Midair collisions will continue,
declares the FAA. No foolproof
scheme is in sight, but systems
under study will warn pilots and
inform them how to take evasive
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action even at supersonic speed.
The objective of designers is to
develop an avoidance system for
all aircraft. For an inside look at
the major approaches, see p. 17/.




New hp 147A: Variable Persistence & Storage Make It. ..
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New hp 141A also gives you a choice of 17 high-per-
formance plug-ins for clearly superior results in: 20
MHz Wideband e High-Sensitivity with no dc drift e
150 ps TDR e 12.4 GHz Sampling with delayed sweep
—all with variable persistence and storage

u Match the persistence of your screen to any signal
for steady traces without annoying flicker

= Store waveforms for side-by-side comparison

= Cover the entire measurement spectrum to 12.4
GHz with 17 high-performance hp plug-ins

At the twist of a knob, you can adjust the 141A’s memory span (trace
persistence) from 0.2 sec to more than a minute. This adjustment is
‘‘variable persistence’’. It enables you to: (1) Get bright displays of fast,
low rep rate pulses because each trace reinforces the previous one, (2)
see signal trends while making circuit adjustments by simply making
persistence long enough so that several traces appear on the screen
simultaneously, (3) see slow signals such as EKG, transducer and sam-
pling waveforms by adjusting persistence so that the old trace fades as
the new one is being written, and, (4) get maximum resolution on swept
frequency measurements by sweepingslowlyand increasing persistence.

In addition to exclusive variable persistence, the 141A gives you
storage for side-by-side comparison of waveforms. In this mode, traces
can be held intact for more than an hour (overnight, in fact, with the
scope turned off). Fast 1 cm/usec storage writing rate enables you to
capture single-shot transients.

The 141A also gives you conventional CRT persistence. So, the 141A
gives you three scopes in one: variable persistence, conventional per-
sistence, and storage. Further, you can choose from 17 high-perform-
ance hp plug-ins to make virtually any oscilloscope measurement. Price,
141A mainframe: $1395.

Get the complete picture from your hp Field Engineer, or write for
Data Sheet 140A and see for yourself how much more you can do with
this radically advanced hp scope. Hewlett-Packard, Palo Alto, California,
94304. Tel. 415 326-7000. In Europe: 54 Route des Acacias, Geneva.

087/16 ®

HEWLETT hp, PACKARD

An extra measure of performance
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recording range: 20 dB

Fourier Components
bandwidth: 3 Hz
recording range: 80 dB

Periodic Wave
bandwidth: 50 Hz

recording range: 40 dB

Modulation Noise
bandwidth: 10 Hz

recording range: 80 dB

Spectrum Uniformity

bandwidth: 50 Hz

Choose from

one different model

Type 1910-A Recording Wave Analyzer

$ i

..$3955 in U.S.A.

40— ——
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™ DM
iy

f
| ulh “ ﬂlﬂllﬂ“lﬂﬂhl m mmn

FREQUENCV IN KS

i A
«"1 Sl ! il

o
FREQUENCY IN KC

FREQUENCY IN KC

FREQUENCY IN KC

The GR Type 1910-A Recording Wave
Analyzer does the work of several less-
versatile instruments. With it you can select
the bandwidth, recording range, averaging
properties and chart resolution to match
scores of different analyzing needs.

The 1910-A is a combination of a wave
analyzer (Type 1900-A) and a graphic level
recorder (Type 1521-B). It automatically
sweeps and records input levels of 2 uV

to 300 V over a range of 20 to 54,000 Hz
with 80-dB dynamic range (when set to
read 100 mV, or more, full scale).

Included are 3-, 10-, and 50-Hz bandwidths,
40- and 80-dB full-scale recording ranges,
and several sweep and writing speeds.
Optional accessories (at extra cost) extend
the sensitivity to submicrovolt levels,

FREQUENCY IN KC

add a 20-dB full-scale recording
range and provide still more
sweep speeds.

For a complete listing of the many
operating modes of the 1910-A, write

General Radio Company, 22 Baker Avenue,

W. Concord, Massachusetts 01781;

telephone (617) 369-4400; TWX 710 347-1051.

GENERAL RADIO

ON READER-SERVICE CARD CIRCLE 2




You’ll flip too! A 16-bit data
generator for only $680.00.
The new Datapulse 201 offers

bit rates to 10MHz,
NRZ outputs to 10V,

variable baseline
offset to +10V, and
continuous or command
recycle. Multiple units
can be sequenced for
extended program
lengths or
paralleled for
additional
channels.

SHOWN FULL SIZE — two units require
only 3%z inches of rack panel height.

Write for
complete literature
and applications
information.

Want variable parameter
RZ formats? Then trigger
your 201 with an asynchron-
ously gated pulse generator,
selected for the width, delay,
and rise time characteristics
your application requires. Team
your 201 with the Datapulse 101,
110A, or 111 — asynchronously
gated pulse generators offering

a wide variety of output
characteristics.

BATARULSE

DATAPULSE/Division of Datapulse Inc./10150 Jefferson Blvd., Culver City, Calif. 90230/(213) 671-4334, 678-4275/TWX: 910-328-6109/Cable DATAPULSE
DATAPULSE o NESCO INSTRUMENTS o DE MORNAY-BONARDI o KRS |INSTRUMENTS
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38 Expo 67 to provide fun and culture
Electronics will play a large role throughout the fairgoer’s visit.
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LINEAR INTEGRATED CIRCUITS STATE-OF-THE-ART . .. ONE OF A SERIES

“You can use
these 4 new
linear integrated circuits

at least 27 different ways!”
(How Many More Can You Think 0f ?)

ELECTRONIC DESIGN 10, May 10, 1967




“Here’s a monolithic 1-watt
power amplifier that
features 3 gain options,
low distortion and a
fantastic 0.2 ohms
output impedance”

The MC1554G is more than ade-
quate for driving speakers to normal
room listening levels, thereby
eliminating the need for an output
transformer since the load can be
connected directly to the output
terminal. In addition, the low dis-
tortion output (0.49,) of this new
monolithic circuit enables it to func-
tion extremely well in low-power
servo systems. In the 10-pin metal
“can,” the MC1554G is priced at
just $15.00 (100-up).

Use the MC1554G in these applications:

Wide-range, low-distortion
audio amplifier
Single-power-supply amplifier

“Two monolithic video
amplifiers offer
high stable gains,
wide bandwidth
and moderate prices”

The MC1552-53 integrated circuit
video amplifiers offer the user a wide
choice of gain and bandwidth, as
indicated by the specifications below.
And, each gain option provides a
different gain-bandwith product —
as high as 7 GHz. The basic circuit
that provides this outstanding per-
formance level is a three-stage direct-
coupled common emitter gascade,
incorporating feedback from the
third stage emitter back to the first
stage emitter. An emitter-follower is
used at the output. Both circuits are
priced at just $8.00 (100-up), and
are packaged in the low profile
10-pin metal can.

Use the MC1552-53 in these applications:

Wideband linear amplifier
Fast-rise pulse amplifier
Differential input Schmitt trigger
Tuned amplifier

“This versatile new
monolithic I/C differential
comparator is interchangeable
with ©A710”

The wide range of applications
indicated below stems largely from
the differential input characteristics
of the MC1710 (G & F), as shown
in the chart. In addition, this new
integrated comparator is mechan-
ically and electrically interchange-
able with type nA710. Yet, it’s priced
substantially lower . . . only $28.00
(100-up) in the 8-pin TO-99 pack-
age and $36.00 (100-up) in the
ceramic flat package.

Use the MC1710 in these applications:

Voltage comparator
Variable threshold Schmitt trigger
Pulse-height discriminator
Memory sense amplifier
High-noise-immunity line receiver
Analog to digital converter
Digital line receiver
Free-running multivibrator
Hysteresis comparator

DC amplifier for servo systems Envelope detector Monostable vibrator
5 Switching regulator
AM modulator Mixer, modulator
Power oscillator RF communications output nput Offsct Vatage (i) e
Resulcw@'fi?quency 'li?;.:ge Radar system pulse amplifier Temperature Coefficient (TC, ) 5.0 mV/°C
conmiunicaliOns apict Output stages — AM & FM radio
Output Resistance (Rout) 200 @
MC 15546 — TYPICAL PERFORMANCE MC1552-53 — TYPICAL PERFORMANCE Differential Voltage Range:
@ Av @ Av Positive Output Voltage (Vow) 3.2 vdc
Options Options Negative Output Voltage (Vo.)  —0.5 Vdc
Output Power (Pout) 1.0 W (min) — V\?Itagt_z Gain MC1552 34 dB *+1 dB 138 Response Time (tr) 40 ns
Output Gain (Av) VNV 10 Vout/Vin) P ...
VN 2 i 400 For complete details about any or
: UG MC1552 40 MHz 50 all of these state-of-the-art linear
Jupus Impadance: () DVBE 35 MHz 100 integrated circuits, write for our
Gitput Tpedanca, (o) 2kt = Bandwidth  MC1553 35 MHz 200 data sheets. We’ll also send you our
FoerGanawict e e o o latest application notes on their uses
= Voltage Gain +0.2 dB 7 . 7 3
(st == <36 IHD) % vmatfion ' : @ 200 kHz Al For circuits you can try right now,
o g (=55°C to +125°C) contact your nearby franchised
i 10w 0.4% 10 Noise Figure 5dB @ 30 MHz — Motorola Semiconductor distributor
(Pout = 0.1 Watt) 0.53% 10 Temperature Drift +0.002 dB/°C — or district sales office.
where the pricelo ingredient & cane! MOTOROLA Semiconductors

MOTOROLA SEMICONDUCTOR PRODUCTS INC./P. O. BOX 955/PHOENIX, ARIZONA 85001 /(602) 273-6900/TWX 910-951-1334

ELECTRONIC DESIGN 10, May 10, 1967
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We produce the world's
broadest line of tubes
for electronic countermeasures.

They include CW magnetrons, TWT’s, M-type BWO's, crossed-field amplifiers and
BARRATRON® transmitting tubes. We make tubes for both active and passive
applications — with versatility to match any system requirement. Come to Litton for your
ECM tubes — you'll find we’ve got plenty to crow about. Electron Tube Division,
960 Industrial Road, San Carlos, California. LITTON INDUSTRIES

ELECTRON TUBE DIVISION

ON READER-SERVICE CARD CIRCLE 5
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Do you think
a bright young engineey
should spend
his most imaginative years on
the same assignment?

Neither do we.

That’s why many of our
areas are organized by func-
tion—rather than by project.

At Hughes, you might
work on spacecraft this year,
communications satellites next
year, tactical missiles the next
year.

All you need isan EE, ME
or Physics degree, 2-8 years
experience, and talent. If you
qualify, we’ll arrange for you
to work on several different
assignments . . . and you can
help pick them.

You may select special-
ized jobs, or broad systems-
type jobs. Or you can choose
not to change assignments if

you'd rather develop in-depth
skills in one area.

Either way, we think
you'll like the Hughes ap-
proach—the chance to be
assigned by function, if de-
sired. It means you'll become
more versatile in a shorter
time. (And your salary will
show it.)

Then too it’s nice to know

that when a ragges S isT 7
projectis | HUGHES |
Hsets) . s o
VOUFE: NOL. |7 Settarass oribeins

Some of the current openings at Hughes.

Electro-Optical Engineers
Microcircuit Engineers

Space Systems Engineers
Missile Systems Engineers
Guidance & Controls Engineers
Spacecraft Design Engineers

Weapon Systems Engineers
Components & Materials Engineers

Circuit Design, Development &
Product Engineers

ELECTRONIC DESIGN 10, May 10, 1967

Send resume to:

Mr. Robert A. Martin

Head of Employment, Dept. 31
Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City, California 90230

U.S. Citizenship required
An equal opportunity employer

=3
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Get them

There are 712 epoxy TO-5's to a pound; 1,516 epoxy
TO-18's. Armed with this basic knowledge you are
now ready to assimilate a few more facts about Fair-
child epoxy devices.

Full line: We have epoxy PNP's, epoxy NPN’s, epoxy
FET’s, epoxy anythings.

Metal-can performance: Our new EN epoxy transis-
tors are equivalents of their metal-can counterparts,
up to 70°C. (For example, an epoxy EN 2369A is the
equivalent of a metal-can 2N 2369A.)

y the pound.

Fast delivery: We make more silicon epoxy devices
than all the rest of the industry put together. (We can
ship 2 to 3 tons per week — 5,000,000 devices to be
exact.)

Low Prices: Our low epoxy prices are even lower
now, while our special one pound discounts are in
effect.

Call a Fairchild Distributor: Ask him to deliver a
pound of your favorite transistors. And don’t forget to
redeem your coupon.

This coupon is good
for 25¢ at your neighborhood
Fairchild Distributor on purchase
of one pound of Fairchild

epoxy transistors.

(PR R S AT
FAIRCHILD
[ A )
SEMICONDUCTOR
A Division of Fairchild Camera and

Mountain View, California 94040,
= (415) 962-5011 = TWX: 910-379-6435

|
|
|
|
|
|
|
I
|
|
Instrument Corporation s 313 Fairchild Drive, :
|
|
|
|
|
|
|
|
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Sprague low-power TTL

STOP using
so many ICs

All Sprague low-power Series 400 TTL circuits are dval or quad
functions. Cut your can count and minimize equipment size.
And the Series 400 has dual-source availability through

the Sprague /Signetics full technology interchange.

T0-88 Hermetic Flatpack Plastic DIP Package

0to +70C “15t0 +55
Commercial

SRS ; —551t0+125C | Oto +70C
Circuit Function Military GSE Industrial

DUAL 4-input NAND gate SE416) NE416J NE416A ST416A SP416A

DUAL 3-input NAND gate SE417) NE417) NE417A ST417A SP417A

DUAL A-C binary SE424) NE424) NE424A ST424A SP424A

DUAL 4-input Exclusive OR gate | SE440J NE440) NE440A ST440A SP440A

DUAL 4-input buffer/driver SE455) NE455) NE455A ST455A SP455A

QUAD 2-input NAND gate SE480) NE480J NE480A ST480A SP480A

For complete technical data on Series 400 integrated circuits,
write to Technical Literature Service, Sprague Electric Company,
347 Marshall Street, North Adams, Mass. 01247

SPRAGUE COMPONENTS

THIN-FILM MICROCIRCUITS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES I

INTEGRATED CIRCUITS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY

RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

'Sprague’ and ' (2)" are registered trademarks of the Sprague Electric Co

: ON READER-SERVICE CARD CIRCLE 7
10 ELECTRONIC DESIGN 10, May 10, 1967



A universal collision-avoidance system is the try aim to complete specifications for one that
key to safety in the skies. Airlines and indus- will meet FAA standards before July. Page 17

Electronics pervade Expo 67 in Montreal, where this cone New logic elements make use of
of Douglas fir timber marks the fair-theme pavilion. Page 38 traveling domain wall. Page 24

Also in this section:

Materials research criticized as too device-oriented. Page 32
Short-backfire antenna should improve satellite-tracking and uhf applications. Page 33
News Scope, Page 13. . . Washington Report, Page 29 . . . Editorial, Page 53
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Think of the convenience’and savings

Now, an all-purpose precision metal film resistor that
offers design flexibility and opportunities for substan-
tial cost savings. Type CEA can be used at four differ-
ent ratings with AR's that are all well within MIL limits.

»We@17°C 1%A4R %W @70°C 5% AR
“WW @125°C 1% AR %W @ 125°C 5% AR

Flexibility is built-in. Even up to 300% overload, the
CEA can be specified where low AR's are required, or
for a variety of ambient temperatures. Economy is
built-in, too. You can combine your metal film needs
to save money and simplify stocking.

All-purpose CEA resistors also have a moisture- -

resistant coating and a rugged cap and lead assem-
bly. Write for data, samples and prices. IRC, Inc.,
401 N. Broad Street, Philadelphia, Pa. 19108.

1/2

POWER VS. AR—LOAD LIFE

125°C

POWER RATING VS. AMBIENT TEMPERATURE

172 1
CEA CEA

14

POWER RATING

1/8

1% .25% 5%

AR

4a0°c 70°C
AMBIENT TEMPERATURE

CAPSULE SPECIFICATIONS

MIL-R-10509

Resistance
Tolerance
Temp. Coef.

ON READER-SERVICE CARD CIRCLE 8
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Meets or exceeds all
performance requirements
10 £ to 1.5 meg.

1%

+100ppm/°C

100°C 125°C




Thelarge-computer debate:
3 paths, but which is best?

Will the next generation of large
computers simply be large single
central processing units or will they
be arrays of 250 or more central
processing units? Or a combination
of both?

These questions were raised in a
lively panel discussion on “The Best
Approach to Large Computing Ca-
pability” at the Spring Joint Com-
puter Conference in Atlantic City,
N. J. The consensus of the views
was that:

® The single processor will be
able to handle an increasing variety
of programs but not all efficiently.

®m Large parallel processors should
prove to be most efficient for matrix
and similar problems—for example,
global weather forcasts.

® Multiprocessors will probably
be successful in general-purpose ap-
plications, but they must be closely
analyzed for cost effectiveness.

Conference chairman Gerhard L.
Hollander of Hollander Associates,
Fullerton, Calif., listed four possi-
bilities in the development of large-
scale computing systems:

® Multiple central processing
units with separate computer-con-
trolled input-output.

m Associative parallel processing
that would allow the execution of

What's in store for the future?

ELECTRONIC DESIGN 10, May 10, 1967

arithmetic in memory.

® Array computers using hun-
dreds of central processors as ele-
ments of the array. Such systems
could give parallel execution in each
processor.

® Larger and faster single proces-
sors of the type presently in use.

But the real controversy, Holland-
er contended, will more and more
“revolve around the relative advan-
tages of each [system] architecture
for different applications.”

Introducing the multiprocessor
approach, George P. West of the
System Development Corp., Santa
Monica, Calif., gave several criteria
for a suitable system:

® The processors should be word-
oriented with capability for shared
memory.

m [t should have a small charac-
ter-oriented (byte) computer for
input and output.

® Peripherals should have simple
and reliable electromechanical de-
sign, with a minimum of control
logic.

® A high-speed communications
network should be used between
processors and memory modules.

Such a system, West said, would
reduce overhead time, since the ex-
ecutive program would be handled
by the input-output computer; low-
er-cost peripherals would result be-
cause some logic functions would be
taken over by the input-output
machine.

Richard H. Fuller of General Pre-
cision, Inc., Glendale, Calif., intro-
duced the associative parallel pro-
cessor, a proposed system the mem-
ory of which would consist of logic
units so arranged that arithmetic
operations could take place in a par-
allel pattern in hundreds or thou-
sands of memory locations.

Fuller listed these advantages for
the associative parallel processor:

® Versatile performance charac-
teristics as a result of simple word

Jical problems,

and bit logic operations.

®m Ability to modify the functional
structure, without physical altera-
tion, by weighting memory contents.

® Gain in speed, due to parallel
processing.

Prof. David L. Slotnick of the De-
partment of Computer Science, Uni-
versity of Illinois, put forward the
case for the array computer. He
cited the $14 million ILLIAC IV
project currently under consider-
ation at the University of Illinois
(see “ILLIAC IV development goes
to Burroughs and Illinois U., E.D. 5,
March 1, 1967, pp. 21-22). The
ILLIAC IV will consist of 256 cen-
tral processing units, arranged in
four subarrays with individual con-
trol units.

Professor Slotnick gave these
reasons for his choice:

® Technology has now so ad-
vanced that computers will be able
to keep pace with the needs of scien-
tific and military research.

B The parallel system will make
maximum use of available storage
devices.

m Some degree of design mech-
anization—that is, computer-aided
computer design—can be used to
build the system.

A supporter of the single-proces-
sor approach, Dr. Gene M. Amdahl
of the International Business Ma-
chines Corp., Sunnyvale, Calif., dis-
puted the savings claimed for par-
allel operating systems.

He said that 40% of most prob-

lems appeared to be concerned with

data management, which is largely
sequential in nature. Thus improve-
ment in problem efficiency will de-
pend on the degree of parallelism
exhibited.

Dr. Amdahl noted another draw-
back: systems of partial differen-
tial equations may have irregular
boundaries when dealing with phys-
producing severe
complications in the regular geo-
metrical-array type of computer.

Airborne radar may
penetrate jungle canopy

Research is under way at the Air
Force Cambridge Research Labora-
tories, Mass., to perfect an airborne
radar that will detect trucks, tanks,
artillery and metal targets hidden
in thick jungle growth.

Such military metal hardware
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News
sconecommuso

scatters electromagnetic radiation
strongly when the radar wavelength
is about equal to the dimensions of
the object on the ground. Radars de-
signed to detect this scattered ra-
diation from objects of a given di-
mension are known as resonant-
region radars.

Project Shedlight aims to apply
the technique, using frequencies
lower than are normally used for
airborne radar reconnaissance, to
Southeast Asia. The lower frequen-
cies penetrate jungle vegetation and
also exploit the resonance effects
which produce a strong radar echo
relative to background clutter.

The scientists’ main problem is
that of target location, because the
relatively broad antenna pattern in-
herent in low-frequency operation
precludes usual scanning and beam-
pointing methods. To overcome this,
the laboratories are investigating
the effectiveness of phase-compari-
son techniques.

A low-frequency multielement an-
tenna has been built at Ipswich,
Mass., and is being tested on metal
objects against both land and sea
background reflections. If the tests
are successful, the laboratories will
undertake design of an operational
airborne system.

Beam-aiming device
sharpens laser scalpel

Bell Telephone Laboratories, Inc.,
Murray Hill, N. J., has perfected a
device that facilitates the surgical
use of a laser beam for cutting tis-
sue. It enables a surgeon to control
the direction of the beam with ease
and exactitude.

The beam is aimed through a
series of hollow, aluminum tubes,
which are mounted at right angles
to each other. The angles contain
ball bearings, which enable each
tube to be rotated about its longi-
tudinal axis while it retains its per-
pendicular relationship to the tubes
to which it is connected. This ar-
rangement gives complete freedom
of movement to a hand-held probe
at the end of the tubes. The probe

14

contains a lens which focuses the
beam at a point a few inches beyond
the tip of the probe.

Any type of laser may be used
with the laser scalpel, because the
optics inside the series of tubes
consist of prisms that reflect the
beam at right angles corresponding
to the angles between the tubes.

Use of the laser scalpel avoids
the ripping of tissue that is caused
by the mechanical stresses induced
by a surgical knife. The beam va-
porizes tissue at its focus and its
heat cauterizes the wound as the
incision is made, reducing loss of
blood and the chances of infection.
The manipulability and precision
of the instrument enable the sur-
geon to trace a sharp, fine line.

The laser scalpel is presently
being tested at the Manhattan
Ear, Nose and Throat Hospital and
the Columbia Presbyterian Medical
Center, both in New York.

Multicolor CRT will have
single phosphor coating

A single-phosphor cathode ray
tube for multicolor displays will be
developed by a division of the Inter-
national Telephone and Telegraph
Corp. under a contract awarded by
NASA Electronics Research Cen-
ter, Cambridge, Mass.

Dr. Robert T. Watson, president
of ITT Industrial Laboratories Div.,
Fort Wayne, Ind., said that such
multicolor display tubes will be
useful in aircraft cockpit displays,
radar displays, air-traffic-control
displays and monitors for alphanu-
meric data.

“It is very often desirable,” he
said, “to use color variation to em-
phasize critical portions of numer-
ical or alphabetical displays. For
many displays it is not necessary to
provide the complete color spectrum,

‘which requires costly, weighty and

complex multiple-gun color tubes.
Therefore, development of a multi-
color phosphor permitting a simple
single-gun cathode-ray tube will of-
fer great advantages.”

Electron depositions
can now be measured

A technique that permits mea-
surement of the deposition of elec-
trons in a material is reported at

GE’s Re-entry Systems Div. Elec-
tron impacts on one side of the ma-
terial-result in changes in the re-
sistance of a manganin wire gauge
fastened to the other side.

Weather satellites
may aid friend and foe

Weather pictures from ESSA and
NIMBUS satellites are alerting U.S.
pilots to favorable meteorological
conditions over North Vietnam, but
they may be tipping off North Viet-
namese air defenses, too.

Video images from the orbiting
TV camera platforms are received
and processed by U.S. Air Force
weather stations in South Vietnam
and Thailand. Still-wet prints of pic-
tures that may have been taken just
minutes previously are sped to head-
quarters in Saigon. There the
United States Air Commander in
Vietnam, Lt. Gen. William M. Mom-
yer, diverts aircraft to targets that
are clear of cloud cover. This aid
is particularly valuable when the
weather is bad.

Since the United States weather
program is unclassified and part of
an international program, equip-
ment that can receive the satellite
transmissions is available to many
countries, including the Soviet
Union. With equipment of this sort,
stations in Hanoi could also be
spotting breaks in the cloud cover
and preparing for air raids.

U.S. computer programs
are offered to industry

NASA computer programs that
can be adapted for industrial use
are being distributed by a new cen-
ter at the University of Georgia.
Called Cosmic (Computer Software
Management and Information Cen-
ter), the service is offering compu-
ter programs on tape or in punched-
card form.

Requests are being filled for $20
a program. If more than one pro-
gram is ordered, however, and all
can be copied onto one tape, the
charge for additional programs is
$10 apiece. A listing of what is
available can be obtained free.

For information, write Cosmic,
Computer Center, University of
Georgia, Athens, Ga. 30601, or call
(404) 542-3265.
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Air variables
from JFD
solve your high Q

high frequency problems

The JFD air variable miniature
capacitor series—VAM—is specific-
ally designed for high frequency
applications that demand extreme
stability, small size and high Q
(greater than 2,000 measured at 10
pf and 100 MHz) VAM’s have rug-
ged construction, measure approx.
12" in length and are completely
interchangeable with competitive
devices.

JFD ELECTRONICS CO. / COMPONENTS DIVISION o

(=)
J FD Sales Offices — Arcadia, California
New Hartford, New York / Cincinnati, Ohio / Philadelphia, Pennsylvania
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ELECTRICAL DATA
—ALL VAM MODELS

Cap. Rangeat1 MHz ... 0.8 to 10.0 pf
Qat10pf & 100 MHz ... >2,000

Insulation Res. at 25°C 104 megs.
at 100 VDC

Temp. Coeff. of Cap. (—55°C to
+125°C) ... 0 =20 PPM/°C

WVDC ... 250 VDC

Test Voltage ... 500 VDC

Capacitors shown enlarged 120%

ACTUAL SIZES

£ VAM o010*
‘ Panel Mount w/Turret Terminal

VAM 010M
j | | Panel Mount w/Lug Terminal

£ VAM 010W
B Printed Circuit

*VAM 010 also available as VAM 010H with 4-40
threaded stud replacing turret terminal.

Write for catalog VAM-66-A

“TODAY’S COMPONENTS BUILT FOR TOMORROW'’S CHALLENGES”

15th Avenue at 62nd Street o
/  Chicago, lilinois / Baltimore, Maryland /

ON READER-SERVICE CARD CIRCLE 9

Brooklyn, New York 11219 /
Saxonville, Massachusetts /
/ Pittsburgh, Pennsylvania / Paris, France / Azor, Israel

Phone 212-331-1000
Brooklyn, New York
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HOW DID WE GET

TO BE
NUMBER 2 IN

INTEGRATED CIRCUITS?

WITH SUPERB DELIVERY!

@ MOTOROLA Semiconductor Products Inc.

ON READER-SERVICE CARD CIRCLE 10
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NEWS

CAS: Aid to traffic safety in crowded skies

FAA, airlines and industry delegates strive
for collision-avoidance-system accord by July

Neil Sclater
East Coast Editor

Hardly a week goes by without
several near collisions between two
flying aireraft in the United States.
For modern jets, potential disaster
has a closing rate that exceeds the
velocity of a bullet. When superson-
ic transports take to the air, they
will approach one another at four
times the speed of sound.

The prospects worry the nation’s
airlines and safety officials in the
Federal Aviation Administration.
To counteract the hazard, they are
calling on the electronics industry
to develop a universal anticollision
system. The airlines are willing to
accept a solution that is less than
perfect and are not even placing
any limits on cost.

One such system has already been
devised and is now in operation:
the EROS I, built by the McDonnell
Co. But it is being used only aboard
McDonnell combat planes when
they are flight-tested near the com-

Collision-avoidance circuitry is packaged in a slender
Sparrow missile pod and slung under the fuselage on this

ELECTRONIC DEsIGN 10, May 10, 1967

pany’s assembly plant at St. Louis.
EROS I is not designed to accom-
modate the large numbers of civil
aircraft in the nation’s airways.
Nor is it tied in with the FAA’s
traffic-control system; it depends on
ground stations that are not now
acceptable to all possible users.

McDonnell has designed a new
version of its system. Called EROS
II, it is the company’s candidate for
a universal air-collision-avoidance
system.

Spearheading the drive to develop
a reliable universal system—one
that could be used by the airlines,
private planes and the military—is
the Air Transport Association of
America. The association has spon-
sored meetings in Washington in
the last year at which representa-
tives of the airlines, the FAA and
the electronics industry have dis-
cussed possible approaches. Their
immediate goal: specifications by

June 30 for a collision-avoidance sys-
tem that will meet FAA standards.
The companies participating in

the discussions are McDonnell; the
Collins Radio Corp., Cedar Rapids,
Towa; the TRG Div. of the Control
Data Corp., Melville, N. Y., the Ben-
dix Radio Div., Baltimore; the Na-
tional Co., Melrose, Mass., and the
Sierra Research Corp., of Buffalo.
What they anticipate is a colli-
sion-avoidance system—or a CAS,
as the specialists refer to it—that
will use radio pulses as a kind of
“one-way radar” to alert any air-
craft to the presence of others. Im-
pending collisions will be deter-
mined by a knowledge of separation
distance and closing rate. These
data will be obtained by timing the
transit of the radio pulses to deter-
mine separation distance or range
and then using the frequency shift
of the pulses to determine the rela-
tive speed of any two converging
planes. But a major problem is this:
The accuracy of the system depends
on both planes keeping the same
time to a high degree of accuracy.
The transmitting frequency of
each plane in the system will be de-
rived from an on-board master
clock, and the propagation time of
received signals will be measured

McDonnell F-4 Phantom. The small fin on the pod is an
antenna. Another antenna is on top of the fuselage.
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(anticollision, continued)

by using the clock as a reference. A
major engineering decision to be
reached is the choice of the best air-
borne clock and the best means of
synchronizing it to all others so all
are within a microsecond of the
same time. One approach calls for
master ground stations, another for
air-to-air synchronization.

Airlines in this country have
been seeking a practical collision-
avoidance system for more than 12
years. But there was little interest
on the part of manufacturers until
two airliners collided over the
Grand Canyon in June, 1956, killing
128 persons. Then manufacturers
began to submit proposals. None
was developed as successful hard-
ware until the McDonnell Co. dem-
onstrated EROS I in the fall of
1965. (The acronym stands for
“Eliminate Range ‘O’ System.”) The
company acted after a midair colli-
sion between two of its planes in
the summer of 1960.

Today McDonnell makes routine
use of its CAS system to protect its
F-4 Phantom fighters while they
are undergoing tests in limited air
space near the company’s plant. The
McDonnell system forms the basis
for most engineering discussions
about a universal CAS.

The McDonnell EROS I system is
known as a ‘“cooperative” type—
that is, all planes must be equipped

YELY -UP" EACH PLANE TRANSMITS
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Basically ‘‘one-way radars,

ALTITUDE AND RANGE DATA.
IT DERIVES RANGE, RANGE
RATE, AND ALTITUDE RATE.
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with comparable equipment. It gives
the pilot of an equipped aircraft a
warning of 60 seconds if it is in
danger of colliding with another
equipped aircraft. An aural warn-
ing is accompanied by simple visual
collision-avoidance directions on a
panel instrument: “fly up,” “fly
down” or “fly level.”” The system
works, McDonnell says, at closure
rates four times the speed of sound,
whether the planes are turning,
climbing, descending or flying level.
At slowest closing rates, the system
reacts when the planes are at least
one and a half miles apart.

System is portable

The EROS 1 system contains
most of the desired features in a
universal collision-avoidance sys-
tem. It is not part of the perma-
nently installed equipment in the
F-4 Phantoms; it is removed before
the planes are delivered to the mili-
tary. Because no space for the in-
stallation is available within the F-4,
the system is packaged in a Spar-
row missile pod that is suspended in
a rack under the fuselage.

Each aircraft equipped with
EROS is assigned a precise time
slot during which it transmits
range and altitude information for
all other EROS aircraft to receive.
The system is arranged so that no
two aircraft transmit at the same
time. Transmission of data occurs
during only a fraction of the as-
signed slot time, and there are 1000

N PLANE B
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TRANSMIT-RECEIVE
PATTERN

"FLY - DOWN"

collision-avoidance systems back up ground air-

traffic control. They detect and evaluate hazards and direct the pilots to take
evasive action. In this situation, plane A is directed to ‘‘fly down'’ and plane B
to “fly up.” Indicators are on the instrument panels of the planes.
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available slots. Each aircraft can be
identified by its assigned time slot.

Each plane has a time clock from
which all range and range-rate data
are derived. Signals from a ground
station reset these clocks every two
seconds.

For McDonnell’s test-flight pur-
poses, the number of time slots
available is adequate. With a maxi-
mum of 37 planes using the system
at any one time, 1000 slots are am-
ple. However, permanent assign-
ment of only 1000 slots would se-
verely hobble a universal civil sys-
tem. This has led to a number of
suggestions by McDonnell and other
companies on better methods of as-
signing slots for the thousands of
aircraft likely to be in operation.
One scheme would assign slots on
the basis of a different transmission
frequency in discrete altitude
bands.

The airlines and the Air Trans-
port Association are optimistic
about developing a workable uni-
versal system. Frank White, man-
ager of communications and data
processing for the association, says:

“There is no longer any doubt
that a practical CAS can be built;
there is no longer any question
about the technique to use. What
remains to be settled now are the
trade-offs—the weighing of differ-
ent design details against their cor-
responding operational benefits or
drawbacks.”

Ideally a collision-avoidance sys-
tem should be noncooperative—

DOPPLER SHIFT ALTITUDE ALTITUDE PULSE

OF 1545 MHz RANGE VARIABLE FROM
PULSE GIVES —-I000FT TO
RANGE RATE 60,000 FT

TIME SLOT
NO.6

RANGE DETERMINED
FROM TRANSIT TIME
OF PULSE

999
loy1,213,415,6,7) AL
l‘—ZSEC EPOCH_——-I

(1000 TIME SLOTS)
Data format of McDonnell's opera-
tional EROS | illustrates how range
and altitude are encoded for use in
the system.
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Now Westinghouse has a
pin-for-pin replacement for
the industry-accepted TTL.

But don’t think of us only
as a second source.

There's a very good reason why you should make
Westinghouse TTL your first source.

Because this is the TTL line that is available now.

It's a direct mechanical and electrical replacement for the
industry-accepted SUHL Il. And all circuits are available in
industry-standard dual-in-line and flat packages.

They include: 6G260 Single 8-input NAND/NOR Gate,
6G241 Dual 4-input NAND/NOR Gate, 6G221 Quadruple
2-input NAND/NOR Gate, 6G210 Dual Expandable OR/
NAND Gate, 6G250 Quadruple Expandable OR/NAND
Gate, 6G130 Dual 4-input Driver, 6G270 Dual OR
Expander, 6F251 AND input JK Flip-Flop, 6F261
OR input JK Flip-Flop.

In fact, it makes good sense to make Westinghouse first choice for
all your IC's. Because our goal is to help keep your products competitive
now and into the 1970's.

For evaluation quantities, contact your Westinghouse Electronic salesman.
Or phone Westinghouse at (301) 796-3666. Or write Westinghouse
Molecular Electronics Division, Box 7377, Elkridge, Maryland 21227,

You can be sure if it's Westinghouse

J-09142
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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

ON READER-SERVICE CIRCLE 821

RECTANGULAR
TANTALEX® CAPACITORS

Type 300D polarized
plain-foil

Type 301D non-polar-
ized plain-foil

Type 302D polarized
etched-foil

Type 303D non-polar-
ized etched-foil

ASK FOR BULLETIN 3650

ON READER-SERVICE CIRCLE 823

RECTANGULAR TANTALUM
CAPACITORS TO MIL-C-3965C

CL51 polarized plain-foil

CL52 non-polarized plain-foil
CL53 polarized etched-foil
CL54 non-polarized etched-foil

ON READER-SERVICE CIRCLE 825

85 C TUBULAR
TANTALEX® CAPACITORS

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

ON READER-SERVICE CIRCLE 822

TUBULAR TANTALUM
CAPACITORS TO MIL-C-3965C

— e ———

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

ON READER-SERVICE CIRCLE 824

For comprehensive engineering bulle-
tins on the capacitor types in which
you are interested, write to:
Technical Literature Service
Sprague Electric Company
347 Marshall Street
North Adams, Mass. 01247

ASC=5161

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ' (2)° are registered trademarks of the Sprague Electric Co.
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(anticollision, continued)

that is, it should not require match-
ing equipment in all aireraft. How-
ever, all leading technical authori-
ties agree that this is unfeasible in
the present state of electronics tech-
nology.

According to the FAA, a colli-
sion-avoidance system must be able
to do the following to meet its
standards:

® Evaluate the hazards and de-
termine the precise maneuver need-
ed to avoid a collision.

® Indicate when the maneuver
should be started to guarantee safe
clearance.

® Work uniformly well in light,
slow planes as well heavy, superson-
ic craft.

® Be compatible with the exist-
ing and future FAA air-traffic-con-
trol systems.

® Accommodate large numbers of
airecraft within radio communica-
tion range.

All participants in the Air Trans-
port Association conference have
accepted these objectives.

FAA officials say that theoreti-
cally the perfect CAS would reduce
the probability of a collision to zero.
But technical considerations, they
concede, make this impractical. The
aim is to make collisions highly im-
probable.

‘Tau Criterion’ used

All systems make use of the “Tau
Criterion” as the basis for design.
Tau is a critical time value obtained
when range, or separation distance,
is divided by closing speed, or range
rate. A value of Tau from about 40
to 60 seconds is determined as the
time in which aireraft should begin
reasonable collision-avoidance ma-
neuvers. All systems obtain Tau
from the transmissions of all other
aircraft within radio range. An
alarm is sounded when the value of
Tau equals or falls below the criti-
cal collision-avoidance time.

Most experts agree that time-fre-
quency techniques should be used to
derive Tau. This means that all
time values and transmission fre-
quencies must be derived from the
same precise time source. The
clocks on all aircraft must agree
within a microsecond. With precise,
synchronized, common time, the
range of an approaching aircraft

ELECTRONIC DESIGN 10, May 10, 1967



frequencies,

Time-slot

transducer

tion pulses.

A basic collision-avoidance
system (CAS) for aircraft is
the McDonnell Co.’s EROS.
In the block diagram below,
the basic system is in black
outline. The functions outlined
in color are in dispute by de-
signers in industry. The solid-
color blocks are proposed ad-
ditions to the logic.

A clock (1), controlled by a
frequency standard (perhaps
5 MHz), generates the timing
and also synchronizes the fre-
quencies for the transmitter
and receiver. The clock trig-
gers the slot generator (2),
which generates cycle spac-
ings as well as the pulse spac-
ings for the time slots. The
assumed to be
around 1600 MHz, are gener-
ated by the coherent RF mul-
tiplier (9) for the transmitter
carrier (6) and for the receiv-
er local oscillator (11).
selection
(3) gates on the transmitter
modulator (5) whenever the
time slot occurs for an air-
craft with. CAS aboard. A sig-
nal is derived from the altime-
ter by means of the altitude
(8), and this is
time-delayed by the data enco-
der (7) to form altitude posi-
Command mes-
sages that are generated by
the transmit command circuit
(18) from the alarm logic

logic

The ABC of CAS circuitry

(19) are superimposed in the
transmitter by the modulator.
A receiver (11) converts the
incoming transmissions from
other aircraft to IF.

Video detection of these re-
ceived signals gives range in-
formation in the range circuit
(12) and permits decoding
the altitude in the altitude cir-
cuit (14) and any command
messages in the command re-
ceive circuit (17). The local al-
titude information is com-
pared with the decoded alti-
tude information (14) in the
alarm logic. The frequency
discriminator (10) delivers a
signal that is directly propor-
tional to the Doppler shift im-
pressed on the received signal
by the relative motion of the
two aircraft. The Tau logic
(15) takes and stores the in-
formation and activates the
alarm logic if either the range
or the Tau criterion is reached.
Altitude filters can be em-
ployed to restrict the alarm
conditions to an altitude band.

The alarm logic (which
may be a computer) computes
and evaluates the collision
threat. A display tells the pi-

-lot of the protected aircraft

the evasive action to take. The
maneuver that the other air-
craft is performing is also
displayed for the pilot.

The time clock synchroniz-

er (13) compares and corrects
errors between the slot gener-
ator and selector circuits and
is used in resynchronization.
In the case of resynchroniza-
tion from the ground or air
while the aircraft is airborne,
the transmitter-receiver com-
ponents can be employed to
obtain round-trip range meas-
urements. These, along with
transmissions of timing sig-
nals, can be used to establish
resynchronization.

Both multiplier (9) and dis-
criminator (10) are optional.
Range rate can be derived by
taking the difference between
successive range measure-
ments and dividing by the time
lapse. Block 16 shows range

rate R derived without the aid
of the discriminator.

The altitude of an oncoming
plane is derived from a pulse-
position modulated signal. The
time difference is noted be-
tween the start of range and
altitude pulses. Collins Radio
proposes that altitude rate be
determined from successive
measurements. TRG proposes
to transmit altitude by slot
selection (shown by colored
lines leading from 11 and 8 to
3).

True air speed and headine
are other proposed additions to
the logic.
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(anticollision, continued)

can be accurately determined from
the one-way radio-frequency transit
time. In addition range rate can be
derived from the Doppler shift of
an RF pulse at a standard coherent
frequency.

Other points that have generally
been agreed upon are these:

®m Altitude values are necessary
to determine the probability of col-
lision. They should be determined
from each plane’s barometric altim-
eter and should be transmitted to
all other aircraft.

® Transmissions should be be-
tween 1540 and 1660 MHz.

According to Air Transport As-
sociation conference records, the
principal engineering questions to
be resolved once and for all include:

® What is the best method to
synchronize the airborne clocks?

® What is the best way to ob-
tain altitude rate? Should it be
transmitted or obtained from suc-
cessive measurements ?

® What frequency should be used
for transmissions?

® What is the optimum data-
transmission format?

McDonnell believes its proposed
EROS II will fill the bill. Basically
the same as EROS I, it would offer
improvements in the data format,
the transmission power and the
time-slot selection method. EROS I
transmits a peak power of 300
watts, whereas EROS II would
transmit a peak of about 1000 watts.

Collins Radio, on the other hand,
is working on a concept that will in-
clude the transmission of altitude
rate. It is committed to ground sta-
tions, but they would use more pre-
cise clocks and fewer synchroniza-
tion stations than the McDonnell
system. The FAA is financing a Col-
lins study and simulation program.

TRG favors a system using “float-
ing time.” All planes within colli-
sion range would send time signals
to one another and synchronize
their clocks at an average time.
This, says TRG, would simplify the
resynchronization problem and elim-
inate the need for ground stations.

McDonnell has done considerable
spadework with its basic design of
EROS I. That system uses a 200-us
pulse at 1545 MHz to transmit the
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Mock-up of McDonnell's proposed CAS for civil use. Expected to weigh about
30 pounds, it would be lighter than the company’s present pod-mounted unit.

range data. The range, or separa-
tion difference between any two
aircraft, is determined in the re-
ceiving plane from one-way RF
propagation time, based on the as-
sumed knowledge of the start of
transmission from the transmitting
plane. Range data are determined
from the Doppler shift of the pre-
cise frequency detected by the re-
ceiving plane. The altitude of the
transmitting plane can be deter-
mined from the position of a 20-us,
1545-MHz altitude pulse. For exam-
ple, a pulse delayed 419.8 pus after
the start of the range pulse would
represent an altitude of —1000 feet,
and a pulse delayed 719.8 us an alti-
tude of 60,000 feet. Intermediate
times of arrival would be propor-
tional to altitudes between these
limits.

The cockpit indicator in the Mec-
Donnell system has arrows pointing
up (“fly up”) and down (“fly
down”) and a horizontal bar (“fly
level”). When a collision is immi-
nent, the CAS logic flashes the ap-
propriate directions on the panel.

The ground station resynchro-
nizes a precision crystal oscillator,
used for airborne time-keeping.
Two-way transmission of signals
from the station keep all aircraft
using the system on fixed time. The
station also has a plan-position
scope, to permit a ground controller
to observe the position of each
plane.

The crystal 5-MHz oscillator
clock used in each airborne CAS has
a stability of better than one part
in 10%. A frequency multiplier uses
this time base to produce the 1545-

MHz transmission frequency. Un-
less the clock is resynchronized fre-
quently, drift will introduce errors
in timing and in determining the
separation distance and closing
rate. The ground station performs
this function by sending synchro-
nizing signals.

A cesium or rubidium primary
standard clock would minimize
these errors, but they are consid-
ered too heavy and costly for air-
borne use at present. They would
have a stability of at least one part
in 10'°. McDonnell’s solution in the
proposed EROS II is a network of
ground stations using standards of
at least this quality for transmis-
sion of synchronizing signals.

This approach is disputed by
some experts. The cost of installing
and operating such a network
would be too high, they fear. The
possibility of “blank areas” in the
system is also of concern: Would
the network, for example, cover
low-flying planes in areas remote
from the established airways? And
what if it were desired to extend
the system to international travel?
Ships or patrolling aircraft would
have to be used as ‘“‘stations” over
the ocean.

McDonnell replies that ground
stations are justified because they
would permit the installation of less
costly and less precise clocks in each
aircraft, thereby encouraging the
installation of equipment in all
planes, even the small private ones.

As a clincher, McDonnell offers
this potential: Its collision-avoid-
ance ground stations, with mod-
ifications, could vreplace present
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navigational aids, such as Distance
Measuring Equipment (DME).
Robert Perkinson, chief engineer of
EROS, put it this way in a recent
speech in Dayton, Ohio, to a nation-
al meeting on the subject of colli-
sion avoidance:

“When the full impact of this ca-
pability sinks in, it becomes obvious
that we have a tiger by the tail,
since a time-synchronized system
such as we have been discussing is
quite capable of taking over all of
the functions which are now being
carried out with separate interro-
gate-respond systems spread over
the air-traffic-control, navigation
and communication complexes.”

The National Co. advocates the
use of atomic clocks in aircraft. It
is building under FAA contract a
prototype position-holding system
for planes flying the Atlantic. The
system makes use of an atomic clock
to help maintain separation between
planes. National would like to adapt
its design to CAS.

Bendix has suggested a scheme
for increasing the capacity of a
common CAS with a frequency and
time multiplexing scheme.

Sierra Research Corp. recom-
mends more study of the pulse-cod-
ing schemes, time slots and frequen-
cy allocation.

Not all industry observers are
convinced that the solution to the
collision-avoidance problem is as
straightforward as McDonnell would
have them believe. They say that
not enough attention is being given
to limiting the reception of CAS,
so it will not pick up signals from
planes that may be hundreds of
miles beyond collision range.

Building pilot trust is another
objective that worries the observ-
ers. They say that slight errors,
possible from a number of sources,
could negate the value of the sys-
tem. On the other hand, they fear
that if the system is made too sen-
sitive, it might give false alarms,
which could destroy confidence in
CAS.

The FAA has shown a willing-
ness to finance some studies, but it
has not offered to underwrite a
full development program. More-
over the Air Transport Association
does not believe that this is neces-
sary. It believes there are enough
companies that can see a future
market in CAS to undertake devel-
opment on their own. = =
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Cure for circuitry
headaches

Solve your critical circuitry problems with two
extraordinary new miniaturized ceramic capacitors
— the product of Nytronics research and
development in the continuing pursuit of excellence.

New NYT-CHIP, an ultra-stable chip capacitor,
has such advantages as superior packaging flexibility
and mounting versatility, particularly for outboard
mounting on integrated, thick and thin film
circuitry. Dimensions, with tinned terminals, 0.170”
x 0.065” x 0.070”, with capacitance range of 4.7 pf
through 82 pf, and 0.280” x 0.195” x 0.070” for 100 pf
to 4700 pf.

NYT-CAP, an ultra high stability ceramiec
capacitor series is packaged in a miniature molded
epoxy tubular package 0.1” diameter by 0.250” in
length, with capacitance range of 4.7 pf to 82 pf.
The remainder of series in miniature, molded epoxy
case 0.350” long by 0.250” wide by 0.1”, with a
range of 100 pf to 4700 pf.

Both NYT-CHIP and NYT-CAP have a
temperature coefficient that does not exceed
+40 ppm/°C over temperature range of —55°C
to +125°C, and working voltages of 200 D.C.

As a pioneer in the concept of standardization,
Nytronies maintains large volume inventories of
these two products, as well as of many other
standardized high quality components: inductors,
delay lines, and resistors. Write for complete
engineering data.

NZIROINICS

...for Precision Electronic Components

550 Springfield Ave., Berkeley Heights, N.J. 07922 §(201) 464-9300 ¥Twx:710-984-7977
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The logic element of ‘tomorrow’: cheap wire

Traveling magnetic domains in Bell Labs setup
do the work of conventional computer devices

Maria Dekany
Technical Editor

A permalloy wire setup that costs
next to nothing may soon eliminate
magnetic cores and other cumber-
some devices in computers.

Coils wound around the wire
create small traveling magnetic do-
mains that are used to perform all
basic logic functions. The phenome-
non is called domain wall motion,
and it opens up “intriguing possi-
bilities,” according to its developers
at Bell Telephone Laboratories,
Murray Hill, N. J.

Prototypes of the new logic ele-
ments have been built and could go
into mass production ‘“‘tomorrow,”
Bell scientists report. With proper
refinement, they assert, the concept
could evolve into a full-fledged com-
puter.

“Even though the concept of com-
puters with distributed magnetic
logic and memory is not yet fully
developed,” says Dr. Reg A. Kaenel,
supervisor at Bell, “I see no funda-
mental difficulties in realizing it
through the phenomenon of trav-
eling domain.”

At present, Dr. Kaenel reports,
the wire structures can provide all
Boolean functions. “When we learn
how to interconnect the wire seg-
ments efficiently,” he adds, “any ar-
bitrary logic array structure may
be built.”

The advantages of the new tech-
nique are impressive:

® [t retains the intrinsic advan-
tages of magnetics—namely, opera-
tion without standby power and
ease of recording or changing the

information with currents.

® It needs only low drive cur-
rents—of the order of several mil-
liamperes, which are compatible
with IC capabilities.

® The fabrication is simple, re-
sulting in low cost.

“The cost of raw materials is
practically nil,” Dr. Kaenel ob-
serves. “In addition there is no need
for multimillion-dollar investment
in production equipment, as there is
in the semiconductor industry.”

Using the new method, Bell has
built logic packages that are widely
used in digital systems, including
parallel-to-series converters and
character detectors (Fig. 1). These
prototypes are competitive with
their semiconductor counterparts,
Kaenel says, and can be produced
commercially.

3 steps to traveling domains

The domain wall motion in the
wire involves the following steps:
The wire is_first magnetized in one
direction. Then, along the length of
the wire, islands of magnetic areas
are created in the opposite direc-
tion. Buffer areas—domains with
the original magnetization—isolate
these reverse-magnetized domains.

The islands can be made to move
against the uniform magnetization,
very much like rowing a boat up-
stream. Carrying the analogy fur-
ther, one can expand or shrink the
domains like a collapsible boat. The
controlled lengths of the domains
are used to indicate the presence or
absence of data. The length of a bit,
including the buffer area, is about

1. A 20-bit character recognizer operates from a 2-V battery. The magnetic
structure (bottom) is wrapped around the drive circuits (top).
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400 mils.

The domains are manipulated
through external magnetic fields,
supplied by solenoids around the
permalloy wire. The two ecritical
values of the external fields are the
nucleation threshold field, Hy, and
the propagation threshold field, H,,
(see Fig. 2). H,, remains pretty
much constant at about 1 oersted
over the length of the wire, but H,
usually varies between 7 and 10
oersteds.

The creation of a domain re-
quires a magnetic field that is larg-
er than the nucleation threshold
field. Its direction opposes that of
the wire magnetization (Fig. 3a).

The dimensions of an existing do-
main are controlled by a field that
must be larger than H,., says Kae-
nel. If this field is applied along the
magnetization of the domain, the
domain will expand over the length
of the wire. If its direction coin-
cides with the original wire magne-
tization, the domain will collapse
(as shown in Figs. 3b and ¢). Re-
verse-magnetized domains may be
considered as ones and collapsed do-
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WIRE POSITION

2. Typical magnetization characteris-
tic of permalloy wire (a) shows the
two critical parameters: H~ is the
nucleation threshold field, and Hw is
the propagation threshold field. The
measured values of the two fields
along the wire (b) indicate that Hx
fluctuates between 7 and 10 oersteds.
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ROWAN'’S NEW PS SWITCH ...

is a momentary action, two-circuit switch with a maximum contact rating of
500 milliamps, 50 volts AC or DC, and featuring:

1. Sub-miniature size measuring 1.63"” x 0.24".

2. High density, modular pack of four switches (8 circuits) per %2
square inch.

3. Very long life, repeatedly tested in excess of 5,000,000 electrical
operations.

4. Very low resistance—very low voltage drop.

5. Extremely low bounce.
The PS Switch is standard with either two N/O, two N/C, or one N/O and one
N/C contacts. Weighing 2.2 grams, it is mounted in a 0.166" panel hole by

means of either circular, hex or knurled nut. Square or round buttons are
offered in any of five colors.

For more information, call or write

THE ROWAN CONTROLLER COVIPANY

OCEANPORT, NEW JERSEY 07757

RoOowWwAN

ON READER-SERVICE CARD CIRCLE 14
ELECTRONIC DESIGN 10, May 10, 1967

25



NEWS

(wire logic, continued)

mains as zeros (see Fig. 3d). The
velocity of the domain expansion
or collapse is proportional to the
difference between the applied field
and H,, and it may be as high as
2 x 10° em/s.

A commutator coil, wrapped
around the wire, creates the mag-
netic field that moves the logic
pattern down the wire. The detec-
tion of the pattern is simple:
Changes in the magnetization of
the domain walls induce electrical
pulses that are picked up by a sens-
ing coil.

How to spot proper data pattern

The sequential nature of the
propagation of domain walls along

APPLIED MAGNETIC
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le—)—>) «—)

ORIGINAL MAGNETIZATION

O]

APPLIED MAGNETIC
@ FIELD

(e—)i >3 «—)
/ 'DOMAIN\MAGNETIZATION

DIRECTION OF DOMAIN
WALL MOTION

®

APPLIED MAGNETIC
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DOMAIN MA,GNETIZATION

DIRECTION OF DOMAIN
WALL MOTION

&

INPUT COILS
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lAiJFFEl!‘/—.l l._\.IIBUFFEI:?7’_—l

ORIGINAL
MAGNETIZATION

3. A domain is created by a mag-
netic field that is larger than Hx and
opposes the direction of the original
magnetization (a). The domains may
be shrunk (b) or expanded (c) by a
field. The pattern of 1101 is shown
in (c).
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the wire suggests their use in char-
acter recognition and generation,
says James Smith, another member
of Kaenel’s group.

Using the domain-wall motion
for character recognition is a sim-
ple matter, according to Smith. He
has installed test regions along the
wire that can detect the presence of
either a one or a zero. Each of these
regions is defined by a coil that is
energized by a one or a zero, but
not by both. When the detection of
a bit is completed, the domain
pattern on the wire advances one
code position.

The test regions are coded, and
when all bits of the pattern match
the coded coil sequence, the wire is
returned to its original magnetic
state.

The advantages of this system,
according to Smith, are low standby
power, small size, large allowable

power-supply variations and large
allowable temperature variations.

A parallel-to-serial converter has
been built by Robert F. Fischer, Dr.
Kaenel and J. Giacchi. It accepts 64
bits of parallel data in 10 us and de-
livers it sequentially upon command
at a rate of up to 50 kbits/s. The de-
vice can sense the ON state down to
10 mA.

The magnetic structure of the
converter consists of an 0.8-mil di-
ameter annealed permalloy wire,
encapsulated in a 10-mil diameter
polycarbonate tube. Three sets of
solenoids are wrapped around it to
perform the logic functions. One
pair of windings creates the reverse
magnetized domains according to
the input data, the second moves the
domain pattern along the wire to
the detection point, and the third
detects the reverse-magnetized do-
mains as they pass by. = =

Basic logic functions with wire structures

CONFIGUR - ONE INPUT ALONG
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Helipot’
new Model 7
{rimmer
comes clean
without fail.

~

~ First $1.10 cermet trimmer
that’s sealed for board washing!

The new Model 77 is an inexpensive wash-and-wear trimmer that’s
sealed for solvent washing on the board without failure. The cermet
element gives wider performance parameters than any other adjust-
ment potentiometer now on the market. Its pin spacing also makes
it directly interchangeable with competitive models 3067 and 3068.

In the low price field, only Model 77 offers essentially infinite reso-
lution, wide resistance range (10 ohm to 2 megohm), and other spec
advantages shown at right. Quantity prices are as low as $1.10.

Call your Helipot rep now for a free evaluation sample. Com-
pare Model 77 with unsealed trimmers . ..you’ll see there’s really
no comparison.

NolTy | Sl | Sl
Wirewound Carbon

Resistance Range, ohms 10—2 meg 50—20 K 20 K—1 meg
Resistance Tolerance 10% 10% 20%
R e
Sealing Yes No No
Power Rating, watts 0.75 0.5 0.2
Maximum Operating Temp. °C 105 85 85

[ST=Yol 40 F=1a M INSTRUMENTS, INC.

HELIPOT DIVISION :
FULLERTON, CALIFORNIA « 92634

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYOQ; PARIS; CAPETOWN; LONDON; MEXICO ey
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S speeds you from sketch You get documentation that means a lot more than just a
spec sheet when you design with |/C p-PAC digital logic
to I/C P-PAC system modules. It means design aids, detailed instruction

: o . manuals, reliability facts, wiring & assembly notes,
lnstallatlon without application notes. It means the best design support you

COStly re-design can get — support based on nearly 14 years of module
experience.

Whether you face design of a one-shot black box, or an
entire product line, why not rely on p-PACS. You'll never
have to read between the lines to figure out what to do
with them. It's spelled out in page after page of doc-
umented facts. Write for details. Honeywell, Computer
Control Division, Old Connecticut Path, Framingham,
Massachusetts 01701.

Honeywell

COMPUTER CONTROL
DIVISION



Global net to cost $1 billion.
- v mi @

Pentagon speeds Project Mallard

The Defense Dept. has stepped up its program
to develop a totally new system of battlefield
communications for use by the U.S. and its
allies. Until press leaks compelled the Pentagon
to disclose details of Project Mallard (see
Washington Report, ED 9, April 26, 1967, p.
29), it was understood that senior U.S.,
Canadian and Australian staffs had expected
planning to be performed in-house. Now,
however, the Defense Dept. is prepared to
commit $100 million at once to industry for
project definition and preliminary research.
The ultimate cost of the system, which may
employ communications satellites, is expected
to be over $525 million, and to top one billion
dollars once the mostly brand-new hardware
has gone into production.

If the U.K., which has withdrawn from the
project for financial reasons, can be brought
back in, R&D outlays could exceed $550 million
by 1975-77. The U.K. took part in the early
planning phases. Its decision to back out is
believed to have stemmed from as high up as
Prime Minister Harold Wilson’s office, where it
is said that another Skybolt missile fiasco was
feared. U.S. officials still hope they can
persuade Britain to change its mind, perhaps to
take a “participating observer’s” role that
would allow the U.K. to spend as little as
Australia and Canada (about $40 million each)
and postpone any major procurement
commitment until the latest possible moment.

In revealing the details, the Pentagon said
Project Mallard “will employ all modes of
message and data transmission, ranging from
simple written messages and voice-radio links
to automatically switched, digital systems and
possibly communications satellites.” The
primary operating element, known as the
International Joint Engineering Agency, will,
like the U.S. program manager’s office, be
located at Fort Monmouth, N. J. Defense
Secretary Robert S. McNamara said that the
schedule calls for a five-to-seven-year R&D
program followed by a production program. He
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made a point that ‘“participation by
industry of all three countries will be
encouraged in the conduct of certain
supporting technique efforts.”

Project Mallard will make use of modular
equipment construction, to ensure flexible
interoperation between the field armies of the
three nations presently involved. With the
proper subsystems, the Pentagon states,
intercommunications will range from frontline
combat units through major echelons to tie-ins
with worldwide systems. It is hoped that it will
eventually become as easy for an Australian
infantry patrol leader, say, to call in U.S.
fighter-bomber support as for the Pentagon to
confer with the National Defense Ministry in
Ottawa.

Industry’s initial role in Project Mallard was
originally expected to be help with the
refinement of the general concept of
multinational communications systems and
execution of project definition of long-range
hardware needs. Official indications are now
that industry will be asked to have a crack at
some more specific programs. Digital switching
systems and secure battlefield communications
satellites are two areas mentioned, but highest
on the priority list is said to be development of
extremely high-speed field switchboards.

Contractors sought for EROS program

The U.S. Geological Survey has begun to
compile a list of bidders and contractors for the
EROS (Earth Resources Observation
Satellites) program. The agency has asked
interested firms with extensive experience in
the satellite and spacecraft fields, particularly
in the electronics of them, to submit capability
statements. It is looking for competence in
design and evaluation of spacecraft sensors and
communications.

The Interior Dept., of which the Geological
Survey forms a part, hopes to launch the first of
a series of EROS satellites in 1969. Their
purpose is to spot potential areas for
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agricultural development, to map vegetation
and to detect the first signs of crop diseases
before they have time to spread. Dr. William T.
Pecora, survey director and head of the EROS
program, has stated that he is satisfied that the
basic concept of the program has been already
proved out by sensors carried in high-flying
aircraft.

Company statements of capability should be
sent to the Procurement Office, Room 5201, U.S.
Geological Survey, 18 and F Streets, N. W.,
Washington, D. C. 20242. The agency has set an
unlikely precedent by stating that interested
firms’ communications “need be submitted in
only one copy.”

Single packaging concept not feasible

The Pentagon and NASA have been
disappointed by expert findings in a survey of
the packaging of electronic components. Both
agencies were perturbed at the number of
electronics malfunctions that were traced to
shipping damage due to faulty packaging and
set up committees to seek universal standards
for components packaging. Their objective was
to come up with a small number of package
configurations that could be made mandatory
for most electronics.

A study performed for the Redstone Arsenal,
Huntsville, Ala., l;y the Battelle Memorial
Institute showed that packaging varied both
according to the requirements of the equipment
to be shipped and the facilities of the
contractor. After reviewing 17 manufacturers,
the Battelle team reported that the wide variety
of components and facilities made a single
standard approach to packaging impossible.

Handbook on programing offered by USAF

Computer programing costs can be estimated
easily with the aid of a new handbook prepared
by System Development Corp. for the U.S. Air
Force. The principal author, E. A. Nelson of
System Development Corp., says that the book
is based on experience and rules of thumb. Its
aim is to provide the manager of computer
programing projects with the methods and data
that will enable him to forecast the resources
required and to incorporate these estimates into
cost evaluation studies, project plans and cost
control systems.
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The handbook gives guidelines for the
estimation of such resources as man-months,
computer hours and months elapsed—the data
needed to carry out the six activities of
program development. These activities are
tagged as preliminary planning and cost
evaluation; information system integration
test; information system analysis and design;
computer program design, code and test;
information system installation and turnover;
and computer maintenance.

The handbook is available to anyone from the
Commerce Dept.’s Clearinghouse, Springfield,
Va. 22151, order number AD-648-750. Called
Management Handbook for the Estimation of
Computer Programming Costs, it costs $3.00, or
65¢ in microfiche.

NASA news index available

The National Aeronautics and Space
Administration has issued a 751-page index of
most of the news releases and speeches it
released during 1963-66. The comprehensively
cross-indexed volume includes many items of
interest to electronic designers and others in
the electronics industry on such topics as RL-10
engine development, Gemini guidance and
control, Gemini experiments, and NASA
contract management. Index to NASA News
Releases and Speeches is available from
Scientific and Technical Information Division,
Code USS-A, NASA Headquarters,
Washington, D. C. 20546.

Space treaty won't stop ‘spy in sky’

The treaty establishing general principles
for the peaceful exploration and use

of outer space, recently approved by the
U.S. Senate, is not expected to stop U.S.
and Soviet launching of reconnaissance
satellites or the use of communications
and weather satellites for military purposes.

“ ”

Spy

Nor will the treaty stop the launching of a
manned orbiting laboratory to determine man’s
military usefulness in space.

Testifying before the Senate in favor of

the treaty, General Earle Wheeler, Chairman
of the Joint Chiefs of Staff, predicted

that the treaty is expected to have the

ironic effect of leading to increased military
efforts in space so that the U.S. may determine
whether the Soviet Union was abiding by

the treaty’s prohibition on the orbiting of
nuclear weapons.
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RCA

ir ';:‘-&ramd

From ACA

Versaliity pug Economy..

FROM DC

Yec

CA3000

= 37 dB Voltage gain (typ)

= 98 dB Common-mode
rejection ratio (typ)

= 90 dB AGC range (typ)
= Push-pull input and output

= Temperature range
stable operation
from —55° to +125°C

= 10-lead TO-5 package

CA3005

= 0-100 MHz operation

= 20 dB (typ) Cascode power gain @ 100 MHz

= 16 dB (typ) Differential power gain at 100 MHz

= 101 dB (typ) Common-mode rejection ratio @ 1 KHz
= —60 dB (min) AGC Range @ 1.75 MHz

= 12-lead TO-5 package

ECONOMY $2.95 1,000+

VERSATILITY

Schmitt Trigger
RC-coupled Feedback Ampl
Mixer

Comparator

Modulator

Xtal Osc

Sense Amplifier

AVAILABILITY

FROM STOCK

ECONOMY *1.75 1,000+

VERSATILITY

Wideband Ampl Mixer

Narrowband Ampl Limiter

AGC Modulator

Detector Cascode Ampl

RF Ampl and

IF Ampl Uncommitted collectors
Video Ampl for broad

design flexibility

AVAILABILITY

FROM STOCK

Ask your RCA Representative about CA3000 and CA3005. Or check your RCA Distributor for his price and delivery schedules. For
technical literature, write RCA Commercial Engineering, Section 1cF5-1, RCA Electronic Components and Devices, Harrison, N.J. 07029.

SEE YOUR RCA DISTRIBUTOR FOR HIS PRICE AND DELIVERY

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics

®
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Goaxial cable (o megt every need.

STYROFLEX® Here's a coaxial cable
with an extraordinarily high degree of
physical stability. Essentially an air di-
electric cable, Styroflex inherently ex-
hibits lower attenuation and higher veloc-
ity of propagation than solid dielectric
types. Temperature cycling affects atten-
uation by less than 1% per 5°C of
change. Continuous support assures per-
fect centering of the conductor during
the load cycling.

If you're concerned with systems de-
sign in AM, FM, VHF and UHF transmis-
sion, microwave communications, radar,
forward scatter systems and telemetering,
multichannel long line telephone net-
works or general pulse work, we urge you
to look into Styroflex coaxial cable.

A good start? Write for Bulletin PS,
Issue 5.

PHELPS DODGE ... o
NORTH HAVEN, CONNECTICUT

FOAMFLEX If you're a pinch-penny
when it comes to paying for coaxial cable,
you'll go for Foamflex. Introduced back
in 1955 as the first foam dielectric cable,
Foamflex has been high on the list of
cable bargain hunters ever since.

Foamflex is a semiflexible cable con-
struction and a black pigmented poly-
ethylene jacket can be supplied for added
protection. Foamflex is the ideal low cost
answer in extremely demanding applica-
tions in telemetry, missile guidance, mi-
crowave, delay lines and other airborne
and GSE installations where high perform-
ance, light weight and absolute reliability
are required.

May we tell you more about Foamflex?
Write for Bulletin FF, Issue 4.

/7 N
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Materials research
too device-oriented

Materials research, once too inde-
pendent of device research, is now
becoming enslaved to it, according
to an Air Force scientist.

Speaking before a recent meeting
of a NASA Research Advisory
Committee on Materials, Charles
Ryan of Air Force Cambridge Re-
search Laboratories, Hanscom Field,
Mass., observed: “Although we are
presently witnessing an increasing
stream of new ideas, materials,
techniques and applications, we can
discern a point on the horizon where
the pace may slow down.”

Ryan believes that so many re-

searchers are so busily engaged in

narrow and isolated aspects of sem-
iconductor R&D that a broader per-
spective of the field of semiconduc-
tor materials is becoming lost.

A disproportionate amount of
semiconductor materials research is
too closely associated with specific,
existing devices, he said. “Not
enough emphasis is given to a range
of problems common to many class-
es of devices and to phenomena
which would lead to the under-
standing necessary to predict and
invent basically new types.”

Ryan reviewed a number of ap-
proaches that he feels might serve
to redress the balance, and areas
that need substantially increased
support. He suggested that re-
searchers should:

m Investigate correlations among
chemical-bond phenomena at one
deeper level of comprehension.

m Support basic theoretical ef-
forts such as band theory.

m In III-V compounds, emphasize
wider-gap materials, particularly
gallium and aluminum phosphides.

® In group IV, emphasize g sili-
con carbide.

® Determine the conditions need-
ed for epitaxy and heterotaxy of
compound semiconductors.

® Extend the capacity to grow
quality semiconducting and insulat-
ing erystals from 1500° to 2500°C.

m Investigate new methods of
more rapidly, accurately and eco-
nomically evaluating the chemical
and structural quality of semicon-
ducting crystals, particularly wide-
band-gap materials. m =

ON READER-SERVICE CARD CIRCLE 148 >



NEWS

Short-backfire antenna may be uhf boon

A physicist at Air Force Cam-
bridge Research Laboratories, Bed-
ford, Mass., says that his recently
developed ‘“short-backfire” antenna
could be a boon to home uhf televi-
sion viewers as well as NASA satel-
lite tracking stations.

It is based on Hermann W. Ehren-
speck’s own “backfire’” antenna—a
relatively little-known approach to
antenna design. According to its in-
ventor, the backfire antenna oper-
ates on a combination of surface-
wave and open-cavity principles and
introduces gains of from 15 to 30
dB. Moreover, sidelobes are said to
be reduced to below 20 dB, back-
lobes below 30 dB. One backfire an-
tenna is claimed to have a gain of
23.5 dB above isotropic—higher
than the gain of a commercial 16-
element Yagi array or a 36-element
cavity-backed slot array—typical
tracking and telemetry antennas.

The name derives from the use of
a large plane reflector opposite the
feed of an endfire antenna like the
Yagi. The signal is propagated
along an array of dipoles, reflected
from a flat plate and redirected
across the dipole array. Thus, the
main beam fires backwards and the
dipoles serve double duty.

The double-reflector configuration
is analogous to that of a laser cav-
ity, which employs two end mirrors
to build up the energy level.
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1. Short-backfire antenna uses two
reflectors to build up energy level
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As shown in the figures, the
short-backfire antenna is the most
abbreviated type conceivable—ap-
proximately one-half wavelength
long—and consists of a 2)\-diame-
ter flat plate with a circular quar-
ter-wave rim, a dipole feed spaced
a quarter-wave in front of this re-
flector, and a smaller disk spaced a
quarter-wave in front of the dipole.

An array of short-backfire anten-
nas uses far fewer elements to pro-
duce the same gain as other types
with the same total aperture area.
Thus, a short-backfire antenna )\/2
long can replace a 5.5\, 27-element
Yagi; an array of 8 short-backfire
antennas (or 4 backfire antennas)
can replace a monopulse array of 36
slot elements or 48 dipoles. Weight
savings permit the use of a smaller,
less expensive mount.

The element feeds can be cross or
circularly polarized, and the short-
backfire antenna is adaptable to
monopulse arrays as well as pencil-
beam operation. It is also said to
perform excellently in feeding para-
boloidal antennas.

Representatives of NASA’s God-
dard Space Flight Center, Green-
belt, Md., are reported to be inter-
ested in a network of telemetry sta-
tions using this antenna.

Ehrenspeck said uhf set owners
could use “chicken-wire” short-back-
fire antennas for good reception. = m

2. Cloverleaf of short-backfire anten-
nas form monopulse array

the only
all-metal fan
that gives you
reliable operation
in a compact
3"
package !

PAMOTOR
Model 3000

Miniature
Axial Fans

e Over 20,000 operational
hours at 45°C

e Extremely low-noise level

@ Delivers 65 cfm

e Efficient inside-out induction
type motor

® Low-cost design

® 50-60 Hz operation at 117
or 230 vac

IMMEDIATE DELIVERY THROUGH
LEADING ELECTRONIC-DISTRIBUTORS
OR DIRECTLY FROM FACTORY STOCK -

Write for technical data to:
PAMOTOR, INC,, 312 Seventh Street
San Francisco, California 94103

PAMOTOR, i

ON READER-SERVICE CARD CIRCLE 19
33



Now there's a “4th generation”

s o

sl “ONFANTS counTER- TIMER moBeL re0es
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of plug-in digital counters

The use of IC’s in a prize-winning
package design gives you more of
what you want in a counter, from DC
to microwave.

THE 125 MHZ MAIN-FRAME ACCEPTS ANY OF THESE PLUG-INS: Model 1104A
0.3-3 GHz Converter; Model 1102A Six-digit Preset; Model 1101A 1GHz Pre-
scaler; or the Model 1103A 50-500 MHz Converter. Available soon: compat-
ible video preamplifier, DVM plug-in and microwave frequency converters.

Look what you get in Monsanto’s new
Model 1500A plug-in digital counter-
timer: Cool, solid reliability of its IC cir-
cuits; 125 MHz main-frame range; built-in
remote programmability compatible with
either passive contact closures or active
circuits; increased flexibility, by trigger
level control, by overflow and gate indica-
tors, by the ability to accept any external
time base up through 10 MHz; new pack-
age detail which includes a unique lever
latch that frees a plug-in with the flip of a
finger. With the Model 1500A you get a
lot of counter for just $2,850! (U.S.A.
dollars, f.o.b. New Jersey; plug-ins extra)

Monsanto Electronics Technical Center,
620 Passaic Avenue, West Caldwell, N. J.
07006. Phone: (201) 228-3800.

Monsanto

E LSECTE T TRSCEINGIGG

INSTRUMENTS
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Now that you're going to buy
an ac voltmeter,

get hp's

extra measure of

Performance

Sonar, acoustics, audioresponse,
servo, communications measure-
ments — or ac to dc conversion
and amplification-these and
many more are yours with a
Hewlett-Packard 400-Series AC
Voltmeter!

The 400-Series Voltmeters are
wide bandwidth, average-re-
sponding, rms calibrated instru-
ments. They are solid state,
externally battery operable,
equipped with the exclusive hp
taut-band meter.

Each of the instruments in the
400-Series is outstanding in fre-
quency, orsensitivityordB range.
The 400E/EL voltmeters, for ex-
ample, have a broad frequency
range of 10 Hz to 10 MHz. The
400F/FL meters have 100 nV full-
scale sensitivity. They also have
a low-pass filter to take out un-
wanted high frequencies for
low-level audio mea-
surements.The 400GL
measures —100 to 60
dB for the greatest
range available in a
voltmeter.

How to choose the
right ac voltmeter
that exactly matches
your requirements?
Call your hp field en-
gineer, he can show
you the widest range
of these instruments
now available. Get
that hp extra measure
of performance in
your ac voltage mea-
surements!

'.J

@ HEWLETT - PACKARD

INPUT

ds

RM.S. YOLTS
Ao ’

DECIBELS

MW 000
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hp Model 400F|EL
for Broad-Frequency

Performance

The hp 400E/EL solid-state simple-
to-operate ac voltmeters give a wider

1 mW 6000

RM.S. VOLTS

400EL AC VOLTMETER

RANGE

VOLTS

@ HEWLETT - PACKARD 6 400F AC VOLTMETER

IN= 100KHZ L.P. FILTER ,~OUT
RANGE

VOLTS DB LINE
3 =10
. @

+10

ON

+20

+40

+50
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frequency coverage than any other
comparable instrument! They cover
a frequency range from 10 Hz to 10
MHz and have a constant 10 MQ input
impedance on all ranges.

These voltmeters give exceptionally
long-term stability. Calibration is not
dependent on components subject
to aging.

Either Model 400E or 400EL can be
used as a wide-band ac voltmeter,
high-gain ac amplifier or as an ac to
dc converter.

The 400E has full scale accuracy of
19% on the linear voltage (upper)
scale. Lower scale is log dB. The
400EL has 1% full scale accuracy on
the linear dB (upper) scale. Lower
scale is log volts.

Option 02, available on both 400E
and 400EL, provides a front panel
relative control for a variable 3 dB
change in sensitivity on each cali-
brated range. This gives a convenient
level,such as 0 dB, for relative voltage
measurements. The control has a de-
tented position to insure calibration
accuracy.

AC-DC Converter:—The 400E/EL
Voltmeters provide a linear dc output
(1 Vdc for full scale meter deflection)
proportional to meter deflection
which can be used as a 10 Hz to 10
MHz ac to dc converter, with an ac-
curacy of =0.5%.

DPIPLENDR



Pick the 400E or 400EL when you
need broad frequency range perform-
ance. See table for comparative spec-
ifications.

hp Model 400F [FL
for High Sensitivity

Performance

In addition to the 100 uV full-scale
sensitivity, the 400F/FL
AC Voltmeters contain
a low-pass 100 kHz filter
for controlling the band-
width of noise—reduces
the effects of unwanted
high frequencies to give
you more accurate low-
level audio measure-
ments.

You get fast response
with these instruments—
areadinginlessthantwo
seconds after turn-on—
and <2secondsoverload
recovery, too!

The 400F has 0.5% full ey NG e o
scale accuracy on the lin- S5e 0o {0
earvoltage (upper)scale. R b ‘

Lower scaleislogdB.The
400FL has 1% accuracy
full scale on the linear 12
dB (upper) scale. Lower
scale is log volts.

Amplifier:—Models
400F/FL are stable, low
distortion, wideband ac
amplifiers, with a maxi-
mum open circuit gain of
80dB. AC outputis 1V rms (full scale)
‘open circuit, or 0.5 V rms into 600 Q
and is proportional to meter indica-
tion on voltage scale. Frequency re-
sponse: 20 Hz to 4 MHz. Noise level
<5 uV referred to input.

For general purpose low level au-
dio, servo, communications or sonar
measurements with low noise, choose
the hp Model 400F or 400FL AC Volt-
meter. Check the comparative speci-
fications in the table.

E HEWLETT « PACKARD

hp Model 400GL
for Broad dB Range

Performance

With the —100 to +60 dB measure-
ments range (100 uV to 1000 V full
scale), the hp Model 400GL AC Volt-
meter is the instrument with the
greatest dB range—20 dB linear log
scale!

400GL AC VOLTMETER

1000 +60 @
our,

100 KHz L P FILTER

wd —‘u

This voltmeter was especially de-
signed to increase efficiency and
speed of acoustic and sonar measure-
ments. It can be used in calibration
laboratories because of its speed of
response, accuracy, high sensitivity
and low noise.

The 400GL also can be used as a
high-gain ac amplifier with 80 dB am-
plification.

HEWLETT hp PACKARD

An extra measure of performance

When you need a ruggedly-built
=0.2 dB accurate voltmeter for broad-
range dB measurements, hp Model
400GL is your best choice! See table
for more specifications.

hp Model 11074A Probe

The hp Model 11074A Voltage Divider
Probe (10:1 division ratio) provides
constant 10 pF with 10 MQ input im-~
pedance atthe pointof measurement.
Probe and suitable adapter are usa-
ble with all the 400-Series AC Meters.
Price: hp Model 11074A Probe,
$45.00, plus adapter.

Pick Your
400E /EL 400F /FL 400GL
Frequency 10 Hz to 20 Hz to 20 Hz to
Range 10 MHz 4 MHZ 4 MHz
Sensitivity 1mv-300V | 100 ﬂV~3q0 V| 100 xV-1000V
db Range —72t0+52 | —9210 452 —100 to +60
Low Pass
Filter No 100 kHz 100 kHz
Ac-DC
Convertor CUREMENNENN No (N0
AC Amplifier | 150 mV/50Q | 1 \!/6@9 1 V/600¢2
Price 400E: 400F: 400GL:
$310.00 $300.00 $290.00
400EL: 400FL:
$320.00 $310.00

Option O1: Available on 400E and
400F, puts log scale uppermost for
greater resolution in dB measure-
ments. Other scale options available
on request.

DECIBELS ey =4 -2 1 MW 6000

» youts %

vewtertdpraceans

For assistance in selecting the ac volt-
meter that best fills your needs, con-
tact your nearest hp field engineer—
he has full specifications. Or, write to
Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe:
54 Route des Acacias, Geneva.

097 /7R
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NEWS

EXPO 67 to provide fun and culture

Electronics will play a large role from the
time a visitor arrives until he leaves.

From late last month, Montreal
has become a major center of at-
traction of the western hemisphere.
The reason—EXPO 67.

Before it closes, on October 27,
millions of visitors to the Univer-
sal and International Exhibition,
which is what EXPO is officially
called, will see first hand the tradi-
tions, cultures and industrial devel-
opments of more than 70 nations.
And from the time they get within
hailing distance of Montreal to the
time they wearily leave the exhibi-
tion grounds, the visitors will be
guided, informed, assisted and con-
trolled by an array of electronic
systems.

Actually, electronics will play a
role for some visitors months be-
fore they even set out for Canada.
Such will be the case if they book
their lodgings through Logexpo, a
separate corporation that handles
accommodations in the Montreal

- o —

St. Lawrence River serves as site of EXPO 67. Much of the
land for the site was artificially created in the river itself.
More than 25 million tons of landfill was used to extend an

38

area. A computer system will allow
Logexpo to maintain up-to-the-min-
ute records on the availability of
more than 150,000 lodging facilities
daily.

As visitors approach Montreal,
they will enter a vast traffic control
system specifically set up for EXPO
67 and relying heavily on radio and
data-processing equipment. Elec-
tronics will again take over when,
after arriving at their lodgings and
taking a quick shower, the fair-
goers board the automated Expo-
Express for the trip to the exposi-
tion site. Once they are aboard, the
operator pushes a start button and
automatic control takes over—ac-
celerating the train to speed, slow-
ing it for curves, and stopping it at
the stations.

At the entrances to the site, visi-
tors will be greeted by double-sided
electronic billboards, 40 feet high
and 30 feet wide. These display lat-

A XS s £
existing island, Sainte Helene, construct a new island,

and to extend and build up a breakwater providing cover
for the Port of Montreal.

est information on waiting times at
pavilions, availability of tickets for
free shows, ete.

At the entrances, visitors can also
rent Teleguide units for $1. These
earpiece-equipped receiving units
allow the wearer to receive taped
messages giving details of each pa-
vilion he passes. There are more
than 200 of these individual receiv-
ing areas throughout the site—in-
cluding one that produces an ugly
shriek in the Teleguide should
someone put it in his pocket and
forget to return it as he leaves.

These are only some of the roles
electronics is playing at EXPO 67.
There are many others, such as
closed-circuit TV systems for re-
turning lost children and appre-
hending pickpockets, and computer-
ized statistics-taking, the results of
which are used in the day-to-day
operation of every facet of EXPO
67.

With the underlying role of elec-
tronies in mind, take a quick look at
the EXPO 67 grounds on p. 40:
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8960 ways
towhipup 4
your sales!

Our “Designer Line” switches alone won’t
make a success out of your appliances (or
business machines or machine tools or what-
ever you make).

But they’ll help!

That’s because Cutler-Hammer gives you more
design freedom and styling flexibility to begin with
than you’ve ever enjoyed before.

Like 8,960 variations of switches. Resulting from
eight high-style levers. Seven brilliant colors. Three \
different ampere ratings. Five circuit arrangements.
Three terminal configurations.

And if we still don’t have the switch that turns
you on, we’ll build the special that will!

Our switches won’t come back to haunt you
either—they're AC/DC quick-make/quick-
break, and double insulated.

Now, mix with fast service and complete
application help from the local sales office
near you—and you can see why more
people buy Cutler-Hammer switches than
any other! Call our local sales office; we’ll
switch you over to our side.

Looking for just the right switch? We'll “create”
it for you—out of the variety of levers, colors,
terminations and bases above! Nobody else
offers you so many switch combinations!

to No.'l field help, innovation, CUTLER -HA MM E R

quality assurance too. Milwaukee, Wisconsin 53201

SWitCh More than just switches:

prompt availability,



(EXPO 67, continued) Bubble-shaped pavilion of the United States (left) and USSR pavilion (right)
will be joined by a bridge, called Cosmos Walk in honor of the space pioneering
of the two nations.

Habitat 67 will undoubtedly be one of the most
talked about exhibits at EXPO 67. Containing 158
dwelling units, each individually fabricated of
reinforced concrete, Habitat attempts to solve some
of the problems of today’s urban development.

; W

World Broadcasting Center will provide modern
radio and television facilities for all the broadcast-
ing media of the world covering EXPO 67. The
center will double as an exhibit, giving the visitor an
intimate view of radio and TV production.

=N AN i

Expo Express is controlled by electronic signals transmitted through the rails
and picked up by car-carried receiving and processing equipment. Operating
commands are presented by different audio signal frequencies. END/FIN
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14,187 radio-dispatched tow-cars

and only one tetrode rated for PTTS

The tow-car driver is rarely on the
air with his dispatcher for as long as
60 seconds and he drives at least 5
minutes between calls. The same goes
for most radio-dispatched vehicles.

PTTS* (Push-To-Talk-Service), with
its duty cycle of ONE MINUTE ON and
FOUR MINUTES OFF has been shown
to be the most realistic, economical
and practical rating system for vehic-
ular communications systems.

For this reason, Amperex developed
the 8637, the only twin tetrode ever
designed and rated for PTTS. Featur-
ing high thermal inertia anodes and

incorporating a wealth of twin-tetrode
manufacturing experience, the 8637
offers the designer a new approach in
creating a better vehicular radio.
Fewer, and less costly components
may be used. Some typical operating
conditions which bear this out are
shown on the chart at right . . . lower
plate voltage, lower drive and higher
efficiency at the VHF frequencies.

The 8637 is a ‘small tube’, (only
31" seated height), perfectly suited
for today’s low-profile designs. Its cost
is lower than ICAS and CCS rated tube
types of the same power.

For data, applications reports
and engineering assistance, write:
Amperex Electronic Corporation, Tube
Division, Hicksville, L. I., N. Y. 11802.

ALL THIS—and AMPEREX QUALITY, TOO!
ONE 8637 —PUSH-PULL

Internally Neutralized Throughout Entire Freq. Range
50 MHz PLATE QUTPUT DRIVE
CBS e« v 3B s o = 2BWS v oo QIOTW:
07, S e BEOV. 3 & v 34w. ...... 0.82w.
PRIS . o600V . 84w. . 0.86w.
175 MHz

YRR B B00V: Tyt o s 18W. e s k4w,
IBAS (= o5 s 300V a v v a e s @O a et e b LIOW,
PEIS &L 860V, O 0 63V .t 2.2w.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS

ON READER-SERVICE CARD CIRCLE 23




Letters

Editorgrams keep us on the beam

The steady flow of Editorgrams
sent in by our readers are an
invaluable help to ELECTRONIC
DESIGN’s editors. Short enough to
be scanned through rapidly but long
enough to convey a message, they
are carefully read by the whole edi-
torial staff. They enable us to know
what interests you, what bugs you,
and what we should do to keep the
magazine at the top of your priority
reading list. Don’t slack off; keep
the Editorgrams coming so that we
may serve you better. Use the one
inside the back cover of this issue;
it will cost you only a couple of min-
utes of your time, nothing more.

We've already acted on these

Here is a selection of your com-
ments. These first ones have already
spurred editorial action.

“When citing reports available
from the Clearinghouse, U.S. Dept.
of Commerce, please give the num-
ber of the report and its title in ad-
dition to the price.” (From Fort
Belvoir, Va.)

(Note: Vital reference numbers

are now included, wherever they
are applicable and available.)
AT Lo

“The articles would be more use-
ful to me if they could be easily re-
moved for inclusion in a notebook,
as I cannot possibly store all of
these books.” (From Baltimore)

(Note: Technical articles are
printed on consecutive pages. Two
different topics do not, as far as
possible, appear on the two sides of
a single page. In this manner we
try to ensure that everything in the
Technology Section can be clipped
easily for filing.)

£ £ *

“Use solder dots on all schematics
to indicate a connection.” (From
Menlo Park, Calif.)

(Note: All circuit connections are
now shown with solder dots.)

& ] *

“Can you group the new products

42

into functional categories?” (From
Philadelphia)

(Note: The Products Section 1is
divided into nine categories—Com-
ponents, Materials, Microelectron-
ics, Microwaves, Power Equipment,
Production Equipment, Semiconduc-
tors, Systems, Test FEquipment—
so that nmew products are grouped
according to function.)

# * £

“I’d like to see more NASA Tech

Briefs.” (From Ann Arbor, Mich.)

(Note: These are already appear-
ing more frequently.)
¥ * *

“I still use your 1965 Semicon-
ductor Directory. How about anoth-
er one?” ( From Nutley, N. J.)

(Note: The last issue, ED 9,
which appeared on April 26, con-
tained the latest edition of the Semi-
conductor directory.)

* * *

“I'd like to see instrument sur-
veys published in ELECTRONIC
DESIGN.” (From Irvington, N. Y.)

(Note: The Test Instrument Ref-
erence Issue, ED 20 to be published
on Sept. 27, will cover exactly this.)

Article suggestions are welcome

Many readers suggest article sub-
jects that they would like to see
dealt with in the magazine. Many
of these are already in the editorial
process and will be appearing in the
months ahead. Others we are still
looking for.

A selection of these suggestions
is printed below. If you feel compe-
tent to write on these topics, or on
any others with broad appeal to
electronic designers, why not get in
touch with us? If you send us an
outline of your article idea, one of
our specialist technical editors will
gladly review it promptly. And of
course, every published article is
paid for.

Here are some recent sugges-
tions for future articles:

“I’d like to see an article on the

intrinsic safety of electronic devices
and components, including the cri-
teria for their attributes, safety
analysis methods and safety valida-
tion methods.” (From Brigham
City, Utah)

* * *

““

. . very high-speed digital cir-
cuit design, including transmission
media.” (From Phoenix, Ariz.)

* % %

‘“

. more on tunnel diode ap-
plications and IC circuits to replace
them.” (From New York)

TSR

‘“

. . . how to measure open-loop
characteristics and how to deter-
mine a compensation network for
stable feedback conditions.” (From
Brussels, Belgium)

£ £ *

““

. application of statistical
techniques to electronic design.”
(From West Lafayette, Ind.)

T

. more theoretical articles
that have practical applications.”
(From Warsaw, Poland.)

* * *

‘

‘. . . biasing and bootstrapping
of transistor devices.” (From Ash-
burnham, Mass.)

* * *

‘“

. . . the key points of packag-
ing principles and their applica-
tion.” (From Orlando, Fla.)

x. k%

“

. methods of testing elec-
tronic components, including actual
data or examples of the practical use
of the theoretical concept.” (From
Los Angeles.)

* ¥ sk

““

. . . power supply designs and
switching regulators.” (From Ce-
dar Rapids, Iowa)
* ok
Well now, what do you think of
ELECTRONIC DESIGN ? What sugges-
tions do you have?

(LETTERS con’t on p. 46)
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What’s Here M M M M

Besides The World’s

Four Best-Performing
Low-Level Complementary
Silicon Plastic Transistors?

Economy, that’s what!

TRY THEM. See if you don’t blaze new design
paths within a wide range of tough circuit applica-
tions . . . and, simultaneously, lick “tight budget”
problems with Motorola’s significant, state-of-the-
art achievement — the NPN/PNP 2N3903-06 sili-
con annular* transistor series. The data here
signifies a new era in plastic capability for fully-
specified 100 zA to 100 mA performance of the high-
est level! Check the chart — see what we mean.

. . . And Check these Budget-Minded Prices!

NPN PNP 1000-Up Quantities
2N3903 2N3905 $.37
2N 3904 2N3906 41

We’re stocked and ready with ‘“production-run’”
quantities. So, whatever your need — demonstra-
tion samples or quick delivery on a large quantity
order, contact your Motorola sales representative
or nearest authorized distributor. For more technical
information, write Motorola Semiconductor Prod-
ucts Inc., Dept. TIC, Phoenix, Arizona 85001.

*Annular semiconductors patented by Motorola Inc.

~ where the priceless ingnedient i cane!

EVALUATE AND COMPARE THESE COMPLEMENTARY SPECIFICATIONS:

NPN — 2N3903/4 PNP — 2N3905/6

Type Min Max Type Min Max
BVc
llo=1 mAtk) 40 Vde 40 Vde
hee (le = 0.1 mAdc, Vee = 1 Vdc) 2N3903 2 | - 2N3905 30
2N3904 40 | — 2N3906 60
(le = 1.0 mAdc, Ve = 1 Vdc) 2N3903 3B | - 2N3905 40
2N3904 7 | - 2N3906 80

(le = 10 mAdc, Ve = 1 Vdc) 2N3903 50 | 150 2N3905 50 150
2N3904 | 100 | 300 2N3906) 100 | 300

(lc = 50 mAdc, Vee = 1 Vdc) 2N3903 0 | - 2N3905 30
2N3904 60 | — 2N3906 60
(le = 100 mAdc, Ve: = 1Vdc) | 2N3903 15 | - 2N3905 15
2N3904 0 | - 2N3906 30
fr (Ic = 10 mA) 2N3903 | 250 MHz 2N3905 200 MHz
2N3904 (300 MHz 2N3906 | 250 MHz
Cowo(Ver =5 Vdc, IE =0, f = 100kHz 4.0 pF 4.5 pF

MOTOROLA

Semiconductors
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100-bit MOS




The most
significant standard
product advance in
large scale inte-
gration: Philco’s
pL5R100 dual 50-bit
MOS shift register.

Available now at a
price of 61¢ per bit in
quantities of 100.
Full MIL or limited
temperature ranges.

For delivery
information, call the
following Division
Sales Offices or sales
representatives.

CALIFORNIA

Philco-Ford Sales Office
2920 San Ysidro Way
Santa Clara, California
Phone: (408) 245-2966

Philco-Ford Sales Office
999 North Sepulveda
Suite 414

El Segundo, California
Phone: (213) 772-6226

COLORADO

Straube Associates

P. O. Box 1649

Boulder, Colorado 80301
Phone: (303) 443-8600
TWX: 910-940-3244

CONNECTICUT

J & J Associates

953 Dixwell Avenue
Hamden, Connecticut 06514
Phone: (203) 624-7800

FLORIDA

Philco-Ford Sales Office
1215 Drew Street
Clearwater, Florida
Phone: (813) 446-0124

ILLINOIS

The John G. Twist Company
5222 West Diversey Avenue
Chicago, lllinois 60639
Phone: (312) 777-2250
TWX: 312-265-1165

ELECTRONIC DESIGN 10, May 10, 1967

INDIANA

R. O. Whitesell & Associates
6620 East Washington Street
Indianapolis, Indiana 46219
Phone: (317) 359-5374

TWX: 810-341-3320

Central Building, Room 272
Fort Wayne, Indiana 46802
Phone: (219) 743-4411
TWX: 219-241-0894

IOWA

Technical Marketing Associates
850 Lindale Drive

Marion, lowa 52302

Phone: (319) 377-4555

KENTUCKY

R. O. Whitesell & Associates
3620 Lexington Road
Lex-Manor Building, Room 223
Louisville, Kentucky 40207
Phone: (502) 893-7303 °

MASSACHUSETTS

Philco-Ford Sales Office
Northwest Industrial Park
Second Avenue

Burlington, Massachusetts 01803
Phone: (617) 272-1600

MICHIGAN

R. O. Whitesell & Associates
16801 Wyoming, Room 109
Detroit, Michigan 48221
Phone: (313) 862-2225
TWX: 313-342-0648

303 Fidelity Building

Benton Harbor, Michigan 49022
Phone: (616) 927-2041

TWX: Detroit Office

MINNESOTA

Technical Associates, Inc.
6121 Excelsior Boulevard
Minneapolis, Minnesota 55416
Phone: (612) 929-6115

TWX: 910-576-3400

MISSOURI

Technical Marketing Associates
2050 Woodson Road

Suite 210

St. Louis, Missouri 63114
Phone: (314) 427-3600

TWX: 314-426-3149

75486 Troost

Kansas City, Missouri 64131
Phone: (816) JA 3-7865

NEW YORK

Philcc-Ford Sales Office
New York, New York
Phone: (212) 244-1373

Graydon-Sherman Inc.
Davis Building

Fayetteville, New York 13066
Phone: (315) 637-9611

TWX: 710-541-0241
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OHIO

R. O. Whitesell & Associates
Magek Building

21139 Lorain Avenue
Cleveland, Ohio 44126
Phone: (216) 333-2585

TWX: 810-421-8521

4133 South Dixie Avenue
Dayton, Ohio 45439
Phone: (513) 298-9546
TWX: 810-459-1827

1172 West Galbraith
Cincinnati, Ohio 45231
Phone: (513) 521-2290
TWX: Dayton Office

1350 West Fifth Avenue
Columbus, Ohio 43212
Phone: (614) 488-9731
TWX: Dayton Office

PENNSYLVANIA

Philco-Ford Sales Office
Benson Manor, Suite 114B
Washington Lane
Jenkintown, Pennsylvania
Phone: (215) 885-0430

R. O. Whitesell & Associates
Penn Center Building

201 Penn Center Boulevard
Pittsburgh, Pennsylvania 15206
Phone: (412) 242-0100

TWX: Cleveland Office

TEXAS

Dunbar Associates
417 Meadows Building
Dallas, Texas 75206
Phone: (214) 363-2536
TWX: 910-861-4368

WASHINGTON
Philco-Ford Sales Office
Suite 208

700-108th Street, N.E.
Bellevue, Washington
Phone: (206) 454-5061

WASHINGTON, D.C.
Philco-Ford Sales Office

815 Connecticut Avenue, N.W.
Washington, D.C. 20006
Phone: (202) 298-7810

SPECIAL OFFER

For your free MOS book,
write to 2920 San Ysidro Way
Santa Clara, California 95051.

PHILCO |[&Zz7»

PHILCO-FORD CORPORATION
Microelectronics Division
Santa Clara, California « 95051

45



LETTERS

Bidirectional counter said to have serious drawback
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2. 1-2-4-8 decimal counter does not change state when direction is reversed.

S1Y:

After reading the article “IC bi-
directional counters cost less” by
Kay D. Smith (ED 2, Jan. 18, 1967,
pp. 58-63), I would like to call at-
tention to a drawback of the circuit
in Fig. 4, p. 61 (reproduced as Fig.
1 above), which may seriously limit
the usefulness of this counting
scheme.

An obvious requirement for a re-
versible counter is that its content
must not be altered by a simple in-

46

version of the counting direction.
This requirement is not satisfied by
the circuit in question.

To prove the point, consider, for
example, the transition from for-
ward to reverse counting while the
counter is at count 3 of the se-
quence (i.e., with @, and @, high,
and @, and Q, low) and the Ad-
vance input is high. It can be seen
that the input, Q,;, of flip-flop 3
undergoes a transition from high to
low when the counting direction is

changed from forward to reverse.
Since flip-flop 3 has both J and K
inputs grounded, it will change its
state to @, high, thus altering the
content of the counter. This draw-
back can be avoided if the counting
direction is changed only while the
Advance input is low. This, howev-
er, is a very serious limitation in
most applications for a reversible

counter.
The drawback can be eliminated
(continued on p. 50)
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GOOD THINGS |
COME IN
SMALL
PACKAGES
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7/ THINNER

i 3/8"" SQUARE
o POTENTIOMETER
n NOW AVAILABLE

S—

e #
374 {

o

\

the Model 3290 TRIMPOT® Potentiometer. This outstanding w #
s/ "

i o] H H 3 ” 3 ”
hlgh quality unit mea.s.ure§ only /§ X /a x less than %2 3200L. 3290P | 9200W 3290H
thick, yet offers specifications available in larger units—all
at the competitive price of $5.48%*. SPECIFICATIONS
Size ¥%” x ¥%” x .150”

Available with leads and three printed circuit-pin mounting :
Standard Resistance Range 10Q to 50KQ

styles, the Model 3290 meets or exceeds requirements of MIL- : I

y o t Resistance Tolerance +59%, Standard
R-27208. .. |s‘rated at 1 watt at 70°C, and h.as a emperature Resoliition 1.01% to 0.10%
range of —65°C to +175°C. The all-plastic case is sealed Power Rating 1 watt at 70°C
against liquids and potting compounds and a resistance range Operating Temperature Range —65°C to +175°C
of 1002 to 50K gives you plenty of selection for your projects. Temperature Coefficient 50 PPM/°C max.

- * Moisture Resistance (MIL-R-27208 100 megohms min. insulation
When your designs and programs call for the very best in 3 G 1 ,esistangce

potentiometer quality and small size, at competitive prices . . . Mechanical Adjustment 25 turns
test and then specify the Model 3290! Write today for com-

plete technical data or contact your nearest Bourns office or

representative.

*100-piece price

BOURNS, INC,, TRIMPOT DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF.
TELEPHONE (714) 684-1700 » TWX: 910 332-1252 « CABLE: BOURNSINC.

TRIMPOT® and Precision Potentiometers - Miniature Relays - Electronic Modules - Microcomponents



Look what you can get

OFF-THE-SHELF from your
Union Carbide Distributor

THE FIRST LOW COST
FET TYPE OP AMPS

|1 | Low-Profile Package:
- % | 1 ! 0.4 inches for

i P.C. Board —>
Mounting *

No Plastic — All Metal
and Hermetically Sealed
Mil Grade Components
Throughout

FET Transistor in
Front End For
Low Input Current
& High Impedance

H7010A OPERATIONAL AMPLIFIER: $42

e Very Low Input Current (40 pA typ.) Avoids Drift Problems
¢ Front-end with FET devices provides Input Impedance of 10" Q
e Immediately Available Off-the-Shelf from Union Carbide Electronics Distributors

APPLICATIONS EIGHT FET TYPES AVAILABLE
Infrared Sensors ¢ pH Sensors » Open Max
; 4 Op Temp p Band Input  PRated :
Piezo-Electric Transducers ¢ lon- Amp Range 'E-;oa?r? Width hznlg ch:ia}?eCu"em Output iarl(‘:‘?
ization Gauges ¢ EEG and EKG Type °C dg MHz ©ouv/ec PA V/mMA
Pre-Amplifiers « Analog Integra-
tors « Electrometric Type Voltage HI0108 _251085 95 30 105 =50 40 =x1o/x2 $4200
Followers « Sample and Hold (e.g. :
charge amplifier) H7020A , 60.00
9 p H7oz08 —4010100 95 30 10+ %25 40  %10/x2 ggg
H7030A 77.50
DATA SHEETS H7030B —40 to 100 97 3.0 108 +25 40 +20/+6 8250
For a complete set of data sheets on all
2.00
Op Amps listed, use reorder service card n;gggA —55toi25 190- 2.5 105 T 25 - .40 &L 10/ ?s_oo

or contact your distributor.

“A” Pkg.— 1.5 x 1.5 x 0.4 inches, “B" Pkg.— 1.8 x 1.2 x 0.6 inches, No Letter Suffix
—1% x 1% x % inches. For complete specifications write for catalog listing the

entire line of operation amplifiers available from UCE.
*¥a" Pins available upon request.

Your engineering data sheet
CARBIDE Pull out and keep

UNION

ELECTRONICS

Semiconductor Department / 365 Middlefield Road/ Mountain View, California 94040/ (415) 961-
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UNION

CARBIDE

ELECTRONICS

OPERATIONAL AMPLIFIER
SILICON MODULAR
H7000/H7000A

Differential Input + Extremely High Input Impedance + Extremely Low
Input Currents *+ Wide Bandwidth + Wide Temperature Range + Phase
Compensated for Closed Loop Stability + Hermetically Sealed Transistor Construction

MAXIMUM RATINGS

@ 25°C (UNLESS OTHERWISE NOTED)

H7000/H7000A
Positive Supply Voltage +20 Volts
Negative Supply Voltage —20 Volts
Storage Temperature —65 to +125°C
Operating Temperature —55 to +125°C
Input Voltage (Differential) + Supply Voltage
Input Voltage (Common Mode) —+ Supply Voltage
Output Load (Continuous) Zero Ohms

ELECTRICAL CHARACTERISTICS
@25°C and Supply Voltage +15.0 Volts (UNLESS OTHERWISE NOTED)

. H7000/H7000A
SPECIFICATION SYM. Min. Typ. Max. Units TEST CONDITIONS
Open Loop DC Voltage Gain; A, 86 92 — dB R, =10KQ,R, =0,R, = o
Equiv. Diff. Input Impedance R 10° 108 — MQ —-10V <V, <+10V
G - 5.0 —_ pf f=1KHz
DC Output Resistance Rout - 85 200 ohms R, = 1.0KQ
R, = 100 KQ
A, =100, e, <1V p-p
Output Voltage Ve +10 +12 — Volts R, > 5 KQ
Short Circuit Output Current Tt - +3.3 +4.0 mA R, =00
Equivalent Input Offset Voltage el Adjustable to Zero® Initial
— +1.5 +2.5 mV Vs =0V @25°C, T, = +125°C
— +1.2 +2.0 mV Ve =0V @25°C, T, = —55°C
— +5 +25 uV/24 hrs. V_ =0V @ start, T = 24 hrs.
A%
- 100 500 i T) = SR N
uV/volt  AV* (or AV") =1 v,( ASupply V
Equivalent Input Offset Current | %A — +10 +50 PA Initial (V_,, =0V, T, =+ 25°C)
— +5 +25 nA Vout =0V, T, = +125°C
+0.2 +2.5 nA out = 0V T, = 485°C
- +2 +50 pA Vout =0V, T, = —~556°C
— +3.0 +10 pPA/24 hrs. out = 0V, @ start, T = 24 hrs.
I
e +1.0 +10 ) ) = P -
+ o+ pA/volt  AV* (orAV') =1V, ( Bopls v)
Common Mode Rejection CMR 65 86 — dB Vout = ON; Vo = LN
Common Mode Voltage Range Vem +10 +11 —_ Volts CMR >50 db
Input Bias Current Eotas - —15 —100 PA Voue =0V, T, = 425°C
— —0.75 —5.0 nA Voue =0V, T, = 485°C
- —50 nA Vout =0V, T, = +125°C
Common Mode Input Resistance Rim 10° 10° — MQ -0V <V, <+10V
-1V <V_. <+10V
Equiv. Ir'lput Wideband Noise Voltage e, — 0.5 2.0 £VRMS R; =0,R, =00,R; =
Small Signal Bandwidth (—3 dB) BW 2.0 2.5 — MHz R, =00,R, =0
A, =1.0, R; = 10 KQ

(1) External 200Q Potentiometer

May 1967



ELECTRICAL CHARACTERISTICS
@25°C and Supply Voltage +15.0 Volts (UNLESS OTHERWISE NOTED)

H7000/H7000A ’
SPECIFICATION SYM. Min. Typ. Max. Units TEST CONDITIONS
Phase Margin ? 30 50 - Degrees R, =0,R, =
A, =10, R, = 10KQ
Slewing Rate AV/At — 1.3 —_ V/nsee. R, =ooo,R, =0
A, =10, R, =10KQ

-0V <V, <+10V
tr = 10 nsec, PRR ~ 1 KHz

Full Power Frequency o -— 20 — KHz R, = IMQ, R, = 1 MQ
A, =10, R, = 10 X0
Voue = 20V p-p, THD <5%
Quiescent Power Supply Current i 55 —_ 4.2 5 mA Ve =0, Ry, =00
Full Load Power Supply Current I (++15V) — 6.5 8.0 mA Voue = £10V, R, = 5.0 KQ
I, (—15V) — 3.9 5.0 mA Vaut = £10V, R, = 5,0 KQ

TYPICAL PERFORMANCE CURVES

INPUT CHARACTERISTIC INPUT CHARACTERISTIC
100 ~ 100
e === MAX. SPEC.§ 3 — "
:x; Y [ e | B, o MAX. SPEC. ¢
% 10 L A Vout =0 Z 0 Ing > -0 !
E }Lh{, MAX. SPEC. == o : Vine
2 - @ Ry e 5 y = o |
u = 90 PERCENTILE 7 3 T il MAX. SPEC. =+
T Y. =10V - T o 90 PERCENTILE
8 1B vV, ). el T VEsioy E#A ;
(7] = Ipias® 3 e et — 1 w Tos =|Ipi~Ip2| == =
2 = TYPICAL [ & il
+  0.1|_MAX. SPEC. pd 5 a1 e ] TYPICAL
e t 10 PERCENTILE 3 N — |
% 4’ £ r ; = —— 1 t
: — o 2 - e } ——T10 PERCENTILE| —
@ 00l g ool ===
3 - ; |
— —_— " 1
2. )|
o001k 0,001 l
0 10 20 30 40 50 60 70 80 90 100 (10 120 0O 10 20 30 40 50 60 70 80 90 100 WO (20
TEMPERATURE - (°C) TEMPERATURE - (°C)
INPUT BIAS CURRENT VS. TEMPERATURE INPUT OFFSET CURRENT VS. TEMPERATURE
FIGURE 1 FIGURE 2
INPUT CHARACTERISTIC OUTPUT CHARACTERISTIC
30 - - p
B ] e ; MAX. SPEC. : Ry
< ' "|max.spec. | Vos Vout= 0 oy 2
w 2.0« T AREE ¥ e e out
e sty N[ Q
= 1.5 \\‘\ vt=15v 258 > R
iy ~ = - x“A '
R 1.0 N 3 = vV =I5V = ©lan
s . g B B z S =
L 0.5 \“\\ "/ 5 35— Ri=Rf=IMn /_RL=IOKA
g (e} \J%% w30k—1 21K Hz -
B o6 P Al e s TOTAL HARMONIC B e O
5 P el M N a DISTORTION=5% == AL
e -0 > ~ \‘sﬂ% ] S 20 — e
= S0 Sl I g
2 Bl e ~ \\ 5 15 —m
3 2.0 == S~ 7 W s
w 5 5| MAX. SPEC. St 0 3 t
0 | MAX. SPEC. % i
306 —40 20 o0 20 40 60 80 100 120 140 T« 7 8 5 1011 1213 141516 17T 1819 20 21
TEMPERATURE - (°C) 3 POWER SUPPLY VOLTAGE - (VOLTS)
INPUT OFFSET VOLTAGE VS. TEMPERATURE > MAXIMUM OUTPUT VOLTAGE SWING VS. SUPPLY VOLTAGE.

FIGURE 3 ; FIGURE 4




TRANSFER CHARACTERISTIC

TRANSFER CHARACTERISTIC

Ay-VOLTAGE GAIN - (dB)

120 14
~ 1o 12
[+0]
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2 s 8y i
© 8o MIN. SPEC. 5 2 6
% MR, =5K g LRL = 5K \
2 70 - s 4
l-_-‘ in < \
o 60 o——-{- Vout g 2
>
+ >0
a 50 07z Ry - V.
8 40 = 5.2 in
S + &2 = Vout \\
> 30 vt=15v 5-4
s V= =I5V i R o
5} b = N
> =IOV < Vout <+I10V — = N
20 3-8 = E
(0 | | | | -10 vt=i5v
N
60 -40 -20 ) 20 40l 760" 80T 00N 1207 140 R NG
TEMPERATURE - (°C) -2 ~—
-4
-1000 -800 -600 -400 -200 O 200 400 600 800 1000
Vin-INPUT VOLTAGE - (4V)
OPEN LOOP VOLTAGE GAIN VS. TEMPERATURE INPUT VOLTAGE VS. OUTPUT VOLTAGE
FIGURE 5 FIGURE 6
TRANSFER CHARACTERISTIC SMALL SIGNAL CHARACTERISTIC
120 110
et Ry
Sl S 100
@ P o Ri
10
24189 g = ~ R =I0Kn 90 e <
Z 920 @ 80 —o
< g e _R=5Kn 2
S 80 r 5 .70 = vt=I5v
w = z |Ay|=1000, R¢ =1OM = iy
g 70 g 60 ~
- vt © N Rj =IOKn
< i Vi w 50 .
S in [} |Ay |2100,R¢ = IM_A_ N in<I00mV
o 50 Vout ﬁ 40
o =
© 40 o 30
- = |ay|=10,R¢ =100 K.
z 30 4 > 20 —
W v = <
& 20 10
i —4V<Vout<+4Vv [ay]=1, R¢g=10K A
o b B S WRTTTTRATIT
4 L o LTI
*6 +10 #5 120 I 10 100 1K 10K 100K IM 10M
POWER SUPPLY VOLTAGE - (VOLTS) FREQUENCY - (Hgz)
OPEN LOOP VOLTAGE GAIN VS. POWER SUPPLY VOLTAGE CLOSED LOOP GAIN VS. FREQUENCY
FIGURE 7 FIGURE 8
2SMALL SIGNAL CHARACTERISTIC SMALL SIGNAL CHARACTERISTIC
120 HI 120 ™
110 _ 1o
o
100 < Z 100
90 o
ML N CL=1000pf = o
o0 NOX( ro=tok  [TT] = 80
70} ~—§- = S 70k N
€out N B N
60}¢in N O 60—
50 cF $R. I B " & Shut
! oo Y w 50—
=k — I — ‘hfL i = €in i + \\
40 < i N w 40— vt=I5v
30 vtesy ™N N S s0}H = VT=15V h
V™ =I5V N N > CMR(db)=Ay(db)-Ayem(db)
- eout =100mV p-p [T]] N g e Il X
10 N s 10 S
I AN 3 il
0 ©. Ny
1 10 100 1K IOK 100K M 10M I 10 100 IK 10K 100K M 10M

FREQUENCY - (Hz)
OPEN LOOP GAIN VS. FREQUENCY

FIGURE 9

FREQUENCY - (Hz)
COMMON MODE REJECTION RATIO VS. FREQUENCY

FIGURE 10



L

POWER SUPPLY VOLTAGE - (VOLTS)
QUIESCENT POWER SUPPLY CURRENT VS. POWER SUPPLY VOLTAGE

QUIESCENT CURRENT VS. TEMPERATURE

;;PZOWER SUPPLY INPUT CHARACTERISTIC POWER SUPPLY INPUT CHARACTERISTIC
E

’zl V4 LS Ie l

§ 10 B ::? e spjc. "‘
51 - 4 L — .

> 8 l : bip i +ip & e v, Lo

z = IR R % s 1 vou=0

s R - .

§ MAX. SPEC. § /%/ g 2 = vi

e 4 el i V¥ =15V

s /// 3, veisv

& —1 © N

@ % E 3] i iz

3 %0 40 20 0 20 40 60 80 100 120 140
= %6 ) 75 720 TEMPERATURE - (°C)

FIGURE 11 FIGURE 12
LARGE SIGNAL CHARACTERISTIC NOISE CHARACTERISTIC

e P i TTTTIT T T T
® 25 < & 250 ~
;é' X R,_-loxk % >j"u'
g. 20 [N w 200 b v+ =15V
2 \ 2 = VT=15V
g oot N\ \ 5 €out
S s Re S 150 B
5 | RL=5K.n \\ w
g = N o NN
3" vrasy W' o N Telui
3| Niniea NN 2 e
5 TOTAL HARMONIC DISTORTIONS5% RNRY & m 1l
2 NN -,

oL L LTI L 5

100 1K 10K 100K ™ 10 100 1K 10K

FREQUENCY - (H3a)

MAXIMUM OUTPUT VOLTAGE SWING VS. FREQUENCY

FIGURE 13

Case: Material . ..

MECHANICAL DATA

EQUIVALENT INPUT NOISE VS. FREQUENCY

FREQUENCY - (Hgz)

100K )

Epoxy

(All dimensions nominal in inches, unless otherwise noted)

J_Ie—-I—I.ZO

r——ISO——'

oao—}~——| f

0.25 MIN.

~0.20 TYR

4
062 | I_E°‘°6 ' ~ f
T IERET .75T 4] l 1 112
Yo [~—=H——0s0 t 13 |
. —i«——0.030 DIA. t
g Sl 0.80
2-56 TAP

—0.40

0.20 TYP.

o B Y
e

o

H7000A

FIGURE 14
2000
SUPPLIED _POT. +15V
BY USER IN= |+ COM
IN+ |+ alf_}v
U
POT. T por.
CT.
2000
SUPPLIED
BY USER oL L
e i = =15V
L. e ouT
wOot, POT.
cT.

UNION

CARBID

ELECTRONI

E

CS

Printed U.S.A. 4.67

365 Middlefield Road, Mountain View, California 94040/ Tel: (415) 961-3300; TWX: 910-379-6942




ENGINEERING
DATA SHEET

If somebody beat
you to it, write to:
Union Carbide
Electronics
or call your UCE

distributor
IN THE WEST

ARIZONA, Phoenix
Avnet Electronics ¢ (602) 272-6821

CALIFORNIA,
Culver City

Avnet Electronics « (213) 870-6141
Los Angeles

K-Tronics « (213) 685-5888
Mountain View

Avnet Electronics * (415) 961-7700
Newport Beach

Western Electronic Components «

(714) 540-1322 (213) 631-6119

Palo Alto

Kierulff Electronics, Inc. » (415) 968-6292
San Diego ;

Avnet Electronics « (714) 279-1550
San Diego

Kierulff Electronics « (714) 278-2112

COLORADO, Denver
Newark-Denver Electronics
(303) 757-3351

WASHINGTON, Seattle
Washington Electronics « (206) 682-8981

Factory Sales Offices
CALIFORNIA
Mountain View
(415) 969-9390
Fullerton
(213) 691-0958
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STOCK

COMPLETE LINE OF

UNION
CARBIDE

SEMICONDUCTORS

CALL YOUR KEY
UCE DISTRIBUTOR
IN THE EAST:
EASTERN
RADIO CORP.
N.J. 201-471-6600
N.Y. 212-244-8930

(DIRECT N.Y. LINE)

TWX 710-989-7052

LERSTERNFIRST

Outstanding Sales Achievement
AWARD
As Union Carbide Distributor of the year
1966
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NEW! DIGITAL PANEL METERS
0.19% ACCURACY

press . ‘ turn

Shown %4 actual size

DIGIMETER $260
MODEL DM-25 OEM discounts available

For every application where a con-
ventional panel meter is inadequate

e AC or DC measurements
Single or multiple ranges
1 uA to 1,000 A. full scale
10 mV to 10,000 V. full scale
Other functions & ranges to order

Send for detailed literature

ABBEY|

ELECTRONICS CORP

2 Sixth St., New Hyde Park, L. I., N. Y. 11044
516 CH 8-8060

UNIVERSAL CALIBRATOR
Model MC-10

Fast, accurate calibration of panel meters,
multitesters, oscilloscopes, vtvm’s, other
measuring instruments. Full accuracy with-
out correction curves. Meter indicates di-
rectly the % Error in device under test.
All solid-state. Meets MIL specs for tem-
perature, humidity, vibration, shock, RFI.

AC & DC VOLTAGE: +0.2%, 0-1000 volts in
1 millivolt steps, 0-20 mA load

AC & DC CURRENT: +0.2%, 0-1 ampere in
1 microamp steps, 0-1 volt burden

RESISTANCE: +0.1%, 0-1,000,000 ohms in
1 ohm steps

Send for detailed literature

ABBEY

ELECTRONICS CORP.

2 Sixth St., New Hyde Park, L. I., N. Y. 11044
516 CH 8-8060
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(continued from p. 56)

altogether if a synchronous scheme
is used for the counter. In this case,
in fact, changing the counting di-
rection will affect only the J and K
inputs of the flip-flops, and this will
not affect the contents of the flip-
flops, whichever the state of the
clock input.

Counters in Figs. 2 and 3 of
Smith’s article, because they use a
synchronous scheme, do not suffer
from the aforementioned drawback.

Finally I submit for your atten-
tion the enclosed scheme in Fig. 2
for a reversible counter, which is
particularly simple and efficient. It
counts in 1-2-4-8 code; its outputs
are coherent, and do not change
when count direction is reversed.

S. Iannazzo
Digital Group
Application Laboratory
SGS Fairchild
Milan, Italy

The author replies
Sir:

Mr. Iannazzo is correct in stating
that the content of the reversible
counter of Fig. 4 in my article will
be altered by a simple inversion of
the counting direction, provided
that the Advance input is high. Nei-
ther this counter nor the counters
of Figs. 2 and 3 were designed to
change direction during the count,
i.e., when the Advance input is high.
They were designed to change di-
rections between counts, when the
Advance input is low. Since the Ad-
vance input need be high only for
250 ns, ample time is available be-
tween pulses for direction chang-
ing. For low-frequency square-
wave counting, where a direction
change may occur while the Advance
input is high, all that is needed is
for a 250-ns single-shot multivibra-
tor to be put on the front end of the
first stage of the counter. Since the
carry, C, from each counter is a
function of the Advance pulse, sub-
sequent counter stages need not be
preceded by a one-shot.

Iannazzo states that the draw-
back can be eliminated by use of a
synchronous design similar to Figs.
2 and 3. This is not true unless some
change is made in the carry output.
Consider, for example, the carry
output of Fig. 4 where C equals:

FeQ2Q,+ (Q,*Q.*Q.Q,) Advance.

It would be a simple matter to
redesign the counter so that Q.
Q,, and Q,, were not a function
of the Advance input; then a direc-
tion change with the Advance input
high would not alter the contents of
the counter. Such a design would
produce a carry pulse, however,
thus altering the content of the next
stage of the counter. To prove this,
consider, for example, the transi-
tion from forward to reverse count-
ing while the Advance is high and
the counter is at count 9 of the se-
quence. For this state of events, the
carry output reduces to

C = (F*Q,*Q,) Advance
= FsAdvance.

Now, if the Advance input is
high, then Advance is low, or logical
1, and C = F. Thus any direction
change would generate an erro-
neous carry output. It is clear that
a synchronous design would not
solve the problem, and the only solu-
tion is to change directions while
the Aduance input is low. From the
information he gives, it would seem
that Mr. Iannazzo has neglected the
carry output.

Kay D. Smith
Senior Design Engineer
General Instrument Corp.
Advance Electronic R&D Center
Salt Lake City, Utah.

Government also wants

to make ‘best buys’
Sir:

Your editorial in the April 1,
1967, issue of ED [“It’s time the
U.S. encouraged industry to sound
off,” p. 59] raises questions on
which I wish to comment. By any
standard, government procurement
is large and at times complicated. It
would pay anyone interested in
doing business with the government
to study a copy of the Armed
Services Procurement Regulations
(ASPR) and learn the procedures
under which procurement is made.

Government scientists and pro-
curement personnel did not write
the laws with which these regula-
tions must comply. Congress wrote
the laws which call for the labor
surplus set-aside, the small-business
fair-share program, and all the oth-
er exceptions and special provisions

ELECTRONIC DESIGN 10, May 10, 1967



that are required. It is true these
factors do influence the awards in a
small percentage of contracts.

In most government procure-
ments and especially those involv-
ing large dollar values, many hours
of review and discussion go into the
selection of the contractor before
the award is made. Government
personnel are just as interested in
obtaining a good product at a fair
and reasonable price as any other
taxpayer. In most cases, the govern-
ment scientist is more interested
because his reputation is at stake
when the contract involves his
brainchild which he is turning over
to industry to produce. Anything
that can be done to encourage a
“best buy” decision rather than a
“safe buy” would be appreciated.

Ivor D. Groves
Physicist
Government Laboratory
Orlando, Fla.

Guts are best answer

to personality tests
Sir:

How the devil can you include an
article about cheating on personali-
ty tests [“Cheat on personality
tests,” ED 5, March 1, 1967, pp. 92-
96] with a ridiculous editorial
about Charles Steinmetz [“And
where are the Steinmetzes of to-
day?” p. 53]?

Do you really expect to develop
bold, independent Steinmetzes by
teaching us how to become adept at
deception and falsehood ?

You should rather be teaching us
how to have the guts to tell that
“nervous little man” what he can do
with his test.

Walter W. Zandi
Sanders Associates, Inc.
Nashua, N. H.
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Accuracy is our policy

In “IC bidirectional counters cost
less,” ED 2, Jan. 18, 1967, pp. 58-63,
an error appears in Fig. 1, p. 59.
The NOR gates’ outputs should be
A*B and CeD; because of bad
printing definition, however, these
outputs appear in some copies as
A B and C D.

ELECTRONIC DESIGN 10, May 10, 1967

! SV cournors ¢
“'lunn NJ

« Current Sensing:
from 0.15 to 5.0 amps

+« Response:
disregards brief transients,
responds to small changes

« Voltage Sensing: which persist

from 2.0 to 230 volts

« Differential:
essentially no difference
between contact opening
and closing value

« Automatic Reset:
contacts reset when cur-
rent/voltage returns to
normal value

With the widest selection of thermally actuated
voltage /current sensing devices

from G-V

If your component or equipment can be damaged by extended exposure
to over voltage or overload . . . a G-V thermally actuated current or voltage
sensing device will provide positive protection. These unique devices
offer precise cut-off levels, choice of selective response times, automatic
reset, and are ambient temperature compensated. Operation is inde-
pendent of the frequency of the applied voltage, AC or DC, in any
position. Available in both military and industrial versions. Typical appli-
cations include: overload protection, voltage regulation, over-voltage
cut-off, under-voltage alarm, low frequency cut-off, battery charge con-
trol, and other current or voltage sensing functions.

3 G'V :-n..ﬁ.

Bulletin #70-5 includes: applications, functions, response time
selection chart types and mounting f’orms ava:fable, electrical,
mechanical and environment specifications.

G-V CONTROLS INC.
LIVINGSTON, NEW JERSEY 07039
(201) ©92-6200
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When Reliability is the Rule...Specify

A Complete Line of

IMPORTANT
All models feature
570° F Solder. Pre-
vents distortion. Not
affected by conven-
tional soldering tem-

HIGH @ VARIABLE CAPACITORS "

AIR

SERIES FEATURES SPECIICATIONS

a8

4700 4701 4702

Improved one piece rotor construc-
tion with built-in torque for longer
and more reliable adjustment life.
Reliability tested and certified by
independent laboratory. (results avail-
able on request)

GLASS s+ QUARTZ

CAPACITANCE RANGE: 0.8 to 10.0 pF.

BREAKDOWN: > 500 VDC

INSULATION RESISTANCE: > 1,000,000 Megohms
@ 500 VDC

Q @ 100 MC: > 3000

TEMPERATURE COEFFICIENT: 0 == 20 ppm/°C

TORQUE: .5 —5 in. oz.

SHOCK: > 275 g (6.0 millisec.)

ROTATIONAL LIFE: > 1000 Revolutions rotor screw

10:1 capacitance ratio in micro min-
iature size — extra fine tuning <
.35 pF per turn. High Q, (greater than
1500 at 500 mc)

CAPACITANCE RANGE: 0.35 pF to 3.5 pF

WORKING VOLTAGE: 250 VDC (test voltage, 500 VDC)
Q @ 100 MC, > 5000; @ 250 MC, > 2000
INSULATION RESISTANCE: > 106 Megohms
TEMPERATURE RANGE: —55°C to 125°C
TEMPERATURE COEFFICIENT: 50 == 50 ppm/°C

Solid metal electrode bands. Meets
or exceeds applicable requirements
of MIL-C 14409/B. Low minimum
capacitance (.5 pF). High current (up
to 2 amps).

CAPACITANCE RANGE: 0.5 pF to 5.0 pF

WORKING VOLTAGE: 2500 VDC & 2500 v peak RF @
30 MC applied simultaneously

Q @ 1 MC: 2000 minimum

INSULATION RESISTANCE: 10¢ Megohms

TEMPERATURE COEFFICIENT: 0 = 100 ppm/°C

OPERATING TEMPERATURE: —40 to +200°C

High capacity in a small package —
exclusive round nut permits installa-
tion in tight places or miniaturized
packaging. Ultra-rugged construction.

CAPACITANCE RANGE: .4 pF to 6 pF (> 8 Turns )
WORKING VOLTAGE: 250 VDC (Test Voltage 500 VDC)
Q @ 100 MC: > 5000

INSULATION RESISTANCE: ~ 106 Megohms
TEMPERATURE COEFFICIENT: 50 = 50 ppm/°C
TEMPERATURE RANGE: —65°C to +125°C

Modular design. Available in one to
five section modules in a wide vari-
ety of capacitance range and plate
configurations.

CAPACITANCE RANGE: Max. 145 pF, Min. 9.5 pF per
section (180° Rotation)

CAPACITY VARIATION: Straight Line Capacity
TEMPERATURE RANGE: —55°C to +125°C
BREAKDOWN: 1000 VDC

LOW TORQUE: 3-5 oz. in.

2950 SERIES: CAP: 0.8 —10 pF e 250 VDC ¢ Q > 2000 @ 100 MC e TC: 0 =+ 20 ppm/°C

OTHER 3901 SERIES: CAP: 1.0 —14 pF e 250 VDC e Q RANGE > 1500 to > 3000 max. to min. C @ 100 MC e TC:

50 ppm/°C

0+
3906 SERIES: CAP: 1.0 —20 pF e 250 VDC e Q RANGE >> 1200 to > 3000 max. to min. C @ 100 MC e TC: 0 = 50 ppm/°C
e =

LINES 3908 SERIES: CAP: 1.0 —30 pF 250 VDC e Q RANGE > 750 to > 3000 max. to min. C @ 100 MC e TC: 0

50 ppm/°C

2902 SERIES: CAP: 1.0 —10 pF e 400 VDC  Q > 2000 @ 100 MC  TC: 0 == 20 ppm/°C
MH —112 SERIES: ,1 —1 pF e 250 VDC e .075 dia.

All lines avallable with speclal
high reliability processing. In-
cludes 100% burn-in and screen-
Ing and historical test data.
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EDITORIAL

Look ahead, before
you freeze the design

Jan. 27, 1967: An Apollo space vehicle is undergoing routine
tests at Cape Kennedy. One day it will carry three promising astro-
nauts on the first U.S. flight to the Moon. The craft is a marvel
of engineering resourcefulness—until there is the sudden cry of
“Fire!” In less than a minute all three astronauts are dead.

March 9, 1967: A DC-9 jetliner over Ohio is preparing for a
routine landing with 25 aboard, while, a few miles away, a light
executive plane cruises smoothly toward a second airport, still
some distance away. Both planes are well designed; their engines
function perfectly, their airframes are sturdy. There is only basic
flaw as they collide near Urbana: neither plane has a built-in colli-
sion-avoidance system. Twenty-six persons die as a result.

Both tragedies have been caused by the same engineering defect:
failure to build foresight into the design.

Most people would agree that hindsight is better than foresight.
It’s certainly a surer bet. But in today’s revolutionary world senior
electronic engineers cannot wait for hindsight. In aerospace re-
search or oceanography, in the consumer-goods market or in the
workaday realm of semiconductors and ICs—no matter where they
work, the best engineers anticipate events. With their design talents,
they not only help expand man’s knowledge, not only create new
and better solutions for old problems—they also halt disaster before
it has a chance to occur.

And it’s not enough to practice foresight in just one direction.
The future lies not only straight ahead; it frequently winds to either
side.

Investigation of the Apollo fire has disclosed so far that the
designers of the capsule built plausible oxygen-supply and escape
systems—but strictly for operation in space; they neglected to con-
sider fully that the same systems would have to undergo long tests
on the ground. What was a reasonably safe design for the airless
environment above the earth became a death trap in the atmosphere
on the ground.

As for mid-air collisions, they have become accepted as an inevit-
able danger that will increase until the electronic industry (with
the belated benefit of hindsight) comes up with a universal col-
lision-avoidance system. For a look at how designers are wrestling
with the problem, see page 17.

But the question remains: Why does it always seem to take a
disaster to stimulate action?

And how much foresight are you building into your design?

HOWARD BIERMAN
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Tektronix Type 453
oscilloscope has

® 50 MHz Performance
® Dual Trace @ Delayed Sweep
® Easy-to-Use Triggering

and-----it's designed to be carried!

- Don't worry about .
damaging the front panel
and knobs—they're
protected by a cover that
also carries the

Pick it up and be convinced. The Type 453
weighs 28% pounds and is built to go
when and where you go.

accessories.

The Type 453 is a portable instrument with rugged envi-
ronmental capabilities plus the built-in high performance
normally found only in multiple plug-in instruments.

The vertical amplifier provides dual trace, DC to 50 MHz
bandwidth with 7 ns risetime from 20 mV/div to 10 V/div.
(DC to 40 MHz, 8.75 ns T, at 5 mV/div.) The two included
Type P6010 miniature 10X probes maintain system band-
width and risetime performance at the probe tip—DC-50
MHz, 7 ns—with an increase in deflection factors of 10X.
You can also make 5 mV/div X-Y and 1 mV/div single trace
measurements.

The Type 453 trigger system takes the guesswork out of
triggering. Pushing all the lever switches up provides a
sweep and the most often used trigger logic. The sweep
triggered light gives the operator a positive indication of
a triggered sweep and the automatic triggering provides
greater usability.

You can operate the delayed sweep with ease. Lever con-

Take it anywhere. The
rain/dust cover is a

- standard accessory and
carries the complete
manual and optional
viewing hood.

Take the Type 453
through tight places
easily . . . the vertical
_carrying position
increases portability.

trol to the right and HORIZ DISPLAY switch to A
INTEN DURING B gives delayed sweep operation. Set-
ting the B TIME/DIV and the DELAY-TIME MULTIPLIER
to meet your requirements and switching to DELAYED
SWEEP allows +1.5% delay measurements to be made.

The Type 453 is a continuation of the Tektronix commit-
ment to quality workmanship. Its design and layout make
it easy to maintain and calibrate. Transistors plug in and
are easily removed for out-of-circuit testing. An accurate
time (4-0.5%) and amplitude (41%) calibrator permits
quick field calibration.

The front panel protection cover carries all the acces-
sories with the complete manual carried in the rain and
dust cover. The Type C-30 Camera and a viewing hood
that fits in the rain cover also are available.

Type 453 (complete with probes and accessories) . . . $1950.00
TYpe CRB0ICAMEIa & iu L 0oy S S e 2 o s IR e $ 390.00
Collapsible Viewing Hood . . . . . . . & & o % & & & $ 750

U.S. Sales Prices, FOB Beaverton, Oregon

Tektronix, Inc.

For complete information, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005
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Go/no-go technique uses one display to check Power tubes operate stably at uhf and vhf
successive amplifier parameters. Page 70 when neutralized in these bands. Page 64

Also in this section:

Filter made out of an oscillator has better stability than passive LC filters. Page 56
Dc level-shifting amplifier designed by complementary current division technique. Page 60

Magnetic-core coil design is simplified by use of three charts. Page 78
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Make a filter out of an oscillator
for better stability than that of passive LC filters.
The design is easy with IC amplifiers.

Very stable active RC filters with high Qs are
not a matter of witchcraft. The trick is to reduce
the @ sensitivity to variations in the gain and in
component values. Here is a design approach that
shows how to do it—and do it simply. The re-
sultant circuit can be built with ICs—another
advantage of the method.

Conventional RC filters have a well-deserved
reputation for instability. This is due to the fact
that their center frequencies and Qs afe highly
sensitive to drift in both passive and active ele-
ments.

The technique introduced here—and adapted
from analog-computer circuitry—makes RC act-
ive filters more stable than passive LC filters. This
feat is accomplished by a reduction of the @ sen-
sitivity by about two orders of magnitude. Using
commercially available RC components, the meth-
od yields circuits with thermal coefficients of
0 +20 ppm/°C. Furthermore, the resonators main-
tain this stability over the full military-specified
temperature range. These filters may be built with
IC operational amplifiers.

The causes of instability

Both passive and active RC filters are usually
analyzed in terms of the complex frequency varia-
ble, s = ¢ +=j». The transfer functions must have
poles only on the negative real axis of the s plane.
The transfer function is defined conventionally as
the ratio of output current (or voltage) to input
current (or voltage).

Passive networks, with poles on the negative
real axis, can give selective filters.! But the
large number of elements makes this approach
impractical.? However, if we insert an amplifier
into the network, then economical high-Q resona-
tors are immediately obtained in a considerable
variety of ways. A typical case is the method? that
uses the configuration of Fig. 1. Here the transfer
impedance is:

Z,,(8) =E./[,=A/[y.(s) —(A—Dwy.(s)]. (1)

Philip R. Geffe, Fellow Engineer, Westinghouse Electric
Co., Baltimore, Md.
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1. Conventional RC filter has an active element (amplifier
A). A very small change in the nearly equal passive admit-
tances or in the gain will cause large changes in its band-
width.

Thus when A = 2, the denominator is simply the
difference between the two admittances. Since the
admittances can be made as nearly equal as de-
sired, so, too, can the voltage magnification be as
high as desired—and this is a definition of high @
(with poles out in the complex plane).

The very method by which high @ is obtained is
also inherently and irremediably a cause of insta-
bility. A minute change in the nearly equal pas-
sive admittances or a tiny change in gain will
cause a relatively large change in bandwidth.

As a yardstick for measurement, two quantities
may be defined: gain sensitivity and passive-
element sensitivity.

- The gain sensitivity of @ is the ratio of the frac-
tional change in @ to the fractional change in gain:
d

o3 9908
In the circuit of Fig. 1 this number is about 4Q.

The passive-element sensitivity of @ is the ratio
of a fractional change in @ to the fractional
change in element value:

Sg 15 aQ /Q

aBIB "’

where B is a measure of passive-element magni-

tudes usually taken as a ratio of passive-element
products. In Fig. 1 this quantity is about 2Q).

Perhaps the best* of the popular RC-active

methods is shown in Fig. 2. Here the transfer

3)
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2. Active high-Q RC filter uses a negative impedance con-
verter (NIC) (a). A high-gain differential amplifier is the

usual way to reale the NIC (b). In the latter, A represents
the conversion factor. X ; :

3. An active integrator (a) is the basic building block for
RC filters. Its input admittance and output impedance are

function is:

E./E,.=[y:—y:1/[(ya—¥s) + (v:—v1)], (4)
and the negative impedance converter (of the
current-inversion type) can be realized with a
high-gain differential amplifier,” as in Fig. 2b. In
this figure, A is the conversion factor and the
sensitivity of @ to A is about 2Q.

Start with an oscillator

It is possible to make both passive and active
sensitivities independent of @, and to keep these
values small.®

Consider the circuit of Fig. 3a. The voltage gain
of the amplifier is very high and its input admit-
tance and output impedance are zero. Then the
nodal equations are:

= |zr o] * slmr o] ©

e: = es/A. (6)
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zero. Two such integrators'and the feedback loop form the
oscillator in (b).

Solving these yields:

- o (7)
“ (—Rcf ° 1) + RCs
and
liit (ol = (TRES) (8)
A->»w

The circuit in Fig. 3a is the basic building block
for RC filters. The addition of an extra stage and
a feedback loop results in the oscillator of Fig. 3b.
The analysis remains simple. If infinite gain is as-
sumed and Eq. 8 applied, the nodal equations
become:

€: = €, €3, (9)
e: = e;(R,R.C,C.)s* : (10)

which yield:
G(s)=es/e;=1/[(R.R.C.C.)s*+1]. (11)

The network has a pole on the jw-axis, hence it
oscillates at:

b7




wy. = LR R.C.C5)3 4 (12)
The sensitivity for a small change in a single

element is the same as it would be for a single-
tuned LC circuit, where w, = 1/(LC)/>.

Drift has no effect

In practice both the capacitors and the resistors
would be expected to drift. If uniform drift for
like devices is assumed, and R, = R, = R and
€~ Cr=Cthen;

@y — L/RC, @3
so that the sensitivity of the center frequency to
the passive-element drift is twice that of an LC
circuit.

It is now possible to transform the oscillator of
Fig. 3b into a high-Q resonator, as shown in Fig.
4a. Here the nodal equations are the same as Eqs. 5
and 6 except that Z, the parallel combination of G
and C, is written in place of 1/Cs:

7z = IO —=1/Ci(s+d)—1/Cp, (14)
where p = s + d, and d = G/C. Accordingly, the
analysis of the complete resonator in Fig. 4b gives
the same result as that of Fig. 3, except that p is
written instead of s:

G(s)= e:/fei=1(z2p2+1)
— A2 (SEd) 2] (15)
= 2/[s*+2ds+d*+1/+°],
where = RC and d = 1/7C.

The gain pole has now been shifted from the
Jjw-axis into the left half plane by a distance d. If
d is not negligible, then the frequency of peak
response becomes:

@y = (d2-F1 /%), (16)
and the design formula is:
RBC — )/ (wo>—d2)R= (17)

The @ of the circuit is the ratio of center fre-
quency to half-power bandwidth:

1 2 | R2) 12
0=1 +(12/ I (18)

Only two assumptions were made in the analy-
sis: infinite amplifier gain and uniform drift in
like components. The latter assumption is perfect-
ly acceptable in practical circuits. It makes @ in-
dependent of drift in the element values, accord-
ing to Eq. 18.

The effects of finite amplifier gain are not dif-
ficult to evaluate. First apply Eq. 7 instead of Eq.
8 to the circuit of Fig. 3b to obtain:

il

[TS + <TS_; 1)]; +1
The denominator of Eq. 19 vanishes when:
P2(A—=1)2s2—27 (CA—=1)s- = (A2 4-1)—=0, (20)

which gives the real and imaginary parts of the
transfer function:

G(8) = (19)

58

e e: . >
o AN ] g s
R c
el 2 : 7 g A e €3
R ) Ro AP e

®

4. Damped form of the integrator (a) is needed for active
resonators, such as the ultrastable high-Q type in (b).
When cascaded, the resonators form bandpass filters.

(Real part)
= } (21)

(Imaginary part)

(22)

@

O (AN

Here o, must, be interpreted as an error in d.
In other words, finite gain damps the oscillator ex-
actly the same way as resistance would. If the
gain is stable, then o, can be exactly compensated
for. With IC amplifiers in mind, it may be assumed
that gain drifts are +1/3. Hence the irreducible
error in d would be:

Ad = 8/7(A—38), (23)
and
AQ ~ 3/A. (24)

Thus an amplifier gain of 1000 -+ 333 gives a band-
width drift of #=0.3%. This amount, tolerable in
most applications, can be reduced by use of higher
gain.

Composite bandpass filters may be designed by
cascading the self-isolated resonators, exactly as in
the design of stagger-tuned IF amplifiers. = =
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HYBRIDIZATION ... the fine art
of converting your discrete
component circuit to a microcircuit.

AAAAA
YVYYYY

Volume microcircuit production of your analog or digital
circuit is accomplished at Mepco by HYBRIDIZATION.
The ability to manufacture precision passive film
components is complemented by a wide variety of semi-
conductor attachment techniques. These capabilities
provide the required flexibility to microminiaturize your
circuit at the lowest possible cost. Consider these
exceptional performance characteristics.

B Matched semiconductor parameters

W Ratio match of resistance values to .1%

W Power dissipation — 10 watts per sq. inch

B Temperature coefficient tracking of +20ppm maximum

Write or call today for complete details.

Mepco, Inc., Columbia Road, Morristown, N.J. 07960
(201) 539-2000 TWX: 710-986-7437

0.E.M. Sales Offices from Coast to Coast

MEPCO

A Heritage of Reliability

MANUFACTURERS OF PRECISION , :
ELECTRONIC DEVICES | Resistors. .. Potentiometers. .. Microcircuits . .. Capacitors
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Design a dc level-shifting amplifier
using a complementary current division technique.
Complete analysis supplies design values.

Complementary current division can be used in
many applications where good linearity and
temperature stability are required.

To demonstrate the versatility of this circuit
technique, two examples are presented here: a dc
level-shifting amplifier and a video pulse-summing
amplifier.

To extend the usefulness of these examples, a
complete analysis of a basic, complementary
current division amplifier precedes them.

Analyze the circuit

The complementary current division amplifier
is shown in Fig. 1. Its output voltage can be
found as a function of the input as follows:

tr = (Vee=Ves) /Resy 2 (1)
ter = (€in— ViaE1)/Rers (2)
fo— s (3)
fos = s less (4)
les = Gz~ Lei. (5)

Combining Eqgs. 1 to 3 and 5 gives:

tez = [(Vee—Ve2) /Ber] —ai[(€in— Vi) /Rei], (6)
Cout = 0o Rosites: (7)

Combining Eqgs. 6 and 7 gives:

Cout — 0y R(-z{ [(Vm- B Vr:)/Rm]
*al[(ein—VBm)/Rm]}y (8)
or
Cout :a:(Rr:/Rm) (Vico—1Voes)
—=O a;’(R(':/Rm)ein
+ oy a:(Rr:/er)VRE1- (9)
Ves=Vyot Vigs. (10)
Equation 9 now becomes:
Cout — Ol:(R(‘:/Rm) (Vm-* Vb-_')
_a‘J(Rr-'_’/R('I)VIfH‘:
— 0, a'_'(Rc:/Rm)("in

Richard S. Hughes, Senior Electronic Engineer, U.S. Naval
Ordnance Test Station, China Lake, Calif.
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+ oy 0y (Reo/Rer) Vpgi. (1E15)

Let:
oy (Reo/Re) =K,, (12)
oy 05 (Res/Re1) =Ko; (13)

now Eq. 11 becomes:
Cout — Kn(Vpn_ V!;:) o+ (K Vg — K Vi) — K €in.
(14)

Equation 14 is that of a dc level-shifting ampli-
fier, where:

K](V(‘(‘”“ Vl)g) 5 (K_» VRE] _Kl V,g[;g) :lel'(’l Sh l.ff.

= K.,=gan.
Rewriting Eq. 14 gives:
€out +K:.’ €in :Kl ( vv”-_ Vh'_-) it (K- VRIH _I<v “rlc/-“-)-
(15)

Thus, for a given V.., K,, K., and V.:

eout + K, €i, = constant (C). (16)
Figure 2 shows Eq. 16 for several values of K.,
and C.

The only temperature-dependent terms in Eq.
14 are Vi and Vg, assuming that a;, and «. are
constant. Thus, if K, = K, and Vg, = Vg, Eq.
14 becomes:

Cout :K](Vr'(‘_Vh:)_K: €iny (]7)
and from Eq. 16:
K1(V,.,-*V],'_-):C. (18)

The amount of level shift may be changed by
varying V;, in Eq. 17. The input and output im-
pedance for the amplifier may be given as:

ZinEB1 Rm, (19)
Znul = Rr".’~ (20)

Applying the theory

As an example of this technique, consider the
following example::

C=12; V=24,
K: = 1, ‘/v,”._'] = V[”.;-_»:O.G VO]t.
Let R.. = 2.4 k0. From Eqs. 11 and 13:
Gam = anon (R /) =1, (1214
Ry = a4 a._.(R,.:/ga[n), (22)
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1. Complementary current division
amplifier employs two transistors
—one pnp and one npn. See text

= for complete analysis.
20
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2. Perfect linearity of output vs
input is demonstrated when final Z
equation for the amplifier output
is plotted for several values of K.. 20
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3. Output linearity and temperature stability of a circuit
designed on the basis of the developed equations are
demonstrated above. No changes in the output occured
when temperature varied from —50°C to +100°C.
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0.3

INPUT

DEVIATION IN OUTPUT
WITH RESPECT TO 26°C

o.l—

*———e -50°C
0.2}— A———4A '00°C
0.3

(voLT)

4. Temperature stability for the dc level-shifting inverting amplifier of Fig. 3 can be appreciated from this plot.

a; = a, = 0.99.
Thus, from Eq. 22:
R., = 2.35 ka. (23)

2.35 kO is not a standard value, so let:

R., = 2.4ka.
For temperature stability:

a(Re:/Re) =, an(Reo/R.y), (24)
or:

R., = R.,/a;. (25)
For this example:

R., =24kQ. (26)

Solving Eq. 14 for V,., one obtains:
Ve = Vo= Visgs—(os Bas/ Ry (€in—V s51)

R (Rm/a: R«-:)puulu (27)
Solving Eq. 27 for the given conditions:
Vs = 12 volts, (28)

Figure 3 shows the output-input relationship
for the example given. The measured gain for this
circuit is —0.96, which compares favorably with
the calculated gain of:

Gain = a; a:(R.s/R.,) = —0.98. (29)

Figure 4 illustrates the tmeperature stability of
the circuit referenced to 26°C.

The complementary current division amplifier
may also be used as a video pulse-summing am-
plifier. Figure 5 shows the basic pulse-summing
circuit.

Deriving Eq. 11 in terms of Vj, and Vj.:

€out = (a2 Re» er/Rm) — (a2 Res Vipa/Rey)
+ (a; o R Vlle/R!‘I) — (az; Re» VII‘.!/R(‘I)
—(anax R, Vlfl/Rel)- (30)

The output from A is:
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e R
g fiig2 s $R3

‘:Rcz EER" OUTPUT

5. Video pulse-summing amplifier can be built from the
complementary current division amplifier analyzed previ-
ously.

dieun/d Vigy = —oay o Rey /Ry, (31)
and the output from B is:

deaue) dWiss — —ap Ro (B (32)
or:

out|, = —a, a; Re; A/R.;, (33)
and:

€out|; = —a2 Re; B/Re,. (34)
Thus, the total output becomes:

Cout| sy = — 02 Re2(0ty A/Rey+B/R.y). (35)

The output is an inverted sum of the two in-
puts, where:

Gain|, = —ay 0 Reo/Re, (36)
and

Gainlg = —a; Rex/Rcy. ® ® (37)
Reference:

1. Richard S. Hughes, Selected Semiconductor Circuits
(China Lake, Calif.: U.S. Naval Ordnance Test Station,
July, 1966), NAVWEPS Report 9039, NOTS TP 4038.
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Consider these characteristics

® Cermet reliability now available for power applica-
tions.

® Compact modular packaging—overall dimensions are
only 1.500” by 1.225” by 0.370” with heat sink.

¢ High power—8 to 20 watts per module depending
upon allowable operating temperature, air flow, duty
cycle and number of pins used.

® Low inductance—Iless than 10 nanohenries up to 200
megacycles.

® Layout flexibility—up to 24 external pins on .125”
centers can accommodate a dozen or more cermet
resistors.

® =+ 1% standard tolerance from 20 ohms to 1 megohm.

® Special low resistance values available down to 10
ohms.

@ Available in quantity NOW—over 250,000 already pro-
duced.

® Available with copper heat sink bonded to alumina
substrate.

¢ Dual-in-line staked pins for rapid insertion—can
withstand 7.5 Ibs. tensile or compressive force.

Shown without normal
insulative cover coat to {
illustrate resistor network.

770 Series Environmental
Specifications

0.4% A R max.
0.1% A R av.

Load Life: 9 watts for 1,000 hours at
55°C ambient in 300 fpm air flow

0.2% A R max.
0.05% A R av.

Moisture Resistance: 95% R.H. at 70°C,
10 days load, 10 days no load

Standard temperature coefficient of

resistance —50 to 4350 ppm/°C

0.10% A R max.
0.03% A R av.

Thermal Cycling: 5 cycles, —60°C to
+125°C no load

Samples are available off the shelf.
Kit of three modules for $13.00.

order yours today!

Founded 1896

-

@

Think about it!

) cTS RESEARCH, INC. /LAFAYETTE, INDIANA

Subsidiary of CTS Corporation, Elkhart, Indiana
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Stabilize power tubes at uhf and vhf
in a few simple steps. Beware of the distributed impedances
inside the tube envelope, and you’ll have no problems.

Power tetrodes and other vacuum tubes can
operate stably and reliably at uhf and vhf. Their
stabilization through neutralization in these bands
requires measuring their self-neutralization fre-
quency and shifting it to the band of interest.
To accomplish this, the engineer should be thor-
oughly familiar with the distributed nature of the
components inside the tube envelope.

At frequencies below uhf and vhf, the internal
impedances appear lumped and neutralization can
be achieved with a variety of circuits that damp
the feedback voltage from the output to the input
port. This voltage can have a most harmful effect
on the amplifier’s performance, for its magnitude,
phase and rate of change with frequency and
loading determine the dynamic stability of the
amplifier tube.

One such damping circuit for a cross-coupled
push-pull configuration is shown in Fig. 1. The
classic analysis of the feedback circuit involves
the feedback capacitance and the input circuit.
These two form a voltage divider, as shown in Fig.
2. If their impedances are of the same order of
magnitude, a large portion of the RF plate voltage
appears between the control grid and the cathode.
This incomplete theoretical approach has caused
many engineers to draw incorrect conclusions
about the stability of tetrode amplifiers and pen-
tode amplifiers.

An analysis which takes into account the dis-
tributed constants inherent in the construction of
a tetrode or pentode, however, presents a different
picture. The more complete feedback circuit must
include not only the grid-to-plate capacitance,
C,.,, but the plate-to-screen capacitance, C,.,,
the grid-to-screen capacitance, C,,., and the
screen-grid lead inductance, L (see Fig. 3).

The plate voltage e, causes a current i to flow
through:C,., and L. If the reactance of L is less
than the reactance of C,.,, this current will lead

Robert Sutherland, Supervisor, and William Barkley, De-
velopment Engineer, EIMAC, Div. of Varian Associates,
San Carlos, Calif.
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plate voltage e, by 90°. This current flowing
through L will develop a voltage, e,, which is 180°
out of phase with e, and the voltage e; is then
fed back to the grid through C,,,. This process is
illustrated with vectors in Fig. 4. The total voltage
of e, + e, is applied across a capacitive voltage
divider, consisting of the grid-to-plate capaci-
tance, C,,, and the grid-to-screen capacitance,
G

At some frequency the voltage developed across
L, e,, will just equal ey, the feedback through
Goans

(1/0)ng~_x)/(1/0)Cg1,,) = er/ép.

- +
Wi~

X
i

7# -'ll +
c

YYYYYYY
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<
<

o

; i =
w |

21

1. Typical neutralizing circuit for low frequencies, where
all components may be considered lumped, or small,
compared with the wavelength of operation, is a version
of a capacitance bridge. It is a push-pull configuration.

Insertmg a power triode into its test fixture, authors

Sutherland (right) and Barkley set out to measure the
self-neutralizing frequency.
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2. Classical representation of feedback circuit uses a
simple voltage divider. If the impedances of the input
circuit and the feedback capacitance are about equal,
then a large portion of RF plate voltage appears between
the control grid and cathode, and this in turn gives rise to
instability in the amplifier.

The frequency at which e is canceled is the
self-neutralizing frequency. This usually occurs in
the vhf portion of the spectrum.

All elements comprising the neutralizing circuit
are within the tube; the connection of the tube
into the circuit, either by wire or socket, will alter
the self-neutralizing frequency. Therefore when
measurements are made, the actual socket or a
facsimile must be used with the tube.

From the preceding equation it is clear that no
inductances in the grid or plate enter into the
cancellation of the feedback voltage.

The screen inductance is the only variable in the

wl ¢

wC g2p

4
A
v

4. Vectorial presentation of the voltages that determine
the self-neutralizing frequency. At this frequency, the
voltage across the screen-grid lead inductance, e;, be-
comes equal to e, the feedback voltage across C,,,.

CONSTANT OUTPUT
SIGNAL SOURCE e G "
MODULATED | kHz AM—— e TOR

INDICATOR

TEST
FIXTURE

5. Test setup measures transmission vs freqency in the
tube and socket. The signal source must maintain a
constant output. ;
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3. Distributed constants are included in this feedback cir-
cuit for a more complete analysis. The factors are the
grid-to-plate capacitance, C,,,, the plate-to-screen ca-
pacitance, C,,, the grid-to-screen capacitance, C,,., and
the screen-grid lead inductance, L. By considering these
factors, the engineer can secure stable operation.

equation; it furnishes the out-of-phase voltage.
Shifting the self-neutralizing frequency must
therefore be accomplished through changes in the
screen inductance.

Once the mechanism of self-neutralization is
understood, the engineer may then seek to modify
the band of frequencies where neutralization
occurs by changing the external circuitry.

If the frequency of interest is above the self-
neutralizing frequency, then the voltage developed
across the screen inductance will be greater than
the voltage fed back through the grid-to-plate
capacitance. The solution is either to reduce the
effective screen inductance or increase the feed-
back capacitance.

If the frequency of interest lies below the self-
neutralizing frequency, the voltage developed
across L is insufficient to cancel the feedback
voltage. The remedy is to increase the effective
screen inductance, or supplement the internal
neutralizing voltage with conventional cross-
neutralization.

Measure the self-neutralizing frequency

One effective test method is to treat the tube as
a passive three-terminal network and measure
transmission vs frequency (Fig. 5). The tube is
inserted into a test fixture that has the recom-
mended socket and provides good isolation be-
tween input and output. These fixtures take the
form of rectangular or cylindrical shield cans,
which enclose the tube to be investigated. A solid
partition with the socket divides the enclosure
into two isolated compartments, the input and
output terminals, as shown in Fig. 6. The dimen-
sions of the enclosure are chosen to minimize
volume and appreciable shunt capacitance. The
purpose of this criterion of minimum volume is to
reduce the possibility of fixture resonance occur-
ring in the vicinity of the expected self-neutraliz-
ing frequency.

Evaluation is done with no de power supplied to
the tube. Elements, normally at RF ground in a
circuit, are physically strapped to ground with the
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6. Typical test fixture is divided into two isolated com-
partments, the input and output terminals. The terminals
are coaxial fittings and connected to the anode and grid
by low-inductance straps. The dimensions of the enclosure
are chosen to avoid its resonance near the self-neutraliz-
ing frequency and to reduce shunt capacitances.

GRID SIGNAL,

=LOG UNITS

e
oo/

1 | | | | L |
FREQUENCY » MHz

7. Typical plot of relative transmission of the tube and
its socket with respect to frequency. The point of mini-
mum transmission is the self-neutralizing frequency. This
point may be moved on the frequency scale by certain
external adjustments.

shortest possible connections. These precautions
ensure that the measured frequency depends only
on the tube and socket. The input and output
terminals of the network are coaxial fittings,
connected to the anode and grid, respectively, by
low inductance straps (see Fig. 6).

The constant-output signal source in Fig. 5 is a
signal generator. If the generator’s output
changes with frequency, a slotted line should be
inserted between the signal generator and the test
fixture, and its output should be regulated by
attenuators to give a constant maximum reading
from the slotted line probe at a maximum voltage.
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Since the measurement to be made is one of trans-
mission with respect to frequency, the input must
be kept constant. With a constant input to the test
fixture, the energy fed through the tube is detect-
ed and indicated. The sensitivity range of the in-
dicator is adjusted to some reference level at the
low end of the band of interest and is kept con-
stant throughout the test.

The frequency is then gradually increased, and
the indicator reading is recorded for each incre-
ment. When the entire band of interest has been
covered, the results may be plotted on a graph. A
typical example of the transmission of the net-
work as a function of frequency appears in Fig. 7.
The point of minimum transmission is the self-
neutralizing frequency. Instead of plotting, the
engineer may use a sweep generator for a quick
spot check of nulls and peaks in the band. Here the
frequency of nulls and peaks must be recorded.

The vertical axis of the graph in Fig. 7 is la-
beled “grid signal, — log units.” This terminology
is used because nothing is known about the imped-
ance of the input or output. It would be improper
to indicate that this was the isolation through the
tube in decibels.

The graph illustrates an ideal case, where only
one minimum appears in the output. Occasionally,
the graph may have several minima, but only one
of these is the self-neutralizing frequency. The
proper frequency is immediately identifiable from

- knowledge of the properties of the neutralizing

circuit. An increase in the screen lead inductance
will make the self-neutralizing frequency move
lower in frequency. A peak, or maximum trans-
mission, that usually occurs immediately above
the frequency of the self-neutralizing frequency,
is the series resonance of plate-to-screen capaci-
tance, C,.,, and the screen lead inductance, L.
This, too, should move lower in frequency with an
increase in lead inductance.

Once the proper self-neutralizing frequency has
been identified, other deviations from a smooth
curve should be investigated to determine their
causes. Most deviations (peaks and nulls) can be
traced to a resonance in the test fixture. Their
identification involves painstaking tests like
observing the effects of slight changes in the test
socket or in the width of the straps. For example,
the removal of one strap from a 4CX5000R tube
lowers the frequency, as shown in Fig. 8.

How to change screen inductance

The neutralization band is usually about 10 to
15 MHz wide in the uhf and vhf regions. There-
fore aging and other long-range changes in the
tube’s characteristics will not require continuous
shifting of the self-neutralizing frequency. The
adjustment is usually a one-shot operation that
will last the life of the tube or transmitter.

ELECTRONIC DEsSIGN 10, May 10, 1967



8. The removal of a strap lowers the self-neutralizing fre-
quency by several megahertz, and reshapes the transfer
curve. When the tube is tested with eight straps (a), the

To lower the self-neutralizing frequency, the
screen lead inductance has™o be increased. There
are several ways to accomplish this:

®m Increase the path length from the screen to
ground by adding a length of wire between the
screen contacts and the bypass capacitor. The
length of the wire depends on the stray imped-
ances, type of socket, tube, frequency and the
amount of shift needed.

m Decrease the number of screen contact
fingers on coaxial tubes. This usually involves
either isolation of the contact fingers or their
physical removal. Isolation is possible with a piece
of Teflon inserted between the screen and the
contact, as shown in Fig. 6. Here a 1-inch-square
piece is used to increase the inductance by about
1 to 2 nH. The tube is a type 4CX5000R, operating
at 125 MHz. Removal of the fingers is not recom-
mended, because the process cannot be undone,
heat transfer from the screen is reduced and the
localized current flow may cause heating.

To raise the self-neutralizing frequency, it is
necessary to decrease the screen inductance, or
increase the plate-to-grid capacitance, C,,.

The screen inductance may be reduced by can-
celing some of it with series capacitance. A varia-

ELECTRONIC DESIGN 10, May 10, 1967
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transfer curve has two minima near each other. The
removal of one strap (b) eliminates one null and the self-
neutralizing frequency can be clearly identified.

ble capacitor of 15 to 20 pF is sufficient to do this
in most cases.

The grid-to-plate capacitance can be increased
by a wire connected to the grid terminal and
extending through the chassis up to, but not
connected to, the plate.

If an amplifier is to operate over a narrow band
that includes the self-neutralizing frequency, it is
preferable to vary the screen lead inductance by
partial cancellation with series capacitance. The
inductance from the capacitor leads can lower the
self-neutralizing frequency to the low-frequency
end of the band, but the variable capacitor per-
mits it to be shifted to the high-frequency end.
This control enables the operator to optimize
amplifier stability at any frequency in the band.

Another application of self-neutralizing fre-
quency is to eliminate a vhf parasitic in a hf
transmitter. If the self-neutralizing frequency
and the parasitic frequency are made to coincide,
the parasitic frequency will vanish. The later
addition of cross-neutralization for the fundamen-
tal frequency will not disturb this vhf neutraliza-
tion, so long as the fundamental neutralizing
circuit involves only voltages of the fundamental
frequency. = =
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why NTON monolithic
shift registers are superior
fo any previously available...

INPUT | OUTPUT
e > 3
S s 2| 4| 2| 4 |NUMBER | NUMBER
wou o | § | § [comovmer jwomece | | 8| 2| 5 e does
] e m | >|m| > |CLOCKS |SUPPLIES
3005 SP | X DC 1.0MHz 5 KX 2 2
3005 PP | X DC 1.0MHz 5 X X 2 2
3008 PS | X DC 1.0MHz 8 X X 2 2
3012 8P | X DC 100kHz 12 X=X 1 1
30162 | X DC 1.0MHz 32 % X 2 2
(16, 16)
3016-2D X | 10kHz | 3.0MHz 32 X X 2 1%
(16, 16)

3020 X DC 1.0MHz 20 X X 2 2
3021 X DC 500kHz 21 X X 1 1
(1.4, 16)

30218 | X DC 250kHz 21 X X 1 1
(1,4, 16)

50
A v’ °an ‘ 3050 X | 10kHz | 500kHz 28%s) X X 2 1
‘k 3064 X | 10kHz | 5.0MHz 64 X X 4 NONE

Srecuired 167 QUtRE GISUEE o1y
And only General Instrument devices imcorpo-
-ate the exclusive MTOS' process which pro-
vides Large Scale Integration (without the need
for high-cost discretionary wiring) in the only
broad line of shift registers available anywhere.

t Metal -Thick - Oxide-Silicon

and LNI means...

I““'el' C“S‘: Low initial device cost plus elimination of most printed circuit
boards, assembly labor and external wiring.

- - oeme
|II!||I(3I‘ I'cllillillli\': External connections are minimized, eliminating a

major failure mechanism in electronic systems.

highest packaging densifty ever.

No matter what your design requirements,
chances are you’ll find the shift register you need
in General Instrument’s broad line, at author- GENERAL
ized GI distributors now. If you don’t, contact us.
Our line is being broadened regularly.

Write for complete data and Application Notes,
“MTOS Shift Registers.” INSTRUMENT
GENERAL INSTRUMENT CORPORATION
800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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PIN diode leveling plus
oscillator plug-in plus

250 Mc to 40 Gc range equals
the sweeper value choice

No other sweeper on the market today combines all
the fine features of the new Alfred 650 Sweep Oscil-
lator Series to give you more Gc’s per dollar, user
convenience, and technical performance.

Here are just a few of the more important features
and performance characteristics...PIN diode lev-
eling to 12.4 Gc and grid leveling to 40 Gc...nine
oscillator plug-ins to cover the range of 250 Mc to
40 Gc...power variation leveled as low as #0.3 db
with minimal residual FM...5 stable single fre-
quency settings...3 rf or video markers...50/400
cps, 115/230 volt operation...broadband and sym-
metrical sweep...two manual sweeps...unique
Fo control.

Price of the basic Model 650 is $1600. Plug-in os-
cillators start at $1550. For example, S and C band
oscillator plug-ins are priced at $1600 and $1550
respectively.

Series €50 Sweepers are the latest step in Alfred’s
continuing evolution of quality plug-in sweeping os-
cillators. Alfred introduced the first plug-in sweeper
in 1957.

For more information and an immediate demonstra-
tion call your nearest Alfred engineering sales and
service center (listed in EEM and MEH). Or you may
write us at 3176 Porter Drive, Palo Alto, California
94304. Phone: (415) 326-6496. TWX: (415) 492-9421.

ALFRED ELECTRONICS

ON READER-SERVICE CARD CIRCLE 36
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Go/no-go technique tests amplifiers
rapidly and precisely. A simple setup enables a variety
of measurements to be read out visually.

Manufacturers and large-scale users of differ-
ential, operational and general-purpose linear am-
plifiers face a common problem: many parame-
ters must be guaranteed for the devices to
function in a system; yet these parameters are not
suited to rapid final-test or incoming-inspection
measurements. Conventional test techniques take
excessive time (10 to 15 minutes a unit) and may
involve sophisticated equipment operated by
skilled personnel.

A rapid go/no-go test setup using one visual
display to check all parameters has been designed.
It enables a relatively unskilled operator to carry
out up to 15 tests in as little as 20 seconds.

It is no longer necessary to take individual
measurements with different equipment to check
each parameter—such as input-output impedance,
gain, common-mode rejection ratio, etc. The visual
method uses a test box, made up of a few resistors,
capacitors and choppers, and an oscilloscope
display. The same equipment is equally able to
check differential, operational and general-pur-
pose linear amplifiers.

With conventional test techniques, measure-
ment accuracy often depends on signal-generator
output levels, or oscilloscope or ac-voltmeter cali-
bration. These factors, often ignored, require con-
stant attention and recalibration when a large
number of amplifiers are tested.

The visual comparison method offers these
advantages:

= Calibration of the oscilloscope is not critical,
because the measurements are not absolute but
relative. The display gives go/no-go answers with
an accuracy determined by fixed, precision resis-
tor ratios, independent of input signal level,
amplifier gain or oscilloscope calibration.

= Potential operator error in reading the com-
parative display is minimal; relatively unskilled
personnel can perform the measurements. Con-
ventional techniques require a higher degree of
technical competence.

Robert A. Hirschfeld, Linear Microcircuit Design Engineer,
Amelco Semiconductor, Mountain View, Calif.
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®m Measurements can be presented in rapid
succession on the display, and they look the same
for each test.

®» The technique can be adapted to automatic
and semiautomatic circuit testers, and can also
yield precise parameter values instead of go/no-go
limits, although such measurements take more
time.

Two waveforms compared

For the sake of uniformity, the test sweep is set
up so that the reference waveform appears at the
left of the oscilloscope and the measurement
waveform at the right. This is done by keeping the
chopper frequency considerably lower than the
oscillator test frequency, and sweeping the oscillo-
scope so that one complete cycle of the chopper fre-
quency occupies the full trace width.

Suppose that gain is to be measured. The hori-
zontal axis is swept in synchronization with the
chopper switching frequency. A display similar to
that in Fig. 1 will appear. If the measurement
waveform is as big as, or bigger than, the refer-
ence waveform (Fig. 1a), the unit passes the test.
If it is smaller (Fig. 1b), it fails. The technique is
the same no matter what parameter is measured.

The following procedure is followed for meas-
uring any parameter:

®» The equation that defines the parameter to be
measured is written down. In most cases it con-
tains terms proportional to gain, input and output
voltages or currents, and possibly scale factors.

= The equation is manipulated so that the
output voltage (or current) appears on the left-
hand side, equal to the product of input voltage
(or current) and a factor containing all other
terms.

® The value of the parameter being measured
at the go/no-go point is substituted into the equa-
tion.

m Inspection of the right-hand side of the
equation reveals that a voltage of equal value may
be derived by performing the indicated algebraic
functions electrically.

= A factor equal to gain is obtained by ampli-

ELECTRONIC DESIGN 10, May 10, 1967
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1. Passing (a) or failing (b) the amplifier test is deter-
mined by comparing the measurement trace (on the right)
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with the reference (on the left). The measurement trace
must be as big as or bigger than the reference.
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2. Conventional input impedance measuring necessitates
taking several readings and several calculations. This can
result in errors and is time-consuming.

fying the input signal with the device under test.
= A constant factor less than unity is obtained
by attenuating with a resistive divider during the
reference half of the display.
= A constant factor greater than unity is in-
serted as a resistive divider during the measure-
ment half of the display.

Using the method

Figure 2 shows the method commonly used to
measure input impedance. For simplicity, a single-
input, single-output amplifier is shown, and it is
assumed that dc levels are unaffected by changes
in series input resistance.

With conventional methods, the input is first
driven from a low-impedance voltage source
(oscillator), and the output measured (V,,).
Then R1 is inserted in series with the input, and
the output is measured again (V,.). Then:

Zin e RZ Vn:/("?m“/n:)- (1)
To avoid the need for calculation every time
such a conventional measurement is made, R1 is

ELECTRONIC DESIGN 10, May 10, 1967

3. Visual-comparison input impedance measuring requires
only one operation—a look at an oscilloscope (see Fig. 1
for actual traces).

often made equal to the minimum allowable value
of Z;,; the device under test passes if V,, =
Vo/2. Even with this simplification, the test
operator must either mentally calculate V,,/2 for
each unit as V,, varies with gain, or adjust the
input level for some standard output V,, for each
unit. This gives him a convenient reference for
deciding whether the unit has a passing or a
failing V,.. But both alternatives are time-con-
suming and prone to operator error.

Applying the procedure for visual comparison
to Eq. 1, the terms are regrouped so that:

‘/7'7'.’ == ‘/”]Z’" (ZIN RI) (2)
= n.w‘Az'Z:n'(Zini‘Rl)~ (g)

Then the pass-fail value, Z;,.1in) is substituted
for Z,;, and a convenient value of R1 selected. R7
does not necessarily have to equal Z;, i, for this
test. Examination of Eq. 3 term by term shows
that the input voltage is V,.. This is amplified by
the voltage gain, 4,. A, V,. is then multiplied
by the ratio Zinciim)/ (Zinc1im)y + R1). From Fig. 3
it can be seen that this ratio is simulated by re-
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sistors R, and R;, where:
R,,,/(R,1+Rb) :Zin(lim)/ (Zimlivm) +R1) (4)
With the chopper contacts in the measuring
position, R1 is inserted in series with the input, and
the actual value of V,, is measured. If Zi, uctuar)

equals Z,. 1im), both halves of the scope trace are
equal, and the unit passes the test. If Z;, is greater
than Z,..1im), the unit again passes; the trace ap-

pears as in Fig. la. If the converse is true, the
trace appears as in Fig. 1b; the unit fails.

An increase in oscillator level, voltage gain or
oscilloscopic sensitivity would cause the entire
waveform to expand vertically but would not
affect the validity of the measurement. Accuracy
is determined solely by R and the ratio of R, to
R;, and these may be set precisely as desired when
the test fixture is built.

Common sense helps

In this input impedance example as in all oth-
ers, departures from nonideal amplifier character-
istics can disturb the comparative measurements
or render them unreadable, unless a bit of com-
mon sense is used in the test circuit design. For
example, in the case of a direct-coupled transistor-
input amplifier, insertion of R1 in series with the
input will allow the inevitable base current to
superimpose an effective de input on the original
level. This would result in a vertical shift of the
right-hand half of the comparison trace, propor-
tional to voltage gain and input bias current. As
well-known optical-illusion demonstrations prove,
such displacement makes accurate comparison
nearly impossible.

A solution that uses capacitors to test a
differential input amplifier appears in Fig. 4.
Since this is a differential input impedance test,
R1 is split into two resistors to prevent a low
common-mode input impedance from disturbing

“‘A variety of amplifier parameters can be checked quickly
using a simple test set, an oscillator and an oscilloscope,”
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4. Input impedance of a differential amplifier can be
measured by using this setup. Capacitors prevent dc level
shifts between the reference and measurement halves of
the display.

the measurement. The reactances of the coupling
capacitors, C1 and C2, should, of course, be much
lower than R1/2 at the test frequency.

The traces of Figs. 1la and 1b were obtained
with a chopper rate of 60 Hz and an oscillator
frequency of 3 kHz. The choice of oscillator fre-
quency is often dictated by existing specifications
for the device under test; practical tests indicate
that a ratio of oscillator-to-chopper frequency of
at least 10:1 is desirable, to avoid operator eye
fatigue. Power-line operation of mechanical
choppers is also convenient, because it allows the
oscilloscope’s horizontal sweep to be triggered in
the “line” mode, which is available on most oscillo-
scopes. Phase relationship (in phase or 180° out)
between choppers and the oscilloscope is impor-
tant, since a reversal would cause an inversion of
the pass-fail criteria.

Resistors loading various points of the amplifier
under test should have values that do not disturb
the measured parameter, or at least that con-
tribute equal disturbances under both reference
and measurement conditions. The coupling capaci-

e e U

says the author, Bob Hirschfeld, shown observing a pass-
ing pattern on the scope.
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?OSCILLATN

CHOPPERS SHOWN IN THE MEASUREMENT POSITION

5. Automatic testing of input impedance can be achieved
through synchronous detection of the comparative wave-
forms. The output of the dc comparator can be used to
energize a relay.

tors must have reactances far below the associated
circuit impedances at the test frequency. In the
case of a high-frequency test, such as for band-
width, good RF construction practice, including
low-capacitance choppers, should be used.

Absolute measurements possible

While the visual-comparison method was origi-
nally developed to produce fast go/no-go produc-
tion tests, it is also useful when rapid data-taking
is desired. All pass-fail points depend either on an
absolute resistor value or on a precise resistor ratio
within the test circuit. If, for example, a precision
potentiometer, such as a 10-turn helical, is substi-
tuted for the input resistor R1 in Fig. 3, it can be
adjusted by the operator until the two halves of
the comparison waveform are equal in height; then
the resistance is read from a turn-counter dial,
and it is proportional to the actual input imped-
ance, related by Eq. 4. If R, = R, in Eq. 4, the
potentiometer resistance equals Z;,.

A similar procedure is used when the pass-fail
limit is determined by a resistor ratio; in this case,
the potentiometer is substituted for the fixed
resistors, and the turns-counter dial gives the
ratio directly. The use of a potentiometer slows
testing, of course, but it provides actual readings,
if needed.

Testing automatically

The comparative method can be refined further
to provide automatic detection of the pass-fail
criterion, as in Fig. 5. An added chopper is driven
synchronously with the reference-measurement
choppers. During the reference half of the cycle,
one detector is used; during the measurement half,
the other detector receives the circuit output. A de
comparator can then be used to compare the
resultant voltages, giving either a “pass” or a
“fail” digital output.

An extension of the synchronous detector

ELECTRONIC DESIGN 10, May 10, 1967

6. For data logging or analysis, a servo feedback system
and synchronous detection can be used to obtain readings
proportional to the parameter values. Here the output of
the dc comparator drives a potentiometer.

method would be to close the loop around the
circuit under test, as in Fig. 6. The dc comparator
would drive a servomotor, which would adjust a
potentiometer in the circuit, just as was done
manually for actual value measurement. This
feedback would cause the potentiometer to assume
a setting that would give equal reference and
measurement outputs. In this case, the setting of
the potentiometer might be converted to an output
suitable for automatic print-out or tape, which
could be used for subsequent data processing—for
example, statistical production-run analysis.

An alternative to the mechanical servodrive
system would be an all-digital system, in which
the feedback loop would switch higher or lower
fixed resistors into the test circuit, until the mini-
mum difference between reference and measure-
ment wavefoms was obtained.

Building the test set

As can be seen from the diverse applications of
the visual-comparison technique shown in Fig. 7,
many or all of these tests can be combined in a
single test box. Switching from one test
configuration to another can be done with a multi-
ple-pole rotary switch, mounted close to the test
socket, or possibly with fast reed relays, controlled
either by a manual rotary test switch or by an
automatic sequencer.

Since all tests have been reduced to a common
display, resistor values can be scaled, so that
approximately the same comparison waveform
appears for each test. The phase relationship
between choppers and oscilloscope sweep can be
set by additional switch contacts. These would
connect the chopper coil drive, so that the test
criterion—that the right-hand waveform must be
as large as, or larger than, the left-hand side—is
true for both maximum and minimum limit tests.

Thus an unskilled operator can perform the
test sequence without knowing the significance of
each test. m =

(measuring techniques are summarized on next page.)
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7. Six commonly specified amplifier parameters can be measured with the visual-comparison technique. Ali chopper
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Differential Amplifier Operational Amplifier
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contacts are shown in the measurement position. Low-capacitance choppers are used to measure the bandwidth.
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Not a chance of a ghost.

Not with Bruning 21 drafting vellum. We call it the
ghost chaser. Lets you forget all abouf ghost lines,
smearing or smudging. Takes pen or pencil.

21 also has a fast reprint speed that saves you time
and money at your reproduction center. lts locked-in
transparentizing agents are there to stay.

In all modesty, we feel it's the best drafting vellum

BRUNING division

e

you can buy. And it stays that way sheet after sheet,
run after run, year after year.

Is your drafting room haunted by ghosts? Get rid
of them for good . . . with the ghost chaser. Call your
Bruning man. He’s listed under Bruning or Addresso-
graph Multigraph in the telephone directories of most
major cities. Or write Dept. G, Mt. Prospect, lllinois.

CORPORATION
...helping people communicate

ON READER-SERVICE CARD CIRCLE 37
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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 — JEP SR 5 . |
2 Switch Form C e FIGURE 2

In small signal applications, such as computers,  Horizontal Deflection 1.0 ms/cm  MHorizontal Deflection 1.0 ms /cm
telemetric systems, strain gauges, etc. gen-  Vertical Deflection 20 1V /em  Vertical Deflection 100 2V /em
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-

: : il dri i i i .
ggzjitig;s.system bandwidth and coil drive 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 uV [em  Vertical Deflection 200 «V /cm
ment and test circuit. Systems Bandwidth .06—6K Hz.  Systems Bandwidth .06—60K Hz.

TEST CIRCUIT
TEKTRONIX
2A61 564

MOUUOH
t o

o1

Horizontal Deflection 1.0 ms/cm
Vertical Deflection 500 «V /cm
Systems Bandwidth .06—100K Hz.
eEpL k
) [ 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. 1057 Elkhart, Indiana, U.S.A. 46514 < (AC 219) 264-1141

TRANSPORTATION EQUIPMENT e ARCHITECTURAL PRODUCTS o MERCURY RELAYS e DOORS AND ENTRANCES e CONTRACT MANUFACTURING
ON READER-SERVICE CARD CIRCLE 38
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Simplify magnetic-core coil design
with this direct and practical approach. Over 100 pilot
designs and a core-selection chart form the basis.

Choosing the proper proportions for a magnetic
core’s air gap and metallic path length is a com-
mon problem in the design of magnetic-core coils
and transformers that must carry both direct
current and the desired alternating current. The
customary approach is to follow guidelines estab-
lished by Hanna' ( see Box).

A more direct approach to optimum core dimen-
sions, however, will quickly indicate the suitability
of a given core material for a specific inductance,
coil resistance and dc current. This approach
employs a core selection chart and tabulations of
more than 100 designs for a highly grain-oriented,
cold-rolled, silicon-iron alloy core material. From
these listings, core dimensions and other design
data can be readily obtained. Where specific re-
quirements do not match any of the tabulated
designs, the core selection chart serves as the basis
for a suitable design.

Tabulations based on pilot designs

In a magnetic-core transformer or coil design,
the inductance, maximum coil resistance, maxi-
mum dc¢ current, ac voltage and operating fre-
quency are all usually specified. The problem is
then to size the requisite core correctly, to select
the core material, to calculate the necessary turns,
wire size and air-gap spacing, and to determine
the total flux level. The figures in Tables 1 and 2
relate these factors and were compiled by carry-
ing out a series of pilot designs. An understanding
of the basis on which these pilot designs were ex-
ecuted is important if full benefit is to be derived
from the tabulations.

The inductance of an iron-core coil is inversely
proportional to the effective length of the magnet-
ic path. The value of incremental permeability
depends on the values of ac flux density (B..) and
de flux density (B;.) in the core. The sum of these
densities should not exceed the saturation value of
the core material used. A combination of core

Robert A. Booth, Electronic Research Engineer, Jet Pro-
pulsion Laboratory, Pasadena, Calif.
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area, air-gap length and number of coil turns that
will yield the proper inductance must therefore be
selected. In other words, B,. and B;. must be of
such a value that at maximum de¢ current they will
provide the highest inductance for a given “opti-
mum volume” of core material without producing
magnetic saturation. The term optimum volume
is used in reference to minimum core size and
weight.

The size of the opening in a selected core de-
pends on the number of turns of wire, wire size
and insulation requirements. For magnetic ma-
terial in the form of cut-C cores, the relationship
of the geometry of one core is not necessarily
proportional to that of another, because there are
several possible core-opening sizes for a given
core cross-sectional area. Considering the product
of these two variables alone does not suffice as a
means for tabulating various designs.

A relationship between the parameters of a dc-
carrying inductor and the size or weight of the
inductor exists. Once a core has been selected and
an arbitrary set of specifications established from
which a pilot design can be made, this core can be
classified in terms of energy content.

In essence a pilot design is evolved by arbitrari-
ly selecting a core and winding it to full capacity.
The necessary air-gap spacers are inserted on the
basis of an arbitrary level of dc operating flux and

Conventional approach

Conventional design of magnetic-core inductors
involves calculations that are based on known char-
acteristics of the magnetic materials being used and
on the effects of air gaps of various lengths inserted
in the magnetic circuit.

With an estimated correct core volume, the opti-
mum value of applied field is computed, and from
this value the number of turns in the coil is ob-
tained. The resulting coil resistance is then cal-
culated to determine if it is satisfactory for the
application. If not, a new core volume is assumed
and the calculations are repeated until the desired
winding resistance is attained.
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Table 1. Design tabulations

L lgc Reoil Core :Ivlvrg Turns 'g szgpﬁr que Bac
; ght weight

(H) (mA) (Q) (no.) (ﬂO) (no) (ITII'S) (IbS) (IbS) (kG)
0.002 4,400 0.1 3 15 93 22.6 0.303 0.2 10.5
0.0037 12,500 0.11 35 11 156 107.0 2.31 1.19 10.9
0.0042 22,500 0.054 155 7 121 150.0 6.71 4.05 10.7
0.005 22,500 0.059 155 7 131 150.0 6.71 4.05 11.6
0.0072 12,500 0.48 35 14 304 208.0 2:5] 1519 10.9
0.01 8,000 0.14 29 11 164 77.5 2.8 2.21 10.3
0.01 12,500 0.11 35 16 454 331.0 2:31 1.19 10.3
0.012 8,000 0.15 29 11 176 11s5 2.8 2.21 11.0
0.012 12,500 1.2 35 16 484 331.0 2.31 1.19 10.9
0.025 4,000 0.49 26 14 324 715.3 2.51 1.31 10.3
0.028 4,000 051 26 14 342 75:3 2.51 1.31 10.9
0.035 2,000 0.91 54 17 386 46.0 1.24 0.599 10.1
0.041 2,000 0.99 54 17 418 46.0 1.24 0.599 10.9
0.32 600 9.7 6 24 1005 34.5 0.523 0.55 10.5
0.34 600 10.0 6 24 1045 34.5 0.523 0.55 10.9
0.70 290 33.8 138 28 1585 25.8 0.302 0.293 10.7
0.73 290 34.5 138 28 1620 25.8 0.302 0.293 10.9
0.80 375 24.0 6 26 1580 33.6 0523 0.55 10.6
0.85 375 24.9 6 26 1630 33.6 0.523 0.55 10.9
0.98 150 51.8 2 29 2010 16.6 0.292 0.14 10.9
1.0 300 25.6 7 26 1590 27.0 0.555 0.511 10.6
12, 300 26.4 7 26 1630 21.0 0.555 0.511 10.9
1.3 200 54.0 138 29 2010 221 0.302 0.293 10.9
143 300 40.3 7 27 2000 33.0 0.555 0.511 10.9
15 200 57.5 138 29 2140 22.1 0.302 0.293 11.6
1.54 150 131.0 2 31 3140 759 0.292 0.14 10.5
2.0 200 57.4 7 28 2230 21.0 0.555 0.511 9.8
241 400 44.4 35 24 2800 61.6 2.31 1419 10.9
2.3 150 309.0 2 33 4710 39.0 0.292 0.14 10.9
2.4 130 106.0 9 29 3800 21.2 0.594 0.21 10.9
2.4 200 63.0 7 28 2450 27.0 0.555 0.511 10.8
25 130 108.0 9 29 3880 21.2 0.594 0.21 11.2
2.8 300 50.0 15 26 2550 42.1 1.06 1,12 10.9
3.0 150 83.0 11 28 3060 25.3 0.725 0.39 10.9
3.5 50 145.0 126 33 2980 8.5 0.142 0.106 10.5
3.8 50 150.0 126 33 3080 8.5 0.142 0.106 10.9
3.9 400 168.0 35 27 5330 118.0 2.31 1.19 10.9
4.0 65 256.0 250 34 4000 14.3 0.1595 0.106 10.9
4.0 175 98.0 8 29 2860 29.4 0.588 0.75 10.2
4.0 250 61.0 64 25 3220 44.8 2.075 1.085 10.8
4.4 200 90.5 10 28 3060 33.6 0.798 0.88 10.9
4.5 50 226.0 126 34 3715 10.3 0.142 0.106 10.8
4.5 200 91:3 10 28 3090 33.6 0.798 0.88 11.0
4.6 50 228.0 126 34 3750 10.3 0.142 0.106 10.9
4.6 100 320.0 3 33 4700 259 0.303 0.2 10.9
4.6 175 105.0 8 29 3050 29.4 0.588 0.75 10.9
4.8 50 281.0 235 34 4850 13.4 0.174 0.096 10.9
5.0 65 415.0 250 35 5150 19.0 0.1595 0.106 10.6
5.0 100 333.0 3 33 4880 25.9 0.303 0.2 1153
5.0 200 75.3 15 21 3100 34.5 1.06 1.12 10.8
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Table 1 (continued)

| R Wire | Copper Core B
= dc coil Core AWG Turns g welght we|ght dc
(H) (mA) (Q) (no.) (no.) (no.) (mils) (Ibs) (Ibs) (kG)
5.2 200 76.3 15 27 3140 34.5 1.06 1.12 10.9
557 250 98.3 64 26 4120 56.8 2.075 1.085 10.9
5.3 65 427.0 250 35 5300 19.0 0.1595 0.106 10.9
5.4 65 309.0 2 33 4710 16.9 0.292 0.14 10.9
5.5 50 437.0 235 35 5980 17.6 0.174 0.096 10.2
9.9 200 142.0 10 29 3810 42.0 0.798 0.88 10.9
6.0 200 149.0 10 29 4000 42.0 0.798 0.88 11.4
6.3 50 470.0 235 35 6400 17.6 0.174 0.096 10.9
6.6 85 785.0 2 35 7560 35.4 0.292 0.14 11.0
7.0 50 491.0 235 35 6720 17.6 0.174 0.096 LG
7.0 150 154.0 8 30 3550 25.8 0.588 0.75 12.4
el 15 65.0 115 31 2200 1.82 0.144 0.08 10.9
1.3 200 124.0 27 26 4920 54.0 2.61 113 10.9
ih 50 418.0 1 34 5720 15.8 0.26 0.13 10.9
7.5 400 52.0 34 23 3060 72.1 4.55 5.72 10.1
1.9 125 163.0 8 30 3760 25.8 0.588 0.75 11.0
79 150 163.0 8 30 3760 25.8 0.588 0.75 13:1
19 200 132.0 18 28 3850 42.4 1.155 1535 10.9
8.0 85 1050.0 2 36 8000 32.6 0.292 0.14 12.6
8.0 300 68.0. 31 24 3530 66.8 4.05 4.23 9.55
8.5 50 650.C 1 35 7020 20.8 0.26 0.13 10.1
8.5 200 137.0 18 28 4000 42.4 1155 1.35 11:3
8.6 400 9.9 34 23 3280 72.1 4.55 5.72 10.8
8.9 200 188.0 27 21 6050 66.7 2.61 113 10.9
9.0 125 250.0 8 31 4520 32.8 0.588 0.75 10.4
9.2 50 404.0 251 34 5650 15.6 0.251 0.16 10.9
9.9 50 700.0 1 35 7580 20.8 0.26 0.13 10.9
10.0 90 317.0 48 31 5720 29.5 0.736 0.406 10.5
10.0 125 263.0 8 31 4760 32.8 0.588 0.75 10.9
10.0 200 198.0 27 21 6400 66.7 2.61 113 11.6
10.3 65 1200.0 2 36 9100 32.6 0.292 0.14 10.9
10.3 85 1200.0 2 36 9100 32.6 0.292 0.14 14.3
10.4 90 317.0 48 31 5720 28.4 0.736 0.406 10.9
10.5 110 253.0 8 31 4560 28.8 0.588 0.75 10.5
10.6 300 71.5 31 24 4040 66.8 4.05 4.23 10.9
10.8 90 330.0 48 31 5950 29.5 0.736 0.406 10.9
10.9 100 142.0 10 29 3810 21.0 0.798 0.88 10.9
11.0 200 298.0 27 28 7450 82.0 2.81 1.13 10.9
11.4 110 263.0 8 31 4760 28.8 0.588 0.75 10.9
11.6 30 4217.0 250 35 5300 8.77 0.1595 0.106 10.9
12.0 30 435.0 250 35 5400 8.77 0.1595 0.106 11.1
12.0 100 149.0 10 29 4000 21.0 0.798 0.88 11.4
13.0 10 97.0 115 32 2640 1.45 0.144 0.08 10.9
13.0 75 330.0 48 31 5950 24.6 0.736 0.406 10.9
14.7 50 935.0 251 36 9000 24.8 0.251 0.16 10.9
14.9 80 371.0 14 31 6450 28.4 0.84 0.42 10.9
15.0 75 480.0 48 32 7000 29.4 0.736 0.406 10.7
15.6 75 490.0 48 32 7120 29.4 0.736 0.406 10.9
16.0 80 532.0 14 32 7320 34.0 0.84 0.42 10.3
17.8 80 561.0 14 32 7720 34.0 0.84 0.42 10.9
20.0 15 580.0 115 36 6300 5:3 0.144 0.08 10.7
20.9 15 591.0 115 36 6400 e 0.144 0.08 10.9
35.0 15 1360.0 126 38 8720 7.3 0.142 0.106 10.7
36.3 15 1380.0 126 38 8880 7.3 0.142 0.106 11.0
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Table 2. Core selection chart

Effective
Core energy Strip width Build up Window width | Window length Bobbin width core-cross-
Core no. content (in.) (in.) (in.) (in.) (in.) section-area
(in2)
(E.C.) (D) (E) (F) (G) (B) (Ac)
115 10.0 0.375 0.25 0.375 1.0 0.905 0.0846
126 13.2 0.375 0.3125 0.375 1.0 0.905 0.1053
235 15.2 0.375 0.25 0.375 1.1875 1.093 0.0846
250 18.0 0.5 0.25 0.375 1.0 0.905 0.1125
1 21.25 0.5 0.25 0.5 1.125 0.9687 0.1125
3 28.9 0.75 0.25 0.5 1.125 0.9687 0.1692
8 32.5 0.625 0.25 0.625 1.5625 1.468 0.1404
251 34.0 0.5 0.3125 0.4375 1.1875 1.093 0.1404
138 38.8 0.5 0.5 0.5 1.125 1.843 0.225
2 44.6 0.75 0.1875 0.5 1.125 0.9687 0.1269
11 45.7 1.0 0.2812 0.625 1.5625 1.468 0.2529
1 49.6 1.0 0.375 0.5 1.5625 1.468 0.3375
48 56.2 1.0 0.3125 0.625 1.5625 1.468 0.2817
6 61.0 0.75 0.5 0.5 1.5625 1.468 0.3375
14 67.0 1.125 0.3125 0.625 1.6875 1.593 0.3168
8 78.0 1.0 0.5 0.5 1.5625 1.468 0.45
54 81.0 1.0 0.375 0.75 1.9375 1.843 0.3375
10 101.0 0.875 0.625 0.625 1.5625 1.468 0.4923
15 109.0 1.0 0.625 0.625 1.9375 1.843 0.5625
64 129.5 1.375 0.4375 0.875 2.25 2.124 0.5418
18 144.0 1.26 0.625 0.625 1.9375 1.843 0.7029
26 154.0 1.25 0.5 0.9375 2.5 2.374 0.5625
27 164.0 1.9 0.375 0.9375 2'5 2.374 0.5058
31 270.0 1:b 1.0 1.0 3.0 2.844 1.35
35 371.0 0.75 0.75 1.1875 1.75 1.655 0.5058
34 388.0 2.0 1.0 1.0 3.0 2.844 1.8
155 650.0 2.0 0.75 1.375 3.0 2.844 1.35

allowable dc current. The coil inductance and
resistance can then be determined. From this pilot
design the energy content of the core can be
calculated from:

EC =L I;/R'?, (1)
where

EC = core energy content,
L = inductance,

I;. = dc current,
R = coil resistance.

The core is now classified in terms of its energy
content. Similar pilot designs are then carried out
for other cores until sufficient data are obtained to
compile the core selection chart (Table 2). In this
process, the parameters initially specified for each
pilot design do not include a value of inductance,
since this is a derived quantity. Once the core is
tabulated, however, the design process is reversed
—the inductance is specified and the air-gap
spacing and turns are calculated. In this manner
Table 1 is compiled.

In the actual work of compiling Tables 1 and 2,
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the pilot designs were initially calculated. How-
ever, empirical data were also obtained and served
to verify the design results.

The highly grain-oriented, cold-rolled, silicon-
iron alloy core material used for the pilot designs
has exceptionally low iron losses, high saturation
flux densities of about 20,000 gauss, high permea-
bility at both high and low flux densities, and high
incremental permeability. The material is avail-
able under the trade names M6X, Hipersil, Super-
sil, Silectron, Trancor 3X and Corosil. Its composi-
tion is 97 per cent iron and 3 per cent silicon,
grain-oriented, with an actual saturation flux
density of about 19,700 gauss.

The design calculations assumed for conven-
ience a 4-mil tape thickness, an iron-stacking
factor of 0.9, and a copper resistance factor of 1.1
for a coil temperature rise of 50°C.

How to use the tabulations

A total of 104 pilot designs are tabulated in
Table 1 in order of increasing inductance. To use
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the data for a specific design application, locate
the tabulation that matches the parameters of the
coil being designed; for a typical design, this will
include the inductance, the de current and the coil
resistance. From this information the tabulation
supplies the core number to be used (from Table
2), the AWG wire size (heavy Formvar is as-
sumed), the number of turns, the total air-gap
spacing, the total copper weight, the total core
weight, and the level of dc magnetization that will
result.

For a design that does not satisfactorily fit into
any specific tabulation, one or more of the follow-
ing adjustments can be made:

m Calculate the core energy content of the
particular design. Then select the corresponding
core from Table 2 and compare this with the

Table 3. Wire table
& Q/in. Q/Ib
AWG Turns/in (20°C) (Type hf)
8 57 0.0000532 0.01246
9 72 0.0000671 0.01983
10 90 0.0000845 0.03148
11 113 0.000105 0.05004
12 141 0.000132 0.07950
13 176 0.000167 0.126
14 220 0.000211 0.209
15 273 0.000266 0.318
16 350 0.000334 0.510
17 432 0.000422 0.798
18 540 0.000532 1.27
19 668 0.000671 2.02
20 850 0.000845 3.19
21 1045 0.001065 5.08
22 1300 0.001345 8.10
23 1650 0.00169 12.7
24 2030 0.00214 20.4
25 2500 0.00270 32.4
26 3160 0.00341 51.6
27 3880 0.00424 81.1
28 4770 0.00541 130
29 5920 0.00682 201
30 7300 0.00863 328
31 9260 0.0110 520
32 11100 0.0137 794
33 13900 0.0173 1280
34 16900 0.0216 2050
35 22300 0.0274 3280
36 26900 0.0346 5160
37 33100 0.0436 7830
38 40000 0.0550 12600
39 51800 0.0692 21300
40 66200 0.0875 34700
41 90000 0.1102 52000
42 110000 0.1382 81800
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tabulation in Table 1 that most nearly fits the
design inductance, to see if the values match
satisfactorily.

= Adjust the total number of turns for the
required design inductance. (Note that the pilot
designs assume a stacking factor of 70 per cent.)
Care must be exercised when doing this, since, if
the total turns are reduced below the values given
in Table 1, core saturation may result with large
values of ac voltage. This is because changing the
total number of turns not only changes the value
of inductance (as the square of the turns), but
also the de and ac flux levels.

= Change the wire size slightly to satisfy more
nearly the coil resistance.

= If the dc current of the actual design is great-
er than the dec current given in the tabulation,
calculate the dc magnetization level, B,., from the
equation B;,. = 0.55 NI;./l,, where N = number
of turns and [, = air-gap length. The value should
be less than 20,000 gauss to prevent saturation
and resultant loss of inductance. This is because,
when the air gap remains fixed, the inductance
will decrease gradually while the de current in-
creases until near saturation occurs. Then at this
point a sudden drop in inductance takes place, in-
dicating saturation.

= [f a swinging choke is desired, the actual
design is determined by the mean inductance at
the maximum de¢ current. The resultant choke size
is then compared with the closest available tabula-
tion.

Any design possible with core selection chart

When design requirements still cannot be met
satisfactorily by any of the 104 designs listed in
Table 1, the desired coil can still easily be designed
by using Tables 2 and 3 and by carrying out the
following procedure.

1. Note the specific design requirements:

L (in H),

R.i; (in Q max),
I;. (in mA dc),
E. (in'V rms),
f (in Hz).

2. Calculate the core energy content, EC:
EC = L Irl(-/R('oill/g-

3. Select the core from Table 2.
4. Record all data from Table 2.

5. Calculate the mean length of each turn of
wire, MT:
MT = 2(D+E)+=F,
where D, E and F are taken from Table 2.
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6. Calculate the weight of copper wire:
Wt )= (0.25) (B) (F) (MT) (space factor),
where space factor = 0.5-0.7.

7. Calculate the wire ohms per pound:
Q/lb = chil/(thlm 4 CRF))
where CRF' = copper resistance factor
= 1.1 for a rise of 50°C in the coil.

8. Resolve the value of wire ohms per pound,
calculated in Step 7, into AWG wire size by use
of Table 3.

9. Record the turns per square inch, based on
the selected wire size, by means of Table 3.

10. Calculate the required number of turns, N:
N = (turns/in?) (B) (F) (space factor),
where B and F' are taken from Table 2.

11. Calculate the actual coil resistance and com-
pare it with the original design requirements:
Ruoit g = (MT) (N) (2/in.) (CRF),
where:

MT = value from Step 5,
N = value from Step 10,
Q/in. = value from Table 2,

CRF = value from Step 7.

12. Calculate the required gap length, [,:
b, = 0.55 N luc/Bqc,
where:
I;. = design value (in A),

B, = 10 kilogauss.

13. Calculate the actual inductance:
L(H) =32 /N2 Ac(lnzl 10"‘/l9“n_),
where A, = effective core cross-sectional area,
taken from Table 2.

14. Calculate the actual de flux level, B,.:
Bdc = 0.6N1d(‘/l

9 (in.)"*

15. Calculate the ac flux level, B,.:
B, = 3.49 Eac(rms) 10“/fA‘(h\2)N’
where f = frequency in Hz.

16. Check the total flux density level to see if
it is below saturation:
Blatal = Bat‘+B(i('- e

Reference:

1. C. R. Hanna, “Design of Reactances and Transform-
ers Which Carry Direct Current,” AIEE Journal, XLVI,
Feb. 1927, 128-131.
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IF THIS
MINIATURE METAL
FILM RESISTOR
DOESN'T CHANGE YOUR

design ideas

PR
g 3

PMESS |

FPMETO
Part No. Power Ohms Tol. Temp. Coef.
PME 50 | 1/20 W | 109 to 1M +1% to .1% T-0, T-2, T-9
PME 55 1/10 W 109 to 3M *+1% to .1% T-0, T-2, T-9
PME 60 1/8 W | 49Q to 7.5M *+1% to .1% T-0, T-2, T-9
PME 65 | 1/4 W | 49Q to 20M *+1% to .1% T-0, T-2, T-9
PME 70 1/2 W | 24Q to 30M *1% to .1% T-0, T-2, T-9
PME 75 1 W | 49Q to 50M *1% to .1% T-0, T-2, T-9

The stability and accuracy of Pyrofilm’'s PME metal film
resistors makes their use ideal in applications where before
only wire wound resistors could be used. These resistors
are virtually unaffected by environmental conditions and
withstand constant exposure to high moisture conditions
without change in specifications. PME resistors meet or
surpass all requirements of MIL-R-10509F.

Send for fact-filled literature sheet!

PYROFILM RESISTOR

COMPANY, INC.

3 SADDLE ROAD « CEDAR KNOLLS, NEW JERSEY « 201-539-7110

ON READER-SERVICE CARD CIRCLE 155
ON PAGES 84 AND 85, ON READER-SERVICE CARD CIRCLE 39 >



IC counters

Step into the future with the Thin Line-the
sleek, ultra-reliable counters Systron-Donner
now builds with integrated circuits.
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Look, no knobs! Sliding 9 digits for top resolution.
switches are easier to set, easier Thin Line counters give you
to read. Prevent errors in control readings with a resolution
settings. The modern touch on of 1 part in a billion.

the outside that reflects the
advanced design inside.

1. Microwave counter. Reads frequency directly in gigacyles from 0.3 to
12.4 GHz. Displays final answer instantly and automatically by means of
built-in automatic computing transfer oscillator. No tuning. No calculations.
Phase lock for counter accuracy.

2. 100 MHz Universal Counter-timer. This Thin Line packs more
utility in a smaller cabinet than any other instrument you've seen.
Measures frequency, time interval, period, and frequency ratio —
or just counts cycles under local or remote control.

3. 100 MHz Frequency Counter. A best buy
for people who want to measure frequency and period
only. Provides the wide range from dc to above 100 MHz.

4. Counter-DVM. A 5 MHz counter and an integrating DVM
in one compact cabinet. DVM is referenced to an internal
temperature-compensated Zener diode. It provides four
ranges (1, 10, 100, ‘® 1000v), lxv resolution, automatic polarity
indication, floating inputs, and selectable filters.

5. 10 MHz Universal Counter-timer. All the
functions of the 100 MHz counter-timer at frequencies
to 10 MHz and above.

6. 5§ MHz or 10 MHz Frequency Counter. Frequency

./\5.
and period measurements only: dc to 8 MHz, or

dc to above 10 MHz. Systron-Donner Corporation,
888 Galindo Street, Concord, California
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are here!

They pack an unprecedented frequency
range (to 12 GHz) or six different functions
into 174 inches of rack space.

RECYCLE LEVEL A INPUT
6038 SEMES
-~ & COUNTER / TimER

AW

,.EJ\'/
kS T L]

Champion space saver. Breakthrough in accuracy.
Nothing could be less demanding A new high-stability oscillator
of rack space — only 1% inches required. with an aging rate of 5 parts
When there is “no room left.’ in 1010 per day — unmatched by

a Thin Line counter may save any other counter manufacturer.
the day.

Remote control. Lets you

plug Thin Line counters into a
larger system and control all
operations with electrical signals.

The Thin Line

Send for

free with IC counters
from Systron-Donner
brochure




Maintainability specs bothering you?
If so, clear away the haze. Here's what they mean
and how you should respond to them.

Many requests for proposals from government
and other prime contractors now include main-
tainability requirements. Some elements of this
relatively new discipline are vague or even un-
known to many designers, with the result that
they sometimes bid themselves out of competition
by responding to needless maintainability require-
ments. The best way to avoid this situation is to
understand the customer’s reasons for requesting
specific maintainability requirements and what he
has a right to expect for his money.

If what is being bid for is a new development or
the hardware involved is complex, the buyer may
require a maintainability program to be an inte-
gral part of the effort. If he wishes to be in the
running, the seller must know the important
elements of a maintainability program and the
significance of quantitative and qualitative main-
tainability requirements.

What are quantitative requirements?

Quantitative maintainability requirements are
usually specified as the time needed to perform
specific maintenance tasks. The commonly used
terms are mean time to repair (MTTR), maxi-
mum time to repair (Mmax), and maintenance
man-hours per operating hours (MMH/OH).
Sometimes a finer gradation of time is specified by
the inclusion of requirements for preventive, or
scheduled, maintenance time and for access and
removal time.

When none of these quantitative maintainabili-
ty requirements is specified, the seller’s response
to them should be minimal. If such requirements
are specified, but the quality assurance section of
the specification does not demand that they be
demonstrated and there is a reasonable assurance
that the equipment can meet them, the require-
ments have minor significance. The buyer in this
event would have difficulty establishing whether
or not the requirements were fulfilled. The buyer
may nonetheless choose to run his own evaluation
of the delivered hardware.

Jerry M. Okamura, Engineer, ITT Gilfillan, Inc., Los An-
geles.
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In the event that a demonstration of maintaina-
bility is required to verify the specified quantita-
tive requirements, the seller must determine
whether or not he can meet the requirements. This
leads to four possible situations:

» The requirements can be achieved easily.

® The requirements can be achived.

= The requirements cannot be achieved by
anyone. !

® The seller cannot meet the requirements but
his competition can.

If the seller feels that the requirements can be
met easily, he should recommend the buyer to
waive the demonstration requirements with
documented proof that the maintenance tasks can
easily be performed in the specified time. If the
risks in fulfilling the requirements are reasonable,
a maintainability program should be set up before
the actual demonstration to assure both parties
that the requirements can be met with a high
degree of confidence. If the requirements are felt
to be unreasonable and cannot be met by the seller
or his competition, documented evidence of this
fact should be offered with a recommended solu-
tion. The fourth possibility needs no explanation.

What are qualitative requirements?

Qualitative maintainability requirements usual-
ly demand that a specific maintenance feature or
capability be incorporated into the product. The
primary purpose of such requirements is to mini-
mize the costs and complexity of maintenance.
The most effective way to do this is to minimize
the number of maintenance personnel needed and
maintenance error. These requirements, when in
conflict with the product, should be evaluated and
alternative methods for fulfilling them recom-
mended to the buyer. Most buyers are interested
in obtaining the best equipment at least cost.
Remember that the buyer is not as familiar with
the seller’s products as the seller.

When preparing to respond to maintainability
requirements, the first step is to establish exactly
the maintenance capability of the equipment to be
offered. How great a task this is depends on the
complexity and type of equipment, and on the
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Two terms frequently used to specify quantitative main-
tainability requirements, says author Okamura, are mean
time to repair (MTTR) and maintenance man-hours per
operating hours (MMH/OH).

environment in which it will most likely operate.
The following areas should be considered in deter-
mining maintenance capability:

Maintenance environment—The anticipated
environment in which the equipment will operate
and its probable failure modes are important
elements. These, in turn, require a knowledge of
all levels of maintenance, the activity and respon-
sibility of each level, the caliber of personnel who
will perform the maintenance work. the antici-
pated support equipment that will be available,
and the environment in which the maintenance
work will be carried out.

Maintenance time requirements— Maintenance
time requirements are very important for a com-
plex device or a reparable product. The normal
methods of specifying maintenance time are mean
time to repair (MTTR), mean active corrective

maintenance time (M, ), mean active preventive

maintenance time (M,,), maintenance man-hours
per operating or flight hour (MMH/OH or
MMH/FH), and maximum repair time (Mmax)
to some probability level. The equations for de-
riving MTTR and MMH/OH are:

MITTR = X M. MPif 2 NP,

=1
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where the terms are defined as:

M; = active repair time per maintenance task,

A; = failure rate per maintenance task,
P; = population of maintenance item under

consideration;
and:

MMH/OH=M, P./t.+M,, P,/t,,

M.; = mean active corrective maintenance time,

mean active preventive maintenance time,

t. = mean time between active corrective
maintenance tasks,

t, = mean time between preventive mainte-
nance tasks,

P, = average number of personnel required to

perform each corrective maintenance
task,

P, = average number of personnel required to
perform each preventive maintenance
task.

Both M., and M,, can be calculated by means of
the MTTR equation.

Other maintenance time requirements that may
be specified are access time, removal /replace time,
and active test time. These are normally applic-
able only when the equipment is in its actual
operating environment. .

When calculating maintenance time require-
ments, it is important to realize that certain
variables are outside the seller’s control and
should not be taken into consideration. These
include supply downtime and administrative time.
Supply downtime is the time during which neces-
sary maintenance is delayed solely because a
needed item is not immediately available. Admin-
istrative time is that portion of nonactive mainte-
nance time that is not included in supply down-
time. As independent variables, these maintenance
times are not predictable. So for his protection the
seller should take exception to them whenever
they are not clearly eliminated from the specified
maintenance time requirements.

Inherent maintenance capability—The inherent
maintenance capability of a product should be

=
Il
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very carefully evaluated, because this could be the
deciding factor between competitors when main-
tainability and maintenance requirements are all
being met and costs are the same. In this case, the
buyer’s decision would favor the seller who has
the best inherent maintenance capability. Com-
mon factors that enhance this capability are
standardization of parts and interchangeability,
of modules. Other desirable maintenance features
are:

= Ease with which a fault can be identified to a
replaceable module or part. '

® Minimal amount of support equipment.

s Ease of repair, to the part level.

m Minimal adjustments and alignments.

m Fail-safe features to reduce the consequences
of failure.

m Audible or visible warnings to indicate mal-
functions.

= Minimal requirements for depot or factory
maintenance.

= Ease of handling, transportability, and stora-
bility.

= Simple and standard maintenance proce-
dures.

® Minimal possibility of undetected failure.

What is a maintainability program?

If quantitative requirements and a demonstra-
tion to prove their fulfillment are specified, it is
certain that a maintainability program will also
be required. Such a program can be divided into
three major categories: quantitative/qualitative
analysis, design assurance, and test and demon-
stration.

The quantitative/qualitative analysis is
straightforward, if an in-house effort to prepare
for maintainability has already been put into
effect in the manner described. The analysis
involves apportionment of the specified mainte-
nance time requirements to a subsystem level,
prediction of the maintenance time required for
the system, optimization of maintenance tasks by
designing for easy maintenance, and the analysis
of failure reports. In predicting maintenance
time, it is advisable to prepare a troubleshooting
diagram or chart, as this will be useful in the
design assurance effort and in the test and demon-
stration phase.

The design assurance effort assures both seller
and buyer that maintainability will be an integral
and monitored part of the design. Typical ele-
ments of a design assurance effort are the indoc-
trination of engineering personnel in the princi-
ples of maintainability, the establishment of
design guidelines for maintainability, design
reviews, vendor control, drawing control, trade-off
studies, and program reporting, scheduling, and
budgeting.

38

Maintainability definitions
(MIL-STD-778)

Active maintenance time—The time during
which preventive and corrective maintenance
work is actually being done.

Active repair time—The time during which
one or more technicians are working to effect
a repair.

Corrective maintenance time—The time from
the first observation of a malfunction to when
the item is restored to satisfactory operation.
It may be subdivided into active maintenance
time and nonactive maintenance time, and does
not necessarily contribute to equipment or sys-
tem downtime in cases of alternate modes of
operation or redundancy.

Mean time to repair (MTTR)—The statistical
mean of the distribution of times to repair. It
is the sum of active repair times during a given
period divided by the total number of malfunc-
tions during that period.

Preventive maintenance time—The portion
of calendar time devoted to preventive main-
tenance. It comprises time spent in performance
measurement; care of mechanical wear; front-
panel adjustments, calibration and alignment;
cleaning and so forth.

Repair—The process of returning an item to
a specified condition. It includes preparation,
fault location, spare procurement, fault correc-
tion, adjustment and calibration, and final test.

The test and demonstration is the most impor-
tant part of a maintainability program. It is the
phase when proof is given that the quantita-
tive/qualitative requirements have been fulfilled.
Maintenance time requirements are usually shown
to have been met by inserting a malfunction into
the item to be demonstrated. The malfunction is
taken from a statistical sample, which is selected
by a random technique such as the Monte Carlo
method. The personnel who will repair the mal-
function must meet the qualifications of the buyer,
and will normally require buyer approval.

The data-taking team must take no active part
in the fault-insertion process or in obtaining
spares or test equipment, and must not communi-
cate with the repair personnel. This will avoid
disagreement over the validity of their data. The
seller should at all times reserve the right to
eliminate any selected tests that would not be in his
best interest. It must be borne in mind, however,
that the reasons for eliminating any test in the
sample must be valid.

Adequate time should be allowed prior to the
demonstration to ensure that all coordination for
the test is complete before it begins. This includes
obtaining spares, test equipment, data-taking
equipment, and troubleshooting instructions, if
required. = =
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Why pay for power you don’t need? Or waste valuable
space? The VT1 is part of Ohmite’s ““Low-Power’” series
that gives you a choice of 6 ratings from 1 to 3 amps!
They're a natural where space is tight and cost is impor-
tant. The ‘“‘Low-Power’ series is another indication of
Ohmite’s progressive engineering which anticipates and
paces industry’s requirements. Together with other
Ohmite variable transformers ranging to 25 amperes, the
“Low-Power” series forms a complete line to satisfy
almost any industrial need. Numerous options include

fixed and portable enclosures, ganged assemblies,
metered models, and motor driven assemblies. It's all
in the Ohmite “Answer Book,” Catalog 500. Write Ohmite
Manufacturing Company, 3643 Howard St., Skokie,
lllinois 60076. Phone: (312) ORchard 5-2600.

DHMITE

MANUFACTURING COMPANY

RHEOSTATS = POWER RESISTORS = PRECISION RESISTORS = VARIABLE TRANSFORMERS ® RELAYS -
TAP SWITCHES s TANTALUM CAPACITORS = SOLID STATE CONTROLS = R. F. CHOKES

ON READER-SERVICE CARD CIRCLE 40
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IDEAS FOR DESIGN

Coupling posts in comb-line

filters boost performance

Strategically-placed coupling posts between the
resonators of microwave comb-line filters can
double the bandwidth, improve the unloaded @
and reduce losses in the pass band.

Conventional comb-line filters consist of res-
onators that are shorter than A/4, which is the
length required for resonance. Capacitances at the
open ends are used to achieve resonance. This
physically compact structure degrades the @
and increases losses. Quarter-wavelength-long
resonators are not used because they become
uncoupled, owing to the cancellation of equal
electric and magnetic fields with opposite phases.
As the resonators are shortened (usually to 45°
electrical length), the electric and magnetic cou-
plings are no longer equal and a net coupling
results.

The idea of unequal coupling can be realized
with quarter-wave resonators if a coupling post is
placed in the region of strong electric fields be-
tween adjacent resonators (see figure).

COUPLING POST RESONATOR 2
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4
Post-coupled comb-line filter uses quarter-wave resonators
for wide bandwidths and low losses in the band pass. The
coupling posts reduce the electric coupling and permit a
large magnetic coupling.

VOTE! Circle the Reader-Service-Card number corresponding to
what you think is the best Idea-for-Design in this issue.

SEND US YOUR IDEAS FOR DESIGN. Submit your IFD describing
a new or important circuit or design technique, the clever use of a
new component, or a cost-saving design tip to our l|deas-for-Design
editor. If your idea is published, you will receive $20 and become
eligible for an additional $30 (awarded for the best-of-issue Idea)
and the grand prize of $1000 for the Idea of the Year.
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This post effectively reduces the electric cou-
pling between adjacent resonators and permits a
substantial net magnetic coupling. This coupling
technique has been used to achieve adjacent reso-
nator coupling bandwidths in excess of 10% of the
filter’s center frequency.

The coupling post’s diameter, D, should be
between 15% and 20% of the filter’s ground-plane
spacing, k. Post locations, L, should be between 60
and 70 electrical degrees from the filter’s short-
circuit reference plane. Final post diameters and
locations will require empirical determination.

With design procedures for interdigital band-
pass filter structures, coupling bandwidths are
possible that are slightly greater than twice the
coupling bandwidth of a comb-line structure of
identical resonator cross section and identical
spacing, ¢, between adjacent resonators.

Multiresonator band-pass filters can be fabri-
cated quite economically with round-rod resona-
tors parallel to the broad walls of nonpropagating
rectangular waveguide tubing. The coupling post
technique can also be applied to comb-line band-
pass filters through use of dielectric-filled strip-
transmission-line resonators with either single or
double ground planes.

R. M. Kurzrok, Consulting Engineer, New York.
(Work performed while the author was employed
at the Advanced Communications Laboratory,
Radio Corp. of America, New York.)

VOTE FOR 110

Voltage-sensing circuit
is temperature-compensated

A simple and accurate voltage-sensing circuit
shown on p. 91, which operates a latching relay
when the input exceeds a preselected threshold
voltage, uses transistors for temperature compen-
sation. The threshold voltage is primarily deter-
mined by the Zener voltage of CRI and the poten-
tiometer setting of R,:, and is expressed by:

E!hrrxhulll G VZ Rpuz/RI-
Threshold voltage can easily be selected by adjust-
ment of the potentiometer.

The voltage at the base of Q1 is very nearly that
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Temperature compensation in the voltage sensing circuit
is achieved through use of complementary transistors.

at CR1, until threshold voltage is reached, because
of the Vi, cancellation of complementary tran-
sistors Q1 and Q2. Furthermore, the fact that Q1
and Q2 are complementary compensates for the
temperature variation of their V.

The emitter-follower input stage provides a
high input impedance to prevent loading of the
monitor circuit. Normal supply voltage variation
has no effect on the circuit.

Adjustment of R, is required to select the
threshold voltage, because of the limited amount
of different-voltage Zener diodes, the voltage
tolerance of Zener diodes, and the imperfect Vg
cancellation of Q1 and Q2.

One application of this circuit is as a fail-safe
device, which uses the relay contacts to remove
power from a system or to perform another func-
tion when a critical voltage monitor exceeds the
threshold voltage.

M. Furukawa, Lockheed Missiles and Space Co.,
Sunnyvale, Calif.

VOTE FOR 111

Inexpensive NOR gate makes
shift-register stage

A single shift-register stage is normally made
. with one J-K flip-flop, but it can also be put to-
gether with four 2-input NOR gates, as shown in
the figure. (Positive logic is assumed, that is, a
high voltage is a logical 7 and a low voltage is a
logical 0.)

One pair of gates is connected as an R-S flip-
flop and the other pair is connected as a pulse gate
to transfer the signal from one flip-flop to the next
on command of the shift pulses. For proper shift-
ing, the width, t., of the shift pulse S must be
chosen so that ¢, < t, < 2t,, where t, is the propa-
gation delay of a single gate.

What makes this circuit interesting is that in
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Two-stage shift register uses only NOR gates instead of
the usual J-K flip-flops.

several commercial lines of flat-pack integrated
circuits a quad 2-input NOR gate costs about 20
per cent less than a comparable J-K flip-flop. In
practical applications the following points should,
however, be borne in mind:

m Shift pulse S makes the properties of the
illustrated circuit more critical than a J-K flip-
flop.

m The J-K flip-flop may prove less expensive
where the cost of wiring is significant, because the
J-K flip-flop requires only about half the number
of connections to the device as the quad gate.

s The J-K flip-flop package has a special preset
terminal. Although a shift register using the NOR
stages can easily be set to all 7s or all 0s by ap-
plication of the proper input level and a
sufficiently long shift pulse, other states may
require considerably more logic.

Donald R. Haring, Research Engineer, Concord,
Mass.

VOTE FOR 112

Simple tester checks
FET V,and g,

In circuit development work, a quick tester for
FETs is often useful. The circuit shown in the
figure measures the FET pinchoff voltage, V,, at a
current set by the potentiometer. :

The current flowing through the FET will be

R2
N 1500 PETE L R

= AMPLIFIER

= = SCALE
S METER

Pinchoff voltage of a FET can be measured quickly with

this simple circuit. Varying l,g with the potentiometer also
enables g, to be checked.
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equal to the current flowing through R1, if the
FET is working, since the amplifier will drive the
gate toward cutoff until no current flows into its
input terminal. At that point I, = V,/R1. R2
and R3 limit the current to low values to protect
the device, should the polarity switch be in the
wrong position.

The FET’s g, can also be checked quickly by
varying I,s with the potentiometer and observ-
ing the change in V,.

Johm C. Alderman, Jr., Accelerator Dept.,
Brookhaven National Laboratory, Associated
Universities, Inc., Upton, L. I., N. Y.

VOTE FOR 113

Simple bridge circuit checks
resistance element linearity

Electromechanical systems employing poten-
tiometers are frequently sensitive to nonlineari-
ties of the resistive elements making up the poten-
tiometers. Firms which manufacture such systems
are often faced with the problem of checking their
linearity.

Fully automatic resistance-element checking
equipment is expensive and difficult to maintain.
The linearity checker shown provides a quick and
simple means of checking resistance elements.

This checker is basically a ratiometer with a
mechanical link between the wiper of a linear,
precision, multiturn potentiometer and the ele-
ment under test. The bridge circuit formed by the
two potentiometers is excited by a 12-V dc source.
The wiper may be positioned on the test element
to give an initial null ratio indication. If the test
element is linear, the null will be maintained as
the wipers traverse the resistance elements. If the
test element is nonlinear, a voltage difference will
be indicated on the meter. The allowable error
band can be indicated directly on the face of the
meter to simplify operation. Different lengths of
resistance elements may be accommodated by

+12Vdc
MULTITURN & < RESISTANCE ELEMENT
POTENTIOMETER - H " UNDER TEST
|
MECHANICAL
LINKAGE
A 5

Linearity of a resistance element can be checked quickly
with a simple bridge circuit.
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moving the mounting block with a micrometer
head.
Fred Kear, Engineer, Sparton Southwest, Inc.,
Albuquerque, N. M.
VOTE FOR 114

Two MOS-FETs and resistors
make better Schmitt trigger

A considerable improvement in Schmitt trigger
speed, temperature stability and input impedance
is possible with a design that uses MOS-FETSs.
Since the only active elements are MOS devices,
the circuit may be miniaturized by monolithic
microcircuit techniques.

-0V

> > >
563 325k 310k

apF ™\ 6\ ) v
o—-——)|——-€7m034 Q 24

<

> RI®
| 8 Sk
<
2
<

€

#R1= 18k FOR Vyggeer™ ~IV

Stable Schmitt trigger uses only two MOS-FETs and a few
resistors.

The illustration shows a variable-trigger-level
Schmitt trigger using two Raytheon FN 1034
MOS-FETs. The trigger level may be set from —2
volts to +2 volts by the appropriate selection of
J (

The circuit shown yields the following results:

= Trigger voltage stability = =+0.05 volt from

—b6° to +125°C.

® Input impedance = 10 kQ, according to R1.

= Hysteresis = 0.5 volt at room temperature.

» Switching times = 0.5 pus to 1.0 us (and E;,

= 400-Hz sine wave).

Steven Biren, Sperry Gyroscope Co., Inc., Great
Neek, s l:, N. Y.

VOTE FOR 115

Four-layer diode clock
has relay closure output

A simple clock can be built from a series RC
circuit where a four-layer diode serves as the
timing control. Designed for simplicity, this

ELECTRONIC DESIGN 10, May 10, 1967



POWER SUPPLIES FOR LOGIC CARD SYSTEMS.

ow available in any
current to 40 amps.

0.5 amps 1.5 amps 4.0 amps

12 volts 12 vol

2
Model HT12-0.5A Model
$75 $99

8.0 amps

12 volts
Model HT12-8.0A
$198

20.5 amps 12 volts
Model HS12-20.5 $340

CONDEC} T CORPORATION
= T,{'i =

A DIVISION OF &

800 Shames Drive, Westbury, L.1., New York, (516) ED 4-8400
TWX: 510-222-6151

S 12 volts

t t
HT12-1.5A Model HT12-4.0A
$138

14.0 amps
12 volts

Model HS12-14.0
$268

40.0 amps 12 volts
Model F$12-40.0 $515

The modules shown on this page, designed spe-
cifically for'logic card systems, are just part of Con
Avionics' line of power supplies. Those shown all
operate at 12 volts. (We make just as many at 3, 6,
18 or any other logic card voltage.) The modules
have a combined line and load regulation of
*+0.05%.

Like all Con Avionics power supplies, these are
uneonditionally guaranteed for five years. Models
with a current rating below 10 amps have a typical
M.T.B.F. of 100,000 hours. Others have an M.T.B.F.
of 35,000 hours.

You'll find Con Avionics supplies for relay appli-
cations, IC systems, or any systems requirement, all
listed and priced in our Catalog 66A. For your copy,
circle card, or write, call or TWX Mr. Gerry Albers.

ON READER-SERVICE CARD CIRCLE 41
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Four-layer diode oscillator drives reed relay directly,
eliminating the need for a transistor driver stage.

circuit will provide repetitive closures at rates
from 1 pulse/minute to 10 pulses/second.

In this circuit (see schematic) capacitor C1
charges through R1 and R2 at a rate determined
by the setting of the variable resistor, R1. When

C1 reaches 12 volts, four-layer diode D1 turns on -
and discharges C1 through reed relay K1, which it
energizes. The relay remains energized until the
discharge current drops below approximately 5
mA. At this point the four-layer diode switches off.
Capacitor C1 now begins a new charging cycle
and the process is repeated.

The closure time of the relay is approximately
10 ms for all repetition rates. This time may be
stretched by increasing the value of C1. Repeti-
tion rates lower than 1 pulse/minute may be
achieved but the leakage of C1 will determine the
lowest frequency attainable. Care should be exer-
cised not to exceed the relay’s 12-VA contact
rating.

David T. Krausman, Electronics Engineer,
Pavlovian Laboratory, Johns Hopkins University,
Baltimore.

VOTE FOR 116

Pulse generator
uses IC logic

A low-level pulse generator with a variable
period (600 ns - 6 us) and a variable pulse width
(20 ns - 120 ns) can be built with five CTuL pack-
ages for twenty-five dollars or less. This inex-

pensive circuit can eliminate the need for a piece
of equipment that may cost a thousand dollars.
The circuit has the advantage of being directly
applicable to CTuL integrated circuits, and is
therefore extremely useful for breadboarding
purposes.
The RC network of R1 and C1 furnishes the

2 SYNC.
- out
R6
510
+4.
4.5V _yzw
8 9 OUTPUT
é. 9
5k 1.8k R7
51
TOP VIEW Yow
956 952
| —— o014 |10—4¢— ~—~ ¢$-o0l4
20—4,—1_3—1—013 20— o013 *25v
+
3o_J M|24 2y 30— p—o 12 +4.5V / \
4 0— ol ,,, 40— —oll -2V PUTRU -0.5v
GND 50— ) 010 50 —010 {iIoms » [ 'R [«VAR >~ | tF .-( 10 ms
eo—«J—l —09 60— —0 9
70— - 70— o3 NOTE: I. ALL RESISTORS /8W %5% EXCEPT AS SHOWN
2.ALL CAPACITORS *10%
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FAIRCHILD CTmpL
Low-level pulse generator uses a few ICs and discrete components Pulse width is variable.
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Would you give
gallium arsenide
to your wife?

Only if you were married to an optical encoder. Then
she’d light right up. You see, gallium arsenide is the light
source for the most desirable encoder you can acquire.
Virtually unshockable. With dependability you can count
on. Comes in sizes to your liking. Will

do anything you ask. Add to this a long,

carefree life and you begin to see how

attractive the low ultimate cost of

ownership will be. Come to Litton

Encoder Division. Let us put you and

gallium arsenide together

for life. Encoder Division,

20745 Nordhoff St., Chats- LITTON INDUSTRIES
worth, California. ENCODER DIVISION
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frequency control. The RC networks of R3C2 and
R,C3 provide the feedback loop with the extra
"delay needed for a wide frequency range. Use of a
one-shot makes pulse shaping possible and yields
frequency stability. It is the RC network of
R5C4 in the one-shot that provides the variable
pulse width. The last stage is used for the cir-
cuit drive and scope synchronization.
Richard Belanger, Fairchild Memory Products,
Mountain View, Calif.
VOTE FOR 117,

Coupling circuit
has dc dead zone

Pulses below a certain level or parts of a dc
signal are often undesirable in an output signal.
The undesirable information may be ignored in
the following manner: A transistor is biased by
R1 (see Fig. 1a) to some particular characteristic
curve (Fig. 1b). Load resistor R2 is then chosen.
As the input voltage increases, the output voltage
remains negligible (point B in Fig. 1b) until the
knee of the characteristic is reached. As the input
is increased further, the output follows (point C
in Fig. 1¢). In this manner the initial part of the

INPUT .
B+ [
R2
RI OUTPUT N
! \I/W2
[}
B A v
®
O)
B+
I :
INPUT “h I
R3 [
R2
RI EE \\'/Rz
: \v
c D
©)
©

Coupling circuit with a dead zone used as a switch (d)
relies on biasing determined by R1 and/or R2 (a) in
accordance with the curves (b), (c).
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dc signal is not recognized. The choice of R1 and
R2 provides control over the portion of the dc
signal not desired in the output. The advantage of
this method is that the dead zone may be readily
adjusted by varying R1 and/or R2.

If the coupling circuit is used as a switch, a
simple method of coupling is shown in Fig. 1d,
where the initial portion of the dec switching
signal is ignored.

Ben A. Tripp, Test Set Engineer, Northern
Electric Co. Ltd., London, Ont., Canada.

VOTE FOR 118

IC and four resistors compose

“inexpensive voltage regulator

A simple voltage regulator can be constructed
by the addition of four resistors to an inexpensive
RCA integrated circuit. A unique feature of the
circuit is the use of one of the transistors as the
voltage reference element.

It is not widely known that the reverse base-to-
emitter breakdown characteristics of many types
of transistor are similar to those of a Zener diode.
A stable reference element can be obtained by
taking advantage of the negative temperature
coefficient of the collector-to-emitter junction in
series with the reverse-biased base-to-emitter
junction, which has a positive temperature
coefficient.

The circuit with the values shown will provide a
9-volt dc output at currents up to 50 mA with an
input of 12 to 20 volts de. Under high-input-volt-
age conditions, the output current should be kept
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One IC and four resistors are all that is required to
build a voltage regulator. Current output can be increased
by addition of a pass transistor.
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gets high!

the Highest-Rating Rectifier in the Industry!

HIGH IN VOLTAGE!
HIGH IN TEMPERATURE!
HIGH IN DENSITY!

Uni-Sel
The Newest of Syntron’s Fine
Selenium Rectifiers

High Voltage! High Temperature! High Den-
sity) The Rectifier That Obsoletes All Other S A/T /RPON

Selenium Rectifiers! Reduced Cell Sizes!

Lower Unit Cost! Better Quality!
i A : SYNTRON COMPANY
Available in all cell sizes with voltage ratings 283 LEXINGTON AVENUE - HOMER CITY, PA. 15748

as high as 45 volts. TELEPHONE 412—479-8011
Sales Representatives Coast-to-Coast

Write For Literature
67R4
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low enough for the power dissipated in the IC not
to exceed 300 mW, the maximum specified by the
manufacturer.

Output current capability can be increased to 1
A by the addition of a pass transistor. The output
voltage can be made variable by varying the ratio
of R1 and R2. It should be pointed out that the
reverse breakdown voltage varies from unit to
unit, therefore the exact values of R1 and R2 must
be determined for each individual IC.

Les Toth, Project Engineer, Diamond FElec-
tronics, Lancaster, Ohio.

VOTE FOR 119

Hybrid technique applied
to a binary full adder

The application of hybrid circuits to the design
of a binary full adder saves transistor count and
minimizes delay. Such an adder has been designed
with three Schmitt triggers' as shown. Arranging
the triggers in parallel gives only one level of
delay between the three inputs and the two out-
puts for the sum and carry. The high sensitivity of
these triggers permits the designer to achieve
identical input and output levels. Furthermore,
the use of differential pairs rather than single
transistors? makes the circuit inherently less
temperature-sensitive.

All three input currents are tied to one common
resistor. These currents, summed at a common
input node, yield three discrete input voltage
levels, and each trigger is set to fire at one of these
levels. From the truth table it is known that the
sum output must change state with each addition-
al input. Each trigger has one output current that
is in phase, and one that is out of phase, with the
input. Therefore, the in-phase output of triggers 1
and 3 and the out-of-phase output of trigger 2 can
be tied across a common resistor to add or subtract
alternately an I, to produce the desired sum.

The carry output is simple to obtain since it
follows the majority-logic rule. Two or more
inputs yield a carry. Trigger 2, which switches
with two input currents and does not change state
after a third input appears, gives the desired
carry.

Binary full adders, using AND/OR logic, typi-
cally require several stages of delay and more
than six transistors. In the illustrated parallel
arrangement either the in-phase or the inverted
output of any current switch represents one stage
of delay from the input. Consequently, both the
sum and the carry have identical delays of only
one stage. The direct feedback connections within
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+3 +3 —0
SUM
187 204
+270 mV
SWITCHING
21 LEVEL AT
+180 mV -270mV
TRIGGER |
19 240%
= 3 +270 mV
+3 +3
SWITCHING
185 LEVEL AT 92 -270 mV
T
0 VOLTS cilesiy
I+I,+13
10 mA+10 mA
O mALION 933 200 1o
-+ -3
INPUT |
e
+280mV
+108 mV <
-64my 154
236mV |
TRIGGER 2
2|o%
-3
+3
SWITCHING
LEVEL AT
-180 mV

Identical delays of only one stage for both the sum and
carry are possible with this circuit.

each level-sensitive switch limit the output ampli-
tude to no more than the permissible forward bias
from base to collector. Translating networks in
the feedback loop would permit larger voltage
swings.

References:

1. U.S. Patent No. 3,248,529.

2. S. C. Chao, “A Generalized Resistor-Transistor Logic
Circuit and Some Applications,” IRE Trans. on Electronic
Computers, Vol. EC-8, No. 9, pp. 8-12.

Fred Hilsenrath, Systems Development Div.,
International Business Machines Corp., San Jose,
Calif.

VOTE FOR 120

IFD Winner for Feb. 1, 1967

Jean F. Delpech, Institut d’Electronique, Orsay,
France.

His Idea, “Simple thermometer converts tempera-

ture into voltage,” has been voted the $50 Most

Valuable of Issue Award.

Cast Your Vote for the Best Idea in this Issue.
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MAGNETIC INTERFERENGE
STOPPED PERMANENTLY

Photomultiplier & CRT Shields

by Netic Co-Netic Shields
designed and fabricated by
Magnetic Shielding Specialists

New shield designs meet the new shielding specifica-
tions...from a few gammas to several thousand
gauss. Over 80% of all magnetic shield designs cur-
rently used were engineered and designed here. This
design experience is at your service,

Sheet Stock also available.

Applications
Military Command & Control Systems e Strategic

Systems e Tactical Systems e Computer Display € 1
Systems a3 .

Scan Converter Tube Shields

MAGNETIC SHIELD DIVISION

Perfection Mica Company
1322 N. ELSTON AVENUE, CHICAGO, ILLINOIS 60622
ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING

Unique Features of Netic Co-Netic Shields

Provide permanently effective shielding e Insensi-

tive to ordinary shock ¢ Minimally retentive e Pro-

vide up to 80 db attenuation.

DELIVERY 3-4 WEEKS IN MOST INSTANCES
Request Short Form Catalog No. 67

FREE
TECHNICAL

MICA

MANUAL K-6

gives electrical and physical
data on all types of mica

No tooling cost on numerous fabri-

CRT cated parts of natural and built-up
Sectionalized mica.
Shields Pre-punched insulating wafers to

electrically isolate transistors,
diodes, etc. from heat sinks.

Corrugated mica to reduce handling
and fabrication costs for thermal
elements.

All grades of mica offered.

Immediate delivery from stock on
many items.

PERFECTION MICA CO.

1322 No. Eiston Ave.

Chicago, lllincis 60622
Phone: 312, EV 4.7 2
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TEMPERATURE COMPENSATED
CRYSTAL OSCILLATORS

New Arvin TCXOs solve frequency management prob-
lems with oven-like accuracy in miniaturized com-
munications and aerospace equipment.

m Volume, to one cubic inch ® No oven required
m 1 Hz to 200 MHz frequency ® Low power drain
m To *= 5 PP 108 stability m [nstant warm-up

All circuit waJues are computer optimized to provide
precise, stable frequency standards. Units may be
specified to conform to commercial, MIL, or NASA

specifications. Write for Bulletin TCXO 101. !

ARVIN FREQUENCY DEVICES
2505 North Salisbury Street, West Lafayette, Indiana 47906
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’ To get turned on...

your circuit’s
got to he plugged in

And CAIVIBIONO's got all the plugs, jacks, patchcords, patch
panels, patch strip assemblies and piggy-back set ups from
.025" to .080" sizes (including 35 miniature types) — you need
to make quick, tight, space-saving interconnections in both
printed and conventional circuit designs.

What makes CAMBION connectors so special? CAMBION's
unique 3 point contact cage jack design which combines low
contact resistance with extremely high reliability. Full pressure
contact is made with up to 609 of plug circumference com-
pared with 5-109% in ordinary connectors. Proved in over
30,000 insertion/extraction cycles.

All CAMBION components meet or exceed the accepted mili-
tary standards.

For complete details on all CAMBION connectors, call or
write Cambridge Thermionic Corporation, 410 Concord Ave.,
Cambridge, Massachusetts 02138. Phone: (617) 491-5400. In
Los Angeles, atd8703 La
leera BOU'BV&I’ 90045 CAMBRIDGE THERMIONIC CORPORATION
Phone: (213) 776-0472. CA"B'°"°
@®REG. U.S. PAT. OFF.

Standardize on CAMBION . . . 21,541 guaranteed electronic components
ON READER-SERVICE CARD CIRCLE 46
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Dr. Harold Goldberg,
Vice President and
Director, LTV Electro-
systems; General
Manager, Garland
Division; co-author of
“Principles of Guided
Missile Design.”

THE EXCITING SURGE OF ELECTROSYSTEMS

CREATIVE SYNTHESIS:

TECHNOLOGY IN MANAGEMENT

It's nice to have the boss speak your language.

Dr. Harold Goldberg, IEEE Fellow, weapons systems spe-
cialist, scientist and manager, typifies the technically oriented
management at LTV Electrosystems.

The Garland Division is drawing upon its experience in elec-
tronics and mechanics to penetrate new markets for its guid-
ance systems, RF and specialized antennas, digital communi-
cations, electronic warfare systems, space systems, auto-
matic controls, large-scale parabolic antennas and other ad-
vanced systems.

Never has the career opportunity been greater than it is
right now at LTV Electrosystems’ Garland Division and
throughout the entire company, where a whole new genera-
tion of electronic systems for military and civilian application
is being developed.

LTV Electrosystems has grown — in only nine years — from
annual sales of $12.7 million, less than 1,200 employees and
one facility to last year's record sales of $123 million, more

than 8,500 employees (over 2,300 of whom are scientists,
engineers and technicians) and a complex of 12 major facili-
ties in five states.

For scientists and engineers who prefer to work at the most
advanced level of electronics technology, our Garland and
Greenville divisions and the Continental Electronics subsid-
iaries offer diverse opportunities in an exciting and produc-
tive environment.

Specialists in the following (and related) disciplines are in-
vited to examine the advantages of a career with LTV Electro-
systems: Analysis and design (RF and digital systems and
circuits); electro-optics; transmitter design; airframe design;
weights and stress analysis; electro-mechanical engineering;
information theory; physics and scientific programming.

Write or call: Mr. Bill Hickey / Supervisor of Professional
Placement / LTV Electrosystems, Inc. / P. O. Box 6118 /
Dallas, Texas 74222 | Telephone (214) 276-7111. An equal
opportunity employer — m/f.

LTV ELECTROSYSTEMS, INC.

A SUBSIDIARY OF LING-TEMCO-VOUGHT,ING

ON CAREER INQUIRY FORM CIRCLE 901
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Free Career Inquiry Service
Absolutely Confidential

Respond to the career opportunities advertised in this issue. Fill out and send us this handy resume.
Electronic Design will do the rest — neatly typed copies of this form will be mailed to the companies of
your choice, indicated by the circled Career Inquiry Numbers at the bottom of this page.

Name Home Phone
Home Address (Street) : City |State : ZIP Code
| | |
Age U.S. Citizen Security Clearance
_] Yes m No

Prime Experience

Secondary Experience

Desired Salary

Availability Date

Employment History — present and previous employers

Company

City, State

Dates to

to

to

Title

Specialty

Education - indicate major if degree is not self-explanatory

Degree

College

City, State

Dates to

to

to

Additional Training — non-degree, industry, military, etc.

Professional Societies

Published Articles

Career Inquiry Numbers:

900 901 902 903 904 905 906 907

91091 912 93 S 915 96 9w

908 909

918 919

ELECTRONIC DESIGN
850 Third Avenue
New York, New York 10022



NASA TECH BRIEFS

Oscilloscope tests
semicons in circuit

Problem: Devise a method of
testing semiconductors without
removing them from the circuit-
ry. Earlier techniques required
semiconductors to be unsoldered
from the circuit for checkout.

Solution: An oscilloscope, with
specially developed test cir-
cuitry, checks the major param-
eters of transistors and diodes.
With transistors, the approxi-
mate gain and linearity can be
determined and pnp or npn
types can be identified. With
diodes, open or short circuits,
and reverse polarity show up
plainly. The condition and the
estimated breakdown voltage
may be obtained on low-voltage
Zener diodes.

When a pnp transistor is un-
der test, the emitter has a posi-
tive voltage applied through R1
and the collector is at a negative
potential. Unless there is cur-
rent flow in the base-emitter cir-
cuit, only a very small leakage
current flows in the collector-
emitter circuit.

Whenever the alternate half
cycle makes the emitter posi-
tive, emitter-base current flows
through R3 and R4 (R3 is used
for current-limiting when R/ is
at zero). The current flow is
measured as a voltage across R3

e

)
o
AAA

UNDER TEST

TRANS DIODE

and R4 at the horizontal termi-
nals of the oscilloscope, and is a
measure of the transistor’s input
current.

Since the collector-emitter cir-
cuit is forward-biased by B1, it
follows that when base current
flows, collector current flows
through R1. This is the output
current, which is read as a volt-
age at the vertical terminals of
the oscilloscope. When the slope
is 45°, it means that the input
voltages are equal. The voltages
depend on the current flow
through resistors R1, R3 and
Rj. If R} is set at zero to get a
45° slope, then there is 10 times
the current flowing through out-
put resistor R1 than through in-
put resistor R3, to make their
voltage drops equal. The output
current is 10 times the input
current, so the transistor has a
current gain, g8, of 10. As the
value of R4 is increased to set
the scope trace at 45°, the ratio
of the output current to input
current goes up. With a num-
bered dial plate under knob R4,
the approximate gain can be
read.

During calibration, when
switch S is closed, equal voltage
appears across RI and R2, re-
sulting in equal deflection volt-
ages across the scope’s horizon-
tal and vertical inputs. (The
scope sweep-selector must be set

PNP'
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to horizontal input or external
sweep.) Through adjustment of
the scope vertical and horizontal
gain controls, a sloping 45° line
can be obtained on the screen.
This sets the scope controls for
equal gain on the vertical and
horizontal channels.

When testing a low-voltage
Zener diode, the horizontal leg
will break down at some dis-
tance from the junction if the
Zener is rated at less then 10
volts. Higher back resistance
shows up on the trace as a down-
ward slant of the horizontal leg.
With poor forward resistance,
the vertical leg slants to the
right.

In-circuit testing will reveal
these traces if the circuit resist-
ance is more than the component
under test; if not, the trace will
vary by the degree of external
circuit properties. When the
printed-circuit board has more
than one identical circuit, it is a
simple matter to compare these,
to find a bad component.

When testing a diode, apply
6.3 Vac to the diode. The posi-
tive half cycle forward-biases
the diode and the negative half
cycle reverse-biases it. When the
diode is conducting, it is the
same as short-circuiting the
scope’s horizontal terminal to
ground, and the full voltage will
appear across RI1. The scope
shows only a vertical line under
these conditions. However, when
the diode is not conducting,
there is no current flowing
through R1 and therefore there
is no vertical deflection, but full
horizontal deflection. When the
recurrent half cycles are com-
bined in the scope trace, the pat-
tern is half vertical and half
horizontal for a perfect diode.
The poorer the diode, the less
perfect is the pattern.

Inquiries concerning this in-
vention may be directed to:
Technology Utilization Officer,
Marshall Space Flight Center,
Huntsville, Ala. 35812 (B66-
10447).
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Look into the vehicles of opportunity at Lockheed... for circuit Jesigners.

Opportunity broad enough to interest every circuit designer, that's the sweep of
electronics assignments at Lockheed. Big, wicle-ranging programs that extend
from deep sea to cleep space. And with ever-growing commitments comes an
increasing need for new concepts d major technical advances in flight con-
trols, communications, antennas an?jstate-of-tlle-art electronics checkout equip-
ment in both spacecraf’c and fleet ballistic missiles. In addition to its major
vehicle programs... Agena, Poseiclon, and Polaris, Lockheed is involved in cleep
submersibles; unique advanced land vehicles; information systems for states
and hospitals; and many other technically alluring programs. For complete
information, write Mr. R. C. Birdsall, Professional Placement Manager, P.O.
Box 504, Sunnyvale, California. Lockheed is an equal opportunity employer.

LOCKHEED
MISNLEE S Smack COMRANY

ON CAREER INQUIRY FORM CIRCLE 902
ELEcTRONIC DESIGN 10, May 10, 1967




H

CIRCUIT
DESIGN

The strictly realistic
art of circuit design
relates directly to
our projects in iner-
tial guidance and
digital computer sys-
tems. If you have
fine-line experience
in the design and de-
velopment of micro-
electronic circuits
for servo, analog and
digital applications,
write Mr. Frank R.
McCarter.

— An equal opportunity
employer M/F—

LITTON INDUSTRIES, Guidance & Control Systems Division
5500 Canoga Avenue, Woodland Hills, California

ON CAREER INQUIRY FORM CIRCLE 903

Requirement:
Maximize radiation coverage

and at the

same time minimize

aerodynamic problems in missile

telemetry

ational tests.

AMECOM

DIVISION OF LITTON INDUSTRIES

104

and command oper-

Solution: Amecom's Blade Antennas
that provide horizontal and vertical polar-
ization; 2% bandwidths tunable over a
15% band, with less than 2.0:1 VSWR.

Units are currently available for 250,
400 and 1000 megacycle operation.

The simple construction of these an-
tennas gives them excellent reliability in
missile environments with no change in
VSWR or bandwidth.

Their low silhouette configuration mini-
mizes drag and instability effects on a
missile.

Present units have operated during mis-
sile reentry conditions, and designs that
use Amecom'’s spacecraft reentry antenna
construction techniques are available for
even higher temperatures.

The Problem Solvers of Amecom's An-
tenna Systems Department will be pleased
to review the hard-to-meet antenna re-
quirements in your missile, rocket or space
program.

Call or write: Amecom Division, 1140
East-West Highway, Silver Spring, Md.
20910, Tel: (301) 588-7273.

ON READER-SERVICE CARD CIRCLE 156

Book
Reviews

Audio-frequency applications
Transistors for Awudiofrequency:
Audiofrequency Amplification, G.
Fontaine (Hayden Book Co., New
York), 384 pp. $7.95.

This is a very detailed study of
the principles of audio-frequency
applications of the transistor. A
thorough explanation is given of
the significance of the various pa-
rameters and characteristics spe-
cified by the manufacturer, and the
various ways in which these can be
used in the design of an audio-fre-
quency stage. Despite the nicety of
many of the arguments, the calcula-
tions are kept simple enough for the
reader to follow, while all phenome-
na of particular interest are ex-
plained with the aid of physical
models. The first chapter stresses
the importance of concentration
curves, a relatively new means of
explaining both static and dynamic
effects, which can also serve for a
qualitative explanation of the capa-
citive effects encountered in semi-
conductors.

Systems theory

Networks and Systems, Peter H.
O’N. Roe (Addison-Wesley, Read-
ing, Mass.), 336 pp. $12.50.

The primary purpose of this text
is to give insight into a unified dis-
cipline of physical systems theory,
without resorting to the traditional
methods that depend on converting
one kind of system into another by
means of analogies. Writing with
an operational point of view, which
utilizes only measurable variables,
the author leads to a concise, pre-
cise method that encompasses
RCLM network theory (including
transistors, etc.) and is easily ex-
tended to deal with other kinds of
systems. The most efficient methods
for network and systems analysis
and precise criteria for their use
are given. A special feature of the
book is the inclusion of state equa-
tions.

ELECTRONIC DESIGN 10, May 10, 1967



When you’re as busy
as we are, it’s hard to

toot your

own horn.

i

It's not as though we couldn't. We have plenty to be
proud of.

It wasn’t long ago that the astronauts trained
in Mercury and Gemini Simulators that were de-
veloped and produced by Conductron engineers, for
McDonnell. Aboard the Gemini flights, they used our
Orbital Timing Device. Very soon, commercial and Air
Force pilots will be training in Boeing 727, 737;
Douglas DC8, DC9; and Lockheed C5A Simulators pro-
duced by the St. Louis-based Conductron-Missouri.

But this is just one aspect of our electronic capa-
bilities. Conductron pioneers in the design, develop-
ment and manufacture of a wide range of special-pur-
pose electromechanical systems; interface equipment;
and components, including microminiaturized circuits.

To provide our ever growing list of customers with
electronic products for defense, space, commercial and
institutional markets, Conductron is expanding its hori-
zons. Right now, we are active in communications, data
systems, microelectronics, avionics and aerospace
ground support systems. Conductron is also producing
landmass and radar operator training simulators.

mm,,,mummutmmmmmmmmmmm

We have nearly $2 million invested in the most
modern test equipment for the use of our engineers.
With 383 engineers and scientists and the need to
double this professional force in just three years, you
can foresee the opportunity we offer for promotion.

Located in suburban St. Charles, just 22 freeway
miles from downtown St. Louis, Conductron-Missouri
is just minutes from the outstanding cultural, educa-
tional, and recreational activities of the Gateway City.

If you are a graduate engineer with 2 to 5 years ex-
perience, who is interested in an outstanding growth
opportunity with a leader in the electronics industry,
we have current openings in these categories:

SYSTEMS, ELECTRONIC or ELECTRICAL
ENGINEERING ¢ MATH MODELING ¢ SCIENTIFIC
PROGRAMMING ¢ LOGIC DESIGN « MECHANICAL,
RELIABILITY or MAINTAINABILITY ENGINEERING

MANUFACTURING ENGINEERING « OPTICS
COMMUNICATIONS « ENVIRONMENTAL TESTING

Send your resume in complete confidence to Mr. Thomas
Walenga, Professional Employment Office, Dept.

"
s

CONDUCTRON-MISSOURI

Division of Conductron Corporation
2600 N. Third Street « Box 426 + St. Charles, Missouri 63301
We are and always have been an equal opportunity employer

ON CAREER INQUIRY FORM CIRCLE 904
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Terminal strips haven’t changed much since Faraday
(1791-1867). The wires need soldering, wrapping or splicing
and lugging. The strip needs potting or shielding when
there’s no air for insulation. The result is prone to trouble.
Difficult to maintain and inspect. And it all takes more
tools, more time, and more money than you need spend.

Today Deutsch makes Terminal Junctions which end all that.
The wires are prepared with one standard crimping tool.
Deutsch Terminal Junctions meet most Mil Spec connector
environmental and electrical performance specifications.
The result is trouble-free. Easy to maintain. Easy to inspect.
And connections and disconnections are made

with one cheap expendable tool.

Deutsch Terminal Junctions come in modules holding up to

8 wires each. You can fit 64 wires in the space a terminal
strip would take for 28. And Deutsch T.J.’s gang in multi-module
strips to let you interconnect and terminate as many

wires as needed. Deutsch Terminal Junctions are the cleanest,
fastest, most reliable way to make terminations.

They take one quarter the time, one quarter the space

and are one fifth the weight.

There is also a complete line of Deutsch Rear Release products
including feed-throughs, Jiffy Junctions? adaptor junctions,
step-downs, grounding junctions, and component terminations.
Write Deutsch, Electronic Components Division, Municipal
Airport, Banning, California for more information on them all.
Do it now—before you specify another terminal strip.

ISR S @EL

Electronic Components Division, Municipal Airport, Banning, California

ON READER-SERVICE CARD CIRCLE 47
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Sharply etched IC lead frames obtained with RF ampl g bloc e cascaded to
Fe-Ni-Co glass-metal sealing alloy. Page 163 get gains ranging to 60 or 70 dB. Page 108

Also in this section:

Accessory adapts oscillograph for simultaneous microfilming. Page 144
Water-cooled SCRs are rated at 630 amps. Page 172
Design Aids, Page 180 . . . New Literature, Page 182
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READER-SERVICE NO. 250

Cascaded RF amplifier modules
yield gain to 70 dB

Avantek, Inc., 2981 Copper Rd.,
Santa Clara, Calif. Phone: (408)
739-6170. P&A : $125 to $140; stock
to 30 days.

A series of RF amplifier modules
each provide 10-dB gain, flat within
1 dB over a multi-octave range. In
addition, the modules may be cas-
caded, without impedance-matching

problems, to achieve any amount of
gain from 10 to 60 or 70 dB.
Dubbed “Unit Amplifiers” (a “unit”
of gain being 10 dB), the wideband
building blocks range from 1 kHz
to 500 MHz. Full specs are given
in the Table.

Gain cascading has been easily
achieved in de, video or operational
amplifiers. However, over such a

Table. Unit amplifier specifications

Bosifor
1 dB gain
Model Frequency Gain Flatness NF comp.
(MHz) (dB) (dB) (dB) (dBm)
UA-101 5 to 500 10.5 +0.5 515 —14
-1.0
10 to 400 10.5 05 4.5 -14
UA-102 5 to 500 10 +0.5 6.5 -4
-1.0
10 to 400 10 +05 5.5 -4
UA-103 10 to 500 10 +0.5 8.5 +5
-1.0
20 to 400 10 =05 7.5 +5
UA-104  0.001 to 500 10.5 +0.5 55 -14
-1.0
0.002 to 400 10.5 +0.5 4.5 -14
UA-105 0.001 to 500 10 +0.5 6.5 -4
-1.0
0.002 to 400 10 +0.5 55 -4
UA-106  0.002 to 500 10 +0.5 8:5 +5
-1.0 ;
0.005 to 400 10 +0.5 7:5 +5

4-STAGE, (104,105,105, 106) N

GAIN-dB

204+

JiEs
sl \
304 H( 3-STAGE, (104,105,105) b

2-STAGE, (104, 105) ~

104
/ |- STAGE, (104)
UNIT AMPLIFIER
GAIN BUILDUP
0 + vy t +
I kHz 0KHz 10 MHz 100 MHz
FREQUENCY

1. Each additional amplifier module cascaded adds 10 dB of gain. Response

is flat from a few kHz to beyond 100 MHz.

108

wide RF spectrum, difficulties of in-
terstage impedance-matching have
made cascading to get gain as high
as 70 dB impractical. The manufac-
turer, Avantek, Inc., uses unique
feedback and input-output match-
ing networks (patents pending) and
stripline circuitry to achieve the
excellent impedance-matching. In-
put and output impedance levels are
50 Q for all modules. :

Conventional RF amplifiers gen-
erally cover an octave or less, pro-
vide 20 to 30 dB gain, exhibit high
vswr and show passband flatness of
2 to 4 dB. Cascading those units
causes considerable degradation of
these parameters. On the other
hand, the Unit Amplifier may be
cascaded and still maintain the ex-
ceptional gain flatness (Fig. 1).

Six module types (UA101 through
106) are now available. An AGC
module, with the same good flatness
over a 10-to-500-MHz range, and a
1-t0-1000-MHz module are in the
offing. Avantek is also working on
a module capable of delivering 20-
dBm output at the 1-dB compression
point over 10 kHz to 400 MHz.

In practice, the user would gen-
erally cascade units of increasing
output power levels, +5 dBm being
the highest power module at this
time. The units can be used as an
integral part of the user’s electro-
mechanical layout or housed in
available cases; or, filters, attenua-
tors, mixers and detectors may be
integrated with the modules.

Input power requirement is +12
Vdc at 10 mA. Stripline solder tabs
on each module are supplied for RF
connections.

CIRCLE NO. 250

2. Four-module stage amplifier pro-
vides 40 dB from 1 kHz to 500 MHz.
RF input connector is BNC but other
options are available.
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Second
Editions

A free post-graduate course

Some people think of Digital Equipment as a manu-
facturer of digital computers and modules for the uni-
versity and scientific community exclusively. They're
wrong.

Since the PDP-8/S was introduced in August of 1966,
more than 300 such machines have been sold to be
part of other people’s money-making devices — blood
analyzers, X-ray diffractometers, spectrum analyzers,
batch controllers for cookie baking. One pipeline man-
ufacturer ordered 25 PDP-8/S computers just to log
data. (PDP-8/S is the world's first under-$10,000
computer.)

For bigger, faster problems, the bigger, faster PDP-8

in money-making

has been incorporated into money-making automatic
transistor check out equipment, petroleum controllers,
thickness testers for rolled steel. (PDP-8 costs $18,000.)
PDP-9 is bigger yet.

And modules. We sell more digital logic circuit mod-
ules to manufacturers who resell them as part of their
instruments and systems than to all our university
customers combined.

So we're very big in the universities. True.

But if you make instruments or systems (and particu-
larly if you sell these instruments to the scientific
disciplines) maybe you should discover us. Before we
get too well known.

MODULES * COMPUTERS

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 » Cambridge, Mass. » New Haven « Washington, D.C. « Parsippany,
N.J. « Rochester, N.Y. « Philadelphia « Huntsville « Pittsburgh « Chicago « Denver « Ann Arbor « Houston « Los Angeles » Palo Alto « Seattle « Carleton Place and Toronto,

Ont. « Reading, England « Paris, France «

Munich and Cologne, Germany s Sydney and West Perth, Australia e

Modules distributed also through Allied Radio



GLASS ENCLOSED

Thermostatic

Offer true
hermetic

sealing—
—assure
maximum

stability

and life!

Delays: 2 to 180 seconds
Actuated by a heater, they operate on A.C.,
D.C., or Pulsating Current. .. Being hermeti-
cally sealed, they are not affected by alti-
tude, moisture, or climate changes . . . SPST
only — normally open or normally closed
. . . Compensated for ambient temperature
changes from —55° to +80°C. . . . Heaters
consume approximately 2 W. and may be
operated continuously. The units are rugged,
explosion-proof, long-lived, and inexpensive!
TYPES: Standard Radio Octal

and 9-Pin Miniature..... List Price, $4.00

PROBLEM? Send for Bulletin No. TR-81.

BALLAST
REGULATORS

Hermetically sealed, they are
not affected by changes in
altitude, ambient temperature
(=50° to +70° C.), or humid-
ity . . . Rugged, light, compact,
most inexpensive.
List Price, $3.00

Write for
4-page
Technical

'
VOLTAGE OF 24V | WITH AMPERITE
| BATTERY & CHARGER | VOLTAGE VARIES

Bu"efi" VARIES APPROX. | ONLY

No. AB-51 30% : 2%

AMPERITE

600 PALISADE AVE., UNION CITY, N.J. 07087

Telephone: 201 UNion 4-9503

In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10

ON READER-SERVICE CARD CIRCLE 49
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Transient-free switch
closes on null voltage

TO-5 can houses
tiny crystal oscillator

Genistron Div., Genisco Technology
Corp., 18435 Susana Rd., Compton,
Calif. Phone: (218) 774-1850.

Suitable for operation with cur-
rents from 0.1 to 50 A, this tran-
sient-free switch eliminates high-
frequency contact bounce, prevent-
ing spike deterioration and increas-
ing the reliability of any compo-
nent with which it is used. Because
no mechanical contacts in any form
are utilized, the switch also com-
pletely eliminates arcing normally
encountered in electrical circuits.
Sensing the point at which the line
voltage goes to zero, the switch al-
lows current flow only after the null
voltage is reached.

CIRCLE NO. 251

Submin edgewise meter
ensitiv t 00 MA

International Electronics Corp., 316
S. Service Rd., Huntington Station,
Melville, N. Y. Phone: (516) 694-

- 7700. P&A : $1 to $3; 60 to 90 days.

Subminiature edgewise indicat-
ing meters have a sensitivity of 400
rA and an insulation resistance of
650 Q@ *£20% at 20°C. Physically,
the back-of-panel meter measures
0.67 x 0.669 inches with a 0.69-
inch depth. The 0.09-inch diameter
mounting holes are on a 0.945-inch
center.

CIRCLE NO. 252

Marconi Co., Ltd., Chelmsford, E's-
sex, England.

Completely sealed inside a tiny
TO-5 can, this “micro-oscillator”
consists of an IC feedback amplifier
with a crystal mounted above it.
The microcircuits are attached to
the TO-5 header in the normal posi-
tion, while the crystal is supported
on its two connections to this cir-
cuit. A fifth overtone, AT-cut crystal
is used to give an oscillator fre-
quency of 100 MHz, and an external
inductor and trimming capacitor
are necessary. Frequency range is
60 to 140 MHz and power consump-
tion is 40 mW.

CIRCLE NO. 253

Thermal time-delay
for electrical systems

Sylvania FElectric Products,
Lighting Products Div., Danvers,
Mass. Phone: (617) 774-6000.

Ine.,

A thermal time-delay relay for
on-off control of electrical systems
is offered. It is a compact bimetal
unit that inhibits current flow from
three to 30 seconds when used in
applicable electrical systems. It op-
erates on 6- to 18-Vde power
sources.

CIRCLE NO. 254
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Let Honeywell extend your
EMI measuring capabilities
with these off-the-shelf products.

RG-3 INTERFERENCE RASTER
GENERATOR - For determining
sources of interference signals from
computers, voice and digital commu-
nications, and telemetry.

2854 WIDEBAND AMPLIFIER - A
high gain, low noise, video amplifier
used to detect low level wideband
signals. Solid-state electronics; 1kHz
—10MHz frequency range.

0.3«:’3@55 ;

$1070

PLT-1/PP REGULATED AC POW-
ER SUPPLY — A solid-state, 60Hz,
115v rms supply for use in any appli-
cation requiring extreme amplitude
and phase stability. Low distortion;
1 KVA. .

| i 22|
g e e

$2450

4856 WIDEBAND RASTER GEN-
ERATOR — Designed for the same
applications as the RG-3, but with
wideband (256MHz) capability, solid-
state electronics, and 50 ohm input.

2855 ASSOCIATED PREAMPLI-
FIER — For matching rod antenna im-
pedance to 50 ohm input of receivers
or amplifiers (typically Honeywell
2854).Low noise solid-state electron-
ics with self-contained battery; 300Hz
—10MHz frequency range.

3858 — 3861 LOW FREQUENCY
POWER LINE IMPEDANCE STA-
BILIZATION NETWORKS — Used
for conducted interference testing of
equipment requiring high level input
power line current. Frequency range:
14kHz-5MHz; 500hm line impedance.

© o0

$230-%290

AW-204 TRANSISTORIZED
WIDEBAND AMPLIFIER — Used as
a preamplifier with standard EMI me-
ters and calibrated signal sources to
provide rapid, remote measurement of
extremely low level electric field sig-
nalsin the 14kHz — 30MHz frequency
range.

2
$880

4857LOW FREQUENCYIMPULSE

GENERATOR — Provides flat spec-
trum of calibrated amplitude signals
in 120Hz — 250kHz range for signal
substitution or calibration of receivers
and field intensity meters. Solid-state
electronics.

$550

3862 HIGH FREQUENCY POWER
LINE IMPEDANCE STABILIZA-
TION NETWORK — Same as 3858 —
3861 networks, but for 4MHz — 1GHz
frequency range; 80 amp capability.

@ 2 ®

$220

Honeywell engineers sell solutions

The instruments shown here are more examples of how Honeywell's broad line, backed
by local sales and service, can provide the precise solution to your instrumentation
problems. For full details on any or all of these fine products, call your local Honeywell
Representative, or write: Honeywell, Test Instruments Division, Annapolis Operation,
Box 391, Annapolis, Md. 21404.

ELECTRONIC DESIGN 10, May 10, 1967
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Looking for a
fast &3 precise
way tOOOO

test crystal devices?

identify frequency?
determine signal purity?
check dynamic impedance?
find band-pass filter response?
equalize transmission lines?
align a color TV tuner?

Those assignments, plus a few thousand others, are routine for a
Telonic Sweep Generator. You'll find the above applications and many
more described in detail in Catalog 70. Also included are specifications
for all Telonic Sweep Generators and Accessories, data on sweep gen-
erator operation, and frequency marking techniques. Send for a copy.

P
INSTRUMENTS

A DIVISION OF TELONIC INDUSTRIES, INC.
60 No. First Ave., Beech Grove, Indiana 46107, TEL: (317) 787-3231 TWX - 810 - 341-3202

/-M INSTRUMENTS

60 No. First Ave., Beech Grove, Indiana 46107
TEL: (317) 787-3231 TWX - 810 - 341-3202

Yes, send a copy of Catalog 70, Sweep Generators and their
Application, to

Name.

Firm
Address.
City.
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Industrial op-amp
priced at $8

a
Optical Electronics, Inc. P. O. Box
11140, Tucson. Phone: (602) 624-
3605. P&A: $8 (10 lots); stock.

A low-cost single-ended input and
output op-amp is designed tor in-
verting applications where the
closed loop gain is not higher than
5. Applications include a dc-to-1-
MHz, 60-dB logarithmic amplifier,
fast integrator, differentiator, sum-
ming amplifier, voltmeter or sine
wave oscillator. Input impedance is
30 kQ, output impedance is 100 Q,
unity gain frequency is 10 MHz,
slewing rate is 30 V/us and output
swing is =5 V.

CIRCLE NO. 255

Heat dissipators are
liquid-cooled

International Electronics Research
Corp., Division of Dynamics Corp.
of America, 135 W. Magnolia Blvd.,
Burbank, Calif. Phone: (213) 849-
2481.

Utilizing any normal coolant,
these heat dissipators require only
42 to 45 in? for dissipation of 1000
W. Applications include use as dis-
sipators for high power, high duty
cycle power systems and in labora-
tories 'as water-cooled, constant-
temperature heat sinks.

CIRCLE NO. 256

ELECTRONIC DEsSIGN 10, May 10, 1967



If you uy

the ¢ aljl t, fastest
Inilitary Mme ory available
Put ¢, the Coffea

9
and calj us,
€ righ, Ove
Our SEMS

L]
Weighg les
ts maxirnum

LE 52
ADER-SERVICE CAR
ON RE



for fast
delivery of
cables up to
2’ in diameter
with virtually
any number
and any type
of conductors

tie-in with
Columbia Wire,
they deliver
what you need.

write for our fully-illustrated catalog

WIRE PRODUCTS COMPANY
2850 Irving Park Rd. ¢ Chicago, lll. 60618

ON READER-SERVICE CARD CIRCLE 53
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Crystal oscillator
for 4-to-50-MHz range

Accutronics, Inc., 12 South Island

Ave., Batavia, Ill. Phone: (312)
879-1000.
A low-profile crystal oscillator

features frequency tolerances of
+0.005% from —20° to 60°C in the
frequency range of 4 to 50 MHz.
The series is applicable to PC
boards and is for driving RTL,
DTL and T:2L logic. Typical output
voltage is 3 to 6 V peak, depending
on the logic used. The dimensions
are 1-1/2 x 1-1/2 x 1/2 in., depend-
ing on frequency and whether

flange or stud mounting is used.
CIRCLE NO. 257

Photodetector mounts
in TO-5 can

{ s
United Detector Technology, P.O.
Box 2251, Santa Monica, Calif.
Phone: (213) 457-2314.

The PIN-5 photodetector fea-
tures standard transistor mounting
in a low profile TO-5 can. Response
of the PIN-5 is from the ultraviolet
to the near infrared range; detec-
tivity is as large as that of PbS.
The dark current is less than 0.5 pA
and the light current from a few
foot-candles illumination is greater
than 10 pA.

CIRCLE NO. 258

Cabled connectors
meet MIL specs

21001

Inc.,
Chatsworth, Calif.

Industries,

Viking
Nordhoff St.,
Phone: (213) 341-4330.

Environmental high-voltage ca-
bled connectors are designed to
meet the environmental require-
ments of MIL-C-26482 class P. The
assemblies will operate at 2kV rms,
60 Hz at sea level; and 10 kV rms,
60 Hz at 100,000 feet altitude. Con-
tact current rating is 7.5 A. Contact
configurations are 1, 2 and 3 #20
AWG and may be bussed internally
or shielded, wusing high-voltage
wire. Insulators are silicone rubber

per MIL-R-5847.
CIRCLE NO. 259

Quartz trimmer cap
has high RF voltage

Corp.,
Boonton, N. J. Phone: (201) 334-
2676.

Johanson Manufacturing

A quartz trimmer capacitor is de-
signed to bridge the application gap
between the low power handling ca-
pabilities of piston trimmer capaci-
tors and the high power handling
capabilities of vacuum capacitors.
Model GQ11115 permits a working
voltage of 2500 Vde and 2500 V
peak RF at 30 MHz with a dielec-
tric strength of 7000 Vde.

CIRCLE NO. 260
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In Making Masks for

With sharp blade, outline the areas

Electronic Gomponents ... A A

easily.

... there’s no
Margin for Error!

AN

Now carefully peel oft the film as
outlined leaving a completed photo
mask, positive or negative, that
corresponds exactly to the desired
pattern.

THAT’S WHY EXPERIENCED DESIGNERS
AND ENGINEERS ALWAYS INSIST ON...

UBERl | H

HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS

THE KNIFE-CUT, LIGHT-SAFE MASKING FILM &y
LAMINATED TO A STABLE POLYESTER BASE

The most versatile line of hand-cut masking films, including

.0075—RUBYLITH 75 DR* .005 RUBYLITH 5 DR
.005 AMBERLITH 5 DA

These new, thick Ulano films provide the positive answers
where exact register assumes a critical importance.

*Available in sheets only, cut to your specifications.

TM.
610 DEAN STREET, BROOKLYN, N.Y. 11238
NEW YORKe CALIFORNIA® CHICAGO*ZURICH
In Europe: ULANO A. G., Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland
Write on your letterhead for special electronic test kit (no charge) No.4127
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See us at Booth 4600 — Design Show

means...

CERAMICS

Capabilities: Unmatched high temperature

ceramic fabrication and ceramic-to-metal seal experience

plus complete facilities provide components to your exacting
electrical and dimensional requirements.

® From 1 to 1,000,000 or more pieces
e |n extremely simple or complex shapes
@ In either prototype or mass production

BERLOX ADVANTAGES . . . excellent thermal conductivity (comparable
to aluminum metals) . . . superior electrical and thermal shock resistance
at elevated temperatures. Write for complete facilities brochure.

«}%Q@ NATIONAL BERYLLIA CORPORATION
Haskell, New Jersey 07420
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Ever heed plug-in power supplies in a hurry?
Send for our 1967 catalog. '

t lists 62,000 different types. .
e you need will be shipped in 3 days.
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Acopian Corporation, Easton, Pennsylvania, (215) 258-5441
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Square 3/8-in. trimmer
resists heat, humidity

Amphenol Controls, 120 S. Main
St., Janesville, Wis. Phone: (608)
754-2211.

A humidity-proof 3/8-inch square
trimmer uses a silicon O-ring seal
to shut out dust and humidity. The
lid and case are permanently weld-
fastened. Resistance values are
available from 100 Q to 20 kQ.
Power rating is 0.5 watt at 40°C.
The trimmer has silver-brazed ter-
minations, gold-plated terminals

and damage-proof clutch.
CIRCLE NO. 261

Pulse low-pass filters
have low overshoot

P ,,‘)"’ '
. 1

TT Electronics, Inc., P. O. Box 180,
Culver City, Calif. Phone: (213)
870-6001. P&A: $50; 2 wks.

Low pass filters for the transmis-
sion of pulses have maximum over-
shoot of = 2.5, 5 or 10% of the
pulse height. They can be specified
with respective cutoff ratios of 3,
2.5 or 2 to 1 (octave slope). The
stop bands are 40 dB down or 100
times below the pass band level.
The filters are available for any
cutoff frequency from 1 kHz to 100
kHz as standard filters. Insertion
loss is less than 0.5 dB.

CIRCLE NO. 262
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Rotary stepping switch
mounts PC boards

A. W. Haydon Co., 232 N. Elm St.,

Waterbury, Conn. Phone: (203)
756-4481.

Printed-circuit rotary stepping
switches for sequential circuit

switching, pulse counting, and pro-
graming operate on 12 or 28 Vde, or
rectified 115 V, 60 Hz. Power re-
quirement of 5 watts may be ap-
plied continuously without damage.
Step rate is up to 15 steps per sec-
ond, and 3, 4, 5, 6, 10 and 12-posi-
tion switches are available. Rated
life is over 6,000,000 steps at 5 to
250 mA resistive, or 5 to 50 mA in-
ductive, 28 Vde.

CIRCLE NO. 263

Broadband RF balun
accepts 6-kW input
Montedoro Corp., 2740 Orcutt Ave.,
P.O. Box 1401, San Luis Obispo,
Calif. P&A: $125; 2 to 3 wks.

This RF balun operates over the
2-t0-30-MHz range with an input
power of 1500 watts average, 6000
watts peak. Having a dual imped-
ance output, it permits coupling a
50-Q unbalanced input to either a
300 or 600- balanced load with an
insertion loss of less than 0.15 dB.
The transformer has an input vswr
less than 1.25 when coupled into a
matched load. It performs at full
power with continuous operation
even when coupled into a 2.5 to 1
mismatch. Balance of the output
terminals to ground is within 5%
at any frequency.

CIRCLE NO. 264
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Varian
high power
microwave
filters

Over 10 years of
experience building
microwave filters
for tactical and
fixed high power
microwave systems.

Varian has several lines of system-proven, high-power
filters featuring low VSWR and low insertion loss. Both
absorptive and reflective filters, incorporating harmonic,
spurious-rejection or bandpass attenuation, are available.
They will remove most of the out-of-band spurious and
harmonic signals your system generates. We also develop
filters to meet unique design requirements.

For more information on Varian high power filters, write:
Varian, Palo Alto Tube Division, 611 Hansen Way,

Palo Alto, California 94304.

In Europe: Varian A.G., Zug, Switzerland. In Canada:
Varian Associates of Canada, Ltd., Georgetown, Ontario.

varian
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Need thirty different photocells?
Or thousands exactly alike?

In either case, specify ‘“Raytheon.”
Raytheon now offers standard and
special types with cadmium sulfide
or selenide sensors, TO-5 case or
glass vial packaging, and a wide
range of operating characteristics.
These photocells are interchange-
able with competitive types, available
to MIL specifications, priced from
90¢ to $1.60 in production quantities.

All Raytheon photocells feature: rug-
ged mechanical construction, small
size, light weight. Low noise, com-
pletely ohmic light-dependent vari-

Send reader service card for data - ‘
on the complete line of standard “
Raytheon photocells. Or tell us about
your special requirements.
Raytheon Company, Components
Division, Quincy, Mass. 02169.

able resistors, their characteristics
and high voltage capabilities ensure
fast switching, temperature stability
and linear response to illumination.

Wide range of characteristics. Our
CK1201, for example, features 150
ohms resistance at 100 ft. candles,
rise-fall time of 3 and 60 ms, 75 mw
power dissipation (maximum). And
our CK1266 features 2500 ohms
resistance at 100 ft. candles, rise-
fall time of 1.5 and .6 seconds,
and power dissipation of 100 mw
maximum.

Industrial Components Operation — A single source for Circuit Modules/Control Knobs/Display
Devices/Filters/Hybrid Thick-Film Circuits/Industrial Tubes/Optoelectronic Devices/Panel Hardware

ON READER-SERVICE CARD CIRCLE 58
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IC test sockets
accept dual-in-lines

g i ) B 8 B [
Textool Products, Ine., 1410 Pioneer

Drive, Irving, Tex. Phone: (214)

631-5585.

Dual-in-line IC test sockets ac-
cept packages with up to 24 wire,
flat or rolled leads interchangeably.
The series offers a choice of four
standard entry patterns for 0.2- or
0.3-inch centers or a single unit
combination of the two. Socket body
material is polysulfone and contact
material is tempered beryllium cop-

per, gold-plated. Minimum lead
length accepted is 0.1 inch and
standard terminations may be

dipped or hand soldered. The socket
may be either riveted or screw-

mounted to a PC board.
CIRCLE NO. 265

Submin pushbutton

Transistor Electronics Corp., Box
6191, Minneapolis. Phone: (612)
941-1100.

Measuring only 0.36 inches in di-
ameter by 0.468 inch long, this tiny
switch mounts from the rear on
mounting centers as close as 3/8
inch. The switch is rated for one
million cycles of operation while
carrying a 100-mA, 115-Vac, nonin-
ductive load. The gold-finished
brass turret terminals are elec-
trically isolated from the switch
body.

CIRCLE NO. 266
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Junction compensator
mounts PC boards

Consolidated Ohmic Devices, Inc.,
115 Old Country Rd., Carle Place,
N. Y. Phone: (516) 488-1606.

A thermocouple cold junction
compensator mounts on printed-cir-
cuit boards. Essentially, the module
is one-half of a Wheatstone bridge.
When matched with the other part
of the bridge in an instrument cir-
cuit, it compensates voltage to pro-
vide a measurement reference at
the cold junctions of the thermo-
couple. The device consumes 50 pW
when made for chromel-alumel ther-
mocouple wire. It warms up instant-
ly and provides a nominal output
reference of 11 mV.

CIRCLE NO. 267

High range resistors
use metal glaze

EMC Technology Inc., 1133 Arch
St., Philadelphia. Phone: (215)
563-1340. P&A: $1 to $10; stock to
6 wks.

A line of stable high range resis-
tors features voltage and tempera-
ture coefficients less than one-
fourth those of corresponding car-
bon film types. Developed primarily
for use as bleeders, grid leaks, or in
voltage dividers and high resistance
standards, the resistors use a pro-
prietary metal glaze which assures
that performance changes will not
exceed 1% /1000 hours, even under
full loading. The resistors derate to
175°C, are corona resistant and
able to tolerate high surge voltages.
Seven standard sizes are available,
ranging from 1-1/16-inch long rated
at 2 watts, to 10-1/2-inches long
rated at 115 watts maximum pow-
er. Top resistance range of the line
is 4800 MQ.

CIRCLE NO. 268
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Varian

high power
microwave

water loads

Over 15 years of
experience building
high power

water loads for

the microwave
industry.

Varian offers an extensive line of high power, low-VSWR
water loads for a wide variety of system applications.

This line of high-performance units includes: compact
“mina-mega’’ loads for ultra-high power (500 kW CW)
dissipation; Teflon-wedge types for broadband applications;
and glass tube models for very-broadband (50 to 75%)
applications. We can readily modify standard units, or
design and fabricate new loads to meet unique requirements.

For more information on Varian high power water loads,
write: Varian, Palo Alto Tube Division, 611 Hansen Way,
Palo Alto, California 94304.

In Europe: Varian A.G., Zug, Switzerland. In Canada:
Varian Associates of Canada, Ltd., Georgetown, Ontario.

varian
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Miniature
Indicator
and Panel Lamps

For better, more readable light
F,? S e . sy

o

Superior bulbs for aircraft, ayto-
motive and other instrumentation,
as well as commercial radio and
television applications. Design
volts from 2.0 to 28.0. Candlepower
to 6.0.

For complete information, write:

Hudson Lamp Company
518 Elm St., Kearny, N. J. 07032

On Reader Service Card Circle 167

Sub-Miniature
Lamps

Space-savers for aircraft and
indicator applications.

wide range of base styles including
the well-known “Tu-Pin” (origi-
nated by Hudson) for transistor
and soldered connection sockets
and fast plug-in on printed circuit
boards.

For complete information, write:
Hudson Lamp Company

518 Elm St., Kearny, N. J. 07032

On Reader Service Card Circle 168

Micro Miniature
Lamps

Lifes from 25,000 to in excess
of 100,000 hours

3

e ]

RS R

The ultimate in miniaturization in
lamps for electronic applications,
including transistorized circuitry,
punch-card readers, computer tape
readouts and photoelectric logic
systems. Wire terminal or sub-
midget flanged bases. Sizes from
.093 dia., as short as .0145 in.
For complete information, write:
Hudson Lamp Company

518 Elm St., Kearny, N. J. 07032

On Reader Service Card Circle 169
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Tiny module performs
analog division

Transmagnetics, Inc., 134-25
Northern Blvd., Flushing, N. Y.
Phone: (212) 539-2750. P&A : $120
(100 lots); 2 to 6 wks.

"Dividing a wideband ac voltage
by a de voltage can be accomplished
in a 1/2-in® package arranged for
PC board mounting. This nonmag-
netic module has no hysteresis and
less than 0.5° phase shift when
numerator frequency is varied be-
tween 380 and 420 Hz. Spe-
cifications include 0 to 1 V rms in-
put to the numerator at 200 to 30,-
000 Hz and 0.1 to 1 Vde positive in-
put to the denominator. Output is 0
to 2 V rms, 100-Q impedance.

CIRCLE NO. 269

Crystal oscillator
stable to 0.0001%

Varo, Electrokinetics Div., 402 E.
Gutierrez St., Santa Barbara, Calif.
Phone: (805) 963-2055.

Model 6202 crystal oscillator can
be supplied temperature-compensat-
ed or uncompensated in the same
package. The unit uses integrated
circuitry for frequency translation
and provides both output and physi-
cal characteristics compatible with
IC systems. Frequency range is 10
kHz to 10 MHz with stability of
+0.02% to =0.00019 from —55°
to +1056°C.

CIRCLE NO. 270

CdS photocells
rated at 2000 V

National Semiconductors Ltd., 2150
Ward St., Montreal 9, Canada.
Phomne: (514) 744-5507.

Cadmium sulphide photoconduc-
tive cells are rated at 2000 volts.
They have a resistance of 10 kQ
+40% at 35 footcandles, dark re-
sistance of 100 MQ, maximum dis-
sipation of 1 watt, dark capacitance
of 5 pF and spectral response similar
to the human eye. Main applications
include illumination controls operat-
ing at 220 or 550 Vac. The low ca-
pacitance and high voltage suggest
applications in high-voltage power
supplies and video attenuators.

CIRCLE NO. 271

Bussing strip connects
without tools

B. W. Olson & Co., 3261 N. Harbor
Blvd., Fullerton, Calif. Phone:
(714) 879-1141.

For power or ground bussing,
terminated wires may be connected
and disconnected to this buss strip
without tools. Standard male con-
tacts may be crimped or soldered to
wires from size AWG 16 to 24. Con-
nection to the strip is made by
pushing the contact into place. Any
connection may be released, without
disturbing the others, with any
small diameter probe; a pencil point
is a good example. The strips are
available in any length to connect 5
or more wires.

CIRCLE NO. 272
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”thg rumor was true, Boris. ..
Guardian has added aouiICcK-CONNECT
terminals to their 98¢ relay””

If Boris could have waited we would
have given him all the details! Engi-
neers have been asking for a 3/16"
quick-connect version of the famous
Guardian 98¢ Relay for some time now.
It's here at last. The ideal unit for any
applications where maintenance and
down-time are critical. This relay snaps

in place quickly, ends costly soldering
and maintenance expense. A quality
unit, made in the U.S.A., it outper-
forms relays costing far more. Simpli-
fied design enables 8 parts to do the
work of 22! One-piece field and core.
New capsulated coil with cover. Con-
tacts: DPDT with rating of 10 amps at

110VAC resistive load. Coil: Voltages
24, 115, 230VAC or 6, 12, 24VDC.
This new 910 ‘“‘quick connect’ Series
Relay is available right now from stock—
minimum order, 200 pieces. (Or, it is
available from your Guardian author-
ized Distributor in quantities up to 199
units.) Write for further information.

GUARDIAN (G/ELECTRIC

Guardian Electric Manufacturing Co.

ELECTRONIC DESIGN 10, May 10, 1967

. Dept. ED 567 1550 West Carroll Avenue o
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Juke Box

—

—

Computer

Micro-wave
Instrumentation

Martin Soft Landing Re-entry Vehicle Digital Voltmeter

for every application

BEADS « BULBS

DISKS « WASHERS

GLASS PROBES « RODS
CRYOGENIC THERMISTORS
SENSOR ASSEMBLIES
THERMISTOR CATHETERS
MILITARY GRADE

THINISTORS®
Thin film thermistors

From office business machines and juke boxes
to computers and CATV distribution systems,
engineers and designers have discovered that
VECO thermistors can do the job better, with
greater reliability and often at lower cost
than conventional devices.

If your products require PRECISE temperature
measurement, control or compensation with
FAST RESPONSE it will pay for you to investi-
gate VECO thermistors. VECO supplies a wide
range of standard thermistors in various sizes,
shapes, temperature coefficients and resist-
ance values.

VECO’s engineering staff is available to assist
you in product application and circuit design.
Write for Catalog MPG 681

VECO First in Progress e First in Service
J-7739

5 ;“Ew VICTORY ENGINEERING CORP.

%

ol \

® 136 Sprmgﬁeld Ave., Sprmgﬁeld ™. 07801
o Teh 2010379-5900 TWX 710—983-440 /
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Coax terminal block
has nine 75- Qjacks

Sealectro Corp., 225 Hoyt St., Ma-
maroneck, N. Y. Phone: (914) 698-
5600.

A nine-unit coaxial terminal
block includes nine 75-ohm snap-on
jacks that have been bussed togeth-
er. The terminal block permits the
use of shielded coax connectors in
bussing applications. The individual
units are bussed with AWG #22
solid copper wire. They are avail-
able in 3, 5, 7 and 9-unit one-piece
blocks. They are also available with
screw-on, snap-on or slide-on con-
nectors in 50 or 75-Q impedances.

CIRCLE NO. 273

Solid-state relays
switch at 1 ms

Wavelabs, Inc., 1925 Ewuclid Ave.,
San Diego, Calif. Phone: (714) 286-
2171. P&A: $25 (volt-sensitive),
$50 (current-sensitive); 30 to 45

Solid-state relays are available in
both current-sensitive and voltage-
sensitive switch type. The relays
will withstand vibration of 20 G to
30 kHz and shock to 30 G. Output
options include Form A, Form B,
Form C and various combinations
of each. The points at which the re-
lay actuates and deactuates may be
controlled either by factory setting
or by adjustable pots.

CIRCLE NO. 274
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a periodical periodical,
designed admittedly to boom
the sales of Microdot Inc.
connectors and cable. Published
wholly in the interest of profit.

Once in a lifetime, a
motion picture comes along with a
scope broader than ‘‘Gone With The
Wind,” a message even more search-
ing than ‘‘Mary Poppins.' Such a
colossal epic is Microdot's new film on

" the MARC 53 multi-pin connector—the
adults-only story of a man and his con-
nector against a world of reliability
problems.

FILMED IN GLORIOUS
MICROCOLOR AND
MICROVISION

And starring the world's smallest and
most flexible microminiature high
density cylindrical multi-pin connector:
MARC 53. Straight from sterling per-
formances in many of the nation’s lead-
ing aerospace productions! MARC 53
combines the world's best interfacial
seal—our exclusive POSISEAL—with
the safest finger-tip push-pulling cou-
pling—POSILOCK. There's no mismat-
ing even in “‘blind" conditions, and the
contacts are completely scuff-proof.

A NEW STAR IS BORN

Now, the rear-insertable MARC 53 RMD
also gives you a genuinely field-service-
able version that takes mass-produced
pre-crimped wires and requires neither
insertion nor extraction tools for as-
sembly. When you see our film you'll
thrill at the blurring speed and effort-
less ease with which both versions of
MARC 53 are assembled. But to further
pique your curiosity for this 10-minute
extravaganza, Microdot Is offering tre-
mendous, gigantic prizes:

ELECTRONIC DESIGN 10, May 10, 1967

YDIJ rore MOV

WIN A COMPLETE
MOVIE OUTFIT!

Magnificent first prize is an 11-piece
movie outfit, from electric eye fl.8 Argus
camera to projector, screen, and movie
light. Second great prize is a long, long
red carpet, suitable for welcoming royal
guests to your own movie premiere at
home. Third prizes—six of them—are
high-class imitation Oscars. Each
Oscar will have the winner's name in-
scribed on it, together with some very
complimentary, Hollywood-type super-
latives.

HOW TO SEE MOVIE

AND WIN PRIZES

First, collect an audience. Any group
concerned with connector specifying
will do. Send the coupon below to
Microdot. We'll have your local repre-
sentative call you for an appointment
to show the MARC 53 film at your
office. That's fine about the movie, but
how about the prizes?

Microdot Inc.

[5

GIVE MARC 53

A HOLLYWOOD MONICKER!
Let's face it, MARC 53 is a lousy name
for a film star. What we need is some-
thing like Rip Torn or Stark Naked, but
suitable for a fast, small, dynamic con-
nector. You make one up. After the
movie, we'll give each viewer an entry
form for suggested names for the
MARC 53 A panel of aging animal
stars will select the best names.

CONTEST IS UTTERLY VOID!

...where unpleasant restrictions, taxes
or bans exist. Everything's over mid-
night of July 31, 1967,

WINNERS EVERY MONTH!

For those of you who have become
regular devotees of the ‘‘Connector
Thing" contest, here's a list of winners
of our famous TWIST/CON CONCEPT
CONTEST held earlier in the year. Each
of these men received twelve Capitol
record albums of his choice. Winners
were Richard Trummer, G. V. Fay, Dale
T. Wingo, Claron W. Swonger, Simon
T. Wrynn and Don Huelsman. Con-
gratulations, gentlemen.

MICRODOT
INC.

®

220 Pasadena Avenue, South Pasadena, Calif. 91030

Dear C. B. de Microdot:

O | have a few guys who'd like to see that
stirring epic of yours. Me, too. Have your
Rep call me.

O Send me some technical memorabilia on
this MARC 53 and on coax connectors.

O Unable to see movie now, but I'm entering
contest anyway. My Hollywood name for
MARC 53 RMD is,

[ | am female, 23, a blonde, cute, and would
like to meet your producer and/or director.

ON READER-SERVICE CARD CIRCLE 63

Name
Title

Company.
Street.
City.
State Zip.

Telephone

Note: MARC 53, MARC 43, Posilock and Posiseal
are registered trademarks of Microdot Inc. Stark
Naked isn't,
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Ctaies 24
BRAYHESON

Big One

{ Comprosyra Gases Tas Mixtares.
Sar Latsrarory

sl Plany,

Is New Again
and Bigger

New Gases / New Equipment
New 12 Page Mixture Section
Write for your copy today

N MATHESON

P. O. Box 85, East Rutherford, N. J. 07073
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Telrex Communication Engineering Laboratories
provides the Most Technically-Perfected, Finest
Communication Arrays — Precision Engineered,
Manufactured, Tuned, Matched, Calibrated and
“‘Balun’ Fed for ‘‘Balanced-Pattern’’ and Max-
imum S/N Ratio.

Telrex ‘“‘Beamed-Power”’
“Balanced-Pattern”

ANTENNAS AND
ANTENNA SYSTEMS

The Standard of Comparison, and the Choice of
the Discriminating, Successful, Communication
Engineer.

Telrex Antennas and Antenna Systems provide
Optimum Performance and Reliability per ele-
ment, per dollar, from 500 Kc to 1500 Mc.

Send for free Military, Commercial Tech Cata-
log CMS67, illustrating Antennas and Systems,
Rotator-Selsyn - Indicator Systems, ‘‘Baluns,”
Towers, Masts and Accessories.

Communication

Engineering

e’re Laboratories
i USA

ASBURY PARK.N.J. 07712
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Vacuum variable cap
claims highest power

ITT Jennings Div., P. O. Box 1278,
San Jose, Calif. Phone: (408) 292-
4025.

Claiming to be the largest and
highest power vacuum variable ca-
pacitor, this unit carries 800 A rms
at 16 MHz. The working voltage at
this frequency is 48 kV, and the
peak test voltage is 70 kV. The unit
has a capacity range of 100 to 1600
pF. It is constructed of ceramic in-
terior insulation and heavy copper
plates.

CIRCLE NO. 275

Dc diff-amp packs
40-watt punch

Analog Devices, 221 Fifth St., Cam-

bridge, Mass. Phone: (617) 491-
1650. P&A: $275; stock.

This dc differential power am-
plifier develops a 40-V, 2-A output
swing (%20 volts, 2 A) from a sin-
gle 28-Vde supply. By operating
from one regulated supply rather
than the usual pair of series-con-
nected plus-and-minus supplies,
model 401 can halve the initial pow-
er supply outlay. The amplifier

achieves its push-pull 40-V output
swing by using a dc Dbridge
configuration in the output stage.
Although one side of the power sup-
ply remains grounded, output volt-
age swings up to 20 V in both po-
larities. Specifications include 5-kHz
full power response, 60-pA input
bias current, 250-pV/°C voltage
drift, 25-kQ input impedance and
19 linearity. Closed-loop gain is 20
*+5%. The amplifier is short-proof
and operates over —40° to 70°C.
Applications include torque motors,
servo valves, acoustic and magne-
tostrictive transducers, CRT deflec-
tion coils, magnet windings, genera-
tor field windings, de solenoids,
position and velocity servos and
other high-power applications.
CIRCLE NO. 276

Transistor chopper has
high signal isolation

Aivrpax Electronies, Inc., Cambridge
Div., Cambridge, Md. Phone: (301)
228-4600.

Low voltage offset and low dy-
namic “on” resistance are achieved
in these choppers with bipolar sili-
con transistor switches in a back-
to-back inverted arrangement. The
solid-state modulation-demodulation
choppers are equivalent to spdt
switches. High isolation between
drive and signal is obtained by use
of a small toroidal transformer.
Frequency range is dc to 5 kHz.

CIRCLE NO. 277

RFI filters available

single or three-phase
Elpac, Inc., 3760 Campus Dr., New-
port Beach, Calif. Phone: (714)
546-8640.

RFI filters are available for sin-
gle and three-phase power systems
in a choice of voltage, current and
insertion loss values. Standard volt-
age values include 28 and 100 Vdc,
as well as 400 Vde/125 Vac and 600
Vde/250 Vae, both in 0 to 60 Hz or 0
to 400 Hz frequency ranges. Stand-
ard current ratings range from 1
through 10 A in terminal-lug style.
Insertion loss values may range
from 100 kHz to 20 MHz.

CIRCLE NO. 278
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circuil
problems?2

Signalite Glow Lamps have
solved problems in these areas:

e Voltage Regulation & References e Photo-Cell Drivers ¢ SCR Triggering

e Timing e Photo Choppers e Oscillators e Indicator Lights e Counters

e Voltage Dividers e Surge Protectors e Logic Circuits e Flip-Flops
: e Memory e Switching e Digital Readouts

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

VOLTAGE REGULATORS BETTER NEON LAMPS WITH TRANSIS-
THAN 1% ACCURACY These TORS The AO079 is recom-
subminiature voltage regulators mended as an indicator light
are used in regulated power for transistor circuits, transis-
supplies, as reference sources, torized flip-flops, and other
' photomultiplier regulators, os- general low voltage operations.
. cilloscope calibrators, etc. The advantages result from the
. They are available in voltages low current and low voltage @
from 82 to 143 V. They are used requirements, the absence of |
in multiples as regulators in heat generated and extremely
KV ranges.
SEE Signalite Application News
Vol. 3 No. 2 for TYPICAL

long life.

SEE Signalite Application News |
Vol. 2 No. 5 for TYPICAL |
APPLICATIONS. .

Reader Service No. 162

SIGNALITE G
APPLICATION NEWS

is used to communicate
S'mi—g new and proven tech-
niques and applications
wesizes | of  Signalite’s neon
lamps and gas dis-
: ! Zharlge t@ubesN Signalite
{ @& == 771 Application News pro-
L¥ | vides a forum for an
exchange of ideas to keep the design
engineer aware of the versatility of
neon lamps and their many applications.
Copies are available from your Signalite
representative or by contacting Signalite.

Reader Service No. 163

APPLICATIONS.
Reader Service No. 161

MEMORY SWITCHES Neon lamps
have proven to be an excellent
memory switch since they store
information and provide visual . .
indication. The properties of

neon lamps provide a large dif-

ferential between breakdown

and maintaining voltages, stable INCORPORATED

electrical characteristics and
e : NEPTUNE, NEW JERSEY 07753
high “off” resistance (20,000 (201) 778-2490

meg ohms). Other applications
include switching, information
storage, timing circuitry, etc.

SEE Signalite Application News @
Vol. 4 No. 3 for TYPICAL
APPLICATIONS.

_Reader Service No. 165

TRIGGER LAMPS FOR OPERA- ©
TION OF SCR'S AND TRIACS |
. The A057B lamp is recommend-
ed for use as a triggering de-
vice for both SCR’S and TRIACS
in motor speed controls and
light dimmer circuits. Its prop-
erties of stable operation and
high current capabilities qual-
ify it for this application.
See Signalite Application News |
Vol. 2 No. 4 for TYPICAL |
APPLICATIONS. »

Reader Service No. 164

SUBSIDARY OF GENERAL INSTRUMENT
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NEW SOLID STATE CYCL-FLEX® TIMER

YOUR

BROADEST

RENOWNED ELECTROMECHANICAL CYCL-FLEX TIMER

CE300

The Man from E.A.G.L.E.* offers you a range of accurately controlled Cycl-
Flex time delays that run all the way from 1/20 second to 60 hours. These
timers, housed in their now famous plug-in cases, may in fact be inter-
changed. The HP5 Cycl-Flex is a synchronous, motor driven, precision in-
strument providing accurate delay between control-circuit actuation in the
operation of load circuits. Maximum settings range from 5 seconds to 60
hours with minimum settings from 1/6 second to 2 hours. The CE300 Cycl-
Flex is a solid state timer that overlaps the HP5 in the lower time ranges. The
300 series offers dial ranges of 10 seconds and shorter, with minimum set-
tings from 1/20 second to 1/2 second. Depending on contact load, average
mechanical life is more than 70,000,000 operations.

Whether you need short time cycles at a fast repetitive rate, or longer but
still precisely-controlled delays, the Cycl-Flex Series will give you exactly
the right answer ... for specifications, get our HP5 Series Bulletin 125 and
our CE300 Series Bulletin 155. Write Eagle Signal Division, E. W. Bliss Com-
pany, 736 Federal Street, Davenport, lowa 52808; or call (319) 324-1361.

LITETH v« EAGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY

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

For Information on CE300 Timer Circle Reader Service Card Number 106
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INSTANT EAGLE RELAYS

Test Them Immediately...Get Production Quantities in Two Weehks!

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 below. You’ll find he has full details and specifications on Eagle relays.

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, Mass.
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, Illinois
312-775-5300
Chicago, Illinois
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

¥

EAGLE

SIGNAL

A DIVISION OF THE E.

ELECTRONIC DESIGN 10, May 10, 1967

W. BLISS COMPANY

736 Federal Street, Davenport, lowa

For information on HP5 Timer Circle Reader Service Card Number 107

COMPONENTS

Resistive bridge is
4-way, 4-wire

Quindar Electronics, Inc., 60 Fadem
Rd., Springfield, N. J. Phone: (201)
379-7400.

This 4-way, 4-wire bridge, a re-
sistive network composed of 24
identical resistors, is designed to
enable four 4-wire circuits to be
combined to establish a 4-way con-
ference bridge. The unit is a plug-in
resistive hybrid network. Insertion
loss is 15 dB nominal (one input to
three outputs). There is no trans-
mission between each input and its
own output (loss is 60 dB or great-
er). Impedance is 600 Q, input and
output balanced for all four chan-
nels.

CIRCLE NO. 279

Crystal filters
centered at 21 MHz

Inc., 60

Microsonics,
Weymouth,
337-4200.

A 21.4-MHz crystal filter features
good selectivity and spurious rejec-
tion. The center frequency is 21.4
MHz +=1 kHz with a 1-dB and 3-dB
bandwidth of 70 and 75 kHz respec-
tively. The 60-dB-to-3-dB band-
width ratio is 1.35:1 max with a
spurious rejection of 70 dB mini-
mum.

Winter St.,

Mass. Phone: (617)

CIRCLE NO. 280
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higher capacitance
smaller size
no compromise

Another first from USCC. New
Ceramolithic® construction offers
you higher capacitances and
smaller sizes than previously
available.

USCC’s fabulous new C20
Series gives you greatly reduced
cordwood sizes in all values from
10 pF to 220,000 pF.

(220,000 pF =.250"x.140" dia)

Equally important. No sacri-
fices in electrical characteristics.

You get 5 times as much stable
capacitance—size for size—than
ever before.

For complete technical information
on the new C20 Series, contact:

U. S. CAPACITOR CORPORATION

2151 NO. LINCOLN STREET » BURBANK, CALIFORNIA 91504
(213) 8434222 » TWX: 910-498-2222

ON READER-SERVICE CARD CIRCLE 68
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Right-angle adapter
handles high voltage

Phelps Dodge FElectronic Products
Corp., 60 Dodge Ave., North Haven,
Conn. Phone: (203) 239-3311.

A new right-angle adapter has
been added to the manufacturer’s
coaxial connector line. The connec-
tor incorporates a high-voltage type
SC connector and a right-angle
adapter to a modified EIA flange.
The connector is treated with a dull
chrome finish for high temperature
resistance. The unit is available in a
variety of sizes.

CIRCLE NO. 281

Magnetic reed keyboard
lives to be 10 million

Marco-Oak Div. of QOak FElec-
tro/Netics Corp., 207 S. Helena, An-
aheim, Calif. Phone: (815) 459-
5000.

A  magnetic-reed, illuminated
push-button keyboard switch has a
life expectancy of 10 million opera-
tions at full load. The switch is rat-
ed at 10 W with a maximum work-
ing voltage of 200 Vde. Maximum
current is 0.5 A and breakdown
voltage is 400 Vde. Both square and
round buttons are offered, each in
0.5, 0.625 and 0.75-inch sizes. The
units are spst-NO with an inde-
pendent lamp circuit.

CIRCLE NO. 282

Phase sequence detector
takes delta or Y input

Betamite Electronic Devices, 6321
W. Slauson Awve., Culver City, Calif.
Phone: (213) 877-7726.

This phase sequence detector
monitors phase sequence from a 3-
wire input, either delta or Y, pull-
ing in when the source is in-phase
and dropping out during out-of-
phase conditions. Units are avail-
able in 2-pole and 4-pole contact
types rated for 2 and 10 A resistive,
and a solid-state single-pole switch
rated for 150 mA. The unit is suited
for subsystem application where
frequent removals and reinstalla-
tions in larger systems occur.

CIRCLE NO. 283

ICs protected from
3-to-8-V overvoltage

RO Assoc)
ASSOCATES
i t."0‘. caLr

RO Associates, Inc., 917 Terminal
Way, San Carlos, Calif. Phone:
(415) 591-9443. P&A: $39.50;
stock to 3 wks.

Completely self contained, this
crowbar SCR circuit is designed for
overvoltage protection of ICs. Mod-
el OV100 has an adjustable trip
point of 3 to 8 volts, a response time
of 10 ps, and it acts as its own heat
sink. The fuse is matched to the
SCR surge rating. The all-silicon
device is rated at 10 A and can be
used with all types of supplies.

CIRCLE NO. 284
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Even though Fluke differential voltmeters feature dc accuracies high as 0.0025%, ac accuracies
of 0.05%, and 100 microvolts full scale sensitivity, they are so well designed that use is both simple and
easy. Solid state bench top models are adaptable for half- or full-rack mounting... Many are offered
in both line and rechargeable battery operated versions. Vacuum-tube models are available in
cabinet or full-rack configurations. There are many accessories, too. All the fine features of
Fluke differential voltmeters should surprise no one familiar with the Fluke line.
For uncommon standards laboratory performance in portable instrumentation has
always been and continues to be standard.
For particulars, write Fluke, Box 7248, Seattle, Washington 91833.
Phone: (206) 774-2211. TWX: (910) 449-2850. In Europe address Fluke
International Corporation, Sophialaan 2, The Hague, The Netherlands.

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

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

Or our vacuum tube version. You’d think

Fluke invented the differential voltmeter.
(Well, we did.)

DC DIFFERENTIAL VOLTMETERS
)

ACCURACY INPUT MAX. METER
MODEL INPUY YCLTAGE % OF INPUT IMPEDANCE RESOLUTION PRICE NOTES
8018 0-560 VLU *+0.05% ¢ 50 uv $ 485.00
8254 0-500 VDC =+0.02% Infinite at null 5uv $ 590.00 ¢+ +$20 for rack models
8214 0-500 VDC +0.01% 5uv $ 795.00
871A*  0-1100 VDC #+0.02% f Infinite at null 10 uv $ 565.00 2 +$130.00 for

881A* 0-1100 VDC =*0.005% to 11V 10 Meg 1uV 825.00 rechargeable
885A* 0-1100 VDC +0.0025% S above = 14V 1uV 965.00 battery pack
895A* 0-1100 VDC #+0.0025% {nﬁniltfo::)tvnull 1uv $1,195.00

0 -

AC/DC DIFFERENTIAL VOLTMETERS

803B  0-500V AC or DC  =+0.05% DC, ==0.2% AC Infinite atnutipc 59UV $ 875.00

803D  0-500VACorDGC  =0.02% DC, £0.1% AC  (\eg 35.50pfAC UV $1.085.00 ¢ +$20 for rack models
823A  0-500V AC or DC  =0.01% DC, =0.1% AC g 5 uf gl ,215.00

873A*  0-1100V AC or DC  =0.02% DC, =0.2% AC Infiniteatnulito 10 10 uv 875.00 (| -+$160.00 for

883A*  0-1100V AC or DC  ==0.005% DC, =0.1% AC Mig above 11 VDC 1wV $1,215.00 rechargeable
887A*  0-1100V AC or DC  =0.0025% DC, -0.05% AC eg, 40 pf AC 1uv $1,375.00 battery pack

TRUE RMS DIFFERENTIAL VOLTMETER

931A*  0-1100V AC *+0.05% AC 1 Meg, 8 pf with 20 ppm  $ 895.00 +-$ 50.00 for
BNC Input of dial ermanent probe
1 Meg, 5 pf with setting -+$100.00 for recharge-

*Solid State probe able battery pack
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General Technology’s
Rubidium ‘‘atomic clock”
records over million hours

operational time.

Reliability now proven;
MTBEF established at 23,000
hours per unit.

Records kept since 1961 on every Rubidium
Frequency Standard made by GTC show the
average time between random component fail-
ures to be 87,000 hours — almost 10 years!

The Model 304-B shown here is but one in a
complete family of all solid-state atomic fre-
quency standards made by GTC for use in field
and laboratory. Short term stability: 1 part per
10" (Standard Deviation) for one second aver-
aging time. Long term stability: 5 parts per
10" for one year. Special versions meet envi-
ronmental and other requirements for tactical
and missile/aircraft use.

For solutions to your stable-oscillator problems,
write General Technology Corporation, sub-

sidiary of TRACOR, Inc., 6500 Tracor Lane,
Austin, Texas 78721. Phone 512-926-2800.

Time & Frequency / > 73 4 ~
Instruments by /

TFA -1367 R

ON READER-SERVICE CARD CIRCLE 70

COMPONENTS

Rectangular trimmers
bushing-mounted

IRC, Inc., 401 N. Broad St., Phila-
delphia. Phone: (215) 922-8900.
P&A: $4.01 (500 lots); 30 days.

Panel mounting capabilities have
been added to IRC’s RT-11 flexible
lead types. The 1/4-inch-long bush-
ing on the adjustment screw end of
the trimmer is secured to the panel
with a 12-28 hex nut. Type 600-
OOM is rated at 3/4 watt at 85° C.
It is housed in a diallyl phthalate
case and meets MIL-R-27208. Re-
sistance values offered are 10 Q to
50 kQ, =5% tolerance.

CIRCLE NO. 285

Crystal can relay
magnetically latched

7
Hart Manufacturing Co., 110 Bar-
tholomew Awe., Hartford, Conn.
Phone: (203) 525-3491.

Magnetically latched crystal can
relays feature bifurcated contacts,
welded construction, hermetically
sealed coil chamber and hinged ar-
mature suspension. The TL ver-
sions are bistable and polarity sen-
sitive and can be furnished with
two types of coil configuration.
Type 1 is a continuous coil with a
sensitivity of 12.5 mW at pull-in
and maximum dissipation of 0.5 W.

CIRCLE NO. 286
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THIS LITTLE THREAD HE’LPS OUR AIR-SPACED
COAX DO BIG THINGS “ FOR 1BM

Our coax can do the same for you! A spiral of flame-retardant
polyethylene thread air-spaces the center conductor of
Brand-Rex Turbo® 209A Coaxial Cable. The result: a tough,
miniature coax, with excellent electricals for high-speed
transmission, at moderate cost. O We first
developed the Turbo 209A for use
in the IBM Computer /360,
but you may find this

space-saving performer

useful in a variety of data processing and communications
applications. O It is available as single cable, cemented
ribbon cable (illustrated), or conventional round multicon-
ductor cable. O Substantially lower in price than standard
95 ohm High Temperature types, it
also offers lower attenuation; higher
velocity of propagation. A spiral
drain wire under the shield
simplifies termination.
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Check the specs. Sound good? Write for full
information. 3
Brand-Rex Turbo 209A Coax U.L. Approvals.
Style 1354 (single), Styles 2384, 2385, 2386,
2387, 2388 (cablﬁe); -,
Nominal voltage: 600 volts rms.
Nominal impedance: 95 ohms, +6 —4.
Nominal capacitance : 13.5 pf/ft.
Max. attenuation : 14 db/100 ft at 400 Mc.

Velocity of propagation : 80%.

Inner conductor: #29 AWG silver-coated
Turballoy C.

Cable core: Air-spaced, flame-retardant
polyethylene. 0.072,0.078” 0.D. :
Drain wire : #29 AWG silver-coated Turballoy C
spirally applied for flexibility and fatigue
resistance.

Shield: #38 AWG tinned copper braid, pro-

AMERICAN El{(i CORPORATION

viding 90% min coverage. 3 BRAND-REX DIVISION
Jacket: High-density vinyl, 0.112” nom. 0.D. ; Willimantic, Connecticut 06226
0.122” max 0.D. at drain wire points. Phone: (203) 423-7771

ON READER-SERVICE CARD CIRCLE 71
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ADC PRODUCTS
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NASA connectors
hermetically sealed

Humidity-proof trimmer
panel-mounted

Gulton Industries, Inc., 1644 Whitt-
ier Awve., Costa Mesa, Calif. Phone:
(714) 642-0163.

Available in shell sizes from 8 to
22, these hermetic connectors are
NASA-modified versions of the
standard MIL-C-26500. Metal-to-
metal mating surfaces provide good
shock and vibration characteristics
for critical applications such as ex-
plosive actuators and detonators,
and airborne instrumentation sys-
tems. Specifications include a leak
rate of 1.2 x 10-'° ¢c helium/s and
insulation resistance of 10'* Q at
300° F.

CIRCLE NO. 287

Photomultiplier tube
available flat-form

Amperex Electronic Corp., Hicks-
ville, N. Y. Phone: (516) 931-6200.

With a unique configuration and
design, this photomultiplier features
a rectangular cross-section, through-
the-wall-dynode connections, a lad-
der of overlapping hemispherical
dynodes on rigid ceramic supports
and 3/4-inch end-on cathode. The
dynode connections are instrument-
type serew terminals that feed di-
rectly through the tube walls. This
reduces leakage currents, even at
overvoltages, and produces freedom
from inductive pickup.

CIRCLE NO. 288

Dale Electronics, Inc., P. O. Box 488,
Columbus, Neb. Phone: (402) 564-
T3 L

A panel-mount configuration is
featured by this humidity-proof
trimmer pot. To accommodate a va-
riety of panel or open-access instal-
lations, the lead screw shaft is ex-
tended 1/4 inch, threaded, and fit-
ted with a lock washer and hex plain
nut. The 1600 series models have
power ratings of 1 W at 70°C and a
resistance range of 10 Q to 100 kQ
with a standard tolerance of +=59%.

CIRCLE. NO. 289

Polycarbonate caps
in axial or radial lead

SEI Manufacturing, 18800 Parthe-
nia. St., Northridge, Calif. Phone:
(218) 349-4111.

Rectangular metallized polycar-
bonate capacitors with wrap-and-
fill construction are available in
axial and radial-lead versions. Se-
ries 22W (axial) and 22U (radial)
capacitors are available in 200 and
400-V sizes in capacitance ratings
from 0.001 to 10 mF with 20% to
1% tolerances. Specifications include
a *+1.59% -capacitance change over
the full temperature range and a
0.3% dissipation factor.

CIRCLE NO. 290
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Il ACCURACY UP, RFI DOWN
WITH GE'S NEW LOW-COST
A-C POWER CONTROL
MODULE

“Zero-voltage switching” is the key.
GE’s new S200 synchronous switch
power control provides much lower
RFTI levels than are possible with elec-
tromechanical thermostats or phase-
controlled semiconductors. And it has
high accuracy with control point re-
peatability better than =0.5% of
sensor resistance. Keys to this high per-
formance are a monolithic integrated
firing circuit and a Triac power control
device. Its user need only provide
power, a rezistive load (such as a re-
sistance heater), a variable resistance
sensor and a reference control resistor.

Potential uses include any resistive
load application where a-c power con-
trol is needed. S200 power control
modules are available in ratings of 10
and 15 amps RMS, at 120, 240 and
227 volts RMS, 50 to 60 Hz, for control-
ling resistive loads up to 4150 W.
Use with General Electric’s new Man-
Made® diamond thermistor permits
sensing and control of temperatures to
450 C. Housing dimensions of the S200
power control module are roughly 1
by 214 by 314 inches.

Circle Number 811 for full details on
these new GE power control modules.

Il NEW ECONOMY
POWER TRANSISTOR

Thermal dissipation..... 1.2W (free air)

Beta holdup................. to 500 mA
It’s GE’s D28A.
HMP;. ......1.2 W at 25 C (ambient)
|| hFE' veses 16-225 and
180-540 at 2 mA, 4.5V
20 min. at 400 mA,1V
B BVgo....25 and 50 V
M Viegsan- - -0.05 typical

0.3 V (max.) at Io/Iz=
50 mA /3 mA

Other characteristics closely match
those of the 2N3414-17.

All of this comes in a low-cost plastic
package with three in-line leads that
can easily be formed to a TO-5 pin
circle. Price: less than 30¢ in volume.

Try D28A medium power silicon
transistors for output stages in stereos
and other phonographs, TV’s, radios
and other kinds of audio equipment. Or
for oscillators, amplifiers, buffers and as
drivers for very high power amplifiers.
Circle Number 812 on the magazine
inquiry card.

Semicanauctars

NEW IDEAS IN APPLICATION AND DES/IGN

3
3
]
|
%

Standard unijunction

ntroducmg the Complementary UJ‘I‘ for lmproved Stabmty

“and Accuracy in Oscillator and Timer Circuits

It's an entirely new kind of unijunc-
tion called the D5K. General Elec-
tric’'s D5K has superior temperature
stability and product uniformity
 through utilization of planar process-
ing techniques. Its characteristics
are like those of a standard unijunc-
tion transistor except that the cur-
rents and voltages applied to it are
of opposxte polarity.
- With GE’s D5K you can bulld oscil-
. lator and timer circuits with better
. than 05% accuracy from —40 to
- ++120C. Its intrinsic stand-off ratio
k{q) is just 0.58-0.62 or +3%. You save

10

test costs by determining your best
compensating resistor for tempera-
ture stability at room temperature.
And the D5K gives you a low base 1
to emitter voltage drop at high cur-
rent . permits generation of high
output pulses with low base-to-base

voltages.

GE D5K’'s are priced at $4.64 in
100-lot quantmes Take advantage
of GE's continuing UJT leadership -
and superior application help. D5K’s
are available for both military and
industrial uses. Circle Number 813
for more information.

2200 L
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I
—60 —40 -2 0 20

These are just three more examples of
GE’s total electronic capability. For
more information call your GE engi-
neer/salesman or distributor. Or write
to Section 220-55, General Electric Com-
pany, Schenectady, New York. In Cana-

GENERAL

40

1 1 1 '
60 80 100 120 140 150

Ambient temperature in °C
Frequency stability demonstrated by relaxation oscillator test circuit (CUJT
only subjected to temperature change.)

da: Canadian General Electric, 189 Duf-
ferin St., Toronto, Ont. Export: Electron-
ic Components Sales, IGE Export Divi-
sion, 159 Madison Ave., New York, N.Y.,
U.S.A.

ELECTRIC

220-55
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MANY OF OUR CONTACTS
ARE CONTACT PEOPLE

That's the strange thing about our
business. We often don't know just
who needs help with contacts. Our
own people find many of the people
we serve, but the rest of our leads

come from customers themselves.

That's why we urge you to let us know
when contact problems beset you. Or,
as we say, '‘contact us, so that we can
contact you." Once you indicate your
particular need, we put skilled, ex-
perienced contact specialists to work
on a solution. They work with the
most modern facilities and technology
to provide you with the contact you
need, when you need it, and at a rea-

sonable cost too.

So, do us a favor . . .do yourself one,
too. When the subject of contacts
comes up, contact Deringer. You'll
get the closest thing to tailor-made

contact service you'll find anywhere.

FOR CONTACTS—CONTACT

DERINGER

METALLURGICAL CORPORATION

1250 Town Line Road - Mundelein, lllinois 60060
ON READER-SERVICE CARD CIRCLE 76
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Be-Cu terminals
mate round or square

Berg FElectronics, Inc., New Cum-
berland, Pa. Phone: (717) 938-6711.

A beryllium-copper terminal is a
female disconnect that mates with
an 0.025-inch square or 0.028-inch
round male pin. The design permits
spacing on as close as 0.125-inch
centers. The terminal is available
for crimp application to AWG #18
to #32 wire or, on the flexible cir-
cuit version, two staking lugs insert
through prepunched holes in the
flexible tape and mechanically clinch
to the circuitry. Soldering completes
the electrical connection. The two-
piece design incorporates a beryl-
lium-copper, heat-treated spring
within a brass terminal body. The
spring allows continual cycling on
a male pin with negligible reduction
in contact pressure and retention
force. Contact resistance is less than
5 mQ and the terminals are rated
for continuous operation within a
temperature range of 1.6° to 65°C.

CIRCLE NO. 291

Parylene film caps
available with 0 TC

Union Carbide Corp., Components
Dept., P. O. Box 5928, Greenville,
S. C. Phone: (803) 963-7421.

For precision component match-
ing in electronic circuitry in which
capacitance stability is essential,
these capacitors are available in
three different temperature coeffi-
cient characteristics, including zero.
Capacitance values can range from
1000 to 100,000 pF. In addition to
characteristic A, nominally —200
ppm/°C, the Flat-Kap capacitors
are available with characteristics B
and C, which are both rated at zero
plus-or-minus 100 or 50 ppm/°C.

CIRCLE NO. 292
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5
fastener...

holds assemblies
securel...

instantly
Bruaoes/releases. ..

Dimco-Gray Snapslide Fasteners hold assemblies
firmly despite shock or vibration . .. never need
adjustment, even with repeated use. Instant
snap action engages or releases fastener...
no tools required. Approved under Military
Standards. Handbook illustrates typical appli-
cations, stimulates design ideas, describes at-
tachment methods. Write for free copy today.

DIMCO-GRAY CO., 219 E. SIXTH ST., DAYTON, OHIO 45402
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Miniature uhf circulator
ranges 450 to 900 MHz

999
Calif.

Inc.,
Sunnyvale,
Phone: (408) 736-9330.

Huggins Laboratories,
East Arques,

Miniaturized uhf magnetically
shielded three-port coaxial circula-
tors operate over a frequency range
of 450 to 900 MHz with typical
bandwidths of 4% to 5%. They fea-
ture 18-dB minimum isolation, 1-dB
maximum insertion loss and 1.35
maximum vswr. Operable -over a
temperature range of —20° to
+55°C, the units are capable of
handling up to 10 watts of ew input
power.

CIRCLE NO. 293

Variable delay trimmer
mounts PC board

Computer Devices Corp., 63 Austin
Blvd., Commack, N. Y. Phone:
(516) 543-4220. P&A: $32 (1 to
9); 2 to 8 wks.

Miniature variable delay lines are

. designed for use in circuits requir-

ing precision delay adjustment. The
series is designed for PC card
mounting and offers a profile 0.31
inches high by 0.62 inches wide. A
choice of two delay-to-rise time ra-
tios is offered. A 3:1 delay-to-rise
time ratio is available in units with
a case length of 1.75 inches and a
6:1 ratio in a case length of 3.5
inches. The series provides a choice
of delay ranges from 0 to 10 ns to
0 to 500 ns, and impedance ranges
from 100 to 1000 Q.

CIRCLE NO. 294

Rotary switch assembly
is quiet at 300 rpm

J. M. Ney Co., Maplewood Ave.,
Bloomfield, Conn. Phone: (203) 242-
2281.

A rotary switch assembly claims
a lifetime of 10 million revolutions
with a noise level of 1 mV. Rotating
at 300 rpm, the assembly is capable
of switching 0.5 A at 30 Vdc non-
inductive. The commutator in the
standard model affords a standard
two-pole, 36-position pattern but
other patterns can be designed.
The use of a solid-controlled pre-
cious metal alloy is said to avoid
such common plating defects as
porosity, flaking, peeling, pits and
inclusions.

CIRCLE NO. 295

Crystal oscillators
range to 100 MHz

McCoy Electronics Co., Mt. Holly
Springs, Pa. Phone: (717) 486-
3411.

A series of miniature crystal os-
cillators housed in an HC-6 U crys-
tal can have a sine wave output
from 5 to 100 MHz. Measuring
0.775 by 0.725 by 0.352 inch, the
units are useful in applications
where miniaturization is a factor.
The oscillators are available in a
range of input voltages from 5 to

30 Vde.
CIRCLE NO. 296

ELECTRONIC DESIGN 10, May 10, 1967



SPECIFICATIONS
MODEL NO. KEY SPECIFICATIONS PRICE

3009/15 General Purpose — +=10V, 5mA; +=20uxV/°C maximum, —25°C to

+85°C; 10KHz full power bandwidth: 5mA maximum quiescent

drain. $ 25.00
3015/15 General Purpose — Smallest =10V, 50mA unit on market. 1.2"” x

1.8” X0.6” $ 65.00
3003/15 General Purpose — +=10V, 20mA. Input drift: 1zV/°C (typ), 3uV/°C

(max.); differential input — non chopper; 3zV rms input noise. $ 95.00
1556/15 FET Input — low drift, 54V/°C (max). 10V, 20mA. 100KHz full

power bandwidth. 50pA bias current. $125.00
3010/25 Chopper Stabilized — 1 MHz full power.Ultra low drift: 0.5zV/°C

(max.). No external drive required. Bias current drift: .5pA/°C

(typ). 10mA quiescent drain. $175.00
3013/15 Wideband — Fast — fast settling time: < 1.5usec. 10 MHz band-

width. 8mA quiescent drain (max.). Differential input impedance:

10" Ohms. $ 95.00
1901/19 Military Type — encapsulated amplifier. Meets MIL-STD-202C

and MIL-STD-810. 10V, 20mA. 5mA quiescent drain. $ 95.00

Demonstrator units are available on all of these models. Contact your Burr-Brown Repre-
sentative. Most of these units are in Burr-Brown Jet-Stock for immediate shipment from
your local representative’s office.
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If you're not happy
with your present
delivery of
special motors...

Call this number
collect.

(201)

725-2200

And if this gives you the idea that we may be among the last
of the Big Spenders, good! We think we’ve earned the repu-
tation when it comes to special motors. We've just spent 1.5
million dollars on new facilities to speed up the production
and delivery of instrument servo motors, special induction,
D-C, and hysteresis synchronous motors. We've gambled
that these facilities will produce more of these motors, faster,
than any of our competition . . . and deliver them faster
too. Here’s one example of how fast it is now: our delivery of
instrument servo motors is eight weeks from receipt of order!
You know our reputation for product quality and com-
pany stability. On top of that now, put fast delivery of pro-
duction quantities. To find out how fast, just call John
Kachmar or Jim Ryan, Customer Service Department, THE
SINGER COMPANY, Diehl Division (201) 725-2200.

SINGER |,

INDUSTRIAL CONTROLS

ON READER-SERVICE CARD CIRCLE 80
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Volt-sensitive driver
has 0.01% hysteresis

Phone:

California FElectronic Manufactur-
ing Co., Inc., P. O. Box 555, Alamo,
Calif.
P&A: $48 (1 to 9); stock.

(415) 932-3911.

A voltage-sensitive relay driver

less than

has 0.002% /°C trip point stability
and
Model 525 Voltsensor has an adjust-
able trip point variable continuous-
ly through zero with no discontinui-
Features include a trip point
range of #=20 V, infinite resolution,
hysteresis less than 4 mV, +=100-V
input overvoltage protection and

0.01% hysteresis.

repeatability better than 1 mV.

CIRCLE NO. 297

Cermet variable resistor
rotates 100,000 cycles

~

P

¥
Y

CTS of Berne, 406 Parr, Berne,
Ind. Phone: (219) 232-2106.

Series 550 2-watt 3/4-inch diame-

ter cermet variable
bines the characteristics of carbon
and wirewound controls.

resistance is
(*=19% available at extra cost), ro-
tational life is 50,000 cycles (100,-
000 cycles available) and tempera-
ture coefficient can be held to =100
ppm/°C. Resistance range is 50 Q
to 5 MQ.

noise

resistor com-

Equiva-
+2%

CIRCLE NO. 298
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This one said no to the status quo

CEC’s new 4-420 Semiconductor Pressure Transducer may look
familiar. But when it goes into action, it behaves in a most
unconventional way.

For the 4-420 is the first and only unit available with both high
accuracy and a high unamplified output. And—it has higher
accuracy for a broader operating temperature range.

Combined linearity and hysteresis is accurate within 0.159,.
Temperature is compensated from 0 - 200°F, with a thermal
sensitivity shift of less than 0.0109, per degree F. over the
compensated range.

Furthermore, the solid-state 4-420 has a full range output of
250 mv dc for an excitation voltage of 10 v dc or ac rms. And
other units are available with integral electronics for an output
of 0—5 v dc and isolated input of 28 v dc.

Weight? Less than 3.0 oz.

Obviously, the 4-420 is the logical choice for aerospace, air-
craft and missile applications. Or wherever a semiconductor
pressure transducer with superior performance and minimum
weight is required.

For all the facts, call your nearest CEC Field Office. Or write
Consolidated Electrodynamics, Pasadena, California 91109. A
subsidiary of Bell & Howell, Bulletin 4420-X 8.

CEC

TRANSDUCER PRODUCTS

¥ BeL: HOwELL
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Free Samples

Miniature Lamps

Our miniature lamp prices are so low
—about one-half the cost of competitive
lamps—people sometimes wonder
about their performance. So we're
giving away samples to prove they are
top quality, in spite of the low cost. In
fact, most of our aged and selected
lamps are priced lower than competitive
lamps that are not aged and selected.

Simply drop us a line on your com-
pany letterhead, describing your appli-
cation, and we'll send you a sample box
of 10 IEE lamps. You select the lamp
numbers. We'll do the rest.

We have a wide selection available in
stock right now. So drop us a line and
we'll send you some. Free.

INDUSTRIAL ELECTRONIC
ENGINEERS, INC.
Dept. ED, 7720 Lemona, Van Nuys, Calif.

ON READER-SERVICE CARD CIRCLE 82
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Vhf diode limiter
operates at 1 MW

Microwave Associates, Burlington,
Mass. Phone: (617) 272-3000.

A passive semiconductor limiter
which operates in the 50-to-65 MHz
frequency range allows passage of
microwave energy below a certain
power threshold to a subsequent re-
ceiver, limiting the energy above
this threshold to a safe level. The
device consists of two diode stages:
the first composed of a large num-
ber of pin diodes which radially
shunt the coaxial transmission line.
The second stage uses varactor
diodes to reduce the leakage from
the pin diode section to a low level.
The limiter provides complete re-
ceiver protection over any 20%
bandwidth and can be operated at
power levels up to one megawatt.

CIRCLE NO. 311

No armature bounce
in 10-A relay

g (A Ea Y
Babcock FElectronics, 3501 Harbor
Blvd., Costa Mesa, Calif. Phone:
(714) 540-1234.

Elimination of armature bounce
is claimed for an anti-bounce brack-
et incorporated in the BR7 10-A
crystal can relay. It will switch dry
circuit to 10 A and withstand shock
to 100 G (11 ms) and vibration to
30 G. Units are offered for both ac
and dc operation.

CIRCLE NO. 312

Miniature log IF amp
can be gain-matched

Varian LEL Division, 75 Akron St.,
Copiague, N. Y. Phone: (516) 26/4-
2200. P&A: $975; stock to 30 days.

A miniature, wide-dynamiec-
range logarithmic amplifier for use
in microwave receivers provides a
logarithmic video output with an
80-dB input dynamic range. Video
output is proportional (*=1 dB) to
the logarithm of the input over an
input range of —80 to 0 dBm. The
standard model is available at 30,
60 or 70-MHz center frequency, 10-
MHz bandwidth.

CIRCLE NO. 313

Balun transformer
for 2-to-32-MHz range

Granger Associates, 1601 Califor-
nia Ave., Palo Alto, Calif. Phone:
(415) 321-4175.

A 25-kW (100 kW peak envelope
power) balun transformer matches
50-Q coax to 600-Q balanced lines
transforming the unbalanced coax
transmission mode into the bal-
anced open-wire mode. Power
transfer efficiency is greater than
97% over the range from 2 to 32
MHz. The vswr is below 1.2 and the
balun operates at full rated power
into a load vswr as high as 2.5.

CIRCLE NO. 314

Mounting pads vanish
after soldering

Sawyer Associates Inc.,
Dr., Chelmsford, Mass.
(617) 256-6583.

3 Alpha
Phone:

Designed to eliminate two major
problems in flow-soldering, Van-o-
pads vanish when dissolved in wa-
ter or solvent after the solder con-
nection has been made. They act as
solid component anti-wetting  sup-
ports during the flow-solder opera-
tion. The pads facilitate conformal
coating by eliminating oil-filled ca-
pillaries which cause blow holes,
pin holes and voids. Used under
components in high density printed
circuit boards, they eliminate open-
circuit breakdowns due to lead sep-
arations resulting from a thermal
cycle.

CIRCLE NO. 315
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RCL OFFERS “‘OFF-THE-SHELF”’ SHIPMENTS!

1/2" ROTARY SWITCHES

INDUSTRY'S BEST DELIVERY

Up to 12 positions per deck . . . up to 6 poles per deck . . . shorting and non-shorting poles
can he grouped in any combination on one deck . .. individual deck parts self-contained and
permanently molded into place. Extremely low and uniform contact resistance: .0025 average.

Life expectancy: 200,000 mechanical operations.

Write for complete engineering information
C I ELECTRONICS, INC.
General Sales Office: 700 So. 21st St., Irvington, New Jersey 07111

Available With:

..Spring Return

..Adjustable Stops

..Coned Terminals
for critical space
requirements.

Pat. Pend.
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These two
heat-shrinkables
are hungry for
tough mil-spec
insulation problems.

Feed them.

New Insultite® SR-350 eats up shock, strain and
vibration like only a semi-rigid, irradiated polyolefin
can. It combines superior dielectic characteristics with
high structural strength. From 3/64" to 1” 1.D.

Insultite FP-301, on the other hand, has a flexible
polyolefin appetite that devours mil-spec applications.
Quickly. Totally. From 3/64" to 4" I.D.

SR-350 meets classes 3 and 4 of MIL-1-23053A and
NASA 276A. FP-301 meets classes | and 2.

Both are available in ten standard colors. Write
today for free samples. (Specify diameters, please.)

Ly ELECTRONIZED CHEMICALS
=il CORPORATION

A subsidiary of High Voltage Engineering Corporation
Burlington, Mass. 01803, Area Code 617-272-2850

EXC.C. heat are recog: urider UL ¢ file E39100

ON READER-SERVICE CARD CIRCLE 84
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Molded plastic seals
high-voltage connectors

AMP, Capitron Div., Elizabethtown,
Pa. Phone: (717) 3683-1105.

The WJH connector line uses a
high-temperature plastic dielectric
to achieve a hermetic seal. The
process of bonding the special plas-
tic to metal permits use of high-
conductivity copper alloy contacts.
Connectors maintain a hermetic
seal even when cycled from —55 to
+125°C. Ratings extend into the
kV range.

CIRCLE NO. 316

Compact multiplier
produces X6 output

Micromega, Venice, Calif. Phone:
(213) 391-7137.

A solid-state multiplier yields at
least 2 W at 3 GHz from an input of
12 W at 500 MHz. Because frequen-
cy multiplication is achieved with a
single high-power step recovery
diode, the unit is only 3.5 x 3 x
0.625 inch and weighs 8 oz without
connector. Operating temperature
range is —30 to +60°C.

CIRCLE NO. 317

Isolation remote relay
handles 5 amps

Aleco FElectronic Products, Inc.,
Lawrence, Mass. Phone: (617) 686-
3888.

This relay combines an isolated
step down transformer and a sensi-
tive low-voltage relay in a single
laminated-core construction. Al-
though a 110-Vac source is re-
quired, the relay portion is activat-
ed simply by shorting the isolated
low-voltage circuit which can be
run through ordinary circuit wir-
ing.

CIRCLE NO. 318
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10 amp subminiature
relays at less
thana buck an amp

It’s a new design.

Not a short cut,
but an instrumenta- U
tion quality device that is
built to MIL-R-5757.

(Seems we’ve built them
so good, so long, we can’t
do it any other way, at
any price.)

These 10 amp 2PDT re-
lays come up to the 50 G
shock and 15 G vibration
specs and pass the 100K
life cycling test.

They just aren’t built
to go through all those
extreme space environ-

@AY ments, so why pay

> the missile price?
J  You get them by
ordering our Series D. In
several mounting and
terminal configurations.
And, of course, the under-
a-buck-an-amp part does
mean in quantity.

Get all the details by
phoning us at Leach Cor-
poration, Relay Division
(213) 323-8221.

Or write: 5915 South
Avalon Boulevard, Los
Angeles 90003. Export is
Leach International S.A.

LEACH

ON READER-SERVICE CARD CIRCLE 85

ELECTRONIC DEsIGN 10, May 10, 1967

143



GREAT
NEW WAY
10 BUY
0G POWER

ERA’s Wide-Range, Variable,
All-Silicon DC Power Modules at
Low, Low Prices

ERA’s new Value-Engineered DC
Transpac® power modules provide all-
silicon, DC power in a wide-range,
variable, low cost module.

Stocking problems are reduced to
a minimum and power module obso-
lescence is practically eliminated. De-
sign changes are easily accomodated
since all units can be set to desired
voltages by a simple external tap
change.

Output B
Voitage Current
(DC) (71°C) Model Price

4-32 | 0-750 ma | LC32P7($ 89.00
4-32 | 0-2 amps | LC322 |$115.00
4-32 | 0-5 amps | LC325 |$179.00
4-32 | 0-10 amps| LC3210 | $215.00
© 30-60 | 0-1amp |LC601 |[$145.00

Over-Voltage Protector Option: Add $35.00 to above
prices and Suffix V to Model No. (i.g: LC325V, etc.).

SPECIFICATIONS

Input: 105-125 VAC, 50-400 cps

Ripple: Less than 800 microvolts RMS or
.005%, whichever is greater

Line Regulation: Better than = 0.01% or
5 mv for f4ll input change

Load Regulation: Better than 0.05% or
8 mv for 0-100% load change

Voltage Adjustment: Taps and screwdriver
2djustment

Short Circuit Protected: Automatic recovery

Vernier Voltage: External provision

Transient Response: Less than 50
microseconds

Operating Temperature: -20°C to 4 71°C
free air, full ratings

Maximum Case Temperature: 130°C

Temperature Coefficient: Less than 0.01%
per degrees C or 3 millivolts

Long-Term Stability: Within 8 millivolts
(8 hours reference)

Write Today for Catalog #147

ELECTRONIC RESEARCH
ASSOCIATES, INC.

Dept. EDN-4 67 Sand Park Road
Cedar Grove, N. J. 07009 « (201) 239-3000

Subsidiaries: ERA Electric Co. ® ERA Acoustics Corp.

ERA Dynamics Corp. e ERA Pacific, Inc.
ON READER-SERVICE CARD CIRCLE 86
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Accessory adapts oscillograph
for simultaneous microfilming

Honeywell, Test Instruments Div.,
4800 E. Dry Creek Rd., Denver.
Phone: (303) 771-4700. P&A : from
$3500; 60 to 90 days. '

ble light from the oscillograph’s
galvanometers up through a slotted
opening in its cover to the microfilm
unit. A series of folding mirrors
and a final lens direct the light to
An accessory recorder prints os- the microfilm magazine. At the
cillographic data on 35-mm mi-  same time, ultraviolet portions of
crofilm at the same time the infor- the galvanometer’s light pass
mation is being displayed on the through the “beam-splitter” via the
direct-writing recorder. Writing  Visicorder’s optical system for
speed on the microfilm exceeds 70,- recording identical data on the os-
000 ips; the recorder maintains its cillograph’s direct-print paper. In
speed at 40,000 ips with the acces- effect, this arrangement gives the
sory in place. If desired, either the user two Separate’ high_speed ana-
recorder or the microfilmer can op- log recording instruments. Systems
erate independently. The accessory are incorporated into the microfilm
operates with Honeywell’s direct- unit for generating grid lines and
writing Visicorder models 1508, record numbers. A separate time
1612 and 1912 (see ED 29, Dec. 20, line system, synchronized to operate
1966, p. 112). with the identical oscillograph
Key to the operation of the unit function, is also built into the mi-
is an optical “beam-splitting” ar- crofilm unit.
rangement. It is used to reflect visi- When both instruments are re-
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1. Optical beam splitter is key to the microfilm recorder’s operation. It takes
visible light from the oscillograph galvos, through a series of mirrors, to the
magazine. Ultraviolet portions of the light do the oscillograph recording.
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2. Microfilm accessory mounts direct-
ly above its companion oscillograph
in 22-in.-deep rack.

cording simultaneously, the mi-
crofilm unit can record data at the
same speed as the oscillograph, or
at a higher or lower speed. For ex-
ample, using the microfilm unit
with a model 1508 Visicorder, the
Visicorder could be recording data
on direct-print paper at its fastest
paper speed of 80 ips, while the mi-
crofilm unit would be recording the
same data at equivalent paper drive
speeds up to 320 ips.

Honeywell forecasts major sav-
ings in data recording. For exam-
ple, one 100-foot roll of microfilm-
recorded data would be equal to
1000 feet of 12-inch-wide, direct-
print paper containing the same
data. Comparing current costs of
the two types of recording media
shows Plus X Pan, 35-mm film,
priced at about 1/20 of the cost of
the standard 12-inch, direct-writing
paper. Microfilm records can be re-
produced full size in a Xerox
“copyflow” processor which has
been reversed or adapted to handle
negative records. Cost of full size
records are then approximately 1/2
cent per square foot.

Minor modifications can be made
to existing Visicorder units at the
factory or in the field. The mi-
crofilm recorder unit is rack-mount-
ed directly above its companion os-
cillograph. A plug-in magazine, con-
taining supply and take-up spools
and a drive capstan, is provided
with each recorder. An additional
magazine, available as an option,
permits changeover in less than 10
seconds. Recording medium can be
any 35-mm unperforated film, Plus
X or equal, in 100-foot rolls.

CIRCLE NO. 319
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Ballantine High Voltage AC/DC Calibrator
Model 421A

Price: $650

Portable
0-111 V dc
0-1110 V ac

400 or 1000 Hz,
RMS or Peak-to-Peak

May be used with
Optional Error
Computer

NEW!
Accurately Calibrates to 0.15%
Vm's, 'Scopes, Recorders...

Ballantine’s new Model 421A is an accurate source of dc or ac voltage that
can be set precisely to any value desired up to 111 volts on dc or up to 1110
volts on ac. It’s small, rugged, portable . . . enabling you to check with ease
a wide range of instruments without loss of down time. You'll find it useful,
too, as an accurate, stable source for measurements of gain or loss, and as a
stable source for bridges or strain gauges.

The selected voltage is indicated digitally to four significant figures on each
of six decade ranges. The voltage indicated may be dc, or it may be ac at
400 Hz or 1000 Hz, RMS or Peak-to-Peak.

Note, for example, the settings in the photo — 42.35 volts RMS at 1000 Hz
output. And with an accuracy that you can be sure is better than 0.15% . The
receptacle on the lower right of the instrument is for high voltage outputs
from 100 volts to 1110 volts at 400 Hz, RMS or Peak-to-Peak.

The new instrument also features a connection for an optional Model
2421 Error Computer that enables you to read calibration errors directly
in percentages, speeding up your calibrations considerably.

In addition to its greater voltage range on ac, the Model 421A has a
lower source impedance on ac than the Model 421 it replaces. Line
voltage effects on the instrument are negligible. A =10%" line voltage
change, for instance, causes less than a 0.05% change in out-

put voltage. >
Write for brochure giving many more details \M

q . Colise
I1Y BALLANTINE LABORATORIES inc.

Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR DC AND AC ELECTRONIC VOLTMETERS/AMMETERS/OHMMETERS, REGARDLESS OF YOUR RE-
QUIREMENTS. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC LINEAR CONVERTERS, AC/DC CALIBRATORS, WIDE
BAND AMPLIFIERS, DIRECT-READING CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS FOR 0 TO 1,000 MHz.
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THIS IS A
CHOPPER.

THISIS A
LIGHT
CHOPPER
BY MELPAR.

Both are designed for specific jobs.

RELIABLE — DEPENDABLE — SHARP
When the need arises for LIGHT BEAM Modulation,
Pulsing, Scanning, Sweeping and Control, consider the
exclusive features and unlimited applications of . .

*MELPAR LIGHT CHOPPERS
EXCLUSIVE FEATURES:

. SIZE

. JEWELED BEARINGS

. LOWER POWER INPUT

. WIDER ANGLE OF EXCURSION
. OPTICAL QUALITY

. HIGH REFLECTIVITY

SPECIFICATIONS:

MIRROR EXCURSION: UP TO 20°
MIRROR FINISH: OPTICAL ALUMIZED FRONT
SURFACE MIRROR.

DT WN

MIRROR SIZE: APPROX. 1 Cm?

FREQUENCY : TO 500HZ (Standard)

INPUT POWER: SINE WAVE, 11/2 VOLTS (typical)
POWER CONSUMPTION:25 MILLIWATTS (typical)

SIZE: 129/32X115/32X0.8"

For a solution-to your particular requirements—get the full story from
your Melpar representative, call or write,

Attention: Product Marketing Department

Nav WABLCO
MELPAR nc

A Subsidiary of Westinghouse Air Brake Company
7753 ARLINGTON BLVD. ¢ FALLS CHURCH, VA. « (703) 534-6000
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Digital meter
is three-in-one

Technology, Inec., 7400 Colonel
Glenn Hwy., Dayton, Ohio. Phone:
(513) 426-2405.

A general-purpose digital meter
combines the features of three com-
monly used laboratory instruments.
It is a 100-pV resolution de digital
voltmeter, a 1-MHz multifunction
counter and an integrator. It fea-
tures extensive use of ICs and plug-
in modules along with circuit shar-
ing. No external plug-ins or adapt-
ers are required. As a DVM, this
instrument offers automatic polari-
ty, five dec voltage ranges from
+100 mV to #1000 V, calibrated
overranging to 40%, an accuracy of
*+0.1%, 100-uV resolution and an
input impedance greater than 10
MQ. As an integrator, it displays
the digital value of the time inte-
gral of the analog input signal. In-
hibit and reset functions are con-
trolled by either front-panel switch-
es or remotely by external voltage
inputs. Three counter modes are
offered: rate, period and count. Sen-
sitivity, level and coupling features
are provided to enable operation
with a variety of input waveforms.

CIRCLE NO. 320

Power supplies in
silicon card modules

Deltron, Inc., Wissahickon Avwve.,
North Wales, Pa. Phone: (215)
699-9261.

A gseries of silicon card module
precision power supplies feature
the manufacturer’s twin amplifier,
controlling voltage or current with
automatic crossover to either mode.
Any number of the units may be
connected in series or parallel with-
out need of special terminals or
complicated connections, monitored
by one master control. The units are
convection-cooled.

CIRCLE NO. 321
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This AE Type 44 Rotary Stepping Switch

Thrives on Solitude.

So do all the rest of our hermetically sealed
stepping switches. That’s because we build
switches so they can’t bind, never overthrow.

Most of the secret’s in our stepping mechan-
ism. We don’t use a pawl stop block. Instead, we
use a unique ‘‘free-floating” pawl—with a set
of stopping teeth on the end of the armature.

This way, the armature not only steps the
wiper or cam assembly to the next position—it

alsolocks the rotor in the correct position. Over-
throw is impossible. So is pawl wear and bind
against a pawl stop block—even at low tem-
peratures.

Where can you use these sealed switches?
Almost anywhere. Some people take them out
in the desert or down to the
bottom of the ocean. Others
fly them above 40,000 feet,
wherethe mean temperature
is =55 degrees Centigrade.
You might want them for a
particularly dusty location
in your shop.

How can you use reliable,
versatile rotary stepping
switches ? There’s a lot of :
helpful design information in our Circular
#1698. It’s yours for the asking. Just write the
Director, Relay Control Equipment Sales,
Automatic Electric Company, Northlake,
Illinois 60164.

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS GFE!E
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" OVER 200 BASIC JACKS

N
WITH

ONE BASIC QUALITY
4

0

N

EXCELLENCE

SWITCHCRAFT
PHONE “JAX"

Keep this one time-saving fact in mind:
SWITCHCRAFT MAKES OVER 200
DIFFERENT PHONE JACKS, ALL OF
INCOMPARABLY UNIFORM AND HIGH
QUALITY, AT NO HIGHER COST THAN
THE SECOND BEST JACKS. Period! New
enclosed molded jacks . . . Tini-D and
Hi-D Jax . . . phone jacks, Tini-Jax,
Micro-Jax, Littel-Jax, Twin-Jax, Exten-
sion Jax, short and long frame Tele-
phone-type Jax, Shielded Jax, Mil-types,
2-conductor or 3-conductor, stereo,
bushing, P.C. board, rivet or jack panel
mounting, thick panel jacks %” or 3%”
bushing lengths, .2085”, .250 or .210”
bushing diameters, insulated or non-
insulated jack sleeves . . . and more
switching circuits available than any
other commercial jacks on the market!
Each is 100% quality inspected and
hand adjusted prior to shipment. You
name it—chances are it's ‘from stock,"
and listed in the incomparable line of
Switchcraft Jacks.

SEND FOR CATALOGS J-101 and J-103
or see your Switchcraft Authorized
Industrial Distributor for immediate
delivery at factory prices.

SN \TUATR ATt

5529 North Elston Avenue
Chicago, lllinois 60630
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PCM simulator has
3 word types
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Datapulse Inc., 10150 Jefferson
Blvd., Culver City, Calif. Phone:
(218) 671-4384. P&A: $4750; 10
wks.

Programable and perturbable
serial digital data in up to 512 word
frames is available from model
215C PCM simulator. Three inde-
pendent word types, RZ or NRZ
formats, clock rates to 1 MHz and
provision for blanking and bit jitter
are featured. Frame program is
controlled by binary toggle switch-
es, selectable from 1 to 512 words.
Word types include syne word, fixed
as word 1, special word, available
as any word in frame except first,
and common words for any position
except those used for syne or special
words. Word lengths are selectable
from 1 to 32 bits. Word content is
defined by toggle switch positions
for each bit.

CIRCLE NO. 322

Six-decade box is
conductance standard

Beckman Instruments, Inc., 2500
Harbor Blvd., Fullerton, Calif.
Phone: (714) 871-4848. Price:
$175.

A direct-reading instrument for
checking and calibrating conductiv-
ity equipment has six decade dials
to cover 1 pmho to 1,111,110 pmbho.
In addition, the instrument may be
used as a conductance standard in
bridge measurements. All calibrat-
ing resistors are wirewound on
mica cards with a temperature
coefficient of 5 ppm/°C. Accuracy is
+0.25% on the 100 kQ decade,
+0.1% on the 10-kQ decade, and
+0.05% on the 1000, 100, 10 and 1.

CIRCLE NO. 323

Ac power recorder
handles 600 V, 150 A

Rustrak Instrument Co., Inc., Mu-
nicipal Airport, Manchester, N. H.
Phone: (603) 623-3596. Price:
$205.

A portable power tester and re-
corder handles voltage, current or
both. It features a time-sharing
system which permits the stylus to
record independent traces for both
voltage and current. The system
provides full-chart-width resolution
with voltage plotted as a continuous
trace and current as an interrupted
trace. A dual concentric switch se-
lects ac voltage ranges of 0 to 150, 0
to 300 or 0 to 600 volts and ac cur-
rent ranges of 0 to 15, 0 to 30, 0 to
60 or 0 to 150 amperes. It can be
calibrated for any frequency from
50 to 400 Hz. Accuracy is 3% of full
scale.

CIRCLE NO. 324

Ac line monitors
range 85 to 270 V

I

United Systems Corp., 918 Woodley

Rd., Dayton, Ohio. Phone:
254-3567. Price: $195.

(513)

Digital line voltage monitors are
available in two models. The 351
will monitor voltages within the
range of 85 to 135 V and the model
352 covers the range of 170 to 270
V. The instruments are accurate
with a #=0.19% of midscale reading
maintained over a wide range of op-
erating temperatures. The units can
be modified to accept a 1000-Q re-
transmitting pot for analog output
recording of monitored data.

CIRCLE NO. 325
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A B C D

A: Circuit packages for printed circuit or con-
ventional mounting. B, C and D: typical
switch-circuit assemblies for panel mounting.

= = CIRCUIT
TYPICAL CHARACTERISTICS

PULSE !

\

Need a pulse input A full line of electronic pulse circuit packages is now avail-
’ able from MICRO SWITCH.
’ These compact packages provide a single output pulse
ut don ave the : e Aol |

for each actuation of the controlling switch. They provide
versatility in packaging and mounting—save engineering

- - -
eng|neer|ng t|me ? time, assembly costs and space.

Microsecond, millisecond and untimed pulse curcunts are

available pre-assembled to a variety of push-
button switches, or as separate packages.
i Send for this new design guide and appli-
cation manual. Keep it handy for quick ref-
erence, Save time and money the next time
you need an electronic pulse circuit.

Or call a Branch Office or Authorized Dis- ‘
tributor (Yellow Pages, “Switches, Electric™) BULLETIN ED

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL-Sales and service offices In all principal cities of the world. Manufacturing in United States, United Canada, s, Germany, France, Japan
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Cramped for Space?

Use Couch 1/7-size Relays

Space /weight problem? The new
Couch 2X 1/7-size crystal can relay
gives you tremendous savings in
space and weight. 0.1" 4
grid — plus many out- ’
standing specs —allin mi- ‘5

crominiature. Thoroughly
field-proven in electronics
and space applications. ',

2X (DPDT) 1X(SPDT)

Size 0.2" x 0.4" x 0.5" same
Contacts 0.5amp @ 30 VDC same

Coil Operating Power 100 mw 150 mw 70 mw 100 mw
Coil Resistance 60 to 4000 ohms 125 to 4000 ohms
Temperature —65°C to 125°C same
Vibration 206G same
Shock 756G same

Broad choice of terminals, coil resistances,
mounting styles. Write for detailed data sheets.

(o /.
RUGGED ROTARY RELAYS ;/.' | Dynamically and Statically Balanced

COUCH ORDNANCE INC.

3 Arlington St., North Quincy, Mass. 02171, Area Code 617,
CYpress 8-4147 « A subsidiary of S. H. COUCH COMPANY, INC.

ON READER-SERVICE CARD CIRCLE 92
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10-MHz counter housed
in small package

IC ELroN

MINICOUNTER  Model M- 30 "t

OVERWANGE  DISHAY aser STy
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Elron FElectronic Industries, Ltd.,
Box 5390, Haifa, Israel. Phone:
64613.

A 10-MHz Minicounter measures
7-1/2 x 4-1/4 x 9 inches and weighs
just over 5 pounds. The counter fea-
tures the use of integrated circuits,
high input sensitivity and imped-
ance, 1-MHz crystal clock, 5-digit
in-line readout, over-range indica-
tion and gating and clock time units
from 1 ps to 10 s. It can be used for
frequency, counting, period and ra-
tio measurement.

CIRCLE NO. 326

Analog memory drum
delays signals to 2 s

Electron Ohio, Inc., 1278 West 9th
St., Cleveland. Phone: (216) 621-
5196.

An analog delay memory drum
delays and stores analog signals for
durations from 1 ms to 2 seconds. It
contains from 1 to 10 channels and
has a frequency range from dc to 1
kHz. The drum rotates at speeds
concurrent with desired delay time.
The signal is impressed, reproduced
or erased by heads that do not touch
the drum surface. The surface is
oxide-coated, plated or fitted with a
magnetic rubber sleeve.

CIRCLE NO. 327

T R e R S

10-200%Io %
LOWER COST. )
L i/
COMPARE
TRESCO LV DT QUALITY}
(
- V
TRESCO 1
Series 65
: Parameter (Standard Line) Brand X
~ [sensitivity (mv/
i 001/Vin) @ 60~
o |a £ 0.05" travel |1.50 mV 73 mv
b + 0.50" travel |1.00 mV .26 mV
# ¢ + 2.00" travel |0.60 mV 05 mV
‘ _ |Resolution infinite infinite
‘ Linearity 0.5% 0.5%
i [ Temperature
' Range |—65°F to 300°F | —65°F to 300°F
i Null 0.5% of full | 0.5% of full
scale scale

ﬁ/TRESCO, |Nc.i}

Comparison based on pub-
lished specifications, of the
best known competitive
standard line of Linear Vari-
able Differential Transform-
i ers. Test points are charac-
; teristic of values over the
complete operating ranges.

Get more transducer
for your money:

Write for Bulletin No. 108DT {[‘!1

—

1)/ 3824 TERRACE ST., PHILADELPHIA, PA. 19128

4

(215) IV 3-1383 1

B e o
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We look forward

to seeing you at

MICROWAVES

EXPO 67,

New York Coliseum

June 6, 7, 8.

The Editors of
Electronic Design
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Low-cost counter system
meets industrial nEed

i:‘r\. ELDORADO BLECTRONICS MUDL 1D HEVEREME FREGLENCY COUNTER

@ BLOORADO BLECTROWICS
X "

Eldorado Electronics, Inc., 601 Cha-
lomar Rd., Concord, Calif. Phone:
(415) 686-4200. P&A: $600 to
$1500; stock.

A low-cost system of counting
and measurement instruments pro-
vides functions ranging from sim-
ple totalizing to the operations of a
fully reversible counter and timer.
Basic units of the nine-instrument
system are the 10-MHz model 1000
totalizer and the model 1100 re-
versing totalizer, each of which can
be equipped with either a 60-Hz or
100-kHz clock to form a frequency
counter. Both models include an au-
tomatic trigger system which aec-
cepts signals over a range of 250 mV
to 100 V with automatic noise re-
jection.

Other instruments in the system
include model 10 universal counter
and model 11 preset universal
counter, both with high-stability 1-
MHz clocks, to equip the basic units
for time interval measurements and
more flexible timing and multiple
resolutions. Model 12 preset offset,
model 13 single preset controller (1
MHz), model 14 dual preset con-
troller (1 MHz) and models 15 and
16 single and dual preset controllers
(10 MHz) are available.

The entire system permits any
instrument to operate singly with
either model 1000 or 1100, or in
combination with any other instru-
ment in the system. Each instru-
ment is housed in a 3-1/2-inch half-
rack chassis and contains its own
power supply. The system is re-
motely programable and remotely
operable. Any two instruments can
be located as much as 100 feet apart.
Options include a selection of for-
mat for a variety of digital printers
and a battery pack for field opera-
tion.

CIRCLE NO. 328
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another solution

Q
TEFLON* SPACER /BUSHINGS FOR MOUNTING
P.C. BOARDS TO METAL PANELS OR CHASSIS

Completely eliminate nuts, bolts, lockwashers, insulators,
metal stand-offs and spacers, with Sealectro’s new and unique
Press-Fit® Teflon Spacer/Bushings. Simply drill or punch a
hole in a chassis, panel, or other mounting area . . . pop in a
spacer bushing . . . drill or punch a mating hole in the P.C.
board . . . snap them together . .. that's all there is to it. They
can't be shaken apart but can be unsnapped at will for service,
test or modification

Press-Fit Spacer/Bushings are precision machined from pure
Teflon. Stand-off heights from .125” to .750” with a standard
diameter of %" are included in the complete line.

If you need a fast, reliable and inexpensive means to mount P.C.
boards, consider Sealectro’s new Spacer/Bushings. Sealectro
is your No. 1 source for all types of electronic hardware. Com-
plete information and drawings are yours for the asking.

*Registered Trademark E. |. DuPont De Nemours & Co.

'-mbu.-, 082 DIA. HOLE
100 DEEP

187 DIA

.150 DIA.
165 DIA.

NOTE: Mtg. Hole .152 =002 Dia. I
55 =.006 thick chassis.

O CIRCUIT HARDWARE DIVISION

SEALECTRO

CORPORATION

O MAMARONECK ¢ NEW YORK

steerms] PHONE: 914 698 - 5600 TWX: 710-566-1110
Sealectro Ltd., Portsmouth, Hants, England

ON READER-SERVICE CARD CIRCLE 95

151



152

Packs a wide frequency

range in small space

The Hewlett-Packard 3200B VHF Oscillator offers con-
tinuous coverage of frequencies from 10 to 500 MHz,
yet takes up little space on the bench or in the rack. The
3200B provides +0.002% frequency stability over a
5-minute period, a high RF output level, and an output
attenuator. It is ideal as a general purpose source of CW
signals and will also accept external pulse or amplitude
modulation. The 3200B may be used with an accessory
doubler probe to extend the frequency coverage to 1000
MHz. Size: 7%" wide, 6%" high and 131" deep. Price
$525. For more complete information, contact your local
Hewlett-Packard field engineer or write: Hewlett-Packard,
Green Pond Road, Rockaway, New Jersey 07866.

HEWLETT ﬂ PACKARD

ON READER-SERVICE CARD CIRCLE 96

CONNECTORS

Up to 15 circuit capacity with these low-cost,
miniature nylon connectors! Contacts automatically
crimped to leads, then securely snap-lock into the
housings. Positive polarity prevents misconnec-
tions and integral mounting ears provide easy
panel installation.

Write for complete specifications and samples

on any of these connectors.

MOLEX® PRODUCTS COMPANY
5224 Katrine Avenue

Downers Grove, lllinois 60515

(312) 969-4550 TWX 910- 695-3533

ON READER-SERVICE CARD CIRCLE 97
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Video sweeper
ranges.to 25 MHz

=
®

Telonic Instruments, 50 N. Flirst
Ave., Beech Grove, Ind. Phone:
(817) 787-3231.

Covering video frequencies from
20 kHz to 25 MHz, this sweep oscil-
lator is designed as a plug-in unit
for Telonic’s SM-2000 sweep gener-
ator chassis. The oscillator has a
dual-range sweep width for test
procedures requiring very narrow
or very broad coverage. On a nar-
row-band setting, the unit sweeps a
frequency width adjustable from 2
kHz wide to 1 MHz wide. On wide
band, the sweep width may be set
from 20 kHz up to 25 MHz.

CIRCLE NO. 329

Card sensor reads
up to 80 IBM columns

Taurus Corp., Academy Hill, Lam-
bertville, N. J. Phone: (609) 397-
2390.

Read from 1 to 40 columns of an
IBM card with this card reader.
After the card is inserted and the
handle closed, a punched hole has a
closed switch and a no-hole an open
switch. Applications include auto-
mated industrial functions, batch-
ing operations, component testing,
programing and sampling.

CIRCLE NO. 330
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IF

It hasn’t been made before,

If it is sub-miniature,
If it requires tolerances to = .000039,
If you require 2,000 lines per inch,

YOU ARE LOOKING FOR OUR KNOW-HOW

Anything that can be drawn in line can be reproduced by our photomechanical processes—in glass, metal, or plastic—flat,
curved, or hemispheric.
For Instance — in the photograph is an assortment of items from our current production. Can you identify — an aperture

mask for color television, a micro-mesh sieve, a calibrated dial, an etched kovar clip, a multi-layer circuit.
Do these suggest a sub-miniature item requiring close tolerances that we might help you develop — just call us —

BUCKBEE MEARS COMPANY

245 East 6th St., St. Paul, Minnesota 55101

ON READER-SERVICE CARD CIRCLE 98
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Smallest
Things!

Mizxer-preamplifiers, for exam-
ple. You'll get excited, too, with
the performance you get from
these tiny, thin-film-integrated-
circuit mixer-preamps. Newest
addition to our proven line of
thin film, microwave compon-
ents, LEL-LINE TF, they
weigh less than an ounce and
measure a mere 1%"” x 1%”
x 174",

Specifications

o RF frequencies ........ 1250 — 5900 MHz
o IF frequencies ........... 30, 60 or 70 MHz
o Noise figures ............ from 7.5 dB
o IF bandwidth ... 20 MHz
e RFtolFgain............................ 20 dB
e LO input power (Typical) ............ 2mW
o Max. mixer input signal ........ —24 dBm

Send now for full information
on these and such other
LEL-LINE TF components as

s mixers

s hybrids

e power dividers & couplers.

VARIAN associates

AKRON ST., COPIAGUE, L. 1., NEW YORK 11726
(516) AMityville 4-2200/(516) PYramid 9-8200

ON READER-SERVICE CARD CIRCLE 99
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Up to 480 circuits
automatically analyzed

o

Sigma Engineering, Inc., 95 Bridge
St., Lowell, Mass. Phone: (617)
453-3091. P&A: $1711 to $5860; 30
to 90 days.

Parameters of up to 480 circuits
can be either automatically or
manually tested with this unit. It
consists of an automatic switching
section which operates at externally
adjustable rates from five circuits
per second to one every 3 minutes,
and a control section that indicates
the number of the circuit under test
and the test function, and decides
whether to accept or reject the cir-
cuit. The latter is accomplished by a
comparison of test results with pre-
set limits. Provisions are made for
homing, recycling or bypassing of a
fault circuit, visual display or ac-
cept or reject status, and for the
connection of an optional data
printer. The unit contains its own
power supplies for the switching,
indicator and control sections. The
maximum input impedance of the
switching section is 0.048 (.

CIRCLE NO. 331

Evaluate components
high-go-low

G R e

' e _‘1—::

- e @
& s
Hewlett-Packard, 1501 Page Mill

Rd., Palo Alto, Calif. Phone: (415)
326-7000. P&A: $1575, $40 up
(plug-ins); July.

Fast high-go-low measurements
for component evaluation, sorting
or matching are made with this
comparator. It is useful for making
circuit adjustments, testing ICs,
sub-module checkout or complete

system checkout. The input to the
model 3434 A can be a dc voltage, an
ac voltage, a direct current, or a re-
sistance. The instrument compares
the input to a pre-selected pair of
limits and shows by illuminated in-
dicators whether the input lies be-
tween the selected limits (GO), or
is greater than the upper limit
(HIGH), or less than the lower lim-
it (LOW). The instrument also pro-
vides relay closures, according to
the results of the measurement,
which may be used to operate exter-
nal equipment such as sorting ma-
chinery or a printer. Limits, with 3-
digit resolution and with either po-
larity, may be selected manually or
they may be programed. The range
of limit comparisons is from 100
mVde to 1000 Vde, 10 Vac to 1000
Vace, 100 A to1 A, and 1000 Q to 10
MQ (ranges are determined by the
plug-in signal conditioners). The
accuracy of dec voltage comparisons
is typically better than =#0.05% of
reading at full scale; ac is better
than +=0.12%. Resistance compari-
son accuracy is =0.256% up to 1 MQ,
19 above.

CIRCLE NO. 332

Low-cost sweeper
tests TV tuners

Telonic Instruments, 60 N. First
Awve., Beech Grove, Ind. Phone:
(317) 787-3231. P&A : under $350;
stock.

For production-line testing of
uhf-TV tuners, model 1005 sweep
generator features continuously
variable tuning from 450 to 910
MHz. Output level is 0.5 V rms and
sweep width may be varied from 5
to 50 MHz. Options include a selec-
tion of attenuators, 10-dB and 3-dB
steps, or 50-dB continuously varia-
ble at 50 and 75-Q impedances, re-
mote control of sweep width and/or
attenuation and either birdy or
pulse marker systems.

CIRCLE NO. 333

ELECTRONIC DEsSIGN 10, May 10, 1967



DVM calibration
guaranteed 1 year

Dana Labs, Inc., 2401 Campus Dr.,
Irvine, Calif. Phone: (714) 833-
1234.

Carrying a one-year calibration
guarantee, a test circuit is included
in this DVM to check the stability
from one calibration to the next.
Model 5700 is a five-digit (with
sixth-digit overrange) instrument
that autoranges from =10 uV to
+100 V and has a dec accuracy
across this span of *=0.004% read-
ing *=0.0009% of full scale. The
reference is guaranteed to remain
within 100 ppm for one year with-
out recalibration. It measures dc
voltages on four ranges: =1.1,
+11, =110 and *=1110 volts. It has
a built-in de filter that offers the
user a choice of 0, 37 or 80-dB su-
perimposed-noise rejection.

CIRCLE NO. 403

Freq-to-freq converter
accurate to 0.05%

7833
Calif.
P&A:

Anadex
Haskell Ave.,
Phone: (218)
$650; 4 wks.

Ine.,
Van Nuys,
782-9527.

Instruments,

Output frequency of this convert-
er is proportional to input frequen-
cy with an accuracy of better than
0.059%. Model FF-100 is useful in
applications requiring frequency
normalizing or for frequency multi-
plication to permit short sampling
time and higher resolution. Full
scale input frequencies lie between
250 Hz and 10 kHz with the adjust-
able full scale output frequency:be-
tween 250 Hz and 100 kHz.

CIRCLE NO. 404
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(0%

4 DIGIT

400 SERIES
INTEGRATING DC

DIGITAL VOLTMETE

POWER-PULL

DISPLAY
TIME

MAX.

o [ - &
DR VONEI ——— 404 L

GROUND  MANUAL

Extended Range Measurements: Fifth digit
over-range.

Precise Measurements: With accuracies to
0.05%.

Input Flexibility: Four voltage ranges and a
micro-current input for measuring in “Engineer-
ing Units” (psi, degrees, etc.)

System Compatibility: BCD Outputs and Re-
mote Programming.

High Noise Rejection: Differential input and in-
tegration techniques provide common mode re-
jection greater than 120 db at 60 Hz.

Economical: 3 and 4 digit models range from
$349.50 to $495.50.

These DVM'’s are not anly NEW, they’'re AVAILABLE
from Janus representatives from coast to coast!

CALL OR WRITE FOR A DEMONSTRATION.

JANUS CONTROL DIVISION ! tco

296 NEWTON STREET « WALTHAM - MASSACHUSETTS 02154 < TEL: (617) 891-4700
ON READER-SERVICE CARD 'CIRCLE 100
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ginally. %

reasonably

BEEDE

. . . that meets
your performance
requirements.

%k Will handle meters
as large as 7”7

sk Excellent balance

% Good Damping and
response

% No drift
% Tracking =19 or 2%

Send for Data today

.

BEEDE

/

ELECTRICAL INSTRUMENT CO., INC.
PENACOOK, NEW HAMPSHIRE 03303
Area Code: 603-753-6362
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Low-cost unit
probes wafers, dice

1140 W. Evelyn
Calif. Phone:

Inec.,
Sunnyvale,
(408) 245-1000. P&A: $495; stock.

Siliconix,
Ave.,

A manual 4-point probe for waf-
ers, dice and mounted devices is
useful during the diffusion process
for probing selected portions of ICs
such as individual diodes, transis-
tors and resistors. The micrometer-
controlled Z-axis and fingertip ad-
justments of each probe-point as-
sembly assure accurate point-pad
contact. Probe points are adjustable
to any device pattern on wafers up
to two inches .in diameter. Each
probe point covers an area 0.125
inch square. With special fine
points, bonding pads as small as 0.5
mil can be probed. A Delrin chuck is
available for holding TO-18, TO-5
and TO-84 mounted devices.

CIRCLE NO. 334

Generator supplies
100-bit words at 10 MHz

SSNSsas4a.
25898444,
59595455544
1sssensag,

Texas Instruments, Inc., 3609
Buffalo Speedway, Houston. Phone:
(718) 526-1411. P&A: $3000; 30 to
45 days.

Complete digital words composed
of a combination of pulses up to 100
bits long are supplied by this word
generator. By operating switches

on the front panel of the unit, the
content of the word is completely
controlled. Series 6300 word gener-
ators feature 100-bit capability in
single or multiple channels. Bit rep-
etition rate is variable to 10 MHz,
with word lengths available as the
product of any two integers from 1
to 10. Multiple channels with inde-
pendent controls are available with-
in the 100-bit limit, and programs
can be set up with front panel
switches. The series has the capa-
bility of bit programing direct from
a computer. Models available in-
clude single-bit, single-word and
gated outputs.

Output amplitude is variable to 5
volts, positive or negative, with rise
and fall times less than 6 ns. Both
RZ and NRZ outputs are available,
and delay between RZ and NRZ
channels can be supplied from 20 ns
to 80% of bit width. Bit width for
RZ is variable from a 20-ns mini-
mum. Selectable bit sync output al-
lows synchronization of a scope at
any desired point in a full 10-bit
word.

CIRCLE NO. 335

Table-top recorder
holds paper magnetically

Varian, 611 Palo

Hansen Way,
Alto, Calif. Phone: (415) 826-4000.
P&A: $1395; 90 days.

X-Y recorders hold 8-1/2 x 11-
inch chart paper in place by perma-
nent magnetism. The recorders are
accurate to 0.25% of full scale and
have range sensitivity of 100
wV/inch. Slewing speed (60 Hz) is
15 ips and repeatability is 0.2% of
full scale. The platen is a magnet-
impregnated hard rubber pad, and
the paper is printed on one side
with a magnetic ink pattern. At-
traction between the two firmly
maintains paper alignment and
eliminates the need for electrostatic
or vacuum hold-down devices com-
monly used on X-Y recorders. The
paper position on the platen can be
easily adjusted. No electronics are
used for paper hold-down.

CIRCLE NO. 336
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—S/IVERLINE

the New Generation
of CLIFTON Synchros

Keeping pace with the developing aerospace field, Clifton announces
SILVERLINE, a new, superior line of standard synchros.

These units, a natural evolution from our present line of quality
synchros, embody certain new manufacturing techniques and space
age materials. The result is a standard synchro which outperforms
present synchros in the following five distinct ways.

Higher Accuracy ¢ 5’ Standard

SILVERLINE is a complete line of five-minute units—synchros and
resolvers—with three-minute units obtainable through design and
not on a “‘pick-and-choose" or yield basis. These accuracies are pos-
sible because of mechanical improvements and electrical design
changes which minimize basic causes of synchro error.

The normal polar calibration pattern generated by former units will
generally contain a high second-harmonic error as evidenced by an
elliptical plot. The cause of this second harmonic is generally due to
out-of-roundness of the air gap or eccentricities in the mechanical
fits. SILVERLINE eliminates these mechanical problems to such a
degree that the calibration pattern is nearly circular.

Outstanding Repeatability

SILVERLINE's second salient feature is repeatability of calibration.
Once the error curve has been obtained for any unit, it holds to
that original pattern—even after environmental testing.

Temperature Stability

SILVERLINE units repeat their room-temperature calibration within
very narrow limits even at the extreme temperatures given in today’s
specifications. Zero shifts are limited to plus or minus three arc
minutes over the operating temperature range, and the majority of
units will be run well below that.

Extended Temperature Range

Due in part to a gradual upgrading of materials and in part to
inherently better thermal stability, we can now extend top operating
temperature range for SILVERLINE from the present standard of

CONTROL
TRANSFORMER

TYPE TOBASG

(VERLINE

RESOLVER

TYPESOB-A4

JVERLINE

125°C up to 150°C (302°F). SILVERLINE can also be adapted into
our ultra-high temperature series for ambients up to 232°C.

Lower Null Voltages

Maximum total null voltages have been reduced to 20mv on 26v CX's,
CT's, and CD's. Lower total null voltage means fewer saturation
problems with high gain control amplifiers and therefore better servo
response.

SILVERLINE synchros are in the field NOW. Call your Clifton Sales
Office for price, delivery and further information.

ELECTRICAL CHARACTERISTICS SIZE 8 SILVERLINE

ROTOR AS PRIMARY STATOR AS PRIMARY D.C. RESISTANCE IMPEDANCE
Input Input Input  Output  Phase o Input Input Input  Output  Phase Max. Null Max. Null
SYNCHRO FUNCTION  CPPC TYPE j§ Voltage Current Power Voltage  Shift §Voltage Current Power Voltage  Shift lnnlov Stator 2ro 130 2rss Voltage  Voltage NOTES

(400~) (Amps.) (Watts) (Volts) (deg.lead)§(400~) (Amps.) (Watts) (Volts) (deg.lead)XOhms) (Ohms) (Ohms) (Ohms) (Ohms) Total (mv) Fund. (my)
Torque Transmitter G08-A-1 § 26 J70 93 118 95| — 24 7.5 | 324150  7.3+j26.2 55+j15 20 15 15
Torque Transmitter GO8-A-7 § 26 Job St 118 - 8% - 37 12 544-j260 12+ )45 88+j22 20 13 15
Torque Transmitter G08-A-9 §115 029 80 118 11 = — ~ - — §700 104 §950+j3850 10+j36  1550+j420§ 80 14 60
Control Transformer T08-A-1 - = - -~ EAL8 087 2 2359 143 24 §2104+j690 28 +jl14 250473 20 2 15
Control Transformer T08-A-4 118 030 073 225 85§ 365 64 Q§4704j1770 81+4j330  590+j190 20 2 15
Control Transformer T08-A-6 — Q118 022 058 225 9.2 550 100 800+4-j2500 120+4-j450  940+j280 20 2 15
Electrical Resolver ~ S08-A-1 | 26 038 39 108 2 R1EB 1080 5 25823 5, L] 230 27 §270+j630 394142 - 340-+j67 30 2 2
Electrical Resolver ~ S08-A-4 | 26 038 39 26 20 26 0302235 2150 12 230 170 §270+j630  250+j830  340-+j67 30 2 22
Torque Differential  D08-A-1 - 118 087 .21 ns 9 3 38+j122 284114 47413 20 2 15
Differential Resolver DS08-A-2§ 118 .027 080 225 115026 013 095 118 103§ 98 377 109+j362  560+-j1900 134-+-j34.5 30 2 22

Electrical characteristics are specified as nominal values at 25°C. Synchro testing is performed in accordance with SAE Aeronautical Recommended Practice 461 B.

NOTES:

1. Rotor moment of inertia = 0.81 gm-cm?
2. Rotcr moment of inertia = 0.82 gm-cm?
3. Unit torque gradient = 2200 mg-mm/deg

MECHANICAL CHARACTERISTICS

4. Unit torque gradient = 2400 mg-mm /deg.
5. Unit torque gradient = 2800 mg-mm deg.

Temp. Range —55°C. to +150°C. Shaft Runout .0008 max.

Shaft End Play, 8 oz. Id. .0008 max. Friction max. @ 25°C. 4 gm.-cm.

Shaft Radial Play, 4 oz. Id. .0005 max. max. @ —55°C. 16 gm.-cm.,
4 TR IS T e Sl

ACCURACY: 5' STANDARD
3’ ON SPECIAL ORDER.

CLIFTON B
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DUAL-IN-LINE SOCKETS

for testing and packaging plug-in IC's

LOW COST ¢ HIGH PERFORMANCE « WIDE APPLICATION

Sockets for 14 and 16 lead packages having’
flat or round leads

» Large contoured entry holes for
easy IC insertion

o (entle wiping leaf contacts
provide high reliability

* Available with or without
mounting saddle for |
panel mount or printed g
circuit applications R

 Molded diallyl phthalate
body; beryllium copper,
gold-plated contacts

Request Catalog 364 describing our complete line of integrated circuit
products for Testing, Breadboarding, and Packaging.

AUGAI INC, 31 PERRY AVE., ATTLEBORO, MASS. 02703

ON READER-SERVICE CARD CIRCLE 103

YOKE SPECIFYING PROBLEM?

ASK AN
EXPERT...

A SYNTRONIC

DEFLECTION

YOKE SPECIALIST

Since we make more types of yokes than anyone else, it's natural enough for
our team of experts to know more about yoke design, application engineering,
and quality control.

Specifying can be a challenging problem, and with this in mind, we put our
experience at your disposal. Don't hesitate to call or write us when you're
puzzled as to the right deflection yoke for your display.

SYRITonic

ON READER-SERVICE CARD CIRCLE 104

INSTRUMENTS, INC.
100 Industrial Road, Addison, lllinois
Phone: Area 312, 543-6444
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TEST EQUIPMENT

Three-pen instrument
is trend recorder

Motorola Instrumentation and Con-
trol, Inec., P. O. Bow 5409, Phoenizx.
Phone: (602) 959-1000.

Used primarily with deviation
indicating controllers which have
no recording facility, this trend re-
corder may be used to record up to
three variables simultaneously. The
recorder chassis is wired to accept
one, two, or three standard pen-
drive modules, which can be added
or removed as desired. There is no
need for additional amplifiers. In-
puts from up to 16 controllers can
be handled by a front-panel patch-
board. This permits plug-in connec-
tion of any desired input in a few
seconds. This 16-input capacity is
advantageous in high panel-density
installations.

High-torque, servo-positioned
pens record on the 4-inc<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>