-
cult to control. A large-scale emitter
has not been built yet, but an op-
timum structure, according to Dore,
would be a substrate with an array
of emitting holes 1 micron in diam-
eter spaced on 2-micron centers,

More efficient. However, Dore
says the TFE is more efficient than
two other types of cold-cathode
emitters, the field emitter and the
tunnel cathode. The field emitter,
manufactured for electron micro-
scopes by the Field Emission
Corp., McMinnville, Ore., uses a
strong electrostatic field to pull
electrons from the sharp tip of a
magnesium wire, causing the tip to
wear off. The tip must be continu-
ally reformed. The device thus has
limited life, since eventually the
whole tip wears out.

The tunnel cathode, which is
still being developed, uses a thin
insulator between two conductors.
When a high-voltage is applied,
the electrons tunnel through the in-
sulator and the hot electrons leave
the surface and enter the surround-
ing vacuum. The film must be uni-
formly thin, (about 50 angstroms),
however, to support the high field
and weak spots in the insulator
cause burnouts.

Dore also sees the TFE being used
as a compound photoconductor
cathode for infrared sensing, where
a photoconductive layer would be
sandwiched into the structure. An-
other possible use would be in in-
terplanetary vehicles powered by
cesium-ion engines, where the TFE
tube would drain off and neutralize
the excess positive ions created by
the engine.

For the record

Big dish. Four colleges have
formed a consortium to build the
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Tony DeBerardis
likes green eyes,
freckles and

buck teeth...but
he just can’t stand
crooked knees.

Tony will be the first to admit that not every-
body likes buck teeth.

Freckles, yes. Green eyes? O.K. ...

But buck teeth ... ?

When it comes to knees, though, Tony likes
them the same way you do. Because, when you're
Product Assurance Manager at Unitrode you know:
Either your diodes have sharp, crisp knees, or
you simply don’t have the ability that’s built into
every Unitrode to handle avalanche current,
whether surge or continuous.

So Tony’s got to be fussy. He knows controlled

See us at the IEEE Show, Booth 4K1
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avalanche is just one of the qualities he’s responsi-
ble for assuring. And when you're testing diodes
that are designed to deliver an entirely new level
of performance and reliability, you've got some
“assuring” to do.

Of course, entirely mew is the key phrase there.

And it’s easy enough to say. But when we say it,
we mean just that.

Because the Unitrode diode was developed from
the ground up. With entirely new design. With
entirely new methods of construction. The metal-
lurgical bond that joins the silicon between the
two terminal pins is stronger than the silicon itself,
so the silicon will break before the bond does. The
entire unit is fused in hard glass at over 800°C. It’s
voidless, so all contaminants are excluded.

Because the pins are bonded over the full face
of the silicon die, heat due to surge is carried away
quickly from the silicon into the terminal pins. So
even the smallest Unitrode diode can take a surge
of 600 amps for one microsecond, and the big ones
can take 4000 amps.

Nevertheless, we try not to ever forget that
people like Tony DeBerardis are more important
than any process. After all, they’'re the reason we
can virtually guarantee: Unitrodes don’t fail. Ever.

Maybe the work your company is doing could
profit from diodes with this kind of reliability. It
doesn’t cost anything to find out.

We'll be glad to send you complete information
and samples. We're at 580 Pleasant St., Water-
town, Mass. 02172. Telephone (617) 926-0404.

TWX (710) 327-1296.
®
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how to measure phase angle down

t0.25° 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 volts full scale

: 2% full scale

0° to 90° with 0.1° resolution
(plus 4 quadrants)

Phase ACCUTACY. ... otinadimin dapis e e ..0.25°, 31.6Hz to 31.6KHz
(derating to .6° at 10Hz, 1° at 100KHz)

Input Impedance......,....... e P TR 10 megohms, 30u.f for all ranges
(signal and reference inputs)
0.15 to 130 volts

Voltage Range
Voltage Accuracy. e L e
Phase Dial Range.............................

Reference Level Range...........................

Harmonic Rejection........................c.coooooviiiiiiinnn. .50 db
Nulling Sensitivity..... ' . less than 2 microvolts
Size., . . 19" x 7" x 13%" deep
Price $2290. 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

WNWORTH ATILAINTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803  516—681-8600
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biggest radio telescope in the U.S.
To be installed on Peach Mountain,
near Ann Arbor, Mich., the dish
will be 328 feet in di:
ping the 300-foot telescope at the
National Astronomy Observatory in
Greenbank, W.Va. The new tele-
scope will operate at a wavelength
of 6 centimeters, compared with
Greenbank’s 21 cm. The colleges
banding together are the University
of Michigan, California Institute of
Technology, the University of Cali-
fornia, and Stanford University.

Powerhouse. The Houston Light-
ing and Power Co. will have a com-
puter-operated control center in op-
eration by next winter. The center
will monitor and control the elec-
tricity flow from the utility’s gen-
erators to its customers. It will also
perform trouble-shooting chores
for the power-generating and dis-
tribution network. Two Sigma 5
computers—produced by Scientific
Data Systems—will be used. Major
contractors for the system are
Leeds and Northrup Co. and the
Philco-Ford Corp.

Microwave computer. The Army
is supporting research on the use
of microwave components for
signal-processing  techniques. A
$68,882 contract was awarded to
New York’s Syracuse University
Corp. for a preliminary study to
determine whether hardware de-
velopment is justified. The military
believes recent advances in strip-
line versions of Butler matrixes
and latching ferrite phase shifters
can produce faster memory units
and correlators. The company, a
research arm of Syracuse Univer-
sity, has developed a number of
such components that could be
used in computer operations, such
as wideband ((mp](h [Electronics,
Aug. 22, 1966, p. 110] and switch-
able (nculat()ls fm microwave in-
tegrated circuits.

Seeing with diodes. A television-
camera tube designed with discrete
photodiodes instead of a photocon-
ductive surface has been developed
by Bell Telephone Laboratories.
Bell says the tube, called the Sid-
con, is sensitive to both visible and
infrared radiation. Further. the
tube is said to have a life of several
years—considerably longer than
the conventional vidicon tube. The
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When it comes to custom assemblies,
we can solve millions of problems.

Like taking millions of plastic and/or metal parts made the limitations of your own facilities and machinery.
to the most exacting tolerances, fitting them into an We’re the one single source you need deal with. We’ll
assembly, sub-assembly or finished product, wrapping take care of it all—from initial fabrication of the parts to

them, sealing them and shipping them. the finished assembly. And we’ll do it all, probably at a
Complex components like computer circuit boards, tel- lower cost than if you did it yourself.

ephone switching equipment, memory core frames, com- Let us put our men, machines and plants to work for

puter control connectors, switches, contacts for plug you. Give us your specifications, we’ll do the rest. We’ve
assemblies, practically anything you specify, we can done it for a lot of others.

make and put together. Sylvania Electric Products Inc., Parts Division,
That means your designers need not be inhibited by Warren, Pennsylvania 16365.

SYLVANIA

SUBSIDIARY OF
GENERALTELEPHONE & ELECTRONICS GFEIE

Electronics | March 6, 1967 Circle 59 on reader service card 59



WHY COOL

am R-F capaciior /
e old EXPENSIVE ™

when it’s as simple

as turning on
a faucet

Mr. Engineer:

Why not investigate the advan-
tages of this capacitor developed
as a result of ROSENTHAL'S long
leadership in the field of ceramic
technology...particularly de-
signed for INDUCTION HEATING
and circuits requiring high RF-
current.

14 kVp—150 A RF 1500 kVAr

We're so sure you'll want to know more about The Rosenthal
Water-Cooled Ceramic RF Power capacitor that we've reserved
a copy of our detailed catalog especially for you...simply write
C D I direct or encircle 60 on the reader service card.

UNITED MINERAL & CHEMICAL CORPORATION

CONSOLIDATED DISTRIBUTORS INC.

129 Hudson St., NEW YORK, N.Y. 10013

Phone: 212-966-4330
Cable: UNIMICA NEW YORK
60 Circle 60 on reader service card

ONSOLIDATED

ISTRIBUTORS
NCORPORATED
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light-sensitive diodes are produced
by diffusing islands of boron into
a substrate of n-type silicon.
Neither intense light nor the im-
pact of scanning electronics de-
grade their performance, according
to Bell. The tube—1 inch in diam-
eter and 7 inches long—has a reso-
lution of about 400 tv lines over the
target width.

Profit rise. Texas Instruments In-
corporated’s 1966 earnings rose
28% from 1965 to a record $33.9
million. Sales climbed 33% to
$580.3 million, also a high. P.E.
Haggerty, chairman, says results in
the current year aren’t expected to
match these rates of gain. He pro-
jects the increase in 1967 sales from
last year’s level at between 5% and
20%.

Germanium IC’s. The Interna-
tional Business Machines Corp.
has developed masking, etching,
and protection methods for produc-
ing germanium integrated circuits
with the planar process. Because
of germanium’s greater mobility
than silicon, faster 1c’s can be built
with the dimensional resolutions
possible in present diffusion masks.
Also, speeds comparable with to-
day’s silicon circuits can be
achieved with greatly relaxed di-
mensional controls. The experimen-
tal circuits, described at the Inter-
national Solid State Circuits Con-
ference last month, have switching
speeds of 350 picoseconds—much
faster than is currently possible
with silicon circuits three times
smaller.

EKG by phone. The 3M Co. has
introduced an electrocardiogram
machine that can transmit signals
to remote locations by telephone.
The machine, model 1260, also con-
tains a microfilm reader-printer for
viewing enlarged images. The unit
is able to provide copies of the
EKG signals in triplicate.

First for MOL. The Douglas Air-
craft Co. of Santa Monica, Calif.
has announced its first major com-
ponent subcontract for the Air
Force’s manned orbiting laboratory
(»oL). Scientific Data Systems, also
of Santa Monica, has the job of
developing a computer system for
an all-systems ground checkout for
the moL. The total contract is said
to exceed $8 million.
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- No trace of overload problems

\

BORTRVETACAVACEE

withstand - 100 V to +4 V signal surges

ST WL U

withstand 2:1 power supply surges

withstand —100 V to +100 V momentary signal transients

If you find it necessary to include overload protection in your
solid-state circuit designs, look to RCA nuvistors. Nuvistors
can withstand severe signal and power surges without cata-
StI‘OPhI.C fallur.e. ) RCA DISTRICT OFFICES — OEM SALES: EAST Jillburn Ave., Maplewood,
Nuvistors eliminate many other problems, too, through the N.J. 07040, (201) 485-3900  MID-ATLANTIC. 60 Pike, Haddonfield,
. she : e VI S0y alinhilit g . 1609) 4 NTRAL: 1600 Keith Bldg., 1621 Euclid Ave.,
benefits of their unique construction: demonstrated reliability s i o e e e
of 99.901% per 1,000 hours out to 30,000 hours of operation; , Indiana Ind. 46205, (317) 546-4001 = CENTRAL: 446 East Howard Ave.,
temperature stability, /A gm = 4 umho per degree C over the . 2) 627:0053 o WEST:16343 Sunsel Blud: [Holliyood,
l ¥ = < 5 e é" = llL l g h 90028, (213) 461-9171 « INTERNATIONAL OPERATIONS, RCA International
range —55°C to +250°C; dependable performance in the Sivision: Central and Terminal Aves., Clark, N.J. 07066, (201) 485-3900 = 118
presence of both pulse and steady state nuclear radiation; puidyeRhcnzy Gensya, Swiugelohe, B £5:00
low RF and sub-audio noise; 1,000 g shock rating, and excep- RCA Electronic Components and Devices, Harrison, N.J. 07029
» tional uniformity of electrical characteristics from tube to tube
and throughout life.
For complete data on the entire RCA line of nuvistors for ) .
_industrial and military applications, call your nearest RCA The Most Trusted Name in Electronics
District Office or write RCA Commercial Engineering, Section _
C19DE-1, Harrison, N.J. 07029. Circle 61 on reader service card



Design high speed,

low cost full adders

with Radiation

6 x 8 Diode Matrices
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VISIT US AT THE IEEE SHOW . . . BOOTH 4G32, 4G34.




State
of the
design
art

The flexibility of Radiation IC Op-
erational Amplifiers is illustrated by
the circuit below. Here, the RA-240
is used in the design of a highly
stable, uncompensated Wien bridge

oscillator which

is virtually unaf-

fected by temper-

> ature variations.

Using the RA-

240,engineers

may select a wide

range of RC com-

binations without

regard to the active element of the

circuit. Frequency of oscillation (up
to 500 kHz) is defined by:

1

fo= 2xRC

Stability and versatility of our Ra-
diation Operational Amplifiers is
made possible through advanced
dielectric isolation and thin film
over oxide technology. Further in-

formation will appear in our ELEC-
TRONIC DESIGN advertisement of
March 15.

Radiation’s line of IC operational
amplifiers opens the door for inte-
gration of systems requiring high-
performanceanalogcircuitry.These
amplifiers provide the ideal 6 dB
per octave high frequency roll-off
required for unconditional stability
in operational feedback connec-
tions without use of external com-
pensation . . . even in the critical
unity gain configuration.

Three types are immediately
available in TO-84 flat packages:
general-purpose, broadband, and
high-gain amplifiers.

Write for data sheets. Worst-case
limits are included, as well as all
necessary design information. We'll
also be glad to send you our new
manual, Operational Amplifier Tech-
nical Information and Applications,
ROA-TO1/AQ01. Contact our Mel-
bourne, Florida office for your copy.
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For the “incredible”

64

in electronic components and devices, look to Panasonic of

Japan. At Panaspnic, more than 2,500 scientists and research engineei's work to
turn far-out ideas into far better products.

As you can see below, they get results. Results that have made Panasonic one of
the world’s largest producers of electronic parts.

o“lncredible”— until
Panasonic created it: New
‘‘Capistor” combines a
capacitor and a resistor into
a single solid state device.
It makes possible automatic
electronic tuning in radios,
TV sets and other electronic
instruments.

“ R1018

300 cwz&
047uf

Ri026
470K

~24Y (DEC)

Rbwmenc

0 “Incredible’’— until 9“lncredible”—until

Panasonic created it: Panasonic created it: New
New, ultra-hard ferrite Nanoscope gives you far
magnetic head for greater accuracy than
videotape recording scanning scopes, measures
combines unmatched continuous current up to a
resistance to wear, 5GH band-width (never
unexcelled magnetic before possible with a
properties. synchroscope).

28¢c185

Ki4a
LSK

10K
.Sm:&

-24V u. v .
m SENS

L/Joa \\Q (

O incredible”— untit

Panasonic created it: New
solid state Pholsicon

Panel instantly converts
light rays into positive

or negative images. Not
fuzzy images, either. Sharp,
clear, life-like. Still or

in motion, too.

—0m0 ALT
O cHoOP
O ADD
O ALT

MOD& o ;gop
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Perhaps the manpower and mindpower of Panasonic can do the “incredible” for
- you. Why not find out?

For more information about us, write: Panasonic Electronic Components &
- Devices, Matsushita Electric Corp. of America, P.O. Box 3980, Pan Am Bldg.,

- 200 Park Ave.,, New York, N.Y. 10017. seeecceccccccccccccccccccccce
) @ Panasonic invites you to a special exhibit in @
- e“lncredible"—until e“lncredible”-—until Panasonic ® Booths3A45and 3A46,IEEE Show,New York @
Panasonic created it: New created them: New “PCM" ® (Coliseum, March 20-23. 1967 = ®
conrx‘iensier micLopr;onle o Ceral;nics havefthe unique e y, ABEC =&, . b4
with exclusive back-electrode combination of superior
design provides high mechanical properties, a high 0000000000000000000000000000
- sensitivity despite small dielectric constant, a planar ®
size (only ¥4” diameter) and coupling coefficient over 40%
low polarization voltage. and uniform quality over a
Plus high signal-to-noise ratio. wide temperature range.
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C ALLING Why so many system designers

choose Sperry klystrons for

THE TUN E communications applications

LU

B W wwnmwuwnmwrmn_ CAVITY
NN

SINGLE
CONTROL

W i ————

The secret of remarkable tunability for communica- both power and frequency requirements over all
tion klystrons is Sperry’s exclusive bellows-type tuner. C band troposcatter frequencies.
Replacing the old-fashioned, short-life diaphragm, the The SAC-4062 is one of a complete klystron family
bellows gives you longer tuner life and greater that Sperry has built for communications work. In
tuning accuracy. The bellows tuner, satellite systems, for example,
combined with remarkable tracking Sperry’s SAX-4700 series will de-
of the tube cavities, makes remote Easy tunability for klys- liver 6 to 10 kW over 7.9 to 8.4 Gc
push-button or gang-mechanical trons is another benefit with a single tube. You can choose
tuning a reality. from Sperry’s Storehouse PM focusing with new air cooling,
Sperry’s SAC-4062 is a good of Knowledge. ..for more or electromagnetic focusing with

liquid cooling. Both are tunable over
500 Mc, with Sperry’s exclusive
tuner which allows fast, accurate re-

example. This C band amplifier de-
livers 15 kW CW with only 17 kV
of beam voltage. Properly tuned, it

than 25 years the outstand-
ing source of microwave
tube improvements.

can give you gain as high as 60 db, mote operation for mobile systems.
and even in the high efficiency mode, Find out how you can achieve
gain is 54 db. Electrical character- more communications withless hard-
istics remain practically constant ware. Get your free copy of a new
across the entire 600 Mc tuning technical paper describing Sperry
range. The tube may be tuned at progress in high-power CW Kklys-
full operating power. There are no T trons for communication systems.
thermal detuning or sparking prob- SPERRY RAND Write today to Sperry Electronic
lems. Thus the SAC-4062 can meet CORPORATION Tube Division, Gainesville, Florida.

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives: Cain & Co., Los Angeles, 783-4700; Boston, 665-8600; Arlington Heights, 253-3578; Dallas, 369-2897; Dayton,
228-2433; Eastchester, 337-3445; Philadelphia, 828-3861; San Francisco, 948-6533; Syracuse, 437-2933; Washington, 296-8265; South Amboy,
727-1900; Huntsville, 859-3410; Orlando, 422-3460; Montreal, 844-0089.
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GE wins contract
to develop a radar
for Nike-X system

« Burroughs submits
3 low bid for FAA’s
« digitizer subsystem

FCC will test use

of tv frequencies
: by radio operators
&
- IBM aims to make

1 space-tv lasers
of gallium arsenide
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Washington Newsletter

March 6, 1967

A contract to develop one of the five Nike-X antiballistic missile system
radars has been won by the General Electric Co. The award will be
announced after price negotiations are completed between GE and the
prime contractor, Western Electric Co., the manufacturing arm of AT&T.
GE will develop the phased-array perimeter-acquisition radar that will
be used for long-range area defense if the antimissile system is deployed.
The company already has a contract for the beam-forming subsystem
of the Nike-X multifunction array radar.

GE edged out Bendix Corp.’s Radio division in the competition for
the latest order, although Bendix was the only bidder to have built a
prototype—the AN/FPS-85 at Eglin Air Force Base [Electronics, June 27,
1966, p. 133]. Bendix opted for the FPS-85 frequency in its bid, though
Western Electric had asked for a different frequency. However, after
GE was selected, Western Electric is said to have changed the perimeter-
acquisition radar frequency to conform with the Bendix FPS-85.

Burroughs Corp. is the apparent winner of a contract to develop and
build the common-digitizer portion of the Federal Aviation Administra-
tion’s National Airspace System. The company was low bidder for the
radar and beacon processing subsystem for the semiautomated traffic con-
trol program, a contract that will total either $16 million or $22 million,
depending on the number of units initially ordered. The award, to be
announced shortly by the FAA, will cover production of either 111 or
177 digitizers.

The Federal Communications Commission will begin tests next month
to see if it can assign commercial television frequencies to mobile-radio
operators. The FCC is confident the feasibility trials will show that these
new users can take over unused tv channels in the vhf area.

In the test, transmitters at various locations around Washington, D.C.,
will send 25-kilohertz-bandwidth signals over unused Channel 6 (82 to
88 megahertz). If the test transmissions don’t interfere with tv reception
on Channels 5 and 7, the FCC will be able to allocate the frequencies to
mobile-radio users in Washington. In order to make similar assignments
in other cities, however, the agency would have to hold new tests to
gauge local conditions.

Television broadcasters oppose such sharing, maintaining that they
were given exclusive use of the spectrum they were allocated.

Researchers at IBM’s Federal Systems division are working to develop
arrays of gallium-arsenide injection lasers for a system to transmit real-
time tv pictures from a spacecraft to earth at interplanetary distances.
Other work on a laser link for NASA has incorporated such gas devices as
the Hughes Aircraft Co.’s ionized argon laser and Sylvania Electric Prod-
ucts Inc.’s carbon-dioxide laser [Electronics, Feb. 20, 1967, p. 25].

IBM’s quantum electronics department at Yorktown Heights, N.Y., has
been studying ways to phase a number of gallium arsenide lasers to yield
a 10-watt data link able to transmit a million bits per second. Researchers
have succeeded in phasing the lasers—just how many IBM won’t say—

67



Navy awaits
approval on Omega

Congress is ready
to back full outlay
for AEC project

Little hope is seen
for 90% funding
of defense orders

Addenda

Washington Newsletter

but are having trouble achieving reproducibility—that is, getting the
lasers to turn on and reach full power at the same time repeatedly. The
company said it’s confident, however, that it can solve this problem within
a year. The advantages of the IBM laser over the CO: device are smaller
size and higher efficiency (30% to 50% against about 15% for the COs).
IBM’s effort is being funded by NASA’s Marshall Space Flight Center,
Huntsville, Ala.

Navy project officers expect a go-ahead from the Pentagon by April on
construction of a worldwide very-low-frequency Omega navigation sys-
tem. A letter recommending full Omega deployment is now on the desk of
Defense Secretary McNamara. The Navy maintains that the 10-to-14 kilo-
hertz hyperbolic system is “technically ready,” though it has been asserted
that Omega propagation data will be less stable as sunspot activity
increases [Electronics, Oct. 17, 1966, p. 129]. The Navy admits that a con-
tinuing development program will be needed to improve the system, but
says recent tests have proven Omega accurate for general-purpose navi-
gation of surface ships, submarines, and subsonic aircraft.

Reflecting a shift in Congressional sentiment, the Joint Atomic Energy
Committee is now expected to approve the full $10 million requested by
the Atomic Energy Commission for fiscal 1968 work on a proton accelera-
tor in Weston, Ill. The Senate-House panel is reportedly anxious to get
preliminary design work started on the project.

Originally, the AEC, together with the Budget Bureau, planned to con-
struct the system in two phases to save money. The accelerator was to be
designed to operate initially at 200 billion electron-volts and was later to
be upgraded for 300-bev operation. However, the joint committee
believes it would be less costly to build a 300-bev accelerator, scale it
down to 200 bev for early operations, and later upgrade it to 300 bev
when additional money is available.

Despite a rising chorus of defense-contractor pleas, the chances appear
slim that industry will succeed in persuading the Pentagon to increase
its partial payments to 90% on military production orders. Contractors
say they are finding it increasingly difficult and costly in these times of
tight money to borrow funds to support their burgeoning Vietnam war
production. The Aerospace Industries Association and the Defense
Industry Advisory Council have proposed raising progress payments to
90% from the current 70%. The unofficial word, however, is that the
Defense Department isn’t likely to approve much, if any, increase in
these payments because it believes the credit situation is easing.

The FAA isn’t entirely sure that the ground-based navigational aids and
traffic control radar now serving commercial airliners will be adequate
at the altitudes supersonic transports will fly in the 1970’s. Beginning
this summer, the FAA and the Air Force will make 100 joint transconti-
nental flights with instrumented aircraft to obtain test data. . . . Congress
is expected to approve $100,000 for development of a Coast Guard
guidance system that would give ship positions under all weather con-
ditions in channels serving U.S. ports.
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What increased
chemical cleaning §
production 20% ;
and cut solvent
costs in half?

ITT says:
[FREOCN solvents
and Branson
Ultrasonics.

AtITT’s Electron Tube Plant in Easton, Pa.,
components are now cleaned in a Branson
ultrasonic system using FReoN TF solvent.
Standard degreasing just couldn’t do the job
as efficiently. Time and money were lost
through recleaning.

Now, FREON leaves components micro-
scopically clean—the first time through. With
its low surface tension it reaches into the
smallest pores and crevices. With its high
density, FREON carries off all traces of dirt,
cutting oils and other contaminants. It dries
quickly, leaving no residue.

The result: chemical cleaning production
up 20% . . . solvent costs down 52% from
$100 to $48 per week.

And, because FREON is nonexplosive and
relatively nontoxic, no special exhaust system
is needed. Its high stability permits recovery
and reuse after simple distillation.

FREON solvents could be the answer to your
cleaning problems. For more information,
write DuPont Co., Room 4975, Wil-
mington, Delaware 19898. (In Eu-

ULl rope, write: Du Pont de Nemours
3:10Y] International S.A., “FREON”
s Products Div., 81 Route de I’Aire,

CH 1211 Geneva 24, Switzerland.)

Better Things for Better Living
«+. through Chemistry

8545 ;ux ONC.
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Stackpole Ceramag® ferrite
components have been the
accepted standard of the Tele-
vision Industry for over twenty
years.

In 1965, Stackpole began sup-
plying Automatic Pincushion
Correction Cores, a major
advance, for color television
receivers. 1964 saw the intro-
duction of Stackpole 90° color
components including Flyback,
Yoke and Convergence Cores.
As far back as 1954, these same
components were introduced for
the 70° color Deflection Systems.

The list of contributions
Stackpole engineering and pro-
duction know-how has made to
the growth of color in television
is long and varied. This same
capability has been applied to
the continual improvement of

black and white receiving
equipment as well.

To be first with such items as
Horizontal Output Transformer
Cores and Automatic Pincush-
ion Correction is not enough.
Innovation must stand the test
of performance. Stackpole Cer-
amag® components have, since
1947. Small wonder most manu-
facturers have come to depend
so heavily on Stackpole’s expe-
rience and quality. Stackpole
Carbon Company, Electronic
Components Division, St. Marys,
Pennsylvania 15857. Phone: 814-
781-8521. TWX: 510-693-4511.

Ceramag” Ferrite Components are

Coloring the Entire Television Picture

70 Circle 70 on reader service card

ELECTRONIC COMPONENTS DIVISION
“OUR 60th YEAR"
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A TECHNICAL DIGEST FOR INNOVATORS OF CONSUMER EQUIPMENT

New economy breakthrough
for UHF TV oscillators

Out front. ..
meeting more
of your tube requirements

Automatic de-gaussing
for color TV sets

Rechargeable
nickel cadmium batteries
last so much longer

New 2-transistor
Darlington amplifier
costs as low as 35¢*

Just specify GE D16G6
silicon planar transistors
—priced now at less
than 25¢ in volume quan-
tities. The D16G6 comes
in GE’s familiar T098
economy package and
features an injection
current of 0.5 ma at 940
mHz and low output
capacitance of typically
1.2 pf. Circle Number 90
for more details.

Using
GE Thyrite®
varistors

Available types—suitable for many commercial applications—include
sealed, pressure relieved, and vented cells nominally rated from 0.5
amp-hours to 160 amp-hours at the one hour rate. Shock-resistant GE
nickel cadmium batteries operate over a wide temperature range and
have a high discharge rate capability with constant voltage output.
Custom designs are also available. Circle Number 93 for more facts.

Actual size

7 )

COMPONENT
CAPSULES

D16G6

200 v[r)\?m i
W 33K
1.2K Ya W
1 500
LW 22K 5 001 puf 5 v W
i
W 77777

/%.4501

7 +0 :
Test circuit—940 mHz oscillator

Look to the leader. General Electric is your
number one supplier and number one innovator
of tubes for entertainment-type products such as
radio and TV. GE developed more than twice as
many new tube types in 1966 as any other manu-
facturer. GE now offers over 125 different com-
pactrons you can apply to reduce assembly time
and related costs. Circle Number 91 for more
information on GE compactrons and other tube
innovations.

Typical
GE compactron

Used in conjunction with a thermistor, GE disk-type Thyrite
varistors will develop, automatically, an ideal de-gaussing wave-
form in your color television receivers. Many have hailed this
as one of the most important circuit developments in the TV
industry, since it can eliminate so many costly service calls.
Contact General Electric for these and all other varistor and
thermistor requirements. Circle Number 92 on the Reader's
Service Card.

Can last
hundreds of
times longer

Use GE's new D16P NPN device (in monolithic structure) to
simplify your audio amplifier circuits in pre-amps for phono-
graphs and tape recorders. One D16P actually costs less than
its discrete counterpart in these applications—two 2N3394's.
D16P’s provide single stage input impedance over 2 megohms
with a 6-to-1 voltage gain at negligible distortion (less than

0.1%). For more information, Circle Number 94.
¥In lots of 1,000 and up

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

GENERAL @3 ELECTRIC

285-17
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Four ways to put the damper
on component failure.

They're our 3M Brand Inert Fluorochemical Liquids
—FC-43, FC-75, FC-77, FC-78—and the one whose
properties are best for cooling your component will
make it as reliable as a coolant can make it.

That's because our Inert Liquids are far more

.efficient at removing heat—a prime cause of com-

ponent failure — than either air or other dielectric
coolants. Now your component can operate at lower
temperatures and with increased reliability.

You can also rely on our Inert Liquids for other
important properties. High on the list are high di-
electric strength, high temperature SFaQLIity, chemi-
cal inertness, compatibility, and nonflammaability.

Circle 72 on reader service card

All of which makes 3M Brand Inert Liquids as good
for test bath applications as they are for cooling.
You can rely on that.

3M Chemical Division
Dept. KAX-367, St. Paul, Minn. 55119

Send me all the details about 3M Brand Inert Liquids.

I |
I I
| |
| [
i |
l, Name s A T e - :
: Address_. o et —_— :
: Company____ — — = = Titler— —— :
Gy e State_ Zipe .
I = o 3m !
' Chemical Division 3% |
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SCIENCE. "SCOPE

Commercial communications service to the Far East was inaugurated January 26
over COMSAT's Intelsat IIB. New satellite, launched January 11 and put into
synchronous orbit over the Pacific, is relaying telephone, TV, Teletype, and
data between the U.S. and Hawaii, Japan, and Australia on a round-the-clock
basis, and will also be used by NASA in support of the Apollo program. It has
three times more transmitter power, five times greater bandwidth, substantially
greater antenna-beam coverage than COMSAT's Early Bird, also built by Hughes.
COMSAT operates it for the International Telecommunications Consortium.

Contract for a vast NATO air defense system has been awarded to a six-company
European consortium led by Hughes. Known as the NADGE (for NATO Air Defense
Ground Environment) system, it's the largest military electronics project ever
undertaken in Europe. NADGE will identify all aircraft crossing NATO borders,
decide if they're unfriendly, warn the military within seconds, and advise them
what interceptors and missiles are available and which should be dispatched.

Instant moon shelters from ordinary gelatin have been developed by Hughes re-
search chemists under an Air Force study contract. Shelters would be prefabri-
cated of fiber glass cloth, impregnated with gelatin, sealed in airtight con-
tainers. Opened and unfolded on the moon, they'd harden into rigid, light-
weight shelters as the water evaporated from the gelatin in the vacuum of space.

Rapid expansion of several advanced programs at Hughes has created important

and immediate assignments for electro-optical, microcircuit, space systems, in-
formation processing, circuit design, and communication/radar systems engineers.
If you have an accredited engineering or scientific degree, have at least two
years of applicable experience, and are a U.S. citizen, please send your resume
to: Mr. J. C. Cox, Hughes Aircraft Company, Culver City, California. Hughes

is an equal opportunity employer.

The Army's new Missile Mentors, computer systems developed by Hughes to coordi-
nate the firing of Nike Hercules and Hawk missiles, now provide major U.S. cit-
ies with air defense umbrellas. Systems detect and track all aircraft in the
defense areas, give commanders more data for split-second battle decisions than
ever before. Missile Mentors, with solid-state circuitry, cost about 1/10 as
much as the tube-circuitry systems they replace, can be operated and maintained
by 50 men compared with 200. Basic systems are carried in two mobile vans,
which operate as a single command post. A third van, designated RRIS, can be
added to collect remote radar inputs.

A color camera for NASA's ATS-C satellite, scheduled for launch in December,

is being developed by Santa Barbara Research Center (a Hughes subsidiary).
ATS-C will be spin-stabilized in a synchronous orbit over the Atlantic. New
camera's data will consist of simultaneous blue, green, and red video channels,
from which full-color photos can be processed. SBRC also built the spin-scan
camera that has been sending back high-resolution black-and-white photos of the
earth's cloud cover from ATS-1, now in geostationary orbit over the Pacific.

Creating a new world with electronics '

HUGHES

HUGHES AIRCRAFT COMPANY
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New solid-state relay
with adjustable set point

It has no moving parts, no relay contacts. Available in seven voltage
ranges from 0-1 to 0-500 volts; in ten current ranges from 0-100 pa to
0-1 amp. Temperature ranges on special order from 0-750°F to 0-3000°F.
Call your Weston distributor or write Weston Instruments, Inc.,

614 Frelinghuysen Avenue, Newark, New Jersey 07114.

Features:
e Response—200 milliseconds o External temperature.influence 1% for £10°C
e [oad rating—1 amp at 117 volts, 50-60 Hz about 25°C

e Input resistance—100 ohms for 100ua range * Yoltage breakdowr?—5_00 volts a-c

o Accuracy—=+ 2% under reference conditions  ® Common modc rejection—250 volts d-c maximum
(temperature effects in accordance  ° égg/flgga'/—éng
‘f‘”m ASA 639'7) Mounts in 3” hole; front panel, 314" x 314"

o Repeatability—0.5% typical Neon pilot light

e Operating temperature range—0-50°C Terminal strip connector

e Power—117 volts +10%, 50-60 Hz

WESTO N® prime source for precision...since 1888
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6 WEEKS DELIVERY...NEW LOWER PRICES...

due to CTS automated production techniques N Series 400 gl
4 1-3/64" dia.
and the industry’s biggest output. — 3 watts @85°C
Series 500
Consider these CTS Cermet Pot characteristics: T e

1. 20 Q to 5 megohms resistance range. :i'.%ie: 600
" dia.
2. Greater power/size ratio. (See captions.) 3/4 watt @85°C

3. The environmental stability & higher wattage rating of wirewound. o) : ™ grep—

4. The wide resistance range & infinite resolution of carbon. Series 550

3 N 3/4" dia.
5. Extremely high temperature capabilities. 2/wattlsa(g‘70°c 372-522 -500 *“?‘Wi

Hh idi ¢ 1-1/2 watts @85°C
6. Stability under extreme humidity. ?T;g,;sdt?as Taidan Series 500

7. No catastrophic failures. e 1/8 watt @125°C m
For P.C. applications

8. Low noise. Long life. ?7;9;200%

9. Exceed MIL-R-23285 (Navy) metal film; far exceed MIL-R-94B. > 3/4Walt @85°C

For P.C. applications
Series 660
: , 3/8" dia.
Specify from the broadest line 1/4 watt @125°C
of thick film controls available. Series 630 .7
. . A 1/2" dia. L
New low prices begin at $1.35 each in large quantities. 1/2 watt @85°C

Request Cermet Catalog.
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Ainazingly quick and accurate response!
FUJITSU ELECTRIC AND ELECTROHYDRAULIC

PULSE MOTORS

INTRODUCING

EPM
Model 110

EPM
Model 109

Electric Pulse Motors (EPM’s) Models 109, 110 and 111
are stepper motors of excellent gualifications based on
originality of both construction and drive circuit. In
particular, newly introduced Models 110 and 111 feature
large output torque sufficient to directly drive small size
machine tools, various machines with relatively small
load, etc.

Outstanding features of FUJITSU EPM'’s:

[ Original 5-phase pulse motor = Minimized magnetic flux leakage in-
sures high magnetic efficiency [ Large output torque due unique rotor/
stator construction [0 Qutput torque maintains practical level despite
high pulse rates [ Unique driving method eliminates resistors connected
to Stator-coils in series, thus minimizing power consumption

Specifications of EPM'’s

Model 1/2-SSS

EHPM
Model 1-SSS

EHPM

Electrohydraulic Pulse Motors (EHPM’'s) consist of an
electric pulsemotor as a digital-to-analog (D-A) converter
and a hydraulic servomechanism for power amplification
combined in a single unit. In the EHPM's the rotating
angle is proportional to the number of input pulses applied
and the rotating speed to the pulse rate of the input
pulse train.

Outstanding features of FUJITSU EHPM’s:

(] Need no external digital-to-analog converter [ Position without ex-
ternal feedback loop 1 Simplify positioning and speed control & Give
quick response and have large torque (& Can be controlled with very small
electric pulse input  © Make possible highly accurate digital control
[C) Make control device extremely economical

Specifications of EHPM's

Model

Item 109 110 m
Angular increment per pulse deg 2.25 1.5
Max. starting pulse rate pps 2000 1500 1000
Max. pulse rate pps 8000 2000
Output: Torque at max. pulse rate kg-cm 0.6 20 150

Max. power hp 0.025 0.56 1.05
Allowable max. load inertia kg-cm-sec? 2x10-* | ‘2x10-* | 2x10-*
Max. static torque kg/cm 2.5 50 300
Max. power consumption for driving VA 42 940 1750
Weight kg 1.5 20 50

Model

Item 1/5-S8S| 1/2-SSS| 1-SSS | 3-SSS
Angular increment per pulse deg 19
Max. starting pulse rate pps 2000
Max. pulse rate ppPsS 8000 4000
Output (at 70kg cm? hydraulic
pressure): Torque at 2,000pps  kg-cm 35 103 195 6000

Max. power hp 0.8 2 4 6
Allowable max. load inertia kg-cm-sec? | 1x10-* | 5x10-* | 1.5x10-?| 1x10-’
Max. supply pressure kg/cm? 70
Displacement per revolution cm? 4 14 21 75
Weight kg 6 14 18 30

For more detailed information, write FUJITSU EXPORT DEPT. or:

FUJITSU LIMITED NEW YORK OFFICE
680 Fifth Ave.
New York, N.Y. 10019

Phone: CO 5-5360 Phone:

C. ITOH & CO., (AMERICA) INC.
5th floor, ITT Bldg., 320 Park Ave.

PLaza 1-4330

FUJITSU LIMITED

Communications and Electronics

Marunouchi, Tokyo, Japan

SEE US

New York 22, N.Y. 10022. at

IEEE 7
Booth No. 4B14

EXHIBITION
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AND AFTER SOLUTEC PROCESSING

New Solutec system cleans PCB’s
faster, more economically than
ultrasonics or vapor degreasing

You can improve your productivity, cut your investment
in cleaning equipment and get more uniform results by
switching to the Solutec method of printed circuit board
cleaning. It's a simple process, requiring only one clean-
ing solution and generating no fumes, films or toxicity
problems.

If it takes you more than three minutes to clean a board —
whether you use ultrasonic, vapor degreasing or manual
methods — you need more information about the Solutec
“hydrogen scrubbing” system! It removes tenacious con-
taminants by generating hydrogen bubbles on or near
the surfaces of parts being cleaned. In the presence of

THE SOLUTEC Model 900 is a bench-type hy-
drogen scrubber. The device is also available
in larger capacities for production line use.

Electronics | March 6, 1967

SOLUTEC

“Hydrochemex,” a proprietary activated alkaline deter-
gent, the bubbles actually scrub surfaces clean.

How clean? Clean enough to accept electroless copper
plating after less than three minutes of processing. The
Solutec system also gives you excellent wetting action
for subsequent soldering operations.

In addition to the scrubber and its detergent solution,
Solutec offers a complete line of board processing chem-
icals — deoxidizers, strippers and electroless copper
solutions. Start cutting your board cleaning time and cost
today: send this coupon for more information.

o= ——————=

OLUTEC CORPORATION
5903 Seminole Boulevard
I Largo, Florida 33540 ® Phone 813/392-4268
[] Please send me more information about the Solutec PCB
cleaning system.
[[] Please have your representative call me to arrange a dem-
onstration.

COMPANY.

ADDRESS

I NAME TITLE l

CITY. STATE ZIP '
SN SN G NSNS S S S SN SN S E—
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Data Display Devices

8 from Raytheon

!
!
L

THIS PRESENTATION I§ BEING VIEWED ON &

RAYTHEON DIDS-400 DISPLAY sy

A RAYTHEON CK1414 SYMBOLRA
GENERATING CRT.

THE SYMBOLRAY TUBE USES

PRINCIPLE AND HAS A MATR
ACTERS IN AN 8xs ARRAY .

INCHES IN DIAMETER AND 12
023456789¢ABCDEFGH1J
8X: ‘zonl@osct>

The presentation you see above
was generated by a Symbolray*
Cathode Ray Tube identical to
the one lying on the console. A
new type of monoscope, the
Symbolray can generate alphanu-
merics from electrical signals for
cathode-ray display or for hard
copy print-out. The presentation
here is shown on a Raytheon tube
(CK1415) used in a Raytheon
DIDS-400 display system.

An economical methed of gener-
ating characters. Priced at less
than $100 in quantities of 1,000,
the Symbolray provides a more
economical method of generating

78

electronic displays than using
large numbers of circuit cards.

The output of the Symbolray
operating as a monoscope is ob-
tained by electrically deflecting
the electron beam to desired
characters on the targetand scan-
ning them sequentially with small
raster. The display cathode ray
tube onwhich thisoutputis
viewed is scanned in synchronism.
When the Symbolray method is
used in conjunction with buffer-
memory techniques, full mes-
sages can be displayed —as
shown above. The Symbolray tube
uses electrostatic deflection and

STEM USING
Y CHARACTER-

THE MONOSCOPE
IX OF 64 CHAR -
THE TUBE

IS 2

INCHES LONG.

KLM“OPQRSTUV*XYZZ
>!<$'B[n~:':x‘

focus, and is available in designs
with 64 and 96 character matrices.

Raytheon’s wide range of Data-
ray* CRTs cover the screen sizes
from 7 to 24”. Electrostatic, mag-
netic and combination deflection
types are available for writing
alphanumeric characters while
raster scanning. Raytheon also
offers combination deflection or
“diddle plate” types and all stand-
ard phosphors. Or, Raytheon can
meet your special CRT design
requirements.

For more information—or a
demonstration—call or write your
Raytheon regional sales office.

Electronics | March 6, 1967




New Raytheon Projectoray* Tube pro-
duces more than double the light
output of standard projection-type
cathode ray tubes. The tube's light out-
put is 30,000 foot lamberts, which
results in a light level of 15-foot lam-
berts on a 3" x4’ lenticular screen.

The tube's expected minimum oper-
ating life is 500 hours — 20 times the
life of a standard projection tube.

The Projectoray’s high light output
and long life are due to its novel
design. The design incorporates liquid
cooling of the phosphor backplate.
This allows the phosphor to be ener-
gized with a very intense electron
beam. At high beam levels, very high
peak light output is obtained. The
light image is projected through a 5”
optical window in the face of the tube.
The electron gun is set at an angle to
the phosphor and the deflection sys-
tem compensates for keystone effects.

Datavue* Side-View Tubes. New Type
CKB8650, with numerals close to the
front, permits wide-angle viewing. These
side-view, in-line visual readout tubes
display single numerals 0 through 9 or
preselected symbols such as 4+ and —
signs. Their %/s”-high characters are
easily read from a distance of 30 feet.
Less than $5 each in 500 lots, they also
cost less to use because the bezel and
filter assembly can be eliminated and
because their mating sockets are inex-
pensive.

Recording Storage Tubes. The minia-
ture tubes shown here are Raytheon’s
single-gun (CK1516) and dual-gun
(CK1519). They provide high resolu-
tion, long storage, and fast erase ca-
pability.

Raytheon electronic input-output
storage devices feature the above ca-
pabilities and immediate readout. In-
formation can be written and stored
by sequential techniques or by ran-
dom-access writing. Complete, grad-
ual or selective erasure is possible.

Raytheon storage tubes are readily
available for applications in radar scan
conversion, slow-down video, signal
processing, signal enhancement, time
delay, and stop motion.

Dataray * Cathode Ray Tubes. Raytheon
makes a wide range of industrial CRTs
—including special types—in screen
sizes from 7" to 24”. Electrostatic, mag-
netic, and combination deflection types
are available for writing alphanumeric
characters while raster scanning. All
standard phosphors are available and
specific design requirements can be
met. Combination deflection or “diddle
plate” types include CK1395P (24" rec-
tangular tube), CK1400P (21" rectangu-
lar), and CK1406P (17" rectangular).

Datavue* End-View Tubes. These tubes
are easily read in high ambient light —
do not wash out like other displays.
Erroneous readings due to segment
failure do not occur because the char-
acters are fully formed. Raytheon
Datavue End-View Tubes fit existing
sockets and conform to EIA ratings.
Models include round (CK8421) and
rectangular (CK8422). Ultra-long-life
types are designed for 200,000 hours
or more of dynamic operation.

Send Reader Service Card for litera-
ture on the:

Symbolray CRT 491
Projectoray CRT 492
Datavue Indicator Tubes 493
Recording Storage Tubes 494
Dataray CRTs 495

Or call your Raytheon regional sales
office. Or write to Raytheon Company,
Components Division, Quincy, Mass
02169.

*Trademark of Raytheon Company

Visit Raytheon Booth 3D02—-3D18 at IEEE.

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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Galvanometer
with brains

Crestto SPHEE OB S Eenit

MRV : ¥
AN ARETRES

ESI has combined the best features of the classic galvanometer and the
modern electronic voltmeter in the new Model 900 Nanovolt Galvanometer.

How do you create a galvanometer with true nanovolt
sensitivity that is really practical to use...an instrument
that doesn’t require hours of delicate dial twiddling, trap-
door adjustments or experimental hook-ups?

You give it brains. Brains in the form of feedback cir-
cuits that automatically control speed of response and
damping for each of its 12 calibrated ranges. It operates
from any source resistance without changes in speed of
response or damping characteristics. Noise is less than 2
nanovolts regardless of the source impedance. With all
this working for you, it’s easy to make effective use of the
extreme sensitivity of our Model 900 Nanovolt Galvano-
meter.

The instrument consists of two units—the control unit
shown above, which is the brains of the outfit, and a gal-
vanometer unit. The Model 900 is ideal for use with high-
accuracy and high-resolution potentiometers and bridges;
for the calibration of thermo-couples, strain gauges,
thermopiles, standard cells and the like. It also has
myriad applications in the measurement of tiny voltages
or currents in experimental chemistry, physics, biology
or medicine. A fixed input resistance of 1 kilohm allows
calibrated ranges for both voltages and current.

Through solid state circuitry, we’ve been able to com-
bine the best of two worlds in the Model 900. It has the

high sensitivity and ac rejection of mechanical galvano-
meters. But it also has the multiple calibrated ranges,
meter readout, and operation simplicity of modern elec-
tronic voltmeters. It’s an honest nanovoltmeter whose
high sensitivity and complete guarding also simplify
measurements in the microvolt area.

You’ll have more time to use your own brains if your
galvanometer has some of its own. ESI, 13900 NW
Science Park Drive, Portland, Oregon 97229.

Model 900 Nanovolt Galvanometer

Ranges: 10nV (10pA) end scale to 3mV (3uzA) end scale on
zero-centered meter; 12 overlapping ranges in 1,
3, 10 sequence.

Accuracy: 2% of end scale for voltage and current.

Input Resistance: 1k on all ranges.

Minimum Detectable Signal: Less than 2nV or 2pA.

Superimposed AC Rejection: Greater than 120 db (Infinite
common mode rejection).

Noise: Less than 2nV or (2pA) peak-to-peak for all source
resistances.

Damping: Slightly less than critically damped for all
source resistances (adjustable).

Zero shift with source resistance change: None.

Price: $1975.

[
Electro Scientific Industries, Inc. e,s . ®

IEEE BOOTH NOS. 2A02-4-6

=1y Circle R0 an reader service card
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Small size. Small price. Big printed circuit convenience.

These little time-savers can help simplify, econo-
mize, and automate your printed circuit board
production. Specifically designed for users of
printed circuit boards, they each incorporate
AMP’s quarter century of development and ex-
perience in precision solderless techniques. One
or more can benefit you if you use printed circuit
boards.

For example, AMP-IN* Printed Circuit Pins (A)
may be attached at rates up to 4,000 an hour;
snap-in design holds leads in position for easy
solder dipping. With AMP’s handy Test Probe
Receptacles (B), test points may be provided
anywhere on printed circuit boards. Color coded
for quick location; double-ended probe entry. The
AMP-EDGE* Single Circuit Edge Connector (C) is
a quick disconnect contact that fits an edge slot
in printed circuit boards from .040" to .093" thick.
Its wiping action pre-cleans board contacts. AMP’s
Printed Circuit Board Disconnect (D) comprises
a staked pin and a receptacle which is crimped to
the lead. This enables you to bring a variety of
wires to a printed circuit board and to disconnect
them at will.

Components are held in place during assembly
with CIRCUITIP* Terminals (E), which also pro-

mote uniform solder fillets; machine-applied at
rates of 7,200 an hour. The many ways to use
AMP’s Reusable Component Test Receptacles
(F) include testing, breadboarding, and modular
connector design. One size accepts leads from
.018" to .040" in diameter; eliminates soldering.
The newest product for printed circuit boards is
AMP’s Printed Circuit Board Fastener (G), which
speeds up the process of assembling a printed
circuit board to a chassis and greatly aids servic-
ing. Includes types which facilitate component
mounting and power input connections radio, TV,
Hi-Fi, vending, and commercial control products.
Write today for full information about any of these
useful printed circuit board aids. Or, let us help
solve your special printed circuit problem.

*Trademark of AMP INCORPORATED

Harrisburg, Pennsylvania

A-MP* products and engineering i are ilable through y ies in:
Australia » Canada * England * France * Holland * Italy * Japan * Mexico * Spain * West Germany
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Here’s A PNP Silicon
RF Transistor That’s Goin
To Change The Polarity o
A Lot of Present Designs!

An easy modification of the bias arrangement of your
NPN circuit — by simply reversing dc polarity, or
grounding the emitter circuit instead of collector circuit
(or vice versa) — and you're ready to plug in the far
superior performance of the new Motorola silicon PNP
2N4957-9 VHF/UHTF transistors.

Take the 2N4957 — for true state of the art. Even at
1 GHz, the N.F. is only 5.0 dB and with a power gain
of 13 dB! Other key advantages: breakdown voltage for
the 2N4957-9 series is a relatively high 30 V, plus you
benefit from low collector-base capacitance and resultant
low feedback (C,., = 0.4 pF typ).

What’s more, with these PNP devices you can have

TYPICAL NOISE FIGURE vs. FREQUENCY

. 2N4957
o
o
w Vee — —10 Vdc //
o <P | il I uilis
£ le — 2 mAdc P
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TR R ,/
4 —
(@]
=
o
=
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02 05 06 07 08 091
f, FREQUENCY (GHz)

~ where the priceless ingnediont & cane!
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3.0 dB max. Noise Figure
J““ 17 dB min. Power Gain
| 1200 MHz min fT

@ 450 MHz

silicon noise figures that are comparable to low-noise
PNP germanium at prices as low as $4.50 (100-up lots) !
(Incidentally, Motorola also can supply NPN devices
2N2857 and 2N 3839 if that’s what you’re presently
using!)

Th A f-th Type 100-up
ese * siatesai-the- =gasss $13.50
art” devices are avail- | 5N4958 6.90
able at low prices, too: | 2N4959 4.50

For evaluation units and application information, see
your Motorola sales representative. For detailed data
sheets, write Motorola Semiconductor Products Inc.,
Box 955, Phoenix, Arizona 85001.

CHANGING DC CIRCUITRY TO PNP POLARITY:

NPN PNP

~+ Vee
Same circuit connection Same power supply polar-
— power supply polarity ity — different circuit

changed connection

MOTOROLA

Semiconductors

Circle 83 on reader service card 83



OTHER 2,4 AND6 POLE
2 AMP RELAYS MIGHT

—

BE AS GOOD AS THE NEW
SIGMA SERIES 62.

84

If they were built as well.

Versatile, miniature Sigma Series 62 general pur-
pose relays outperform their competitive counter-
parts because they are built better three ways:

Larger Contacts For Longer Life: The larger con-
tacts (.093” & .058” dia.) used in the Series 62
assure superior thermal and electrical conductiv-
ity and a life expectancy of 1 million operations at
rated load.

Thicker Base For Greater Contact Stability: The
Series 62 base, in the terminal area, is twice as
thick as competing types. This provides a much
higher degree of mechanical support assuring long-
term stability of the stationary contact members.

More Durable Lifter For Better Contact Action:
The contact actuator of the Series 62 is made of

il P :

fabric-filled phenolic rather than paper-based phe-
nolic. It is extremely durable, rigid, and not sub-
ject to cracking even after extended use.

We'd like to give you a new Sigma Series 62—or
any of our other standard relays. Test and com-
pare it against the brand you may now be using. It's
the best way we know to prove what we say about
Sigma relay performance. Just circle our reader
service number on the reader service card. We'll
send you the new Sigma relay catalog and a “free
relay” request form. Return the form to us and
your Sigma representative will see that you get
the relay you need.

Need fast delivery? The Series 62 is available
off-the-shelf from your Sigma distributor.

sicma DVISION 8 SIGMA INSTRUMENTS INC

Circle 84 on reader service card

Assured Reliability With Advanced Design / Braintree, Mass. 02185
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Sierra brings to light...

You'll spot them all with lightning speed on Sierra’s Model 360A
Spectrum Display Unit: Overload, noise, crosstalk, carrier leak.
The communications disrupters!

Tracking automatically across the tuning range of a companion
frequency selective voltmeter (shown above, Sierra’s Model 128A),
Model 360A presents an expanded view of selected frequency seg-
ments on a high-resolution, swept-band CRT display. Sweepwidths
of 120 kHz or 12 kHz display thirty- or three-channel segments of
the multiplex baseband. A 3.6-kHz sweep position narrows the view
‘t0 one voice channel, resolving approximately 30 Hz at 3 db down
from a carrier peak and 60 Hz at 40 db down. The voltmeter indi-

"cates precisely the frequency and amplitude of any displayed
signals.

Price of the Model 360A is $2,450. The bulletin sheds further
light on the matter. Write Sierra, 3885 Bohannon Drive, Menlo
Park, California 94025.

Circle 85 on reader service card

100 xHz

100 xHz

5
i 4

dark deeds in the under-
world of high-density
carrier systems

PHILCO

PHILCO-FORD CORPORATION
Sierra Electronic Operation
Menlo Park, California « S4025
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Does the load make -
your linearity go to pot?

-

CONVENTIONAL POT VERNISTAT
A A Z,=11A
E in Ein
100 K- 100 Ko
load load
Y Y

#0.05% Absolute linearity without load #+0.05 %

0.60% Load error 0.011%

+0.65% Absolute linearity with load +0.061%

Maybe your pot looks great when you test it under
no-load conditions. But how does it perform in a
real circuit?

You'd be surprised how a load can put a bend in
an ordinary pot’s linearity curve.

With today’s accuracy requirements for systems,
you can get an error that will break the back of
your design even with loads that are generally con-
sidered trifling.

Take aconventional 4000 ohm potand load
it with 1 megohm. This load can contribute
a greater error than the linearity of the pot
under infinite loading. Drop the load to
100K and the loading error zooms upward.

Vernistat a.c. Potentiometers solve load-
ing problems with no special measures. For

instance, our Size 11 Model 446 contributes truly
negligible loading error and still gives you the same
high input impedance of 4000 ohms.

Vernistats meet other potentiometer design
needs, too. Use Vernistats when you must have:
* Reliability and long life * Low quadrature output
* Negligible pickup of stray energy * Accurate
non-linear functions « Continuous rotation in a

multiturn unit.

How Vernistats straighten out loading er-
rors and unburden the designer is explained
in electric terms in a brochure we've pre-
pared in case you asked. Do just that.
Address: Electronic Products Division,
Perkin-Elmer Corp., 131 Danbury Road,
Wilton, Connecticut 06897.

PERKIN-ELMER

86 Circle 86 on reader service card
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MIL-T-713 LACING TAPE isn't
right for every harness joh!

- GUDEBROD sells plenty of it (Gudelace 18)
—but makes 172 other™ tapes foo!

o Tapes for high temperatures,

burnproof tapes, fapes for
outer space and vacuum use.

- Tapes for heavy cabling and for
small units, color coded tapes.

« They all tie tight,
Ask about them.

*And they all exceed MIL-T performance requirements

Saturn rocket inertial guidance stabilized platform produced at The Bendix
Corporation’s Eclipse-Pioneer Division. Wiring laced with Gudebrod Tape,

With every advancement in electronic technology, for every new

electronic application there is need to review your harnessing practices GUDEBROD CABLE-LACER

and materials. If your harness department is struggling to make-do The first hand tool engineered for wire harnessing.

with the lacing tape they have always used—they may be wasting time Handle holds bobbins, feeds tape as needed, '

and money as well as heading for rejects. Gudebrod has pioneered in grips tape for knotting. Speeds, eases ﬁ
producing special tapes—for particular applications, and to meet harnessing. Pays for ;

customer’s specifications. Available at Gudebrod is a stock of 173 itself in time saving. .

types of lacing tape—and a wealth of harnessing information. Why
/ Area Code 215, WA 2-1122

not consult with Gudebrod!
UDEBROD BROS. SILK CO, INC.

FOUNDED IN 1870

12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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Adlake Mercury Wetted Relay — Application Data

Measurement of ‘‘Dynamic Contact Noise’’
for Low Level Signal Applications

Adlake AWCS

26000 Series Relay —

2 Switch Form C S =
FIGURE 1 FIGURE 2

In small signal applications, such as computers,  Horizontal Deflection 1.0ms/em  Horizontal Deflection 1.0 ms /cm
telemetric systems, strain gauges, etc. gen-  Vertical Deflection 20 uV /em  Vertical Deflection 100 »V /cm
erated emf. within the system'’s relays must be  Systems Bandwidth .06—60 Hz.  Systems Bandwidth .06—600 Hz.
taken into account.

Dynamic Contact Noise is a ‘“‘coined’” phrase
used to indicate an undesired generated emf.
upon contact closure. It is the result of mechan-
ical oscillation of the armature—caused by the
impact of the armature on the stationary con-
tacts — sweeping the coil flux.

Typical illustrations of this noise are shown in
the oscillograms, with the relay being driven at
nominal voltage in the test circuit shown below.
The frequency and amplitude are integral func-

tions of system bandwidth and coil drive . :
conditions. FIGURE 3 FIGURE 4

The slight ripple seen at the end of each trace is  Horizontal Deflection 1.0ms/cm  Horizontal Deflection 1.0 ms /cm
not noise, but due tq, resolution of test equip- Vertical Deflection 200 4V [em  Vertical Deflection 200 1V /cm
ment and test circuit. Systems Bandwidth .06—6K Hz.  Systems Bandwidth .06—60K Hz.

TEST CIRCUIT

TEKTRONIC
2A61 564

L ’
ad Lo

FIGURE 5
Horizontal Deflection 1.0 ms /cm
Vertical Deflection 500 2V /cm
Systems Bandwidth .06—100K Hz.
: * If you have a problem regard-
MWS-16000 ing relay applications to a particu-
SERIES RELAY lar system our engineering staff
is ready to help you. Contact Mr.
Le Roy Carlson, Chief Project
Engineer.
Backed by sound research and disciplined engineering, Adlake applies developing it. For prompt, personal and knowledgeable attention to
the industry’s broadest line of mercury displacement and mercury your relay needs, contact the one source that is the complete source
wetted relays to the creative solution of design circuit problems. in the mercury relay field. Contact Adlake today for catalog and
However unique or special your application, Adlake can assist you in further information.
SINCE 1857 Dept. 2037, Elkhart, Indiana, U.S.A. 46514 < (AC 219) 264-1141

TRANSPORTATION EQUIPMENT e ARCHITECTURAL PRODUCTS e MERCURY RELAYS e DOORS AND ENTRANCES e CONTRACT MANUFACTURING

Plxabsimnmtiss | Blavaks & 109 Oivnln OO nev vmmd e



Antenna strain
insulators of
240,000 lbs.
ultimate
strength?

Lapp designs and builds them.

The double-strain insulator assembly shown here
tested to 240,000 lbs. ultimate strength. It isn’t the
biggest either. Already designed is a similar triple-
strain insulator with a strength of 360,000 lbs. Lapp
also has delivered compression cone guy insulators
as high as 620,000 lbs. ultimate strength, and has
designed them to 750,000 lbs. strength.

Lapp makes individual insulators, insulator as-
semblies, and complete insulator systems to handle
most any electrical and mechanical requirement.
Lapp does the complete job from drawing board,
through testing, to delivery. We’ve been doing this
work since “radio” was born. So, you can count on
Lapp for knowledge, ingenuity, facility and quality.

Got a big insulator problem? Drop us a line or
give us a call so we can get started on the solution.
Radio Specialities Division, Lapp Insulator Co.,
Inc., LeRoy, N.Y. 14482.

- YEARS
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PROVISION FOR
CRYSTAL STEP
VERNIER

TYPICAL SYNCHRONIZING
>

SYSTEM

Ref. Freq.

10 MHz

FDS 30

| Synchronizer

| nefs—fx | =
& | 30 MHz

A

Mixer & Harmonic Gen.

Control
Voltage

Synchronized Output Power

Generator or Source

To Be Synchronized e.g. SLRC

oz (E5) | ROHDE & SCHWARZ

IMMEDIATE DELIVERY
FROM STOCK
$7,705

3V (MAX.) OUTPUT

70 dB ATTENUATOR

Lonzar Bssfal Life OF . -.. 111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 - (201) 773-8010

Inquiries outside the U.S.A. should be directed to Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany

Electronics | March 6, 1967
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Think
vertically.

Get your
functional
circuit
designs
stacked
in a
MicroCircuit
Pack?..
ready to
mount.
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See us at |IEEE Booths 4F26, 28 and 3OJ

Wouldn't you like to see your breadboard I How? We have developed flexible, com-
model of functional circuits converted to a Y puter-controlled methods of manufacture. We
fully microelectronic module—ready to weld, test each layer and each module step-by-step
solder, or plug in? Want a package with your pre- as we put it together. And we use electron-beam

ferred mix of semi-conductors, monolithic integrated scribing, welding and sealing under ultraclean vac-
circuits, thin-film and discrete devices ready to per- uum conditions. Results? Your packaged module is
form a number of system functions, either analog or strong and reliable, will resist moisture and radia-
digital—one that combines all the advantages of tion, and will operate over a wide temperature range.

vertical, multilayer stacking, welded interconnec-
tions, hermetically-sealed enclosure, and uniform
modular assembly?

That's no pipe dream with Hamilton Standard’s

Whatever your system requirements might be,
investigate going to MicroCircuit Packs direct. Con-
sider all the in-between expenses you can save. For
more information, price quotations, or assistance in
MicroCircuit Pack technology. We can deliver a component selection and system layout, contact the
custom-built module of up to 15 ceramic wafers, e bl Marketing Manager, Electronics Department,
pretested to meet your design, in either evaluation ~ ActY@'siz¢  Hamilton Standard, Windsor Locks, Conn., 06096.
or production quantities. And it will cost far less than Phone (203) 623-1621, ext. 2012. TWX 710-
you would think. 420-0586.

Hamilton Standard DIVISION OF UNITED &nIJRCRAFT CORPORATION

WINDSOR LOCKS, CONNECTICUT
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Words
ahou
Wines

It has occurred
to us that a
good product
. —like a good
wine — gains
far more re-
nown from what
its users say about
it than from what its
makers say about it.
Therefore, in this column we
eschew the temptation to dis-
cuss that over which we labor in
our own vineyard, and instead
bring you each month some ran-
dom thoughts on the science of mak-
ing wines and the art of enjoying them.

*First, a comforting thought for the
wine lover who is aware of the value
of the grape as a gentle tranquilizer,
but who worries lest its nourishing
effect on his psychical well-being is
offset by any threat to his physical
welfare. Rest easy. There is sound
medical evidence that—among wine’s
many salutary effects—it may be use-
ful in prevention or treatment of cor-
onary problems. (But if it increases
your appetite and you over-eat, that's
another problem.)

* Wine-making is as old as history.
You'll find more than 150 references
to it in the Bible (including a number
counseling its temperate use). The
more recent history of wine still has
a religious flavor. Vitis vinifera, the
Old World grape, was first intro-
duced in California — where 80% of
U. S. wine is made — by the Spanish
missionaries in 1769. Much wine is
still produced today in monastic
surroundings.

* The spirit of inquiry leads many
Americans to make their own wine at
home, under a law that lets heads of
households make 200 gallons for
personal use. It is an official tribute
to wine’s unique status as a food.
Most of the results are so unusuaf
they are quietly trickled down the
drain after a few months. Write to us
for a how-to bulletin if you have
hopes of doing better.

UNION
CARBIDE

ELECTRONICS

SEMICONDUCTOR PRODUCTS
365 Middlefield Road * Mountain View, California

During IEEE 1967
UNION CARBIDE SEMICONDUCTOR
Cordially invites you
to attend an authentic

TUESDAY, MARCH 21,
5:30 PM TO 7:30 PM
West Ballroom
New York Hilton Hotel

You will taste samples from fifteen different wineries. To obtain
your free pass and program for this delightful event, contact your
Union Carbide Semiconductor distributor, representative, or fac-
tory sales engineer, or stop by the Union Carbide exhibit (Booth

3J06-3J16) at the IEEE show.

Note of Interest: Whether or not you can join us for the wine
tasting in New York, you are also invited to join the intellectually
curious who will be following our current series of advertise-
ments appearing each month in Scientific American. The first in
this series is reprinted at left. (Use reader service card to request
the wine bulletin offered in the advertisement.)

UNION

CARBIDE

ELECTRONICS
365 Middlefield Road, Mountain View, California 94040 (415) 961-3300

Electronics | March 6, 1967
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-130 db
Sensitivity
Sweep System
10kHz-36 MHz

THENEw WANDEL v. GOLTERMANN mopEeL wmso

OFFERS FILTER MANUFACTURERS AND DESIGNERS

A UNIQUE INSTRUMENT FOR LABORATORY AND

PRODUCTION APPLICATIONS PROVIDING:

e 100 db FULL SCREEN DYNAMIC RANGE (LOGARITHMIC) O db reference can be set from 20
to —30 db. Linear presentation also selectable from the front panel.

e 0.02 db RESOLUTION through built-in times 10 scale expansion with zero suppression-one db
full screen. Expanded scale meter accessory is also available.

e SYNTHESIZER TYPE FREQUENCY CONTROL for setting center frequency to =10 Hz accuracy.

e +17.5 Hz TO +17.5 MHz SWEEP RANGE in nineteen adjustable ranges, with sweep rates
adjustable down to essentially zero.

e ELECTRONIC CURSOR line can be switched in to measure level at any point on the display with
meter accuracy (markers can also be displayed to measure frequency).

WuG also manufactures a complete line of
== transmission measuring equipment includ-
ing frequency selective voltmeters, level gener-

tors, delay distortion measuring systems,
I N S T R U M E N T S ’ I N C Zt‘l)e"rszuat‘i)gsyand nZisenloadin;systems.

U.S. Agents for Wandel u. Goltermann

17715 CHATSWORTH STREET « GRANADA HILLS, CALIF. 91344 . PHONE (213) 360-2278
2171 MORRIS AVENUE « UNION, NEW JERSEY 07083 « PHONE (201) 964-1373

SEE US AT BOOTH 2J18 AT THE IEEE SHOW IN NEW YORK
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Over 60% of all Heinemann hydraulic-magnetic circuit breakers

produced each year are rather odd in one way or another.

By the usual standards, at any rate. But for us the far-out
is all in a day’'s work. We're tooled up to manufacture the
out-of-the-ordinary as a matter of routine.

The fact is, we have an extensive roster of options for
you to work with when you want really tight overload
protection. Current ratings in any integral or fractional
value, from 0.010 to 225 amps. A choice of several time-
delay characteristics or instantaneous trip. A selection of
special-function internal circuits — relay-trip, shunt-trip,

etc. A broad array of models, from one to six poles, from,

subminiature on up.

The cost of a job-matched Heinemann breaker will
probably be a good bit less than you would expect. The
reason is simple enough. ‘Specials’ are our specialty—
609, every year.

If you've got a knotty protection requirement, get in
touch with us. For a starter, try our Bulletin 302; it covers
our entire line of breakers. We'll put a copy in the mail as
soon as we hear from you. Heinemann Electric Company,

2626 Brunswick Pike, Trenton, N.J. 08602.

<> HEINEMANN

Divnla O se caadec ==



" MINITONE °
T
1Ri0

MOTOROLA

Two ways to achieve selective signaling

The MinitonE reed on the right does it better

Motorola’s new miniaturized resonant
reed either generates a highly stable
audio tone, or provides very selective
decoding. It does the job better because
it's small, has excellent stability, and
contains no contacts to wear out. And
the MINITONE resonant reed is more eco-
nomical; it eliminates the expense of ex-
tra components and design time needed
to build highly selective tone oscillators
and associated compensating circuits.
Take a look at these facts:

See it at Booth 3A05-6 at |.E.E.E.

MOTOROLA

PRECISION
INSTRUMENT
PRODUCTS

96 Circle 96 on reader service card

SMALL SIZE: About %4 of a cubic inch in volume. Measures only 1.11” x
0.619” x 0.393".

LONG LIFE: No contacts to wear out or cause malfunctions; life comparable
to solid-state devices. Plus 3-year warranty.

HIGH STABILITY: Frequency tolerance +0.1%. Temperature stability better
than +0.001% per °C between —30°C and +100°C
(25°C reference).

WIDE FREQUENCY RANGE: From 67 Hz up to 3150 Hz.

QUICK DELIVERY: Over 200 standard frequencies available from stock.

RUGGED CONSTRUCTION: Exceeds E.l.A. standards for shock and vibration.

PROVEN PERFORMANCE: Reeds have been proven in thousands of demand-
ing situations, such as in aviation, control systems
and radio communications applications.

FOR MORE INFORMATION contact your Motorola representative. Or write for
bulletin TIC-3214.

MOTOROLA COMMUNICATIONS AND ELECTRONICS INC.
4900 West Flournoy Street
Chicago, lllinois 60644. A subsidiary of Motorola Inc.

Electronics | March 6, 1967
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HRINK MYLAR *

. FLEXALL™ o7y

G
MPREGNATED TUBIN
/i S

Iooking for dates. We can arrange , “wedding" to

Your speciﬁcations © - quickly and witp only 4 Sma]] dowry
on yoyur part. If yo, see g Member of our family you'd Jike o know
better - €T0P us 3 [ipe O phone at our “home™ in Wheeling (111.). Let

'Regjstered trademark\DuPonr Co.

€gistereq trademark\Precision Paper Tube Co.

Divisions: esinijte Buckeye Bobbin Automation Deviceg
1033 g, Noe] Ave,, Wheeling, I, Phones. Chicago. 631-1445 ong Distance, 312-537—4250

L]
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Forged Valves . . .
O-Ring Bellows Seal
eliminates flux problems.
One-piece body reduces
outgassing.

VHS-6 Diffusion Pump . . .
2400 LPS ... Automatic cut-off
in the event of pump fluid
or cooling water loss.

Pumping Speed . . .
800 liters per second.

1279-6 Slide Valve . . .
Keeps lon Gauge under high

NRC 720 Gauge . . .
vacuum during venting operation.

Direct readout log
scale to 107 torr

on Linear Scale to
2 x 10° torr.

0316-6 Baffle . . .
1800 LPS conductance
optically dense with

anti-creep barrier.

A vacuum coater is only as good as its components . . . that’s why we design

our own to deliver performance where it counts — in repeatable, demonstrable,
dependable operations that never fail because someone else’s diffusion pump,
baffle or gauge didn’t work properly. It's easier to deliver when you make the

whole package.

If you have faith in the components, you have faith in the coater — write today

for NRC's complete line of coater literature . . .

EQUIPMENT DIVISION
NATIONAL RESEARCH CORPORATION
A SUBSIDIARY OF NORTON COMPANY
IEEE Show Booth #1H23 and #IH25 160 Charlemont Street, Newton, Massachusetts 02161
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CRYSTAL
oscC

MULTIPLIER
AMPLIFIER

AMPLIFIER
DETECTOR

FILTER

FILTER

Can adiode
in free space
generate
harmonics?

DIODE
TARGET

YES—andit’s the basis of a new
communications & navigation system from Microlab/FXR!

Everyone knows that diodes generate harmonics—in a circuit!
But perhaps you didn’t know that diodes can be made to do this
in free space—without any attached circuitry or power source.

Microlab/FXR has applied this principle to a new Diode
Interrogation, Communication and Navigation System*. This
is a harmonic radar system, consisting of a Diode Exciter/
Receiver plus a passive diode antenna—or a self-focusing
phased array where increased range is required—either modu-
lated or unmodulated.

This new Microlab/FXR system can thus detect and com-
municate with any object (or person) to which the diode is
attached. Perhaps even more important, it can positively

single out and identify any particular target from all others.

Microlab/FXR’s new system can well be the answer to here-
tofore unyielding problems connected with air/sea navigation,
flight traffic control, rescue and recovery operations, IFF
systems, ete. In other areas, the system can be used for every-
thing from automobile traffic control to aireraft blind landing
systems; from bird and animal migratory studies to human
medical diagnostics.

Maybe these applications whet your appetite — maybe they
fit in neatly with a project you’re working on— maybe they
give you a new idea for something we haven’t thought of.
If so, you'll want more information. Just circle the Reader
Service Card. Better still, write us directly, at Dept. E-61.

MICROLAB/FXR

“patents pending

Electronics March 6, 1967

Livingston, New Jersey 07039 Phones: (201) 992-7700; (212) 721-9000
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When you
measure
operational
amplifier
value

e
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use the
whole ruler!

BURR-BROWN

RESEARCH CORPORATION

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

e

1n

The Right Amplifier — You get the ampli-
fier that's just right for your application
from Burr-Brown's broad line. General
purpose, FET, chopper stabilized, high
voltage, low voltage, military, miniature
and custom units are available in a wide
range of configurations.

il

The Right Circuit — Burr-Brown wrote
the book on operational amplifier appli-
cations. in addition to two popular hand-
books, a large Applications Engineering
staff is always at your service.

I

The Right Accessories — Burr-Brown has
a complete line of support accessories
including: power supplies, connectors,
circuit simulators, adapters, and

il ikl

= regulators.

e
’f“wﬁ Immediate Delivery — After all, “Dash”’
. = is our middle name. Exclusive Jet-Stock

Bl service puts most units in your hands
. within 24-hours. We have even designed,
Q‘% built and shipped custom demonstrator
S units in less than one day.

= Guaranteed Performance — Every Burr-
“:;”‘% Brown unit is tested under a Quality As-
= surance program designed to meet the
'Q:Q' requirements of MIL-Q-9858A, MIL-I-

X Mg

:

45208A, MIL-C-45662A,and NASA
NPC-200-3.

Reliability — Conservative component
stress design, conservative ratings, and
stringent process control procedures re-
sult in predicted MTTF ratings in excess
of 700,000 hours for most units.

Satisfaction — In ten years, we've built a
reputation for customer satisfaction we

féifffﬁ%!;lffi!ﬁiﬁ&ié!J!

g .
i

s don’t intend to jeopardize.

Cﬁ: Guaranteed Source — Burr-Brown is still
,_.:%? supplying units introduced in 1956 de-
»& spite averaging 200 new models a year.
il
b No-Cost Evaluation — We currently have
== over 1,600 demonstrator units available
“@ at Field Offices. Which one would you
i like to evaluate?

e

fiH

Local Service — Over 80 domestic Burr-
Brown Engineering Representatives are
ready, willing and able to assist you.

FOR CURRENT CATALOG

on Burr-Brown ‘““maximum value' Oper-
ational Amplifiers and Accessories,
contact your nearest Engineering Repre-
sentative, write Burr-Brown, or use this
publication’s reader-service card.

SEE US AT THE IEEE SHOW
BOOTH 3A26-27

Operational Amplifiers
Instrumentation Amplifiers
Function Modules

Analog Simulators
Geophysical Instruments

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., DENVER (303) 388-4391 / CONN., MILFORD
(203) 874-9222 / FLORIDA, ORLANDO (305) 425-2764 / ILLINOIS, CHICAGO (312) 286-6824
LA., NEW ORLEANS (504) 834-6598 / MD., SILVER SPRING (301) 588-8134 / MASS., BOSTON
(617) 245-4870 / MICH., DETROIT (313) 353-3822 / MINN., MINNEAPOLIS (612) 781-1611
MO., ST. LOUIS (314) 524-4800 / N.C., GREENSBORO (919) 273-1918 / N.J, CAMDEN (609)
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365-2450 / N.M., ALBUQUERQUE (505) 255-1638 / N.Y., ALBANY (518) 436-9649, BINGHAMTON
(607) 723-9661, BUFFALO (716) 632-2727, MT. VERNON (914) 968-2200, NEW HARTFORD (315)
732-3775 / OHIO, CINCINNATI (513) 761-5432, CLEVELAND (216) 884-2001, DAYTON (513)
277-8911 / OKLA., TULSA (918) 835-2481 / OREGON, PORTLAND (503) 292-8762 / PENN.,
PITTSBURGH (412) 243-6655 / TEXAS, DALLAS (214) 363-1671, HOUSTON (713) 928-5251
UTAH, SALT LAKE CITY (BO1) 466-8709 / WASH., SEATTLE (206) 622-0177 / CANADA, TORONTO
{416) 293-7011, VANCOUVER (604) 736-6377
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the most honored resistor
In the Space Program

m Allen-Bradley hot molded resistors were chosen to par-
ticipate in these many history-making space projects for
only one vital reason—a history of proven performance
that dates back for more than a quarter of a century! A
record more conclusive than any testing program could
possibly provide!

The superiority of Allen-Bradley resistors is found in the
exclusive hot molding process. Through the use of com-
pletely automatic machines—developed and used only by
Allen-Bradley—there is obtained such uniformity of char-
acteristics from resistor to resistor, year after year, that the
resistors’ long term performance can be accurately pre-
dicted. Furthermore, no Allen-Bradley hot molded resistor
has ever been found to have failed catastrophically.

The widespread use of the Allen-Bradley hot molded
resistors in these space programs should convince you that
to include this plus value in the equipment which you
produce gives it the mark of “extra quality.” Let us tell

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

you more about the complete line of Allen-Bradley elec-
tronic components. Please write for Publication 6024.
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee,
Wis. 53204. In Canada: Allen-Bradley Canada Limited.
Export Office: 630 Third Ave., N.Y., N.Y. U.S.A.10017.

TYPE BB 1/8 WATT

S ans
o

TYPE GB 1 WATT ’m_k
TYPE HB 2 WATTS "

HOT MOLDED FIXED RESISTORS are available
in all standard resistance values and toler-
ances, plusvalues above and below standard
limits. Shown actual size.

TYPE EB 1/2 WATT

67-09-6E




““We have learned through
bitter experience that

Allen-Bradley resistors are

unmatched for reliability ’
Philbrick Researches

TyrPe BB 1/8 WATT MIL TYPE RC O5

TYPE CB 1/4 WATT MIL TYPE RC O7

T

TyYrPeE EB 1/2 WATT MIL TYyPE RC 20

TYPE GB 1 WATT ‘ MIL TYyPE RC 32
TyrPeE HB 2 WATTS ' =MIL TYyPE RC 42

HOT MOLDED FIXED RESISTORS are available in all
standard EIA and MIL-R-11 resistance values and toler-
ances, plus values above and below standard limits.
Shown actual size.

B “Why have Allen-Bradley hot molded resistors been
our first choice since the late 1940’s? In a word: Relia-
bility ! states Philbrick—the leading manufacturer of
operational amplifiers. There’s nothing accidental about
this superiority of A-B resistors. A unique hot mold-
ing process using completely automatic machines, elim-
inates the “human element’ and produces such uniformity
from one resistor to the next—year in and year out—
that long resistor performance can be accurately pre-
dicted. No instance of “catastrophic failures” has ever
come to our attention.

63-05-6E

The need for a yearly
production capacity of
well over a billion units is
a testimonial to the uni-
formity and reliability of all
Allen-Bradley hot molded
resistors.

Type N hot molded adjustable fixed
resistor rated 5 watt at 50°C ambient.
Available with nominal resistance val-
ues from 100 ohms to 2.5 megohms
with tolerances of +10% and +20%.

Allen-Bradley Type N adjustable fixed resistors like-
wise use a solid hot molded resistance track. Adjustment
is so smooth, it approaches infinite resolution—and set-
tings remain fixed. Being noninductive, Type N controls
can be used at high frequency, where wire-wound units
would be completely unsatisfactory.

For more details on the full line of Allen-Bradley
quality electronic components, please write for Publica-
tion 6024: Allen-Bradley Co., 222 W. Greenfield Ave.,
Milwaukee, Wis. 53204. Export Office: 630 Third Ave.,
New York, N.Y., U.S.A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS




3 A MAJOR BREAKTHROUGH
in Silicon Power Transistors:

 ISOLIANIAL

PAT. PENDING

gmﬁﬂu’ny

L % low leakage currents
4 freedom from secondary breakdown
Y flat gain curve
% 15 amp capabilities
Y 145 Watts @ 25°C
YV low output admittance
& 4/ low saturation voltages
V' high reliability

- Now — for the first time — a transistor has been developed with the
characteristics of low-leakage planar units, combined with resistance to
secondary breakdown offered by homogenous devices. The results are
Solitron’s ISOLTAXIAL NPN Silicon Power Transistors! The ISOLTAXIAL
transistors have special construction innovations and processing tech-
niques, and were developed with the high reliability standards associated
with Solitron. A few of their many applications include power supplies,
audio amplifiers, inverters, converters, relay drivers and series regulators.
ISOLTAXIAL transistors are low-cost and packaged in TO-3 and T-61 cases.

> Type Pkg. Type Pkg. DESIGN LIMITS PERFORMANCE SPECS.
Number Size Number Size Beso | V35 | o e o
(SuUs)
s Volts Volts Volts (Ves =1.5V)
- ’ Min. Min. Min. | uA (Max.) Volts
r l SDT9801 TO-3 SDT9901 TO-61 60 ]_AO_L 12 100 40
. SDT9802 TO-3 SDT9902 TO-61 | 8 60 | 12 100 60
SDT9803 TO0-3 SDT9903 TO-61 N 100 80 - | 2 100 80
> SDT9804 TO-3 SDT9904 TO61 | 120 | 100 | 12 | 100 100

CONTACT US TODAY FOR COMPLETE INFORMATION AND SEE THESE
DEVICES IN OUR DISPLAY AT THE IEEE SHOW

ALL TYPES INCLUDE

THE FOLLOWING SPECIFI-

CATIONS:

Gain 20-60 @ 5 A

VCE (sat) 0.5 V Max. @ 5 A
VBE (sat) 1.2 V Max. @ 5 A
ft 1.0 MHz Min.

TRANSISTOR DIVISION @0|itr0n DEVICES. INC
- 3 -

1177 BLUE HERON BLVD. / RIVIERA BEACH, FLORIDA / (305) 848-4311 / TWX: (510) 952-6676
Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated

Zeners, Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and Power-Sink Interconnection Systems.

=<—Circle 102 on reader service card Circle 103 on reader service card 103



a complete system tat adjusts

IC resistors to 0.5% accuracy

Production rates of 600 trims per hour
are attainable with this new, complete
system which automatically trims and
tests resistors to any specified value
within 0.5% . Once operator has placed
module in position, checking, trim-
ming, and inspection are automatic.
Complete cycle requires from one to
three seconds, depending on pro-
grammed tolerance and the amount
of material to be removed.

Final value tolerance limits may be
programmed from 0% to 11% in
increments of 0.1% . The machine increases production yield
by holding programmed tolerance with great accuracy.
Modules which cannot be trimmed to required value are
rejected before further processing is done.

Trimming is accomplished by the proven Airbrasive
method—a miniature abrasive jet of 27-, aluminum oxide

104 Circle 104 on reader service card

provides precise, cool, shockless abrading which does not
affect substrates or electrical properties of resistance material.
Machine may be programmed for a wide range
of values, will trim resistors in any position, on
any size module, with thick or thin film substrate.

WRITE FOR BULLETIN 6610-A for detailed information

FOR A LIVE DEMONSTRATION, SEE
US IN BOOTH 1D30, IEEE

S. S. WHITE COMPANY, INDUSTRIAL DIVISION
Dept. R, 201 E. 42nd St., New York, N.Y. 10017 Tel. 212 661-3320

\0/9\0/ S.S.WHITE'®
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Now in a bigger chart size—a value-priced Moseley X-Y
recorder offering solid-state reliability and the same per-
formance you get from the Model 7035A 8%2"x11" X-Y
Recorder ($895).

The Moseley 7005A lets you record on an 11”x17" chart
for increased resolution. Five calibrated ranges each axis,
1 m V/in. to 10 V/in. High input impedance, floating and
guarded input, 0.2% accuracy at full scale. Adjustable zero
set each axis. Autogrip care-free electric paper holddown.
Electric pen lift. Bench and rack mount model in one.
Metric Model 7005AM is also available.

You get all these features for your recording applications
for just $1195. For complete information just call your

HEWLETT

Hewlett-Packard field engineer or write Hewlett-Packard,
Palo Alto, California 94304, Tel. (415) 326-7000; Europe:
54 Route des Acacias, Geneva.

BRIEF SPECIFICATIONS

Input Ranges: 7005A 1,10, 100 mV/in.; 1,10 V/in.
7005AM 0.4, 4,40,400 mV/cm; 4 V/cm

Input Resistance: Potentiometric—1 mV/in. range; 100K—10 mV /in.;
1 Megohm—0.1,1,10 V/in.

Accuracy: =+ 0.2% at full scale; linearity: = 0.1% of full scale;
dead band: * 0.1% of full scale.

Model 17108A External Time Base provides 5 sweep speeds either
axis 0.5 to 50 sec/in. ($175).

PACKARDL MOSELEY

Electronics | March 6, 1967
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COMPUTER MILITARY INDUSTRIAL

Signal Fairchild Signal Fairchild Signal Fairchild
for small signal devices for small signal devices for small signal devices

PRODUCT. SELECTOR PRODUCT SELECTOR PRODUCT SELECTOR

Electronics | March 6, 1967




FAIREﬁ'EB

=
|

|

| Please send me SEVICoNBoCToN

| [J Military small-signal device selection guide

I (Military computers, radar, etc.)

: [J Industrial small-signal device selection guide
|

|

|

|

|

|

|

|

1
|
|
|
|
|
|

(Instruments, test equipment, etc.) I

[0 Consumer small-signal device selection guide |

(AM, FM, TV, etc.) |
[ Commercial computer small-signal device selection guide I
(Core drivers, logic switches, lamp drivers, etc.) :
|

|

|

|

|

|

|

J

Four new, Fairchild selection guidesfor small-
signaltransistors and diodes. The easiest way

to choose the optimum
F device for your new design. :

; Signal Fairchild
for small signal devices

PRODUCT SELECTOR

Fairchild Semiconductor = A Division of Fairchild Camera and
Instrument Corporation = 313 Fairchild Drive, Mountain View,
California 94040 (415) 962-5011 = TWX: 910-379-6435

Flectronics | March 6. 1967 Circle 107 an readar cansira ~ar o 10



Wide and

Oscillogram of a 10 to 110 MHz sweep with 10 MHz
birdie markers added to show excellent sweep linear-
ity. Specified 0.5% linearity and 1% frequency accu-
racy permit easy identification of intermediate sweep
points, eliminating need for tedious pre-calibration.

The Hewlett-Packard 8690A /8698A Sweep Oscillator
(0.1 to 110 MHz) offers all the performance and oper-
ating conveniences you’ve been looking for in an RF
sweeper:

® Two independent broadband sweeps, each with 1% end-
point frequency accuracy and 0.5% linearity.

m Calibrated AF sweeps (sweeps 0 to 10% of frequency
range) for narrow sweeps, maintaining 0.5% linearity.

m CW operation; external FM (DC to 2 kHz with full band
deviation).

m Automatic, manual or triggered sweeps; sweep times
from 0.01 to 100 seconds.

Frequency accuracy, frequency stability, sweep linearity,
residual FM and spurious signal levels are all specified
parameters (rarely done for RF sweepers).

The 8690A /8698A provides full band sweep capabilities
and excellent narrowband performance, eliminating the
need for two separate sweepers. Both high-Q and wide-
band devices can be swept with just one instrument. In
addition, the frequency stability, signal purity, calibrated

Narrow
Sweeps with this

With low residual FM and very linear sweeps, you can
measure narrow-band characteristics easily. Shown here
is the response of a 20 MHz crystal filter over narrow
100 kHz sweep width (10 kHz/cm.); just read the
10 kHz pass band directly from oscilloscope.

output power and precision output attenuator of the
8690A/8698A commend it for many applications calling
for a precision signal generator.

And the 8690A Sweep Oscillator main unit accepts 17
other HP microwave sweeper units covering 1 to 40 GHz
in octave- and waveguide-bands.

Performance

of 8698A RF Sweeper Generator
(installed in 8690A Sweep Oscillator)

FREQUENCY SPECIFICATIONS

Frequency Range:

0.1to 11 MHz and 1 to 110 MHz, selected by front-panel
switch.

Frequency Accuracy:

0.1to 11 MHz, 1% or +10 kHz, whichever is greater;
1to 110 MHz, £1% or =100 kHz, whichever is greater.
Frequency Linearity :

+0.5%

See New Hewlett-Packard Instrumentation at IEEE Show, New York Coliseum, March 20-23

108
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Residual FM :

0.1to 11 MHz <150 Hz peak, 1 to 110 MHz <500 Hz

peak.

Frequency Stability :

With temperature: 0.1 to 11 MHz, £0.01% /°C or =200
* Hz/°C, whichever is greater; 1 to 110 MHz, £0.01% /°

C or +2 kHz/°C, whichever is greater.

With 10% line voltage change: 0.1 to 11 MHz, =5 kHz;

1 to 110 MHz, =50 kHz.

Spurious Signals:

Non-harmonics at least 40 dB below CW output. Har-

~ > monics at least 35 dB below +10 dBm CW output.

YA

POWLER SPECIFICATIO
Power Output:
At least +20 dBm max. (2.23 VRMS into 50 ohms).
Calibrated power output adjustable in 10 dB steps from
410 dBm to —110 dBm; 10 dB vernier permits conti-
~ nuous adjustment between steps. Source impedance is
50 ohms.
Power Accuracy:
+1 dB + attenuator accuracy (vernier in CAL position).

Electronics | March 6, 1967
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Attenuator Accuracy:
+1 dB to 70 dB attenuation; =2 dB to 120 dB attenua-
tion.

Output Flatness:
+0.25 dB (£0.1 dB over any 10 MHz bandwidth).

Price: Model 8698A RF Sweeper Generator, $950.
(Model 8690A Sweep Oscillator, $1550.)

For more information contact your local HP field engi-
neer or write Hewlett-Packard, 1501 Page Mill Road,
Palo Alto, California 94304, Tel: (415) 326-7000;
Europe: 54 Route des Acacias, Geneva.

HEWLETT .,hp_/ PACKARD

Circle 109 on reader service card 109



broadest lln & of
planar powe r
iranSISIors. i

wmd up cli




v

SWITCHING TIME
e kT Bl 3 e B el R SATURATED SWITCHING TEST CIRCUIT
25 min 0.5V max
R A il o as| 75 | 15| 150
) 2A, 10V | @ 1A, 0.1A] o
120 min | 0.75V max MONITOR IC
oA @ 3A, 10V | @ 34, 0.3A % gL=sn _ 1000 pF
40 to 8OV ; 25wl 40| 300 | 30 | 300 500 AN—y —o+VCC
- 40 min 1V max | 23} +VIN 0oy 2w _L T
) 5A, 10V | @ 5A, 0.5A 2w L
[T T f‘ﬁi @ *| sow sag T 5uFT =
15A 15min | 1.5V max 2wy =
@ 10A, 5V | @ 15A, 3A +vBBO—¢ =
60 to 100V | 14z
) 90 min. | oV max | 20| <2254]::6005 0% 141000 TI TEKTRONIX PART # 015-041
@ 10A, 5V | @ 20A, 4A RFC 250 (5mv/mA)

MT-27

TO-59 TO-60

TO.B uF

Maximum Switching Times:
tr < 200 ns; ts < 300 ns; tf < 300 ns.
Test Conditions: V;, — 70V when generator
with 50Q internal impedance is terminated in a
502 load. VBB = —5V; VCC = 55V; IC = 10A;
IB, = 1A; IBo= 1A; tp = 400 ns; f =720 Hz.

td < 25 ns;

You’ll find over 100 types to choose from. With 1C’s
of 3, 5,10, 15 and 20 amps, and VCEO from 40 to 100
volts. Low saturation at high current, and low thermal
resistance provides more useable power. There’s sure
to be one suited for your high current switching or
amplifier application.
NPN transistors come in six different package config-

Jendix silicon planar power

urations, too.
You’ll also find the top performance you're looking
for—operating reliability from quality workmanship

Stop at Bendix IEEE Booth 4C04

in construction. There’s another big benefit, too.
SOAR. Clearly defined Safe Operating AReas for
every transistor application. Second breakdown
just doesn’t occur when you operate within the SOAR
specs. And SOAR saves design engineering time—
lets you pick the right transistor for the right job.

So wind up your planar power needs the easy way.
Just call our nearest office. We're all wound up to
deliver. Bendix Semiconductor Division, Holmdel,

New Jersey 07733.

Bendix

Electronics

Atlanta—Grady Duckett Sales Co., (404) 451-3529; Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972:
Detroit—(313) 548-2120; Greenwich, Conn.—(203) 869-779/; Holmdel, N. J.—(201) 946-9400; Los Angeles—(213) 776-4100; Minneapolis—
(612) 926-4633; Los Altos, Calif.—W. W. Posey Co., (415) 948-7771; Seattle—Ray Johnston Co., Inc. (206) LA 4-5170; Syracuse, N. Y.—(315)
474-7531; Waltham, Mass.—(617) 899-0770; Export—Cable: **Bendixint,"” 605 Third Avenue, New York, (212) 973-2121; Ottawa, Ont.—Computing

Devices of Canada, P.O. Box 508—(613) TAlbot 8-2711.

Electronics | March 6, 1967
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PHASE METER MODEL PM-720

PORTABLE,PRECISION INSTRUMENTS
FROM AEROMETRIGS

Solid State-Rugged-Light Weight

IME SASE  BAWPLE mATE
e e
s i

'y

2
.

E AEROMETRICS

Compact, precision instruments with low power drain
achieved through integrated circuits and modular design.
Durability, so necessary in portable instrumentation, results
from AEROMETRICS' exclusive packaging techniques. Many
units have battery pack options for greater flexibility in
application.

Every instrument provides the highest performance standards
—plus many special features never before available. All
AEROMETRICS instruments are competitively priced.

PULSE SAMPLER—Converts any low frequency oscillo-
scope into a high frequency sampling oscilloscope « Perma-
nently records fast computer waveforms, radar pulses, semi-
conductor characteristics, etc.,when used with an inexpensive
X-Y recorder « Accurate peak to peak voltage measurement of
nanosecond pulses « Rise time of 1 ns « Sweep speeds to 10 ns

VOLTAGE CONTROLLED PULSE GENERATOR—I|deal
for systems or laboratory applications « Features external
voltage and front panel control of frequency, delay, width
and amplitude « Simultaneous positive and negative outputs
« Synchronous countdown mode « Frequency ranges from
single pulse to 20 Mhz « Delay from 30 ns to 10 ms « Simultaneous
amplitude of = 20V from 50 ohm source « Rise and fall time of
less than 5 ns

AEROJET
GENERAL

Aerometrics, Aerojet-General Corporation,
P.O. Box 216, San Ramon, California

112

AEROMETRICS CUNTER MODEL EC-7i58

MULTIMETER—Features automatic polarity indication -
Linear ohms scale for maximum resolution « DC voltage out
proportional to input on all scales and functions « DC Cur-
rent: £ 1.5 nA to 500 mA full scale in 18 ranges - 1% full
scale accuracy « DC Voltage: + 150 uV to 1500 V full scale in 15
ranges -« 1% full scale accuracy « Input impedance of 1000
megohms -« Resistance: 1.6 ohms to 50 megohms full scale
in 16 linear ranges - 2% full scale accuracy

PHASE METERS—PM 730 measures phase relationship
between all types of waveforms; sine, rectangular, triangular,
pulse, etc « Both models feature 10 mV per degree DVM
output at .2% full scale accuracy, selectable phase response
time and 100 mV to 500 V peak to peak input « Precision 180°
phase shifter optionally available on both models

Model PM720: Automatic lead-lag indication « 5 hz to 500 Khz
« Ranges of 0-12°, 0-36°, 0-90°, 0-180°
Model PM730:10hz to 1IMhz+Ranges of 0-12° 0-90°, 0-180°, 0-360°

UNIVERSAL ELECTRONIC COUNTERS—Frequency to
10 Mhz - Single and multiple period - Ratio « Time interval
« Dual channel slope and sensitivity controls « Time cor-
related sample rate - Weight 8 Ibs. « 1-2-4-8 BCD out and
single point remote programming of all modes optionally
available + 4, 5, 6, 7, and 8 digit models

IEEE EXHIBIT BOOTH Nos. 3A24 and 3A25

) AEROMETRICS
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Satellite communications transmitters can
now operate broad band using MEC'’s high
power, high efficiency TWT, the M4444. This
tube delivers more than 12 kilowatts of c.w.
power from 7.7 to 8.4 GHz at efficiencies
greater than 35%o. For the first time, a TWT
matches klystron efficiency while providing
14 times their 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 collector mini-
mizes power supply complexity, 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- M E c
ample of MEC being first with

the best in high power TWTs.

A TELEDYNE COMPANY

"~‘ MICROWAVE ELECTRONICS

3165 Porter Drive *

Palo Alto, California 94304

A new dimension in satellite communications

Visit us at the Essex House during IEEE

Circle 113 on reader service card 113
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NEW
Short bulb mini
panel height

izes

NEW

.750” max. bulty
width permits
<.80” c-c tube

THERE'S A NIXIE TUBE FOR UNDEP NEW ' spacing
NOW THERE'S A NIXIE T'*" s
""" IINDER S5 *° characters NEW
Internal decimal
points optional,
itioned
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Here it is! Our all-new NIXIE tube—the industry’s lowest-
cost electronic readout*, and one sure to usher in a whole new
generation of low-cost digital instrumentation.

But—don't be misled by its low, low cost. It's all NIXIE
tube—in name, in design, in construction, in performance, in
quality, in long, trouble-free life.

Important new design and manufacturing techniques have
made its low price possible. Now check the important new
features shown—they make the new NIXIE tube more func-
tional and easier to use.

The new NIXIE tube Type B-5440 is available now—from
stock—both from the factory and from Burroughs Stocking

Dealers across the country.

Before you freeze a new design, before you commit your
company to a costly and irreversibly uneconomical position,
call, wire or write for samples or prototype quantities.

Remember—the low cost of the new NIXIE tube Type
B-5440 precludes consideration of other types of numerical
readouts such as electro-luminescent and projection types where
cost is a major factor. Get a real NIXIE tube with real NIXIE-
tube performance and acceptability.

Use the reply card for full information on the new NIXIE
tube and complete readout-application assistance.

*$4.95 in quantities of 1000.

Only Burroughs manufactures NIXIE Tubes

9 Burroughs Corporatio

n/
IEEE Booths 2H25-31B

ELECTRONIC COMPONENTS DIVISION

PLAINFIELD, NEW JERSEY 07061
Circle 114 on reader service card



March 6, 1967 | Highlights of this issue

Technical Articles

Product planning at IEEE This year will see integrated circuits move into a variety of
page 116 new equipment. In this examination of some significant
products to be introduced at the annual show of the Institute
of Electrical and Electronic Engineers, the emphasis is on
integrated circuits and instruments to test them. The trend
in new products shows industry has a continuing interest in
reducing production costs.

Worldwide look at the
Gunn effect
page 134

The Gunn effect is the best known of the
new phenomena that are exciting semi-
conductor engineers and microwave ex-
perts. Except for some production in Eu-
rope, however, the Gunn effect is confined
to research laboratories. Some newer effects
like limited space-charge accumulation now
hold greater promise. On the cover is a
many-times magnification of a voltage tun-
able oscillator, built at Bell Telephone Laboratories, that is
tapered to allow control of the Gunn effect. The oscillator is
about 30 mils long.

Electronics

Computer-aided design, Earlier in this important series, there were extensive descrip-

part 7: Performing tions of hf)w a computer can hel.p in dcsign when linear

nonlinear d-c analysis elements like resistors and capacitors are mv.olved_ Th'ese

page 140 components require simple models. But nonlinear devices

like the transistor and zener diodes require more complex

models and procedures. A computer program has been pre-

pared to solve nonlinear d-c¢ problems and statistical, worst-
case, and stress analysis.

Integrated circuits in In the brief history of integrated electronics, many different
action, part 5: In search logic schemes have been proposed. The engineer who has
of the ideal logic scheme to choose one ought to understand the weaknesses and
strengths of each.
1. Dilemmas galore—a survey of types of integrated logic
2. Understanding integrated-circuit logic—the engineer has
to know how the logic works because specifications are
often sketchy
3. Logic 1c’s don’t live alone
of circuit logic too

page 149

the system affects the choice

Coming =How the computer handles transient analysis
March 20 =Measuring the transconductance of field effect transistors
» Computers for research satellites
= Glass isolation at work
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Product development

The Year of the IC

Integrated circuits will be turning up routinely in new products through-
out 1967. The big switch from discretes is on. After a couple of years of
getting their feet wet—investigating, surveying and testing—most sup-
pliers of electronic equipment are now putting products made with inte-
grated circuits into production. The new equipment includes instruments
and subassemblies, computers and radios, industrial and military gear.

The trend will be crystal clear at the show held during the annual
meeting of the Institute of Electrical and Electronics Engineers in New
York, March 20 to 25. For example, the Hewlett-Packard Co., the giant
of the instrument industry, will exhibit new counters, its first products
made with its own integrated circuits [Feb. 20, 1967, p. 50]. When
company engineers found they needed some special instruments to test
the circuits for these new products, they designed an automatic tester
[p. 129] that the company has decided to sell as a commercial product;
it will be on exhibit at the New York show.

Executives at Texas Instruments Incorporated will demonstrate the
depth of their belief in transistor-transistor logic by introducing two
additional complete lines [p. 121] to complement the few products it
built around this logic last year.

The driving force behind many new products to be unveiled at the
show is a continuing pressure to reduce prices. With a new digital volt-
meter design, the Instrumentation division of Fairchild Camera & Instru-
ment Co. will dramatically demonstrate the cost reductions possible
with integrated circuits. Its newest product, made with integrated elec-
tronics, will be on display at the show with a $249 price tag [p. 117].

Engineers at Monsanto Co., a chemical concern that is a relative
newcomer to electronics, have used a computer to minimize the com-
ponents in a new frequency synthesizer [p. 119]. Because the new instru-
ment has only half the components of a conventional synthesizer, it
costs about 40% less. Printed Motors Inc. has produced a new flat
armature motor that does the same job as printed circuit motors in com-
puter peripheral equipment but at one-fifteenth the cost.

The factor behind many other innovations to be introduced at the
show is customer need—still the most important spur to product devel-
opment. Some of the more significant products are described on pages
117 to 131. They include a phased-lock receiver for the measurement of
antenna patterns; an oscillator capable of both variable frequency and
constant voltage, and a thin-film thermistor.
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Price of meter drops
near predicted level

Some scoffed at the prediction four months ago other digital voltmeter techniques.
that mass-produced integrated circuits would make Fairchild’s model 7050 uses off-the-shelf 1c’s
possible a $100 digital instrument for measuring for a pair of linear amplifiers and a number of
voltage and resistance [Electronics, Nov. 28, 1966, logic elements.
p. 88]. Well, it hasn’t been done yet, but the In- According to the company, the model 7050 can
strumentation division of Fairchild Camera & In- replace not only analog meters and panel indi-
strument Corp. has brought the price of a multi- cators but digital voltmeters costing much more.
meter down to $249, and claims this is one-fourth  Measured values are displayed on Nixie tubes
the cost of a comparable unit with conventional and are easy to read, even from a distance and at
circuitry. wide angles. The three-digit readout is said to
The company says the meter’s size and price be accurate to within 0.1% of reading. With ana-
make it ideal for production-line use, systems log instruments, on the other hand, operator and
testing and calibration, quality assurance, field parallax errors, meter movement wear and aging
service and educational applications. often reduce their nominal accuracies—1% to
Like the $100 prototype predicted, the Fair- 3%, typically. The model 7050 can withstand input
child multimeter uses a dual-slope (up-down) in-  voltages up to 1,000 volts d-c¢ on any of its ranges
tegrating technique for making measurements, but  without being damaged, according to Fairchild.
with fewer components. Besides combining the The meter measures d-c¢ voltages from 1.5 to
noise-rejection capability of integration with the 1,000 v full scale and resistance from 1.5 kilohms
accuracy and stability provided by automatic com-  full scale to 15 megohms full scale. For voltage
parison to an internal standard, the dual-slope in- measurements, the input is connected directly to
tegrating method is better suited to 1c’s than are the dual-amplifier range selection circuit (below).

REFERENCE CONSTANT FULL- SCALE
CURRENT SOURCE PULSE
FLIP - FLOP
RANGE ? Ly e,
SELECTOR
51 = ]
S Q { e
| =
] b Ay 1T
S I IC'NT LEVEL
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o { 0SCILATOR
~— Rl DECADE DECADE DECADE
SINGLE -SHOT COUNTER "l COUNTER "‘ COUNTER @
MULTIVIBRATOR
o i OGN _ ' O
&
STORAGE STORAGE STORAGE STORAGE
STROBE
1 n r PULSES l l 1 l
& .
D =
® DUAL-SL0PE el et
AT Cin7 DECODER DECODER DECODER
® .... CLOCK PULSES v I T I
TO COUNTERS

® ® © Omm
to ty t2 INDICATORS
To measure voltage, multimeter measures the time required for the constant-current reference to discharge

the integrating capacitor to zero volts after it has been charged to an initial value by an input voltage.

The level detector senses the moment when Ci,. reaches zero volts and generates a strobe pulse to transfer
the count from the counters to the readout and restart the measurement cycle.
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But when measuring resistance, a constant-cur-
rent source is placed across the unknown resist-
ance to generate a proportional voltage.

The output voltage of amplifier A, is always
negative. The instant the input voltage is applied
at t,, switch S; is open and the capacitor Ci,
charges at a rate proportional to the input voltage.
Under these conditions, pulses from the clock
oscillator fill the decade counters. When all the
counters are filled, time t;, they produce a full-scale
pulse.

This pulse switches S; to the constant current
reference and enables the flip-flop FF, to be acti-
vated by the level detector. Switching in the
reference source discharges the integration capaci-
tor C;,; until the level detector is activated at zero
volts. At this time, t., the level detector changes
FF,’s state and returns S; to its original position,
causing the single-shot multivibrator to generate
a strobe pulse, waveform B, that transfers the
count in the decades to the readout.

Since the clock oscillator is fixed and feeds
pulses to the counters continuously, the number
of pulses stored in the counters between times t,
and t. is proportional to the charge originally
impressed upon the integrating capacitor. When
the level detector is activated, the entire measuring
cycle repeats itself. The model 7050 can make
six measurements per second.

Changes in components and shifts in the oscilla-
tor due to temperature or aging are avoided, Fair-
child says, because the same components are used
in both counting steps. Also, making a direct

comparison during each measurement enhances
long-term stability and eliminates the need for
daily or weekly calibration adjustments, the com-
pany states.

A fourth digit yields a full-scale readout of
1,500 v—equivalent to 50% overranging—with no
degradation of accuracy.

Standard features are an input impedance
greater than 1,000 megohms on the low range,
a floating input that can be operated up to 500
v above ground, and readout storage for a non-
blinking display. The multimeter weighs less than
four pounds and measures 3% x 6V4 x 7Y% inches.

Specifications

D-c volts to 1,000 v full scale in four ranges
1.500 v full scale (1 ohm resolution)
Resistance 1.500 kilohms full scale (1 ohm resolution)
to 15.00 megohms full scale in five ranges.
125 v may be applied to any range
without damage
Accuracy
Volts *0.1% of reading, *1 digit
Megohms *0.2% of reading, *1 digit
Kilohms *+29, of reading, *=1 digit

Input impedance
1.5 v range

15 v to 1,000 v
ranges

1,000 meg ohms
10 meg ohms

Response time
(to step input)

1 second (typical)

$299 (1-4)
275 (5-9)
260 (10-24)
249 (25 and more)

Fairchild Camera & Instrument Corp., 475 Ellis St., Mountain
View, Calif. 94040

Price

Frequency synthesizer
breaks price barrier

Monsanto’s opening shot in its invasion of the fre-
quency-synthesizer field is a device that has more
features than its rival units yet sells for $4,000—
making it from 30% to 40% less costly than the
others.

Designed to supply stable frequencies from 0.01
hertz to 1.3 megahertz for testing electronic cir-
cuits, communications equipment and instruments,
the unit, model 3100A, combines a signal genera-
tor, a sweep oscillator and a precision frequency
source. More than 70% of its circuits are integrated.
Stability is 1 part in 10° per day.

Monsanto claims its digital synthesizer outper-
forms competitors’ models because of an improved
method of generating the crystal controlled output.
Instead of using divide-by-10 circuits in the syn-

118

thesizer’s decades, Monsanto intersperses divide-
by-2 and divide-by-5 countdowns as in the dia-
grams. This reduces the number of internal fre-
quencies to a master oscillator and five slave fre-
quencies—6.0, 6.1, 6.2, 6.3 and 26 Mhz. The de-
sired outputs, in steps of 0.01 hz, are generated by
mixing, filtering and dividing.

The technique also simplifies the filtering prob-
lem and results in lower spurious outputs. This
occurs because there is a 2-to-1 separation between
the desired and undesired sidebands at the mixer’s
outputs, rather than a 15%-t0-25% separation as in
conventional synthesizers. This enables the com-
pany to use simple, singly tuned filters rather than
expensive and difficult to adjust stagger tuned fil-
ters. The simpler circuits eliminate over 90% of
the adjustments previously needed, reduce produc-
tion costs, and simplify field maintenance.

Most synthesizers include the vco feature, but
not an internal sweep circuit, controlled by knobs
on the front panel which can automatically vary the
output frequency over any desired range. As an ex-
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Decade modules mix signals produced by crystal oscillator to produce desired output—3.25 hertz in this example.
Selecting the desired frequency closes various switch-contacts to feed the proper slave frequencies into mixer.
Decimal portion (in color) of each decade’s output is shifted one digit to the right as it progresses.

ample, the unit can sweep from 1 Mhz to 1.001
Mhz or from 1 kilohertz to 1.3 khz. The two fixed
sweep rates are either 1 hz for monitoring on a
recorder or 50 hz for viewing on the scope. As in
other synthesizers, an external source can control
the vco to frequency modulate the output or to pro-
vide other sweep rates. This instrument also makes
it possible to amplitude modulate the output fre-
quency derived from either the vco or the crystal.
A d-c offset feature permits placing the output sig-
nal on a d-c bias level, variable between =2 volts—
useful for testing solid state circuits. An attenuator
can vary the output amplitude in 10 decibel steps
from -70 db above a milliwatt to 20 dbm.

The instrument can be remotely programed for
testing frequency-sensitive devices like narrow
band filters, delay lines and amplifiers. In this
mode, the synthesizer can derive its output from

the crystal source or the vco or a combination of
both. Frequencies can be selected in any desired
pattern.

The unique doubly-balanced mixer circuits in
this unit aid in reducing spurious outputs. Using
only diodes, transistor and resistors, they suppress
input frequencies about 60 db below the sideband.
Eventually, Monsanto expects to fabricate these
mixers in a special-purpose integrated circuit.

Specifications

Output frequency
Stability

Output voltage
Spurious signals
Harmonic signals
Modulation

0.01 hz to 1.3 Mhz in 0.01 hz steps
1 x 10-* per day

2 v across 50 ohms

80 db below desired output

50 db below desired output
Amplitude or frequency

Size 514 in. high, mountable in 19-in. rack
Weight Approx. 35 pounds
Price Approx. $4,000

Monsanto Co., 620 Passaic Ave., West Caldwell, N.J. 07006

opment of an oscillator that provides both a con-
tinuously variable frequency capability and a con-

‘Unusual marriage’:

A Py
’.\ o
| e

- ———— e

stant output voltage.

Constancy, variation

“It took an unusual marriage to do it,” says an
official of the Weston-Rotek division of Weston
Instruments Inc. The comment by Peter Richman,
a vice president of the division, refers to the devel-
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Until now, engineers measuring frequency re-
sponse have had to choose between these two
properties. An instrument with a constant output
was tunable in discrete steps only, so that if one
continuous tuning was required, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>