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AUDIO TRANSFORMERS
Do-T Pri. D.C. Ma? Sec.  Pri. Res. Pri. Res. Mw DI-T
No. Imp. in Pri, imp, 00-T DI-T  Level No.
DO-T44 80CT 12 32 split 98 115 500 DI-T44*
100 CT 10 40 split
DO-T29 120CT 10 32 10 500
150 CT 10 )
DO-T12 150CT 10 12 11 500
200CT 10 16
DO-T13 300CT 7 12 20 500
400CT 7 16
DO-T19 300CT 7 600 19 20 500 DI-T19
DO-T30 320CT 7 3.2 20 500
400CT 7 4
DO-T43 400CT 8 40 split 46 50 500 DI-T43*
500CT 6 50 spiit IN
DO-T42 400CT 8 120 split 46 500 UINI A - 0
500CT 6 150 sgm : TION
DO-T4l 400CT 8 400 split 46 50 500 DI-T41* :
500CT 6 500 Spiit ACTUAL =4 e
DO-T2 500 3 50 60 65 100 DI-T2 SIZE
600 3 60
DO-T20 500 CT 55 600 31 32 500 DT-T20 -
_DO-T4 600 <) 3.2 60 100 .
DO-T14 600CT § 12 43 500
800CT 5 16
DO-T31 %8 8}'_ g 3.2 43 500 -
soTE—gwer {5 W Transistor TRANSFORMERS
ooTIs M 4k & d INDUCTORS
1070 CT__ 4 16 an
DO-T21 900CT 4 600 53 53 500 Di-T21
DS o3 2 ng o EeEs ALL ITEMS SUCCESSFULLY TESTED
DO-T45 %ggg 8; %g %g 088 S,';}'% 120 100 TO COMPLETE MIL-T-27B
b spli
LR BT et : il 0] ENVIRONMENTAL REQUIREMENTS
1330CT 35 16 =5
DO-T33 1060 CT 3.5 2 It
1330CT 35 { *16 New Items Added to Stock Line
DO-T5 1200 2 3.2 105 110 lgg DI-T5 FROM
DO-T17 1500CT 3 12 108 5 I EDI TE DE E Y
2000CT 3 16 MM A |.|V R STOCK
DO-T22 1500CT 3 600 86 87 500 DI-T22
DO-T34 1600CT 3 3.2 109 500 2300~ 200~ 430 soo- T 0ec 3,100~ _ 200~ 400~ 800~ e 20m¢
2000CT 3 4 gg s g‘.’ L 2
*DO-T51 2000CT 3 2000 split 195 180 100 DI-T51* i T ¢ ¥ £
2500CT 3 2500 split ] e 2 ook
DO-T37 %ggg 8; g 108888 splllg 195 180 100 DI-T37* A § §'°T\ N ;
sph e N Y 200 N N $
*DO-T52 do0 T2 SocT w0 w0 10 DRTsZe §=*" AN i 5=>—\-'”‘ S
BOTIE T 1 179 100 T e TR o o
10,000 CT 1 16 1NATED SEC. e, TRAT SEC, WP,
DO-T35 1000 8} % 32 505 100 Highanwer RAting ....ooovvvveevvververrerinnn, up to 10 times greater
o Excellent Response . ..twice as good at low end
oo-Tas aAmdl ] | s 100 Low DiSLOPION ... reduced 80%
*DO-T47 9,000 CT 1 9000 CT 850 100 ngh Effmency . up to 30% better . . . compare DCR
10,000CT 1 10,000 CT Moisture Proof ... hermetically sealed to MIL-T-27B
DO-T6 10,000 1 32 790 100 Rugged ... .Grade 4, completely metal cased
DO-T9 10,000 500CT 780 870 100 DI-T9 Anchored Leads ................ will withstand 10 pound pull test
12,000 600 CT Printed Circuit Use ......_(solder melting) nylon insulated leads
DO-T10 {gggg {ggg 8}' 780 870 100 DI-T10 Suited to Clip Mounting ... use Augat #6009-8A clip
DO-T25 %g.ggg 8}'_ % %388 g{ 780 870 100 DI-T25
DO-T38  10000CT I 2000split 560 620 100 DI-T38* INDUCTORS
12,000CT 1 2400 split DO-T Inductance DO0-T Di-T  DI-T
DO-T11 10,000 1 2000 CT 780 870 100 DI-T11 No. Hys ‘@ ma DCRQ DCRQ  No.
1500 ! 2500 CT *DO-T50  £.075 Hy/10 ma, .06 Hy/30 m 105
DO-T36 10,000CT 1 10,000 CT 975 970 100 DI-T36 (2 wdgs.) §8.018 Hy /20 ma, .015 Hy/GO ma 2.6
12,000CT 1 12,000 CT DO-T28 .3 Hy/4 ma, .15 Hy/20 ma %
el %8'888 g 12(?(()J il Bl o i - ol Hy/4 me, .08 Hy /10 ma 25 DI-T28
DO-T23 %8888 8}' :g 122388 g]T_ 830 815 50 DI-T23 DO-T27 125 Hys/2 ma, .5 Hy/l1 ma 100
: : -9 Hy/2 ma, .5 Hy/6 ma 105 DI-T27
DO-T39  20.000CT .5 1000 spliit 800 50 —— e s
30,000 CT 5 1500 Sghlt DO-T8 3.5 Hys/2 ma, 1 Hy/5 ma 560
DO-T40 40,000CT .25 400 split 1700 50 2.5 Hys/2 ma, 9 Hy/4 ma 630 DI-T8
S0.000CT .25 500 split DO-T26 6 Hys/2 ma, 1.5 Hys/5 ma 2100
gg':;s 100,000 CT 0 500 CT 7900 25 4.5 Hys/2 ma, 1.2 Hys/4 ma 2300 DI-T26
UL, T - - S5 o *DO-T49 20 Hys/l ma, 8 Hys/3 ma 5100
DO-T24 200,000 CT 0 1000 CT 8500 25 (2 wdgs.) §§5 Hys/2 ma, 2 Hys/6 ma 1275
DO-TSH  Drawn Hipermalloy shield and cover 20/30 db DI-TSH
1DCI\‘:A slli\oggwlli for st:ngle egdled u(sjeag|e (I{l‘lgﬂ g%sust‘omon;-lOOMV:—lgC)d tfor POWER TRANSFORMERS
us u an an alal va a al L/ -
gon—gOOMw—lKé) “00-T & DI-T urutsugesm::d for transistor use é:lr; Us. Patlsr?; *DO-T400  Pri 28V 380-1000 cycles, Sec 6.3V 4 60 ma
2,949,591 ; others pendmg —s *Units newly added to series *DO-T410  Pri 28V 380-1000 cycles 2-Sec 6.3 @ 30 ma each

§Senes connected; §§Parallel connected *D0O-T420  Pri 28V 380-1000 cycles, Sec 28V «@ 20 ma {lsol. Electrostatic Shid.)

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.

UNITED TRANSFORMER CO.

DIVISION OF TRW INC. + 150 VARICK STREET, NEW YORK, N. Y. 10013

‘9000000
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New hp 651B and 652A Test Oscillators:

FLATNESS, STABILITY and ACCURACY

from 10 Hz to 10 MHz

618 TEST OSCILLATOR i
BEWLETY  PacEans v ] Vi
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E Typical Frequency Stability (0.02%) at 5 MHz for 22 Hours.
eAmplitude stability =0.1%
€
eFrequency stability =0.02%, z
#19%, Accurate 90 dB output attenuator g St b
S S P
eTwo outputs: 200 mW into 5002, 16mW into 600Q S |
g %
- . < T L T '
APPLICATIONS: Use the new wide-band, solid-state hp "M o pe

651B and 652A Test Oscillators for laboratory and pro-
duction applications, in the presence of shock, vibra-
tion or high-frequency radiations. Both models are ideal
for calibration of voltmeters because of accurate at-
tenuator and output monitor.

These oscillators are specifically designed for testing
television amplifiers, audio amplifiers, filter networks,
tuned circuits, telephone and telegraph carrier equip-
ment, and for testing audio and video tape.

PERFORMANCE FEATURES: Oscillator circuitry has hp
precision tuning capacitor and peak detector automatic
gain control to insure a flat output throughout the‘entire
frequency range. Solid-state, low-impedance circuitry
and a shielded power supply transformer reduce out-
put hum and noise to less than 0.05%.

Output attenuator has a 90 dB range in 10 dB steps,
with a 20 dB coarse and fine concentric amplitude con-
trol for increased resolution in setting output voltage.

Output monitor is calibrated to read volts or dBm into
a matched load.

652A: Specifications of two oscillators are identical ex-
cept that the 652A has the ability to monitor output

Electronics | January 9, 1967

Typical Amplitude Stability (+0.1%)

at Mid-Band Frequencies for 17 Hours.
amplitudes within 0.25% over the entire frequency range
of the instrument using ‘r—
the X20 expanded scale. e
Readings on the upper-
most scale of the 652A
are in percent for quick
reading of frequency re-
sponse measurements.

652A Expanded Scale Monitor

For full specifications on the new hp 651B and 652A
Test Oscillators, contact your nearest hp field engineer.
Or, write to Hewlett-Packard, Palo Alto, California
94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva. Price: hp Model 651B Test Oscillator,
$590.00; hp Model 652A Test Oscillator, $725.00.

1164

An extra measure of quality

HEWLETT E PACKARD

Circle 1 on reader service card 1
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HEWLETT-PACKARD
MAGNETIC RECORDING
SYSTEMS THRIVE ON
ANYTHING YOU

FEED THEM

Hewlett-Packard 3900 Magnetic
Recording Systems are ideal for
everything from storage of simple
physical phenomena to applica-
tions in complex telemetry ground
stations. You cannot buy better
record, storage and playback per-
formance for your money.

Circle 2 on reader service card

Hewlett-Packard’s advanced
tape transport design delivers re-
liable, maintenance-free operation.
Three-mode recording — FM, Di-
rect and Pulse — covers all your
simple and complex data storage
and playback needs. The HP 3900
Systems include 7- or 14-channel
recorders in low or intermediate
bandwidths. Low bandwidth direct
mode is 50 Hz to 100 kHz and FM
mode is DC to 10 kHz. Interme-
diate bandwidth direct mode fre-
quency range is 50 Hz to 250 kHz
and FM mode is DC to 20 kHz.
Signal/noise ratio is 40 db or
better and harmonic distortion is
1% typical 1 kHz per second at 60
ips with 0.2% peak-to-peak flutter.
Six pushbutton-selected tape
speeds range from 17/s ips to 60
ips. HP tape systems are com-
pletely IRIG compatible.

Optional equipment includes:
closed loop recording adapter, fre-
quency-compensating plug-ins for
FM and Direct mode record/repro-
duce circuits, remote control, voice
commentary channel amplifier, in-
put signal coupler, portable cases

and rack adapter.

For complete informa-
tion on the 3900 Sys-
tems, their variations
and optional equipment,
contact your local HP
Field Office or write
Hewlett-Packard Co.,
175 Wyman Street.
Waltham, Mass. 02154,

Mearuring instrumenis
for science and industry

HEWLETT ﬂ PACKARD
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News Features

Probing the News

Support gear rides a roller coaster
Railroads on the automation track
Tactical phased-array radar gets
closer in the field

Electronics Review

Manufacturing: The perfect bond
Military electronics: Litton's loss;
Service rivalry

Communications: Touch and go
Medical electronics: Heartfelt power
Avionics: Only make believe; Collision
course

Computer-aided design: Circuit
course

Instrumentation: Giant capacitors
for Apollo

Computers: Another Sigma

Space electronics: High marks for
ATS

Industrial electronics: Market view
For the record

Electronics Abroad

Japan: All aboard; Fast on the punch;
Murmur monitor

Great Britain: In the picture; White
paper on color; Export exchange
Denmark: A new voice

West Germany: Stretching the fax:
New frontiers

Czechoslovakia: Righting the balance
Around the world

Departments

Readers Comment
People

Meetings

Meetings Preview
Editorial

Electronics Newsletter
Washington Newsletter
New Products

New Products Index
New Books

Technical Abstracts
New Literature
Newsletter from Abroad

Design theory 88

Circuit design 104

Space electronics 109

Marketing 123

129

Technical Articles

Computer-aided design, part 4:

Analyzing circuits by the numbers

An expert describes how to use matrix
algebra to handle the large volumes

of data and the many sets of simultaneous
equations generated when analyzing

a complex circuit

Frank Branin, International Business
Machines Corp.

Designer’s casebook

® Quartz crystal synchronizes relaxation oscillator

® Stable low frequencies with FET-bipolar pairs

® Audio amplifier compresses input signal
by 30 decibels

a Diodes provide noise immunity for monostable
multivibrators

® Narrow-pulse one-shot recovers quickly

Electronic navigator charts man’'s path to the moon
Guiding man in the first flight to the moon is an
ultrareliable computer, made reliable by designing
it with a single integrated logic circuit

Albert L. Hopkins, Massachusetts Institute of
Technology

Electronics markets 1967 (cover)

A statistical analysis of Electronics’ annual market
survey which predicts the industry will enjoy a
139% increase over 1966

The spectacular rise continues

Powered by increased color tv sales, Vietnam
spending and continued good economic conditions,
electronics markets in 1967 will again set records.
Integrated electronics will make inroads in

every segment of the industry

130 Solid state 145 Computers

135 Military electronics 146 Communications

139 Consumer 148 Microwave
electronics 150 Educational

140 Components electronics

141 Medical 151 Space
electronics electronics

142 Instrumentation 152 Industrial

144 Avionics electronics
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Readers Comment

Engineer inertia

To the Editor:

In reading the article “Low-fre-
quency noise predicts when a tran-
sistor will fail” [Nov. 28, 1966, p.
95], I was rather more surprised
than pleased to note the first sen-
tence: “A new method for predict-
ing the life expectancy of a tran-
sistor—based on measuring the
device’s noise at 1,000 hertz—could
make transistor reliability studies
simple and more accurate.” We de-
veloped this concept over five years
ago.

We are not overly disturbed by
the fact that credit for the origina-
tion of an important reliability tool
was given some five years late to
the wrong source. After all, mis-
takes can be made with the best
intentions. But we continue to be
disturbed by the fact that this con-
cept has never been fully accepted
by the engineering public, espe-
cially those who should be most
interested in the ultimate in reliabil-
ity, such as the military and acro-
space agencies.

Quan-Tech has never claimed
that noise analysis would supplant
other methods of reliability testing.
We have always proposed it as an
additional method of weeding out
failure-prone components that conld
not be detected by any of the more
commonly accepted means.

It is a sad commentary on the
rigidity of thinking and mental
inertia of the majority of reliability
engineers that they have been un-
willing to experiment with a new
concept. Their blind insistence on
sticking to a purely statistical ap-
proach to reliability indicates a lack
of original thinking and flexibility.
After all, the failure of one transis-
tor can endanger the life of an air-
plane or spacecraft pilot; yet most
of the reliability people were un-
willing even to investigate whether
noisc analysis could possibly elimi-
nate failure-prone components.

Some two years ago we finally
reccived a Nasa contract for a
statistical analysis of the relation-
ship between noise and reliability
in silicon planar transistors. Cor-
relation between excessive noise
and failure was excellent during the
early part of the test; however it
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Did you know

Sprague makes...?

UNICIRCUIT® mW RTL
INTEGRATED CIRCUITS

TO-5 CASE

Types US-0908 through
US-0921... Fully inter-
changeable mW digital
building blocks featur-
ing power consumption
of 2mW/node and prop-
agation delay of 40 nsec

Check 40 Reader Service Card

UNICIRCUIT® CUSTOM
HYBRID CIRCUITS

Combine monolithic silicon circuits with
tantalum or Ni-Cr alloy resistors. Close
resistance tolerances, low temperature
coefficient. Resistor matching, +% %.

DIGITAL-TO-ANALOG
CONVERSION CIRCUITS

s
-~

UT-1000—Four-bit ladder network

UD-4001 —Ladder switch for driving
resistor ladder networks

UD-4024 —Buffer amplifier

eader Service Cayr

*<SERIES SE100, NE100, ‘US.70(7'.'oo
DT'. I.OG|C (Signetics CS700)

Two operating temperature ranges:
—55Cto +125C and 0 C to 470 C.
NAND/NOR gates, clock and line driv-
ers, gate expanders, RST and JK binary
elements, one-shot multivibrator.

Check A1 Reader Service Card

LOW-COST HERMETICALLY-
SEALED PLANAR TRANSISTORS

>
) TQ SERIES (PNP) é(
Low Level Amplifiers
High Gain Switch/Amplifiers
High Speed Switches

TN SERIES (NPN)
High Voltage Switches
Low Level Amplifiers
High Speed Switch/Amplifiers
Choppers |
Power Amplifiers T0-5
Core Drivers CASE

heck 44 Keader Service

TW-3000 MICROPOWER PNP
SILICON HIGH-SPEED
SWITCHING TRANSISTORS

Fastest switching transistor
available in the
1 to 100.A range

Cip = 0.7 pF typ., 1.5 pF max.
Cop = 1.5 pF typ., 2.5 pF max,

UNICIRCUIT® RCTL
INTEGRATED CIRCUITS

(8 actual size)

Sprague Series US-0100...a com-
plete line of monolithic digital build-
ing blocks featuring low power
consumption (2 mW typ.)

Check 39 Reader Service Cara

MULTIPLE TRANSISTORS
(NPN-PNP PAIRS/QUADS)

ek’

AMPLIFIERS SWITCHES CHOPPERS

Pairs Quads
2 NPN 4 NPN
2 PNP 4 PNP
1 NPN—1 PNP 2 NPN—2 PNP

DIFFERENTIAL AMPLIFIER
TRANSISTOR PAIRS

é‘})”ﬂfafg

FLAT
CASE ‘ I CASE PACK

I
NPN or PNP » Matched characteristics.

hrg = 10-20%. AVge = 5-20 mV.
AVge/Temp = 5-20,.V/°C.

* Available from Sprague Electric
under technology interchange
with Signetics Corp.

For complete technical data
on any of these products,
write to:
Technical Literature Service
Sprague Electric Company
35 Marshall Street
North Adams, Mass. 01247

SPRAGUE COMPONENTS

CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
BOBBIN and TAPE WOUND MAGNETIC CORES

PULSE TRANSFORMERS
INTERFERENCE FILTERS
PULSE.FORMING NETWORKS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
TRANSISTORS

SPRAGUE

THE MARK OF RELIABILITY

CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS
RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS
485-6128R3 "Sprague’ and'@'ue g d trad ks of the Electric Co.
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Cusfomer
Report:

1680-A Triples Output

Circle 6 on reader service card

Cardwell Condenser Corporation
uses the Type 1680-A Automatic
Capacitance Bridge Assembly to
test variable air capacitors by
checking them at more than five
points across the dial. The 1680-A
is not only more accurate than the
bridge it replaced, but the
remarkable speed with which it
measures has tripled output and
eliminated the need to hire
additional test personnel.
Government inspectors find this
bridge thoroughly acceptable.

The 1680-A automatically selects
C and D (or G) ranges, then
balances and displays measure-
ments in digital form showing
decimal point and units of
measurement. Measurement takes

Photo courtesy of Cardwell Condenser Corporation

only 0.5 second at 1 kHz under
worst conditions. Basic accuracy
is 0.1% of reading for C and G,
19% 40.001 of reading for D.
Measurement range is 0.01 pF to
1000 uF. The bridge provides BCD
output; completely automated
systems can be supplied. Price of
1680-A: $4975 in U.S.A.

For complete information, write
General Radio Company, 22 Baker
Avenue, W. Concord, Mass.01781;
telephone: (617) 369-4400;

TWX: 710 347-1051.

GENERAL RADIO



later apparently became masked by
other failure mechanisms, probably
due to excessive dissipation during
aging of the transistors under
power at high temperatures. To
date the results of the study have
not been released by Nasa and no
further action has been taken on
the program.

Commercial manufacturers were
much more rcceptive to our philos-
ophy because they found from ac-
tual experience that it could save
them money. A major manufacturer
of automobile radios reduced his in-
plant and field failures from approx-
imately 3% to far less than 0.1% by
noise testing all transistors before
assembly into the radios. A manu-
facturer of electronic organs. after
having to recall a large percentage
of his production due to transistor
failure, instituted 100% noise
screening of transistors before as-
sembly, resulting in an equally im-
pressive reduction in failures.

John M. van Beuren
President,
Quan-Tech Laboratories Inc.
Whippany, N.J.

Questioning low-cost voitmeter

To the Editor:

The article “Digital meters for
under $100” [Nov. 28, p. 88] can
lead users to believe that instru-
ment mamifacturers are pricing
their equipment exorbitantly high
and that they are not offering good
dollar value.

The author is not being realistic
in believing that the described
voltmeter could be built to sell for
less than $100. At today’s prices,
the cost alone for the decade coun-
ters and readout is in excess of
$170. Based on best possible fore-
casts, this price can be expected to

—————————— A e o e e o e

remain for some time in excess of
$80. In addition, such items as
power supplies, printed-circuit
boards, package, switches, check-
out, and wiring labor would realis-
tically price the design as shown
into a range of $600 to $800.

I have no quarrel with Schmid
over circuit design or details, and
I agree that multifunction 1c’s will
bring prices down; however, be-
lieving that a greater-than-ten-to-
one price reduction will be achiev-
able in the near future is misleading
and—at this point in time—wishful
thinking.

James Nelson
Digital Voltmeter Project Manager
Dana Laboratories Inc.
Irvine, Calif.

» The article quite clearly stated
that a $100 price depended on mass
production and certain improve-
ments and modifications of the
prototype. Its purpose was to show
the kind of savings that are possible
with integrated electronics, not that
voltmeter prices were out of line.
Industry rumors hint that a $200
voltmeter with 1c’s will be intro-
duced at the IEEE show in New
York in March.

Enter the millishift

To the Editor:

The milliday [Nov. 14, 1966, p.
43] is an interesting concept. But
why not a millishift? Assume an
8-hour shift plus 10 minutes grace
for getting from parking lot, plus
10 more for return.

Thus a millishift is .00833 %
hours. And conveniently it is half
a minute.

Otis N. Minot
Lexington Research
Lexington, Mass.
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What IS [his?

This display is the output of a typi-
cal regulated power supply when
pulse loaded with the new PM Test
Set. This waveform gives you a pre-
cise measurement of transient re-
sponse and DC output impedance...
plus_a direct indication of proper
regulation and loop stability.

Whatls mis?

The new Pacific Measurements
Model 1003 Power Supply Test Set
that contains an electronic load
capable of pulse loading a power
supply up to 20A and 70V. The PM
1003 operates in both the pulse
and DC mode. Regulated load cur-
rent is continuously adjustable
and is monitored by a front panel
meter. A guarded input differential
amplifier allows measurement of
microvolt ripple with an ordinary
oscilloscope.

If you make, use, or sell regulated
power supplies, you need this new
PM Test Set.

Let us prove it — write or call

TEMY PACIFIC

MEASUREMENTS

INCORPORATED

940 INDUSTRIAL AVENUE,
PALO ALTO, CALIFORNIA
(415) 328-0300
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In
computer-
grade
capacitors”?

New ripple ratings—
about 4 times higher
per unit case size.

New capacity ratings—
up to 280,000 mfd at 3 volts;
twice as much rating per case size.

New lower equivalent series resistance;
more efficient filtering.

Get all the news from Mallory.
Write for Bulletin 4-80.

Mallory Capacitor Company,
a division of P. R. Mallory & Co. Inc.,
Indianapolis, Indiana 46206

MALLORY

Circle 8 on reader service card

People

In his three years at Nasa, James
C. EIms has been far from the basic
research laboratories; he guided
operational
manned flight
programs. Now
he’s been ap-
pointed to direct
NasA’s Electron-
ics Research
Center in Cam-
bridge, Mass.,
and he will use
this experience to guide the devel-
opment of much of the equipment
that’s used for space flight.

The 50-year-old physicist suc-
ceeds Winston Kock, who recently
returned to the Bendix Corp. as di-
rector of research,

Prior to his appointment as over-
seer of the agency’s diversified and
expanding research program. Elms
served in Washington as ~asa’s
deputy associate administrator for
manned space flight, and earlier in
Houston as deputy director of the
Manned Spacecraft Center.

Tour of labs. When Elms was ap-
pointed to the Cambridge post, he
arranged to visit other Government
laboratories to catch up with re-
search programs, particularly in
bionics—a favorite of his—and in
related areas such as real-time
monitoring of medical data and the
contributions of aerospace medicine
to general medicine,

Elms thinks the product fallout
from the space program is over-
stressed. He is more enthusiastic
about the over-all impetus the space
program has given the nation’s in-
dustrial progress.

Along with his boss, NasA admin-
istrator James E. Webb, Elms looks
upon the Cambridge center as an
experiment in coordinating the ef-
forts of universities, industry and
Government. New procedures must
constantly be worked out there to
handle the flow of information from
these three sources.

Differing views. Elms sees the
center as experimental in another
sense. “We will do research and de-
velopment on the facility itself, as
well as on devices and systems. It’s
hard to build a flexible facility and
keep it flexible, but we’ll try,” he
reports.

James C. Elms
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Adlake Mercury Wetted Relay — Application Data

Capacitance of Adlake
Mercury Wetted Contact Relays
Applicable for Low Signal Applications

Typical Capacitance in Picofarads — Graphs  apureviation COMM.
illustrate typical capacitance values for Adlake stands for the Combina-
AWCA-16000 series relays. Fig. I is for un-  tion of the Armature and
shielded relays.Fig. 2: Electro-statically shielded ~ Normally Closed Contact.

. : . R N.0. is the abbreviation for
switch brought out to a separate pin. Fig. 3:  \ormaily Open Contact; where-
Electro-statically shielded switch with case and as the symbol # is the mean
shield tied together at a common pin. Interelec- average .florblthe 5 rtetlu?rs'ste;laggsof

1 are availlable on o
trqdehcapahCItance acrIOS§ Con.ta(I:ts Otfha balrg Adlake Mercury Wetted Contact Relays
switch, without external wires, is less than 1. upon request. (Please state wiring con-

picofarad. figuration.)

AWEA 160115 5 | awea 16016 5 |awea 16m8

CAPACITANCE IN PICOFARADS

it

ADE Basee ) B Qv»‘

$  {RELAY TEST NUMBER} 10 (RELAY TEST NUMBER) 15  (RELAY TEST NUMBER}

Data was obtained using a Boonton Electronics Corporation Capacitance Bridge, Model 75-A-S8 at 1MH.

Backed by sound research and disciplined engineering, Adlake applies developing it. For prompt, personal and knowledgeable attention to
the industry's broadest fine 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.

THE ADAMS & WESTLAKE COMPANY

SloR 1057 Dept. 2017, Elkhart, Indiana, U.S.A. 46514 « (AC 219) 264-1141

TRANSPORTATION EQUIPMENT e ARCHITECTURAL PRODUCTS o MERCURY RELAYS o DOORS AND ENTRANCES o CONTRACT MANUFACTURING
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All from Sprague!

ENERGY-STORAGE
CAPACITORS
for every type of
discharge application

A pioneer in high voltage capac-

itors, Sprague has a broader line of designs

for energy-storage applications than any other capac-

itor manufacturer. If your project involves lasers, masers, electronic

photoflash, time-control circuits, exploding wire, thermonuclear fusion research,

magnetization of permanent magnets, medical equipment, or similar discharge

applications, Sprague can provide a capacitor to meet your specific needs.

Light, Moderate, or Heavy Duty Capaditors
Available types range from small, light-weight
units for acrospace applications such as satellites,
missiles, etc., to heavy-duty capacitors for high-
current/high-frequency oscillatory discharges.

Broad Range of Electrical Ratings

Voltages from 2 kilovolts to 24 kilovolts. Energy
ratings up to 6700 joules, Self-inductance as low
~as .0025 microhenry.

Energy-Storage
Electrolytic Capacitors

A selected line of cylindrical “lytics for
industriol applicetions requiring mexi-
mum capocilonce in minimum space.

SPRAGUE COMPONENTS

Paper, Metallized Paper, and Paper [Film Desigas
Metallized capacitors intended for light-weight,
space-saving applications . . . one-half the size, one-
third the weight of conventional capacitors. Other
available designs include castor oil impregnation for
extremely long life (assuring a high number of dis-
charges). and non-flammable synthetic askarel im-
pregnation for applications where non-combustibility
is a prerequisite.

For complete information or application
engineering assistance on Sprague Energy-
Storage Capacitors, write to Field Engineer-
ing Department, Sprague Electric Company,
35 Marshall St., North Adams, Mass. 01248,

CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL OIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

THIN-FILM MICROCIRCUITS
INTEGRATEO CIRCUITS
INTERFERENCE FILTERS
“wc-8172

PULSE TRANSFORMERS

PULSE-FORMING NETWORKS

10 Circle 10 on reader service card

CERAMIC-BASE PRINTEQ NETWORKS

*Sprague’ and ‘(2" are registered trademarks of the Sprague Electnc Co.
“

People

The American Telephone & Tele.
graph Co. has named a 60-year-old
electrical engineer to its top job—
chairman and
chief executive
officer. H.l.
Romnes will
succeed Fred-
erick Kappel on
Feb. 1.

In his 40-year-
carcer with
AT&T, Romnes
was active in management and
research operations, In 1927 he
joined Bell Telephone Laboratories,
AT&T's research arm, to work on
circuit design. Eight years later he
transferred to the parent company
and advanced through a number of
engineering management jobs. In
1950 he became director of opera-
tions of the long lines department
and two years later was named
chief engineer of the company.
Four years later he was elected
president of the Western Electric
Co., the manufacturing subsidiary.
He returned to AT&T as vice-chair-
man in 1964 and a year later was
elected president.

Romnes was the driving force
behind aTat’s decision to install a
direct dialing network. He is also
credited with strengthening the ties
between Western Electric and Bell
Labs.

H.l. Romnes

Ralph S. Holmes has been named
division vice president of a new
medical electronics group at the
Radio Corp. of
America. His ap-
pointment, in ef-
fect, implements
rRca’s recent
agreement with
Hoffmann-
La Roche Inc,, a
pharmaceutical o
company. Under ~ Ralph S. Holmes
the agreement, Rca will manufac-
ture and service electronic gear de-
veloped by the two companies and
Hoffmann-La Roche will do the
clinical testing and marketing.

Holmes has directed several spe-
cial projects for RCA in a career that
spans more than 40 years.
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. Now from MACHLETT:

22 high-precision, low torque,
vacuum variable capacitors
for heavy duty

SLvev.1a

il

Wovcwna

Each of these 22 ceramic vacuum
variable capacitors from Machlett offer
the following advantages:

* High rf current capability

* Stable operation at high temperature

* Structural rigidity

* Low capacitance variation with
temperature change

* Wide capacitance range

* High Q factor (1000 or greater)

* Low operating torque

* High resistance to damage from
over-voltage.

Capacitance values from 5-750 pF to
50-2300 pF; voltage rating to 15 kv;
current rating to 75A. Custom design
consultation for special applications is
available from Machlett.

For full details on this new line, write te
The Machlett Laboratories, Inc.,
Springdale (Stamford) Conn. 06879

THE MACHLETT LABORATORIES, INC.
@ A SUBSIDIARY OF RAYTHEON COMPANY
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Everything you could ask for
in production wiring...
TERMI-POINT* wiring devices

For dense point-to-point wiring applications
TERMI-POINT tooling and products offer you an
automatic, solderless, wrapless, weldless tech-
nique for wiring computer panels as well as in-
dustrial control and communications equipment.

This technique consists of a fine grain phosphor
bronze clip which secures the wire firmly to a
post, utilizing the spring ‘‘memory'’ of the metal
clip. Wires can be bulk or pre-cut, solid or
stranded—even enameled or tinsel! Best of all,
the gas-tight, reliable connections may be serv-
iced without electrically dnsturbmg other con-
nections on the same post using only light-
weight hand tools! And the entire wire lead
need not be replaced, just the clip, saving half
the servicing time,

For automated production, you merely program
the TERMI-POINT automatic wiring machine to
suit your requirements. This remarkable machine
routes wires in the pre-set programmed pattern
and cuts, strips, and terminates both ends of the
lead in seconds. Programs are punched on eco-
nomical 8-column paper tape. In addition, sev-
eral types of manual TERMI-POINT tools are
available for servicing, testing or limited produc-
tion. A variety of TERMI-POINT clips and post
sizes are offered, including .022" x .036" posts
which provide grid densities of .100”. In fact,
TERMI-POINT products are under development
which would reduce this grid size even more.

The complete line of TERMI-POINT products
includes printed circuit connectors, transition
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blocks, bus bars, cable connectors, junction
blocks, relay blocks, and other devices. Further-
more, large-scale wiring of these products may
be accomplished by mounting them on a panel
and programming the TERMI-POINT machine for
high-speed automatic wiring.

Besides the speed, density, and versatility of this
wiring method, it offers an unusual degree of re-
liability. The reason for this is AMP’s special
post presents relatively large contact surfaces
which are wiped clean by the wire held by the
TERMI-POINT clip as the post is terminated.
The resulting connection is highly resistant to
the effects of corrosion, vibration, and temper-
ature extremes. It is held with a high retention
force which exceeds the yield strength of the
wire itself, yet the post plating remains undam-
aged and the wire may be used again.

No other wiring method offers this combination
of advantages!

With TERMI-POINT clips and tools, your wiring
facilities will never become outdated, because
unlike other automated methods, there is no

Electronics | January 9, 1967

inherent limitation in density with TERMI-POINT
wiring devices. In addition, AMP accepts total
responsibility for the performance of the
TERMI-POINT products, the technique and your
completed terminations. You can save consider-
able time and capital investment by allowing
us to wire your panels or circuit boards to
your specifications.

If you plan to enlarge or improve your present wir-
ing facilities, we suggest a comparative study of
this new technique at your earliest convenience.
Write or call today for a demonstration; or ask for
information about the TERMI-POINT products
which interest you most. Find out how this versa-
tile new method can boost your future production!

*Trademark of AMP INCORPORATED

AMP

INCORPORATED

Harrisburg, Pennsylvania

A-MP* products and engineering assi: are lable through subsidiary iss in?
Australia « Canada « England ¢ France « Holland « laly « Japan = Mexico * Spain » West Germany

Circle 13 on reader service card

13



goes up to
500 MHz

But the price
goes below
$180

New production techniques (you'll de-
tect some in the outer case, for example)
now make possible a lower-priced, high-
performance mixer from HP.

You can use the 10514A Double Bal-
anced Mixer for extracting the sum or
difference of two frequencies, or as a
modulator, spectrum generator, phase
detector, current-controlled attenuator,
frequency doubler, or for extending the
range of spectrum analyzers.

Features include: range of 200 kHz to
500 MHz (to dc on one port), excellent
balance, flat response, low noise (7 dB
max. noise figure to 50 MHz; 9 dB max.
to 500 MHz) and low intermodulation.
And the price is low, too: $180 each, and
even lower in quantity. Printed circuit
board version (10514B) also available.
For additional information contact your
local HP field engineer, or write Hewlett-
Packard, Palo Alto, California 94304.
Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva.

==}

HEWLETT hp,

Amn sxtra measure of quality

2249
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Meetings

Symposium on Reliability, American
Society for Quality Control, IEEE;
Sheraton-Park Hotel, Washington,
Jan. 10-12,

Computer-Aided Circuit Design
Conference, Engineering Institutes;
University of Wisconsin, Madison, Wis.,
Jan. 16-18.

Computer Aid For Reliability Analysis of
Electronics Conference, Engineering
Institutes; University of Wisconsin,
Madison, Wis., Jan. 19-20.

Symposium on Computers and
Communications, [EEE; Miramar Hotel,
Santa Monica, Calif., Jan. 19.

American Society for Quality Control
Meeting, American Society for Quality
Control; California State Polytechnic
College, Kellogg Campus, Pomona,
Calif., Jan. 21.

Midwest Welding Conference, lllinois
Institute of Technology Research
Institute; llinois Institute of
Technology, Chicago, Jan. 24-25.

Ultrasonic Manufacturers Association
Technical Symposium and Meeting,
Ultrasonic Manufacturers Association;
New York, Jan. 25.

Conference on Color Television
Broadcasting, Society of Motion Picture
and Television Engineers; Park Shelton
Hotel, Detroit, Jan. 27-28.

Power Meeting, IEEE; Statler Hilton
Hotel, New York, Jan. 29-Feb. 3.

Symposium on Nondestructive Testing
of Welds, lllinois Institute of Technology
Research Institute: lllinois Institute of

Technology, Chicago, Jan. 30-Feb. 2.

American Society for Testing and
Materials Meeting, American Society
for Testing and Materials; Statler Hilton
Hotel, Detroit, Mich., Feb. 5-10.

Winter Convention on Aerospace &
Electronic Systems, |IEEE; International
Hotel, Los Angeles, Feb. 7-9.

Electronic Packaging Conference,
Society of Automotive Engineers;
Roosevelt Hotel, New York, Feb. 14-16.

International Solid State Circuits
Conference, IEEE; University of
Pennsylvania, Sheraton Hotel,
Philadelphia, Feb. 15-17.

Airborne Photo-Optical Instrumentation
Seminar, Society of Photo-Optical
Instrumentation Engineers; Ramada
Inn, Cocoa Beach, Fla., Feb. 20-21.

National Air Meeting on Collision
Avoidance, Institute of Navigation;
Dayton, Ohio, Feb. 23-24.

Numerical Control Society Conference,
Statler Hilton Hotel, Detroit,
March 1-3.*

Particle Accelerator Conference—
Accelerator Engineering and Tech-
nology, |IEEE; Shoreham Hotel,
Washington, March 1-3.

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

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

Symposium on Modern Optics,
Polytechnic Institute of Brooklyn;
Waldorf-Astoria Hotel, New
York, March 22-24.

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

Call for papers

Biomedical Sciences Instrumentation
Symposium, Instrument Society of
America; Albuquerque, N.\.; May
15-17. Jan. 15 is deadline for submis-
sion of abstracts to Robert Allison,
director, Vascular Laboratories, Scott
and White Clinic, Temple, Texas
76501.

Symposium on Microwave Power, In-
ternational Microwave Power Insti-
tute; Stanford University, Stanford,
Calit., March 29-31. Jan. 16 is dead-
line for submission of abstracts to
Donald Dunn, chairman, 1967 Sym-
posium on Microwave Power, Inter-
national Microwave Power Institute,
P.O. Box 2335, Stanford, Calif.

Conference on Nuclear and Space Ra-
diation Effects, IEEE; Ohio State Uni-
versity, Columbus, Ohio, July 10-14.
March 1 is deadline for submission of
abstracts to John Wirth, Organization
5212, Sandia Corp., Sandia Base, Al-
buquerque, N.M.

* Meeting preview on page 16
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THE
Connector

AN

*
e
A periodical periodical designed, quite
frankly, to further the sales of Microdot
connectors and cables. Published
entirely in the interest of profit.

J{\

AMPHEN

1

For over two years now, Microdot has had
the subminiature, high density multi-pin
connector market to itself. The sensa-
tional Microdot MARC 53 has been used
on all the Gemini *'Walks in Space’ plus
a multitude of military and NASA pro-
grams. Now, however, we've got compe-
tition...the brand new Amphenol Astro
348. Good to have you aboard.

e

- |
|
el Vel

PUTS
SRS o S S-S -
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MICRODOT
WELCOMES

IN HONOR OF THIS

CRIEANT
S\WV/IEN,

MICRODOT IS HOLDING THREE

(count 'em, three)

CONTESTS

To be able to enter these contests)
got to know a little something abo\t the
Microdot MARC 53. It's one of the real tars
in the Microdot connector line...a hygh

from 7 to 91 contact

in four shell sizes),

subminiature, high-

performance connec-

tor. The MARC 53 can save as much

as 61% in weight and 54% in panel

spacc Posilock, a push-pull lock

coupling, mates

easily with high

density inserts

‘ with no danger

of damage.

The dual locking action eliminates acci-

dental disconnect, Posisea/, a multiple,

environmental sealing system, guarantees
an interfacial seal.

MARC 53 is approved to MiL C-38300A

(USAF).

...AND ABOUT AMPHENOL.

We wish we could also tell you

all about the high density (two

insert arrangements of 55 and

85 contacts in two shell sizes), ¥
subminiature, high performance, bayonet
lock, bonded insulator Astro 348's but we're
afraid that the Microdot officers, directors,
stockholders, sales engineers and mainte-
nance crew would hang us up by the
thumbs. To find out more, write Amphenol.

density (anywheNe

CONTEST #1 .

Open only to employees [

of Amphenol, their : \
families, friends, reps, ¥
distributors and
advertising agencies.

WIN A REVELL SCALE MOOEL KIT
OF THE GEMINI SPACE CAPSULE

In twenty-five words or more, tell us why
the Astro 348 is the best subminiature
multipin on the market. Neatness does
not count. TEN WINNERS...the prize is
calculated to tantalize you because the
Microdot MARC 53 is used on the Gemini
program. So there. }

CONTEST#2 .2 ,

Open only to employees, representatives and dis-
tributors of Microdot, their families, friends and
advertising agencies.

WIN A REVELL SCALE MOOEL KIT OF
THE U.S.S. MIDWAY. In twenty-five words
or more, tell us why the MARC 53 is the
best subminiature multipin on the market.
Neatness counts. Ten Winners.

CONTEST #3 4

Open to everybody except
mployees of Amphenol,
jcrodot, their families,

SHE'S YOURS . ..

in perfRct )4 scale,
8 x 10 gloksy, perfect for
your office \wall, workshop
or pool ha\l...inscribed
**'With Love ayd You Know
What to

{your yame here)

from Marcia".
All you have to\Jo is
write, in twent
words or more a di.
scription of your
application for the ®
MARC 53.You

notice how fast we forget

the competition when we

get down to business.
Remember...everybody

who enters Contest #3 wins!

MICRODOT
INC.

Microdot, Inc., 220 Pasadena Ave., So. Pasadena, Calif. 91030

0 | want to enter Contest #1.
My 25 words or more are

attached. | am an employee Name
of Amphenol.

O | want to enter Contest #2, Title.
Anybody who uses com-
pany postage for this one, Company.
gets docked.

O | want to enter Contest 3.
My 25 words or more are Address
attached. How does one go
about getting Marcia in a City.
slightly larger scale, say 1/1?

O 1 don't want to enter any State,

Zip.

contest. Just send specs on
the MARC 53.

MARC 53, Posilock and Posiseal are trademarks of Microdot
Inc. Astro 348 1s not.

These contests are not valid in eny locale where the local
gendarmes take umbrage,
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INSTANT X-RAYS

Locate, define, modify ... speed

design, development with clear,
sharp radiograph prints in 10 sec.

FAXITRON 804

Meet the Faxitron 804, the new personal-
use research-design tool that brings ad-
vanced X-ray capability directly to your
workbench, lab or production area.

Now you can look inside—quickly locate,
define, solve hidden problems within
metal enclosures, potted circuits, deep in
solids, etc. Example: the radiograph* of
an epoxy casting shown above. Note the
shorted wire, an open circuit, a compo-
nent (coil) that moved during casting.

With quick-processing Polaroid® Land
film, the Faxitron 804 delivers clear,
sharp radiographic prints on-the-spot in
minutes or even seconds. No dark room.
No X-ray room. No X-ray technician. Take
them yourself when and where you want
them — at your workbench where your
problems are.

You can also use standard wet films and
cassettes for conventional processing up
to 14”x17"” in size. At the standard FTSD,
the X-ray beam covers a circle 15” in
diameter. With optional accessory exten-
sion collar, this can be increased to pro-
vide beam coverage for the full 14”x17”
area and meet MIL specifications, if
desired.

Adjustable voltage from 10 to 110 kVP
assures excellent contrast over a wide
range of object thicknesses and densi-
ties, Thickness changes of 1 or 2% can
often be observed. A small X-ray source
size minimizes penumbra, enhances res-
olution, Operation is as routinely safe
and simple as a blueprint machine.

For detailed information, send for 12-
page descriptive catalog. For immediate
answers to your specific application
needs, cail us collect—Area Code 503,
472-5101.

“*Polaroid’"® by Polaroid Corp,

VOLTAGE-—10 to 110 kVP, adjustable
CURRENT—3 mA, continuous

SOURCE SIZE—0.5mm

FTSD—25.5" standard. (Extension collar
optional at additional cost.)

RADIOGRAPHIC COMPARTMENT—
14Y%2"H x 18 "W x 147D,

POWER—110-120 Volts ac, 60 Hz,

P $1,970.00

f.0.b. McMinnville, Oregon

*EXPOSURE DATA: 60 kVP, 2.6 mA

3 min, FTSD—25.5"”

McMinnville, Oregon 97128

—g ®Field Emission Corporation
T =

Pioneers in Pulsed Radiation Sources for Science and Industry
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Meeting preview

NC by computer

Techniques for applying the com-
puter to numerical control will
highlight the Numerical Control
Society’s  technical conference,
which will be held in Detroit,
March 1 to 3.

Bertram Herzog, a professor at
the University of Michigan, will
discuss computer-aided design,
particularly the relationship of
computer graphics to numerical
control. Jay Bender of the General
Electric Co. will analyze time shar-
ing for programing and engineering
and will give a demonstration of
the technique. Other speakers will
discuss the languages, such as ApT
and ApAPT, used to make computer
commands understandable to ma-
chinery that is operated by numer-
ical controls.

Big and small. Generally, initial
equipment costs limit the use
of numerical control to large
companies. However, Charles
Hutchins, executive vice president
of the Pontiac Paint & Varnish Co.,
will present a case study of com-
puter-aided programing for a small
firm, and a second session will fea-
ture a case history of applications
of numerical control machinery in
a small shop.

On the second day of the confer-
ence, metalworking experts will ex-
amine the state of the numerical
control art in Europe. Harold Bur-
ton, editor of the British magazine
Metalworking Production, a Mec-
Graw-Hill publication, will handle
the subject from the British view-
point, while Ted Swanson of Inter-
national General Electric, Frank-
furt, West Germany, will discuss
the same topic from the Unitrd
States numerical control builder’s
viewpoint.

Inspection year. Another session
will study inspection equipment
needed for numerical control, and
a panel will tackle the subject of
training methods—what is being
done at present and what is still
required.

The final day will include a ses-
sion on how to retrofit machin-
ery for numerical control and how
to adapt electronic equipment to
NcC applications.
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The |asertron™ tube never requires
adjustment or maintenance of any
kind. It is virtually a complete instru-
ment in itself and is available as a
separate unit.

It incorporates aligned internal reflec-
tors and includes a built-in collimat-
ing lens for minimum beam diver-
gence. The coaxial reservoir and cold
cathodes insure long life — warranty:
one year or 1000 hours. $195

key achievements:

(1) The basic |asertron tube (patents pending) is a fac-
tory sealed unit which requires absolutely no alignment,
adjustment, maintenance or special procedures to obtain
full laser output. It is as easy to use as an ordinary light
bulb. And, by virtue of its sealed construction and integral
optics, it is ready for immediate operation in almost any
environment—even under water!

The output wavelength is 6328A (visible deep red); the
tube automatically operates in the uniphase TEMoo mode
and produces collimated, unpolarized output power of over
.3 milliwatts. The tube has no filaments to burn out and
has no shelf life limitations.

The |asertron tube is available as a separate item (ready
to operate with your power supply) or installed in a com-
plete ULI laser system.

UNIVERSITY

LABORATORIES

Name

The complete laser contains an
encased |asertron tube and a labora-

tory grade DC supply, line operated.
$295

NEW LASERS FROM UNIVERSITY LABORATORIES ING. ron $105

The |asertror;Mgroup: an entirely new line of continuous helium-neon gas lasers with these

(2) The complete ULI laser head incorporates the
|asertron tube in a rugged machined housing provided
with sturdy legs for table mounting. An accessory optical
bench mounting rod is available as well as a very conven-
ient tripod which telescopes for either floor or tabletop use.

The line operated supply provides the |asertron tube with
regulated, filtered DC. There are no adjustments required
for this supply, just the ON-OFF switch. The laser head
and this supply are ideal for most research, educational
or industrial gas laser applications. The |asertron tube is
warranted for one year or for 1000 hours of continuous
operation when used with a ULl supply.

|asertron Tube™ (ULI220) . . . . . . . $195

Complete Laser with Line Operated Supply (ULI 230) $295
fipod ™ of o ol ¢ ¢ ¢ o 0 . . Bhe e 1306

O Please send technical data on the ULI lasers.
O Please reserve ( ) |asertron™ tube. ., ... .. $195

( ) Complete laser system .. . $295

from your current production. My official purchase order and
shipping instructions will follow.

INCORPORATED

Organization.
Address.

1740 University Avenue, City

State. Zip

Berkeley, California 94703
Phone: (415) 848-0491

e -
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Terms are 2% discount 10 days, net 30 days. ULI products returned for any reasom,

prepaid and undamaged within 30 days, will receive full credit.
N Em . E ] — -— _— [ ] — LI — — _—— ] |
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DC voltage

New Bendix modules can shrink your costs down to size, too.

These miniaturized Bendix® modules
are a series of complete DC voltage
regulators in TO-3, high-dome, tran-
sistor packages. Think of the space
you can save over the hand-wired
circuits and card-type units you're
using now. It’s a great way to improve
your design without compromise—
and cut labor costs as well as com-
ponent costs in the process,

Baltimore

8203 869-7797,; mdel
415)948

—Cable: “Bendixint,"

8-2

18

Each module contains a complete
silicon, solid state, comparator ampli-
fier assembly that weighs in at only
one half ounce. These 1-amp modules
come as series regulators of 5, 6, 12,
18 and 24 volts or as shunt regulators
of 5, 6, 9 and 12 volts. Load regula-
tion from no load to full load is £19,
with a low temperature coefficient of
0.049%,/°C typical. Maximum power

owson) Md. —&301) 828-6877; Chicago—(312) 637-6929; Dallas—(2 14) 357-1972;
ol J.—(201) 946.9400; Los Ange

7771 Seattle—Ray Johnston Co., Inc. (206
605 Third Avenue, New York, (212) 973-2121; Ottawa,

es—(213% 76-4100;
4-5170; Syracuse N. Y.—(3

Minnea olis—
)474-
6nt.-Computmg D

dissipation at 25°C case is 25 watts.
And that’s not all. The TO-3 con-
figuration fits all standard sockets and
heat sinks.

Call your local Bendix office or
Bendix Semiconductor Distributor.
Just ask for more details about the
incredible shrinking regulator. Or
write us direct: Bendix Semiconductor
Division, Holmdel, N. J.

Detrout—(313) 548-2120; Greenwich, Conn.—
612) 926-4633; Los Altos, Calif.—W. ‘W. Posey
531; Waltham, Mass.—(617) 899-0770; Export

evices of Canada, P.O. Box 508-(613) TAIbot
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APPLICATION SCHEMATICS
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- B =
EREG. E 1 : Vour

—0

ODULE
' I * Vin AC

%For external trim adjustment

Bendix Semiconductor Division [y e

HOLMDEL, NEW JERSEY CORPORATION
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What to look for

d miniature

rack and panel connector.

in a goo



Miniaturization. Amphenol can
give you rack and panel connectors
with envelope dimensions of less
than 2%" by %". With positive lock-
ing devices, too.

More Contact Density. .100” con-
tact centers to .050” in standard lines
for 24-, 26- or 28-gauge wire—with

no loss of dielectric strength. En-

vironmental or non-environmental.

Greater Shielding Use. To provide
protection through the connector,
Amphenol gives you shielded con-
tacts in key product lines.

Wide Selection—Fast Delivery.
Chances are most distributors have

what you need in stock. If not, call
your Amphenol Sales Engineer or
write Amphenol Connector Division,
1830 S. 54th Ave., Chicago, I11. 60650.

@AMPHENOL

Specify Amphenol , , , the leading name in cable, connectors, assemblies, RF switches, potentiometers, motors, microelectronics
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THE CASE OF
VERTICAL DEFLECTION. IT WAS A
MAJOR PROBLEM- UNTIL THE PROBLEM-
SHRINKERS AT RCA DESIGNED THE
A40607C. THIS NEW DEVELOPMENTAL
BEAM POWER TUBE HAS AN INTEGRAL
DIODE, AND WITH ITS RECOMMENDED
CIRCUITRY PROVIDES A MINIMUM
OF INTERACTION BETWEEN THE HEIGHT
AND LINEARITY CONTROLS IN THE

PROBLEM-SHRINKERS — THE
APPLICATION-ASSISTANCE PEOPLE

AT RCA — WENT ON TO DEVELOP AND PROVE
NEW VERTICAL DEFLECTION CIRCUITS, MADE
POSSIBLE BY THE A40607C,

FOR BOTH LOW B+ AND HIGH Bt

OPERATION.

MQ THE PROBLEM

VIRTUALLY EVAPORATED WITH
THE A40607C IN A FEEDBACK-
STABILIZED VERTICAL- OUTPUT
CIRCUIT DEVELOPED BY RCA
APPLICATION ENGINEERS.
THIS CIRCUIT CAN DELIVER
PERFORMANCE FEATURES NOT
FOUND IN CONVENTIONAL
CIRCUITS USING MORE
COMPONENTS:
¢ EXCEPTIONALLY GOOD LINEARITY
TRUE HEIGHT CONTROL (EQUAL EFFECT
ON TOP AND BOTTOM OF PICTURE)
® GREATER INDEPENDENCE FROM
VARIATIONS IN TUBE
CHARACTERISTICS
@ OUTPUT STAGE DEVELOPS ITS OWN BIAS
@ NO LONG RC TIME DELAY DURING
ADJUSTMENT OF HEIGHT AND
LINEARITY

Take advantage of RCA’s complete package—dependable products and painstaking service—when choosing your color-TV receiving tube components. Get in
touch with your nearest RCA District Office or, for technical information on RCA Receiving Tubes, write o RCA Commercial Engineering, Harrison, N.J. 07029.

RCA DISTRICT OFFICES—OEM SALES: EAST, 2075 Millburn Ave., Maplewoad, N.J.

07040, (201) 485.3900 + MID-ATLANTIC, 605 Morlton Pike, Hoddonfield, N.J. 08034,

{609) 428-4802 « MID-CENTRAL, 2511 East 46th St., Bldg. Q2, Atkinson Square, Indian- - A
opolis, tnd. 46205, (317) 546-4001 + CENTRAL, 446 East Howard Ave., Des Plaines, |ll. The Most Trusted Name in Electronics

60018, (312) 827-0033 « WEST, 6363 Sunset Blvd., Hallywood, Col 9002é, {213) 461-9171
INTERNATIONAL OPERATIONS, RCA International Divisian: Central and Termina! Aves.,
Clork, N.J. 07066, (201) 485-3900 * 118 Rue du Rhane, Geneva, Switzerland, 35 75 00.
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Editorial

Discovering technology

Technology, the oft-ignored stepchild of science,
is coming into its own at last.

The nonengineering world has finally discovered
it. Government leaders lament its lack, industrial
management worries about understanding and us-
ing it, the financial community is anxious to make
a profit from it. Technology is the hula hoop of
1967.

You can see this development in the profusion
of meetings about technology and the proliferation
of programs to spread it. In November, for exam-
ple, at the dedication of the National Burcau of
Standards’ new facilities outside Washington, the
Department of Commerce sponsored a two-day
symposium on technology. While some technical
men attended, the NBs’s resplendent red auditorium
was filled mainly with diplomats, Government ob-
servers and industrial executives.

Two weeks later, the management-oriented Na-
tional Industrial Conference Board held a day-
long meeting of top management men in New York
City to examine what technology can do for the
nation’s industrial concerns. Earlier in the autumn,
British Prime Minister Wilson proposed that Eu-
rope share its technology, and the president of Italy
has proposed a Marshall Plan-type program to help
expand technology in Europe.

None of Electronics magazine’s readers, of
course, are surprised to learn there is a technology.
But ever since the first atom bomb was exploded
in 1945, there’s been a lot of talk about scicnce
and not much about technology. During descrip-
tions of space shots on television, the “science”
reporters for the networks wax rapturous about
the scientific accomplishments that made it all
possible. Yet there’s very little science involved;
it'’s almost entirely engineering. The weckly news
magazines’ science departments rarely write about
science; nearly every week they write about tech-
nology and engineering and call it science.

In a recent Defense Department Report®, the
myth of the importance of science in the economy
has been laid to rest once and for all. A study
of the development of a number of weapon systems
estimates the scientific contribution at only 8%
and the technological contribution at 92%. “Sci-
ence” is defined in the report as theoretical and/or
experimental studies of new, unexplored natural
phenomena, and “technology” as the conception
or demonstration of the capability of performing
* First interim report on Project Hindsight, by C.W. Sherwin, et al.

30 June 1966; revised 13 October 1966. Office of the Director of
Defense Research and Engineering; Washington, D.C.
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a specific function using new or untried theories,
principles, techniques or materials.

Under the assumptions of the report, “new”
means post-1945. And the report also concludes
significantly that the technical contributions cov-
ered in the study began accumulating 20 years
before the engineering design dates for the sys-
tems utilizing them.

Thus, much of the widely publicized new
“science” is neither new nor science.

This is what has happened in military weapon
systems, probably the most sophisticated and
technically advanced area of electronics endeavor.
Obviously, engineers in less developed fields, such
as industrial or consumer electronics, are using
technology that is even older.

All this would be just an argument about seman-
tics if the mistaken reverence for science weren’t
having a deleterious effect on companies and coun-
tries. The public overplaying of science has often
led to the wasting of funds on basic research at
the expense of sorely needed development work,
and has lured a lot of young people to pure science
and away from engineering. It has even encouraged
some engineering schools to urge the abandonment
of the study of engineering for a concentration
on physics and mathematics.

Yet, time after time, the evidence clearly shows
the most progress stems from the unique and
creative application of some old technical ideca
or scientific principle. As we’ve pointed out before
on this page, the celebrated technology gap in
Europe is not really a lag in technology at all,
but in application.

The overemphasis on science and theory is start-
ing to hurt the U.S. electronics industry in another
way: too many young engineers feel theoretical
work in the research laboratory or the university
is the only suitable employment for a college-
trained engineer. So most young engineers will not
work as production engineers or as designers of
the complex and ingenious equipment required to
manufacture electronic products automatically. Yet
some of the most challenging technical problems
are in this apparently prosaic area.

Over the next 10 years, the greatest growth in
electronics will come from the creative applica-
tion to new arcas of some developments that are
now well established, such as integrated electron-
ics, lasers, systems engineering, computers and
communications—not from radical new develop-
ments that no one can now envision. Some very
prosaic electronics will be applied to education
and medicine. Systems engincering may show the
way to solving a lot of nonmilitary problems,
among them automotive traffic control, air pollu-
tion, juvenile delinquency and highway planning.

The key man in such developments will be the
engineer, not the scientist. These are jobs for
technology, not science.

23



Our ferrite division can make that many
toroids in a month. In sizes as small as
80 mils, with high temperature stability,
inductance values within + 5%, and in a
wide range of ferrite materials to meet
practicaily any pulsing speed. For exam-
ple: for microsecond switching we can
offer our Ferramic® 0-5, 0-6, and T-1
ferrites and for nanosecond switching
there's our Ferramic H and O-1 materials.

This materials capability plus our pro-

duction capacity have made us the
world's largest supplier of ferrite toroids
for pulse transformers. But toroids are
only a part of our business. In total we
have eleven standard ferrite materials
right now and will soon introduce a
twelfth one. A brand new flat tempera-
ture-coefficient ferrite that will make cir-
cuit design news. We are equally big in
otherferritesfordigitalapplications such
as square-loop (memory core) ferrites,

recording head ferrites, and multiaper-
ture devices. :

So whether you want 2 samples, an
order of 10 million, or catalogs and tech-
nical literature, you can get immediate
action by writing Mr. Ken Talbot, Mana-
ger of Sales, Indiana Genera!l Corpora-
tion, Electronics Division/Ferrites,
Keasbey, New Jersey.

INDIANA GENERAL ==X

Ten million pulse transformer cores

is peanuts to Indiana General.

@ 960 INGANA CENTAAL (LIRS SRAT SN




Time-sharing—
is it private?

On-line circuit
design at MIT

Firms ready bids
to supply avionics
for Boeing SST

<—Circle 24 on reader service card
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Are the memory banks of time-shared computers really secure? Or can
one customer look into the memory banks of another customer—either
accidentally or deliberately?

Although the operators of time-shared systems are reluctant to dis-
cuss such matters publicly, there has been evidence of breaches in
security.

The home of time-sharing, the Massachusetts Institute of Technology,
has been having trouble with students who break the elaborate codes
that are supposed to insure the privacy of the users of its Project MAC
(machine-aided cognition) computers. On one occasion, it’s been re-
ported, students tapped into lines carrying Government data, including
information from the Strategic Air Command at Omaha. Some of this
tinkering has had the effect of jamming the lines.

Last fall, the Federal Communications Commission established a
panel to explore the question of Federal controls on time-shared opera-
tions; one of the questions to be examined is the privacy afforded users.

Computer-aided design of electronic circuits today is almost exclusively
a matter of batch-processing. At the Massachusetts Institute of Tech-
nology, however, a program is under way to leapfrog to on-line circuit
design in a classroom environment. By next fall, says Richard D. Thorn-
ton, an associate professor, work will start on an on-line classroom design
of integrated circuits.

By then a joint program of MIT and the Bell Telephone Laboratories,
called Multics (multiplexed information and computing service), will be
in operation. Both Bells Labs and MIT are installing General Electric
645 computers for the timed-shared network.

Bell Labs is also moving in the direction of on-line circuit simulation
for its own engineering laboratories, and several areas of cooperative
effort by Bell and MIT have been opened.

One of the most pressing needs in this field is for a versatile, low-cost
terminal capable of generating lines, curves and vectors in addition to
numbers and letters. And one of the most promising designs under devel-
opment is Bell Labs’ Glance, a terminal driven by a local disk memory
and using a direct-view cathode-ray tube.

Although the Boeing Co. has won the competition to build the US.
supersonic transport, many of the electronics designs for the plane haven’t
been specified. Four systems to be included are still in the development
stage for commercial aircraft: a collision-avoidance system, clear air
turbulence detectors, all-weather landing equipment and fault-locating
ear.

g Several manufacturers are preparing to bid on the avionics systems.
The Airborne Instruments Laboratory has proposed an all-weather land-
ing system, while the Bendix Corp. has offered a complete avionics pack-
age, including an automatic pilot, data instrument display and computer,
integrated flight instrument display, inertial navigation and all-weather
landing equipment. The Sperry Rand Corp.’s Sperry Gyroscope division
has proposed an inertial navigation system and its Sperry Phoenix
division expects to bid on an automatic flight control system.



NASA consolidates
support contracts
at Cape Kennedy

Surveyor will try
to upstage Luna 13

Plans are made
to live with CAT,
or perhaps bell it

Addenda

Electronics Newsletter

The National Aeronautics and Space Administration is consolidating
its support-services contracts at Cape Kennedy in an attempt to reduce
the number of companies it has to deal with and; as a result, several
major electronics and aerospace concerns may be squeezed out.

The two major support contracts that will be combined by Jan. 1,
1968, are those held by Trans World Airlines for general support and
Ling-Temco-Vought Inc. for information services. TWA’s contract is
valued at $23 million a year and LTV’s at $10 million. The new con-
solidated contract will cover five years and be on a cost-plus-incentive-fee
basis.

Also, requests for competitive proposals have already been issued
for a single contractor to combine the instrumentation support cur-
rently being provided by the Radio Corp. of America and the com-
munications support provided by the Federal Electric subsidiary of
the International Telephone and Telegraph Corp.

The United States will try to outdo the Soviet Union’s Luna 13 in test-
ing the lunar soil when it launches Surveyor 3 to the moon this spring.
The soft lander will carry a surface sampler to dig a 17-inch-deep trench
in the lunar soil. One of the spacecraft’s television cameras will trans-
mit pictures of the scooped up material to earth for analysis. The Luna
13 can only stick a probe into the moon to check soil firmness.

The next Surveyor is scheduled to be launched by March, but a busy
flight schedule at Cape Kennedy may force a delay.

Research into clear air turbulence, or CAT, has largely been a hit-or-
miss affair, with work by universities, industry and the Government
conducted without coordination. Now the Commerce Department has
set up a committee to give some direction to these efforts.

The Government is taking two approaches in its war on CAT, which
has been blamed for a dozen crashes or near-crashes over the past few
years.

The Commerce Department panel will sponsor the development of
CAT detectors, and the Air Force, apparently prepared to live with
the menace, has awarded the Boeing Co. a $6 million contract to de-
velop an automatic flight controller that would sense the turbulence
and adjust a plane’s control gain to withstand it. With aircraft flying
higher and faster, the effects of CAT are becoming more pronounced
and planes’ structural metal more quickly fatigued.

Airborne Instruments Laboratory is developing an uncooled parametric
amplifier that will have a noise temperature of 50°K, a level nearly
equivalent to that produced by amplifiers operating at cryogenic tem-
peratures. The critical elements of the paramps are varactor diodes with
a 0 bias cutoff frequency in excess of 400 gigahertz, and improved mil-
limeter wave klystrons. . . . The Stewart Warner Corp. plans to intro-
duce a new desk-top facsimile machine within the next three months.
. . . The Federal Aviation Administration is weighing proposals to buy
solid state equipment for its 900 navigational ground stations around
the country. The very-high-frequency-omnirange (VOR) stations cur-
rently use 200-watt tube transmitters.
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READOUTS

Breakthrough in EL panel design permits
greater display flexibility

The newest advancement in electro-
luminescent readouts is a panel de-
sign of all-glass construction. Display
designers and users now have a solid-
state readout with higher reliability
than ever before which lends itself
to even greater design flexibility than
previously possible with EL.

Completely engineered by Syl-
vania, this new concept actually
allows both a decrease in readout
character size (to 3&-inch) as well as
increased panel size. This means more
characters per panel are possible than
before in hermetically sealed EL de-
signs.

Designers still get all the inherent
advantages associated with Sylvania
EL readouts: solid-state reliability,

low-power consumption, wide view-
ing angle, light weight, low reflection,
variety of characters, stable perform-
ance, no catastrophic failure, clear
readability and rapid information dis-
play. Performance of the all-glass
units is judged by the same standards
as the metal-glass devices: brightness,
spectral emission, contrast, life, etc.
What does “all-glass” really mean
in this sense? While metal-glass EL
panels use metal contact pins and
metal sealing frames, this new design
concept is completely of glass con-
struction, with the only metal present
being the connector pins. Eliminated
also are conductive rubber contacts.
The user-benefit of this new con-
struction is a higher degree of lamp

ALL-GLASS EL PANEL, FRONT AND REAR VIEWS.

TRANSPARENT COND ELECTRODE
me LAYER
INSULATING LAYER

EDGES
(Metaliized ond Sakder

reliability for the demanding environ-
mental and operational conditions
encountered in severe aerospace ap-
plications.

The panels are designed to rigid
specifications. The glass contact panel
is molded as a single piece with the
connector pins in place as integral
parts of the panel. Combined with

(continued)

This issue in capsule

Integrated Circuits—How 4-bit ar-
ray registers can reduce package count
while speeding storage and transfer.

Photoconductors—combine
lamps and photoconductors to get the
function you need.

Microwave Diodes—Now your de-
signs can be taken through Ka-band with
Sylvania Schottkys.

Color Television—Rectanguiar 22~
color bright 858 tube now available for
1967 sets.

Rectifiers—Giass devices from Syl-
vania can absorb 1000-watt reverse tran-
sients.
CRTs—New high-brightness, high-reso-
lution tubes can be customed to your
needs.




READOUTS (continued from page 1)
true hermeticity, the result is panels
which perform reliably at extreme
changes in altitude, temperature and
humidity. They are also highly resist-
ant to shocks and vibrations.

In the new construction, the glass
contact panel containing sealed con-
nector pins is ground flat on one side.
The patterned back metallic electrode
is applied to this glass surface. Thus,
each active area becomes an integral
part of its own connector pin, elim-
inating any possibility of registration
problems. An electrical insulating lay-
er is then applied over the back elec-
trode and covered by a phosphor. A
transparent conducting electrode put
over the entire phosphor surface is
the last electrical layer.

To protect the whole assembly, a
glass front panel is placed on the
transparent conductor and sealed to
the contact panel, using a metal-sol-
der technique. For less critical appli-
cations, an epoxy sealant may be used.

This simple construction process
makes it easy to mass produce reli-
able and reproducible devices. The
excellent match of expansion charac-
teristics of faceplate and contact plate
assemblies minimizes stress on the
hermetic seal during temperature var-
iations. Elimination of conductive
rubber contacts provides a significant
improvement in lamp reliability.

Standard all-glass units are avail-
able in 115 V and 250 V versions. The
lower operating level is achieved by

appropriate reductions in thickness of
CIRCLE NUMBER 300

the EL and dielectric strata. Initial
brightness is on the order of 25-30 FL
at room temperature and 250 volts,
400 Hz. Spectral emission, contrast,
life and half life are comparable to
that of conventional EL panel design.
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INTEGRATED CIRCUITS

How 4-bit array registers reduce
IC package count, speed storage and transfer

Each of Sylvania’s integrated four-
bit binary register arrays contains the
equivalent of at least 87 discrete com-
ponents and the equivalent of 25 IC
gates used in conventional integrated
circuits. These monolithic digital
functional arrays implement parallel
storage or transfer of four binary bits
every 15 nanoseconds. Here's how
they work and how they can be used
to build a temporary storage memory
using only five IC packages.

Series SM-60 and SM-70 four-bit
storage registers are for use as high-
speed storage elements in control and
arithmetic sections of digital comput-
ers. The SM-60 series has clocked in-
puts and clocked outputs. Further,
the SM-60 output has wired OR capa-
bility which means outputs can be
tied together to provide the logic OR
function. The SM-70 series is opera-
tionally identical to the SM-60 except
that it has a SUHL type output net-
work and is not clocked with an en-
able signal. This means information

Dy

set in the device is available at the
output after a propagation delay of
20 nanoseconds.

Figure 1 shows the logical opera-
tion of one of the four flip-flops in a
storage register. With the data and
clock inputs both at high ( Logic “17),
the output of gate 1 is low (Logic
“0”). This low condition appears at
the input to gate 3 and forces the out-
put of gate 3 to go high. The low out-
put of gate 1 also appears at the input
of gate 2, forcing the output of gate
2 to go high. Thus, both inputs to
gate 4 are in the high condition. This
means output of gate 4 is low. This
low output appears at the input of
gate 3, forcing the output of gate 3
high. The circuit is now latched with
the output high. Once the circuit is
latched, the clock input can be re-
moved without disturbing the flip-
flop.

Where data input is low (Logic
“0”) and clock input is high (Logic
“17), the circuit latches the flip-flop
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with its output in the low condition.
If the clock input is low, no data is
accepted.

Figure 2 illustrates how to form a
temporary storage register subsystem
with common accumulator. Here, reg-
isters 1 through 4 can be enabled
either separately or jointly. In the lat-
ter case, a logical OR is performed
allowing masking techniques to be
used. The SM-70 gives the accumu-
lator a high fan-out. Only five pack-
ages are required and the number of
external connections are cut to % of
those required when conventional in-
tegrated circuits are used.

The SM-60 and SM-70 series oper-
ate over a temperature range of —55°
to +125°C. Both these monolithic
digital functional arrays are available
in Sylvania’s standard 14-lead dual
in-line plug-in package and the TO-
85 flat pack. They are completely
compatible with the SUHL line of in-
tegrated circuits.
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RECTIFIERS

Absorb 1000-watt reverse transients
with Sylvania’s glass devices

Circuit designers are finding that Syl-
vania’s glass rectifiers are better than
other glass rectifiers. In this instance,
the improved characteristics result in
enhanced circuit performance and in-
creased device reliability. Sylvania
has coupled the inherent advantages
of glass encapsulation with superior
device design to make these glass
diodes rugged enough for military ap-
plications. This designed-in depend-
ability also makes this line of glass
units an excellent choice for many
other uses in computer, industrial and
communications equipment. It is the
improvements in device design that
make Sylvania’s glass silicon rectifier
line stand out from other glass units.

In the improved devices, a large
double diffused junction allows
handling of 1000-watt reverse power
transients while still maintaining the
standard 50-amp forward surge capa-
bility. Sylvania’s first glass rectifiers,
can take outputs of up to 1 amp at
reverse working voltage of 1000 volts
without damage.

Heat dissipation is aided by weld-
ing a solid high conduction power
lead to an oversized heat conduction
stud. This enhances power handling
capability while extending device life
by keeping the unit cooler. The glass
package is electrically neutral and
smaller than many metal rectifiers,
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thus permitting greater stacking and
card densities. With Sylvania’s seal-
ing techniques, the designer gets the
benefits of improved device design
without sacrificing any of the advan-
tages of glass encapsulation. Use of a
glass package means not only im-
proved insulating characteristics but
units that can be hermetically sealed.
Radiflo leakage rate for these de-
vices is less than 1 x 10-1° cc/sec. Low
leak rates extend life and increase re-
liability. The glass body also enhances
the thoroughness of in-process qual-
ity control by allowing visual inspec-
tion during production.

In addition to the ability to handle
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high reverse pulses, these rectifiers
have low reverse leakage current.
Typical rating is 10 na at 25°C am-
bient and rated reverse voltage. The
high voltage rating and wide temper-
ature operating range (—65°C to
175°C) capability of these units can’t
be matched by ordinary non-hermet-
ically sealed devices.

All units in the Sylvania series are
packaged in the conventional DO-29
outline. They are replacing existing
glass, epoxy or top hat types in appli-
cations which demand higher relia-
bility levels. These devices meet or
exceed all the standard life and de-
sign requirements of MIL-S-19500.
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ABSOLUTE MAXIMUM RATINGS:
—65°C to + 175°C — Resistive and inductive Loads — Single Phase, half wave at 60 cps.
Umits  1N4383 1N4384 1N4385 1N4585 1N4586

Continuous Reverse Working Voltage, Va volts 200 400 600 800 1000
RMS Input Voltage, Vims volts 140 280 420 560 710
Average Forward Curre amps

é 50°C iy 1.0 1.0 1.0 1.0 10

@100°C 1.0 1.0 10 0.6 0.6

@ 150°C 03 03 03 0.2 0.2
forward Surge Current, 1 cycle — g s amps 50 50 50 50 50
Forward Surge Current, Recurrent, lg o amps 6 6 6 6 6
ELECTRICAL CHARACTERISTICS:
Typ. Qeyn%naifcf'orward Voltage Drop, Ve @ 1.0 amp voits

@ 100°C 52 52 52
Typ. Dynamic Reverse Current, I @ V, »2@1.0amps

P g 50°C r @ Vp -

@ 100°C 8 8 8
Typ. Reverse Current, I @ Vg and +25°C na 10 10 10 10 10
Typical Junction Capacitance —Ali Types— @ 0 V 80 picofarads

@ 10 V 21 picofarads




MICROWAVE DIODES

SCHOTTKY BARRIER MIXER DIODE

NOISE FIGURE IN db

S X Ku K

Ka

Sylvania’s Schottkys can take your designs
through Ka-band...reliably

In last November's IDEAS, we an-
nounced MQM -packaged Schottky
Barrier diodes that operate at fre-
quencies through X-band. We have
now extended the operating range of
available Schottky Barrier diodes to
include Ku-, K-, and even Ka-band.
These newest diodes are also in the
MQM package, and feature an even
lower junction capacitance than their
L-, S-, and X-band counterparts.

Effective coverage through the Ka-
band (26.5 to 40.0 GHz) is only one
of the outstanding features of Syl-
vania’s Series D-5509 Schottky Bar-
rier mixer diodes. To fully describe
these new devices, one must combine
the operating frequency performance
with the extreme broadband capabil-
ity having good burnout character-
istics, and with an inherently low I/F
noise characteristic.

To get all this improved perform-
ance in one device means there must
be not only an optimized semicon-
ductor, but also an optimized pack-
age. The performance level of the
D-5509 units shows they have both.

Sylvania’s MQM package is the key
to the broadband capability of these
new units. Measuring only 0.08” x
0.20” overall, this package utilizes a
low dielectric glass body hermetically
sealed to precision mounting pins.
The result is a package capacitance

of only 0.08 pf allowing operation of
a wide frequency spectrum.

In addition to its low capacitance,
the MQM package features precise
axial alignment of the mounting pins
allowing precision design of minia-
ture holders. Easy insertion and posi-
tive RF contact in holders are assured
by a package design which has over
50% of its length devoted to circuit
contact area.

Low junction capacitance of the
diode permits operation in the Ka
region. This low junction capacitance
is the result of the superior alignment
methods used in new Schottky Bar-
rier diode processing techniques. The
process employs epitaxial silicon to
make devices with precisely con-

013 Package
..1._..

0,200 0.076
_Lml

trolled impurity distribution. In this
improved method, a thin insulating
layer and a relatively thick metallic
contact layer over the barrier are
used. The insulating layer and the su-
perior mask alignment methods com-
bine to produce the precise etching
needed to make barrier regions of
low capacitance. The metallic con-
tact and pinpoint mask alignment
maintain tight registration during
metallization to give a reliable con-
tact without increasing barrier region
capacitance.

The low noise figures exhibited by
the units in the D-5509 series (D-5509
= 10.0 db, D-5509A = 9.0 db, D-
5509C = 8.0 db) result from the low
series resistance of the diode. This
low series resistance is obtained by
keeping the epitaxial layer extremely
thin, on the order of 1 micron. Be-
cause of the low 1/F noise character-
istics of these units, they are ideal for
doppler applications including police
radar, proximity fusing, and traffic
monitoring systems.

SYLVANIA'S SCHOTTKY BARRIER
MIXER DIODES IN MQM PACKAGE

rpad s&c x s X -

Sylvania
Serles D-5503C DS508C 0-5507C 05508 B D-55098
Minimum ONF 60dd 65d 70d 7Sd 8.0dd
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PHOTOCONDUCTORS

Combine lamps and photoconductors

to get the function you need

Perhaps none of Sylvania’s standard
photoconductor-lamp (PL)assemblies
fills your specific circuit requirement.
Perhaps the new units that are com-
ing don’t include one that's just the
right device. What do you doP Look
for Sylvania’s custom PL capability
to get what you need, whether it be
a simple detector unit or a combina-
tion of PL devices in one package.

Custom PL assemblies from Syl-
vania now allow circuit designers to
implement many additional poten-
tial applications of photoconductor-
lamp assemblies. A wide variety of
possible photoconductor and lamp
combinations means special assem-
blies can be designed to meet the
most exacting requirements.

These custom assemblies take de-
signers beyond the standard single-
throw single-pole or double-pole
types. Typical of one such custom de-
sign is an assembly containing two
NE23 neon lamps optically coupled
to three cadmium sulfide photocon-

ductors. The photoconductors are en-
closed in a lightproof metal cylinder
and mounted perpendicular to the
neon lamps.

Because Sylvania custom-designs,
the company can offer PL. combina-
tions which more closely match the
impedance level of the circuit they
will be used in. For instance, with
many entertainment manufacturers
now becoming interested in all solid-
state construction, Sylvania can de-
liver PL units that match impedance
levels of solid-state circuits.

Availability of a wide variety of
standard (shown in the table) and
custom units erases limitations on the
applications of PL assemblies. Be-
cause they have the characteristics
of both a switch and a potentiometer
and a response time in the millisec-
ond range, they are unrivaled in many
areas of remote control, low-level
switching or potentiometry.

For example, for minimum hum
pickup, the photoconductor can be
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soldered directly into an audio circuit
to be controlled. Control can be
achieved by varying PL lamp voltage
from a remote location. PLs can di-
rectly replace switches and relays in
any application within their power
handling capabilities. Indirectly they
can be used as triggering devices for
higher power components.

Because of their time delay, PL
assemblies are used extensively in the
entertainment field to produce special
musical effects such as tremolo and
vibrato. Also, they may be used to
regulate high voltage in color tele-
vision receivers and for remote vol-
ume control in broadcast studio con-
soles. Industrial applications include
performing AND and OR logic func-
tions and the voltage control of time
delay and frequency in monostable
and astable multivibrators. Used with
silicon controlled rectifiers, they can
provide low-voltage isolated control
for high-voltage loads.
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PHOTOCONDUCTOR LAMP
Dissipation Light Dark Ascent | Descent Shunt Coupling Rated Rated
Voltage at 25°C ] Resist Time me Capacitance Capacitance Voltage Current
(Volts)1.2 (MW)1 (Ohms)3 | (Megohms)M | (MS)3.5 (MS)4.6 (pf)? (pf)8 (Volits) (MA)
PL-466E 400 300 35 03 55 17 4.944 0.433 6 3545
PL-1810C 300 75 800 10.0 75 20 0.550 0.264 10 15-20
PL-8212E 300 75 700 10.0 55 17 0.960 0.229 12 35—45
PL-8224C 300 75 1500 10.0 55 17 0.740 (case 0.017 (case 24 15--20
rounded) grounded)
141 (case 1.070 (case
not grounded) not grounded)
PL-1823P 300 78 2780 10.0 50 12 0.700 (case 0.025 (case 90 (Break- 0.3
rounded) grounded) down), 59
.030 (case .905 (case (Operating)
not grounded) not grounded)

NOTES: 1.
. Measured with photoconductor in complete darkness at a

oW

AMBIENT OPERATING TEMPERATURE RANGE: —40° to +70°C

Absolute maximum rating system.

pulse rate of 120 pps, 50 us duration. Voltage in excess

of rated may damage the photoconductor. Maximum DC voltage

is limited by maximum dissipation and minimum dark
resistance rating.

. Measured at rated [amp voltage,
. Measured 10 seconds after removal of rated lamp voltage.

5.
8.
7.

Time to reach 63.2% of illuminated photoconductor
current after application of rated lamp voltage.
Time to reach 36.8% of illuminated photoconductor
current after removal of rated lamp voltage.
Measured across photoconductor leads (leads
parallel to major axis) at frequency of 456 kc.

. Measured between photoconductor and lamp leads (photoconductor leads

tied together—lamp leads tled together) at frequency of 456 kc.



PRODUCTION MANAGER'S CORNER

How a philosophy breeds IC reliability

As an engineering manager on the
production side of integrated circuits,
I'm necessarily involved in every facet
of IC manufacturing and quality con-
trol. Occasionally, though, I'm asked
to squeeze extra time into the day’s
occupation for, what is to me, an en-
joyable diversion—showing and ex-
plaining our Woburn, Massachusetts,
facilities to people who have a pro-
fessional interest in ICs.

I'd like to comment on a couple of
points that frequently come up in our
discussions. The first is on reliability
through hermeticity, especially as it
relates to the dual in-line plug-in
package. The second point deals with
what we at Sylvania feel is a unique
IC manufacturing philosophy.

The Sylvania dual in-line plug-in
package was designed and con-
structed with the same reliability cri-
teria in mind as the Sylvania flat pack.
It is understood, then, that the cross-
sectional appearance of the dual in-
line package is very similar (except
in size) to the flat pack.

The dual in-line (DIP) features a
kovar bottom sealed to an alumina-
filled glass construction in which the
kovar leads have also been sealed. All
of these seals take advantage of the
technology gained from the kovar-to-
glass seal originally developed for
transistors. This is the classic kovar-
oxide-glass combination. The package
integrity that is achievable with this
technology has been an established
fact for many years.

The high degree of hermeticity that
has become standard in the industry
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for such older packages as the TO-18
and TO-5, is now being achieved
with the Sylvania DIP construction.
The one significant difference be-
tween the older transistor metal pack-
ages and the DIP is the fact that the
seal length (a possible leak path) is
much longer than that encountered
in the metal package. If anything,
this would seem to lead to an even
greater hermeticity capability.

The cover of the DIP is made out
of the same material as the body with
the seal being a pyroceram frit. As a
result of the use of these materials,
the Sylvania dual in-line package is
composed of thermally matched seals
throughout its construction.

The integrated circuits manufac-
turing philosophy at Sylvania has al-
ways been to manufacture all circuits
with identical care and a high degree
of workmanship. Therefore, in the
final analysis, Sylvania circuits need
only be graded by their industrial or
military capabilities as determined in
the 100% final test. All Sylvania inte-
grated circuits go through a sequence
of reliability tests during their manu-
facture. These tests are applied after
sealing the package in the following
order.

First, each IC package is subjected
to five cycles of —65°C to +200°C
thermal cycling with fifteen-minute
soak times at each of the temperature
extremes. This test is assurance to
both Sylvania and its customers that
the package will withstand demand-
ing stresses after sealing. Second, all
packages are subjected to a 20,000 G

centrifuge test while they are in the
Y; plane. This test insures that the
wire bonds have also been subjected
to a mechanical stress test. Third, all
packages are bubble-tested in 150°C
glycerine for any leaks that might
have come about as a result of defi-
cient sealing or due to the package
stress tests discussed above. Fourth,
all integrated circuits are stabilization-
baked at 300°C for 48 to 60 hours.
Fifth, all Sylvania circuits are sub-
jected to the worst-case DC tests at
the temperature extremes guaranteed
and also for all parameters which are
called for on the Sylvania data sheet
or in the customer’s specifications.
The ultimate electrical capability of
each and every integrated circuit is
tested at 75°C, 125°C, —55°C and
0°C for DC parameters. Following
that, every unit is tested for all dy-
namic characteristics at switching.
This is done in Sylvania’s fully auto-
matic test equipment at the rate of
one circuit every two seconds. This
equipment has been dubbed “Mr.
Atomic” Multiple Rapid Automatic
Test Of Monolithic Integrated Cir-
cuits). It is only as a result of the test
performance in “Mr. Atomic” that any
differentiation between military and
industrial capability is made.

Each lot of integrated circuits is
then held in quarantine for quality
audit of the capability of the lot. Dur-
ing this audit, random samples are
drawn for electrical parameter check
and also for a hermeticity check. The
latter is performed with Sylvania’s
radiflo equipment. This equipment
uses radioactive krypton for a tracer
gas and is the most efficient means
available today for determining the
fine leak rate of hermetically sealed
packages with sensitivity to at least
1x10—12 cc/sec/standard atmosphere.

It is only after the complete circuit
tests and package mechanical and
hermeticity tests described above
have been performed that Sylvania
integrated circuits are shipped to our
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CRTs

New high-brightness, high-resolution

tubes customed to your n

High-brightness CRT in Kaiser FLITE-PATH display,
installed in Grumman AGA cockpit.

What size high-brightness, high-reso-
lution CRTs do you require for your
aerospace equipment? Now, chances
are you can get precisely the right
devices to fulfill this need. You can,
that is, if you consider Sylvania’s new
family of customized high-brightness,
high-resolution CRTs. We've already
made many variations of the basic
unit. Each still retains the superior
performance characteristics of the
basic design. We'll use this same cus-
tom capability to build you a CRT
tailored to meet your specific needs.

Sylvania’s new family of custom

high-resolution, high-brightness
CRTs makes possible displays which
are clearly visible even in ambients
of high light levels. Combine this
high-brightness, high-resolution ca-
pability with the ability to stand high
altitudes and you get an ideal aero-
space display device.

Other high-brightness tubes in this
line can enhance quality of displays
used in shipboard command systems,
battlefield surveillance equipment, tv
monitors or just about anywhere con-
ventional CRT displays are washed
out by high reflected or direct am-

SEE OUR
SPECIFICATIONS IN

MICROFILM CATALOG
FILE

eeds

bient light.

One important use of this new type
tube has been in fighter aircraft for
Vietnam. In the aircraft, a high-
brightness cockpit display uses an 8”
version of the tube to get an electronic
photograph of the horizon. The pic-
ture the pilot sees is computer-gen-
erated by radar to give him a fix on
the terrain.

Other customized versions of this
tube may be the answer to your dis-
play problems. While usual applica-
tions for this family range from 3” to
8” screens, Sylvania will design and
build tubes to your specific require-
ment.

Typical of these new tubes is type
SC-4649A, with a rectangular screen
having useful dimensions of 434 x 5%
inches. Key features of this unit in-
clude a high voltage gun of improved
design and a neck diameter of 0.870
inches. Encapsulated leads insure re-
liable operation at high altitudes.
Typical operating conditions show a
brightness of 1.000 foot-lamberts min-
imum at 225 pa of anode current.

The SC-4649 series uses high volt-
age electrostatic focus and magnetic
deflection with deflection angles of
70 degrees. An aluminized P31 phos-
phor gives a green fluorescence with
a medium short persistence.

In addition to the SC-4649A, other
versions of this series (SC-4649B
through F') are available with various
combinations of faceplates and
bonded shield cover panel.
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Use Sylvania’s ‘‘Hot Line" in-
quiry service, especially if you
require full particulars on
any item in a hurry. it's easy
and it's free. Circle the reader
service number(s) you're most
interested in; then fill in your
name, title, company and ad-
dress. We'll do the rest and see
you get further information
almost by return mail.
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COLOR TELEVISION

Now available for’67 sets,
rectangular 22"

Even though most other color tube
manufacturers now use rare earth
phosphors, color bright 85 picture
tubes by Sylvania are still brighter.
This has been true since we first
coupled Sylvania-developed rare
earth phosphors with exclusive phos-
phor dusting and glass panel stabiliz-
ing techniques. It’s still true with the
latest addition to our color picture
tube line.

Availability of production quanti-
ties of Sylvania’s 22” color bright 85
tube gives TV set manufacturers five
different extra bright tubes from
which to choose. Other tubes in the
color bright 85 line include 19” and
25” rectangular types. Sylvania uses

an exclusive dusting process with
each of these types to make them as
much as 15 percent brighter than
units from other manufacturers.

The new 22" tube has minimum
useful screen dimensions of 17.446”
by 13.640", producing a minimum
projected area of 227 square inches.
Because of new FTC labeling require-
ments, this tube will be used in sets
marketed as 20” units.

Three versions of the tube are
available. The RE-22KP22 is the non-
bonded configuration. Both the
RE-22]JP22 and RE-22LP22 have an
integral protective window sealed to
the faceplate. They require no sepa-
rate safety glass window. Surface of

3
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the protective window of the RE-
22]P22 is treated to minimize specu-
lar reflection.

All versions are manufactured to
the same high standards which char-
acterize the color bright 85 line. Pre-
stabilization of the tube’s glass face
panel permits near-perfect alignment
between phosphor dots and shadow
mask holes. Cross hair indexed elec-
tron guns provide positive alignment
of the electron beam and the phos-
phor dots. And the mask and the face
panel are aligned automatically by a
computerized process which precisely
establishes optimized relationship.
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FEATURES

45"

= L—l.!’lﬂl

Minimum useful screen dimension 17.448 X 13.640”
Minimum useful screen area 227 sq. in.
Overall length (non-bonded tube) 19.012 + 375"
Neck length 6.693 + .188"
Welght (approximate) (non-bonded tube) 28 pounds
Deflection angle (dlagonal) 90 degrees
Maximum anode voltage 20,000V to 27,500V
Construction Bonded-etched and
unetched, unbonded
Phosphor Sylvanla rare-earth Europium
This information in Sylvonia ldeas is furnished
SY[ V ‘ V I ! without assuming any obligations.
SUBSIOIARY OF )
GENERALTELEPHONE & ELECTRONICS GrF&E
NEW CAPABILITIES IN: ELECTRONIC TUBES ® SEMICONDUCTORS ® MICROWAVE DEVICES ® SPECIAL COMPONENTS © DiSPLAY DEVICES
NAME \\V’
TITLE \ ’
HOT LIN
BanBariv E INQUIRY SERVICE
Need information in a hurry?
ADDRESS Clip the card and mail it. Be
sure to fill in all information re-
cITY STATE quested. We'll rush you full par-

Circle Numbers Corresponding to Product Item

300
305

301
306

302 303 304

[ Piease have a Sales Engineer call
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ticulars on any item indicated.

You can also get information
using the publication’s card
elsewhere in this issue. Use of
the card shown here will sim-
plify handling and save time.



You didn't have to make
it so soft on ouraccount.

Our Kemet solid tantalum capaci-
tors were among the least delicate
components to soft-land on the
moon. And, though the lunar night
is —254°F...we survived.

Kemet capacitors have such
sturdy reliability you can trust
them on any project. They’re also
the only solid tantalums available
graded as to failure rates.

This is why Kemet capacitors
blast off with just about every
American rocket —and why
they’re key components in so
many earthbound products.

But capacitors are only one of
the activities that keep Union
Carbide up front, on the frontiers
of electronics. Among other
things, we're also leaders in re-
search, development and produc-
tion of single erystals and crystal
products; laser systems; solid
state devices; fuel cells.

They’re reasons to keep Union
Carbide in mind before your proj-
ects reach the breadboard stage.
Union Carbide

UL T, Corporation, Elec-
(VY tronics Division,
270 Park Avenue,
ELECTRONICS New York 10017,

KEMET 18 a registered trade mark of Union Carbide Corporation

Circle 35 on reader service card




Guess how many
different JT Pancake

connectors
Bendix makes.

36 Circle 36 on reader service card

Guess again. It’s closer to
1,000,000 in all—and increasing
every day. Bendix makes
crimp, solder, grommetted,
potted and hermetic versions.
In eight different shell types
and nine shell sizes—8 through
24. You can choose from 40
different insert patterns in 16-,
20-, 22- and 22M-contact sizes,
that will accept a wire range
of 16 through 28 gage. And
they feature temperature
capabilities that range to
392°F. continuous operation.

Somewhere in all that,
there’s bound to be the Bendix®
JT Pancake connector that’s
right for you. (Especially if
you’re concerned with aircraft,
rockets, missiles, submarines,
torpedoes or ground support
equipment.)

Why the wide acceptance
of Bendix JT Pancake
connectors? They cut weight
up to 609, length up to 509.
They’re the smallest, lightest
of their type in the industry.
They’re readily available from
our jobbers or the plant.
They’re loaded with the latest
connector innovations, many
of which are sure to become
industry standards. Like more
information? Just contact us in
Sidney, New York.

Scintilla Division
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CONTROL KNOBS
FROM RAYTHEON

]

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

38

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

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

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

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

Raytheon Components Division—A single source for Transistors/Diodes/Integrated
Circuits/Industrial Tubes/Control Knobs/Panel Hardware/Circuit Modules/Display Devices

Circle 38 on reader service card

ultraviolet radiation. Colors include black, red,
gray or to your special order.

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

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

Call your distributor or nearest Raytheon regional
sales office for catalogs and data sheets. Or, circle
the reader service card. Raytheon Company, Com-
ponents Division, Lexington, Mass. 02173.
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IF YOU DO, you'll find that Shallcross
Series 1, 2 and 4 precision rotary switch
lines offer:

LOWER TOTAL COST — INITIAL COSTS
ARE NORMALLY LOWER (often 25 per-
cent or more) than those for rotary
switch counterparts claiming comparable
quality. INSTALLATION COSTS ARE RE-
DUCED by easily wired flared terminals
(identified for location) and rugged con-
struction features that virtually elimi-
nate switch damage during harnessing.
MAINTENANCE AND REPLACEMENT
COSTS ARE REDUCED to the vanishing
point by: (1) 50 in/lb stop strength rat-
ings, (2) multiple contact wipers (for
reliable circuit ‘‘making’”), (3) positive
action long life detents, (4) dust protec-
tion for internal switch parts, and (5)
material-design combinations that re-
duce voltage breakdown and insulation

Electronics | January 9, 1967

resistance failures. Add these cost
“savers’” to lower specification costs
(below), and you’ll see why Shallcross
has the most economical top quality ro-
tary switch line in the industry — as a
matter of fact, an investigation will prove
that Shallcross switches are often less in
total cost than the lowest priced ‘‘clip
types."”

OUTSTANDING DRY CIRCUIT SWITCH-
ING — Negligible ‘‘thermals,"” low con-
tact resistances (1-2 milliohms typical
from input to output), and low switching
noise provide ideal dry circuit switching.

EASIER SPECIFICATION — Comprehen-
sive cataloging, reproducible specifica-
tion sheets (for easier drawing creation),
and easily used part nhumber systems
expedite specification,

FASTER DELIVERY — Day-in-day-out
deliveries for standard Shallcross
switches equal any in the industry (eight
distributors stock 1-3 deck ‘‘standards'’
— production quantities are normally
shipped in two to three weeks).

The best values in quality rotary switch-
ing wear this brand—try them,

. 4
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The Model CW-1 Boxcar Integrator is
a gated signal averaging device useful
for the recovery of either complete re-
petitive waveforms or incremental por-
tions thereof from noise. The input to
the Boxcar Integrator is sampled by
a variable width, variable delay gate
which can be fixed at any point on,
or slowly scanned across, the repeti-
tive waveform. The sampled portion
of the input waveform is averaged by
a variable time constant integrator,
displayed on the panel meter, and
made available for external recording
or other use. Because the mean value
of random noise is zero, the output of
the integrator will asymptotically ap-
proach the average value of that por-
tion of the input waveform being
sampled at any moment, with a cor-
responding suppression of the accom-
panying noise. The Model CW-1 may
be used in such widely varied appli-
cations as pulsed nuclear resonance,
laser excitation decay, and biological
evoked response experiments. In gen-
eral, this instrument should be of
value in any application where noise
interferes with the recovery of repeti-
tive waveforms.
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SPECIFICATIONS
SIGNAL CHANNEL —
Input Sensitivity: *=.2 volt to =100
volts in 1, 2, 5, sequence for =10 volts
output.
Dynamic Range: Will accept inputs 15
times full scale requirement without
overloading.
Integration Time Constants: 100 micro-
seconds to 100 seconds in 1, 3, 10
sequence.
Holding Time: At least 106 times inte-
gration time constant for 10% F.S.
change in output, up to 105 sec.
Output: (a) 2% Panel Meter, +10
volts.
(b) %10 volts provided at front panel
at an impedance of 1 K.
(c) Recorder Output — suitable for
most galvanometric and servo
recorders.
GATE TIMING CIRCUITS —
Operating Modes: (a) Ext. Trigger
(b) Ext. Gate
{c) Recurrent: Time Base triggered au-
tomatically and repetitively.
(d) Continuous: Gate on continuously.

Time Base Widths: 10 microseconds
to 1 second in 1, 2, 5 sequence.

Gate Pulse Width: Continuously ad-
justable from 1 microsecond to .11
second.

Delay: (a) Manual adjustment from 0%
to 100% of Time Base Width.

(b) Automatic scanning from 0% to
that % of Time Base Width selected
by setting the Manual Delay Dial.
Automatic Delay Scan Periods: 1, 2, 5,
10, 20, 50, and 100 minutes.

GENERAL —

Power Requirements: 105-125 volts or
210-250 volts; 50-60 Hz; approximately
15 watts.

Size: 19"W x 5"H x 14”D.

Price: $1,950.00. Export prices approx-
imately 5 per cent higher (except
Canada). Request Bulletin No. 127.

PRINCETON
APPLIED RESEARCH CORP.
Dept. D
Box 565, Princeton, . J, Tel. (609) 9246835
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Manufacturing

The perfect bond

Three years ago, Honeywell Inc.
tantalized other producers of in-
tegrated electronics systems by
claiming it could get perfect molec-
ular-diffusion bonds between an in-
tegrated-circuit chip and its leads.
But Honeywell wouldn’t say how it
performed the trick [Electronics,
Feb. 14, 1964, p. 70].

Now, one of Honeywell’s rivals
in aerospace electronics, Westing-
house Electric Corp., shares the
secret and plans to use it to pre-
pare multifunction assemblies of 1c
chips for military systems.

Whether Westinghouse puts the
technique into production depends
on whether it receives military
funding for further development,
according to Charles Denton, man-
ager of the mechanical design
group of the Westinghouse Aero-
space division in Baltimore. He
says that a proposal for a military
contract has not yet been made, but
that discussions are being held with
the Naval Air Development Center
in Johnsville, Pa., and with the
Rome Air Development Center,
Rome, N.Y.

The bonding method eliminates
the usual interface between chip
and lead materials and allows face
bonding without the usual raised
bump, ball or pad contacts. Any 1C
chip can be used, as long as the
thin-film terminals on the chip are
aluminum. The leads applied to the
chip are fingers of nickel, coated
with an aluminum film that fuses
into the film on the chip.

Finger frame. The nickel fingers,
2 mils thick, support a 10,000-ang-
strom aluminum film that is the
actual lead conductor.

To make them, sulfomate nickel
is deposited 2 mils thick on a pol-
ished plate of stainless steel and
then etched into the desired lead
pattern held together by a frame of
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nickel. After the aluminum is de-
posited on the nickel and heat-
treated to make it adhere, the fin-
gers and frame are stripped off the
plate.

The fingers are positioned on the
chip and bonded with a special
parallel-gap welder. The assembly
is heated to 300° C. Current from
a programed welding supply is
passed through a fingertip, heating
the joint to 600° C as the welding
electrodes press the two aluminum
surfaces together. A 2-millisecond
surge of current heats the joint
above 600° C and the bond is made.
Finally, the current is gradually

eased down until the assembly has
cooled to 300° C again. It all takes
150 milliseconds.

To make the bonding electrodes,
a thoriated tungsten rod is ground
into two identical halves with a tip
radius of 2 to 6 mils. The gap be-
tween the electrodes is set by in-
serting a sheet of split mica, about
% mil thick, between the two
halves.

Bonds as small as 2 mils in di-
ameter have been made, and be-
cause the bond has no interface, the
fingers will break before the bonds
fail. One reason the bonds are so
effective is the half-moon cross-
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section of the fingers, seen in the
diagram. As the round side presses
down, surface gases and oxides are
squeezed aside while diffusion of
the aluminum is aided by plastic
flow and some evaporation and con-
densation.

Silicon wiring. After the fingers
are bonded to the chip, the other
ends of the fingers can be bonded

STEP {

to aluminum wiring on a substrate
that interconnects many such chips.
The chips can be placed face-down
on a flat substrate, or into channels
in the substrate alongside the
wiring.

Such assemblies are used by
Honeywell in its Micpak packag-
ing system. Honeywell has also
demonstrated the bonding of

ALUMINUM
CONDUCTOR

ALUMINUM
CONDUCTOR

NICKEL
SUPPORT

STEP 2

SILICON
SUBSTRATE

ALUMINUM
CONDUCTOR

Interface-free bond is formed when molecules of aluminum film on the chip diffuse
with those in the film on the substrate. The diagrams are before (top) and after
views and cross-sections along the finger (left) and through the fingertip.

Chip and finger subassembly, ready for bonding the finger ends to an
interconnecting substrate. The chip can be bonded face-down to the substrate
or be inserted in channels in the substrate.
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groups of chips to a silicon-crystal
equivalent of a multilayer circuit
board. The substrate, processed
like an 1c but without devices, con-
tains a low-resistivity ground plane
of p-type silicon, a high-resistivity
p-type epitaxial layer with n-type
diffused crossover conductors and
thin-film surface bonding pads and
conductors joined to the crossovers
through windows in an oxide layer.

Big little packages. Westinghouse
plans to use miniature multilayer
ceramic boards for 1c interconnec-
tion. These will be sealed, along
with discrete devices, in a l-inch-
square package with 68 leads. The
bonding is being done one finger at
a time on a pilot line, but Westing-
house plans to qualify the process
for military systems and install
automatic production equipment. It
hopes to develop simultaneous
bonding of many leads.

The two companies are not alone
on the chip and finger trail. Inter-
national Telephone and Telegraph
Corp. has been developing a similar
lead-bonding technique [Electron-
ics, July 12, 1965, p. 98]. And
Bell Telephone Laboratories Inc.’s
beam-lead technique fabricates lead
fingers as part of the chip-metalliza-
tion process [Electronics, June 28,
1965, p. 68, Nov. 16, 1964, p. 114,
and Dec. 26, 1966, p. 111]. Bell’s
technique is being adopted by sev-
eral firms,

Military electronics

Litton's loss

A nearly $20 million program to
modernize the Air Force’s ground-
to-air communications network,
495L, has been terminated sud-
denly and without explanation.
Late in December the Air Force
said that as of Nov. 9, 1966, the
contract with the Westrex Com-
munications division of Litton In-
dustries Inc. had been ended “by
default.”

The move apparently didn’t
catch Westrex by surprise. Only a
month earlier, the division under-
went a major overhaul: the top
man, general manager Charles T.
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Johnson, left the company. Litton
brought in a new man, Joseph
Smith, and upgraded the post to
president of the division.

No details. Smith himself de-
clines to elaborate on the reason for
the contract cancellation, explain-
ing that it would be inappropriate
to discuss the details prior to an
appeal that Litton has filed.

The cancellation is the second
within three months involving a
major contract for an L. program—
the designation given to command
and control systems under develop-
ment. The earlier termination in-
volved the 473L program, an Air
Force command information sys-
tem [Electronics, Sept. 19, 1966,
p. 201].

The decision to junk the 495L
program reportedly wasn’t made
by the program director, Electronic
Systems Division at Hanscom
Field, Mass., but at a high Penta-
gon level. According to one indus-
try source, the Air Force division
commander, Gen. John W. O*Neill,
was ordered to cut off the program.

Apparently by coincidence, the
Westrex cancellation occurred at
about the same time an Air Force
evaluation team at Hanscom Field
was completing work on contract-
definition proposals of Litton and
the Hughes Aircraft Co. for data-
collection centers to be used in the
tactical air control system, the
407L. Hughes eventually won the
$68.5 million production contract
[Electronics, Dec. 26, 1966, p. 26].

On schedule. Smith said West-
trex has an $12 million contract
with the Army for delivery of
equipment similar to that of the
495L and that this job is proceed-
ing “pretty much on schedule.”

Westrex’s president conceded
that during the negotiations for the
data centers the “495L question
was raised,” but he asserted that
the military “specifically assured
Litton that there was no prejudice”
in the case.

The 495L program relies heavily
on high-frequency, single-sideband
as a primary mode of air-to-ground
links. The original order, placed
with Westrex two years ago, was
for about $9 million. This was sub-
sequently raised to about $15.5
million and would have gone to
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more than $19 million, Smith ex-
plained.

The goal of the 495L program
was to upgrade the technical capa-
bility of the existing communica-
tions system, particularly for bet-
ter control of the worldwide air-
borne fleet and to provide digital
data communications. Also in-
cluded were plans to extend cov-
erage of the network to additional
military users and expand the num-
ber of stations to serve additional
areas of the world. The prime con-
tractor was to equip at least one
new ground station for the network,
install additional equipment at
existing stations and provide for
integration of the existing and new
subsystems.

A spokesman for Hanscom Field
declined to disclose how much
money has been paid to Westrex
under the program.

The information officer for the
user command, the Air Force Com-
munications Service at Scott Field,
Illinois, said that none of the sys-
tems developed under 495L has
been turned over for operational
use. He said the Air Force now
plans to upgrade the worldwide
ground-air system by procuring off-
the-shelf hardware as needed.

Inventory gear. Westrex presi-
dent Smith said he understood the
Air Force will use “inventory gear”
and this, he said, will mean “less
capability by a long shot in sensi-
tivity, tuning and in overcoming
intermodulation loss.”

According to Smith, the Air
Force is buying some of the mate-
rials, such as antennas, from sys-
tem subcontractors.

Smith said the first of 20 sub-
systems was to have been delivered
in March with deliveries of two per
month after that, and contract com-
pletion by the spring of 1968. In
each case, he said, the equipment
would have been unique.

Service rivalry

Ask an Air Force electronics pro-
curement officer what he thinks of
TX, or “testing extra,” and he no
doubt will tell you it’s onc of the
most efficient and economical pro-
cedures around for assuring semi-
conductor reliability, Ask his Army

or Navy counterpart the same ques-
tion and hell probably say, “It’s ok,
but . ..”

The Air Force, which has been
pushing the concept of Tx for the
past four years, maintains that it
provides a tenfold improvement
over conventional sample-testing
methods and costs only a little bit
more.

Reluctant move. At the persistent
urging of the Air Force, the other
two military services have reluct-
antly gone along with Tx, but only
for a few selected orders for tran-
sistors, diodes and rectifiers. The
Air Force, on the other hand, has
applied the testing technique to
major orders: the F-111 and G-5A
aircraft and the 487L communica-
tions system. (For more on the his-
tory of TX, see the panel below.)

Tx specs, the Air Force says,
fill the gap between the loosely
regulated but inexpensive sample-
testing procedures, and the expen-
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sive ER, or established reliability,
method. Tx standards require that
all components survive from 72
hours to a week of burn-in before
shipment, while er standards pro-
vide for a complex series of trials,
including lifetime sample tests that
may last as long as three months.
Under the 1x procedure, an entire
batch of components is thrown out
if 10% or more fail the “infant mor-
tality” burn-in.

The Army and the Navy gener-
ally view the Tx concept as just
another test procedure in a field
already crowded with some 213,000
reliability specs. But proponents of
TX contend that the method is more
logical than Er because components
are most likely to fail in the early
stages of use. Generally, reliability
statistics bear out this contention.

Dollars and cents. The most strik-
ing argument offered by Tx sup-
porters is the Air Force’s experience
with it on the F-111 program. Con-
ventional testing of a resistor for
this program would have cost 53
cents, they say, whereas Tx testing
produced a reliability level nearly
on a par with ER at a cost of 4
cents a component.

Further, says the Air Force, one
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subsystem in the F-111 has already
exceeded a mean-time-between-
failure of more than 4,000 hours,
though the specs called for only
150 hours.

The Air Force wants to establish
TX not just to assert itself but to
cut costs. It holds that if all the
services adopt Tx standards, drop-
ping many of the other specs, man-
ufacturers will be able to plan
longer production runs, reduce in-
ventories and, therefore, sharply
cut component prices.

Communications

Touch and go

The major obstacle to rapid con-
secutive missile launches has been
the tangle in communications. It
takes several technicians four or
five hours to manually patch cir-
cuits for communications between
the control center and different
launch pads. Now, the Air Force
has installed a push-button switch-

)
DD

Manually patching
complex
communication
lines for a missile
launch is tedious.
A technician
(above) spends
hours connecting
circuits to
establish com-

munications be-
tween a launch
control center and
a launch pad.
However, in a
system designed
by Western
Electric (left),
push buttons and
punch cards
switch all com-
munications in
less than five
minutes.
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ing system at the Western Test
Range at Vandenberg Air Force
Base, that cuts the time between
shots to under 5 minutes.

Eventually the switching system,
built by the Western Electric Co.
for $6 million, will enable the range
to monitor simultaneously four
countdowns instead of the two it
can handle at present. “The rapid
turnaround and improved com-
munications osc department.

The system consists of five
switching matrixes that link the
control center to 30 launch pads,
radio facilities, telephone lines and
range instrumentation. This is in
addition to existing telephone com-
munications and data links. Lines
are immediately ready to use when
switched. For every link there are
alternate routes.

Far ranging. Two sets of 260-line
switches provide separate voice
links for controllers and such range
users as the Air Force Systems
Command, the Strategic Air Com-
mand and the National Aeronautics
and Space Administration. Another
100-line switch connects radio
links, establishing communications
with downrange sites on Hawaii
and ships and planes in the South
Pacific. One switch interconnects
about 30 sky screens to monitor the
initial phases of liftoff.

All switches are controlled by
push buttons at the control center.
Telephone communications can
also be switched by inserting a pre-
punched IBM card into a desk-top
multiple contact reader. Holes in
the card permit contacts to close
various points on the switching
matrix, making the desired connec-
tions. These telephone switches
can make 40 connections at one
time—either point-to-point or con-
ference calls. If necessary, all 260
lines can be linked in a conference
call. Because technicians don’t
patch manually, communications
are more reliable. “The costs of a
missile program make it imperative
to have satisfactory communica-
tions,” says Charles Edmondson,
an engineering supervisor at the
Vandenberg range. “It doesn’t mat-
ter how good the missile is, if you
can’t talk, you're dead,” he asserts.

No punch. A similar system—
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built by the Westrex Communica-
tions division of Litton Industries
Inc.—is in operation at Cape Ken-
nedy. The system consists of two
switching matrixes—one 300-line
matrix for two-wire communica-
tions and a 600-line matrix for
four-wire communications. The
matrixes are independent and can-
not be interconnected. The 600-
line matrix contains provisions for
conference calls and is completely
nonblocking, that is, a connection
can always be made. Punched
cards can switch the entire system
in about 30 minutes.

However, Robert Smith, project
manager in Westrex’s systems en-
gineering department, says that in
a typical launch it would take about
10 minutes to switch the lines since
only 200 to 300 lines have to be
connected.

In the Westrex system, the 300-
line matrix is used for base com-
munications and also serves as an
emergency backup if regular com-
munications fail. The 600-line
phone system is the normal equip-
ment for range and down-range
communications.

Medical electronics

Heartfelt power

Were it not for the fact that the
batteries of cardiac pacemakers

require replacement every few
months, the tiny implanted instru-
ments could go on steadily trigger-
ing the beat of a sick heart for years
without adjustment. To get around
the power-source problem, re-
searchers have experimented with
a dozen or so techniques to convert
kinetic energy—of either the lungs
or the heart itself—into electricity
to run the pacemaker, but each at-
tempt has run into fundamental
problems. Now two researchers at
the Case Institute of Technology in
Cleveland have developed a tech-
nique that appears to sidestep these
problems.

Power converter. The medical
electronics engincers, Wen H. Ko
and Michael Neuman, have bor-
rowed one of the basic elements of
the motion-to-electricity conversion
technique: the piezoelectric wafer.
But instead of physically attaching
one end of the wafer to the moving
heart, they have simply placed it
near the organ. In essence, the
wafer, built into an enclosure,
forms a resonant chamber much
like the inside of a drum. Hence,
steady motions of the heart are
converted into sound waves that
drive the wafer and produce a small
current. The technique has already
been successfully tested in two
dogs.

What is particularly attractive
about this process is that the wafer
doesn’t make contact with the
heart. In earlier experiments in
which contact was made, the heart
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Sound waves generated by the beating heart provide enough power
to generate a current to operate a cardiac pacemaker,
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eventually adjusted itself at the
point of contact until the wafer was
no longer deflected. In the Ko-
Neuman technique, the natural
movement of the organ isn’t af-
fected. In addition, the instrument
used can be made so small that it
can be implanted directly inside the
heart, the researchers say.

Beam shaped. In the unit, a ce-
ramic wafer shaped like a canti-
lever beam is housed in a small en-
closure. The enclosure prevents
body fluids from shorting out the
high-impedance crystal; the beam
is weighted at one end and an-
chored at the other. The impact of
the heartbeat causes the weighted
beam to resonate, or vibrate, at a
frequency that corresponds to the
mechanical driving source, produc-
ing a train of electrical pulses.

The researchers have made use
of the crystal’s capacitance by add-
ing a voltage doubler circuit ex-
ternally. The energy converter, con-
structed of Clevite pzT-5H crystal,
measures only 2 by 5 by 1 centi-
meters. At a 80 pulse-per-minute-
rate, the maximum output is 4 volts
into a 10%-ohm load. This power—
160 microwatts—is more than
enough to drive a pacemaker,

Avionics

Only make believe

The obvious way to test the experi-
mental design of an airplane is to
build a prototype and fly it. That’s
the expensive way. A much cheaper
method is to work out a mathe-
matical model of the design and
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crank the information into a com-
puter for simulation. The one draw-
back here is that the results are
totally dependent on the assump-
tions made in the mathematical
model. North American Aviation
Inc. has just won a $5.6 million Air
Force contract for a design that
combines the two techniques: it
will develop what’s called a vari-
able stability system (vss) for a
test plane that, in effect, makes it
act like any other.

Specifically, the North American
contract calls for a control system
for a vertical takeoff and landing
(vroL) aircraft, a modified Hum-
mingbird 2. About 250 controls in
the system will be adjustable, so
that by flipping a few switches and
dials, the Hummingbird can be con-
verted into any number of other
experimental planes. Further, any
combination of designs for such
parts as wings, tails, or fuselage
can be tested in flight.

Changing response. According to
William T. Barker, program man-
ager at the Los Angeles division of
North American, the 250 adjustable
variables will integrate 5° of free-
dom: roll, yaw, pitch, lift and
thrust. Adjusting the variables al-
ters the response of the aircraft,
causing the handling characteristics
to change.

The ultimate purpose of the vss
installation in the Hummingbird is
to generate data for writing a com-
prehensive military specification for
vToL aircraft, provide a test bed for
design theories and to provide de-
sign information on aerodynamics
and controls. The vroL specifica-
tion will describe flight character-
istics and define the limiting de-

sign.

It looks like a Hummingbird but it'll act like any VTOL plane.
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Fly by wire. The modified Hum-
mingbird is a two-pilot airplane.
The evaluation pilot will always
“fly by wire”—that is, he will con-
trol the aircraft through the vss
with no mechanical connection to
the controls. The other pilot, for
the sake of safety, will have direct
access to the controls in the con-
ventional manner and will be able
to take over in the event of vss
failure,

With more than 250 variable
flight parameters, and with many
additional fixed parameters, man-
aging the interaction among these
obviously will require a computer.
North American engineers have
not yet decided on the type of com-
puter they will develop for the vss,
but it will probably be an analog-
digital design.

Collision course

A multimillion-dollar contest is
shaping up as several avionics com-
panies compete to build collision
avoidance systems for commercial
airlines. Experimental systems have
already been built by the Collins
Radio Co., the Bendix Corp. and
the McDonnell Co. And two other
avionics concerns—TRG Inc. and
the National Co.—are working on
collision avoidance systems. None
of the systems are compatible.

In an effort to pressure the com-
peting avionics companies to either
redesign their systems, or to find
ways to make them compatible, the
airlines’ industry group, the Air
Transport Association, is trying to
establish standards for the design
of the avionics gear. A technical
committee of the association, set
up for that purpose, will begin a
series of meetings this month.

Time basis. Both the Collins and
the McDonnell systems use time-
frequency as the basis for warning
pilots that they are approaching
another craft and what evasive ac-
tion should be taken. McDonnell’s
design uses ground stations.

But in the Collins system, air-to-
air synchronization and time-aver-
aging techniques, using accurate
atomic clocks, eliminate the need
for the ground stations.

Both the Collins and the McDon-
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35% efficiency...5dB gain!

TRW breaks the Gigahertz barrier
with this new family of Ultra High
Frequency communication transis-
tors! They are the finest broad-band
transistors you can buy—the only
power transistors capable of 1 GHz
operation in simple, straight
through circuits.
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As doublers or triplers they'll reach
3 GHz with cool efficiency. In the
600 to 700 MHz range their gain and
efficiency is phenomenal!

And there's more—you get this
remarkable performance from a 28
volt power source...35% efficiency
and 5dB gain!

Contact any TRW distributor or
TRW Semiconductors Inc., 14520
Aviation Blvd., Lawndale, Calif.
90260. Phone: 213-679-4561. TWX
910-325-6206. TRW Semiconductors
is a subsidiary of TRW INC.

TRW
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nell designs have been outlined be-
fore the industry group. The Ben-
dix system hasn’t been presented
and little is known about how it
operates, except it's a cooperative
system and it needs neither atomic
clocks nor ground stations.

After the industry group de-
cides on a standard, the Federal
Aviation Administration gets into
the act. It's the Faa which makes
the final ruling on what systems
can be installed in airlines, and a
spokesman for the agency concedes
that will probably take years be-
fore agreement will be reached.

Computer-aided design

Circuit course

The infant field of computer-aided
design (cap) is beginning to gen-

erate broad interest among elec-
tronics engineers. This is evidenced
by the number of public and pri-
vate courses, workshops and sym-
posiums listed for this year.

Last month three cap sessions
were announced, one by a private
consultant and two by schools. This
brings to almost a dozen the num-
ber of technical sessions already
scheduled.

From Jan. 24 to 26 Design Auto-
mation Inc. of Lexington, Mass.,
will give a course in Palo Alto,
Calif., on computer-aided analysis
of circuits. Specifically, it will cover
the use of the NET-1 computer pro-
gram. The course will be repeated
in Los Angeles, starting on Jan. 31.
Tuition is $275. The company,
headed by Nathan O. Sokal, was
the first to be established for cap
consulting.

Cosponsors. At New York Uni-
versity’s School of Engineering and

Designing circuits by computer. Engineer at IBM lab
experiments with various patterns for a circuit.
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Science, a three-day class on circuit
design by computer will be held
from Jan. 31 to Feb. 2. The program
is cosponsored by the National
Aeronautics and Space Administra-
tion and the Office of Naval Re-
search,

And at the University of Mis-
souri, College of Engineering, a
summer institute is planned that
will devote time to cap. The work-
shop program will be in three sec-
tions. The first, from Aug. 7 to 12,
will include an intensive course in
Fortran 4 programing, with em-
phasis on electronic circuit design.
The second, from Aug. 14 to 18,
will deal with analysis and design
of electronic circuits by computer.
And the third, from Aug. 21 to 25,
will consist of eight concurrent ses-
sions: time domain techniques, op-
timization techniques, filter design,
nonlinear circuits, biomedical data
processing, biomedical transducer
design, digital logic design and
digital simulation.

At the University of Missouri the
fee per workshop is $150.

Instrumentation

Giant capacitors for Apollo

The National Aeronautics and
Space Administration will use the
world’s largest balanced capaci-
tance bridges to monitor fuel con-
sumption during the 1%-minute
flight of the Apollo launch vehicle’s
initial Saturn stage. During that
period, liquid oxygen and propel-
lant fuel will slosh back and forth
in the craft’s tanks, with waves
reaching four feet at times.

To cope with this sloshing, four
49-foot-long capacitance bridges
are to be installed in the Saturn
vehicle at a cost of $10,000 each,
including associated electronics.
Built by Trans-Sonics Inc. of Bur-
lington, Mass., the capacitors will
each consist of 12 segments of
aluminum tubing functioning as
electrodes; the liquid flowing be-
tween the tubing will act as a
dielectric.

Finding its level. Each segment
of tubing is a 49-inch continuous
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A Tekironix
High Resolulon (< g *
Measurement
Packaoe:

m Type 5458 Oscilloscope
with Advanced CRT

mAccurate Horizontal
Delayed Sweep

» Jype W Plug-in for
Accurate Voltage
Measurements

The cathode ray tube and the delayed
sweep of the Tektronix Type 545B
Oscilloscope, plus the voltage meas-
urement capabilities of the Type W
Plug-In Unit, combine to make an ideal
package for high resolution measure-
ments. Even greater versatility is then
available because the Type 545B is
compatible with all Tektronix letter and
1-series plug-ins.

Precision CRT

The Type545B uses theadvanced T5470
cathode ray tube that provides small
spot size and permits uniform focus
over its entire 6 x 10 cm display area.
The illuminated, no-paraliax internal
graticule lets the operator make full use
of the measurement capabilities of the
oscilloscope. Risetime and falltime
measurements (10 to 90%) are made
using the dashed graticule lines, and
the illuminated graticule simplifies
photographic recording.

Tektronix, Inc.
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TYPE 5450 OSCILGSCOPE
L -9 0

Small spot size — uniform focus

The waveform demonstrates the small
spot size and uniform focus which pro-
vides fine trace definition.

Horizontal Delayed Sweep

The delayed sweep capability of the
Type 545B gives you the ability to make
very accurate time measurements., The
incremental accuracy (0.2%) of the
delay-time multiplier provides a cali-
brated delay range which is continu-
ously variable from 1 us to 10 s with an
accuracy within 1%. The Type 545B
provides stable triggering on small
signals. It triggers internally with AC
coupling from 150 Hz to 10 MHz on
2-mm deflection, increasing to 1 ¢cm at
30 MHz.

Accurate Voltage
Measurements—
DC to 23 MH:z

The high resolution Type W Plug-In
Unit (illustrated) can measure voltages
with an accuracy of +£0.2% V. It pro-
vides an effective CRT height of

=+11,000 cm, permitting evaluation of
1 mV pulses riding on signals up to
=11 V (10 mV evaluation to 3=110V).
The common mode rejection ratio of
the Type 545B is at least 20,000:1 on
signals from DC to 20 kHz. Bandwidth
of the instrument is DC to 23 MHz at
50mV/cmand DC to8 MHzat1 mV/cm.

The Type 545B vertical amplifieris easy
to maintain and calibrate with a hybrid
circuit design and a compact delay line
that requires no adjustments. Among
the letter and 1-series plug-ins avail-
able for use with the Type 545B are
spectrum analyzer units covering the
spectrum from 50 Hz to 10.5 GHz, and
sampling units with 90 ps risetime and
TDR capabilities. With the Type 1A2
Dual Trace Plug-In, DC to 33 MHz
measurements may be made with 10.5
ns T, and 50 mV/cm deflection factor.

Type 5458 (complete with

probes and accessories) . . . . . $1550
Type W Plug-In Unit . . . . . . .. 575
Type 1A2 Dual Trace Plug-In Unit . 325

U.S. Sales Prices FOB Beaverton, Oregon

For complete information, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005
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measuring sensor and each has a
discrete sensor. The segments are
designed so that alternate sensors
are connected to the opposite phase
of the drive signal. The capaci-
tance bridge is maintained at null
by a 10-bit digital servo system.
As liquid fills the first sensing unit,
the output increases in value until
the second sensor is reached. When
the liquid is at the second sensor,
the output decreases until the third
is reached and so on. Discrete sen-
sors at the interfaces identify the
segment being reached. The con-
tinuous output increases on all odd-
numbered segments and decreases
on even-numbered segments.

The lightweight, rugged, self-
calibrating system measures the
liquid level to a resolution of 0.1
inch over a height of 588 inches.

The electronic unit provides a
digital output with an updating
time of 280 microseconds. The
level, and thereby the remaining
quantity of propellant, is monitored
continuously from the loading of
the fuel until burmout and stage
separation. The information is
gathered in digital form, updated
3,600 times per second and trans-
mitted to the ground via the launch
vehicle’s telemetry system.

Computers

Another Sigma

The first computer with a memory
cycle of less than one microsecond
that sells for below $500,000 was
announced last week. The com-
puter, the Sigma 5, has a memory
cycle of 850 nanoseconds and a
typical configuration costs about
$300,000.

The computer is the third in the
Sigma series built by Scientific
Data Systems Inc. Its predecessors
are the Sigma 7, announced last
March, and the Sigma 2, which
came out in September. Bryan
Middleditch, manager of product
marketing, says the new computer
is designed primarily for scientific
applications; it can also be used for
commercial data processing, but
decimal arithmetic is more awk-
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Memory module containing 4.096 eight-bit bytes. Up to 32
of these modules may be installed in the new Sigma 5 computer.

ward to handle and therefore re-
quires more time than on the Sigma
7.

Speed second. Except for time-
sharing ability, the Sigma 5 is iden-
tical to the Sigma 7 from the pro-
gramer’s point of view. “In the
Sigma 5, when trade offs were
made, the designers favored cost
rather than speed,” says Dan Cota,
a member of the product planning
staff at sps. The Sigma 7 required
additional hardware for efficient
decimal arithmetic, for juggling
many time-sharing inputs at high
speed and for other tasks.

The Sigma 5 can execute several
programs at once; it works on a
high-priority foreground program
as long as possible, then switches
to a background program kept in its
memory until it is interrupted by
another foreground task.

The fast 850-usec memory cycle
is possible because the memory
organization is 2%-dimensional, as
in the other Sigmas. The 2%-di-
mensional organization uses only
three wires threading each ferrite
core instead of four, reducing
propagation delay and noise [Elec-
tronics, Oct. 31, 1966, p. 83].

Interleaving. One feature of the
new machine, common in larger
and more expensive systems, is the
modular organization of the memo-
ry, with interleaving. Modular or-
ganization permits overlapping of
memory cycles; a memory cycle
may be started in one module while
a cycle is under way in another.
This results in an effective cycle
time of 600 nsec. With interleaving,
one module may contair only odd-
numbered addresses and another
only even-numbered addresses.
Hence operations that refer to se-
quential locations in conventional
memories refer instead to alternate
modules whose cycles may be over-
lapped. Groups of four or eight
modules may also be interleaved in
the Sigma 5.

The low price was attained, says
Paul Lebowitz, product manager
for the Sigma 5 and 7, by keeping
down the total number of basic
components. Only 437 different
parts are used, compared with
about 1,000 for comparable ma-
chines. This permits the company
to buy fewer parts in higher volume
at lower cost. Software develop-
ment cost also was low because the
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ARNOLD IS

Illﬂﬂ PﬂWﬂER CORES

From 5" dia. to Subminiature Toroids

Arnold has total capability across all design configurations—toroids, insert
cores, threaded cores, plain cores, bobbin cores, sleeve and hollow cores,
cup cores and subminiature toroids. All the necessary raw materials are
carried in stock to provide optimum performance over the specified fre-
quency spectrum. Our facilities include the most modern powder processing,
pressing, quality control and final test equipment available in the industry.

Call us, write us, TWX us, we can handle any problem.

Arnold is also [ Permanent Magnets Bl Tape Wound Cores [l MPP Cores
M Magnetic Shielding I Electrical Alloy Transformer Laminations [l Trans-
former Cans and Hardware Ml Silectron Cores [ll Special Magnetic Materials.

SARNOLD

THE ARNOLD ENGINEERING COMPANY, Mo Offce MARENGO, ILL.
BRANCH OFFICES ond REPRESENTATIVES i PRINCIPAL CITIES
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AWPERITE

GLASS ENCLOSED

Thermostatic
DELAY RELAYS

Offer true
hermetic
. sealing—
—assure
maximum
stability |
and life! |

Delays: 2 fo I80 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 fur Bulletin No. TR-81.

AWPERITE,

BALLAST ]
REGULATORS || [I][in

Hermetically sealed, they are
not affected by changes in
altitude, ambient temperature
{—50° to +70° C.), or humid- M!P[R/f[
ity . . . Rugged, light, compact,

most inexpensive. ”’“’“’”"’F
List Price, $3.00

Write for
4-page
Technical
Bulletin
No. AB-51

AMPERITE

su% é 2% ||

BATTERY VOLTAGE o

600 PALISADE AVE., UNION CITY, NJ.
Telephone: 201 UNion 4-9503

In Canada: Atlas Radio Corp., Lid.,
50 Wingold Ave., Toronto 10
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Sigma 5 is program-compatible
with the Sigma 7.

Space electronics

High marks for ATS

Except for a few minor hitches, the
first Applications Technology Satel-
lite (aTs-1) and its ground stations
are performing to specifications.
The “engineer’s satellite” is already
proving several design concepts
that will go into future hardware
such as the Communications Satel-
lite Corp.’s proposed Aeronautical
Services Satellite.

Built by the Hughes Aircraft Co.
[Electronics, Nov. 28, 1966, p. 121],
the spin-stabilized, stationary satel-
lite was launched on schedule Dec.
6 and is now on station over the
equator east of Christmas Island in
the Pacific.

It has relayed very-high-fre-
quency voice transmissions from
aircraft in flight to ground stations
with fair success; it has successfully
despun its phased-array antennas to
put more energy into ground re-
ceivers; it has relayed color tele-
vision via its wideband frequency-
modulation circuitry. and it has
sent back pictures of one-third of
the earth’s surface over a new spin-
scan tv system.

Still to be accomplished, how-
ever, is a single-sideband multiple-
access experiment to enable several
ground stations to transmit through
the satellite simultaneously.

On schedule. Operation of ats-1
is going “pretty much on schedule,
although we would like to get back
a little more data,” says one engi-
neer at the Goddard Space Flight
Center, Greenbelt, Md., which is
running the project for the Na-
tional Aeronautics and Space Ad-
ministration.

The satellite’s 6-gigahertz an-
tenna is passing its first flight test
with high marks, putting out about
10 decibels more gain than pos-
sible with a spun array.

The multiple-access experiment,
in which the satellite receives fre-
quency-division SsB transmissions

from ground stations and transmits
them as a single phase-modulated
carrier, is scheduled for this month.
Relay test. The preliminary tests
of voice relay from aircraft to
ground were generally successful
although they did show some sig-
nal fading. They were performed
with makeshift vhf aircraft anten-
nas designed for vertically polar-
ized line-of-sight signals.
Circularly polarized aircraft an-
tennas, insensitive to the signal
polarization resulting from such
phenomena as Faraday rotation,
are currently being built at Dorne
& Margolin Inc. and the Bendix
Corp. They will be installed on
commercial planes from seven air-
lines for further ATs experiments.
Originally slated to begin this
month, these tests may not get
under way until next spring—or
February at the very earliest.

Industrial electronics

Market view

About 18 months ago a Dallas
company, Recognition Equipment
Inc., developed a 45-foot-long elec-
tronic panel for the New York Stock
Exchange for displaying market
transactions. Now, Trans-Lux Corp.
of New York has relied heavily on
semiconductors to shrink the panel
down to eight feet—a more con-
venient size for most stock broker-
age houses [Electronics, Sept. 6,
1965, p. 36]. Both designs use a
continuous belt of plastic disks that
are flipped into position by jets of
air to spell out the numbers and
letters reporting market movement.
Called Trans-Jet, the system is
tied to the Big Board’s nationwide
stock exchange communications
network to display market quota-
tions instantly. It would replace the
displays found in most brokers’ of-
fices which project the market
ticker tape onto a viewing screen.
The new display requires consid-
erably less maintenance and can be
placed overhead in the center of a
room instead of against a wall.
Time circuits. The moving belt
of the quote board is made up of
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We have 47 Semiconductor Application Notes
that tell you how to apply Integrated Circuits
in all types of equlpment

IC_ APPLICATION NOTE INDEX

> APPLICATIONS

Differential Amplifiers

(mL AN 187 | MECL IC Line Driver AN 265 Chooslng Very High-Speed ICs
CURRENT- AN 194 | Designing Integrated Serial Counters (ECL and T2}
MODE AN 195 | Designing Integrated Clocked Counters | AN 266 | MECL IC Flip-Flops
Logic AN 202 | Noise Margins of MECL ICs i AN 274 | MECL IC Shift Registers
SYSTEMS AN 233 | Design of Monostable Multivibrators | v 997 | pyershoot and Ringing In
Using MECL ICs High-Speed Digital Systems
AN 239 | MECL IC Schmitt Triggers . N y
AN 244 | The MECL Line of Digital ICs Np2aRIpUsing Shift Reglstefs 35
AN 257 | Decade Counters Using ulse Delay Networks
MECL J-K Flip-Flops AN 280 | MECL 70 MHz J-K Flip-Flop
O n. AN 234 | MRTL Family of ICs AN 253 | An Analysis of MRTL
RESISTOR- AN 236 | Using Motorola Milliwatt MRTL Integrated Logic
TRANSISTOR IC Family AN 254 | Using MRTL IC Fiip-Flops
LogIC AN 25] | Decade Counters Using MRTL ICs AN 264 | MRTL IC Shift Registers
SYSTEMS AN 252 | Choosing MRTL Integrated AN 279 | Setup and Release Times
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DIGITAL Sense Amplifier AN 270 | Nanosecond Pulse Handling
APPLICATIONS |AN 255 | Comparison of Seven Digital Techniques
IC Logic Lines
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perational Amplifiers erational Amplifier Data Sheet:
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AN 261 | Transistor Logarithmic Conversion AN 276 | Useful Frequency Range Extension
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GENERAL AN 154 | An Integrated Harmonic Mixer for IC Transistors
LINEAR AN 162 | Audio Power Applications Using ICS | an 271 | Breadboard Techniques for Low
AN 164 | Designing-In Integrated back
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They’ll help you learn how to use IC’s in a Hurry! Send for them.

To receive the application notes in the Groups in which you are interested,
write on your company letterhead indicating “Group 1, Group 2, etc.” to
Motorola Semiconductor Products Inc., Technical Information Center, Box
955, Phoenix, Arizona 85001. We'll have them in the mail to you right away.,

~ where the priceless ingredient. & cane!
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Etch your own

PC hoards
automatically!

(In less than five minutes!)
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>
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" CYCLO-TRONICS
“fine-line” etcher

for prototypes—limited runs

No cooling or venting required!

Etches as fine as .001"!

Cuts costs in half—saves time!

Complete photo processing instructions!
Work is illuminated while etching!

Not patterning . . . minimum undercutting!

Model No. 201 (illus.), etches two 11x14”

one-sided boards or one
11”x14" two sided board: 6 9 5
Pat. applied for

e NOW [N USE BY': s

Univ. of Chicago/Univ. of Colo./Univ. of Georgia/
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Ys-inch panels, luminescent plastic
disks that are black on one side and
yellow on the other. Semiconductor
timing circuits synchronize the
belt’s speed with actual market ac-
tivity, Other circuits convert the
serial signals coming from the stock
exchange into a parallel digital
code and also set up logic “quota-
tion commands” for the 23 air jets,
which control a single vertical col-
umn of disks. Each column is eight
inches high.

According to the commands, the
disks are flipped from their black
to their colored sides. Up to 900
characters per minute can be dis-
played.

In developing the display, Trans-
Lux used nearly every type of solid
state component:

» Integrated circuits decode the
input from the ticker tape and syn-
chronize its speed to the speed of
the display.

s Small-signal discrete transistors
drive ferrite core pulse transform-
ers used for buffering.

= Silicon controlled rectifiers and
power transistors control the air
jets and drive the d-¢ motors which
move the display.

= Photocells help synchronize the
mechanical position of the moving
frame to the electrical position sig-
nals.

= Diodes and unijunction transis-
tors receive the signals from the
ticker tape and act as a master
clock for the system.

These components are all from
Texas Instruments Incorporated’s
Silect line—plastic packaged low-
priced units for industrial applica-
tions. The 1C’s are series 73 units in
dual-inline packages. An order for
more than $1 million worth of semi-
conductors has already been
placed, according to Trans-Lux.

The over-all size reduction of the
electronics obtained by Trans-Lux
is impressive. The earlier 45-foot
display required 75 plug-in printed-
circuit boards housed in a separate
cabinet. Trans-Lux’s display needs
only five plug-in boards and a mo-
tor-control board placed at one end
of the moving belt. Additional size
reduction is probable in the next
few years when the electronics is
redesigned to use metal-oxide semi-
conductor arrays.

For the record

Profit sharing. The Radio Corp.
of America says sales and profits
rose to a record in 1966. The com-
pany reports that sales will sur-
pass $2.5 billion and profits $130
million. Color television manufac-
turing and broadcasting contrib-
uted the lion’s share to the com-
pany’s over-all gains. For 1967
RCA anticipates more of the same.
On the other hand, the Westing-
house Electric Corp. reports that
fourth quarter earnings will fall be-
low the figures for the like period
a year ago despite an increase in
sales. Widespread strikes caused
the decline. Nevertheless, the com-
pany expects the earnings for the
entire year to top those of 1965.
And the General Electric Co. ex-
pects 1966 earnings to be less than
1965’s because of strikes during the
final quarter.

Tape measure. The Nortronics
division of the Northrop Corp. is
selling a crash recorder that can
record a 10-hour plane flight. Pres-
ent recorders generally record only
the last 15 minutes. The new unit
weighs 2% pounds and occupies
less than 61 cubic inches; its out-
side diameter is slightly more than
4 inches. Compressed time-record-
ing techniques result in smaller
tape reel requirements. It is be-
lieved that the amount of data
recorded depends on the speed of
the tape. Inputs include flight crew
intercom conversations, instrumen-
tation data and a time signal code.
Frequency response is in the 400-
hertz to 3-kilohertz range.

Split decision. By a close vote of
four to three, the Federal Com-
munications Commission has ap-
proved the merger of the American
Broadcasting Co. and the Interna-
tional Telephone and Telegraph
Corp. The Justice Department
warned of possible antitrust viola-
tions but said it planned no move
to block the merger.

Ersatz quartz. The Bell Tele-
phone Laboratories and the West-
ern Electric Co. have developed a
way to grow quartz crystals that
will replace natural quartz crystals
in stable, high-frequency applica-
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When tiny parts are important in your plans, you need the

GIDIEEERENGC

you get with uniformly precise small die castings and
plastic moldings by

GRC made this possible. .. }

for Westinghouse, a 1/300 ounce die casting with
the smallest hole ever cast (0.009-in.) anchors ex-
tremely fine metal ribbon in their new taut band
meters.

and this . ..

for Ingraham, tiniest gear ever Willson eyeglass hinges diecast Indiana General's cup core has
molded. 60,000 acetal parts make in a single automatic operation. #1-64 polypropylene screws au-
one pound! Has 0.007-in. thick Moveable elements cast assem- tomatically insert-molded into
teeth, 0.005-in. radius at tooth bled by Gries high speed, low delicate ferrite tubes by GRC’s
root and 0.0186 center hole. cost “‘Intercast’’ method. exclusive process.

The difference in Gries techniques, skills and ma-

chines made the big difference in solving problems GRC SPECIAL METHODS give optimum value in tiny
for \Vestinghouse, Ingraham, Willson and Indiana zinc alloy die castings and engineering thermoplastic
General—and hundreds of other companies. Intri- | 72202 Extone, s st imes ot
cate, tmy, Zinc alloy die castings or engineermg liver parts in volume with highest uniformity and pre-
thermoplastic moldings by GRC were the optimum cision. There’s a big difference when you specify GRC
value solution in each case. Do you have a small i3 pikis.

parts problem? Your products and your profits will No minimum sizo. Maximum: Zine alloy—2" long; % oz.

—Plastics—1%" long; .05 oz.

benefit when you specify GRC. We're ready to go
to work for you.

Write for helpful guides to achieving higher value in small parts...full
information, demonstration samples...gend your prints for prompt quotation.

die castings & plastic moldings

GRIES REPRODUCER C O. iUy >
® =

oy
X E 2 ks
Division of Coats & Clark Inc. by 13

151 Beechwood Ave., New Rochelle, N.Y. 10802 ¢ (914) » 633-8600 Plants in NEW ROCHELLE, N.Y.; WARREN, R.l.; TOCCOA, GA.

World's foremost producer of small ' : \" i‘ )
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tions. Synthetic quartz crystals are
cheaper and can be used in virtu-
ally all communications devices.
By adding lithium nitrite to sodium
hydroxide, researchers found they
could increase the Q of the crystals
10 times to about 1 million. Lith-
ium nitrite is believed to keep
water from forming in the grown
crystal. Under certain conditions
quartz crystals with Q’s of 2 mil-
lion have been grown, making them
equivalent in Q value to natural
quartz crystals.

Data key. The Keydata Corp., a
Cambridge, Mass., company that
offered one of the first commercial
time-sharing services, [Electronics,
Feb. 22, 1965, p. 17] will soon buy
20 ppr-316 computers from the
Computer Control division of
Honeywell Inc.

Sound technique. West Virginia
University researchers have de-
veloped a method using sound
waves to dry fine particles of coal
that were formerly discarded be-
cause conventional drying tech-
niques were considered uneconom-
ical and dangerous. The high tem-
peratures required to remove
moisture from coal particles in-
creased the threat of coal dust ex-
plosion or fire.

Bit by bit. The Western Union
Telegraph Co. will soon be using
the Milgo Electronics Corp.’s nar-
row-band modem to send 2.400 hits
per second over an 800-hertz band-
width [Electronics, Nov. 28, 1966,
p- 46]. Milgo expects to deliver
more than %600,000 in modems to
Western Union by mid-year but
will not say how many modems are
involved in the two-year contract.
== : The manufacturer says the modem
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how to measure resolver
or synchro position

with 30 second repeatability

In both production test and ground checkout systems, North Atlantic’s high per-
formance Angle Position Indicators provide exceptional operator ease and precision
in the measurement of synchro and resolver position. Features include digital
readout in degrees and minutes, 30 second resolution, continuous rotation, plug-in
solid-state amplifier and power supply modules. Due to the design flexibility of
these units, they can be readily provided with a variety of features for specific
requirements. Typical units in this line incorporate combinations of the following
features:

m Single Synchro or Resolver Input
» Dual Synchro or Resolver Inputs

u 2-Speed Synchro Input
= Multi-frequency Inputs
» DC Input

m Retransmit Synchro, Resolver,
= 0-999 Counter

Potentiometer, or Encoder

BASIC SPECIFICATIONS

Range ... S A S s 4R AR 0°-360° continuous rotation
Accuracy 6 minutes (standard)
REPEALABIIILY. ..., osemnpssssssicisvine s ivassssavssorsoionsrisnsvsssesmsssine 30 seconds
Slew Speed ... e 25°/second
Power SN ...115 volts, 400 cps
Size ........ .AP1-8025 ...134"h x 9%2"w x 9"d

API1-8027 .. ... . 3%2"h x 4%"w x 9%"d

Your local North Atlantic representative has complete data on the AP

line. Call him today or write direct for technical literature.

NORTH ATIL ANTIC industries, inc.
® TERMINAL DRIVE, PLAINVIEW, L. I.,, NEW YORK e OVerbrook 1-8600
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will transmit digital data from com-
puters or related devices at high
spced over Western Union’s ex-
panding communications network.
[Electronics, Nov. 28, 1966, pp.
128-131].

System link. The Collins Radio
Co. has completed the first step
in the construction of a $9.5 million
communications network for the
Air Force. Voice communications
via the new high-frequency link
were established recently between
Clark Air Force Base in the Phil-
ippines, Scott Air Force Base in
Illinois and the Pentagon.
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Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated

with these NEW

HIGH VOLTAGE
NPN Silicon Power
TRANSISTORS

Liolitron

These new silicon power transistor families, offering Vceo(sus) up to 500-Volts, replace* similar

)

from

higher priced units now on the market. A few of their many applications include vertical and hori-
zontal TV circuits, audio amplifiers, inverters, converters and relay drivers. Priced low, they are avail-

able in the standard TO-3 package.

All of these devices are associated with the high reliability standards of Solitron!

SDT1003-1007 SDT1013-1017
Vceo (sus) 300V, 350V, 400V, 450V, 500V

Gain 20-80 @ 1.0A Gain 15-90 @ 3.0A

Vce (sat) 0.8V Max @ 1.0A Vce (sat) 0.8V Max @ 3.0A

Vee (sat) 1.5V Max @ 1.0A VBE (sat) 1.5V Max @ 3.0A

Power 100 watts @ 75° C Power 100 watts @ 75° C

fr 5.0 MHz ft 5.0 MHz

SDT1003-1007 and SDT1013-1017 replace:
DTS413, 423, 430, 431; MJ413, 423, 431;
B176007, 176011, 176015, 176025, 176027,
176029; and many others.

TRANSISTOR DIVISION

n DEVICES,INC.

1177 BLUE HERON BLVD./ RIVIERA BEACH, FLORIDA /{305) 848-4311 / TWX: (510) 952-6676

Zeners, Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and Power-Sink Interconnection Systems.
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The only test a Unitrode diode

Well, almost the only test.

Because there are lots of tests that Unitrode
diodes can’t pass, but the only ones we’ve found
are about as reasonable as the hack-saw kind.

Of course you may not need that kind of reliabil-
ity in what you make.

Depends on whether or not you’ve had problems
with unavoidable high surges. On whether you
need diodes that have to withstand temperatures
as low as -195°C and as high as 300°C. On whether

58 Circle 58 on reader service card

you need diodes that are capable of handling as
much energy in the avalanche as in the forward
direction. On whether you need diodes that will
last virtually forever, with no change in electrical
characteristics. If you don’t, you may very well
find cheaper components that will get by.

But if you do, the fact that we fuse all our
components in hard glass at over 800°C could make
a big difference in your life. That makes them
voidless, so they’re free of contamination. It’s one

Electronics | January 9, 1967

-



can't pass.

of the reasons Unitrode components ean do all the
things mentioned above.

Another reason is that the silicon is joined
solidly to the terminal pins with a solid state bond
that is stronger than the silicon itself.

Still another reason is that the pins are bonded
over the full face of the silicon die, so that heat due
to surge is carried away quickly from the silicon
to the pins.

Essentially, all Unitrode components are based

Electronics | January 9, 1967

upon an entirely new concept in semi-conductor
design. That new concept can mean a lot to you if
you need the characteristics it provides. If you do,
why not get in touch with us? We'll be glad to
send you complete information and samples. We're
at 580 Pleasant Street, Watertown, Mass. 02172.
Telephone (617) 926-0404.

LINIT —e
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It used to be
a nageging pain

figuring out

how much
resistor precision
to buy.



Then Corning changed the rules.

- '.'.’<

The new CORNING® C-style Resistors handle
precision, semi-precision and general

purpose applications. What could be easier?
They offer precision stability and

reliability at far less than precision prices.

100 ppm TC. 1, 2 and 5% tolerances. Performance require-
ments of both MIL-R-22684B and MIL-R-10509F, Char. D.

New C-Style Resistors come with 1/10,1/8,1/4,
1/2 watt ratings, in the 10 ohm to 499K range.
Samples and complete data for the asking.
Meanwhile, we’re looking for more

changes that will improve resistors. 4
That’s how we’ve earned our qualifications

for exceptional stability and for reliability.
That’s how our line of glass tin oxide film
resistors has grown to be one of the most extensive.
Including precision, high reliability, low power,
high power and water cooled types.

Corning Glass Works, 3901 Electronics Drive,
Raleigh, North Carolina.

CORNING
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Microwave system designers are
discovering a remarkable new work-
saving technique — a way to get a
lot of answers by asking just one
question. They are asking Sperry to
supply a microwave oscillator, its
solid-state power supply, and associ-
ated stalo cavities and isolators (as
required), in a single, fully-inte-
grated package.

System designers simply specify a
single voltage input and the micro-
wave output characteristics they de-
sire. Sperry does the rest.

Sperry accomplishes this by start-
ing with a fixed reflector voltage
reflex klystron. They add “instant”
temperature compensation and hook
up a solid-state power supply that
has been specially designed to match

Unitized approach to

microwave source solves

multiple system problems

Don't fight the interface prob-
lems inherent in microwave
source design — let Sperry
solve them for you. Put the

| Sperry “Storehouse of Know

edge” to work on your system
It will give you predictabie
source performance at pre

l dictable cost, while freeing

you to concentrate on other
aspects of the system design.

SR

i

DIVISION OF
SPERRY RAND
CORPORATION

\
|

the characteristics of the tube. Next
the required stalos and isolators are
added, and the entire microwave
source is packaged as a unit.

With the proper mix of solid-state
and tube techniques, Sperry is able
to produce desirable secondary
characteristics—such as outstanding
frequency stability, low FM noise
level and precise RFI control — that
are beyond the reach of either tech-
nology alone,

Learn how Sperry’s unitized ap-
proach to microwave sources can
simplify your design problem. For
your free copy of a new technical
paper on the subject, contact your
Cain & Co. man or write Sperry,
Gainesville, Florida,

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives: Cain & Co., Los Angeles, 783-4700; Boston, 665-8600; Arlington Heights, 253-3578; Dallas, 369-2897; Dayton,
228-2433; Eastchester, 337-3445; Philadelphia, 828-3861; San Francisco, 948-6533; Syracuse, 437-2933; Washington, 296-8265; South Amboy,
727-1900; Huntsville, 859-3410; Orlando, 422-3460; Montreal, 844-0089.
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Webb brings back
$5 billion budget
from Texas...

... that boosts
electronics center's
fiscal '68 outlay...

.+« and includes
added space shots

Avionics contracts
for manned bomber

Independence of
new Congress will
affect electronics

Electronics | January 9, 1967

Washington Newsletter

January 9, 1967

The National Aeronautics and Space Administration’s chief, James E.
Webb, made a profitable trip to the LB] Ranch last month. What he
brought back from Texas was a $5 billion NASA budget for the year end-
ing June 30, 1968. Webb did better than many people, including some at
NASA, had expected. Some had predicted a drop from the current fiscal
year’s $5 billion to $4.7 billion or even $4 billion.

Included in the NASA budget to be sent to Congress this month will
be $400 million to start the Apollo applications program, but the fate
of the space agency’s request for funds to start the Voyager unmanned
planetary exploration program remains extremely doubtful.

Getting a bigger piece of the NASA budget in fiscal 1968 is the Elec-
tronics Research Center in Cambridge, Mass. This outlay is expected to
rise 67% in fiscal 1968 to $20 million from this year’s $12 million. The
total staff at one center is slated to reach 750 by mid-June and nearly
1,000 in fiscal 1968. Heading the center’s priority list of research projects
are laser and optical systems for communications and astronomy. An
expanded effort to develop transmitter arrays radiating 10 to 20 kilowatts
for such applications as direct broadcast satellites is also in the works.

Additional space flights are also covered by the new NASA budget. Two
more Applications Technology Satellites equipped with 30-foot antennas
[Electronics, Nov. 28, 1966, p. 52] are to be added to the currently
approved program of five flights. Spacecraft shots to be added to the
Mariner program include missions to Mars in 1971 [Electronics, Aug. 22,
1966, p. 69] and to Venus in 1970 and possibly 1972, all carrying probes
to launch into the planets’ atmospheres.

The Air Force continues to back research and development on the
avionics for its proposed advanced manned strategic aircraft, although
Defense Secretary Robert S. McNamara has refused to give the program
a green light. The Aerospace Systems division of General Precision Inc.
is getting $2 million to evaluate techniques for obtaining precise naviga-
tion fixes and transferring this data to the inertial systems of the plane’s
weapons.

Also, the Autonetics division of North American Aviation Inc. has a
$1.1 million contract to develop an advanced forward-looking radar to
locate and identify ground targets under varying conditions.

President Johnson’s unchallenged rule in Washington seems ended
and the change will affect many of the programs in which electronics
companies are involved, from space exploration to Government efforts
in the fields of medicine, education and air and water pollution control.

The President is on the defensive. His leadership is being questioned
within his own party. This new atmosphere in the Capital will be most
apparent in the new Congress convening this week.

The 90th Congress will be more conservative than its predecessor

63



Senate to study
spinoff of Federal
research data

Switch to Centaur
means more NASA
electronics spending

Cost of world
weather watch
put at $1 billion

Washington Newsletter

and far more difficult for Johnson to work with. Committee chairmen
and senior members, whose authority was undermined in the 89th ses-
sion by the voting strength of freshmen Democrats loyal to the President,
are back in their traditional positions of power and influence. This will
all have its effect as Congress considers, and possibly reshapes, programs
critical to the electronics industry.

Additionally, there is a growing belief among Congressmen that the
Government must seek more help and suggestions from industry in
undertaking such massive projects as improving the quality of the
natural environment, providing adequate housing and waging its war
on poverty.

The Senate Small Business Committee’s subcommittee on science and
technology will hold hearings on the effectiveness of the Government’s
efforts to disseminate research and development information to industry
and schools. One possibility that will be discussed is the establishment
of a Federally chartered corporation similar to the Communications
Satellite Corp. to coordinate these efforts. Another will be the feasibility
of combining the technological information centers now operated by
NASA, the Atomic Energy Commission and the Commerce Department.

A decision by NASA to switch to the Atlas-Centaur launch vehicle after
1968 means more dollars for electronics subsystems. The electronics for
each Centaur will cost approximately $6 million, equal to the total cost
of the Agena stage of the agency’s present launch vehicle, the Atlas-
Agena.

Dividing up the contracts for the Centaur second stage will be the
prime contractor, the General Dynamics Corp.’s Convair division, the
guidance contractor, Honeywell Inc.s Aeronautical division, and the
computer subcontractor, General Precision Inc.’s Librascope group.

The change to the powerful Atlas-Centaur was dictated by NASA’s
plans for heavier satellites. For instance, the Centaur will launch the
sixth and seventh Advanced Technological Satellites, each weighing
about 1,200 pounds, or about 50% more than the first ATS satellite.

Interest is increasing in the effort to establish a worldwide network of
weather stations compatible with a computerized reporting, analysis
and forecast system. To meet the cost—estimated at $1 billion by some
sources—the United States in April will seek a financial commitment
for each nation of the World Meteorological Organization sponsored by
the United Nations.

Construction and installation of the system is scheduled for the period
from 1968 to 1971. Much of the outlay will go for electronics gear on
ships, buoys, anchored barges, balloons and second-generation meteoro-
logical satellites.

Robert M. White, the administrator of the Environmental Science
Services Administration, refuses to comment on initial cost of the net-
work. But he points out that the present world weather system costs $1
billion a year to run, and that it will cost each participating nation
another $150 million annually to operate the expanded system.

The goal of a world weather watch is to provide daily weather fore-
casts with 90% accuracy two weeks in advance.
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What cleans parts 20 times faster?

Consolidated Electrodynamics says:
[FREON"Solvents and a
Baron-Blakeslee degreaser

Consolidated Electrodynamics’ Transducer Division in Monrovia, Calif.,
cleans with FREoN TMC solvent in a Baron-Blakeslee Model M degreaser.
FreoN TMC is a patented azeotrope of FREON TF and methylene chloride. . .
another tailored solvent from Du Pont. All kinds of components—from
transistors to terminal boards, from subassemblies to complete chassis—are
cleaned faster, better, at lower cost than ever before. For example, hand-
cleaning one part used to take more than an hour. With FREON it takes just
three minutes!

Besides requiring high labor costs, hand cleaning failed to do the job
completely. Hidden corners and crevices went untouched. Solvent residues
remained after drying. Brushes damaged delicate components. But FREON is a
selective solvent—it cleans entire assemblies without harming commonly used
components. And FREON has low surface tension to penetrate the smallest
pores. .. high density to float away even microscopic particles. It dries
quickly, leaving no residue.

Because FREON can be used over and over again, it helped cut CEC’s solvent
costs in half. And because FREON is nonflammable and relatively nontoxic, no
special exhaust systems are needed.

FRrEoN solvents are used for cleaning in many of CEC’s divisions. Chances
are FREON can give you faster, better, less costly cleaning, too. For more
information, write Du-Pont Co., Room 4868, Wilmington, Delaware 19898.
(In Europe, write: Du Pont de Nemours International S.A.,

FREON Products Div., 81 Route de I’Aire,
1211 Geneva 24, Switzerland.)

UU D UN Better Things for Better Living
« o« through Chemistry +

56 « o pat.OT

Electronics | January 9, 1967

Circle 65 on reader service card




There’s a G-E silicone

Bonding

Screws and drilling are eliminated by
adhering identification plates with RTV
adhesive sealant. It won't harden, soften,
crack or shrink.

— v it
Laminated layers of mica sheeting are
securely bonded with G-E RTV silicone
sealant. Ready to use, it bonds to most
materials, forming heat-resistant rubber.

Insulating

. jﬂ

G-E RTV translucent sealant provides
excellent see-thru insulation instantly.
Ul-recognized, the sealant also comes
in colors.

- .

Silicone rubber wire and cable insulation
passes UL vertical flame tests and is fre-
quently used in high-voltage circuits.

G-E silicone dielectric greases, ideal heat
transfer media, are easily brushed,
painted, sprayed, dip-coated or applied
directly from tube.

G-E RTV-7 silicone rubber foams on the
spot to provide mechanical support,
shock and vibration damping, and light
weight electrical insulation.

Sealing

L .

G-E two-part RTV, available in a range of
viscosities, seals filament condenser
plate in dielectric heater. Also protects
against vibration.

G-E RTV is ideal for high temperature
moisture sealing of heating elements. It
withstands temperatures as high as
600°F, as low as —75°F,
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design solution for:

Tough, flexible G-E RTV silicone for mold-
making reproduces detail accurately and
minimizes tooling costs.

For prototypes or short-run parts produc-
tion, G-E RTV is an excellent flexible
moldmaking material. And it needs no
release agent.

Potting and Encapsulating

Many G-E RTV silicone compounds are
available —all with good strength, out-
standing electrical properties and resist-
ance to temperature extremes.

)
S — — —

Impregnation of transformer coils with
G-E R provides electrical insulation
and environmental protection at high
temperatures.

G-E RTV provides attractive, protective
packaging for components. Each unit is
encapsulated in a different color RTV for
easy identification.

Fluids Applications

ok T

e 1’2 ¥

- ) . P
G-E silicone dielectric fluids provide ex-

cellent electrical properties and thermal
stability for many types of components.

L

G-E silicone elastomers are easily used to
make numerous silicone rubber parts by
standard rubber fabricating techniques.

l
i

<0

If you can't find it
here, write for our
Silicone Selector

Guide:

Section N1254R Silicone Products Dept.,
General Electric Company, Waterford,
New York 12188.

GENERAL @D ELECTRIC
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a premium-grade, universal

OPERATIONAL AMPLIFIER
so stable thatit...

¥ Maintains 3 pv/Volt with
unregulated power supplies
from £ 8to £ 25 volts

¥|s capable of replacing over 70%
of allop amp types inuse today.

“Provides anew degree
of freedom from offset and
common-mode errors.



the Nexus
ultra-stable

USL-1

An unprecedented breakthrdugh
in operational amplifier technology

The USL-1 is a designer’'s dream . . . a high-per-
formance operational amplifier which can operate
from almost any existing power source, and which
provides stability and common mode rejection or-
ders of magnitude better than any prior state-of-
the-art amplifier.

Because this new unit provides virtual immunity
from input power variations, it can be operated
from dry or wet batteries, automobile or aircraft
electrical systems, digital equipment and compu-
ter power supplies, or any other convenient source
of power providing between —8 and —25 Volts
and +8 and +25 Volts. It is not even necessary
that the two input voltages track each other.

The USL-1 is so nearly universal in application
that it could readily replace over 70% of the op-
erational amplifiers currently in use . .. and do a
better job. It frees the designer from the power
supply restrictions normally imposed by conven-
tional amplifiers, and offers him greatly improved
performance in many applications. For example,
because of its extremely high common mode re-
jection, it functions more accurately than other op
amps when used as a voltage follower, subtractor,
non-inverting amplifier, etc.

The USL-1 is a premium, encapsulated unit, in-
corporating high-reliability military-type compo-
nents and all-silicon semiconductors. A lower-cost
commercial version (ESL-1) is also available for
shipment. The latter, developed for use in less de-
manding applications, also uses all-silicon semi-
conductors, and provides specifications which are
extraordinary compared with conventional units.

USL-1 & ESL-1 TYPICAL SPECIFICATIONS

Supply voltage (USL-1) . . . . . . .« =8 to=*=25volts
Supply voltage (ESL-1) . . o « . .+ . . ==8to=x16 volts
Output voltage & (USL-1) =20 volts from =25 V supply
common-mode voltage . . =+10 volts from =15 V supply

=+ 3volts from = 8 V supply
Output current . . « « o . . . . =5 mA at any supply

voltage within range

Overload protection . . . . . Fully protected against short-
circuits, overload, overdrive

Common-mode rejection . . . . . . . . . . . 130dB

Inputimpedance . . . 4+ ¢« o « o » - o 0.3 megohm
Power supply rejection . . . o . . . 3aV/Volt (0.3 na/v)
Gain (into 10K foad) USL-1) . . . . . . « « .« 100,000

Gain (into 10K load) (ESL-1) . . . . « « « « . 50,000
Temperature coefficient(USL-1) . . » « » « « o 3uV/°C
Temperature coefficient (ESL-1) . « + » « - o o 10uV/°C

Slewingrate . . . . . e o o s o s o 15V/usec.
Common-mode stability . . . e o « 3uV/Volt (0.3 nasv)
Case size . . . . o o o . 2,027 (1) x 1.14” (w) x 0.62” (h)
Price (USL-1) . . o & ¢ o o o e e e . . $75(1-9)
Price (ESL-1) . . . . . . . . W e e e o« o« $35(19)

Send today for full details on this exciting new
operational amplifier

NEXUS

RESEARCH LABORATORY, INC.
480 Neponset Strest, Centon, Mees. 02021 — TEL: (817) B28-8000 — TWX (817) 8281022

Prices F.0.B. Canton, Massachusetts.
I:_rices slightly higher outside North America.
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WIRE HARNESS LACING, like most
manual jobs—costs money!

- Saving by using low cost lacing materia
seems good economy. ..

« ... Until production lags and rejects pile up

« For real economy you need the uniformity, th-
high quality of GUDEBROD LACGING TAPE.

GUARANTEE

of Quality
This GUDEBROD Lacing
Tape is Manufactured
under strict Quality’
Control. Complete test
data is on file for your
protection under

Lot # 18861

- That's why this guaranteg
can_help you cut costs in
cable harnessing!

You owe it to your zero defects program to investigate Gudebrod lacing

tape. Its guaranteed quality and its constant uniformity are important GUDEBROD CABLE-LACER

to you—and to your harnessing operation, Why? Because Gudebrod ; : :

smooths and speeds the hand operation of lacing and knot tying. Lgﬁ drllés:u:llzgdb?b?l:iﬁ:glfli%?:a?; :I;r:e:z:‘ljessmg,

There's no need for readjusting or retying. Rejects are minimal, The grips tape for knotting'. Speeds, eases d )

result? You save time—and that saves money and hastens delivery,
Gudebrod sets its manufacturing standards high and adheres to them.
When you use Gudebrod tapes you can set production goals and
achieve them. This is the combination that saves you money in your
harness department. Ask for the Gudebrod Product Data Book,

$A00
Sends.

harnessing. Pays for
itself in time saving.

ff
/ Area Code 218, WA 2-1122

UDEBROD BROS. SILK CO, INC.

FOUNDED IN 1870

Ftia io
12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107
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Flexibility

in

integrated
sub-systems:
Signetics
puts

two

within

your grasp.

Signetics has two new monolithic sub-systems that can be used for innumerable cost savings. The S1280A, for example, is
a 4-Bit Decade Counter/Storage Register that can be used in either the familiar BCD mode, or, if you want a square wave
output for frequency synthesis and similar applications, in the Bi-Quinary mode. The S1281A is a 4-Bit Binary Counter/Storage
Register that can be set up to divide by 2, 4, 8 or 16 just by making simple external connections. Each sub-system has four J-K
flip-flops and 13 gates on a single chip, or an equivalent discrete component count of 160. If you want the full story on the
most flexible monolithic sub-systems available, just unbend and write: Signetics, 811 E. Arques Ave., Sunnyvale, California.
m At the IEEE Show, be sure to check into rooms 3000A & B at the New York Coliseum, for the latest Signetics news.
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1280 Decade Counter/Storage Register 1281 Binary Counter/Storage Register
Features: BIHB“IIS

e Counting Rate: 25MHz e Strobed Single-Ended Presets
e Power Consumption: 100 mW e Common Clear Line A SUBSIDIARY DF CORNING GLASS WORKS
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Symphonic Television needed a battery to trim
pounds and dollars off its new portable “Minni TV."’

Mallory made it.

What can we do for you?

Symphonic Television needed a
battery. A battery for the world’s
smallest TV set with a self-
contained, rechargeable power
source. A battery so light you
® canhold the entire set—batteries
and all—in one hand while you watch it. Yet
a battery that would bring the price of the
set well below that of other less-portable
portables.

Mallory made it—a Duracell® rechargeable
alkaline battery that costs less than half the
price of other rechargeables. It's good for
many rechargings. It's so light that 9 “C”
cells are included in the total 512 Ib. weight
of the set.

THE RECHARGEABLE BATTERIES
YOU CAN AFFORD

Duracell rechargeable alkaline batteries.
These are the batteries that will make a new
generation of battery-operated devices prac-

® Registered trademark of P. R, Mallory & Co. Inc.

72 Circle 72 on reader service card

tical: inexpensive TV sets; AC-DC radios;
tape recorders; portable phonographs; trans-
ceivers,

The low initial cost of these batteries is one
reason. The unique exposed band contact is
another. It lets you design battery-operated
equipment with built-in rechargers that au-
tomatically prevent charging when a primary
cell is in the circuit. (See schematic)

That's not all. Duracell rechargeable alkaline
batteries are lighter than most other re-
chargeables. They come fully charged. And
one glance at the discharge-cycles graph
tells you how little they cost to operate.

— ./.

- METAL CAP
EXPOSED BAND

VOLTAGE DISCHARGE CURVES
(DC VOLTAGE v8 Tasg AT 707)
raC

0 0] 0 ] 14 - -

MAXIMUM HOURS OF KACH OHCHARSE

OVER 1000 DIFFERENT TYPES

Mallory currently makes over 1000 batteries
of all sizes and capacities. If we're not
actually producing the battery you need,
we'll be happy to work with you in designing
a new one. Please write the Technical Sales
Department, Mailory Battery Company, a
division of P. R. Mallory & Co. Inc., South
Broadway, Tarrytown, New York 10591. Or
call 914—591-7000. (In Canada: Matlory Bat-
tery Company of Canada Limited, Sheridan

Park, Ontario.) =i
MALLORY

It's good business to do business with Mallory
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new disciplines in DG

take the all-silicon models
with more power,

less weight & volume

20 SCR supplies provide
Constant Voltage/Constant Current operation

with automatic crossover

Many applications require a DC power source without need-
ing full transistor regulation or laboratory-type performance.
For such requirements, Hewlett-Packard/Harrison Division
now offers an unusually wide selection of SCR regulated
supplies. All are characterized by moderate regulation, high
efficiency, low ripple, and size and weight smaller than
competitive magamp and SCR supplies. All models are fully
adjustable from zero to full rated output. Inherent protec-
tion assures that no damage will be caused by any overload,
including a short circuit, regardless of how long imposed.
Remote programming is accomplished using either resistance
or voltage control.

DC Output | Panel Height
Remote Error Sensing ¢ No Overshoot on Turn-On, Turn-Off, or AC Power 0- 4V, 0-2000A 26Va" 6463A $3,500.
Removal ¢ 50 MS Transient Load Recovery ¢ Excellent line Transient [m- > s P
munity — No ‘"Poke-Through’’ Llasting 5-10 Hz » AC line Dropout Protec- g _SV3R0-1000A 264 4010 3500:
tion Circuit on Three-Phase Supplies Turns Off Unit if Any or All Input AC 0- 15v, 0- 200A 14" 6453A 1,375.
lines lose Voltage » Overvoltage ‘‘Crowbar” Protection Option Available 0- 16V, 0- 600A =
on All Models ¢ Auto-5eries, -Parallel, -Tracking 0- 18V, 0- 500A 26Ya 6466A 2,600.
0- 20V, 0- 15A 3" 64278 380.
0- 20V, 0- 45A 51" 64288 550.
0- 36V, 0- 10A K 64338 370.
0- 36V, 0- 25A 4 520A 575.
0- 36V, 0- 100A 14” 64568 1,275.
Contact your nearest Hewlett-Packard Sales Office for full specifications. 05 36V,/10- 3004 26%” o694 2,300.
0- 60V, 0- SA 3" 64388 360.
HE WLETT e — 0- 60V, 0- 15A 5Ya" 64398 550.
. 0- 64V, 0- 50A 14~ 6459A 1,275.
PACKARD h HARRISON 0- 64V, 0- 1504 26Ya" 6472A 2,600.
0-110v, 0- 100A 262" 6475A 2,600.
DIVISION 0-120V, 0- 2.5A 314" 64438 360.
0-220V, 0- 50A 264" 6477A 2,600.
R 0-300v, 0- 35A 2614 6479A 2,600.
100 Locust Ave., Berkeley Heights, New Jersey 07922 0440V, 0. 25A i
264" 6483 2,600.
Telephone 201-464-1234 TWX 710-984-7972
5la"

HO8A

Circle 73 on reader service card



74

COMPLETE COVERAGE
FROM AUDIO THROUGH X-BAND

with
NEW FAMILY

of

BROADBAND
HYBRID JUNCTIONS

Merrimac’s new family of broad-
band hybrid junctions covers the
frequency range from 10 KHz
(Audio) to 12.4 GHz (X-Band). Ap-
plications include in-phase or out-
of-phase signal dividers, signal
combiners, phase comparators, an-
tenna steering and tracking sys-
tems, impedance comparators, re-
flectometers and balanced mixers.
Inquiries on other impedance
levels, frequency ranges, and other
requirements are invited.

The latest additions to this group
include the HJ and HJ-K Series.
The H) Series covers 10 KHz to
400 MHz; the HJ-K Series covers
200-2000 MHz; both are four-port
broadband networks featuring high
isolation, low VSWR, and low in-
sertion loss. Filling out coverage
to 12.4 GHz is Merrimac’s estab-
lished line of CHT-K Magic Tees.

For further information, write or phone:

MODEL HJ-0.75K

900-1000 MHz
Isolation 30 db
(40-50 db Typical)
Amplitude Balance
—+ 0.15db
VSWR 1.35:1 (E Arm);
1.25:1 (H Arm)
Impedance 50 ohms
Insertion Loss 0.3 db
Power to 100 Watts
Average

MODEL CHT-6K MAGIC TEE

4000-8000 MHz
Isolation 30 db

(3545 db Typical) S
VSWR 1.75:1 (E Arm Max);

1.50:1 (H Arm Max)

» )
Impedance 50 ohms X
Insertion Loss 0.5 db &
Equality of Split ,
=+ 0.2 db Max S !
U.S. Patent # 2,935,702

MODEL HJ-55

10-100 MHz
Isolation 30 db
Amplitude Balance 0.2 db
Phase Equality

0/180° == 1
VSWR'1.3:1 (All Ports)
Impedance 50 ohms
Insertion Loss 0.5 db
Power to 5 Watts Average

\?

Each of the ahove hybrid junctions is typical of its series.

“ MERRIMAC RESEARCH AND DEVELOPMENT, INC.

41 FAIRFIELD PLACE, WEST CALDWELL, N. J. 07006 + 201-228-3890

Circle 74 on reader service card
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Across the spectrum . .. all your filter needs

Only Collins offers Mechanical, Crystal and LC Filters covering the practical spectrum from 1 kHz to 100 MHz.
At Collins, you get the filter best suited to your need — you’re not limited to the best available from a single
product line. The diagram defines the areas served by Collins’ computer-design program. This program means
accelerated deliveries at product line prices. Hundreds of design combinations are available immediately. Take
advantage of Collins’ quality and reliability — and its capability of delivering large quantities on schedule.

Crystal Filters /]

Collins Crystal Filters meet most nar-
row band needs (from 5 kHz to 20
MHz) in designs such as Butterworth,
Tchebycheff and Linear Phase. Proto-
tvpes to your specifications are gener-
ally available in four to six weeks.
Collins Crystal Filter capability is ex-
panding rapidly. Even if your require-
ment appears to fall outside the defined
area, send your specifications for de-
sign analysis. As one of the largest
suppliers, Collins satisfies delivery re-
quirements for all major programs.

Send or call your performance require-
ments to Components Division, Collins
Radio Company, Newport Beach, Cali-
fornia 92663. Phone: (714) 833-0600.

Mechanical Filters I8

Collins has sold more than a million
Mechanical Filters since introducing
them to the communications industry.
Hundreds of designs are available
from stock in frequencies from 60 to
600 kHz, and with 60-db to 6-db shape
factors as low as 1.2 to 1. The filters
tolerate extreme temperature changes
and long, continuous service without
ageing, breakdown or drift. They're
smaller in size and less expensive than
other filters covering their spectrum.

LC Filters

A\\

Collins toroidal coil capabilities led to
development of an extensive line of
LC Wave Filters covering the sub-
audio to 100-MHz range. These in-
clude low-pass, high-pass, band-pass,
band-rejection, and other phase or
amplitude responsive networks. Mod-
ern synthesis design techniques pro-
duce high performance units in small
packages. Collins is one of the world’s
largest suppliers of LC Filters and
precision inductors.

COMMUNICATION / COMPUTATION / CONTROL

772\
COLLINS

\—"

COLLINS RADIO COMPANY / DALLAS, TEXAS « CEDAR RAPIDS, IOWA « NEWPORT BEACH, CALIFORNIA « TORONTO, ONTARIO

Bangkok ¢ Beirut  Frankfurt « Hong Kong * Kuala Lumpur « Los Angeles » London « Melbourne » Mexico City « New York s Pans = Rome »

Washington » Wellington
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EMCOR® I—tough, beautiful protection

EMCOR | cabinets guard your valuable
instrumentation. They’re hard, tough,
long-lasting steel. The beauty of form
and the color, or colors, of your choice
mask the toughness underneath,
Beauty, yes! When you see EMCORI
cabinets, you’ll appreciate that they are
sleek, beautiful pieces of craftsmanship.
EMCOR created the concept of the
modular enclosure system, and we've

EMCOR/distinguished cabinetry

refined it to the point where EMCOR
cabinetry is an art...the closest thing to
perfection in electronic cabinetry. Of
course, there’s a shape and size to
house any instrumentation.

When you need strong, beautiful pro-
tection for your equipment, call your
local EMCOR Sales and Service Engin-
eer. Or write for our EMCOR | catalog.

/

e m———
- {5 o

-

?
-
.'\'

.
ar
S r T

o
L = L

MRS YT O W

B/

o’

Albany: 436-9649; Albuquerque: 265-7766; Alex=-
andria: 836-1800; Binghamton: 723-9661; Bridge-
port: 368-4582; Buffalo: 632-2727; Chicago:
676-1100; Cleveland: 442-8080; Dallas: 631-7450;
Dayton: 298-7573; Del Mar: 454-2191; Denver:
934-5505; Detroit: 357-3700; Fort Lauderdale:
564-8000; Ft. Walton Beach: 243-6424; Houston:
526-2959; Huntsville: 539-6884; Indianapolis:
356-4249; Kansas City: 444-9494; Los Angeles:
938-2073; Minneapolis: 545-4481; Newport
News: 245-8272; N.Y.C. area: 695-0082; Orlando:
425-5505; Palo Alto: 968-8304; Pittsburgh: 884~
5515; Phoenix: 273-1673; St. Louis: 647-4350;
Seattle: 762-7800; Tucker (Atlanta Office): 939-
1674; Tulsa: 742-4657;Utica732-3775;ValleyForge:
265-5800; Wilmington, Mass.: 944-3930; Winston-
Salem: 725-5384. EMCOR Reg. U.S. Pat. Off.

lng ersoll Products 1002 West 120th St, Chicago, llTnois 80843  DIVISION OF BORG-WARNER CORPORATION
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" 300 Hz TO 31 MHz

METERED OUTPUT

DECADE
TUNING

L

ILLUMINATED
READOUT

IMMEDIATE DELIVERY

FROM STOCK
$5,900*

TYPE ND 30M

"FAD*
INTERPOLATIO
OSCILLATOR

FREQUENCY SYNTHESIZER

FEATURES

® Built-in 1 MHz crystal has pro-
portional oven and 5 x 10-°/°C
stability

® Spurious and noise suppression
better than 80 dB

= All solid state design
® Modular construction

® High resolution search oscilla-
tor . . . 130 divisions

m AC or battery operated

Get The Extra Capability,
Greater Reliability, and
Longer Useful Life Of ...

Electronics | January 9, 1967

FNA-SPEKTROGRAMM
db

o

-10

=80 :

l—t

£

L r |
10.001 MHz ——1_Freq,

SPECTRAL PURITY OF ND 30M
FREQUENCY SYNTHESIZER

200 Hz per division Measured at BW of 10 Hz

ROHDE & SCHWARZ

Type ND 30M is the latest in a
line of Frequency Synthesizers
providing unusually high accuracy
and ease of operation. Continu-
ously variable over its range, each
model provides a direct digital
readout, with no tuning required.
Perfect for bridge measurement,
work with filters, networks, nuclear
magnetic resonance, and as a
source of reference frequencies
for standards labs. These units can
also be supplied in 19” rack
mountings.

*Type ND 30M
without crystal $5,290

Other ranges starf of $3,180
Type ND 1M (300Hz to 1.1MHz)
Type ND99K (0 to 110kHz)

o

111 LEXINGTON AVENUE, PASSAIC, N. J. 07055 » (201) 773-8010

Inquiries outside the U.S.A. should be directed to: Rohde & Schwarz, Muehldorfstrasse 15, Munchen 8, West Germany.
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TABLES AND GRAPHS ARE INTERESTING DON'T YOU THINK?

The ones appearing below feature our 3SK20® and 3SK21® FETs

3SK20® N-channel insulated gate (MOS)
type FET device operating in depletion
mode. Features extremely high input im-
pedance and low noise. Ideal for use as
DC to high frequency amplifiers, choppers
and analog switches.

3

8

Channel Dissipation Pch (mW)

S50 100 150
Channel Temperature Tch (°C)
Maximum Channel Dissipation Curve

3SK21® N-channel insulated gate (MOS)
type FET device operating in depletion
mode. Features very high ON to OFF im-
pedance ratio and high transfer admittance.
Most useful as parallel or series choppers
and large signal amplifiers.

ABSOLUTE MAXIMUM RATINGS
(At Ta=25°C, Vca5=0)

Symbol

Max. Ratings

Unit

VDSX*

20

\Y

VGISX**

+5, ~20

\

VGISO

+20

A

Ip

10

mA

Pen

100

mW

Ten

150

2E

Taeq

—55~+150

3¢

*Value at Vgis=—6V **Value at Vps=1V

ELECTRICAL CHARACTERISTICS (At T.=25°C, V¢25=0)

Condition of Measurment

3SK 20

®@

3SK 21 @

min.

typ.

max. min.

typ.

max.

I,=10pA, Veas=—6V

20

= 20

VGIS=—6V, Vps=0

1.0 —

1.0

Ip= IO[IA, Vps=6V

-35 —

-5.0

Vps=6v, Va,s=0

0.6

2.0 4

11

Vps=6V, Ip=1Ipss, f=1kHz 0.6

20 2.5

Vps=6V, Ip=1Ipss, f=1MHz

Vps=6V, Ip=ImA
Jf=1kHz, =1MQ

Vps= IOOmV, Veis=0

Vps=100mV, Vgs=—6V

L3

T -

Drain Current /o (mA)
Drain Current /b (mA)
R
£

) 2 16 -
Drain to Source Voltage Vos (V)

Typical Drain Characteristics

oL _J.-‘.‘T, AL
1

¥ (

= " RS
Gate 1 to Source Voltage

1
Voua (V)

Typical Transfer Characteristic

Drain to Source Resistance Ros (@)

P

EREE

o 1
Gate 1 to Source Voltage Vo, (V)

2

Drain to Source Resistance Characteristic

Did you find all this informative? If you would like to know more we’ll be only too
pleased to let you have more details. Why not write us soon.

HITACHI

Hitachi,Ltd. Tokyo vapan

HITACHI SALES CORPORATION: 333 N. Michigan Avenue, Chicago, Ill. 60601, U.S.A.

Tel: 726-4572’4 |/ 666, 5th Avenue, New York, N.Y.

10019, U.S.A. Tel: 581-8844 / HITACHI, LTD., DUESSELDORF OFFICE: 4 Duesseldorf, Graf Adolf Strasse 37, West Germany Tel: 10846
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reold campaigners notso much inyears, butin numt;erofcorestestea onourequipment. & Lastyearalone,
“C systems were used to test 2,500,000,000 individual cores. That's more than half of all the cores used by
orld's computer industry in 1965. % But CTC memory core, plane and stack test systems have more going
em than just big numbers. They have the speed, accuracy and stability necessary to ensurethorough, eco-
ical testing of cores—no matter how tough the specs may bel % All this may sound like we're tooting our
bugle. But take it from a veteran bad core campaigner—it pays to put your dollars in hard-
that has proven itself. Billions of times. Like CTC's.

he sure way—and the cheapest way—to test cores. " Cherry Hill, New Jersey

2

ere
old campaigners

against
bad cores




If you know Control Switch just for...

pushbuttons,

or toggle switches,

or hermetics,

or industrial switches,

u haven't begun to know Control Swit

INDICATOR LIGHTS

We have news for you!
Control Switch makes:

1. More types of switches than any other man- 4, Above all, quality switches. For applicatior
ufacturer. Including those mentioned above, where a switch must not fail!

plus RFl-shielded types, Switchlites with 1 to
4 lamps and colors, basic precision switches,
as well as indicator lights.

Why not send for all the Control Switch cat
logs listed below. You’ll have the best swit:
reference file available from any source!

2. Many switches that others don't make at
y othe on axe a Just check numbers on the Reader Servis

all. Card corresponding to those on the left belo
3. Many switches of advanced design. Like the for any of the Control Switch catalogs yr
world's smallest toggle switches. And the want. Better yet, get 'em all. If Service Cai
smallest indicator lights with RFI shielding. is missing, write us direct.
#497 Basic Precision Switch Catalog 110
- #498 Toggle Switch Catalog 180
o~ #499 Indicator Light Catalog 120
CONTROLS #500 Hermetically-Sealed Switch Catalog 130
COMPANY #501 Switchlite Catalog 220

OF AMERICA #502 Pushbutton Switch Catalog 190
" #503 RFI-Shielded Component Bulletin 62
CONTROL SWITCH DIVISION

1420 Deimar Drive, Folcroft, Pennsylvania 19032
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We’ve added an exciting

new POLARAD-only feature
to this second-generation

2 GHz-Dispersion Spectrum
Analyzer

If card has been
used, please circle

reader Inguiry card,

FOLARAD ELECTRONIC INSTRUMENTS
A Division of Fo arad Electronics Corp.
34.02 Queens Blvd.
Lang Idond City, NLY, 11191
Tel. No. (2125 £X 2-4500

Another

9992B Wide-Dispersion
W

Spectrum Analyzer from

Microwave Instr -
1-02 Queens Bou e"?‘
Long Island City N.Y. 11101

...........................................

WHAT?

Waorld Leader in ] urn ”(] e pO g e

umentation

ooooooooooooooooooooooo

First Class
Permit No, 18
Long Island City, N.Y.

i BUSINESS REPLY MAIL

Postage Will Be Paid by Addressee

No Postage Stamp Necessary If Mailed In The United States

POLARAD ELECTRONIC INSTRUMENTS

A Division of Polarad Electronics Corporation

34-02 Queens Blvd.
Long Island City, N.Y. 11101




immediate availability

Pick up the phone and order one

on approval—we'll ship it within 24
hours. (Call before 10:00 a.m.,

for same-day shipment.) Choose the
2992B, and you get the benefit of
immediate availability . . .

Plus all the features you expect
from a 2 GHz-dispersion Analyzer—
some of them exclusively Polarad's.
Check over these key specifications
and features—you’ll agree that the
Mode! 2992B is the all-around

best buy!

Widest Frequency Range:
10 MHz to 91 GHz

Widest Dispersion: 10 KHz to
2 GHz in 1/3/10 calibrated steps,
continuously variable between steps.

Widest Resolution: 1 KHz to
1 MHz in 1/3/10 calibrated steps,
continuously variable to 100 KHz.

Continuous Phase-Lock Frequency
Stabilization . . . permits narrow-
dispersion analysis down to 1 KHz/em.
Lowest Noise and drift in its class!

Completely Image-Free Display
2 high IFs (1000 & 2260 MHz).

Maximum Readout Flexibility:
Linear, Lag, or Power Plat on big
42" x 5%." rectangular CRT.

Proper scale automatically illuminated.
Use with any standard ‘scope camera.

POLARAD ELECTRONIC INSTRUMENTS/A Division of Polarad Electronics Corp.
34-02 Queens Boulevard, Long Island City, New York 11101 « (212) EX 2-4500

Gentlemen:

Please have your field representative
arrange for a demonstration of the
Model 2992B Spectrum Analyzer.

Please send me:
My free copy of Bulletin ESA-662,
““How to Select a Microwave Spec-
trum Analyzer’’

| am interested in the following kinds of appli-
cations:

and frequency ranges:

Model 2992B

Calibrated IF Attenuator—0-81 db
in 1 db steps for precision
measurements.

Foolproof, Convenient
Harmonic-ldentification Pushbutton
Positive and instantaneous!

Wide-Range Quantitative
Measurements internal 60 db RF
Attenuator—flat response to 12.4 GHz.

Polarad Model 2992B 2 GHz-
Dispersion Microwave Spectrum
Analyzer Completely Modular—
Add other modules as needed,
assemble as many as 17 different
combinations—the most complete
Spectrum Analyzer Capability
ever offered.

Got your Copy Yet?
Send for it today!

(If the adjacent card has been used,
please circle reader inquiry card.)

Name
My free copy of Bulletin EIS-663, .
*Selecting the best Microwave Signal e
Instrumentation’ Company

POLARAD ELecTagye
PAD ELEcry
e g STRUMEATS

0N faiar Wotrona
- vr,-»ac,,,wmv“

My free “Mix and Match” Kit—with  address
complete set of adhesive-backed PE|
“Module Stamps’’ for pasting up my own  CitY
systems.

State Zip

Telephone: Ext.

D123456789




want a custom-designed
electronic power supply?

call 312 439-2800

optical readers to radar,

Tell us your specs; we'll design to meet
them.

Want to know more? Call Phil Snyder
at 312/439-2800, or write him for catalog
PS-100: 1717 Busse Road, Elk Grove
Village, lllinois 60007,

Sola answers your tough ones.

We're geared to handle them with a
team of electronic engineers and vol-
ume production facilities, High- and
low-voltage transistorized power sup-
plies, or entire power systems, For elec-
trostatic copiers to process control,

SOLA ELECTRIC [=] E

OIVISION OF SOLA BABIC INODUSTRISS

OTHER DIVISIONS: ANCHOR ELECTRIC * ENGINEERED CERAMICS * HEVI-DUTY ELECTRIC * LINDBERG HEVI-DUTY * NELSON ELECTRIC

~¢—Circle 82 on reader service card Circle 83 on reader service card 83



Tough durability specs

[ St e 3
JB2-TFPB872
FP4A-O1

1 2 38 4 5 6

Print 3 surfaces
in one pass

Fragile materials

Identification including
sequential numbering \

High-speed

color
banding

Frequent
pilot runs

4 Cramped
message space

Top and
side printing
in one pass

What marking job can we help you do better?

Circle 84 on reader service card

These are only a few of hundreds of marking jobs you can do more
efficiently and more economically with Markem machines. So why waste
time improvising and experimenting?

Call in a Markem man and get acquainted with today’s broadest line of
marking equipment. New high-speed color banding machines — some
capable of putting three tiny bands on a miniature diode. Machines that
combine sequential numbering with identification. Type so small you can
print 14 characters plus trademark in an 0.125” diameter area. Quick-
change type for short or pilot runs. New techniques combining special
ink with flash-curing to help you meet severe durability specs. A produc-
tion-speed imprinter so gentle you can safely mark flat pack ceramic com-
ponents. And many other machines, specialty inks and printing elements.
Right now our research engineers and chemists are working on even
better ways to mark components. We’d like to be working with you.
Markem Machine Company, 305 Congress St., Keene, N.H.

MARIKEMN®

HELPING YOUR PRODUCT SPEAK FOR ITSELF
Electronics | January 9, 1967



With our custom recording systems
one of a kind beats a full house

This satellite recorder, for example.
To date, we’ve built 24 variations of it.
Each was a special. No production-line
unit will solve the tough recording
problems we take on.

Of course, a lot of our custom
projects are under tight security wraps,
and we can’t talk about them. But we

Electronics | January 9, 1967,

can show you part of our hand. Ask for a free copy. It shows you why
We’ve put together a catalog our recorders don’t have to be

of recorder applications that aren’t classified to have class.

classified. It’s called, “Technical Leach Corporation, Controls Division,

Abstracts on Record/Reproduce 717 No. Coney Ave., Azusa, California;

Systems.” Programs like LEM, Apollo, Phone (213)334-8211
the Prime re-entry vehicle, and a LE AcH Export: Leach
host of satellites are all in it International, S.A,
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These three

will fill

your

|

requirements

T
il
STANDARD RECTANGULAR

(
\

The most popular readout ever made—
Type 8422. Combines readability (maxi-
mum viewing distance of 30 feet), com-
pact size (0.6” character in a 1.0” x 0.8”
end-reading rectangular envelope) and
high reliability (MTBF of 1 million hours
at 90% confidence level). Also available
in a decimal-point version, Type B-59956.
For high-density packaging (0.7 cu. in.)
and minimal instrument height, it’s the
choice of virtually every important manu-
facturer of digital instrumentation,

'V '-
Iu, [ﬂ

MINIATURE RECTANGULAR

Small wonder this readout (Type B-4998)
is chosen when a combination of compact
size (0.3” character in a 0.47” x 0.63”
rectangular envelope), long life (200,000
hours dynamic life) and readability (max-
imum viewing distance of 14 feet) are
needed. For the smallest electronic read-
out with BCD decoding and memory, use
the B-4998 with the Burroughs BIP-9401A
module. Small wonder, indeed!

(and we’ve got the

NIXIE tubes for that
other 20%, too!)

Only Burroughs manufactures NIXIE Tubes

LOW-COST SIDE -VIEWING

Our new side-viewing NIXIE tube, Type
B-5440. Combines long-life (average life
of 600,000 hours) with low cost ($4.95
in 1000 quantity). Tube has low profile
and narrow width for minimum panel-
area opening (you can line them up on
less than 0.80” centers), and its new
socket is especially designed for pc-board
mounting. Independently-operable deci-
mal points are optional at slight extra
cost (Type B-5441).

Call or write for full information.
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