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can clearly read —
even at 5 KGC

.from the one system
supplied complete with your
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H choice of amplitier
P Now you can have all the Sanborn advantages of
ENEE a DC—5KC optical oscillograph supplied as a
’.‘1‘*‘.* complete, integrated package ready to record —
- plus clearer, higher resolution recordings made
I NN possible by improvements in optical system design
b and chart papers. Put one to 8 traces on the 8”
e ultraviolet-sensitive chart of a standard 4508B
IE e system — with p-p amplitudes up to 4 at DC—
=T 5kHz, to 87 at DC-—3kHz. Or record up to 25
ML__TT% L channels of high frequency information with
= a 4524B system. Save valuable time by recording
iEEEn all frequencies up to 5 kc with a single set of gal-
vanometers driven by amplifiers incorporating
iEEm= frequency boost and compensating circuits, thus
J eliminating an “inventory” of different galva-
M nometers and the time required to install and align
==t +

a new set for each recording requirement. Make
signal connections quickly and conveniently to
4 front-panel or rear input connectors, and have
complete operational control with amplifier front
panel basic controls for each signal. Change system
sensitivity from 2.5 mv/inch to 625 mv/inch by
easily changing 8-channel amplifier modules
(choice of three). Load paper in daylight . . . select
any of 9 chart speeds by pushbutton or control
them remotely . . . see fully developed traces a few
seconds after recording . . . use system in mobile
console, rack mount or portable cases.

Ask your local Sanborn Division/ Hewlett-Packard
sales office for technical data and expert applica-
tion assistance. Offices in 47 U.S. and Canadian
cities, and major areas overseas. Hewlett-Packard
Company, Sanborn Division, Waltham, Massachu-
setts 02154,
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Specifications — 4500 Series Optical Oscillographs

Sensitivity 625 mv/1”, 50 mv/1”, or 2.5 mv/1”, depends
ing on amplifier chosen.

Frequency Response DC to 5 KC (—3db) at 4” p-p

Rejec. ratio at least 140 db at DC, max. ¢.m.
voltage =500 v {with Medium Gain Amplifier)

Common Mode
Performance

Linearity 114 % of full scale (8 inches)

Gain Stability Better than 1%, 0° to 50°C, 103 to 127 (lin€)
volts

Noise 0.02"” p-p, max.

Chart Speeds

Prices Complete 8-channel system in cabinet, with
galvanometer driver amptifiers, $7400; with
medium gain amplifiers, $8980 (F.0.B. Wal-
tham, Mass.)

Nine, 0.25 to 100”/sec.

HEWLETT —

PACKARD hp, SANBORN
DIVISION

SEE HP INSTRUMENTS AND MEASUREMENT SEMINARS
T WESCON—HOLLYWOOD PARK'’
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Technical Articles

l. Design

Training a machine to read

with nonlinear threshold logic

Typewriter-size pattern recognizer built of
integrated circuits can sort alphabetic
characters, classify wave forms and recognize
geometric shapes

D.P. Hattaway, E.D. Hietanen and R.W. Rothfusz,
Bendix Corp.

Designer’s casebook
® Direct current regulator drives
fluorescent lamps
B Thermistor measures negative resistance
of tunnel diode
® Ferrite cylinder modulates microwave signals
® Glass reed switch controls
operational amplifier
® Pulsed oscillator conserves power
® Amplifier provides giant input resistance

Il. Applications

Helix antennas take turn for better (cover)

A unique antenna with contrawindings connected
to common feed points has large bandwidth

C.W. Gerst and R.A. Worden, Syracuse University
Research Corp.

P-i-n diode and FET's improve f-m reception
New f-m tuner has dynamic signal range exceed-
ing 120 decibels with minimum distortion and
maximum sensitivity

Fred L. Mergner, Fisher Radio Corp.

Night and day, Nimbus 2 transmits

cloud pictures

Infrared scanners have been added to
automatic picture transmission system so it
can report weather on the dark side

of the earth

J.C. Moody and Oscar Weinstein, NASA
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Readers Com rhent

Familiar techniques

To the Editor:

I have just seen the article “In-
tegrated circuits replace the elec-
tromechanical resolver” [Jan. 10, p.
90]. 1 was particularly interested
because I used exactly these
techniques—although long before
modern integrated circuits were
available—in  high-speed analog
computations concerned with navi-
gational problems and in particular
in ground controlled interception
computation, while employed by
the Decca Radar Co.

In those days of vacuum tube
circuitry the advantages of the
method did not lie in savings of
weight or power consumption but
rather in its ability to provide an
answer to such a trigonometric
problem in a matter of a fraction of
a millisecond. At the same time it
allowed an electrical analog of an
aircraft flight path to be con-
structed and displaved on a
cathode-ray tube to overlay corre-
sponding radar information.

].S. Johnston
Technical Director
Rosemount Engineering Co.
Sussex,
England

Why the capacitor?

To the Editor:

[ was intrigued by the circuit
“Feedback choke reduces power
supply ripple” [June 27, p. 74].
What is the purpose of the 1,000-
microfarad 15-volt capacitor at-
tached to the right hand side of the
choke? I suspect the circuit would
work even better without it.

].D. Easton
Department of Physics
School of Science and Engineering
University of California
La Jolla, Calif.

o The author replies:

The function of the filter network
at the base of Q. is to provide a low
ripple reference for the Darlington.
T assume that the question concern-
ing the purpose of the 1,000-pf, 50-v
capacitor is based upon the corre-
sponding deterioration of response
time. The regulation is stated as

Electronics | August 22, 1966



Did You Know
Sprague Makes 51 Types

of Foil and Wet
Tantalum Capacitors?

FOIL-TYPE
RECTANGULAR
TANTALEX® CAPACITORS

Type 300D polarized
plain-foil

Type 301D non-polar-
ized plain-foil

Type 302D polarized
etched-foil

Type 303D non-polar-
ized etched-foil

ASK FOR BULLETIN 3650

Circle 338 on reader service card

SINTERED-ANODE
TUBULAR
TANTALEX® CAPACITORS

& —
Type 109D elastomer seal 85C

Type 130D elastomer seal 125 C
Type 137D hermetic seal 125C

ASK FOR BULLETINS 3700F, 37018, 3703

Circle 341 on reader service card

SINTERED-ANODE
RECTANGULAR
TANTALEX® CAPACITORS

Type 200D negative
terminal grounded

Type 202D both
terminals insulated

ASK FOR BULLETIN 3705A

Electronics | August 22, 1966

FOIL-TYPE TANTALUM
CAPACITORS TO MIL-C-3965C
CL20,CL21 tubular 125 C polarized etched-foil
CL22, CL23 tubular 125 C non-polar etched-foil
CL24, CL25 tubular 85C polarized etched-foil
CL26, CL27 tubular 85C non-polar etched-foil
CL30, CL31 tubular 125C polarized plain-foil
CL32, CL33 tubular 125C non-polar plain-foil
CL34, CL35 tubular 85C polarized plain-foil
CL36, CL37 tubular 85C non-polar plain-foil

CLS! rectangular 85C polarized plain-foil

CL52 rectangular 85C non-polar plain-foil
CL53 rectangular 85C polarized etched-foil
CL54 rectangular 85C non-polar etched-foil

Circle 339 on reader service card

SINTERED-ANODE
CUP STYLE
TANTALEX® CAPACITORS

Type 131D 85C industrial-type
Type 132D 85 C vibration-proof
Type 133D 125 C vibration-proof

ASK FOR BULLETINS 37108, 3711

Circle 342 on reader service card

SINTERED-ANODE TANTALUM
CAPACITORS TO MIL-C-3965C

CL14 cylindrical, %" diam.

CL16 cylindrical, %” diam., threaded neck
CL17 cylindrical, 1%4” diam.

CL18 cylindrical, 1%” diam., threaded neck
CL44 cup style, uninsulated

CL45 cup style, insulated

CL55 rectangular, both terminals insulated
CL64 tubular, uninsulated

CL65 tubular, insulated

Circle 345 on reader service card

125 C FOIL-TYPE
TUBULAR
TANTALEX® CAPACITORS

Type 120D polarized plain-foil
Type 121D non-polarized plain-foil
Type 122D polarized etched-foil
Type 123D non-polarized etched-foil

ASK FOR BULLETIN 3602C

Circle 337 on reader service card

85 C FOIL-TYPE
TUBULAR
TANTALEX® CAPACITORS

Qiripiﬁﬁi i‘
Type 110D polarized plain-foil
Type 111D non-polarized plain-foil

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

ASK FOR BULLETIN 3601C

Circle 340 on reader service card

SINTERED-ANODE
CYLINDRICAL
TANTALEX® CAPACITORS

Type 140D
up to 175 C oper-
ation, %" diam.

Type 141D
up to 175C oper-
ation, 1%” diam.

ASK FOR BULLETIN 3800

Circle 343 on reader service card

For comprehensive engineering bulle-
tins on the capacitor types in which
you are interested, write to:

Technical Literature Service
Sprague Electric Company
35 Marshall Street

North Adams, Mass. 01248

45C-5168 R1

SPRAGUE

THE MARK OF RELIABILITY

Sprague’ and ‘@ are registered trademarks of the Soragus Electric Co,
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New "=

1%-Bandwidth Wave Analyzer

A constant-percentage analyzer for fast measurements of
complex signals from 20 Hz to 20 kHz . . . lets you measure
components differing in level by as much as 80 dB.100-kQ2
input impedance (over 500 M2 with accessory preamp).
Eight voltage ranges from 100 xV to 300 V, full scale
(10 »V full scale with preamp). Built-in amplitude cali-
brator. Can be line or battery operated. Output is available
for automatic spectrum recording with the GR 1521 Graphic
Level Recorder. Type 1568-A Wave Analyzer, $1350.

"ew Data Recorder
for Acoustical Measurements

A combination sound-level meter and recorder that lets
you ‘leave your lab at home.” With it you can make cali-
brated recordings for analysis at leisure and for future
comparisons. Two channels: one with all standard sound-
level-meter circuits plus constant-current and NAB
equalization; the other with constant-current equaliza-
tion for narration, test signals, or binaural recordings.
10-uV to 1-V input-level range . . . two tape speeds, 7Y
and 15 in/s. Response, flat within = 3 dB from 15 to
16,000 Hz (7% in/s, constant-current equalization) . . .
excellent signal-to-noise-ratio . . . high input impedance

. monitoring meter and overload indicator after em-
phasis circuits ensure recordings below tape saturation
levels. .. Type 1525-A Data Recorder, $1995.

Also on Display:

”ew Automatic Go, No-Go Capacitor Testing

ESGOIN]

to0fa tess? LA

mea g

The newest addition to the GR line of automatic test equip-
ment, the 1781-A Digital Limit Comparator, compares
measurements made by the GR 1680-A Automatic Capa-
citance Bridge against preset limits. The Comparator can
be preset to five-figure resolution for both high- and low-
capacitance limits, as well as for high dissipation factor
and/or conductance. Comparison is fast (2.5 ms) and
entirely automatic. Readout is by Go, No-Go lights which
also indicate reason for rejection. Qutputs are provided
to control sorting devices and to drive recorders. Com-
panion Type 1680-A Automatic Capacitance Bridge
Assembly provides automatic measurement of C from 0.01
pF to 1000 yF in less than 1 second.

1-pFto 1-F
Electrolytic
Capacitance
Bridge

Two-, three-, four, or five-terminal measurements . . .
Measures D from 0 to 10 . . . Has Orthonull® balancing
mechanism to eliminate sliding balances on lossy capaci-
tors .. Basic accuracy, =19 for C and =2% forD .. .
Complete with self-contained 120-Hz generator, detector,
and 0-600 V dc polarizing supply . . . Measures leakage
currents as small as 0.5 uA. Type 1617-A, $1195.

New .

Precision, Low-Temperature-Coefficient,

Wire-Wound Standard Resistors

= 0.019% accuracy; stability, =20 ppm per year .. . all
units are heat cycled to reduce winding strains and sealed
in oil-filled cases to ensure long-term stability . . . two
terminal’ styles: wire leads (Type 1441) and jack-top
binding posts (Type 1440) . . . available in 1-, 10-, and 100-
ohms, 1-, 10-, and 100-kilohms, and 1-megohm. Prices
range from §18 to $22.

10-Hz to 100-kHz
Low-Distortion |
Oscillator 1

A sine/square-wave oscillator whose distortion is less
than 0.05% for sine waves from 200 Hz to 10 kHz (open
circuit, or 600-2 load), increases to less than 0.25% at
10 Hz,and 100 kHz . . . Frequency characteristic is flat
within =29 . .. 5-V, open-circuit output . . . 60-dB step
attenuator . . . Hum is less than 0.001% of full output
(100 dB). Square-wave rise time is less than 100 ns;
symmetry is better than =2% over entire range . . .
Synchronization provided for locking to external signals or
for synchronizing other equipment. Type 1309-A, $325.

100-MHz Pulse Generator for Under $1000

Repetition rates from 1 to 100 MHz . . . Durations from 4 to
99 ns in 1-ns steps . . . Rise and fall times less than 2 ns
... Period, duration, and delay jitter less than 0.1 ns . ..
4-volt output into 50 ohms . . . adjustable time delay . . .
Synchronizes readily with external clock signals. Type
1394-A, $995.

Also on display: the 1394-P1 Pulse Offset Control . . .
Allows clamping of output-pulse base line to any desired
level over a = 2-V range. Price, Type 1394-P1, $255.

70-MHz Solid-State Synthesizer

Output adjustable up to 2 volts at accurately known, stable,
sine-wave frequencies. 7-digit readout plus continuous
frequency control. Frequency-coherent signals are synthe-
sized from internal quartz-crystal oscillator. Plug-in
modules give you choice of resolution : 10 Hz, 100 Hz, 1 kHz,
10 kHz, and 100 kHz, or to better than 0.1 Hz with a con-
tinuously adjustable decade. Optional continuous tuning
through any decade range up to 1 MHz. Internal calibrated
sweep . . . Programmable.

This is the fourth of a series of GR synthesizers — other
models cover ranges to 100 kHz, 1 MHz, and 12 MHz.
Prices range from $3640 for a Type 1161-A3 100-Hz-per-
step, 100-kHz Coherent Decade Frequency Synthesizer to
$7065 for a Type 1164-A7C 70-MHz model with 0.1-Hz
resolution.

e A modular pulse generator that lets you produce any pulse shape you want.® A high-performance, low-cost pulse generator.
e A pulse generator with less than 5-ns rise and fall times. ® A linear pulse amplifier with 1.2-ampere output.® R-L-C standards,
decades, and components. ® GR874 and GR900 Coaxial Connectors and Elements for use at frequencies from dc to 8.5 GHz,
as well as for fast-rise-time, fast-pulse applications that require really low reflection and negligible pulse distortion.

See them all at WESCON, Booths 348-351.

BOSTON « NEW YORK ¢ CHICAGO « PHILADELPHIA « WASHINGTON. D.C.
SYRACUSE « DALLAS ¢ SAN FRANCISCO « LOS ANGELES « ORLANOO

CLEVELAND « TORONTO « MONTREAL
BOURNE END, ENGLAND

Circle 6 on reader service card

ZURICH, SWITZERLAND

GENERAL RADIO

WEST CONCORD, MASSACHUSETTS
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Reader Redick’s improvement of author Quatse's circuit
eliminates the 1,000 uf capacitor on the output.

only 1% (not uncommonly good
for a regulated supply). An im-
provement in regulation could be
gained by elimination of the capac-
itor, but only at the expense of in-
creased ripple. For this circuit,
1,000 pf is about optimum. If better
regulation is preferred to lower
ripple, the capacitor should be en-
tirely eliminated rather than re-
placed by one of lower value.
Jesse T. Quatse
Engineering Research and
Development
Carnegie Institute of Technology
Pittsburgh, Pa.

Ripple filter

To the Editor:

No doubt some of your readers
are wondering why there is a 1,000
microfarad capacitor on the output
of Jesse T. Quatse’s regulated
power supply [June 27, p. 74]. This
is to filter out the ripple.

To tully understand the necessity
for this, three things must be real-
ized. First, advantage is taken of
the filtering capabilities of a 1,000
pf. condenser by placing it on the

| Please include an Electronics Magazine address
l label to insure promp! service whenever you
write us about your subscription,

Mail to: Fulfillment Manager
Electronics
P.0. Box 430

—

base of Q.. This prevents any a-c
feedback component from reaching
the hase of the pass transistor Q,,
thereby insuring that no regulating
action can take place for a-¢ com-
ponents appearing on the output.
Second, ripple transmission to the
output is further enhanced bv op-
erating transistors Qs and Q, back-
wards. In this mode their perform-
ance is reasonably marginal and,
being characterized by verv low
gain, practically eliminates any
emitter follower action that might
otherwise lower the elfective out-
put impedance of the supply. And
third, there reallv is no feedback,
particularly a-c feedback, through
the feedback choke, as one might
imagine.

My schematic [above] suggests
a couple of modifications that elim-
inate the need for a 1,000 nf on the
output; its only claim to novelty
being, probably, the somewhat un-
necessary inclusion of feedback
choke L,.

Robert P. Redick
Leander McCormick Observatory
University of Virginia
Charlottesville, Va.
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CHANGE OF ADDRESS

A'”ACH If you are moving, please let us know

LABEL five weeks before changing your address. i I
Place magazine address label here, print I
H[RE your new address helow. l

7

i
|
' Hightstown, N.J. 08520
|

To subiseribe mail this form with your payment
I and check [] new subscription [J] renew my
| present subscription

I Subscription rates: in the U.S.: 1 year, $6; two
years, $9; three years, $12. Subscription rates
I for foreign countries available on request

Picking
the right
miniature
connector
is a small problem

It's not hard to locate a miniature con-
nector small enough to meet tight
space specs. Lots of people make them.

There is a small problem, though, in
finding the quality you need at the
price you'd like to pay.

Transitron’s Precision Connector Divi-
sion. We design and produce miniature
and subminiature connectors to exceed
— not merely meet specifications. They
are built to outlast the equipment you
mount them on. Precision fabrication,
knowledgeable design, the finest ma-
terials provide a combination that can’t
be surpassed by any manufacturer. Yet
in guantity they cost no more than units
that will barely squeeze by incoming
inspection.

Send loday tor our new condensed catalog
covering a complete line of miniature and sub-
miniature connectors, as well as printed circuit
connectors and many other types. And if you
need a custom connector design, we're your
source. Just give us the facts.

PICID

address

name l

city state

Zip code

e A e Teowe

Electronics | August 22, 1966

Precision Connector Division

Trangitron

electronic corporation
Wakefield, Massachusetts

\

Circle 7 on reader service card
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SULNDARID
MODELS ...

RHG MICROWAVE
FM RECEIVERS

FEATURING
e Bandwidths to 60 MHz e Solid State
Reliability e Coverage L, S, C, or X
Band e Baseband 2 Hz to 10 MHz
Diversity Reception ¢ RFl Tested to
MIL-1-6181D

FOR APPLICATION IN
e High Resolution FM TV
e Microwave Relay Links
e FM Video Data Links

Only RHG can provide 20 off-the-shelf FM

! Receivers backed by an additional 33
CUSTOM DESIGNS which»have been pro-
duced. The solution to your problem may be
on file in our library now.

For specials, test our ONE-DAY-QUOTE Ser-
vice. For standards, see complete listing in
EEM Section 3400.

- [=d] =S

‘[ RHG ELECTRONICS LABORATORY, INC.
i 94 Milbar Blvd, Farmingdale, L.i, N.Y. 11735 = (516} 694-3100

MICROWAVE FM and AM RECEIVERS = MICROWAVE MIXER PREAMPS
LINEAR and LOG IF AMPLIFIERS '= RF and OCTAVE AMPLIFIERS.

Circle 8 on reader service card

People

The new director of the National
Bureau of Standards’ Institute for
Applied Technology is a man with
a mission. John

P. Eberhard, 39, -

has set as his -
goal the kind of
project planning
pioneered by
Defense Secre-
tary Robert S.
McNamara: he
wanls to see all
research activity directed toward a
concrete and practical objective.

Traditionally an umbrella for
scientists doing a variety of basic
research, the bureau was reorgan-
ized two and a half years ago into
three institutes for tighter manage-
ment control. Of these, Eberhard’s
$25-man institute is the one with
the most direct contact with in-
dustry.

Evaluation. Laboratory facilities
for the applied technology group
should be available when the insti-
tute completes its move out of anti-
quated offices in Washington and
into new ones in suburban Gaith-
ersburg, Md. A division within the
institute known as the technical
analysis division is responsible for
evaluating the relationship between
benefits and costs of the research
planned by the institute. Tt has
already grown from a stalt of two
to 60.

The institute’s Clearinghouse for
Federal Scientific and Technical
Information (the old Office of Tech-
nical Services) at Springfield, Va.,
distributes 6,000 pieces of techni-
cal literature a day to schools, in-
dustry and to other Government
agencies. The Center for Computer
Sciences and Technology has the
joh of setting standards for the
Federal Government—the com-
puter industry’s biggest customer.
The Government accounts for 30%
of the total computer market and
to handle the additional workload,
Eberhard expects this staff to in-
crease from the present 165 to 300
or 400.

Eberhard is one of the young
men brought in at the time of the
bureauw’s reorganization; at that
time he was named deputy director.
In his new post, he succeeds 36-

Electronics | August 22, 1966
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Just check over these prices:

" JKFlipFlop. ... ... ... ..... (100 to 999) $2.80
® Dual 4-input Nand Gate. ... ........... ... $1.65
® Dual 4-input Buffer ... .............. . $1.95
= Dual 4-input Expander. . ............. .. .. $1.40
® Dual 4-input Line Driver. .. ............... $1.95
® Triple 3-input Nand Gate. . ............... $1.65
® Quad 2-input Nand Gate. . ............... $1.65
® Hex 1-input Nand Gate. .. ... ... ... .. $1.65

They're the lowest on the market today, because
our E-line Series DTL is packaged in our low-cost
Taiwan production facility.

The other surprising feature about our dual inline
packages is the specially-designed ceramic base—
an excellent heat dissipator. It enables us to guar-
antee the same levels of fan-out and noise immunity

The

dual inline
packaging
on our new
E-line 930
Series DTL
Is almost as
surprising
as the
price tag.

over 0” to 75°C that are available in hermetically-
sealed packages. Special packaging features in-
clude standard 100 mil center-to-center spacing
between round kovar leads, and standard 300 mil
spacing between lead ranks. Our E-line packages
are easy to handle, automatically insertable, and
designed for stand-off. They are also immune to
chemical solvents used in cleaning the p. c. board.

And one last surprise, they're available now.
IMMEDIATE DELIVERY.

Call for the name of your nearest distributor. Philco Micro-
electronics Division Sales Offices: 2920 San Ysidro Way, Santa
Clara, California (408-245-2966) / 999 North Sepulveda, El Se-
gundo. California (213-772-6226) / 594 Marrett Road, Lexington,
Mass. (617-862-6000) / Benson Manor, Suite 114B, Washington
Lane, Jenkintown, Pa. (215-885-0430) / 314 South Missouri Ave.,
Suite 212, Clearwater, Florida (813-446-0124) / 815 Connecticut
Avenue, N. W., Washington, D. C. (202-965-0903).

Microelectronies Division P H I LC O.

SANTA CLARA, CALIF. « LANSDALE. PA. + SPRING CITY. PA.

Electronics | August 22, 1966
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New from Sprague!

ISOLAYER
DIFFERENTIAL
AMPLIFIERS
WITH
DIELECTRIC
ISOLATION

"{=4 Vex voltage differential downto 3mV
” Tight beta matching-Low capacitance

0% e UD-2118 UD-2119 UD-2120 UD-2121
BVeeo 50V 50V 30V 30V
@10uA 80 80 40 40
X 150 150 100 100
| Ve, — Ve, | 3mv 5mv 3mV 5mv

8] Vie, = Vi, | 5 uV/°C 10 uv/°C 5 uV/°C 10 wv/°C
| e 2pF 2pF 2pF 2pF

Sprague Electric also makes a broad line of standard differential
amplifiers, pairs, quads, and Darlington amplifiers

*trademark For complete information, write to Technical Literature Service,

Sprague Electric Co., 35 Marshall St., North Adams, Mass. 01247

SPRAGUE COMPONENTS

| ®
TRANSISTORS PACKAGED COMPONENT ASSEMBLIES
CAPACITORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS
455-6124R1

PULSE TRANSFORMERS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

THE MARK OF RELIABILITY

"Sprague’ and '@' are registered trademarks of the Sprague Electric Co.
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People

year-old Donald A. Schon, who
moved on to the nonprofit Organ-
ization for Social and Technical
Innovation in Cambridge, Mass.

Small  electronics  companies,
formed by groups of executives
who left larger companies, dot the
West Coast. As

the new

com-
panies grow,
their own ex-

ecutives see op-
portunity beck-
oning and, in
turn, depart to
set up new com-
panies. An ex-
ample of this kind of prolifera-
tion could be Spectra-Physics, Inc.,
whose five founders left Varian As-
sociates in 1961. Spectra-Physics
thrived; it now emplovs about 200
people and expects $4 million in
sales this fiscal year. But three of
its executives, joined by three
others from still two more elec-
tronics companies, have departed
to set up Coherent Radiation, Inc.
They will, like Spectra-Physics
make lasers. Unlike Spectra-Phy-
sics, they will make carbon-dioxide
lasers.

The exodus from Spectra-Physics
was led by marketing manager
Eugene L. Watson. \Watson, 38,
says that he and his colleagnes—
James L. Hobart and Wayne S.
Mefterd of Spectra-Physics, Robert
J. Rorden and John Cullen of Var-
ian, and Steven M. Jarrett of TRG,
Inc., had been thinking of setting
up their own company for some
time. It was, he says, the emer-
gence of the CO. laser that deter-
mined them to go ahead.

“This laser may be the break-
through that will make laser weld-
ing really competitive with electron
beam techniques,” Watson says. “It
can produce the highest average
power of any radiant source that
can be focused on a small spot;
1,000 watts, continuous wave, has
already been achieved in the lab-
oratory. It can vaporize any known
material.”

The company expects to intro-
duce its first laser, priced at “un-

der $10,000,” in the fall.
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Power tube calculator,

applications data—
all free from MACHLETT
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Use these aids—from Machlett—to make
better tube selections, determine
optimum cost-performance ratios and

to cut operating costs

* Power Tube Calculator provides a
simplified method of calculating operat-
ing parameters of high power tubes.

* Applications bulletins provide valuable
performance and operating data on high
power triodes and tetrodes, UHF
planar triodes, pulse modulator tubes,
variable vacuum capacitors and others.

* Cathode Press, the Machlett technical
journal, covers latest developments in
power tubes and new installations.

For calculator, bulletins and free

subscription to Cathode Press, send

reader service card. Or write:

The Machlett Laboratories, Inc

Springdale (Stamford), Conn. 06879

THE MACHLETT LABORATORIES, INC.
A SUBSIDIARY O©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 contro} and communications equipment.

This technique consists of a fine grain phosphar
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 ali,
the gas-tight, reliable connections may be serv-
iced without electrically disturbing 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 hall
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
tead in seconds. Programs are punched en 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 pravide grid densities of .100". In fact,
TERMI-PQINT products are under development
which would reduce this grid size even more.

The complete line of TERMI-POINT products
includes printed circuit cennectors, transition

Electronics | August 22, 1966



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 | August 22, 1966

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 available through diary companies In?
Australia » Canada » Engiand « France * Holland * Haly « Japan » Mexico * Spain » west Germany

Circle 13 on reader service card
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CORPORATION

The shape of
tomorrow,
today

For more than 20 yeers, Uitra
Carbon consistently has pro-
vided industry with advanced
graphite technology. “‘F”
purity graphite for the AEC

. . semiconductor crystal
crucibles, boats, headers and
fixtures made from Ultra
purity graphite—these are
typical of our past contri-
butions to the electronic
industries.

o
i
o
it
=

o

ek L | o

ULTRA/GRAPHITE photo
masks, for processing thin
film deposition circuits, are
precisely machined. Write for
information to Ultra Carbon
Corporation, Box 747, Bay
City, Mich, 48709.

Circle 14 on reader service card

Meetings

Electronics Materials Technical
Conference, Metallurgical Society of the
American Institute of Mining,
Metallurgical and Petroleum Engineers;
Sheraton Boston Hotel, Boston,

Aug. 29-31.

International Conference on
Instrumentation in Aerospace
Simulation Facilities, Aerospace and
Electronic Systems Group; Stanford
University, Stanford, Calif., Aug. 29-31.

National Conference of the Association
for Computing Machinery, Association
for Computing Machinery; Washington
Hilton Hotel, Washington, D.C,,

Aug. 29-31.

Ocean Electronics Symposium, IEEE;
llikai Hotel Convention Hall, Honolulu,
Hawaii, Aug. 29-31.

Technical Conference on Preparation
and Properties of Electronic Materials
for the Control of Radiative Processes
Metallurgical Society and the Boston
Section, American Institute of Mining,
Metallurgical and Petroleum Engineers,
Inc.: Sheraton-Boston Hotel, Boston,
Mass., Aug. 29-31.

Swiss Electronics Television, Radio and
Phonograph Exhibition; Exhibition
Grounds of the Zuspa, Zurich,

Aug. 31-Sept. 5.

General Assembly of the International
Scientific Radio Union; Munich,
Sept. 1-15.

National Radio and Television and
International Electric Components
Exhibition; Milan, Sept. 3-11.

International Conference on Semi-
conductor Physics; Tokyo, Sept. 5-9.

International Congress of Biophysics,
International Organization for Pure and
Applied Biophysics; Vienna, Austria,
Sept. 5-9.

International Nuclear Industries Fair
and Technical Meetings, Swiss
Industries Fair; Basel, Switzerland,
Sept. 8-14.

High Energy Physics Instrumentation
Conference, Linear Accelerator Center
of Stanford University, Stanford, Calif.,
Sept. 9-10.

International Conference on Microwave
and Optical Generation, Institute of
Electrical Engineers and the Institute
of Electronic and Radio Engineers,
Cambridge, England, Sept. 12-16.

Symposium on Power Semiconductor
Technology, University of Missouri,
Columbia, Mo., Sept. 15-16.

Joint Engineering Management
Conference, American Institute of

Industrial Engineers, American Society
of Mechanical Engineers, American
Society of Civil Engineers, 1IEEE; Statler
Hilton, Washington, Sept. 26-27.

Inter-society Energy Conversion
Engineering Conference, American
Institute of Aeronautics and
Astronautics, Society of Automotive
Engineers, American Institute of
Chemical Engineers, IEEE, American
Nuclear Society, American Society of
Mechanical Engineers and the Solar
Energy Society; International Hotel,
Los Angeles, Sept. 26-28.

Reinforced Plastics Conference, Society
of Plastics Engineers;
Sheraton-Cleveland Hotel, Cleveland,
Sept. 29-30.

Conference on Electrical Insulation,
National Academy of Sciences, National
Research Council; Pocono Manor Inn,
Pocono Manor, Pa., Oct. 1-3

Aerospace and Electronic Systems
Convention, 1EEE; Washington,
Oct. 3-5%

Industry and General Applications
Group Meeting, IEEE; Conrad Hilton
Hotel, Chicago, Oct. 3-6.

National Electronics Conference, IEEE,
Ilinois Institute of Technology,
University of lllinois; McCormick Place,
Chicago, Oct. 3-5.

International Exhibition on Modern
Electronics, Yugoslav Committee for
Electronics, Telecommunications,
Automation and Nucleonics; to be held
at the Ljubljana Fair, Yugoslavia,

Oct. 4-9.

Allerton Conference on Circuit and
System Theory, IEEE, University of
Illinois;: Conference Center of
University of lllinois, Monticello, 1.,
Oct. 5-7.

Call for papers

International Solid State Circuits Con-
ference, sponsored by IEEE and Uni-
versity of Pennsylvania at the Shera-
ton Hotel, Philadelphia, Fel. 15-17.
Oct. 17 is deadline for submitting
papers to Virgil I. Johannes, Room
3E-323, Bell Telephone Laboratories,
Holmdel, N. J.

Spring Joint Computer Conference,
the American Federation of Informa-
tion Processing Societies;, Atlantic
City, N. J., April 18-20. Nov. 1 is
deadline for submitting papers to
M.P. Chinitz, 326 Township Line
Road, Norristown, Pa. 19403.

* Meeting preview on page 16
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NEW MICROTRANSFORMERS AND MICRO-INDUCTORS
MIL-Spec Reliability, Laminated-Core Efficiency in a Y-inch Cube!

Now — microtransformers and micro-inductors created espe-
cially for tight, hi-rel military /aerospace enviranments. The new
Bourns Models 4210 and 4220 exceed the snvironmental
requirements of MIL-T-27B and the transfarmer-reliability speci-
fications of MIL-T-39013!

In performance, too, these models hit new highs. They are the
only units to give you the efficiency of laminated-core construc-
tion. At 1000 cps the insertion loss is less than 3db. In high-
frequency operation, the model 4210 is dramatically superiar ta
the smallest solid-core units available. In square-wave opera-
tion, droop is as low as 5%, overshoot as low as 10% and rise
time as little as 100 nanoseconds. In every performance cate-
gory, Models 4210 and 4220 give you the industiy’s highest
ratio of performance to size.

Like Bourns potentiometers, the 4210 and 4220 are subjected
to the intensive testing of the exciusive Bourns Reliability Assur-
ance Program. The big “B"" on the cover means there’s a full
measure of reliability in the package.

We specialize in winding custom microtransfermers and micro-

Precision-assembled lam-
inated core. Cement is
applied across edges of
laminations and cured
while core is in assembly
press.

High-temperature plastic
bobbin for outstanding
dimensional stability
under temperature
extremes.

Printed circuit pins of goid-
plated nickel (MIL-STD-
1276 type N), molded
securely into header.

inductors to meet your exact requirements, and we substantiate
perfotmance in our qualified test laboratory.

Write today for camplete technical data!
Standard Specifications, Madel 4210 and 4220

Size: .25% x .25" x .25*

Maximum operating temp.: 4+130°C

Frequency response: —2db, 400 cps to 250 |
keps (Model 4210)

Power rating: 1 watt at 1GKC (Model 4210) i

Insertion loss: 3db max. (Model 4210) it}

B L A= Ay ot ot

Secondary impedance range:
3.29 to 10K

Turns ratios: to 15:1 (Modef 4210)

Inductance range: .08 to 66 Hy (Model 4220)

MIL-Specs: designed to ezceed MiL-T-27B
and MIL-T-39013

Standard Mcdels avsilable from stock!

Units shown actual size

(Model 4210)

i
Bourns Model 4220
Micro-inductor

Double encapsulation.
Assembly is first buffer-
coated with compound
which remains viscous at
high temperatures and
protects wires from me-
chanical stress during
temperature change. After
buffer coating is cured,
cover is mounted and cav-
ity is filled.
[l

Superior coils—the result
of 20 years of precision
wire-winding experience.
Coils are produced on
Bourns’ own winding
machines.

! i (8160118, s

TRIMPOT DIVISION

BOURNGEG.

1200 COLUMBIA AVE.. RIVERSIDE. CALIF.

PHOME 684-1700 . TWX: 714-682 9582
CABLE: BOURNSINC.

INC..

TRIMPOT® AND PRECISION POTENTIOMETERS — RELAYS — MICROCOMPONENTS: TRANSFORMERS, INDUCTORS. RESISTORS AND CAPACITORS



...PS8l, G Cartridge!

(for tangle-free tape recording)
PUTTING THE TAPE IN A CARTRIDGE vuntangles more problems than you

might suspect. For example, the tape recorder/reproducer doesn’t need reel motors
or brakes, therefore the tension arms, tape guides and springs also are gone. Elimi-
nate half the recorder’'s moving parts and you have eliminated half the maintenance
woes. Since there are no reels to wind or unwind, tape tension is held to several
ounces instead of pounds, resulting in extended tape life (over 35,000 passes) and
longer wearing magnetic heads which require less frequent cleaning.

TAKE THE D/C-1, here’s a complete instrumentation, 4-channel, %-inch tape re-
corder with EM and DIRECT electronics, that uses NAB cartridges. The cartridges
can store tape loops from 12 inches to 1700 feet in length. Four speeds (1%, 3%,
7Y, and 15 ips) plus Fast Forward lets you record and reproduce short loops for
analysis work, or, with full loops, continuously monitor transducers to capture
random events.

PERFORMANCE with the D/C-1 is generally superior to equivalent reel-to-reel
instruments. The capstan drive circuitry is servo controlled to better than 0.1%.
Signal-to-noise ratio is at least 43 db for 7% ips FM operation. 2- or 4-track IRIG
heads are available and various options such as End-of-Tape sensing, Erase heads,
special input-output configurations or the D/C-11 Rack Mounted versions are available.

PRICED AT APPROXIMATELY $2300 for a complete 4-channel system with
record and reproduce electronics included, the D/C-1 is perfectly suited for appli-
cations where reliability, simplicity of operation, and full performance are manda-
tory. If your requirements are less stringent, and your bank account is bulging, buy a
reel-to-reel machine. If you want the most in value, buy a DATA/ CARTRIDGE recorder.

For specification and price sheets, write:

DATA ;CARTRI DGE

DATA/CARTRIDGE INC.
161 Constitution Drive
Menlo Park, Calif. 94025
Phone: (415) 323-9880

e !
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Meeting preview

Military and aerospace

Engineers working in military,
space and aerospace electronics
will hold their first joint convention
Oct. 3 to 5 in Washington. The
meeting, called the Aerospace and
Electronics System Convention,
will replace the annual Military
Electronics Convention.

The sponsors are four profes-
sional groups of the Institute of
Electrical and Electronics Engi-
neers—space electronics and telem-
etry, aerospace and navigation
electronics, military electronics and
aerospace systems.

Space power. The 90 technical
papers will touch on a wide variety
of subjects. In a session on space-
craft power supplies, C.M. Mac-
Kenzie of the National Aeronautics
and Space Administration and R.C.
Greenblatt and A.S. Cherdak, both
of the Radio Corp. of America, will
discuss a method of obtaining the
most efficient transfer of power
from solar cells to batteries.

In a paper on measuring the mag-
nitude and direction of magnetic
fields on the surfaces of spacecraft,
B.\V. Sherman and D.L. Waidelich
of the University of Missouri will
describe several experimental tech-
niques; the most promising is the
Stark effect, the splitting of s»ec
lines in a strong electric field. This
method has detected fields smaller
than 100 volts per centimeter.

Buying policy. One panel discus-
sion will explore the Government's
procurement policies and practices.

Another panel will discuss the
impact of microelectronics on sys-
tem design. Topics to be empha-
sized are the relationship of com-
ponent reliability to system
reliability, the advantages of re-
dundancy and the interfaces be-
tween microcircuits and system
hardware. A third panel will ex-
plore the present requirements and
future needs of military command
and control systems.

Another session will be devoted
to the Federal Aviation Agency’s
research work. There will also be
reports on the progress of the na-
tional airspace system and on an
advanced system for radar traffic
control at air terminals.
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One-girl Line

When you get a Hewlett-Packard 3439A or 3440A DVM. it doesn’t our plant, we have enough faith in your 3439A, or your 3440A, that
come off an assembly line. Each one is assembled by one person,  we're not afraid to back it up with a one-year guarantee. It's sup-
from start to finish. That's one reason they are the most reliable  ported by service centers located all over the country. Nebody else
DVM's you can buy. #§ When people have complete responsibility  backs his guarantee like that. But then nobody else makes a DVM
for a job, they take more pride in their work. And they make fewer  the way we do. B With our kind of assembly line, we’re not afraid
mistakes. The workmanship is superior, and it has 1o he: Every DVM  to lay it on the line. B The 3439A. Solid state. 4-digit readout.
goes through a battery of tests and inspections that are guaranteed  Manual, automatic and remote ranging. Extra-high sensitivity. Ac/

1o show up any defects. & That
testing includes an all-night cycling
of every DVM and plug-in at 50°C.
The next day it's checked again. If
any trouble shaws up, it's fixed, and
the testing starts all over. 8 We take
a lot of trouble with your voltmeters.
That’s why you have so little trouble
with them. & By the time it leaves
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dc voltage/ current resistance meas-

urements (dc accuracy better than

g - 0.05% of seading +1 digit). Price,

$950. The 3440A has BCD output.

B - ) + 3.4 46 B . -'; Price, $1160. Plug-ins, $49 to $575.

b et

: s .
! m J (o] : Data subject to change witheut notice.

—— Prices {.0.b. factory.

Lo T

HEWLETT \hp; PACKARD

An extra measure of quality

1891
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A 25-watt plastic silicon transistor for under 40¢

It’s loaded with silicon power tran-
sistors. Like our new 25-watt B-5000
that sells for under 40¢ in volume.
Like our nuclear radiation devices.
Like our silicon mesas, best-built and
lowest priced in the business. And
hundreds of other Bendix units avail-
able to meet your silicon needs exactly.

Take the new sensational low-cost
B-5000 with 500,000 unit hours of
successful life testing behind it. 25
watts at 2.5 amps, 10 volts and 100°C.
It’s a real breakthrough. No power
compromise on normal heat sinks.
Outstanding hermeticity. And you
name the mounting that suits your
production methods best—several

Bendix Semiconductor Division &
HOLMDEL, NEW JERSEY

18

established mounting techniques are
available.

B-5000 ELECTRICAL SPECIFICATIONS

ch Limits Test Conditions

arac- — _ .

teristic  Min. max. Unit V4B VGE ' 1B T4
" VCEO 3% — V 0.2

ICEQ — 10 mA 25

1CBO — 15 mA 14 150

VBE = 12 V 14 05

hFE 30 250 — 14 05

hFE 0 - - 14 1.0

VCEGs) — 12V 1.0 50

Or read all about our radiation-resis-
tant 5- and 10-amp silicon transistors.
With base transit times reduced to a

maximum of less than 0.5 nanoseconds
at 1 amp collector current, they’re
great for use in advanced circuits
hardened for nuclear radiation
environments. Six packages to choose
from, too.

RADIATION TYPES
Max Radiation Leve! Exposure=5 x 10 NVT
R Post Rad Limit
Symbo! Type PreRad Limit "'y 401°n/em:  Unit  Conditions
Min Typ Max Min Typ Max
BRID 40 5% - 40 - - v o
VOO pl 5 -~ 35 - - W 1CE0=50 mA
th[ BRIO 40 100 20 15 25 =—= - IC=3A
BRIOI 30 - 1% 7 W0 - - VCE=SV
e BRID - 05 10 - 15 20 vV IC=3A
VCES) gpior - 05 10 - 20 30V (B=034

Or check the chapters on our regular
3-, 5-, and 10-amp units.

endl/'l/

CORPORATYION
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is just the beginning.

3 AMP TYPES
VCEO=40 V to 60 V VCBO=380 V to 100 V
Pc=5Wto7.5W
VC_E(s)=0.32 V Typ at IC=1 A, IB=100 mA
SinifEitg (e : s 3;’ reatiC=15 A, 1B=150 mA
Amplifier Types: Po>4.5 W at =50 MHz, VCC=28 V
Pin=0.5 W

Or review the pages on our silicon
mesas. Qur SOAR (Safe Operating
ARea) specified 2N3055 and its sister
types are a natural for high power
switching and amplifier applications.
As well as our new B-170000 series.

5 AMP TYPES
VCEO=40V to 80 V VCBO=50V to 90 V
VCE(s)=0.4 V Typat IC=3 A, IB=0.3 A
itchi 3 < 40
Switching Types o S S atIC=3 A 1B=03 A
Amplifier Types: Po>8 W at f=50 MHz, VCC=30 V,
Pin=1 W

Pc=5W

10 AMP TYPES
VCEO=40 V10 80 V VCBO=50 Vto 90 V
VCE(s)=0.7 V Typ at IC=5 A, IB=0.5 A
itchi ‘ton <40
Switching Types: Lon = 201 atiC=3 A, 18=03 A
Amplifier Types: Po> 25 W at f=50 MHz, VCC=30 V
Pin=5 W

Pc=25 W

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—
—(201) 946-9400; Los Angeles—(213) 776-4100; Miami Springs, F)
James S. Heaton Co., (415) 369-4671; Seattle—
—(617) 899-0770; Export—(212) 973-2121, Ca

P.O. Box 508—(613) TAlbot 8-2711.
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2N3055
VCBO = 100 v VCEQ = 60 V
IC=15A Ppeak = 900 W
:ICE(sS) = 01._4VTyp atiC=4AIB=04A
r=3Ms Typ -
tf = 1 s Typ atIC=175A4

B-170000 SERIES
VCEO = 40 V to 100 V IC=6Atol5A
IB=3Ato7A Ppeak to 1200 W
AMPLIFIER TYPES
fhfe = 20 ke Typ at IC =1 A, VCE = 10V

VEE = 32y max| 4t 1C = 500 mA, VCE = 4 v

REGULATOR TYPES

VCE(s) = 0.7V TypatIC=5AI1B= 05A
hFE = 12 minat1C = 5 A, VCE = 4V
SWITCHING TYPES

tr =6 us Ty

ts =04 usTyp;atiC=5AIB— =054

tf =1 s Typ

Or take the 300 different silicon power
rectifiers in the rugged JEDEC D04
package.

AT 150°C
TYPES MEETING
MIL SPEC Io PRV

AMPS VOLTS

USNIN1124A 26A,28A 200-600

USAFIN1199-1206 1 50-600

JANIN1202,R 04,R,06 R 12 200-600

JANINI614,R-16 R 5 240-720
JANIN4458,R 59,R 5 950, 1200

It’s this kind of reading material that’s
going to make Bendix a hest seller.
Why don’t you throw your silicon
power applications at us now? Or our
nearest sales office.

See us at Wescon, Booth 1651, The
Sports Arena.

(214) 357-1972; Detroit—(313) JOrdan 6-1420; Holmdel, N. J,
a.—(305) 887-5521; Minneapolis—(612) 926-4633; Redwood City, Calif.—

Ray Johnston Co., Inc., (206) LA 4-5170; Syracuse, N. Y.—(315) 474-7531; Waltham, Mass.

ble: *Bendixint,”” 605 Third Avenue, New York; Ottawa, Ont.—Computing Devices of Canada
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from.5 to 100,000 pf, nothing’s as stable as glass :
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Boil, freeze, bury, drown or irradiate glass, and
you won't measure any dielectric change.

Freeze a capacitive element inside that glass,
and it's as immune as any capacitor can get to
environment, temperature, time, voltage,
moisture, frequency, vibration, shock.

That’s why nothing comes closer to be ng
a perfect circuit symbol than a CORN-
ING® glass capacitor. And only Corning
makes the glass capacitors to meet all
these critical circuit needs:

High capacitance in small space.
The CORNING® GLASS-K capacitor
crams from 1,000 to 100,000 pf in
a quarter-inch case size.

Dense circuitry, without doubts.
The CORNING® TYO capacitor,
from 1 to 2700 pf, has radial
leads, precision case for snug up-
right mounting.

Documented stability and reliabil-

ity. Every CORNING® CYFR capac-

itor, from .5 to 10,000 pf, meets
our punishing J-950 specification,

and is backed by a heritage that
includes use in Surveyor, Minute-
man, Gemini, among others.

Low cost, high reliability. The
CORNING® CYFM capacitor, from .5
to 10,000 pf, gives you CYFR-type
environment-proof performance at
substantial savings.

Why risk an entire system on capacitors
that can’t give you the assurance of Corn-
ing dielectric stability?
"""""" - Send for the new CORN-
ING® GLASS CAPACITOR
GUIDE to Corning Glass
Works, 3913 Electronics Dr.,
Raleigh, N.C. '

CORNING
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IN HIGH POWER
MODULES

 kepco
MAKES THE

RATED QUTPUT VOLTAGE

DIFFERENCE'!

Wide coverage of fixed output voltages
from 4.5V dual to 120V single

Kepco patented Flux-O-Tran® provides

line regulation and current limiting

—20°C to + 55°C ambient operating
temperature

Highly reliable MTBF > 140,000 hours

Convection cooling

Short circuit proof

All silicon rectifiers

Dual output and extra filtered models

Versatile mounting (cased and uncased)

Rack adapters available to mount 1 to 5 units

Applicable Patent Nos. furnished on request

115V AC J130VAG
r

e

ImmA N i
25 50 15 100 125 150 175%
PERCENT OF RATED LOAD CURRENT

TYPICAL LOAD CHARACTERISTICS

NEW 52 PAGE CATALOG
CONTAINING COMPLETE
SPECIFICATIONS AND
APPLICATIONS NOTES

L
- IS NOW AVAILABLE
KER

.UELE WRITE FOR YOUR

FREE COPY!

PRM 12-10
(interior view)

MODEL
PRM 28-7

MODEL
PRM 2X48-3

‘““‘"";.-;'C.:.:_::--"""”@

SIZE “B” — 120 SERIES
CASED UNIT — $99.00**
31%,” Hx 5" W x 13%," D

MODEL ngTgUT:vle;s
PRM 6—15 63  0-15
[ PRM 12—10 12 0-10
PRM 18-6.7 18  0-6.7
PRM 24-5 24  0-5
PRM28—4.3 28 0-43
PRM36—33 36 0-3.3
PRM 48—25 48 0-25
PRM 60-2 60 0-2
PRM 120-1 = 120  0—1

**Available cased only

SIZE “A” — 180 SERIES
UNCASED UNIT — $119.00*
63" H x 43" W x 103" D

PRM 6-25 6.3
PRM 12—15 12
PRM 18—10 18

PRM 24-8 24
PRM 28-7 28
| PRM 36-5 36
PRM 48-4 48
PRM 60-3 60
PRM 120-15/ 120

0-25
0-15
0-10
0-8
0-7
0-5
0-4
0-3
0-1.5

EXTRA FILTERED MODELS
SIZE “C” — 180F SERIES

UNCASED UNIT — $169.00*
634" Hx 4%" Wx143%" D

PRM 6—25F | 6.3
PRM 12—15F | 12
PRM 18—10F | 18
PRM 24—8F 2
PRM 28—7F = 28
PRM 36—5F 36
PRM 48—4F 48
PRM 60—3F 60
PRM 120—1.5F| 120

- 0-4

0-25
0-15
0-10
0-8
0-7
0-5

0-3
0-1.5

DUAL OUTPUT MODELS
SIZE “C” — 300 SERIES
UNCASED UNIT — $179.00*

634" H x 43" W x 143" D

PRM 2X 45-20/ 42
PRM 2X 6-20 | &3
PRM 2X 1212 13
PRM 2X 16-10| 12
PRM 2X 18-8 | 13
PRM 2X 246 24
PRM 2X 28-5 | 33
PRM 2X 36-4 | 30
PRM 2X 48-3 | 4
PRM 2X 60-25 g9

0-20
0-20
0-20
0-20
0-12
012
0—10
0-10

oo oo
mmmﬂmm

iy

|
[CRARA R
ol

cooQ ?c oo

|
N
wn

*Case optional — add $10.00 to price

KEPCO, INC. » 131-38 SANFORD AVENUE o FLUSHING, N.Y. 11352 « Phone: (212) 461-7000 » TWX #212:539-6623 o Cable: KEPCOPOWER NEWYORK
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Editorial

The high cost
of insularity

Electronics | August 22, 1966

Many electronics firms will remember 1966 as the year with the long,
hot summer. In addition to some sizzling weather, many companics
tound themselves in uncommonly deep hot water because their
equipment or systems did not work as well as predicted.

Third generation computers have been coming on line a lot slower
and working not nearly as well as expected at many installations
[p- 149]. In New York City. a plan to control traffic electronically
has stalled as a result of equipment design problems [p. 37]. And in
Los Angeles, a computer maker is trying to sell a large hybrid machine
that the National Aeronautics and Space Administration refused to
accept when development problems delayed delivery for a vear [p 38].

Trouble like this is the side of engineering most companies don’t
want to talk about. Yet it can produce the most valuable kind of
information if somebody analyzes what went wrong and then
corrects it. There’s an old saw that goes: “People learn more
when things go wrong than when they go right.”

Government agencies are notoriously guilty of trying to cover up
an engineering failure as if it were a stigma. NASA, despite its legal
commitment to make technical information public, is the worst offender.
It has illegally classified almost everything that has gone wrong.
Curtains of secrecy shrouded projects such as the ill-fated Ranger
flights of a few vears ago and the S-2 second stage of Saturn 5,
which blew up at the Mississippi test facility. \WWhen the Houston
space tacility refused to accept a $1.4-million hybrid computer, the
bureaucrats imposed a steely silence on the matter. What the politicos
in such agencies cannot comprehend is that an engineering failure
might have a technical cause and not be caused by agency
incompetence, shaky procurement practices or just plain illegal conduct.

Troubles like those mentioned earlier can be traced in part to
a comnion technical cause: the mushrooming complexity of systems.
Discussing his company’s troubles with third generation computers,
an IBM executive said frankly, “We underestimated the complexity
of taking this step.”

In electronics these days, technology is moving so fast that the
people working with it sometimes lose sight of just how fast they are
advancing and what a giant step forward will mean. As the system gets
more campley, a small deficiency in one part can be multiplied and
transmitted throughout, wrecking the entire design concept. In
the less complex arrangements of the past a similar deficiency
could have been entirely ignored and forgotten.

Increasing complexity puts an added burden on the engincer.

He can’t concern himself solely with his circuit or his portion of the
system. He has to worry not only about how his portion will perform
but how it will mate with the rest of the equipment and the systen.

Two new areas of concern are opening up: compatibility and
reliability. Although the military has forced the industry to talk about
reliability, a large portion of the effort has been devoted to measuring
it after the fact, through variables such as mean-time-between
failures. Not enough people recognize that reliability starts in the
engineering phase with the design. Engineers need to know more
about what causes failures and where they start.

Compatibility is a more frustrating problem because the failure
is much harder to trace. A subsystem might work perfectly when
tested alone but not work at all when put into a system. In addition,
nobody is willing to take the responsibility for cansing the trouble
and it’s easy to put the blame on somebody eclse or some
other piece of equipment.

It cataclysmic troubles with complex systems are to be avoided,
the old attitudes toward compatibility and reliability will have
to be dropped. An engineer has to take responsibility not only for how
his design performs but also how well it matches up. Suppliers too
will have to accept additional responsibility for their products.
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Solid State

Time Delay Relays
for as little as

4 -

(P&«B QUALITY,
OF COURSE)

—

i
&

e

why pay for operating characteristics you don’t need?
SPECIFICATIONS

CH and CD Series Comparison

Here is a practical cost-saving answer to many timing
applications which do not require the extreme precision
of much more expensive relays. CH Series solid state
time delay relays are quality-built to perform depend-
ably in most industrial applications. Where more critical
perameters are required, we recommend our CD Series.

SAVE UP TO 60%— You can save up to 60% of your
time delay relay costs with our new CH Series. Adjust-
able or fixed models are available with delays on operate
or release as well as ‘“‘interval on”.

ACCURACY +10% — Accuracy is +10% over the
10° to 55°C temperature range for adjustable time
delays. Fixed delays have an accuracy of +5% at 25°C
ambient temperature. Reset time is 100 milliseconds.

INTERNAL RELAY RATED 10 AMPERES —An
internally-mounted DPDT relay is rated at 10
amperes, 115 VAC, resistive. Both AC and DC models
are available and all come in a white nylon case with
octal plug. CH relays for DC operation have an internal
protection against damage by reversal of input polarity.
Relays will not operate falsely nor be damaged by a
transient input voltage having a magnitude up to twice
rated input voltage and a duration of eight milliseconds.

Write for the complete catalog of P&B Time Delay
Relays. You can get CH Series relays from your local
electronic parts distributor.

CH SERIES CD SERIES
Dial Setting Reference scale Time-calibrated
+5% of full scale
Temperature —10°C to +55°C —40°C to +55°C
Range

Accuracy Over
Temperature and
Voltage Range

+10% of nominal

+5% of nominal

Transient
Protection

Twice rated input
voltage for 8
milliseconds

Tested to 1000V—
Y cycle surges (on
all 115V AC models)

Inherent False
Operation

Contacts may transfer
momentarily if

timing interval

is interrupted

None

Reset Time

100 milliseconds

60 mitliseconds

Repeatability +2% 1%
Polarity

Reversal Yes Yes
Protection

(on DC)

POTTER : BRUMFIELD

Division of American Machine & Foundry Co., Princeton, Ind.
Export: AMF International, 261 Madison Ave., New York, N.Y.
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GT&E researchers
develop inorganic
liquid laser

NASA schedules
Apollo guidance
flight test

First all-IC
numerical control
ready for market

BARTD ponders
high cost
of sophistication

Electronics Newsletter

August 22, 1966

A room-temperature lignid laser, the first to use an inorganic compound,
has been developed by the same laboratory that first developed an
organic liquid laser. The work, performed at the General Telephone
and Electronics Corp.’s Bayside, N.Y., laboratories, is significant because
the lasing material (neodymium oxide dissolved in selenium oxychloride)
is inexpensive and easy to make and not subject to breakdown when
pumped at high power. In addition, the laser tube can be made in nearly
any shape or size.

In early experiments, the GT&E scientists, Adam Heller and Alex-
ander Lempicki, have easily achieved 1-joule pulsed operation from the
laser, although they believe it can soon reach very high continuous-
wave output. The researchers say that in some modes the laser’s gain
is so high that it is possible to produce laser action without the usual
end mirrors. Output is in the invisible infrared region—1.06 microns.

The research team predicts that, because heat can be dissipated easily,
the liquid laser can eventually reach higher outputs than crystalline
lasers. Heller and Lempicki say they are planning to circulate the liquid
in the tube during lasing action; this, they believe, will dissipate the heat
built up in the system even faster, making higher outputs possible. Other
liquid compounds are also being investigated.

The first flight test of the inertial guidance system that will eventually
guide American astronauts to the moon is planned for the Apollo/
Uprated Saturn-1 202 mission scheduled later this month at Cape
Kennedy. The system is nearly identical to the one that will be in the first
manned Apollo mission. The feat may come as early as Nov. 17. The
ballistic flight of 202 will take about an hour and a half as the space-
craft travels two-thirds around the globe, splashing down near Wake
Island in the Pacific.

The space agency’s manned flight chief, George Mueller, warned,
meanwhile, that this month’s 202 launch may not be the last before the
design is considered ready. He also saw little chance of reaching the moon
by early 1968.

The first numerical control for a three-axis contouring machine built
exclusively with integrated circuits will be introduced in a few weeks
by the Cincinnati Milling Machine Co. Within the past year other pro-
ducers have developed numerical control for point-to-point machines
with only some components replaced with IC’s. Cincinnati Milling claims
that its equipment has been tested under production conditions for more
than a year without a failure.

Though preliminary specifications for the train control and communica-
tions system have already been printed and bids are to be advertised
on Aug. 30, the San Francisco Bay Area Rapid Transit District (BARTD)
is still tinkering with requirements. BARTD is wondering if it might not
have to pay too high a price for sophistication. Preliminary specifications,
for instance, call for a train to stop within * 1 foot. But general manager
B.R. Stokes and chief engineer David G. Hammond returned from a



Foam waveguide
can carry power
of a billion watts

A-c generator made
of superconductors
wrapped in plastic

Sperry awards
gyroscope contract
to GM division

Electronics Newsletter

world tour early this month impressed with a relatively crude method
being tested by the London Transport System, which makes do with a
stopping tolerance of 7% feet. BARTD has been copsidering other
changes also.

Microwaves are a common communications medium, but they also have
potential for power transmission. Two Stanford University researchers,
Prof. Donald A. Dunn and graduate student Walter Loewenstern Jr.,
displayed last week a chunk of plastic foam waveguide suitable for trans-
mitting a billion watts of microwave power. The foam is actually only a
supporting element: the r-f energy is carried on a thin copper lining.

Dunn and Loewenstern pointed out that no devices exist yet to con-
vert large currents to microwave energy at one end of the waveguide
and back again at the other. Microwave tubes can produce about a mil-
lion watts in the S-gigahertz range. “Theoretically,” Dunn says, “there
is nothing to prevent a large boost in the power of microwave tubes if
lower frequencies are used.”

Power would be transmitted in the TEs: mode. To keep mode con-
version losses low, the waveguide must be straight and round, with a
tolerance of from 10 to 100 mils in a typical 4- to 6-foot diameter pipe.
Bends would be possible if the radius of curvature were constant, and
greater than a tenth of a mile.

The entire waveguide would be underground, and the foam’s job
would be to absorb vibrations (that would otherwise cause power losses)
by converting the energy to high-loss modes.

A generator for space, nearing the prototype stage at a small company
in Cambridge, Mass., underlines the progress being made toward use of
superconductors for lightweight, compact electrical machinery. The a-c
generator, being developed by the Dynatech Corp. with Air Force funds,
is believed to be the first totally superconducting generator. Both the field
coil and armature are made of niobium tin, a superconducting compound.

Since superconducting materials offer virtually zero resistance, they
provide a high current-carrying capacity in a small volume.

In the Dynatech generator, a new plastic enclosure thermally and
electrically isolates the armature from the iron flux path. The multiwall,
vacuum-tight plastic enclosure was developed by the Hofman-Paul
Cryogenic division of the Air Reduction Co. It functions like a dewar,
but because it is plastic rather than metal, it permits the flux to reach
the iron return path without generating eddy currents. And because the
plastic is vacuum-tight, it preserves the thermal boundary between the
jron return path and the armature, virtually eliminating heat transfer.

The Sperry Gyroscope division of the Sperry Rand Corp., one of the
largest manufacturers of inertial guidance systems, has awarded a $700,-
000 subcontract to General Motor Corp.s AC Spark Plug division to
build four prototype gyro systems for the Navy’s Integrated Light Attack
Avionics System (ILAAS). ILAAS program manager, Martin Astrow of
Sperry, explained, “We looked throughout industry and felt that AC could
best meet our time schedule and technical needs.” Sperry will, however,
build the standby gyro platforms under a $400,000 initial contract.
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Don’t look
at the price!

If the tag en yaur ccpy has teen torn aff,
you'll fiad the pr ce list fce t1e basic unit
plus auterangirg and palarity option im
the spec checklst inside. For specific
questions. phoae Non-Linear| Systems,
(714) 755-1133.
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Meet all your needs
with one versatile instrument

NLS X

FAST RESPONSE

digitizing time 6 ms

HIGH ACCURACY

5 digits with 6th digit (20%!) overranging

SOLID STATE RELIABILITY

no mechanical choppers

FUNCTIONAL EFFICIENCY

accessory modules readily adaptable to a
wide variety of function combinations

HIGH COMMON MODE REJECTION
120 db, unfiltered, with up to 100 ohms unbalance

““Get it right the first time”’

X-1 eliminates first reading error

You can forget about the problem of “first reading error” with the
fast X-1. You see the reading instantaneously and correctly the first
time it appears. Digitizing time is 6 ms. With polarity change, scttling
time is about 20 ms. This makes the NLS X-1 the perfcct instrument
for systems.

Performance packaging

Take a look at packaging designed to improve performance, simplify
maintenance, and extend the uscful life of the instrument. Top-loading
double Jdrawers contain the Analog to Digital Converter and Input
Accessory modules. The Power Supply module is easily accessible at
the rear of the instrument.

Easy access to plug-in boards and use of repetitive boards and parts
throughout the instrument minimizes the need for sparec components
and makes rarely required maintenance easy and economical.



The NLS X-1: Latest in a history of firsts

NLS X-1 is the latest in a line of “firsts” dating back to
1952 when Andrew F. Kay designed and built the orig-
inal digital voltmeter and founded Non-Lincar Systems.
The reputation for outstanding quality earned by these
instruments is a result of specialization in digital volt-
meters and associated equipment. Concentration of ef-
fort in one ficld has paid off with superior products for
the user from the original digital voltmeter, serial number
1, to the X-1, the ultimate in precision instrumentation.
A total of 58 man-years of digital voltmeter design cx-
perience went into its creation. While the NLS X-1 is the
latest in a history of NLS *“firsts,” you can be sure it’s not
the last. Rescarch goes on at Non-Linear Systems be-

s

Sculpture by Joseph Nyiri - Courtesy Orr's Gallery

Originator of the Digital Voltmeter

non-linear systems, inc.

Del Mar, California Phone: (714) 755-1134

cause the company is dedicated to maintaining its

leadership in DVM development. You can look for the

) latest and the best at un-

REED beatable prices from

Non-Linear Systems, the

) company that pioneered
the digital voltmeter.

Get full information on your NLS X-1

Tell us about your particular needs and let us show you
how the NLS X-1 can do the job better than any other
instrument in its price class. Fill out the attached card, or
write directly to NLS, Dept. 800, Del Mar, Calif. 92014.

~
C

Original DVM, serial number 1.



Selecting a resolver/synchro test
instrument for any engineering, pro-
duction or system requirement is re-
markably simple from North Atlantic's
family of resolver and synchro instru-
mentation. Because this group has
been developed to cover every area of
need in both manual and automatic
testing, obtaining the desired combi-
nation of performance and package
configuration usually demands no
more than 1) determining what you
need and 2) asking for it.

Remote Readout of Angular Position
For remote indication of resolver
or synchro transmitters in system
testing, North Atlantic’s Angle Po-
sition Indicators (Figure 1) pro-
vide the advantages of low cost
and continuous counter or pointer
readout. These high-performance
instrument servos are accurate to
4 minutes of arc, with 30 arc sec-
onds repeatability and 25°/second
slew speed. Dual-mode capability,
multi-speed inputs, integral re-
transmit components and other op-
tional features are available to
match application needs. Priced
from $895. I e ]

Figure 1. Angle Position Indicators are avail-

able in half-rack, quarter-rack and 3-inch
round servo packages.

High-Accuracy Testing

Of Receivers And Transmitters
Measuring receiver and transmit-
ter performance to state-of-art ac-
curacy is readily accomplished with
North Atlantic’s Resolver/Synchro
Simulators and Bridges (Figure 2).
Each of these dual-mode instru-
ments tests both resolvers and syn-
chros, and provides direct in-line
readout of shaft angle, accurate to
2 arc seconds. Simulators supply
switch-selected line-line voltages

~—Circle 32 on reader service card

RESOLVER/SYNCHRO
INSTRUMENTATION

A very short course for engineers engaged in
testing and evaluation of resolvers and synchros
as components or as system transducers.

from 11.8 to 115 volts from either
26 or 115 volts excitation, and so
can be used to test any standard re-
cetvers. Bridges have constant null
voltage gradients, making them
ideally suited for rapid deviation
measurements. Simulators and
Bridges each occupy only 3% inches
of panel height and are available
in a choice of resolutions. They are
priced in the $1500 to $3000 range.

Figure 2. Resolver/Synchro Simulator pro-
vides iceal source for receiver testing.

Automatic Measurement And
Conversion

| Where systems require continuous

or on-command conversion of re-
solver or synchro angles to digits,
North Atlantic’s Automatic Angle
Position Indicators (Figure 3)
handle the job without motors,
gears or relays. These solid-state
automatic bridges accommodate all
standard line-to-line voltages and
provide both Nixie display and
printer output, accurate to 0.01°
and with less than 1 second update
time. Many variations, including
10 are second accuracy; binary,
BCD or decimal outputs; multi-
plexed channels and multispeed
operation, are available for specific
requirements. Ballpark price:
$5900.

.

P

[

o) 3
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Figure 3. Model 5450 Automatic Angle Posi-
tion Indicator. It measures shaft angles, con-
verts them to digital data.

PRECISION AC INSTRUMENTATION FOR TEST, MEASUREMENT AND DATA CONVERSION

Measuring Electrical Characteristics
Combine a Resolver/Synchro
Bridge and a Simulator with a
North Atlantic Ratio Box, a Phase
Angle Voltmeter and a test selec-
tion panel and you have an inte-
grated test facility for determin-
ing all electrical characteristics of
resolvers and synchros in com-
ponent production or Quality Con-
trol. An example is the North
Atlantic Resolver/Synchro Test
Console shown in Figure 4. It mea-
sures phasing, electrical zero, total
and fundamental nulls, phase shift
and input current, as well as an-
gular accuracy. Standard North
Atlantic instruments are used as
modules, making it a simple matter
to fill the exact need. The unit
shown sells for about $7500.

ST
8.

Figure 4. Model RTS:573 Test Console is a
complete facility for the production line or
in quality control.

If yourequire performance, relia-
bility and convenience in resolver
and synchro testing, we want to
send you detailed technical infor-
mation on these instruments (also
on related instruments for com-
puter system interface). Or, if you
prefer, we will arrange a compre-
hensive technical seminar at your
plant. Simply write to: North
Atlantic Industries, Inc,, 200 Ter-
minal Drive, Plainview, N.Y.
11803 « TWX 516-433-9271 ¢ Phone
(516) 681-8600.

NORTH ATIL.ANTIC
industries, inc,

Circle 33 on reader service card

33



Now: A Fast Signal Averager

<+—— 100 usec -————-"

Photo #1—Input to Model TDH-9

SENSITIVITY: 5 V/em
TIME: 10 usec/cm
NOISE-TO-SIGNAL RATIO: 10:1
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PAR Model TDH-9
Waveform Eductor

Photo #1 is an actual oscillogram of
a signal obscured by noise — a situ-
ation unfortunately prevalent in many
research areas such as studies of bio-
medical evoked potentials, seismol-
ogy, spectroscopy, fluorescent life-
time studies, and vibration analysis.
Photo #2 shows the dramatic im-
provement in sighal-to-noise ratio
when -the noisy signal was processed
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|<-—'—-——- 100 usec ——-—-—*'

Photo #2—Output of Model TDH-9

SENSITIVITY: 5 V/cm
TIME: 10 usec/cm
TDH-9 VOLTAGE GAIN: 10

by the PAR Model TDH-9 Wave-
form Eductor.

This new instrument employs a highly
efficient waveform - averaging tech-
nique, and at the same time offers the
fastest sweep rates obtainable in sig-
nal processing equipment of the signal-
averaging type. Sweep durations as
short as 100 microseconds, with dwell
times per channel of 1 microsecond,
are obtainable. The high resolution
capability of the Model TDH-9 allows
observation of waveforms or transi-
ents which have heretofore been un-
resolvable by averaging instruments
employing a greater number of
channels.

Although the Model TDH-9 Wave-
form Eductor sells for only $4,200,

we invite functional comparison with
the higher-priced digital averagers.
We believe you will be pleasantly
surprised. For more information about
the PAR Model TDH-9, ask for
Bulletin No. T-126.

Have a noise problem?

PAR’s technical staff, unusually
knowledgeable in signal processing
problems and techniques as a result
of its experience in the development
and application of Lock-In Ampli-
fiers, welcomes your specific inquiries,
Please call or write.

PRINCETON
APPLIED RESEARCH CORP.

Dept. D
Box 565, Princeton, N, )., Tel. (609) 924-6835
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Space electronics

Beyond the moon.. ..

The five-flight, $195-million Lunar
Orbiter program may continue long
after it has accomplished its pri-
mary nussion—validating landing
sites for the Apollo manned space-
craft. Project officials at the Na-
tional Aeronautics and Space Ad-
ministration and the craft’s prime
contractor, the Boeing Co., are
studving missions for future orbit-
ers that may send the craft as far
as Venus and Mars. NASA hopes
to get funds for five more Orbiter
flights in its fiseal 1968 budget.

‘If we had them.” As the space
agency’s Lunar Orbiter program
manager, Capt. Lee Scherer, put
it before the first spacecraft was
successtully lannched toward the
moon on Aug. 10, “I think e
could find a use for 20 of these
spacecraft, if we had them.” The
first two Orbiters have one of the
most important jobs in the space
program: pmpointing an area on
the moon about two miles wide
and four miles long that is flat
enough and sufficiently free of
boulders so the Apollo astronauts
can land safely.

Definite jobs for the other three
Orbiters haven’t been finally de-
cided. In the event the first two
Orbiters fail in their mission, the
next three could act as backups.
But, NASA says, if the first two
are successful, new jobs will he
found for the remaining three.

The Lunar Orbiters may make
another contribution to the Apollo
mission. The Langley Research
Center, which manages the pro-
gram, is working with the Manned
Space Network on an idea to per-
mit the networlk’s stations to track
future Orbiters and thus give the
network practice in tracking Apollo
when it orbits the moon.

After that, the opnortunities for
new missions are al.nost as limit-

less as space. One proposal, to
photcgraph the back of the moon,
wonld require no spacecratt modi
fication, Scherer says. Also, he ex-
pects Orbiters to photograph areas
around future Survevors on the
lunar surface. This would permit
comparisons with pictures taken on
the surface.

Still another plan under consid-
eration is to investigate the area
around the crater Aristarchus
where unexplained red spots were
spotted first by Russian astrono-
mers and more recently by French
and American observers. The spots

Venus or Mars. This could be ac-
complished relatively simply, ac-
cording to the company, by rede-
signing part of the cratt and using
Mariner 4  television cameras.
NASA didn’t buy the idea on the
spot, but gave Boeing $60,000 to
continue the studies.

In the meantime, however, the
schedule calls for launching Or-
biters everv three months. But this
may not be possible hecause the
Deep Space Network, charged
with tracking and data reception,
will be busv with the Survevor
and Pioneer interplanctary missions,

Lunar orbiter lowered into test chamber before its flight to
the moon to snap photos of landing areas for Apollo.

have been the subject of scicntific
speculation that the moon may con-
tain volcanoes, and some NASA
planners hope that volcanic gases
can be found for use in manufac-
turing rocket fuel on the moon.
Droa the word. Bocing would
be just as happy to drop the term
“lunar” from the spacecraft’s name.
The company recently submitted
an unsolicited proposal to NASA
tor modifying the craft to permit
it to be placed in orbit around

...and to the sun

Another NASA program that may
be expanded bevond its current
role is the Pioneer interplanetary
spacecraft.

The first Pioneer in the present
series is still returning scientific
data eight months after its launch
last Dec. 16 and two months longer
than the contract demanded. A
second Pioneer was to be launched
on Aug. 17 to search for the tail
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end of the carth’s magnetosphere.

The space agency was so happy
with the performance of the first
satellite that it recently added an-
other launch to the current four-
flight program. NASA will decide
later this vear whether to add two
more Pioneer flights. This mayv be
just the beginning of what prom-
ises to be an open-ended program.
Several more Pioneer missions are
being studied at NASA’s Ames
Research Center at Molffet Field
Calif,

All paid for. One reason for the
satellite’s popularity is that devel-
opment costs have all been paid
by the $35 million spent for the
first four satellites. The space
agency plans to spend only $5
million for the fifth model, now
called Pioncer-E, by building it
with spare parts from the original
contract.

Also, Pioneer has become
NASA’s workhorse for studving
the interplanetary  environment
during the current period of in-
creased solar activity, which builds
up to a peak in 1969. This job
would have been performed by
the Advanced Orbiting Solar Ob-
servatory, a program wiped out
carlier this year Dby the space
agencey’s budget squeeze.

The first five Pioneers in the
current series are designed to op-
erate in orbits around the sun.
Pioneer 6, the first in the pres-
ent series, is in an orbit about
75 million miles from the sun,
while Pioneer 7 was to he aimed
at an orbit about 105 million miles
from the sun. (Spacecraft are given
letter designations before a suc-
cessful launch and number desig-
nations afterwards.) NASA’s carlier
Pioneer series. numbers 1 through
5, back in 1958 to 1960, werc not
(uite so successful.

Missions for the three remain-
ing approved Pioneers haven’t heen
decided. But NASA program man-
ager, Andrew Edwards Jr., believes
the next one will be launched in
about a vear and will orbit be-
tween the earth and sun. What
NASA wants most of all is to have
two Pioneers operating at one time
to correlate data on the sun from
points inside and outside the
earth’s orbit. This would probably
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require a launch every nine months.

Biggest hurdle. The two Pioneer
flights under study, now called I
and G, would use a more powerful
version of the Delta launch vehicle.
NASA’s  Deputy  Administrator
Robert Seamans Jr. has vet to okay
a detailed design study and the
project still has to clear the big-
gest hurdle—approval in the fiscal
1968 budget. The two launches are
planned for late 1969 and early
1970,

Looking further down the line,
the Ames Center, along with TRW
Systems Group of TR, Inc., the
satellite builder, is studving a va-
rietv of exotic Pioneer missions.
They inclide a satellite operating
within the orbits of Mercury and
Venus, and probes of some 20° to
25° out of the ecliptic plane, the
path in which the earth moves
around the sun. Also being studied
are “Biopionecers,” satellites that
would study biological rhyvthms of
organisms beyond the influence
of the earth’s gravity. Being con-
sidered for this experiment are
cockroaches, potatoes and desert
pocket mice.

Patents

The laser decision

If the laser creates a hillion-dollar
industry, a sizable chunk of the
gross will probably go to patent
lawvers,

The latest spurt in laser patent
activity started when the United
States Court of Customs and
Patent Appeals aflirmed the patent
awarded to Arthur L. Schawlow
and Charles . Townes for the
Fabry-Perot type laser and rejected
the appeal of Gordon Gould [Elec-
tronics, Nov. 29, 1965, p. 106].

The decision would seem fo es-
tablish Schawlow, now head of the
phvsics  departinent at  Stanford
University, and Townes, his broth-
er-in-law, a Massachusetts Institute
of Technologv professor, as co-in-
ventors of the laser, although
neither built the first operating de-
vice.

Financial rights to the Shawlow-

Charles H. Townes

Townes patent belong to Bell Tele-
phone Laboratories, where Schaw-
low was an emplovee and Townes
a consultant when the “optical
maser” was conceived in 1958.

“I am glad the case is settled,”
says Gould, adding that this may
speed action on a “roundup patent”
he has filed. This includes claims
on Brewster angle windows for
lasers, the helium-neon gas system
and Q-switched lasers. Bell Tele-
phone Laboratories is opposing the
first two, and the Hughes Aircraft
Co.—where the first laser was built
in 1960 by Theodore H. Maiman
—is disputing Gould’s claims on
Q-switching.

An appeal? But the decision
whether to continue litigation on
the Schawlow-Townes patent rests
with TRG, Inc., a subsidiary of the
Control Data Corp,, to which
Gould’s rights are assigned. Coun-
sel for the company savs it will be
a few weeks before it decides
whether to appeal to the U.S. Su-
preme Court. Also under considera-
tion by the company is a request
for a rehearing.

The court decision rested princi-
pally on Gould’s failure to prove
that he conceived the invention
prior to July 30, 1958, when Schaw-
low and Townes filed their patent,
and his failure to prove “reasonable
diligence” in pursuing such an idea
prior to his own filing date of
April 6, 1959.
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A few days after the court de-
cision, the International Business
Machines Corp. announced it was
granted a patent covering semi-
conductor injection lasers. Four
vears ago this summer, research
teams at IBM, the General Electric
Co. and MIT’s Lincoln Laboratory
were racing to get coherent radia-
tion from gallium-arsenide junc-
tions. The contest ended in virtually
a dead heat at the end of October,
1962, when all three disclosed they
had succeeded. All used the injec-
tion technique, direct application
of an electric current and conver-
sion of this d-c power into coherent
light at the diode junction.

The claims in the IBM patent
specify injection lasers that emit
light of energy less than the band-
gap of the semiconductor material
from which the laser is made.

Broad coverage. Patent rights in
the semiconductor laser field are
bound to get more complicated be-
fore long. The patent with perhaps
the broadest coverage—a total of
10 claims—was awarded April 5
to GE, but it had not been pub-
licly announced by the company.

Like IBM, GE claims that its
patent is the basic injection laser
patent. Asked to comment on the
situation, IBM would only say that
it would issue a license for any
company to produce the injection
laser “at a reasonable fee.” Neither
CE nor IBM would comment when
asked whether any litigation over
the patent was planned.

Lincoln Labs, one of the most

Arthur L. Schawlow
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active centers in development of
diode lasers, received its first pat-
ent on June 28, and it covers con-
ception of a laser that has not vet
been physically achieved: a zinc-
doped germanium diode with infra-
red output.

The researchers at MIT make no
claim to priority in achieving the
first injection laser. They have pub-
licly credited GE’s Robert N. Hall
and his coworkers with the initial
suceess.

Advanced technology

A better red

A resecarch team at the Massachu-
setts Institute of Technology’s Lin-
coln Laboratorv believes it is close
to devcloping a better red solid-
state laser. The group is now test-
ing a new host material and is zero-
ing in on a new dopant to comple-
ment the host material. The lack of
a good source of coherent red light
has been delaving the development
of large laser displavs [Electronics,
July 25, p. 143].

The new host material is vttrium
vanadate. The Lincoln group,
headed by Joseph R. O’Connor, has
observed pulsed laser action at
room temperature from crystals of
YVO, doped with neodvmium.
There are hints that continuous-
wave operation has also been ob-
served, but O’Connor says only that
he hopes to be able to report c-w
laser action next week (Aug. 29-30)
in Boston at a meeting of the Metal-
lurgical Society of the American
Institute of Metallurgical, Mining
and Petroleum Engineers.

Dopant search. The output of the
neodymium-doped vttrium vana-
date is 1.06 microns in the near-
infrared. For a visible output in the
red band, the dopant under investi-
gation is europium, the phosphor
that supplies red in color television
tubes. “If it goes,” says O’Connor,
“europium-doped yttrium vanadate
may provide one of the best red
c-w lasers.”

O’Connor’s group is also con-
tinuing studies of the spectral prop-
erties and transitions in the neo-
dymium-doped yttrium vanadate.

Radiative lifetimes of neodvmium
are low, so there is hope of high
pulse-repetition, says O’Connor.

Work with vttrium vanadate is
also being done at the Bell Tele-
phone Laboratories, at the General
Electric Co. in Cleveland and at the
Union Carbide Corp.’s Electronics
division in Indianapolis.

The Lincoln Laboratory team
sees YVO, competing successfully
in many applications where YAG—
yttrium aluminum garnet—is now
being tried. “The fluorescent spec-
tra are simpler,” savs O’Connor,
“and the transitions are stronger.”
This means better energy-conver-
sion; therefore, higher efficiency.

“In addition,” savs O’Connor,
“we are hopeful that the thresholds
will eventuallv be lower than those
for “YAG.”

At present, O’Connor points out,
100 to 300 watts are being obtained
from YAG at a pulsed threshold of
1 to 2 joules, with 30% efficiency.

Lower threshold. In recent Lin-
coln Lab experiments, stimulated
emission from vttrium vanadate
rods was also observed at a thresh-
old of 1 to 2 joules. The power out-
put has not been measured, but
says O’Connor, “We hope to get
some accurate measurement when
we have c-w action.”

The single-crystal rods grown by
the Linde division of Union Car-
bide for Lincoln Laboratory are as
long as 2 inches, another advantage
in using yttriumn vanadate. Tt is a
problem, says O’Connor, to get
YAG crystals longer than about
13 inches.

Industrial electronics

Stalled traffic control

New York’s computer-operated
traffic-control system has hit an
engincering roadblock.

The Sperry  Gyroscope Co,,
which has a $5.4-million contract
for the city system, found that its
traflic-speed radar sensors weren’t
working properly. Although Sperry,
a division of the Sperry Rand
Corp., would only say that it
was having “production prob-
lems,” it has been learned that the
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sensors were providing speed read-
ings with errors of as much as
30%, whereas the city’s specifica-
tions called for errors no larger
than 2%. Sperry began to deliver
the svstem to the citv—but with-
out the erring sensors. Traflic Com-
missioner Henrv A. Barnes, how-
ever, objected and ordered the
company to keep the gear until all
the parts met the specifications.
Embarrassed, Sperry pulled the
equipment back while its engineers
puzzled over the sensors.

To Sperry, the contract is more
than a $5.4-million order. When
the first part of the computer svs-
temn is completed—and no one is
willing to say when that will be in
light of the sensor problem—the
city will be in the market for an-
other $100 million of electronic
gear to computerize most of its
traffic lights.

Foreign aid. Apparently Barnes
is more certain than Sperry that the
sensor problem will be solved
quicklv. The traflic commissioner
disclosed that the company re-
cently mentioned the possibility of
using French-made sensors to re-
place the troublesome gear. Barnes
says he rejected the plan out of
hand. The use of foreign equip-
ment, he said, would make main-
tenance and parts replacement a
headache.

The sensor inaccuracy, explained
Barnes, is caused by spurious sig-
nals that feed from the transmitter
directly into the system’s two re-
ceivers. Because of this, he ex-
plains, the receivers aren’t able to
discriminate between the spurious
signals and the anthentic echoes
from passing vchicles.

Computers

White elephant

Webster defines white elephant as
“a property requiring much care
and expense and vielding little
profit.”” Beckman Instruments, Inc.,
has one that cost $1.4 million and
it is sitting in its Systems division
in Richmond, Calif.

Beckman’s white elephant is the
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world’s largest hvbrid computer.
The company developed it for the
National Aeronautics and Space
Administration and it was to have
been delivered to NASA’s Manned
Spacecraft  Center in  Houston,
where it would have been used as
a problem-solving computer for the
Apollo program, mainly in develop-
ment of lhimar orbit simulations.

Too late. But Beckman fell 12
months behind the delivery date be-
cause of development problems and
the Apollo program progressed be-
vond the need for the svstem, savs
the agency. So NASA terminated
the contract. giving Beckiman “a
financial consideration” and told
the company to keep the computer.
The space agencv is now using
existing data-processing facilities
at Houston to perform the job
originally planned for the Beck-
man system.

NASA officials say a $1,314,000
contract was written on a fixed-
price basis and, as a result. the
space ageney was not liable for the
whole amount. They claiin the loss
to the Government was $84.000 of
which $50,000 went for systemn de-
velopment and $34,000 for rental
of interim computer equipment.
Beckman had been under contract
since June 25, 1964.

While Beckman seeks a buver,
the computer is being rented to
companies that have special prob-
lems to solve. The rental for the
complete system is $700 an hour.

Big tasks. L.B. Horwitz, Beck-
man’s syvstems division manager,
conunenting about the problems
Beckinan encountered with the
huge system, said: “With a new de-

velopment you always have prob-
lems, and we didn’t appreciate in
the beginning just how big a task
this was.”

Horwitz said a group of poten-
tial customers is interested in the
systemn, including chemical and air-
cralt companies which could use
it for flight dynamices.

The system consists of two Beck-
man 2200 analog compnters, a Sci-
entific Data Systems, Inc., digital
computer interface and peripheral
equipment.

Money saver. The software in-
cludes the most complete hybrid 1i-
brary available today, according to
Beckman. The concern developed
a special hybrid Fortran package.
The computer can handle 16 prior-
ity interrupts, an interrupt being
tricuered by some event that occurs
during computation,

Dick Neshit, who developed the
software, explained that the sys-
tem’s value lies in its ability to
handle large, complicated problems
that a digital computer alone either
could not handle or would take a
long time to solve.

Integrator on a chip

The first digital integrator on a
monolithic chip will be introduced
later this month by the General
Instrument Corp. The metal oxide
semiconductor (MOS) device repre-
sents a move toward development
of a computer on a chip—a goal
still well beyond the current state
of the art.

For $500, buvers will get a pack-
age that includes two complete

Monolithic integrator, to be introduced by General Instrument, is a step
closer to the development of a computer on a single semiconductor slice.
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adders on a single chip, plus two
shift registers on another chip. One
adder plus two shift registers make
an integrator, and two or more inte-
grators make a digital differential
analyzer.

Add a chip. The dual adders are
packaged in a 24-lead flatpack;
the shift registers in the second
chip can be extended to any desired
length with additional flatpacks, de-
pending on the application.

The 72-by-86-mil chip contains
230 MOS transistors. It’s the MOS
technology—which allows for cx-
tremely dense packaging—that
makes the device possible. Conven-
tional bipolar transistors occupy 20
times more space, which explains
why digital differential analyzer in-
tegrated circuits haven’t been prac-
tical up to now. A similar design
but with bipolar transistors would
have required more than 60 chips.

The digital integrator is the
equivalent of an analog resolver,
and is the basic unit of the oldest
digital computer designs. A digital
differential analyzer, made by con-
necting several integrators, can
solve quickly any kind of problem
that can be expressed as a set of
differential equations. The sine and
cosine of a number, for example,
can be generated with two integra-
tors, or the natural logarithm can
be generated with three integrators.

A fast and accurate inertial nav-
igation svstem, for instance, can
be built with an arrav of perhaps
20 integrators—for a total cost of
about $10,000.

But such integrators have their
drawbacks: they lose all control
when their power supply fails even
briefly. Hence, they generally are
not considered for avionics or proc-
ess-control systems, where power
failures can be disastrous.

Built into arrays. The principal
advantage of the circuit is its ccon-
omical application in a special-
purpose computer. Previously it
would have been financially im-
practical to build large special-pur-
pose computers with differential
analvzers. With the chips, however,
sets of analvzers could be built into
arrays connected with a patch-
board, the way operational ampli-
fiers are connected to analog com-
puters to solve complex problems.
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General Instrument’s Radio Re-
ceptor division is using the chip in
an interferometer direction finder
under a contract with the Army
Signal Corps. The direction finder’s
computer contains 12 of the new
chips, plus associated logic, and
generates sines and cosines and
inultiplies two variables like an
analog computer.

The military computer occupies
less than 50 cubic inches, most of
which is for code wheels for insert-
ing constants and initial conditions,
An earlier version, without the new
chips, required a whole rack of
electronic equipment.

Antennas

Widening the feed point

Antennas that are used for jam-
ming radar and conmunication in-
stallations should be high powered
to “overcome” the enemy’s signal,
and wideband, so that a broad
range of frequencies can be se-
lected. Conventional wideband an-
tennas used for this military job,
such as the log periodic dipoles,
however, don’t hold up under
powers much above 3 kilowatts,
primarily hecause the point where
the antenna is fed is small.

George A. Voronolfl, an antenna
designer at the Dalmo Victor Co.

LOG - PERIODIC
ARRAY OF SLOTS

DIELECTRIC

of Belmont, Calif., a division of
Textron, Inc., has developed an un-
usual log periodic slot array that
was designed to get around the
limitations of the small feed. The
Voronoft design is V-shaped, with
two or more log periodic arravs cut
into the metals walls that form the
V. Down through center of the V
is a strip of tapered dielectric.
Power for the antenna is fed into
the wide mouth of the V, and the
result, says Voronoff, is an antenna
with a bandwidth of 6 to 1, with
continuous-wave power as high as
154 kilowatts. The antenna that the
engineer built operates at 3.5 to 8.2
gigahertz.

Although the system has obvious
applications in electronic counter-
measures, it could also be used
for communications.

One-sided advantage. The shape
of the antenna, savs the designer,
makes it perfect for flush-mounting
in the wing of an airplane. Another
advantage, savs Voronofl, is that it
vadiates on only one side of the
slots, producing a 20° by 20° heam-
width. Conventional log periodic
dipole antennas produce a heam-
width of about 75° by 75°.

The antenna’s range of fre-
quencies depends on the position-
ing of the slots and the taper angle
of the dielectric. By using a double-
ridged waveguide as a feed, the
antenna is able to transmit the 154
kilowatts; but with a single-ridged
waveguide, the maximum power of

«——B8EAM DIRECTION

10° 70 50°

Log periodic slot antenna provides high power over a wide
band of frequencies. Energy is fed into open end of V.
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the antenna is 81 kilowatts.

In one test of the Voronoff de-
sign, a slot array produced a 12
decibel gain—relatively good for
a wideband antenna.

The log periodic arrangement of
stots was chosen so that energy
would radiate over a wide range of
frequencies. However, for this to
occur, energy must propagate be-
tween the metal plates in the same
broad range of frequencies. This is
done by choosing the diclectric
taper’s dimensions so that the
guide propagates a wideband
waveguide mode—the TE,—that
has no cutoff frequency. [Elec-
tronics, March 31, 1961, p. 54].

Military electronics

Bitter end

After a troubled 10-year history,
the final chapter has been written
on the Navy’s plan for a 600-foot
diameter radio telescope in Sugar
Grove, W.Va.—a project that De-
fense Secretary Robert S. McNa-
mara has called one of the most ill-
conceived in recent military history.

In 1962, spiraling costs and un-
expected difficulties halted con-
struction of what would have been
the world’s largest steerable an-
tenna, but some Navy diehards
clung to the hope that the big dish
would be built, Last month, after
failing to obtain support from the
Pentagon, they too threw in the
sponge and settled for an $11-mil-
lion receiving station that will be
erccted on the site planned for the
radio telescope.

The new station will serve as the
Washington-arca receiving pointin
the Navy’s worldwide communica-
tions svstem as well as a link to
the Defense Communication Agen-
¢v’s network. It will be operational
in early 1969 and will replace a
receiving facility in Cheltenham,
Md., that the Navy savs is being
affected by electromagnetic inter-
ference as new houses are being
built in the suburban areas. The
Sugar Grove site is an ideal re-
placement because it is about 150
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miles from Washington in an arca
nearly tree from such interference.

Skyward costs. Although the
Navy has never conceded it, the
600-foot dish was to eavesdrop on
radio communications from behind
the Iron Curtain with moon-reflec-
tion techniques. When construc-
tion was begun in 1957, the Navy
said it would take $60 million to
do the job. In 1962, with nothing
but the underground facilities com-
pleted, however, costs had soared
to $135 million, primarily due to
technical difficulties. This was too
much for McNainara, who told the
Navy to stop construction. At the
time, he estimated it would cost
%200 million to complete the pon-
derous paraboloid dish. Morcover,
satellite state of the art had made
it possible to build eavesdropping
spacecraft to orbit over the Soviet
Union.

However, the West Virginia
Congressional delegation, as well
as the Navy, continued to cam-
paign for the completion of the
radio telescope. The Congressmen
pressured the Navy to build some
installation at Sugar Grove that
would bring people and money into
the area. In 1963 the Navy said it
would build a receiving station at
Sugar Grove, but it marked time
for three vears while the admirals
sought to persuade the Defense
Department to finish the 600-foot
antenna.

Equipment for the station, offices
and other working space will be
situated in the massive under-
ground cavern originally dug for
the radio telescope. Some 40,000
square feet on two levels had been
constructed and the receiving sta-
tion will use less than half of this
space. The West Virginia Civil
Defense Mobilization Agency has
been invited to move in and share
the underground facility.

The recciving station is now in
the conceptual design stage, with
Navy personnel doing the architec-
tural and engineering work. Earlier
work was done by the Federal
Electric Corp., Paramus, N.J., a
subsidiary of the International
Telephone and Telegraph Corp.
More than half of the $11 million
will he for electronic equipment.
Ten antennas, including two with

circular arrays, will be constructed
at the station.

The equipment. Many of the
technical  specifications  for re-
ceivers have not yet been worked
out, but Lt. Cmdr. W.R. Barret ex-
pects that about 30 of the esti-
mated 100 units will be off-the-
shelf AN/FRR-60 models. The sys-
tem design will also call for AN/
FGC-60 receivers.

The Navy’s tentative schedule
lists the electronics contract awards
for early next summer. The Navy
believes its investment in the sta-
tion will be safe from electromag-
netic  “pollution” because West
Virginia has protected the Sugar
Grove area from the “encroach-
ment” that hampers the Chelten-
ham station.

Components

Standard dose

The confusion caused by a hodge-
podge of methods to test electronic
components for resistance to radia-
tion mav be nearing an end. Stand-
ard procedures are cxpected to
come from a study program origi-
nated by the Pentagon’s Defense
Atomic Support Agency.

The study, confined to those
three components most susceptible
to radiation damage—transistors,
diodes and capacitors—has as its
goal the development of standard
test procedures. The program en-
compases germanium and silicon
bipolar transistors, germanium and
silicon diodes and rectifiers, and all
tvpes of capacitors.

The International Business Ma-
chines Corp.’s Electronic Systems
Center of its Federal Systems divi-
sion, Owego, N.Y., and the Boeing
Co., Seattle, are pursuing separate
seven-month studies that are sched-
uled to wind up in less than two
months. IBM’s share of the contract
is $96,215; Bocing’s $63,502.

IBM and Boeing independently
selected parameters to study. The
proposals of both companies will
be submitted to the Pentagon
agency, which will combine them
in a proposal that will then go out
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WE GHALLENGE YOU
TOTESTAND COMPARE

THESE GENERAL INSTRUMENT
| EPOXY TRANSISTORS WITH
HERMETICALLY SEALED UNITS
INYOUR OWN LABORATORY.

F HEE! 2N4140.2N2221
2N4141 .2N2222
2N4142 .2N2906
2N4143 .2N2907

PROVE FOR YOURSELF THAT THE GI EPOXY ENCAPSULATED TRANSISTORS ARE DIRECTLY INTERCHANGEABLE"
—ELECTRICALLY AND MECHANICALLY—WITH THE HERMETICALLY SEALED UNITS.

PLUS (for introduction to you) ! GENERAL INSTRUMENT CORPORATION
We'” also send SBEMICONDJCTOR PRODUCTS GROUP

600 West John Street. Hicksville. New York
GENERAL INSTRUMENT'S
NEW COMPLEMENTARY PAIR

2N4227

Please send me my FREE 6 PAK of epoxy transistors consisting of
one sample each of the 2N4140. 2N4141, 2N4142 & 2N4143;
also GI's new complementary pair, 2N4227 & 2N4228 complete
with data & specifications.

2N4228 [ww
Company_ = —  —aw
featuring: h,...75-150 @ |_ =150 mA
Address . el - -~
Filt out & mail this coupon for
City State Zip

|
|
|
|
|
|
|
: Name.
[
|
|
|
|
|
|
|
|

your free 6 PAK today.

. *Maximum Dissipation: 300 mw
v

For further information on Gi's broad line of epoxy transistors, contact your local Gl sales representative.

GENERAL INSTRUMENT CORPORATION

600 West John Street, Hicksville, L. L, N. Y.
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Electronics Review

to industry for criticism. Later,
IBM and Boeing representatives
will meet with the agency to review
the criticism fed back from poten-
tial users of the standard test pro-
cedures. The military will field test
the revised procedures before
freezing them as formal specifica-
tions.

Double damage. Device impair-
ment from radiation is evidenced
in two ways: gamma rayvs cause
transient ionization effects and neu-
trons cause permanent displace-
ment of atomic lattice structure.
IBM’s proposal will include proce-
dures for tests made to simulate
both tvpes of danage for diodes
and transistors. Parameters covered
in the program include transistor
beta, collector-emitter saturation
voltage and primary photo current
of pn junctions. Neutron fluences
(integrated neutron flux) up to 10'3
neutrons/square centimeter will be
considered. Test standards will be
proposed for doses up to 10" rads/
second and some procedures will
be “suggested” to cover tests at
10'2 rads/sec. Since capacitors are
highly resistant to permanent dam-
age, capacitor test standards pro-
posed by IBM will relate only to
transient damage.

Transient-effect radiation simula-
tors covered by the IBM proposals
are pulse reactors (for capacitors),
low-energy flash X-rays (for transis-
tors) and electron linear accelera-
tors and high-encrgy flash X-rays
(for capacitors, transistors and di-
odes). Simulators for permanent
damage include both pulse and
steady state reactors.

Communications

Initial success

A fourth Titan-3C launch has
been added to the Initial Defense
Communications Satellite project
with signs pointing more and more
toward a gradual upgrading of the
research-and-development program
into an operational system for
long-haul military command-and-
control secure communications.

One reason the Initial system

44

looks so attractive is because the
follow-on advanced satellite system
is beset by political and technical
problems and is slipping continu-
ally.

Also giving the Initial system a
push in this direction may be the

Pentagon’s tactical communica-
tions satellite for aircraft, ships and
troops in the field [Electronics,

Aug. 8, p. 61], which may handle
some of the duties of the advanced
system. The tactical communica-
tions satellite is moving toward a
late 1968 flicht demonstration and
nearly every company in this busi-
ness has design teams at work on
the proposal.

Speculation. The fourth [nitial
system launch, which could come
earlv next vear, will carry three
Philco Corp. satellites and at least
three cxperimental communication
satellites that would be ejected into
orbit from a new dispenser. Philco
is building a total of 22 flight mod-
els under the current contract, and
reports of additional purchases are
“purely speculation at this time,”
savs Lt. Col. Nicholas S. Polio,
Pentagon program element monitor.

The first launch of the Initial
system on June 16 performed what
some project people called a “a rou-
tine miracle” by placing the seven
Philco satellites and a General
Electric Co.’s gravity-gradient test
satellite into a random 18,200-nau-
tical-mile near-synchronous orbit.
The second launch, following a
two-week postponement, is now
poised on the pad at Cape Ken-
nedy for an Aug. 25 launch date
with eight Philco satellites.

The second launch was to
have included a second-generation
GE gravity-gradient test satellite,
which will use mercury flywheels
to damp down the satellite’s oscil-
lations faster than the one now in
orbit—in 5 days instead of 60 days.
Pointing accuracy also will be im-
proved from = 4°-8° to = 2°-
2.3° degrees, GE expects.

However, because of the tight
schedule the Air Force decided to
postpone the second GE test until
the third Initial flight. A firm sched-
ule has not been decided for the
third shot. Originally it was set for
early in 1967.

Long life. There have been two

schools of thought by military proj-
ect officials on the third launch: if
the sccond flight this week is suc-
cessful, resulting in 15 satellite re-
peaters in orbit, then the third shot
should be held and used for a re-
plenishment launch (predicted sat-
ellite lifetime was 18 months but
some now predict a 3- to 5-year
life). Others want to put up the
third group right away even if the
second launch is unsuccessful.

On the fourth launch will be a
satellite to test Sylvania Electric
Products, Inc.’s electronically de-
spun antenna, a technique for fo-
cusing the antenna’s entire output
on the earth from a spin-stabilized
satellite. Applied Physics Labora-
tory, in a Navy-sponsored effort,
will test a gravity-gradient satellite
called Dodge, which is described
by a Pentagon official as a “more
sophisticated experiment” than the
GE test. A third test satellite will
be Lincoln Laboratory’s LES-5 ex-
perimental  satellite, which will
make direct communications tests
with aircraft, Special aircraft equip-
ment built for the test will provide
some multiple-access capability at
low data rates. LES-5 hardware is
being built at the Radio Corp. of
America and Western Microwave
Laboratories Inc.

The gravity-gradient stabilization
and electronically despun antennas
arce two of the leading competitors
for future military communications
satellites, and some observers are
calling gravity gradient the favor-
ite for an upgraded Initial satellite.

Swinger. However, a develop-
ment earlier this month could be
a fly in the gravity-gradient oint-
ment. An Air Force project official
said that a solar flare on about Aug.
6 caused a “substantial” swing in
the GE gravity-gradient satellite
now in orbit. He wouldn’t say how
much it had affected the satellite
—which before the flare had
damped down to about = 187, well
ahead of the original schedule. He
indicated the effect from the flare
was more than anticipated.

GE, however, discounted the ef-
fect of the magnetic storm activity
from the sun. GE has asked for data
from the Air Force for that period,
William van Patten, GE project
manager, said.
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Today there are 10.

They're all made by American Opti-
cal and designed to suit the pur-
pose of just about every system.
They all require less input power
than other solid-state materials.

We've expanded the line of gen-
eral-purpose glass rods to include
dopings of 2%, 3% and 6%, to give
you a wider selection for high pump
uniformity. This group of rods ex-
hibits very low loss, is essentially
inclusion-free, and is available with
special-purpose claddings.

For you who want long fluores-
cent lifetime, higher efficiency for

“Q" switching and better energy
storage for amplifier applications,
use the AOLux long-lifetime 3%, 4%
and 6% neodymium-doped rods.

Also available is a high-durability
rod for extra-large laser systems,
in dopings of 3% or less. Then
there are AOLux neodymium YbNd
double-doped rods with a 2 milli-
second lifetime, still with 1.06 mi-
cron output. And AOLux ErYbNd
triple-doped rods with 14 milli-
second lifetime—with outputs of
1.54 microns.

Naturally, such considerations

as present cavity configuration and
power supply, output wavelength,
output power, pulse duration, beam
spread, repetition rate, shape of
spike, cooling, etc., will condition
your selection.

That's where American Optical
comes in. We pioneered neody-
mium-doped glass laser rods; we
now offer 10 standard types. We're
ready and willing to help you match
our laser rodstoyourspecifications.
Contact American Optical Com-
pany,Space-Defense Division, 4709
Baum Blvd., Pittsburgh, Pa. 15213,

AMERICAN OPTICAL COMPANY

SPACE-DEFENSE DIVISION—SOUTHBRIDGE, MASSACHUSETTS
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last week

we mailed a customer
one of our tape
recorders and forgot

to mark it “fragile.”

we didn’t have to.

It came through like a phone bill. The recorder,
our MTR-3200, weighed in at 44 pounds. That’s pretty
compact for a unit that has to store and reproduce
data in the severest of environments. And the small
size is an added benefit. For another, it needs only
55 watts of 28 vDc power, and operates through 10g
shock with less than 6% peak to peak flutter.

The MTR-3200 withstands accelerations up to 25g
while ignoring temperatures from —40° to +71°c.
Humidity up to 95% won’t seep in, and it will run
at altitudes up to 150,000 feet.

Convenient plug-in modules provide 14 analog or
FM, or 16 digital channels. They can be used in any
combination. Six tape speeds are available in standard
pairs which are electrically selectable.

The mMTR-3200 provides 2400 feet of laboratory
performance in a ““breadbox,” while conforming to
1rIG standards for data reduction equipment.

If we haven’t mentioned all of your requirements,
and they’re tough ones, let us know.

Just write your specs on anything handy. Like the
back of a purchase order.

Send it to Leach Corporation, Controls Division,
717 North Coney Avenue, Azusa, California.

Export: Leach International, s.a.
LEAGH Or read them to us over the
phone: (213) 334-8211.
BOOTH 1515-16 WESCON
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Stackpole Ceramag® ferrite
components have been the
accepted standard of the Tele-
vision Industry for over twenty
years.

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

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

black and white receiving
equipment as well.

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

Pennsylvania 15857. Phone: 814-

781-8521. TWX: 510-693-4511.

Ceramag” Ferrite Components are

Coloring the Entire Television Picture

Circle 48 on reader service card

ELECTRONIC COMPONENTS DIVISION
“OUR 60th YEAR"
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From Hewlett-Packard, the world's most exten-
sive line of electronic counters and accessory in-
strumentation ... designed to make your measure-
ments faster, easier, more accurate, and to make
measurements that were heretofore impossihle.

*Measurement code used below: F=Fre-
quency, P=Period, MP=Multiple Period.
MPA=Multiple Period Average, TI=Time In-
terval, R=Ratio, MR=Multiple Ratio.

50 MHz COUNTER WITH PLUG-INS T0 12.4 GHz

Model 52451 Electronic Counter measures F,
P, MPA, R, MR, TI.* Frequency measurement
0 Hz to 50 MHz directly; up to 100 MHz, 500
MHz, 3000 MHz and 12.4 GHz with plug-in
converters. Sensitivity, 100 mv; time base,
better than 3/10°/ day; 8-digit in-line readout.
1 M@ input, front panel trigger level control.

HP 5245L Counter without plug-ins, $2950

NEW! 1 Hz resolution at X-band in 4 seconds
HP 5255A 12.4 GHz Heterodyne Converter, $1650

HP 5251A 100 MHz Plug-in Converter, $3C0

HP 5252A DC to 350 MHz Prescaler Plug-in, $685
HP 5253B 500 MHz Plug-in Converter, $500

HP 52544 3000 MHz Plug-in Converter, $825

HP 52614 Video Amplifier Plug-in, $325

HP 5262A Time Interval Plug-in, $300

HP 5264A Preset Unit Plug-in, $650

HP 5265A DVM Plug-in, $575

OTHER HIGH-FREQUENCY COUNTERS

Model 52441 50 MHz Electronic Counter meas-
ures F, P, MPA, R, MR.* Time base +2/10Q7/
month, gate times 1 usec-10 sec, 7-digit in-
line readout. $2225.

Model 3734A 2.5 MHz Electronic Counter meas-
ures F, P, MPA, R, MR, T!* 2 Hz to 2.5 MHz.
Time base, x2/10%/ week; gate times, 0.01
1 sec (to 10 sec optional); 5-digit in-line
readout. $1075.

Model 5233L 2 MHz Electronic Counter meas-
ures F, P, MPA, R, MR, TI* 0 Hz to 2 MHz.
Time base, x2/107/month; gate times, 10
#8€C-10 sec; 6-digit in-line readout. $1750.

Model 5232A 1.2 MHz Electronic Counter
measures F, P, MPA, R, MR* 2 Hz to 1.2
MHz. Time base, +2/10/ month; gate times,
0.01-10 sec; 6-digit columnar readout. Mode!
55324 identical but with 6-digit in-line read-
out. HP 5232A, $1300; HP 5532A, $1450.

LOW-FREQUENCY COUNTERS

Model 5211A 300 kHz Electroric Counter
measures F and R* 2 Hz to 300 kHz with a
4-digit columnar readout. Uses power fre-
guency lire as time base; gate times of 0.1
and 1 second. Mode/ 52118 identical except
has gate tirnes of 0.1-10 seconds. Mode! H22-

5211B same as 5211B but with a 4digit

in-line readout. HP 5211A, $600;
HP52118B, $725; HP H22-5211B, $825.

Model 5212A 300 kHz Electronic Counter meas-
ures F, P, MPA, R, MR* 2 Hz to 300 kHz.
Time base, +2/10% week; gate times, 0.01
sec-10 sec; 5-digit columnar readout. Mode!
5512A identical but with 5-digit in-line read-
out. HP 5212A, $925; HP 5512A, $1050.

Model 52231 300 kHz Electronic Counter meas-
ures F, P, MPA, R, MR, TI* 0 Hz tc 300 kHz.
Time base, +2/10%/ week; gate times, 10
usec-10 sec; 5-digit in-line readout. $1325.

PRESET COUNTER

Measures normalized rates, ratio, normalized
ratio and time for N events to occur. Direct
reading in engineering units; N may be pre-
set to any integer between 1 and 100,000;
range is 2 Hz-300 kHz. HP 5214L, $1475.

10 nsec TIME INTERVAL COUNTER

Permits measuring of time interval with reso-
lution to 10 nsec over the full 10 nsec to 0.1
sec range. Ideal for precise digital measure-
ment of short-time events. 7-digit columnar
readout. HP 5275A, $2500.

REVERSIBLE PLUG-IN COUNTER

Totalizes, counts sum or difference of 2 in-
puts, totalizes 1 signal with directicn of count
as a function of polarity or quadrature phase
of another signal; 2 MHz counting, 1 MHz
subtracting, 250 nsec reversing. HP 5280A,
$1450; HP 5285A Plug-in for described op-
erations, $450.

NUCLEAR SCALER-TIMER

Accepts pulses from nuclear detectors to
accumulate, display and record nuclear
events. Three-mode pulse height analyzer,
stability is 0.01%, 6-digit in-line display. HP
5201L, $1950. Other models down to $950.

AUTOMATIC FREQUENCY DIVIDER

Automatic direct readout of frequency, 0.3 to
12.4 GHz, on 5245L Counter. No ambiguity
offset or arithmetic processing. HP 5260A,
$3250.

DIGITAL RECORDER

Prints 5-lines/sec; 11 digits (12 available)
2 msec input data transfer time, plug-ins
for BCD or 10-line codes, HP 562A, $1080-
$2100, depending upon options.

TRANSFER OSCILLATORS

Extend frequency range of 5245L Counter
(with 5252A or 5253B Plug-in) and measure
CW, pulsed and FM signals to 12.4 GHz and
higher. HP 5408, $1050; HP 25908, $1<00.

DIGITAL-ANALOG CONVERTERS

Digital-Analog Converters make possibie high
resolution analog records from counters,
scalers, DVM’s; operate directly with HP and
Dymec instrumentation. HP 580, $525.

VLF COMPARATOR

A complete system for checking counter time
bases and other oscillators against
U.S. Frequency Standard breadcast by
station WWVB (60 kHz). HP 117A, $1300.

w electronic counters
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HP counters are subjected to tests that are much more strin-
gent than normally expecied for commercially priced equip-
ment. All instruments in development undergo extensive tests
such as shock, vibration, high and low temperature, humidity,
electromagnetic compatibility (RF1) and line voltage and fre-
quency. Comporents undergo environmental tests in the HP
Components Evaluation Laboratory. Quality audits are per-
formed regularly to ensure that original performance and
quality standards are being met. Finally, each solid-state

-9

BCKARD 1" st lard of execllence

265 75

wt an reliabrlity

counter gets severe temperature testing before shipment.

One result of quality assurance at Hewlett-Packard is that,
in long term reliability tests, twenty Model 5245L Counters
survived a total of 18,077 test hours with only two disabling
failures. That's an average of one failure per 4 years at 40
hours per week! Mean-time-between-failures (MTBF) exceeded
military requirements comfortably. Another result: standard
hp counters have passed military environmental tests and have
been assigned MIL nomenclature (data upon request).

Here's a small part of hy's extensivz in-1juse test faciltywt e To force any marginal components 10 fall before shipment. all Decade counting assemblies for all solid-state counters under

instruments are ested undar extren2 £13ck, vibration, temp:r3 solid-state counters are operated at +65°C for ar least 16 g0 a temperature of 80 C for 2 hours to force fallure of any

ture, humidity ard electmmagnetic cord tions hours 1n heated cabinets. marginal components. Despite this torture. the falure rate of
decades is less than 0.5%. The assemblies are also operated
for 22 hours at room lemperatuse.

Since the introduction of the first hp counter more than 15 years ago, Hewlett Packard
has been the ieader in virtually all areas of frequency generation and measurement.
Hewlett-Packard’s proficiency in cesium beam frequency standards, quartz oscillators,
frequency synthesizers, signal generators and other electronic equipment has enabled
Hewlett-Fackard to excel in all areas of electronic counter design.

The Frequency and Time Division of Hewlett-Packard concentrales the full efforts
of hundreds of engineers, technicians and manufacturing people on frequency and
time measurements and standards.

For more information on Hewlett-Packard frequency and time measuring instru-
mentation, call your field engineer or write, Hewlett-Packard, Palo Alto, California 94304,
Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva.

Data subject to change without notice. Prices fo.b. Palo Alto. California;
for prices in other countries, contact your hp field office.

In one of numeraus tes s. all Moce ! 245L crystal oscilletar
assemblies a'e cperazed and obsers2d far two weeks to de:a-
mine aging retes n

L]
Aw ectra measure of quality

HEWLETT Qp PACKARD
|

Printed in U.S.A.
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Vo (SUS)
325,
300.
250 .
225,
200 .

m a 10 Amp. NPN Stilicon

Planar Power Transistor

Plus
50 mes.......150 pfs

DESIGN LIMITS PERFORMANCE SPECIFICATIONS

i BVcao V_BE (sat)_ L ) AYCE (SaE)

Volts

@|c = 5A
la= 0.5A -

MHT7201
MHT7202
MHT7203
MHT7204
MHT7205

TRA;NSISTOR DIVISION @Dlitron DEVICES,INC.

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

Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated Zeners,
Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and High-Pac Interconnection Systems.
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Doctors needed a battery they couldtrust inside you

while it worked to save your life!

Mallory made it.

What can we do for you?

Medica! Science needed a battery. A battery that literally could keep your
heart beating. A battery to power a heart pacemaker—the electronic
device that “shocks” sluggish hearts into a normal beat. A battery that
would last three years or more in this surgically-implanted device even in
the high temperature environment of the body. Medical researchers came
to Mallory. Mallory provided the battery— the high-energy mercury battery
made so reliably its manufacturing process practically insures zero defects.

BATTERY- POWERED MIRACLES

The high-energy density of the mercury battery and its extraordinary reli-
ability have found many uses in medical electronics. Mercury batteries wil!
be the source of power for new devices that help control your breathing,
control hypertension, even stimulate bone growth. Mercury batteries can
be made so small they will fit into “radio capsules” that transmit informa-
tion from within the stomach. And, of course, fcr years Mallory mercury
batteries have powered hearing aids, bringing new comfort and hope to
the hard-of-hearing.

THE HIGH TEMPERATURE BATTERY

One of the special attributes of the Mailory mercury battery is its ability
to withstand high temperatures. No other dry battery can approach its per-
formance when the temperature climbs above normal—the mercury system
was developed in World War 11 specifically for use in hot climates. Today

z w

2. /
£ /
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+50
TEMPERATURE — DEGREES F
mercury batteries rated to withstand temperatures of 160°F are at work in
Vietnam. Geologists use them in deep-hole experiments where the temper-
atures approach 200°F. And, of course, the high temperature characteristics
of mercury batteries are vital to power surgically-implanted devices that
must operate faithfully at 98.6°F for years!

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. Write the Application Engineering Depart-
ment, Mallory Battery Company, a division of P. R. Mallory & Co. Inc,,
S. Broadway, Tarrytown, N.Y. 10591. Or call 914-591-7000. In Canada:
Mallory Battery Company of Canada Limited, Sheridan Park, Ontario.

It's good business to do business with Mallory J\VFiYIT) RY QB
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Familiar withTEFLON?
Try this quiz.

TEFLON is transparent! | TRUE | FALSE

TEFLON can be cemented! TRUE FALSE

TEFLON can be heat sealed,
thermoformed, heat bonded!

TRUE FALSE

® © e 6

A TEFLON film is made by Du Pont! TRUE | FALSE

All are true with
TEFLON FEP film: anew
dimension in TEFLON

Let us tell you more.
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Du Pont Company, Room 4611, Wilmington, Dzlaware 19898

TEFLON FEP fluorocarbon film brings the familiar properties of TEFLON plus a new form, versatility and ease of fabrica-
tion for applications like: conveyor belting, critical industrial packaging, gaskets, roll covers, reinforced plastics curing,
closures, high temperature electrical insulation, flexible flat cable, printed circuitry.

The application | am considering is

To do the job, a material with the following critical properties is required:

TEFLON FEP FILM MY REQUIREMENTS
Mechanical ............ high impact, abrasion, tear strength. Useful at
cryogenic temperatures
Thermal resistance . .. .. .. from -—240 to +200°C. continuously. ... ..., from o=
Chemical resistance . .. ... the most inert of alt plastics. . .. ... ... ..... to ]
Release, anti-stick. .. ..... SUPETION w4 Win% A3 s (s b /2 b sy ) seroomion g € or’ yes no
Electrical .......... .... No tracking, non-wattable, non-flammable, low

power factor and dielectric constant, dielectric
strength: 4,000 vpm for 2 mil film.
Weatherability .. ... ... . high transmittance of ultraviolet and all but far
infrared, inert to outdoor exposure
[ am interested in these forms and processing techniques:

Film thickness ... ...... . ¥,1,2,5,10,20mil. ............. ... ... thickness
Heat bonding . ...... . ... directly tometals. .. ......... ... ... . . .. substrate _
Heat sealing .. ....... ... provides a plastic wald at 300°C.. ... ... ... . yes no
Cementing ............. available with one or both surfaces treated to substrate

accept conventiona!l adhesives, for laminating one side

to metals, rubber, glass cloth, asbestos fabric, both sides

Bl T p 2 g e (M € A e s mh 1 el yes no
Thermoforming .. ... .. .. a true thermoplastic, thermoform at 525°F., shape

with conventional ecuipment. ... .. ... ... ..
Please send full appropriate technical data.
Name__ Address
Company _ City State Zip
Job Responsibility Business Phone

TEFLON'FEP fluorocarbon film

BETTER THINGS FOR BETTER LVING. .. THROUGH CHEMISTRY

8te.u 0. par.0fK
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PITGHING!

Make us show you in black and white how Slater can
supply in quantity 1N3189 series diodes to MIL-S-19500/
155 and high voltage rectifiers and assemblies at the
lowest price per voltage and ampere rating in the industry.

Bear down! Demand to see some of Slater’s 1 ampere
hermetically sealed diodes up to 1000 volts with guaran-
teed recovery times of less than 100 nanoseconds. Too
much pressure won't be necessary. We want you to sample
and test these units in your high frequency applications.

Don’t let up! Ask to see how we can supply combina-
tions of specifications in our assemblies at extremely high
reliability levels previously unavailable in the industry. The
Slater SLA-O1 to SLA-020 are 1/5 the size of comparable

units. They feature up to 20,000 voits PIV and 200 Mils
average rectified current with extremely low leakage and
forward voltage drop. Additional units up to 100 KV PIV
are also available.

Go ahead, toss 'em in. We want your problems. Call us
collect for samples of our single junction diffused 1 and
2 ampere silicon rectifiers with up to 2000 volts PIV.
These units have a 20% safety feature on all specifica-
tions. All are controlled avalanche.

We're used to solving difficult problems when it comes
to semiconductors! After all, Slater is the fastest growing
semiconductor manufacturer in the industry. There must
be a reason.

5/arer

SLATER ELECTRIC INC,
SEMICONDUCTORS DIVISION

45 Sea Cliff Avenue *
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_Tin-lead
electroplated copper leads

Diamond spiraled
Metal Glaze element

Ceramic substrate

Plated-on copper end cap

High-temperature

soldered termination

Neﬁlow-cost Metal Glaze resistors for MIL-R-22684

4 times better load-life stability

IRC’s new molded Metal Glaze resistors provide stability,
reliability and precision unmatched anywhere for the price

Tested for over 15 million unit hours. they meet or exceed
all MIL-R-22684 requirements. Load life stability. for in-
stance, is four times better than MIL allowance. Typical
AR is 0.5% after 1000 hours. full load at 70°C. Even at
higher temperatures, AR is still typically under MIL limits.

The Metal Glaze resistance element is extremely rugged.
Itis 100 times thicker than conventional films and is imper-
vious to environmental extremes. The tough, uniform
molded body resists solvents and the mechanical abuse of
automatic machines.

New IRC molded Metal Glaze resistors are immediately
available in four forms of packaging to cut your production
costs. For complete data, prices and samples, write to:
IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108.

MIL-R-226848B
WATTAGE
RESISTANCE
TOLERANCES

TEMPERATURE
COEFFICIENT

VOLTAGE
SIZE
IRC TYPE:

CAPSULE SPECIFICATIONS

-

ok 34
RLO7 RL20

" W@70°C W @ 70°C
S5te thru 150K @ 102 to 470K @
+2%. 5% +:%, £5%
+200ppm °C max. +200ppm,°C max.
250V max. 350V max.
250" x .090" dia. 375" x 138" dia,
RGO7 RG20

Electronics | August 22, 1966
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That’s the way most engineers feel about using these 28
popular Motorola silicon annular complementary transistors
in their designs.

NPN PNP APPLICATION
gmgg%g%gﬁ gmggggggﬁ Complementary high performance STARS™
IN2221-21A | 2N2906-06A for medium level switch and amplifier
IN2222.22% | 2N2907.07A | 2pplications.
Complementary high performance BOX
gﬁggig’ gmggg?g?ﬁ for low level switch and amplifier
applications.
IN3252 IN3467 Complementary high performance
IN3253 IN3468 SNOWFLAKES for high level switching
applications.
Complementary high performance low
2N2369 2N3546 level high speed switch applications.
Why ?

Because they are versatile. They fit anywhere

do all

jobs well. If there were such a thing as a “universal” transistor,
these would all be top candidates for the title.

. MOTORO

58 Circle 58 on reader service card

Secondly, they’re reliable. That’s what makes it
so comfortable for the designer. He knows he can
depend on each and every device with patented
annular structure that he uses.

He also knows he has a dependable supply.
Motorola has been making these types by the
millions for years.

And the prices? They’re comfortable, too. That
is the nicest part.

So, why don’t you get yourself some old shoes

and gel comfortable! Your local Motorola semi-
conductor distributor has them all in stock in up
to 1000 quantities. Larger requirements can be
handled by your nearest Motorola district office.
For complete technical data write: Motorola Semi-
conductor Products Inc., Dept. TIC, Box 955,

Phoenix, Arizona 85001.
*Trademark of Motorola Inc.

LA semiconductors
— where the priceless ingnediont & cane!
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A switch to insulation of MYLAR’
gave Western Electric a more reliable relay

Greater performance reliability with
substantial cost savings—that’s why
Western Electric has switched from
cellulose acetate to insulation of
MyYLAR* polyester film in the manu-
facture of relays. MYLAR gives not
only superior cielectric strength for
better insulation, but also greater
physical streng-h. During assembly,
it actually holds ths relay terminals
parallel without adcitional tools or
supports. Over all, tais has permitted
Western Electric to raduce costs.
Relays are just one type of compo-

Electronics | August 22, 196€

n2nt where MyLa® i Jrovesperform-
ance and saves monzy. Chances are
vou could takeadvantagecfitsunique
balarce of propertizs: exceptional
strengthin thon, weight-saving gauges
...thermal szakility @rom -60° up to
+130 C°...kgamo&ture and chem-
icz!l rasistance . . lcng-lasting flexi-
b Lity

Wty not investiga=2? For your free

( []U DQNT _ &y DUPONT makes

(]
RS
Eeter Thngs for Better Liv mg

-« th~ough Chemist-~y “OLYESTER FILM

“SIE US AT WESJION, EOQOTH 1533-35.”

ccpy of the ccmplete “Fact File” on

inaulation of M'(L:AR—mall coupon.
Du Pont Compa?y, R—Jo-;_:}(i?({(_?-
Wilmington, Delaware 19898

I'lease send me a copy of the
“Faet File” oa insnlation of MYLAR®

Name — . .
Title .
Company
Street
City

U ey S

__Stae_ ___Zip__

—
!
1
|
|
|
|
|
|
|
|
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@ IN ACTION —— 7 )

10 gramguar

Reverse-voltage defense is just one
more reason for G-E tantalum foil

60

Forget about a surprise reverse with
G-E tantalum foil capacitors. They're
designed to take it. And reverse-volt-
age defense is just one reason for
using G-E tantalum foil. Here are
three others:

PROVED IN-CIRCUIT RELIABILITY:
They've been proved—and improved
__for over 17 years. More than 20
million have been successfully ap-
plied. G-E tantalum foil earned a
0.00023 reliability record (per 1000
hours) on Minuteman reliability tests,

Circle 60 on reader service card

based on the Minuteman acceleration
factor.
NO CATASTROPHIC FAILURES: Low
impedance circuits and catastrophic
failures are no problem with G-E
tantalum foils. They're self healing.
LONG SHELF LIFE: We're up to the
14 year mark . . . with less than a 5%
capacitance change at 25C. That's
shelf life!

G-E tantalum foil capacitors are
available in ratings up to 450VDC, 0.15
to 3500uf, —55 to 85 or 125C. They're

virtually risk-proof. And may cost
more. But isn't a proved line your
best defense?

For all the facts on G-E tantalum foil
reliability, write for Reliability Re-
port, Section 430-25, General Electric
Co., Schenectady, N. Y. 12305.

ELECTRONIC COMPONENTS DIVISION
GENERAL @3 ELECTRIC
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Sorensen Power Supplies

)

Scientific Instrumentation

Precision instrumentation requires precision power. Sorensen applies its advanced standard
product technology to demanding custom designs. Here are three typical examples.

Model MQB72-1 is a silicon transistorized
precision DC power supply designed for use
with standard AEC nuclear instrument mod-
vle bins. Voltage regulation is *0.02%
(line and load combined) with remote
sensing * Stability, +=0.1% max. for 8
hours after a 30 minute warmup * Recov-
ery time, 50 to #0.1% of the output
voltage for any line change or a 10%-
100% load change. Other design features
include electronic overload protection for
overloads above 120% of rated output
current with automatic recovery. Ripple—
3 millivolts (peak to peak) maximum.

For details on any Sorensen standard/custom DC power supplies,
representative or: Raytheon Company, Sorensen Operation,

“SEE US AT WESCON BOOTHS 145 & 146 HOLLYWOOD PARK‘

Model 2400-4 high voltage DC power sup-
ply was designed to be used as part of a
beam separator. Operating in pairs, these
power supplies provide an electrostatic
field of 800,000 volts. The application re-
quires these units to operate for long fail-
ure-free periods without maintenance. The
controller unit shown above is fully me-
tered and offers maximum personnel and
equipment protection. Output voltage is
0-400kV @ 4mA. Line regulation is

20%. At YmA ripple is 0.25% peak to
peak. New manufacturing techniques have
been used to produce this compact design.

i)

The XLS Series is a line of xenon lamp
power supplies which utilizes NO spark
gaps or relays. Sorensen’s unique pulse
ignition circuitry guarantees instant start-
ing and greatly increased lamp life. These
supplies deliver regulated, low-ripple
power with line voltage variations of 100-
130 Vac or 200-260 Vac. This precise
stabilization permits use of the Xenon Arc
Lamp in applications such as spectrome-
ters, precision optical systems, spectro-
phosphorimetry, spectroprojection systems,
solar simulation, spectrophotography, and
general photographic projection systems,

AC line regulators, or frequency changers, contact your Sorensen
Richards Avenue, Norwalk, Connecticut 06856. Tel: 203-838-6571,
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Model 7816 ;
12 CHANNEL NOISE
GENERATOR

Simulates up to 12 voice or data

channels for multiplex, troposcat-
ter, SSB, FM multi-channel
systems.

e Checks complete system line-in
to line-out

e Provides 12 non-coherent inde-
pendent channels 300 cps to
3400 cps

SO MANY ORDERS
FOR THESE
MARCONI INSTRUMENTS el

Model 2090
2700 CHANNEL NOISE

HAVE BEEN COMING IN LOADING TEST SET

Checks Noise Power Ratio of multi-
channel systems, satellite commu-

icati , cables, etc.
THAT WE NOW MAKE e Generates noise flat to 0.5db
from 12 kc to 12.388mc
e Band limiting and slot filters to

THEM IN THE U.S.A. 5700 channels for all CCIR,

CCITT and DCA recommenda-
tions and out-of-band testing.

Model 791D

FM DEVIATION METER
Covers 4 mc to 1024 mc. Xtal lock

on local oscillator gives less than

INSTRUMENTS i R e

Division of English Electric Corporation +75,+125kc
e Accuracy =3% fsd
111 Cedar Lane « Englewood, N. J. Telephone: 201-567-0607 e Modulating freq.: 20 cps to 35 kc

SEE US AT WESCON, HOLLYWOOD PARK, BOOTH 370-1
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SOMETIMES WE WONDER WHO BEN'S WORKING FOR

Ben’s the head of our Technical Service Department.

And when Ben sets 1t to help you with a wire, cable r tubing problem, nobody
but nobody rests until it’s solved. It's more like a declaraion of war. On the prob-
lem and on us, too, if Ber feels we're notjumping -o help s quickly as he feels we
should. (It’s ro good rerxinding Ben who pays his calary. We’ve still got the scars.)

Soifyouwant helpwityan enginceringor techn_cal problem, Ben’s you-man.

Just as h2’s the man o help you se’ect the right Alpha product for any
particular asplicetion.

Or prepere detailel technical specifications on any Alpha prodct.

Or help out with eazeering data sheets and technical monographs,

Or furrish test data.

Even thogh we are - industry’s most complete one-stop source of
wire, cable and tubing, you’ll find Ber: will treat you as if you're the
only custcme: who ever tought an Alpha product.

Maybe we do sometimes wonder whose side he’s on. But there’s
not much doubt zbout wt o benefits.

Like to know more zto 1t Alpha technical help or products? Write us.
Or call your nearzst Alpm distributor.

EEgaA
sn §

A Division of Loral Corporation, P“A wnE

Headquarters: Elizabeth, New Jersey 07207, Phone: 201 925-8000

k.
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New

1deas

for multi-layer circuitry

Formica’s MLC system permits accurate registration of circuits,
maximum packaging density, high-temperature stability, plus!

Leadership through innovation *

Many common multi-layer circuitry problems
can be solved. Just ask your Formica rep
to bring in his kit (with samples) detailing
Formica's new MLC system. System’s
base laminate is FORMICA® brand copper
clad laminated plastic, FR-45—documented
reliability. Pre-preg has resin specifically
developed for use with FR-45 ... has in-
organic additives which increase thermal
conductivity of laminate; OKs use of thin

circuit lines, thin copper foil, dense packag-
ing. And circuit pads hold tight for accurate
registration . . . no slippage. Go ahead and
weld or solder: bond holds. Reliable circuits
... resin stays viscous (but not watery) to
fill around all elements. Many tiny, closely-
spaced holes to drill? Your Formica rep
can tell you how. Also how you can use one
taminate (instead of 4) for G-10,G-11,FR-4,
FR-5 requirements. Write, Dept. ID-5.

;_ ®=‘i
g FORMICA

industrial plastice

FORMICA CORPORATION® Cincinnati, Ohio 45232 subsidiary of <€ ¥vANARMID T

FORMICA® is our trademark for various products, including our brand of laminated plastic.
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i whats the fuss here?

YE Silicon Transistor's huge array of JAN devices

SILICON
TRANSISTOR
CORPORATION

Electronics | August 22, 1966 Circle 65 on reader serv ce card 65



66

HOW
MANY
VOLTS

INA

5

NANOSECOND

PULSE
L)

ONLY RAYTHEON COMPUTER’S NEW
NANOVERTER KNOWS FOR SURE.

Raytheon Computer's new NANOVERTER can
make accurate voltage measurements on 5 nano-
second pulses. It's the only instrument around
today that can.

Besides a remarkable 5-nanosecond sampling de-
vice, the NANOVERTER includes a 12-bit analog-
to-digital converter. Continuous throughput is as
high as 45KC with accuracy = 2%o of full
scale. Timing is easy; the entire conver-
sion process is controlled by a single

pulse. The NANOVERTER comes in a standard
51/5" x 19" rack-mountable drawer.

Benefits of the NANOVERTER are immediately evi-
dent to those concerned with high speed transients
encountered in memory and integrated circuit test-
ing, shock and vibration analysis and other high
speed pulse studies. We suggest they write today
for Data File E-125. Raytheon Computer,
2700 S. Fairview Street, Santa Ana, Cali-
fornia, 92704. Phone (714) 546-7160.

Watch the NANOVERTER run at Wescon, Booth 1238. But you'll have to be quick.

Trademark of the Raytheon Company for its data system.

Circle 66 on reader service card
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A subsidiary of Corning Glass Works

SIEN[IIES INI[EHA]’[” BI"B"IIS E 811 East Arques Avenue, Sunnyvale, Californla
Tel : (408) 739-7700 TWX: {910) 339-9220

1000-2499 1 Type Mixed 25-99 1-24
100-999 100-999

SP806A Dual 4-Input Gate Expander 2.95 3.10 3.25 3.70 4.65
SP808A Single 8-Input NAND Gate 295 3.10 3.25 3.70 4.65
SP816A Dual 4-Input NAND Gate 2.95 3.10 3.25 3.70 4.65
SP825A J-K Binary Element 4.55 4.80 5.05 5.75 7.20
SP826A%  Dual AC Binary Element 8.00 8.40 8.80 10.10 12.60
SP840A Dual Exclusive-OR Gate 3.30 3.50 3.70 4.20 525
SP855A Dual 4-lnput Power Gate 3.30 3.50 3.70 4.20 5.25
SP870A Triple 3-Input NAND Gate 3.30 3.60 3.70 4.20 5.25
SP880A Quadruple 2-Input NAND Gate 3.30 3.50 3.70 4.20 5.25

%k Available atter July 15

Nine compatible elements
14 13 12 11 10 9 ]
1 2 3 4 5, 6 7
SP806A Dual 4-Input Gate Expander
14 13 12 11 10 9 8
1 2 3 4 5 6 7

SP8osA Single 8-input NAND 3ate

4

4 5 6 7
SP816A Dual 4-Input NAND Gate
SP855A Dual 4-Input Power Gate

4 13 12 11 10 9 8

C K Ky K
L ] Q
4re o}
r Ji J2 75
e T GND
2 4 5 6 7

EPB25A J-K Binary Element
14 13 12 11 10

4 9 6
€P826A%  Dual AC Binary Element

~

14 13

2 11 10 9 8
5 6 7

1
1 2 3 4
SPB40A Dual Exclusive-OR Gate
14 13 12 11 10 9 ]
2 3 4 6 7

SP870A Triple 3-Input NAND Gate

14 13 12 11 10 9 8

1 2 3 4 5 6 7
SPgsoa Quad 2-Input NAND Gate

SEE US AT WESCON—BOOTHS 156-158 SPORTS ARENA

Electronics | August 22, 1966
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MARRIAGE OF
CONVENIENCE

How Sperry blends the best
of two technologies into a

superior microwave source

A V band Sperry klystron with matching solid-state power supply.

System designers who want to capital-
ize on the obvious advantages of solid-
state without enduring the crippling
power and frequency limitations are
discovering a new solution: the pack-
aged power supply/klystron oscillator
combination from Sperry Electronic
Tube Division.

Sperry now offers single low-voltage
(28 volts) DC-to-microwave frequency
sources which combine the best fea-
tures of solid-state circuitry and klys-
tron oscillators. The source consists of
an all solid-state power supply, a reflex
Kiystron, and (if required) a stalo
cavity and an isolator.

For many applications. Sperry has
already proved that such a combina-
tion can equal the size and weight of
an all solid-state source and show con-
siderable improvement in reliability,
power handling capability, noisc and
other characteristics.

The Sperry designs are based on
existing hardware and technologics.
Tubes, power supplies and stalos al-
ready in production require only minor
modifications to become usable com-
ponents in packaged source combina-

tions. Because no development work is
required, you can expect peak reliabil-
ity from the first unit —the “learning
curve” stage is completely climinated.

Precise prediction of the inter-
action between microwave and
solid-state elements requires
in-depth understanding of both
technologies. Such understand-
ing is the principle ingredient
in Sperry's ''Storehouse of
Knowledge.” Put our under-
standing to work for you today

il

DIVISION OF
SPERRY RAND
CORPORATION

Sperry delivers the source in a com-
pact, integrated package . . . for a
typical X band application it may be
as small as 100 cubic inches and weigh
as little as four pounds. While power
supply maintenasce should be con-
ducted at depot level, the tube and
stalo may be replaced, at any level,
thanks to the fixed reflector vollage
feature of Sperry reflex klystrons.

In packaging the units, Sperry pays
particular attention to environmental
requirements, mounting requirements
and optimum RFI shiclding.

If you're concerned with the per-
formance and reliability of an all
solid-state source to meet your specifi-
cations, or if you want to avoid the
agony of matching a Kklystron to its
power supply, get more information
about Sperry’s packaged source capa-
bility. For your free copy of a new
technical paper, ask your Cain & Co.
man or write Sperry, Gainesville, Fla.

SPERRY ELECTRONIC TUBE DIVISION, Gainesville, Fla.

National Representatives: Cain & Co., Los
228-2433; Eastchester, 337-3445; Philadelphia,

Angeles, 783-4700; Boston, 665-8600; Arlington Heights, 253-3578; Dallas, 369-2897; Dayton,

828-3861; San Francisco, 948-6533; Syracuse, 463-0462; Washington, 296-8265; South Amboy,

727-1900; Huntsville, 534-7955; Dade City, 422-3460; Montreal, 844-0089.
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NASA weighs Mars
mission to fill

spacegap...

. .. and justifies
Venus flyby. ..

- . . while Congress
mulls probe
of satellites

F-111 in trouble
with Congress again

Washington' Newsletter

August 22, 1966

The space agency is considering adding a Mars mission in 1971 to fill the
present four-year gap between the Mariner and the Voyager unmanned
planetary exploration programs. Under intensive study at the Ames Re-
search Center and the Jet Propulsion Laboratory is a Mariner mission to
fly past Mars and eject an instrumented probe onto the planet to measure
its atmosphere. Such data would help plan future manned and unmanned
Voyager landings on Mars.

Some observers consider the program an answer to criticism by Rep.
Joseph Karth (D., Minn.), chairman of the House Space Science and
Applications subcommittee. Karth was so unhappy with NASA’s lack of
an instrumented probe on the 1969 Mariner that he tried to take some
money from the development of the 1967 Mariner probe of Venus and
put it toward development of a 1969 Mariner instrument package. Karth
and others are still worried about the wide difference in opinion on just
how much atmosphere Mars has [Electronics, Aug. 8, p. 61]. Planners
call a Mariner/Mars shot in 1971 a logical interim mission between a
Mariner flight to Mars in 1969 and the more ambitious Voyager, due to
make its first flight in 1973.

At the same time, other Congressional criticism is keeping the space
agency hopping. It currently is preparing justification for its controver-
sial Mariner flyby of Venus in 1967. The House, in its conference report
accompanying the NASA fiscal 1967 authorization, demanded a full report
by Sept. 1 on NASA’s plans to explore Venus.

Dissatisfied Congressmen are looking over the space agency’s shoulder
in still another area—the disappointing performance of the giant obser-
vatory-class satellites. Congress is delaying a full investigation of the
troublesome satellites until NASA’s Observatory-Class Spacecraft Review
Board has made its report.

No hearings are currently planned, but a staff study is being made for
the House Science and Astronautics Committee. All NASA has been able
to say about its report is that it should be finished in several weeks.

The NASA board was established right after the failure of the $50-
million Orbiting Astronomical Observatory, which was launched April 8.

In addition, the group is investigating the Orbiting Geophysical Obser-
vatory and the Nimbus weather satellite, which also have had their share
of technical difficulties.

Congress will take a second close look at the high-priced, sometimes
overweight F-111—something that may have a significant impact on the
future of the Navy-Air Force aircraft. With the Pentagon now publicly
admitting that costs are soaring on the program, Sen. John L. McClellan
(D., Ark.) has scheduled a new series of hearings for next spring—possibly
April—by his Permanent Investigations subcommittee. McClellan’s panel
is the same group that tore into the Defense Department in a 10-month
investigation in 1963, when the F-111 was called the TFX.

Performance of the swing-winged aircraft will be the principal topic



Apathy may kill
metric system bill

Patent bill
faces stiff
Senate fight

Aeronautics satellite
delayed by Comsat

70

Washington Newsletter

of conversation this time. The committee is not expected to get into
whether Defense Department officials were purposely guilty of wrong-
doing—something that got close scrutiny during the first investigations.

The F-111 program—which has bloomed into a development project
involving four aircraft under the guiding hand of McNamara—has
already cost the Government $788 million in development with another
$100 million committed, the Pentagon acknowledges.

The cost of each aircraft is now estimated at $8 million for the Navy
version, the F-111B, and $5 million for the Air Force model, the F-111A.
The figures are nearly double the Pentagon’s original estimates. The
reasons given for the booming costs were unrealistic original cost esti-
mates, technical difficulties on the Navy model and its Phoenix missile,
and Government changes intended to boost the aircraft’s capabilities.

A necessary first step toward adoption of the metric system in this country
may die in Congress because nobody seems to care.

A bill to authorize a study of the effects of such a switch has been
passed by the Senate, but has been languishing in the House Rules Com-
mittee for more than a year. Rep. George Miller (D., Calif.), chairman of
the House Science Committee and original author of the study proposal,
has been promising for more than a month to press the Rules Committee
to release the bill to the House floor. So far, he has failed to move,
and the Rules Committee is showing no intention of acting on its own.

Long-pending legislation on Federal patent policy is being pushed toward
a bitter Senate fight despite the fact that the bill is given little chance of
passage. Even if the legislation—giving Federal contract administrators
broad powers to assign patent rights to contractors—survives debate and
a threatened filibuster in the Senate by Russell Long (D., La), it stands
little chance of success in the House.

The effect of the legislation would be to reinforce present Pentagon
practices of assigning most patent rights to contractors, accelerate Na-
tional Aeronautics and Space Administration tendencies to freely assign
such patents and overturn restrictive patent provisions in laws governing
the Atomic Energy Commission, Federal Aviation Agency and other
Federal organizations.

The bill had been locked up in the Senate Judiciary Committee more
than a year. The committee, unable to reach any compromise, dumped
the matter in the lap of the Senate for a formal expression of Congres-
sional sentiment. If the legislation fails to pass, patent rights will have to
be debated every time an R&D bill comes before Congress.

The Communications Satellite Corp. will soon issue a request for pro-
posals to study antenna design problems it is having on the planned
satellite to relay very high frequency signals between aircraft and ground
stations. Last week, because of antenna and other problems, Comsat
told the Federal Aviation Agency that it was temporarily holding off on
the experimental aeronautical services satellite planned for a 1967 launch.
Comsat says it has not “formally withdrawn” its proposal to the FAA,
but has told the only bidder on the program—the Hughes Aircraft Co.
—that it won’t accept its satellite design.
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What solvent insures absolute
cleaning of needle bearings?

Torrington says: 20N in a Baron-
Blakeslee ultrasonic unit.

P AT LA W AT e
O T RENEE

\;‘.’_ L i

The Torrington Company of Torrington, Co 1n.. must
manufacture and deliver absolutely clean needle bearings. Only
FreoN solvent in a Baron-Blakeslee ultrasonic degreaser meets
Torrington’s rigid standards of product-clear ing. In fact,
FREON’s saperior performance actually raisec the general
quality of the needle bearings.

Freonis a selective solvent—it cleans without affecting materials
of construction. Its low surface tension penetrates the smallest
pores and crevices. Its high density floats away all contaminants,
FreoNis ronflammable and relatively nontoxic. And its excel-
lent stability permits reuse after simple distillztion.

Chances are you can clean faster, better and more economically
with FREON. For more information. write Du Pont Co.. Room
4346, Wilmington, Delaware 19898. (In Europe, write Du Pont
de Nemours International S.A ., FREON & VALCLENE Depart-
ment, 81 route de I'Aire, CH 1211 Geneva 24, Switzerland.)

. . am
Better Things for Better Living a
. FREDN
o «v through Chemistry Fsrocarben

RE6.u 5 pa OM SOLVENTS
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HONEYWELL PRE-AMPLIFIERS HAVE
WINNING NOISE FIGURES. And satisfy-

ing low noise requirements is just one of the
reasons they have earned an official AP-

PROVED for sensitive receivers and spectrum

analyzers. Off-shelf delivery makes them as
easy to acquire as they are to work with.

SPECIFICATIONS
Tunable VHF Preamplifier/AP-501R*
Frequency Range 30-300 MHz, 2 bands
Gain 23 db-nominal minimum
(= 2db)
4.5 db maximum (less than
3.5 db below 250 MHz)

$1500

Noise Figure. ..

Band A, 30-70 MHz, 2 MHz
Band B, 55-300 MHz, 4 MHz
at 55 MHz, 5 MHz at
300 MHz

Bandwidth (3 db)

Tunable UHF Preamplifier/AP-502R* $1700
300-1000 MHz
26 db nominal (= 3 db)

4.0 db at 300 MHz; 8 db at
1000 MHz

3.5 mc at 300 MHz
15 mc at 1000 MHz

Frequency Range
Gain
Noise Figure

Bandwidth

For specifics write to: Honeywell, Test Instrument Divi-
sion, Annapolis Operation, Box 391, Annapolis, Maryland
21404, Or telephone: 301-263-2661.

approvet

FREQUENCY-Ge.

AP 502-R

*Electro International models.

DATA HANDLING SYSTEMS

HONEYWELL !S WORLDWIDE

72 Circle 72 on reader service card

Honeywell

Sates and service offices in ali principal cities of the world. Manufacturing i
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when the
decision
calls for
precision

A Hi-Q precision instrument switches readily fulfill
G standard, special, and military requirements at
attractive prices through the use of modular

ATTACK INBiviDUAI MISTARES

wousmen | StOCk UNits from which an almost unlimited series

of configurations may be assembled...and minimum
delivery time is guaranteed!

This kind of flexibility is typical of the engineering precision
found in every feature—brush blades lapped and edges
stoned; insulating parts custom drilled to critical tolerances:;
contacts of homogenous alloys for minimum EMF, positive
metal-to-metal wiping, and low electrical resistance; maxi-
mum contact wiping surface to distribute frictional wear and
promulgate longer life. For installation flexibility, all units
are available with either solder pot or turret type terminals.

Electronics | August 22, 1966

The terminal board switch is a further indicator of the
advanced engineering you may expect from Hi-Q. The use of

terminal boards facilitates modular wiring Farness design
and reduces overall assembly costs.

Whatever your product, if design decision requires precision
instrument switches, contact Hi-Q and see what they have
to offer. It's quite probable that you won't find a better
answer anywhere.

AEROVOX

CORPORATION
1100 CHESTNUT ST.
PARARIN L] BURBANK, CALIF.

SEE HI-Q AT WESCON BOOTHS 1701-02

Hi-O.
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Only G-E RTV silicone adhesive/sealants
are UL recognized for

insulating...  sealing...  bonding...

|
|

i v

Instant see-through insulation pro- High temperature moisture sealing Laminated layers of mica sheeting
vided by translucent RTV-108 sealant. of heating elements. Costs less and are securely bonded with RTV sealant.
Qutstanding electrical properties. RTV sets up faster than epoxy. And G-E RTV Ready to use, it needs no catalyst and
also comes in colors. stays flexible permanently. bonds without a primer.

Shock and vibration are cushioned Eliminate capping, taping and splic- Eliminate screws and drilling by ad-
by RTV’s permanent resilience. Protects ing with RTV. Easily speeds assembly hering identification plates with RTV.
over wide temperature range. Won't line sealing. Also used to lock nuts It bonds to metal, glass, wood, most
harden, soften, crack or shrink. firmly in place. plastics — almost all materials.

General Electric’'s RTV adhesive /sealant is a resilient electrical insulating material,
weather-resistant and ready-to-use adhesive.

Recognized by Underwriters Laboratories for electrical uses, RTV sealant
maintains its rubber-like properties at temperatures as low as —75°F, high tem-
peratures up to 600°F. It stays flexible permanently, does not crack or shrink.

For complete information on G.E.’s family of RTV silicone adhesive /sealants
write Section N8209, Silicone Products Department, General Electric Company,
Waterford, New York 12188,

GENERAL @3 ELECTRIC
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ULTRA-PERFORMANCE

ULTRA-WIDE SWEEP RATIO

Electronics | August 22, 1966

TH

E
SWEEP/SIGNAL GENERATOR

100 kHz - 20 MHz

SPECIFICATIONS

CENTER FREQUENCY ... . ......100 kHz- 20 MHz
SWEPT RANGE .................100kHz- 20 MHz
SWEEP WIDTH

Narrow Range ........... ....200Hz-200kHz

Intermediate Range . ... . ... ..1kHz-2 MHz

Wide Range . ........ . ....... 10kHz-20 MHz
SWEEP RATE

Variable .iiin i s es . ke s 0 0.01 - 60 Hz

Line-Lock . ... ... ..... . .. .. ... .. .50/60Hz
OUTPUT . ..... ........... 1 VRMS into 50 ohms
STABILITY

Short Term (1 min) ....... .. .. ..... ..100Hz

Long Term (1 hour) ... ..... . ...... ... .5kHz
HARMONIC MARKER ... .. ... . ... .. . . . .1MHz
VARIABLE MARKER, RANGE . ... . .100 kHz- 20 MHz
VARIABLE MARKER, WIDTH:

Narrow . ... ... ... ... ... ...........100Hz

Intermediate ... ... ... ... . .. . .. . ... . . . 1 kHz

Wide ... ... .. ... .. ................10kHz

APPLICATION DATA FILE DESCRIBING USE OF
TELONIC SWEEP GENERATORS IN RESEARCH,
PRODUCTION AND Q.C. APPLICATIONS AVAILABLE
ON REQUEST.

®

INDUSTRIES INC.
60 NORTH FIRST AVENUE

BEECH GROVE, INDIANA 46107

TEL: (317) 787-3231 TWX: 810-341.3202

Representatives in all major cities in the U.S. and foreign
countries. Factory offices located at Maidenhead, England
and Frankfurt, Germany
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LIKE TO READ PERFORMANCE CHARTS?

Here are a couple we think you'll find interesting. They concern
our 2SC685 transistor designed for use in line operated home radics
and phonographs. This transistor can deliver an output of 1.0 watt
with less than 10% distorzion when used in class A amplifiers and is
reasonably priced.

ABSOLUTE MAXIMUM RATINGS
(At 25°C Ambient Temperature)

Item Symbol 25C685
Collector to Base Voltage Veso 300 Same size and shape
Collector to Emitter Voltage* | Veex 300 as the JEDEC TO-66.
Emitter to Base Voltage VEBO 3
Collector Current Ic 100
Collector Dissipation*= Pc 4

Junction Temperature T; 150

Storage Temperature Tseq —65~ 4150
*Value at I =5 A **Value at T¢=<70°C

ELECTRICAL CHARACTERISTICS
(At 25°C Ambient Temperature)

Item Symbol Condition of Measurement
Collector to Emitter Breakdown Voltage BVcex Ic =1mA, Ig =5pA
Emitter to Base Breakdown Voltage BVEgo Ig =100pA, Ic =0
DC Current Transfer Ratio hrE Vee=10V, Ic =50 mA
Gain Bandwidth Product Jr Vee=50V, Ic =20 mA
Base Spreading Resistance oo’ Vep=50V, Ic =20 mA, =50 Mc
Collector Output Capacitance Cob Vep=50V, Ig =0, f=1Mc

If you enjoyed reading the charts and found them interesting, why not inquire further to:

HITACHI

Hitachi, Ltd. Tokyo Japan

HITACH! SALES CORPORATION: 333, N. Michigan Avenue, Chicago 1, Ill., US.A. Tel: 726-4572/4 / 666, 5th Avenue, New York, N.Y. 10019,
U.S.A. Tel: 581-8844 / 12715, S. Daphne Avenue, Hawthorne, Calif., U.S.A. Tel: 757-8143 HITACHI, LTD., DUESSELDORF OFFICE: 4, Duesselcorf,
Graf-Adolf-Strasse 37, West Germany Tel: 10846
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A BILLION STANDARD
POTS AND TRIMMERS?

(well, would you believe 211,209,077

Of course a number 'i<= two hundred million neads
explaining. Bur _f vou s:udy the Spectro Catalog
and cotrt up such crtims as v our tings, gongelle
combinatons, resistance values. terminal variatier s,
and other availeble “eatures, vou will find that
Spectroi »ifers vou 2.7,209,077 <tandard potenticm-
cters and trimmers t¢ 2aeose from. Fut cven ds cne
of the industrv’s lcecinz sources for “star dards!’

Spectrol stit meiatains technical eadership in the
design « 2d p-oduction of “specials” And, the Spectrel
doublz-edgec ceyability doesn’t stop there. For n»
onc ebse can nffer vou a broader series of miniatur
rotary s-lector sw tches designed for direct printea-
cireuit-~oard apylication, or more accurate more
readable turm -countir g dials.

Still don’t bed ev 2 Sorrv about tha-. But make vou-

own count. Writc “ara Spectrol Catalog. .. cr pick
one wyr at ons Woezcon Booth 1201-7202.

Spectrol E ectranice Sorpoaration SpectrOI
17070 €es: Galz Avenue

f  City ot Incustry, vZal f 91745




78

there are ordinary seals

...and then there’s

The seal gets special attention at M¢Coy—
100%o inspection against temperature, alti-
tude, vibration and shock. Only a perma-
nent, hermetic seal can guarantee frequency
stability and reliability for quality crystals.
Our new Cleanseal process uses high pres-
sures to flow metal enclosures together in
a heatless “weld” that's more leak resistant
than the metal itself. Heating distortion and

MCCoy

possible internal contamination by solder
flux are eliminated. Cleanseal crystals have
withstood 5000 cycles, 30 G's vibration, and
8000 G's, 0.5 millisecond pulse shock test-
ing. Glass crystals are vacuum sealed by
flame or induction heating. M¢Coy has the
nation’s most complete line of quality high
and low frequency crystals. For full details,
write for our new product catalog.

MCcCOY ELECTRONICS COMPANY

Circle 78 on reader service card

A ovision 0 OAK ELECTRO/NETICS cose
MT. HOLLY SPRINGS, PA. 17085
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Lambda

adds new

WIDE VOLTAGE
RANGE
PROGRAMABLE
power supplies
to all-silicon

LM series

Up to 60 volts.

Up to 35 amps.

7 power packages.

Prices starting
at $69.00.

L i

-

Package A 3% x 3% x 64"

Accessory Metered Panels: $20.00

i E et pe % ‘
—

i

1

Package E 4% x714" x11%"

-n

upy B@ee

Accessory Metered Panels: $40.00

C SEE————
[L aosvour, | jwaxAwes - A0J. VOLT. T MAX. AMPS
Mode! RANGEVDC | 40C | 80C | 60 C | 71 C | Price Mode! RANGE_VDC [ %°T ] TT JIC | Price
[T 7 J ew]on o9 o027 [ven [ tueo7 0-7 120 | 108 [ 68 3249
LM 20 07 085 | 075 [ 070 | oss ” LMED14 014 74 64 $2 a1 249
™ 07 17 i 14 » LMED-32 032 37 32 26 2] 249
™ o7 | 20 18 14 » LMED60 060 21 17 14 iFl 249
[T} 014 027 | 024 | 023 | 022 CH
LM 203 014 045 | 040 | 038 | 028 AJ
LM 204 014 }. 09 | o8 | 07s | 035 »
LM 258 014 1 L 10 [ 00 | 99 | Package F 3% x 19" x 16%"
LM 259 4 j 018 } 016 018 014 L
LM 260 a | 03 030 028 020 ™ |
LM 261 . 670 | 065 | 060 | 0as | |
LM 262 024 080 | 075 070 | 080 » . =
LM 263 032 p1e [ 012 [ o1l [010 | e m (4
im 208 032 02 623 | 020 [ 018 7 j., e y p - a
LM 206 04e0 030 (]
i L™ 264 032 030 ' 032 | » For metered models. 20 suMa (M) to model number and $30.00 ta the price below
[k 2] 060 007 006 | 1
M 207 060 011 | oos ”» | B ADJ. VOLT, | MAX. AMPS'
1 im 208 060 { 021 [ 016 » Mode! RANGE vOC [30 € A Price
| LM 266 ) 60 020 ) 025 [ 109 LMF-0-7 0-7 250 | 210 170 | 140 | w28
Package B 3¥% x 41%,," x 614" Package G 5% x 19" x 16%"
(=4 I

MP.3 E MP.S

EE L1

S

Accessory Metered Panels: $40.00

Mode!
LM-225
LMC-0-14

]

T aos. vour =

RANG( voc |
0=7

Accessory Metered Panels: $40.00

1| MAX. AMPS'

A0). voLT U MAX. AMPS
feoc T s c T 71
RANGE VDC wc+soc' ®C [ 71¢C | Pice
0 7 78 | 23 | 15 | wmios |
o e s 3 2 109
"0 32 | o8] os0) oeo| o 109 |
~0 60 | 045 040 109
85 ta 21 | 19
13 23 | 1% 13 3
E LN
22 32 l? [ [} 1
3060 ] 070 065 060 ] ST
Package € 3¥%," x 41%," x 9%~
co—
|
Py~ - -
3 @oe
NP3 R@es MPS

Mode!
LM-234

[aos vour [ ' wAx AMPS
| rance voc (TOCT S0 € T & C [ 71| Prce |
7163 | i) 65 §s+un
0 14 | 49 472 ]l 27 l”
0632 | 0 3z | 75 | 21 | 17 | 13 | 180 |
T o 60 [13 T 095 | 075 239
85 14 77 X 0 W8 | 1.
T 55 |58 | 51 5 | 36 209 |
i 77 37 ] %0 4 |39 | 31 219 |
30 60 |26 | 23 | 20 | 16 | 29 ]

For metered models. 2dd sufhs (M) to mcdel number and $30.00 to the price below

ADJ VOLT | 1 MAK Ami AMPS
Mods! RANGE VDC | & LT TIT | Price
LMG-07 o 7 350 240 hoo 0

! Current rating is from zero to I max. Current rat-
ing applies over entire output voltage range. Current
rating applies for input voltage 105-132 VAC 55-65
cps. * For operation at 45-55 cps derate current
rating 10%. » For operation at 360-440 cps consult
factory for ratings and specifications. < 2Prices
F.0.B. Factory, Melville, N._ Y. All specifications and
prices subject to change without notice.

Features and Data wveet mil. En-
vironment Specs. RFl —MIL-I-16910: Vibra-
tion: MIL-T-4807A: Shock: MIL-E-4970A -«
Proc. 1 & 2: Humidity: MIL-STD-810 + Meth.
507: /| Temp. Shock: MIL-E-5272C - (ASG)
Proc. 1: Altitude: MIL-E-4970A - (ASG) Proc.
1: Marking: MIL-STD-130: Quality: MIL-Q-
9858.

Convection cooled—no heat sinking or forced
air required

Wide input voltage and frequency range —
105-132 VAC, (200-250 VAC, optional at no
extra charge) 45-440 cps

Regulation (line) 0.05% plus 4MV (load)
0.03% plus 3MV: Ripple and Noise—1 MV
rms, 3MV p to p

Temp. Coef.—0.03%/°C

RACK ADAPTERS

LRA-3 —5%" height by
27:s” depth. Price $35.00
LRA-4—3'2” height by 14~
depth. (For use with chas- .
sis slides) Price $55.00 i
LRA-6—5'4" height by 14~
depth. (For use with chas-
sis slides) Price $60.00

LRA-3

LRA-5 — 32" height by
2%+” depth. Price $35.00

SEND FOR NEW CATALOG ON FIXED VOLTAGE
AND WIDE RANGE MODULAR POWER SUPPLIES

JAN

LA M B DA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD « MELVILLE,L. I, NEW YORK + 516 MYRTLE 4:4200

SEE US AT WESCON—BOOTHS 1634-1635

A @ SUBSIDIARY
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High purity of lithium niobate

boules is maintained by meticulous
control of temperature and with-
drawal rate as well as microscopic
precision in formulation.

GROWING
LASER EFFICIENCY —

A tenfold increase in crystal
fluorescence . . . a tunable op-
tical source that converts a
laser beam of one color to any
other color in the spectrum . ..
such achievements are the re-
sult of significant advances in
the art of crystal chemistry.
Crystals like YAG (yttrium alu-
minum garnet), for example,
are expected to provide new
host crystals for high-energy,
optically-pumped ion-host la-
sers. Lithium niobate will pro-
vide a new and efficient means
for deflection, modulation
and tuning of laser outputs.
Sperry's staff of crystal tech-
nologists is, in fact, actively
studying no fewer than forty-
six different materials and us-
ing all of the principal crystal
preparation techniques: Flux
growth and flame fusion as
well as the Czochralski and
Bridgman processes. From this
research will come materials
for the next generation of elec-
tronic and optical devices.

] These are just a few of the many
scientific achievements of Sperry
Rand Research Center. Sperry can
help you meet similar short- or
long-term technological objectives
through basic and applied research
in a variety of scientific disciplines,
We are currently engaged in inten-
sive investigation and experimen-
tation in the following areas:

n %_' !
ﬁ'@ S

Variable signal delay and trillion-
fold amplitication characterize the
performance of experimental delay
lines made with YIG rods as small
as one half-inch long.

DELAYING ACTION —

A haif-inch of YIG (yttrium
iron garnet) and a unique para-
metric pumpingtechnique have
enabled Sperry physicists to
demonstrate net gain amplifi-
cation of delayed microwave
signals at room temperature.
Variable delay and signal am-
plification up to 20 db net gain
from L to X-band are the latest
results. Without getting tangled
up in miles of coaxial cable,
YIG delay lines hold a key to
higher resolution, less costly,
Dopplerand pulse-compres-
sion radar and ECM systems.
Other magnetic materials are
also under study for microwave
and computer applications.

SOLID STATE SCIENCES

Microelectronics

Microwave and optical signal
processing

Microwave oscillators

Thin film techniques

Laser materials and techniques

Crystal chemistry

Magnetic phenomena

PLASMA PHYSICS
Microwave and optical devices

Re-entry plasmas
Energy conversion

Headed for the diffusion furnace — insulation deposited on silicon wafer
base provides a better diffusion mask and greater dielectric strength
than oxide growth methods.

THICKSKINNED —

A new microelectronic in-
sulating technology developed
by Sperry scientists promises
increased electrical stability in
the newest breed of semicon-
ductor devices and microcir-
cuits. Reliable passivation
isolates circuits from environ-
mental deterioration without
encapsulation. Insulation is de-
posited on the silicon base
material, not grown by oxida-
tion. Deposition is ten times
faster at half the temperature
required for oxide growth.
Thickness can be precisely
controlled in layers varying
from angstroms to mils. Con-
tinuing studies are exploring
possible use of this technique
with other base materials, such
as germanium, gallium arsen-
ide, and indium arsenide.

ATMOSPHERIC PHYSICS
Environmental modeling
Active and passive radiometry
Laser atmospheric probing

SYSTEMS RESEARCH

Radar sciences

Human factors

Applied mathematics and control
theory

Data processing techniques

Underwater communications and
sonar

SPERRY RAND RESEARCH CENTER * Sudbury, Massachusetts 01776

80
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DC DOES IT —

Sperry scientists tucked a
tiny, silicon planar epitaxial
diode into a small, tunable,
resonant cavity and reverse-
biased it beyond breakdown.
Applied dc inputs produced
microwave outputs, either
pulsed or cw. This experimen-
tal transit-time oscillator has
displayed high spectral purity
and easy tunability in octave
bandwidths over the entire mi-
crowave frequency range. As
potential replacements for con-
ventional, low power micro-
wave sources, such devices
look especially suitable for fu-
ture ground, air, or space-borne
radar and communication re-
ceivers, beacons, and radar al-
timeters. Current experiments
aim at pushing the frequency
capability well up into the mil-
limeter wave region.

SPERR

DIVISION OF
SPERRY RAND
CORPORATION
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specify
hot carrier diodes
from hpa

For high-sreed sw tching in ulira-fast compute-s,
sampling circuits, test equipment or UHF anc VHF
mixers and datectors, vou awz it to yourself to
investigate low-noise, h gh-raliability 2300 Series
Hot Carrier Diodes from hp zssociates. Al devicas
in this series hzve riinority arr er lifetimres o less
than 100 p coseconds. Using the latest advzancas
in metal-siliccn teshnology, these devicas cffer
increased forward current and higher breakdown
voltage. Operatinz and storage ~emperatu-e range
—60°C to +125°C. Power dissipation at 25°C is
rated at 125 mw. Peak pulse power rat ngis 5
ergs. They also mzst the requirements of MIL-
$-19500C.

Write today for applicazon information ard
complete data, inc uding life tast data, Fp asso-
ciates, 620 Paze Mill Road, Palo Alto, Califarn a
94304, Tel. (415 221-851C.

Electronics | August 22, 1963

TYPICAL DEVICE SPECIFICATIONS
—I Etfective
Forward Forwesd | Breakdown | Lealage Capaci- Minority Price
Derice Curment Cu-rnt Yoitage Curent tance Carsrier 1to99
IF, IF, BVr e Co Ljfel_ime‘ 100 to 99¢
hpa 2301 |
Min.  50mA | 1mA 30V $8.50 ea.
Max. 30C nA 1pf 100 ps 6.35 ea.
hpa 2302 Y
Min. 35 mA TmA 3oV 7.75 ea.
Max. 300 nA 1 pf 200 ps 5.80 ea.
hpa 2303
Min. 3EmA 14 20V 7.15 ea.
Max. | 500 nA 12p° 100 ps 5.35 ea.
Test | V.= Ve= lp= Ve= Ve=D
Conditions 1y cav 10 A 15V | f=1.0 MH:

"These diodes zre tco fast to meazwre in conventional cirauits utilizing =tardard reverse recovery time
measurzments. “herefare, the effec-we minority carrier lifetime is specified as 7 instead of Trr. Devices
are heimetically sezled in a miriature glass package 0.180” long, 0.030” in diameter, color codec.

SEE HP INSTRUMEMNTS ATTEND MEAS-
UREMENT SEMINARS WESCON
HOLLYWOOD PARK

HEWLETT —

PACKARD hp 1;p
ASSOCIATES

Circle 81 on reader service card 81
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Weston Model 1423 Integrating DVM
1uV Sensitivity at 50 MQ for $1950.

FEATURES: Strain gage and thermocouple type measurements are made with meaningful

accuracy due to integrating and high sensitivity features of Model 1423. High common mode

rejection allows low level measurement of potentials well above ground. Loading errors

are reduced by 1000 times as compared to conventional DVM’s,

SPECIFICATIONS : Accuracy: 0.02% =1 digit. Common Mode
Rejection: 150 db DC & 130 db at 60Hz—with up to 5K unbalance
between input leads, and filter in use. Series (Normal) Mode
Rejection: 60 db at 60Hz with filter. Overranging. 15% with fifth
digit display. Display Time Control: from 4 reading/second to
1 reading /15 seconds. Overall Dimensions: 614" x 144" x 164",
Price: Bench mount, $1950, rack mount, $1995. Price subject

to change without notice.

10.000,'100.00,/1000.0 volts

Input Impedance & Sensitivity

Input Impedance

Range Minimum Sensitivity
10.000 mV 50 megohms* 1 uv
100.00 mV 500 megohms* 10 pV
1000.0 mV 5000 megohms* 100 uV

10 megohms 1/10/100 mV

*Typical values twice as farge

Contact Weston Instruments, Inc., Rotek Division, 11 Galen Street, Watertown, Mass. 02172

®
W ES I o N prime source for precision. . . since 1888

82
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Our Microstack® will provide the memory
for the Lunar Excursion Module's abort
guidance system. During the round trip
from the Apollo spacecraft to the moon the
crew will constantly sample the Microstack
memory, call up critical data, and align the
LEM abort guidance system with the
Apolio’s primary guidance system. [f re-
quired, the Microstack memory will help
the Apollo’s abort guidance system bring
everyone back home.

Obviously, TRW was concerned with
reliability whenthey wrotz the LEM memary
sysiem specifications. Like: random viora-
tion—oOperating 20cps @ .070G2/cps to
2400cps @ .070G%/cps. Microstack’'s
unigue design met all specifications. It's
a folded-array, devetoped by Indiana
General. The X" and “Y" axic are wirad
continuously, reducing failure-prone solder
connections 80% and size and weight.

Indiana General leads in developing and

producing memory stacks and cores. We
invented the ferrite memory core and still
make and sell more of them than anyone.

If you need Mil. Spec. type memory units
find out about Microstacks and our core
capabilities. Write Mr. Thomas Loucas,
Manager of Sales, Indiana General Cor-
poration, Electronics Division/Memory
Products, Keasbey, N.J.

INDIANA GENERAL E=3

When the LEM gets ready to leave the moon
Indiana General will know the way back home.

D 1966 The indiina General Cornoration



a""

ftom Burroughs

and from your local
Burroughs stocking dealer

Indust-¥'s enthusiastic acceptance of the type BIP-8211P NIXIE™
tube reado it driver and the versa
to the Jevelopment of othar circuit variations. These compact,
attractive modules not only save you design, development, testing
and prcdiction costs, but zlso give you the best device for trans-
lating low-bevel BCD inputs to decimal readout. Modules currently

availabde f-om stock include:

® BIP-2211P—accepts 8-line low-level
BCD and drives the standard-size rectangular NIXIE tube, type
8422, @ B P-822.P_accepts low-level 4-line, 8-4-2-1 BC
the sta 1da-d-size rectangular NIXIE tube, type 8422. ®
identiza to the BIP-8211P except it accepts lcgic-level separations
as low 3s A7V (from 0° C to +85°C)
level, man>lithic, integrated circuits.
puter r2adout, it drives a NIXIE tube with an integrai d
(type E-57956). Type BIP-8225P accepts twelve 4-bit, binary-input

@ Burroughs Corporation/

CALIFOR \BA
tos Angdes %0036
Tech-Stox,
(213) 937-CRD TWX 213-937-2788,
Palo Alx, 34103
Tech-Ser 1C
(415) 325-98C0; TWX 415-492-9482,
San Dieo, €Z110
Tech-Ser,
14) 222-_"2l.
ONNECT cUT
West Hat'are, 06117

Instrur=nz Dvnamics, Inc. of Connesticut,

‘203) 233-55(3.

NDIAMA

Fort W3arn2 ~6802

R.0. Wn tese | & Assac., InC

(219) 3343 1; TWX 219-241-0894
Indianapois, 46219

R.0. Wiwtese | & Assoc., Inc.

(317) :29-53°4;TWX 317-635-9766.

tility of its basic design has led

(2v-35V separation) 8-4-2-1

making it compatible with low-
e BIP-6225P—uysed for com-
ecimal point

D and drives
BIP-8227P—

! Actual size all
37 4 six modules

combinations (numerals 0-9, decimal point and blanking) and has

the capability of being electroni
level control input. ® BIP-8222P
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Normally, machines that do pattern recognition are big, com-
plex and expensive. Bv using integrated circuits and a
technique called nonlinear logic in which the output is based
on the weighted sum of nonlinear functions, engineers have
devised a small, flexible machine. It can sort alphabetic char-
acters, classify wave forms and recognize geometric shapes.

Helix antennas have been around for vears,
but their unspectacular performance with
respect to bandwidth and gain has been a
handicap. Now a new class has large band-
width and high gain. Contrawound, the an-
tenna has a unique property: polarization,
bandwidth and gain can be controlled in-
dependently. For the cover, Vincent Polliz-
zotto accented the contrawound design by
photographing head-on through the center of the new antenna.

Electronics

There was a time when the makers of fine hi-fi equipment
wouldn’t touch solid state components because of what they
did to quality. To show how far the solid state revolution has
moved, a maker of good entertainment equipment has used
two kinds of solid state devices to attain dynamic signal
ranges exceeding 120 decibels. The new devices cut down
the interference that bothers devotees of f-m sterco.

Satellites have made the job of predicting the weather casier,
particularly in spotting sudden storms or hurricanes. There’s
been one notable weakness however; the satellites have
worked only during daylight. In Nimbus 2, launched in May,
an infrared system will transmit cloud pictures to earth even
when the satellite is over the dark side of the globe.

Coming
September 5

~<—Circle 84 on reader service card

*Using scattering parameters in design
* Sense amplifiers with integrated circuits
* A high-speed computer for navigation
*Laser hardware ready for applications



Advanced technology

Training a machine to read
with nonlinear threshold logic

Typewriter-size pattern recognizer built of integrated circuits can sort

alphabetic characters, classify wave forms and recognize geometric shapes;

its operation resembles the workings of the human brain

By D.P. Hattaway, E.D. Hietanen and R.W. Rothfusz

Bendix Corp., Southfield, Mich.

Can a machine be trained to duplicate the ability
of the human brain to recognize patterns. Jeo-
metric shapes and alphabetic characters? What
circuitry is necded? How large would the machine
be? What about cost and efficiency? These and
many more questions face enginecrs working with
the design of pattern recognition systems vital in
applications such as mail sorting, language trans-
lation, aerial photography and wave-form analvsis.

Artificial logic systems on which decision making
depends tend to be large and complex. Yet, most
humans can master such complex things as char-
acter and speech recognition in a relatively short
time—and the average hrain weighs only 3 pounds
and occupies a volume of 100 cnbic inches.

The brain. nsing many fairly simple logic cle-
ments. makes its decisions because it can be trained
to respond to a given set of input conditions. Be-
cause it is trainable, the brain can develop a pat-
tern recognition system without having all the
variables in a pattern defined beforehand. For
example, the system can be trained to recognize
the letter “a” without knowing how many other
characters constitute the complete alphabet.

To recreate just this one function using discrete
clectromechanical elements takes thousands of
components. The equipment w ould fill many rooms
and the cost would be enormous. Yet at best, the
machine could only compare unknown data against
known, It could not alter its decision capability,
as the brain does, when faced with a situation such
as a misspelled word or a badly smeared letter.
At best the machine could answer “unknown”
whereas the brain would be able to change its
mind or give the correct answer.

This limited type of pattern recognition has al-
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ready been successfully incorporated in equipment.
A mail sorter built by the Philco Corp. is in oper-
ation at a Detroit, Mich., post office. It sorts
36.000 letters an hour by zip code and costs some-
where between $125,000 to $150,000. Similar equip-
ment. which reads only numbers, is made by the
Burronghs Corp., National Cash Register Co. and
Ruabinow Electronics, Inc.

Language-translation systeris have been devel-
oped by the International Business Machines Corp.
at its Thomas J. Watson Center. The systems
convert Russian and Chinese from a printed page
of text into a printed page of English. Both the
mail sorter and language translator work on the
principle of page scanning. However, other tech-
niques are being tried.

Compact and trainable

Scientists and engineers at the Research Lab-
oratories division of the Bendix Corp. have suc-
cecded in combining the assets of microcircuitry
and a technique called nonlinear threshold logic
to make possible a typewriter-size, practical pat-
tern recognition system. The system, a demonstra-
tion model, can be trained to pick out patterns,
select or reject geometric shapes and organize
groups of alphabetic characters—much as the hu-
man brain does. To recognize the patterns or
characters, the system necd not know beforehand
all the required variables.

The usefulness of nonlinear threshold logic has
already been proved in the demonstration model
which is not available commercially. Its principles
can be extended to solve such additional problems
as radar-target recognition, wave-form classifica-
tion and extraction of signals from noise.
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Patterns of up to 31 variables and 300 shapes can be identified by this trainable pattern recognizer. The system

uses microcircuits to reduce the size of equipment and nonlinear threshold logic for decision making.

Transforming the input variables

The model uses nonlinear threshold logic to
make decisions. Essentially, nonlincar threshold
logic is a form of recognition logic where the
output is based on a weighted sum of certain
nonlinear functions of binary input variables. The
model contains a lincar threshold logic element
preceded by a transformation matrix. The matrix
transforms the input variables into a new set
of variables that are properly classified by the
linear threshold logic element. Inputs to a thresh-
old logic element are weighted according to their
importance in the decision-making process. The

THRESHOLD

-~
L
QUANTIZER
o e OUTPUT
M

g<*2
=

XN

Linear threshold logic circuit inputs x, through xx are
binary. Acting with these inputs are weighted terms,
a, through ay, of either positive or negative values.
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weighted sum of the inputs is compared to a pre-
determined threshold to give a binary decision
at the element output. By making the input weights
variable, the logic element is “trained” to give a
desired output for a given set of input conditions.
Binary inputs, xi, Xs, . . ., xv, are fed into the
threshold logic circuit shown at lower left and
are defined by the pattern to be recognized. For
convenience they are treated as +1, —1 instead
of the usual 1,0. The binary inputs have algebraic
weights, a;, a., . . ., ay, that can have negative
or positive values. The output of the threshold
logic circuit is determined by the magnitude of
the sum of the weighted binary input variables.
Mathematically, the output, F, is expressed:

N
If: Zn“ Xn 2 8o, then F = 4 1; otherwise, F = — .
n=1

The term a,, is an additional algebraic quantity
called the threshold.

The function realized by the circuit can be ex-
pressed by a conventional Boolean equation or
truth table. To realize a particular function, an
appropriate set of weights, a1, a2, . . ., ax, and
threshold, as, can be determined by a set of rules,
or algorithms. Threshold logic can also be applied
to problems where the weights are determined in
an adaptive or trainable manner. Then, training al-
gorithms are used.

Training algorithms for linear threshold logic
usually takes place as follows:

® Patterns for which desired outputs are speci-
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Xy

X2

XN
In a nonlinear threshold logic circuit elements are
present that form nonlinear, binary-value functions
., through Bu. These functions are formed

before any weighting operation takes place.

fied are applied to a circuit sequentially.

» Whenever a wrong output occurs, each weight
in the circuit is adjusted by an equal amount. The
adjustment is in a direction that tends to make the
output correct.

It is usually necessary to make several passes
through the patterns before optimum performance
is achieved. With the circuit at optimum pertorm-
ance, or trained, the desired tunction may bhe
realized without errors. or it may be partially real-
ized with certain patterns misclassified. Once
trained, the circuit is fixed, as a pattern recognizer.

Overcoming the drawbacks

Lincar threshold logie, because of the mathe-
matics defining it, limits the functions that can be
handled.! Onlv a small percentage of the total
possible functions can be realized for variables of
five or more. To be realizable, a function must sep-
arate a group of input patterns into +1 and —1
categories by a lincar equation. The function is
then linearly separable.

Nonlinear threshold logic can handle a greater
number of functions than can linear threshold
logic. To realize nonlinearly separable functions,

X L¥] X3 Bm
~1 -1 -1 -
m -1 +1 + 1
- +1 -1 +1
-1 +1 +1 -
urh) 3| i, A
! 4. ik =
+1 +1 = =\
+1 +1 + 4 __+t T

Resultant 8.'s for every x. ® x: ® x; combination
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a network of several threshold logic circuits or a
more extended form of recognition logic is required.
A more extended form of recognition logic, known
as nonlinear threshold logic, has been investigated
at the Bendix Research Laboratories and is in-
corporated in the trainable pattern recognizer.

Nonlinear threshold logic, as shown at left, difters
from linear threshold logic by the presence of the
encircled elements marked NL (nonlinear).

These elements form nonlinear, binary-valued
functions, 81, B2 . - - Bu, of the input variables
prior to weighting. The form of nonlinear function
used in the trainable pattern recognizer is the
algebraic product in which the B, terms are the
product of selected input variables. A switching
parameter, s",,, identifies which of the n variables
is used to form the mt product term, B.,. For ex-
ample, if s”, is 1 forn = 1,2, 3 then:

B = X1.X2.X3

Resultant values of B. for every possible com-
hination of x;, x., x; appear in the table at left.
Any B, is equal to +1 when an cven number of
the variables used in the algebraic product have
values of —1. Conversely, 8, cquals —1 when
an odd number of the variables have values of

1. Training of the nonlinear threshold logic
circuit adjusts both the weights (ay terms) and
the values of the switching parameters. Here ay
represents the weights that act with the correspond-
ing A, terms shown for the nonlinear threshold
logic cirenit. These are equivalent to the ay weights
originally shown for the linear threshold logic cir-
cuit. The difference between ay and ay is that the
ax terms directly act with the input variables and
ay terms act with the derived 8.

Until now, the general-training algorithi for
nonlincar threshold logic has only been simulated
on a general-purpose digital computer. In the simu-
lations, the initial values of each of the s", terms
are established cither randomly or empirically. As
in the linear threshold logic training algorithm,
the circuit is adjusted only if a wrong output oc-
curs. An incremental adjustment is first applied to
cach of the weights of the circuit in a direction
which tends to make the output correct. Stored
quantitics—in effect weights for product terms
that can be sclected later—are also adjusted using
the same strategy. If the weight adjustments are
insufficient to change the circuit output, an s%,
switching parameter is complemented. Thus, a
new product term By, 18 selected. The B, term
selected is the one that has a stored weight differ-
ing in magnitude from the weight of the present 8.,
by the greatest amount. The stored weight for
the selected Bm term also replaces the present
weight, a,. The training process is repeated for
every pattern for which a wrong output occurs,
and can be repeated for several iterations.

It is usually necessary to limit each algebraic
product to a prespecified set of input variables to
keep the weight storage within reasonable limits.
Certain s". switching parameters are not allowed
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to become 1 during the training. For example, if
there are four variables, and, for one of the alge-
braic product functions, B, only s',, and s3, are
allowed to become 1, the functions that are formed
by B are 8. = x1; B = X3; Bm = X1 Xa.

Thus, it is only necessary to determine appro-
priate weights for these three functions rather
than for all pessible functions of four variables.

In the trainable pattern recognizer, the algebraic
products are not varied during training. They are
specified heforehand, from empirical results.

Analog implementation

The schematic of the lincar threshold logic
element suggests an analog implementation is pos-
sible. An operational amplifier with several var-
iable summing resistors on the input and con-
nected as a level detector, as shown at top, right,
could be used as a threshold logic clement. The
inputs are weighted by properly adjusting the
variable input resistors, R, through Rs. Another
variable input resistor, R, sets the threshold level.

A major problem in the approach is finding
variable clements with the appropriate character-
istics. Since training signals for the logic element
are in the form of electrical signals, it is desirable
to have a device whose resistance (or other param-
cter) can be changed by means of an electrical
signal® Such devices exist, but none has yet
rcached a high state of development. A servo-
driven potentiometer meets the requirement, but
is not feasible for a large number of logic clements
because of the high cost and bulky size.

Digital implementation

The threshold logic element may also be imple-
mented with digital techniques. The analog sum-
ming amplifier is replaced by an adder and ac-
cumulator. Various weights and the threshold
value are stored in registers, each with the proper
signs. Whether a given weight, a,,, is added or
subtracted from the contents of the accumulator
is determined by the corresponding coefficient 3,
The accumulator-sign bit indicates whether the

Ro
-1
Ry
¥y
J F
w - ——
= R
o 2
ER

OPERATIONAL
AMPLIFIER

Operational amplifier coupled to variable-summing
resistors make up an analog threshold logic
element. Resistors act as a level detector.

sum of the weighted inputs is greater or less than
the threshold value.

The digital approach was chosen for the dem-
onstration unit for the {ollowing reasons:

* Weights are ecasily altered Ly changing the
content of a register.

®* Time-sharing the adder and accumulator
among several threshold logic elements is possible.

* Digital circuits in microclectronic form are
readily available.

* Microelectronic functional networks such as
the adder, accumulator and registers can be pro-
duced in a single package.

Operating the recognizer

As shown below, the system operates in a serial
mode. The basic computing cycles are start, add,
reward or punish.

A pushbutton initiates the start cycle by gating
on a timing generator consisting of a binary coun-
ter and decoding gates. The counter controls the
subsequent cycle or cycles. Two timing gencrators
are provided—a bit counter (12 bits) and the word
counter (10 words). During the start cycle only the
word counter is gated on; during the add and incre-
ment cycles both counters are on. Control of the
two counters is provided by the system control
logic.

During the start cycle, the set of cross-prod-

SHIFT REGISTER
GATING
ENTER WEIGHTS —=4 MATRIX BOARD Ay
By
INPUT MATRIX CROSS COM- Euet OUTPUT
PATTERN BOARD PRODUCT PLEMENT GATING ADDER =
Xy Sy REGISTER LOGIC L. -

ACCUM~
ULATOR

]

Trainable pattern recognizer operates in a serial mode. Adder, accumulator and registers are produced with IC’s.
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uct functions, B, are determined from the cross-
product of the input pattern, xx, and the sy matrix.
A cross-product term, B, was previously defined
as the product of the inputs, xy, for which the
corresponding terms in the cross-product matrix,
s®y, are equal to 1. The computation of each B
term is accomplished by sequentially scanning the
set of input switches, xy, and applying this signal
to the cross-product matrix, Sy.

The term sy represents the set of s, switching
parameters. Nine outputs from the cross-product
matrix, sy, corresponding to the B, terms are
gated into flip-flops. Every time an input, X,, rép-
resenting a —1 is scanned and the corresponding
matrix switch, sy, is closed, a pulse is applied to
the toggle input of each B, flip-flop causing it to
complement. Since the flip-flop is initially cleared
to a reset state at the beginning of the start
cycle, an even number of —1 inputs leaves the
flip-flop reset and indicates a value of +1 for Bu.
An odd number of —1 inputs to the flip-flop leaves
it set to indicate B, = —1. This operation occurs
in every flipflop of the B. register. Thus, when
all the input switches are scanned, each flip-flop
contains one 8. term. These values are stored for
use during the add and increment cycles.

Computing 3,

In the simplified logic circuit that illustrates
the computation of the B, terms shown below,
the number of inputs, switching parameters and
B, terms have been reduced for clarity. The input
pattern, xy, is —1, +1, +1, —1, +1, and the three

switching parameters are

s;" = 1,0,1,0,1
ss" = 0,1, 1,0, 1
ss» = 1, 1,0 1,0
The resultant 8, terms are 81 = —1, 83 = +1,

and 8; — +1. Wave forms at the output of the
OR gates show the sequence of pulses at the toggle
input of the flip-flop. The wave forms are pro-
duced when the input switches are scanned by the
timing signals T; to Ts.

The start cycle terminates with an add cycle
which computes the values of F. During the add
cycle, the bit and word counters are used to con-
trol the movement of data in the shift register and
accumulator. Data in the shift register forms the
input weights (an terms). A predetermined set of
a, terms may be entered in parallel into the shift
register by the an board and enter weights switch.

A full adder in conjunction with the accumu-
lator provides a means of taking the sum of the
a, terms. The shift register stores all the positive
a, terms as straight binary numbers. Negative an
numbers are stored in the two’s-complement form
of the binary number. (The two’s complement of
a binary nunber is obtained by replacing the one’s
with zeros and vice versa, and adding 1 to the
resultant number.) Thus, both positive and nega-
tive numbers are summed by addition. As the an
terms are moved out of the shift register, the cor-
responding B, term is used to control the com-
plement logic.

The complement logic implements the multipli-

_____________ =
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Logic circuit shows how 3., terms are computed. Input pattern consists of xx and the three switching
parameters, s,", 8" and si". Inputs, switching parameters and g. terms are reduced here for clarity.
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Stages of operation for trainable pattern recognizer. Input pattern enters by means of switches x, through x.
The B.. terms are produced by a plugboard matrix. Computation cycle is initiated by the start pushbutton.

cation of a,, B,. If the Bm term is negative, the
complement logic generates the two’s-complement
form of the corresponding a,, term. For a positive
By term the a,, termn is not complemented. At the
end of the add cycle the counters are gated off
and the sign bit of the accumulator is stored in a
flip-flop. This flip-flop drives the actual F indicator.
Depending on the value of F, the reward or
punish cycle is initiated. During either cycle the
bit and word counters again control the shift reg-
ister and full adder to increment each of the A,
terms. The accumulator is not used during this
cycle. Each of the a, terms is incremented up or
down one count by the following relationships:

REWARD

Va’"] = +1 y
Aa,= —1,

PUNISH
Aa, = —1, ifB3, =T
Aa, = +1, if B, = F.

The incrementing is accomplished by comparing
a By term with F and controlling the full adder to
increment the corresponding a,, term.

To increment up, a 1 is applied to the full adder
at the least significant bit time of the a, term. To
increment down, a number consisting of all one’s
is added to the a, term. During the reward or
punish cycle the output of the full adder is gated
into the shift register. Therefore, at the end of the
increment cycle the shift register contains new
values of a, which are increased or decreased one
count from the previous values. The reward or
punish cycle is completed by sequencing through
the add cycle, as noted, to compute a new value
of F.

if BUI = In
lf Bln #= o
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I'he trainable pattern recognizer also can auto-
matically select the reward or punish cycle after
completion of the first add cycle. In the automatic
mode a switch input is provided that enters the
value of the output F corresponding to the entered
input pattern. After the start cycle is completed,
the actual output, Fy, is compared with the desired
output, Fy. Then the reward or punish cycle is
initiated depending upon whether F, and Fp are
the same or are different. Operation stops after
one reward or punish cycle; however, the operator
may continue training by initiating the start cycle
until F, corresponds to F,,.

Reward and punishment

As is illustrated in the block diagram of the train-
able pattern recognizer, above, the system is es-
sentially a digital implementation of a nonlinear
threshold-logic element. The general operation is
as follows:

* An input pattern is entered into the pattern
recognizer by means of switches, x;, xa, . . ., xg ar-
ranged in a 3 by 3 matrix on the front of the recog-
nizer’s control panel.

®* A plugboard matrix and associated logic pro-
duces the set of cross-product functions (8, terms),
for the given input pattern, 1.

* The start pushbutton begins the computation
cycle to determine the output, F(i), of the pattern
recognizer. The computation is based on the exist-
mg set of stored weights (a, terms), and the set
of cross-product functions. An operator cither trains
the threshold-logic element by means of the re-
ward or punish buttons or enters another pattern
into the recognizer using switches xi, xz, . . ., Xg.

= If the reward button is pushed, each of the
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stored weights a,, is incremented to increase the
magnitude of weighted sum, and reinforce F(1).

» If the punish button is pushed, the weights
are incremented to change the sign of the weighted
sum thereby changing the output F(i).

» If neither the reward nor punish buttons is
pushed, no changes occur in the stored weights.

= The pattern recognizer is usually trained as
follows:

= The pins in the cross-product matrix plugboard
are set up to an optimum configuration for the
problem. Computer simulations can determine this
configuration, as described.

= Next, the clear logic button is pushed to set
all the weights to zero.

During the first iteration through the patterns,
both the reward and punish buttons are used in
training the threshold logic element. That is, after
entcring a pattern and pushing the start button,
the reward button is pushed if the actual output
F equals the desired output; otherwise, the punish
button is used. The reward or punish buttons are
pushed only once for each pattern. During later
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In geometric-shape recognition problem, the recognizer
had to produce a +1 for squares and a —1 for rectangles.
Only three iterations were required.

System solved problems based on a 3 by 3 alphabetic
character representation. Groups separated from A to M
and N to Z were found in eight iterations.

iterations through the patterns, only the punish
button is used. The recognizer has learned the de-
sired function when no patterns appear in a given
iteration that produces an incorrect output from
the pattern recognizer.

It is possible to enter a set of preselected weights
into the trainable pattern recognizer by means of
a plugboard matrix and enter weights pushbutton.
In essence, the training is accomplished beforehand
in a computer simulation of the problem.

Designed with IC’s

The trainable pattern recognizer is constructed
almost entirely of integrated circuits. Only the
power supply, lamp drivers and clock circuit use
discrete components. The logic circuits, which are
Motorola series MC 350 devices, are of the non-
saturating, emitter-coupled type, chosen because of
the low cost and availability of flat packages rather
than for their high-speed capabilities.

The clock signal for the trainable pattern recog-
nizer runs at a relatively low rate of 250 khz. It is
generated by cross coupling a pair of integrated
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NOR gates with discrete component RC networks.
Together they form an astable multivibrator. In
addition to NOR gates, the integrated logic circuit
complement includes NOR/OR gates, half-adders.
flip-flops and gate expanders. About 225 flatpacks
are used in the trainable pattern recognizer. Power
for the logic circuits is provided by a 5.2-volt
Z-ampere supply.

Circuits are interconnected by means of double-
sided printed-circuit boards approximately 3 inches
by 4 inches. In most cases it was possible to
mount 24 flatpacks on ecach card using this scheme.
Multifayered printed-circuit boards permit a higher
packaging density per card, but the lead time and
expense of multilayered hoards are considerably
greater, and their use was not justified in the fabri-
cation of the demonstration device. Connections to
the p-¢ boards are made by means of a dual 64-pin
connector that mates with printed-circuit contacts
on the card. The flatpack leads are hand soldered
to pads on the p-c board.

The card layouts are done on a standard format
consisting of pads for three rows of eight flatpacks
each. Careful attention is given to the layouts and
intercard wiring because the high packaging den-
sity, attainable with integrated circuits, makes
checkout, troubleshooting and wiring changes very
difficult. A ground bus is also incorporated to min-
imize ground-noise problems.

The printed-circuit cards are packaged in two
files of six cards each, mounted as closely together
as the connectors allow. Openings in the cabinet
beneath the card files provide air for convection
cooling of the integrated circuits. No fans are re-
quired but careful attention is given to mounting
major heat-producing components. These are in the
lamp drivers and power supply on the chassis,

Conducting a simulation

Test results using the nonlinear threshold logic
approach have been obtained from both computer
simulations and the use of the trainable pattern
recognizer. Computer simulations have dealt with
problems of up to 31 variables and 300 patterns.
The procedure for conducting a simulation is as
follows:

* Patterns on punched cards are entered into the
computer in any desired order.

* Masks on cach cross-product, randomly chosen
and limited to a certain number of variables are
also entered by means of punched cards.

®* During the training the computer prints out the
nuimber of patterns wrongly classified by the exist-
Ing circuit configuration.

* At the end of the final iteration, the computer
prints out the final number of patterns wrongly
classified and the final weights and cross-procduct
configurations. For example, one problem dealt
with a total of 100 samples of the alphabetic char-
acters X, C, T, and J. The samples included both
ideal and distorted representations of the charac-
ters as indicated by the typical patterns at the top
of page 92. Each cell in the matrix was assigned
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to a variable, xy, x., . . ., xy. The absence of a dot
in the n'" box was interpreted as x, = 1. Presence
of a dot was interpreted as x, — —1.

Several of the problems to which the trainable
pattern recognizer was applied used the 3 by 3
alphabetic character representations, lower figure,
page 92. In eight iterations through the patterns, a
solution was found for the problem of separating
characters into groups of A to M and N to Z.

Problems involving a selected portion of the pat-
terns were also demonstrated. For example, the
pattern recognizer was successtully trained to pro-
duce a +1 output for one pattern out of a group
of 10, and in a second case, to produce a +1 out-
put for every other letter of a group of 10.

Variations of geometric-shape recognition prob-
lems have been demonstrated. In the problem, il-
lustrated on page 92, it was desired to produce a

1 output for square shapes and a -1 output for
rectangular shapes. Only three iterations were re-
quired to train the pattern recognizer. In another
example, the device was made to differentiate be-
tween horizontal lines (a +1 output) and vertical
lines (a —1 output).
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Circuitdesign

Designer’s casebook

Direct current regulator
drives fluorescent lamps

By David B. Hoisington

U.S. Naval Postgraduate School
Monterey, Calif.

Fiuorescent famps in buses, trains, hoats and other
vehicles are usually energized by solid state in-
verters operating at frequencies above 300 hertz.

However, fluorescent lamps can operate from a
direct-current source. And with direct current there
is no flicker, little or no acoustical noise, lanp effi-
ciency equals the efficiency at the higher frequen-
cies and radio-frequency interference is minimized.

D-c¢ operation has not been widely used up to
now because the required resistive ballasts are very

inellicient. Howcever, modern solid state devices
permit the design of efficient constant-current
sources.

The solid state circuit of a current regulator for
fluorescent lamps, at the right, is designed for a
vacht, but is suitable for other vehicles with a 75-
volt d-¢ source.

Switching transistor Q; on and oft furnishes the
correct average voltage and hence the current to
operate the lamp. The series inductor tends to main-
tain lamp current constant; the diode provides a
current path when Qy is off.

Q. is controlled by the Schmitt trigger circuit
consisting of Q, and Q.. When lamp current rises
above a preset value, the voltage developed across
the series 3.6-ohm resistor turns on Q. Iinmedi-
ately, Q. stops conducting and turns off Q. When
the current falls, Q; turns on. With the circuit con-
stants in the schematic, the lamp current varies
+27% ftrow its average value at a 1-khz rate.

To start the lamp, the push button is depressed,
closing the circuit through the lamp heaters. This
also shunts the 5.6-ohm resistor, allowing higher
currents that are needed to heat the filaments. When
the switch is released, the voltage surge caused by
the series inductor ignites the lamp. The shunt ca-
pacitor reduces radio-frequency interference caused
by plasnia oscillations in the Tamp.

A range of supply voltages trom 60 to 75 volts
can readily be accommodated by changing the

Designer’s casebook is a regular

feature in Electronics. Readers are invited
to submit novel circuit ideas, packaging
schemes, or other unusual solutions to
design problems. Descriptions should be
short. We'll pay $50 for each item published
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Fluorescent lamp is operated directly from d-c
supply without a-c conversion. Transistors Q.,
Q. and Q. are part of a regulated constant-
current source that controls lamp current.

value of the current-sensing resistor. This is neces-
sary hecause the triggering levels of the Schmitt
circuit are a function of supply voltage. In case of
poor source regulation, compensating circuits may
be introduced.

The efficiency of this circuit is high. Total power
losses in the regulating circuit, including losses in
the inductor, are only 3 watts. For the same lamp
with a typical 60-hz ballast, the loss is 4.5 watts.

Operation at relatively low d-¢ voltages is desir-
able because high voltage transistors are expensive.
The peak emitter-to-collector voltage for Q. equals
the supply voltage plus the forward voltage drop
across the diode. This is roughly 77 volts when a
75-volt supply is used. Modification of the circuit
to permit operation with a silicon controlled recti-
fier would make operation practical at considerably
higher supply voltages.

For reliable operation over a wide temperature
range and with varying voltages and variable lamp

Lamp ratings

Lamp wattage 6 8 14 15 20
Bulb size (in.) Y 8 1% 1% 1%
Operating voltage 48 57 41 46 59
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characteristic, the d-c supply voltage should be at
least 15% greater than the rated drop across the
lamp. As in the table on page 94, 6-watt to 20-
watt lamps are available with rated drops of 59
volts and less. A 40-watt T-12 lamp has a rated
106-volt drop.

With d-c operation the bulb temperature should
be at 40°C or above, particularly if the lamp is

horizontally mounted. This is needed to prevent a
mercury deficiency at the positive terminal after
several hours of operation. An enclosed mounting
will help maintain the required temperature. With
vertical mounting, the negative terminal should be
at the top, partly because most of the heat is devel-
oped at an anode end, and partly to aid the heavy
mercury-atoms to return toward the anode.

Thermistor measures negative
resistance of tunnel diode

/
By Dr. A. Ambrozy

Technical University, Budapest

The negative resistance of a tunnel diode theoreti-
cally could be measured simply and effectively by
the circuit on the right. In this circuit, when the
absolute value of the negative resistance of the
diode equals the calibrated potentiometer resis-
tance, there is no current flow. Thus the tunnel
diode’s absolute value can be read directly from
the potentiometer. However, what is theoretically
possible and what is practical are two different
things; strav reactance associated with variable
resistor R will cause the circuit to be unstable.

To eliminate the problem, a thermistor is sub-
stituted for the variable resistor as in the circuit
shown below. The thermistor cancels the negative
resistance of the tunnel diode and a calibrated
potentiometer, whose resistance equals that of the

thermistor, will yield the absolute value of the tun-
nel diode’s resistance at its operating point.

The tunnel diode is supported by two lunina
springs and paralleled by a disk-type thermistor
in series with a disk capacitor between the springs.
This keeps the inductance in the loop containing
Rp very small and thus its reactance very low.

The thermistor is heated by direct current pro-
vided by transistor Q;, with the current level ad-
justed with potentiometer Ry. A 20-kilohertz, 5-volt
source, divided by resistors Rz and R,, provides
the alternating current which modulates the tunnel
diode’s bias.

The operating point of the tunnel diode is set
on the negative resistance slope of its voltage-
current characteristic by varying R;. The heating
current of the thermistor is adjusted at the selected

Theoretical circuit
to measure a tunnel
R diode’s negative
b resistance is unstable

because of inherent
T_ stray reactance.
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operating point until the voltage readout of the
20-khz selective amplifier is a minimum. This occurs
when the absolute value of the tunnel diode’s nega-
tive resistance equals the thermistor resistance.
The value of the thermistor’s resistance is deter-
mined by removing the tunnel diode from its
holder or by shifting its operating point to the

valley of the characteristic curve where the tunnel
diode resistance, R,, — . After closing the switch
S,, the differential bridge is balanced by the cali-
brated variable resistor R.. Thus, the calibrated
potentiometer equals the thermistor resistance
which cquals the negative resistance of the tunnel
diode, Rpy; thus R, = R = Box.

Ferrite cylinder modulates
microwave signals

By T. Koryu Ishii and Thomas A. Kriz*

Marquette Univ., Milwaukee, Wis.

A miniature ferrite device utilizes a novel spin
alignment process in the ferrite to modulate a
microwave signal. Although the maximum modu-
lation level is onlv 30%, this is achieved in a
simply constructed device that is physically very
small.

Because low intensity, external magnetic ficlds
are used, the modulator driver can be solid state.
Tested with a simple two-wire line, the unit may
be incorporated in strip line circuits and conse-
quently has applications in microwave integrated
circuits.

In the simple modulator in the diagram, a fer-
rite cylinder surrounds a two-wire line through
which a microwave signal is transmitted. The
ferrite is in a remanent state, implying that a mag-
netie field exists without an applied magnetizing
current. In the modulating line, a4 current propor-
tional to the desired modulation varies the fervite’s
permeability. This amplitude modulates the mi-
crowave signal, because the ferrite behaves like an
electrically controlled inductive discontinuity. In
the cxperiment, a manganese-magnesium ferrite
material was employed.

Analysis shows that modulation results from
interaction of the magnetic fields of both the mi-
crowave signal and the modulating current with
the ferrite’s electron spins. In a remanent state, the
ferrite is essentially magnetized along the closed
circular path presented by the cylinder. However,
within the ferrite some magnetic domains are
ariented to produce components of magnetization
in other directions. It is the electron spins of these
domains which interact with the modulating and

signal fields.

# Now with A.C. Electronics, division of General Motors
Corp., Oaktree, Wis,

MODULATION
CURRENT

FERRITE

TWO- WIRE
LINE

Modulator consists of a ferrite cylinder, a two-wire
transmission fine and a modulating current line. The
outside diameter of the ferrite cylinder is 0.050
inches and the inside diameter is 0.030 inches.
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Detected output level versus frequency (solid line) was
measured with modulating pulse current of 2 amperes.
High voltage standing-wave ratios (broken line) partially
reduces output levels.

When a microwave signal is applied it encoun-
ters a large inductive discontinuity at the ferrite.
This occurs because the ferrite’s relative permea-
bility increases the line > inductance per unit
length in the region near the ferrite. A small ca-
pacitive discontinuity caused by a similar abrupt
change in permittivity also exists in this region.
But the inductive discontinuity predominates.

Applying a modulating current changes the elec-
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tron spin alignment within the domains and also
the magnitude of the inductive discontinuity. The
equations that describe the interaction show that
the magnitude of the inductive discontinuity de-
creases when the modulation current, I,,, is in a di-
rection to drive the ferrite toward saturation. As
the modulation current drops, the ferrite moves
away from saturation and the inductive discon-
tinuity increases.

In one experiment the two-wire line was con-
nected by means of wideband transformers be-
tween two sections of X-band waveguide. A micro-
wave source fed one waveguide scction and the
other contained a diode detector. The source pro-
duced several milliwatts ontput at a reasonably
constant level over a frequency range from 7.0 to
7.45 gigahertz.

A Z2-amperes pulse of modulation current re-
sulted in a detected voltage curve plotted in the
graph on page 96. At cach frequency the pulse
duration was 10 nanoseconds. Because the trans-
former tapers were not smooth, a large voltage
standing-wave ratio—also shown in the graph—
occurred at the low end of the band. A smoather
taper would have corrected this. Actually, trans-
formers are nnnecessary; one may couple the two-
wire line system directly to a source and load.
Radiation levels are surprisingly low because the
microwave signal is propagated along the wire line
as a surface wave.

The graph on the right indicates the change in
detected d-c voltage as a function of d-c nodu-
lation current, I,. The microwave frequency in

201
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Detected voitage at constant frequency versus modulating
current amplitude exhibits a nearly linear relationship.

DETECTED VOLTAGE CHANGE ~MILLIVOLTS

this test was 7.19 Ghz and the quiescent reference
level without modulation was 80 millivolts.

The frequency and impulse response data shows
that the usable bandwidth for modulation is about
25 megahertz, the ferrite relaxation time being
the major limitation.

The modulation curves demonstrate that the
change in detected output is relatively linear with
respect to amplitude of the modulation current.
If square-law detection is presumed this means
the modulation process is approximately square-
law. A maximum modulation level of 30% was
achieved with a modulation current of 2 amperes.

Glass reed switch controls
operational amplifier

By Hays Penfield,

Harvard College Observatory, Cambridge, Mass.

High reliability, fast switching time and high
leakage-resistance make the glass reed switch ideal
for controlling an operational amplifier integrator.

Depending on the portion of the cvcle at which
switch S, is opened or closed, the circuit on page
98 can gate out unwanted signals or maintain
the integrated output at a specified level. Tt can
also operate as a synchronous detector. Maximum
switching speed is about 300 hertz.

Switch S. removes the charge from feedbuck
capacitor, C. With S, open, the output is the time-

integral of the difference between voltage levels
applied at the inputs to the d-c amplifier. When S
is closed, the input signal is applied to both inputs
equally and the difference signal is zero; so there
is no change in integrator’s output level. \When S,
is open, the input signal is applied to only the
plus side of the amplifier and the output is the time-
integral of the input. To hold a particular integra-
tion level, switch S, is closed at that level. By
merely reopening S, integration can continue.

Opening and closing S, in synchronism with an
a-c input signal allows synchronous detection and
integration of the signal. The amplifier will
integrate only the portion of the input signal that
is present while switch S, is open. The circuit is
used for synchronons detection at the Harvard
College Observatory.

An integrator, connected at the output of cach
of 21 filters separates the frequency spectrum of
radio-telescope signals. The integrators switch in
synchronism with the receiver’s input switch that
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connects alternately to the antenna and a compari-
son load. Synchronous switching speeds are about 4
to 5 hertz. Signals as low as 20 microvolts and inte-
gration times of more than 30 minutes have been
used.

The integration factor is inversely proportional
to the feedback capacitance, C. With S, open, the
integration factor is 10/C volts per volt-second.
If C is 1 microfarad, and a 100-millivolt input signal
is present for 1 second, the output is 1 volt.

To zero-balance the amplifier, current is supplied
to one of the inputs through a 3 megohm resistor.
Adjusting the 100 kilohm potentiometer establishes
the desired zero balance current. Each reed switch
requires about 30 milliamperes of driving current
obtained from a 2-volt source.

Almost any d-c amplifier can be used. Circuits
have operated satisfactorily with the type 1507
manufactured by the Burr-Brown Research Corp.
and the pA709 manufactured by Fairchild Semi-
conductor, a division of Fairchild Camera and In-
strument Corp.

GLASS
REED
SWITCH A

ALL FIXED
RESISTORS 1%

kL

+15V -5V

Reed switch S, controls integration in operational amp-
lifier. Circuit integrates only when S, and S: are open.

Pulsed oscillator
conserves power

By R.C. Lavigne and L.L. Kleinberg

Goddard Space Flight Center,
Greenbelt, Md.

The oscillator circuit shown below needs no stand-
by power. In contrast to other oscillators that oper-
ate continuously and have their outputs gated,

this circuit is pulsed on when required. It can
be used in applications such as tone generators,
where the output is not needed continuously and
power must be conserved.

Pulsed oscillators can also calibrate cathode-ray
oscilloscopes. The gate that initiates the sweep also
triggers the oscillator allowing its waveform to be
displayed. If the oscillator’s frequency is known,
the time base can be calibrated.

The circuit, a Wien bridge oscillator, has an
output-frequency range of 100 hertz to 100 kilo-
hertz and no inductors. With no forward biasing
networks, both transistors are normally off. When

AW +20V T
Ry 2N2604
100K _T__ 15V
b B 10V _L
0.01 i Ly
8V 44( ouT
T %?(;K 2N930
I —J—— 5.4V
I 3 S
5V 100 10K ov
TOW —| ¢
Ry QUTPUT
TYPICAL K PULSES
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PULSES =

wien bridge oscillator operates only when a gating pulse is applied to the input. Pulses at input
and output indicate how amplitude of the oscillations varies with the level of the gating pulse.
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a gating pulse of 5 to 10 volts is applied to the
input, both transistors are turned on and oscilla-
tion occurs. If Ro = Rz and Cs, = C3, the oscillat-
ing frequency is given by

1
27 Ry Cs

When the gating pulse ends, both transistors turn
off until the next gating pulse is applied.

=

The amplitude of oscillation is determined by
the amplitude of the input gating pulse as shown
in the diagram. If the amplitude of oscillation rises
exponentially during the gating pulse, potentiometer
Ry can be adjusted to increase feedback.

Values of Ry and C, are chosen so that the time
constant R;C, is much longer than the period of
the gating pulse. This prevents pulse droop which
would result in a decaying amplitude of oscillation.

Amplifier provides
10'5-ohm input resistance

By A.D. Delagrange

U.S. Naval Ordnance Laboratory, Sitver Springs, Md.

A buffer amplifier with an input impedance of 1015
ohms has been built with a metal oxide semicon-
ductor field effect transistor (MOS FET). The im-
pedance value is considered infinite for most cir-
cuits. Amplifier gain is unity to an accuracy of 0.1%
for a 100-kilohm load.

Designed to drive a 100-kilohm load, the ampli-
fier may be used directly with any system whose
input-current requirement is less than 100 micro-
amperes. For low-impedance loads the circuit
at the right may be used to drive an operational
amplifier in feedback configuration. A typical input
and output impedance of 10 ohms and 0.1 olin
respectively is possible from the over-all combina-
tion.

Input transistor Q, is an enhancement-mode in-
sulated-gate ficld-effect MOS device with an in-
herent input impedance of 10% ohms. It is con-
nected as a source follower (analogous to an emitter
follower for a conventional transistor). Its load is
transistor Q,. High d-¢ bias without low imped-
ance a-c signal loading is provided by transistor
Q.

Transistor Qs is an emitter follower also with
a current-source load, Qj, for additional impedance
gain. Zener diode Dy shifts the d-c level of the
output by an amount equal to the gate-source drop
across the input transistor. The drain of Q; is con-
nected to the emitter follower rather than to the
supply voltage. Thus, the drain-source voltage is
independent of the input voltage.

Since the voltage gain of the follower circuit is
less than unity, a slight amount of positive feed-
back is added through resistor R; to increase the
gain. Gain is adjusted by potentiometer R.; poten-
tiometer R, adjusts the d-c¢ zero value. Diodes Ds,

-28v

IN751A

Q4

2N1613 QUTPUT
2N3608 0 LOAD
Q 3
| 100K

IN225A
D4

INPUT

03
2N1613

3
470K

IN751A 1.2K

+28vV

Field effect transistor Q, provides the circuit with

10 " ohms input impedance. The amplifier drives a 100-
kilohm load and may be used directly with any system
whose input current is less than 100 microamperes.

Dy and D, are for temperature compensation. The
amplifier contains several internal loops, but gain
around each is considerably less than unity. There
is no tendency for the transistor amplifier circuit
to oscillate.

With proper adjustment, the output voltage
equals the input voltage within = 10 millivolts over
the allowable range of =10 volts. The semicon-
ductor device in this circuit is new and is the key
element that gives the buffer amplifier its very high
input impedance.
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Communications

Helix antennas take turn for better

A unique antenna with contrawindings connected to

common feed points has large bandwidth; it provides flexibility

in choosing polarization and can operate at high gains

By Carl W. Gerst and Robert A. Worden

Syracuse University Research Corporation, Syracuse, New York

The Air Force is testing a new class of helix an-
tennas—one that provides large bandwidth and
high gain at levels up to now unobtainable together,
The contrawound antenna—with multiple lines
wound in different directions—boasts a unique
property: its polarization, bandwidth and gain can
be controlled independently.

In addition, the contrawound antenna is smaller
than log-periodic antennas and previous helix mod-
els. Its polarization can be linear, right-hand or
left-hand circular. It can be fabricated by printed
circuit techniques. Windings wound in one direc-
tion are printed on the inside of the dielectric cyl-
inder, while contrawindings arc printed on the
outside.

Contrawound helix antennas can be used for re-
ceiving or low-power transmitting. Its unique capa-
bilities make it especially valuable in military com-
munications, space telemetry and tracking and in
some commercial applications, such as television
and f-m radio broadcast receiving antennas.

The octafilar contrawound helix in the photo-
graph on the next page operates at 300 to 3,700
megahertz. It consists of wires fitted into grooves

The authors

Carl W. Gerst, a research engineer at the Syracuse
University Research Corporation’s special projects
laboratory, developed the theory for the antenna

and broadband couplers described in the article.
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microwave components and systems. He is presently
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on a plastic cylinder. The term octafilar refers to
the number of windings wound in either direction;
oppositely wound helixes start at cach of eight
feed points. As a result, eight windings are wound
in one direction on the dielectric cylinder and
another eight are wound in the opposite direction.
In the diagram on the next page the contrawound
construction is compared with a conventional uni
filar helix and a multifilar helix without contra-
windings.

Ground and airborne antennas

Size and gain advantages can be visualized by
comparing contrawound helix and log-periodic an-
tennas designed for operation at 50 to 350 Mhz.
Both would be about 13 feet long, but the contra-
wound antenna would only be about 1% feet in
diameter while the log-period antenna would be
about 10 feet wide at its widest point. Both an-
tennas would have the same gain at about 50 Mhz,
but at 350 Mhz the contrawound antenna would
have seven times the gain of the log-periodic an-
tenna. The gain of the contrawound antenna in-
creases linearly with frequency and also increases
with antenna length.

Since gain implies narrower beamwidth, the an-
tenna could also have commercial applications as
television and frequency-modulated radio broad-
cast recciving antennas. In television, the added
gain would reduce problems caused by signal re-
flections. The 13-foot long antenna would receive
television channels 2 to 13 and f-m broadcasts.

Because the octafilar antenna in the photo ex-
tends well into S band, it could be used as a high-
gain, variable polarization antenna for space telem-
etry and tracking. Since its phase center varies only
slightly with frequency, it can also serve as a
broadband feed for parabolic dish antennas.

The polarization of such antennas can be linear,
right-hand and left-hand circular. Polarization can
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Octafilar contrawound antenna has eight feed points, each a terminal for two helixes wound in opposite directions.
A polystyrene tube supports windings. This experimental unit operates between 300 and 3,700 megahertz,

be changed because the contrawound design is ac-
tually two iultifilar antennas, wound in opposite
directions. One set of windings propagates right-
hand circular polarization, and the other left-hand
circular polarization. Linear polarization is a com-
bination of these two types.

When linearly polarized, the antenna can be cut
in half and mounted on a ground plane, as in the
photograph on page 102. Half an antenna can be
used because the antenna is physically and elec-
trically symmetrical. The ground plane acts like a
mirror, making the half antenna operate as though
it were a complete antenna in free space.

The small diameter and low profile of such half
antennas make them suitable for aircraft. For ex-
ample, mounted along the fuselage, they would
cause little aerodynamic drag. Experimental an-
tennas have diameters as small as 0.1 wavelength—
1/5 the diameter of a conventional helix antenna.
Theoretically, smaller diameters are possible, but
experiments indicate that 16 or more windings
would be needed.

Maximum bandwidths

Although the theoretical explanation for the con-
trawound antenna is not fully developed, experi-
mental versions produced the predicted bandwidth.
gain and polarization capabilities.

Besides the octafilar helix, a quadrifilar contra-
wound antenna with four windings in each direc-
tion has also been tested. The bandwidth is 5.1
from 800 to 4,000 Mhz. Beam patterns were good
and polarization could be varied at will by changing
the relative phase and amplitude of the voltages
connected to the helix’s terminals. Each terminal
feeds a winding wound in a different direction.

Theoretical and experimental studies of noncon-
trawound, multifilar helixes (all windings in the
same direction) prove that their maximum band-
width is proportional to N 4 1, where N is the
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FEED POINTS

Winding geometries for helix antenna are (top to bottom)
conventional unifilar helix, noncontrawound bifilar helix
and a contrawound version of the bifilar design.

In the bifilar noncontrawound antenna, the feed

points are spaced 180° apart and both windings are
wound in the same direction. Maximum theoretical band-
width is 3 to 1. The bifilar contrawound antenna

has similarly spaced feed points, but two oppositely
wound helixes originate at each feed point. The
contrawound antenna can also provide a 3 to 1 band-
width. In addition it has improved polarization
capabilities.
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number of windings in one direc-ion. Experiments
indicate this is also true for the ear.trawound de-
signs. Since additional windings require more “eeds,
the maximum bandwidth obtainazle appears to be
limited only by such practical coasideratizas as
the complexity of the feed syster. W idebarc cou-
plers for feeding the antenna are described on
page 110.

Reason for broadband operation

The helix antenna design requizes a lengthy theo-
retical analysis. But the reason why mnore windings
increase bandwidth can be explaimed by an argn-
ment in which the helix is related t7 a broaiband
loop antenna. Contrawound amteinas may be
thought of as an array of broadbznc loops. By mak-
ing a single loop broadband, th= entre ar~cy can
be made broadband if the loops a-e spacel prop-
erly. In the helix antenna, con—ol cf spadng is
cquivalent to adjusting the helix’s citeh ange.

A loop can be broadbanded by cutting it into
segments and feeding each segmemt with signals
of proper phase, as in the diagram at the top of
the next page. When signal phases are correct, the

Linearly polarized contrawound helix s electrical and physical symmetry permit design of half-diameter antenna on

loop radiates perpendicular to the plane of the paze.
Correspondingly, in the helix the direction of radia-
tion will be along the axis of the helix.

The currents in diagonally opposite segments of
the loop must flow in the same direction. The feed
arrangement shown on the right side of the diagram
gives the proper current flow (only one diagomal
pair of segments is shown).

Each successive feed point in the loop must have
a slightly different phase—the phase difterence
being 2+/N; N in this case is the number of ceg-
ments. With this feed and phase arrangement, the
currents along the segments of the loop develop
electromagnetic fields that reinforce one another in
the direction perpendicular to the page.

However, since the phase is fixed only at feed
points in the loop, there would be errors at points
on each segment distant from the feed points. Also
at any arbitrary point on each segment, phase error
increases as frequency increases. This is true be-
cause the electrical length of each segment in-
creases.

Dividing the loop into more parts cuts phase vari-
ations by reducing the segment’s length while in-

ground plane. Carl W. Gerst, left, and Robert A. Worden look at a printed circuit octafilar version with a 9-to-]
bandwidth. Portions of eight windimgs are print2d on each side of the dielectric cylinder.

102

Electronics | August 22, 1966



creasing the number of fixed phase points. This
insures that the fields add up over a wider range
of frequencies. In other words, increasing the num-
ber of segments permits the loop to radiate over a
broader band of frequencies.

More celis, more bandwidth

The sections of the helix antenna shown in the
end view in the lower diagram, right, are analogous
to the loops. The helix is sectioned so that a cell
has only one conductor at any single value of #,
where § is the angle measured from an arbitrary
reference point on the circumference,

For a unifilar helix the cell consists of a complete
turn. For a bifilar antenna, the cell consists of a
half turn of cach winding. In general, a helix with
N windings has a cell that consists of N segments,
each 1/N’th of a complete turn.

The diagrams of the cells show that as the number
of windings increase, the cell’s length gets smaller,
improving the approximation to a loop. Also. as in
the Joop antenna described above, the number of
segments and feed points increase with the number
of windings. Since the feed points in the helix are
phased in the same way as in the broadband loop
it can be expected that adding windings to the helix
will also help overcome phase variation problems
and make the helix broadband.

Although this is only a very approximate descrip-
tion, it does give an idea of why the multifilar
heli’s: maxinnnn  bandwidth s proportional  to
N 1. Experiments demonstrate that the contra-
wound and noncontrawound design exhibit the
same  bandwidth characteristics. Since the con-
trawound design is a combination of oppositely
wound multifilar antennas, it offers variable polar-
ization capabilitics.

Based on the reasoning that additional winding
increases bandwidth, a quadrifilar antenna  was
constructed using the optimum pitch angle of
4" specified by ].D. Kraus,' whose extensive
analysis of unifilar antennas is well known. The
antenna did not show wideband characteristics,
indicating clearly that the loop argument is not
exact. This was expected since the argument
does not consider the pitch of the windings,

Theory of helix

The theoretical analysis outlined below con-
siders the pitch angle as well as the diameter.
Although not fully developed, the analysis con-
siderably  broadens understanding of helix an-
tennas.

The result of this analysis is design equations
which relate the bandwidth characteristics to the
helix’s diameter, pitch angle and number of wind-
ings. Basically, the theoretical analysis shows that
adding windings and feeding them with properly
phased signals eliminates certain undesirable trans-
mission modes or space harmonics that would
otherwise cause attenuation. At certain frequen-
cies, these undesirable harmonics (modes) begin
to propagate along the helix’s radius rather than
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Segmented loop antenna is an approximate model of one
cell in a helix antenna. The two loop segments shown

in color at the left may be fed with currents in

opposite directions, as at the right. This feed
arrangement results in radiation perpendicular to the
page when the phase difference between adjacent
segments is 2r divided by the number of segments,

Loop analogy above is further developed ir this
diagram. The loops at the right represent cells of
the helix antennas. The conventional unifilar helix
(top) has only one loop segment per cell while the
bifilar helix (bottom) has two per cell.

along its axis. Eliminating them increases band-
width because energy propagates down the helix
over a wider hand of frequencies.

Periodic structure

The analysis makes use of the fact that the helix
has a periodic geometry. Periodic structures have
been studied extensively and have some well
known general properties.? Some of these prop-
eries as related to the helix are:

= There are frequency bands in which propaga-
tion along the Z axis (the long axis of the an-
tenna) is rapidly attenuated. These bands are
called stop bands or forbidden regions; in them
the helix radiates perpendicular to the helix’s axis,
attenuating the signal that should radiate along
the Z axis. Conversely, there are passbands in
which energy propagates along the Z axis with
little attenuation. The passbands determine maxi-
mum antenna bandwidth.

* Electric fields may be analyzed by expressing
them as a Fourier series. Each term of the series
is called a space harmonic. These harmonics are
a function of the frequency and of multiples of
the 6 and Z coordinates that describe the helix
geometry. The existence of a particular space har-
monic depends on frequency, helix geometry (in-

103



cluding number of windings, diameter and pitch
angle) and the amplitude and phase of the volt-
ages feeding the windings.

In the multifilar and multifilar-contrawound an-
tennas, control of feed phasing and changes in
antenna geometry eliminate radially propagating
space harmonics, providing more passbands and
greater bandwidth.

Space-harmonic phases

Associated with every space harmonic is a phase
constant that determines how the phase of the
harmonic varies with distance along the helix. For
an antenna without losses, the phase constant for
the n’th space harmonic is given by

B, = B + 220 M
where 8, = the phase constant for the n’th harmonic
B, = phase constant for the zero order har-
monic
n = any positive or negative integer including
7€T0

P = the helix's piteh  distance (chstance

between turns)

Once the modes that can exist are known, (see
p. 105) the analysis strives to find how g, varies
with frequency, because passbands exist whenever

9

2rn \

ke <{8 + 7p (2)

where k is the free-space phase constant (the
phase constant for a wave traveling at the speed
of light.) Equivalent expressions for k show that
it is proportional to frequency:
k=27r hd 27rf:w (3)
A @ c

where N = the free-space wavelength

f = the frequency in hertz

w = the radian frequency

¢ = veloeity of light in free space

To make it easier to use, expression 2
written:

may be

2r
g+ pon @)

k< =
To obtain an expression that includes the helix’s
pitch angle, ¢, both sides of the above expression
are multiplied by the helix’s radius, a. Since the
term 27a/P is equal to the cotangent of y

ka < = (8, a * n coty) (5)

A Brillouin  diagram  which plots frequency
against phase makes these expressions more mean-
ingful and shows the significance of passbands
and forbidden regions. In the Brillouin diagram
shown above for a unifilar helix, the vertical axis,
ka, is proportional to frequency and the horizontal
axis is proportional to the phase constant, 8. The
uncolored triangles represent the passband region
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specified by inequality 5. The triangle’s sloping
sides are determined by inequality 5 if the two
terms are equated; the equation with n = 0 and
n = 1 determines the first triangle as shown on
the graph. The colored area swrrounding the tri-
angles is the forbidden region; it meets the axis
at multiples of coty as required by inequality 3.
The portion of the forbidden region above coty
is the region in which the first Z harmonic would
radiate perpendicular to the helix’s axis causing
attenuation along the axis. Similarly the second Z
harmonic causes attenuation above 2coty.

Multifilar windings climinate some of the har-
monics. Each successive winding on the circum-
ference is phased so that the phase difference
between windings is 2N, where N is the number
of windings in one direction. To understand why
this eliminates harmonics, it is necessary to ex-
amine the symmetrical properties of the helix.
These symmetries require the electric fields to
have the same amplitude and relative phase at
periodic points in the helix.

ka=By0-cot ¥

ka -RADIANS

ka:f3,0 ka=-Ba+cot ¥

rol e | B

cot ¢

Brillouin diagram for a unifilar antenna plots ka which

is proportional to frequency against 8.a. Forbidden
frequency regions are shown in color. Passbands appear
as small triangles. Equations for the lines defining
passband area are obtained by equating expression 5 in
text. Forbidden region above coty is where first Z
harmonic causes axial attenuation: second Z harmonic
causes attenuation in the region 2 coty.

2cot y

T
o— ] j
91 = {
2mr— 3
5.
Z
Symmetries
Type Description
Translational S(Z,0)=S(Z+ P,
Rotational S(Z,00=S(Z,0+ 2%)
S szo-s{z+ o= 2"
crew Z, 0) + 8" 8

Symmetries are indicated by a drawing of a developed
contrawound quadrifilar antenna—one cut along its axis
and laid flat. Equations refer to the space-harmonic
functions describing electric field along helix’s axis.
Screw symmetry means that the space-harmonic
function is identical at points 1 and 3 in colored
diamond.
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Brillouin diagram for quadrifilar helix antenna shows how the passband region (in color) grows in area when the
Z harmonics 2, 3 and 4 are suppressed. Top of large triangle or intersection of dashed line with this triangie
determines the highest operating frequency. For comparison, the small triangles along the bottom of the
diagram represent the unifilar antenna’s Brillouin diagram. Slope of solid line in first triangle is siny.

Symmetry of the helix

The multifilar contrawound helix has transla-
tional, rotational and screw symmetry, as shown
in the lower diagram at the left. Translational sym-
metry means that a point moved a pitch distance,
P, along the helix antenna’s axis cannot be distin-
guished from the original point. Rotational svm-
metry means that a point moving around the cir-
cumference by 27 radians comes back to its starting
place. Screw symmetry means that a point moving
along the Z axis from points 1 to 2 and then rotating
an angle from 2 to 3 returns to a similar point.

The translational symmetry allows the electric
field to be represented by a Fourier series in har-
monics of Z; rotational symmetry allows expansion
of the ficlds in a Fourier scries in harmonics of 6.
However, the screw symimetry permits only certain
Z harmonics for a given 6 harmonic.

If A, is the magnitude of the electric feld
with an m’th 8 harmonic and an n’th Z harmonic,
theu screw symmetry allows only ficlds where the
indexes satisfy the equation:

m = n + b2N (6)
where b = 0,=1,%2 =3, .
N = number of windings

If the first 6 harmonic (m = 1) of an N-filar
contrawound helix is excited, the only other 6
harmonics that can exist are harmonics with the
coeflicient:

m = 1+ bN (7

Thus, it is possible to control the Z harmonics.
by controlling the 6 harmonics.

As an example of how 6 harmonics are controlled,
assume that each winding of a bifilar antenna
(diagram on p. 101) is fed with voltages of equal
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amplitude, but that the phases differ by 180°.
This sets up a condition that allows only odd har-
monics to exist. Only an clectric field that matches
the phase and amplitude of the feed at the feed
points can exist in the helix. The first and all odd
6 harmonics can exist because they would establish
such fields. But all even # harmonics would be
suppressed because cach field would be in phase
at the feed points; the even harmonic fields cannot
exist because the feeds and the fields have to be,
in this case, 180° out of phase. Because of equa-
tion 6, all even Z harmonics are also suppressed.

When the first  harmonic is excited on a quad-
rifilar contrawound helix, # harmonics such as
harmonics 1, 5, 13, and 17 can exist. Only the first
# harmonic contributes to the desired radiation
along the axis. The other harmonics, which are
at least 8 decibels below the amplitude of the
first harmonic, radiate at other angles contributing
to the sidelobes.

Among the Z harmonics suppressed are 2, 3
and 4. The effect of removing these Z harmonics
in a quadrifilar antenna is most easily seen by
comparing its Brillouin diagram above with that of
the unifilar helix.

The dotted triangles in the diagram represent
the unifilar antenna’s passbands. The colored tri-
angle represents the quadrifilar antenna’s passband.
Because Z harmonics 2, 3 and 4 are suppressed,
the forbidden regions corresponding to these har-
monics are eliminated. This makes the passband
triangle four times as large. Since the height of
the passband triangle is proportional to frequency,
the quadrifilar antenna can operate over a much
broader bandwidth than the bifilar antenna.

It is now possible to study the quadrifilar an-
tenna’s Brillouin diagram more closely to deter-
mine just what is happening as the frequency
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increases from zero (that is, k = 0). In the proc-
ess, the design equations for the multifilar helix
will be developed.

Starting at zero frequency (k = 0) on the quad-
rifilar helix’s Brillouin diagram, ka increases along
the solid black line which has a slope of siny. This
implies that the wave along the helix is travelling
at the speed of light. In this frequency range, the
energy will psopagate along the Z axis, but will
not radiate into space. The energy reflects from the
end of the helix and travels back to the source
where it is dissipated.

The antenna continues to operate along the solid
black line until the forbidden region of the first
7 harmonic is reached at ka = (ka)min Where

27a

(ka:)min - xmin =

— oo,
1 + siny
As the frequency increases, ka cannot follow along
the same curve since this would place it in a
forbidden region. As a result ka jumps to the
other side of the forbidden region—to the side
of the large triangle. The normalized phase ve-
locity V,/c given by

V, _ ka

i (9)
decreases sharply at this transition, while the
normalized group velocity, given by the differential
equation

Ve  d(ka)

¢ = d@a) i
increases to a value of one. The phase velocity
is less than V, when the antenna is radiating.

As ka is further increased beyond (ka)mn the
propagation constant follows the curve

ka = — coty + B, 2 (11)

Now the exact condition needed for end-fire radia-
tion is satisfied as proved by the following.

®)

End-fire radiation

In the diagram above/below, end-fire radiation
occurs when the phase length of path 2 along a
turn in the helix is 2= radians longer than the phase
path 1 between turns. Radiation in path 1 must

For end-fire radiation, phase length of path 1 (dashed,
colored line) must be 2= radians longer than the phase
length of path 2. The diagram represents a developed,
quadrifilar noncontrawound antenna—one cut along its
length allowing each turn to be laid flat.
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travel the pitch distance, P, to go from point A
to B, where P = 2ra tany. To reach point B,
antenna current with a phase constant along the
wire, Bw, must travel a distance 2x/cosy. The con-
dition for end-fire radiation is then

27 a

cosy (12)

Bw — 27 = k 27 tany

The phase constant along the axis of the helix—
the Z axis—is related to Sw by

Bw = Bosiny (13)

When equations 12 and 13 are combined, the con-
dition for end-fire radiation becomes

ka = — coty + B a (14)

Maximum frequency

As ka increases, the propagation constant con-
tinues to satisfy equation 11 until one of the
following two conditions prevents propagation:

= The line representing the wave traveling at
the speed of light along the conductor (black
dashed line on the ka-B,a graph), intersects the
passband triangle at

B cosy
e T siny (15)
At this point the phase velocity equals the group
velocity.

« Or the top of the passband triangle is reached
at a value of ka given by

kn = 5 (coty) (16)
Beyond this point, the helix is in the forbidden
region.

The maximum frequency of operation for a given
pitch angle is fixed by (ka)mas which is the lower
value of ka in equations 15 or 16. The values of ka
and pitch angle over which ka satisfies the end-fire
radiation condition are plotted for various values of
N in the graph at the right. Because ka is equal
to the helix’s circumnference divided by the wave-
length, the vertical axis is labeled normalized cir-
cumference, C.. For example, the point ka = 1
corresponds to the frequency at which the helix’s
circumference is one wavelength.

The bounds of end-fire radiation for an N-filar
helix are the three curves labeled

C _ _ cosy
A(max) — 1 = Sin\l/
N
C)\(N) = 9 COt\l/ (17)
___cosy
C)\(min) — 1 + Sil’l\l/

The pattern bounds for a good single-turn helix
which Kraus determined experimentally are shown
as a closed dashed curve. For pitch angles less than
20°, Kraus’s experimental bounds agree quite well
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Normalized circumference versus pitch angle

100l

Curves determine pitch angle and antenna diameter for
50— a given design frequency. Assume a noncontrawound

antenna must operate from 150 to 1,350 megahertz—a
9 to 1 bandwidth. Because maximum bandwidth is equal
to N + 1 where N is the number of windings, an antenna
with 8 windings will provide the desired 9 to 1 frequency
range. Maximum bandwidth (9 to 1) is obtained when the
N = 8 curve intersects the C.mao curve. This occurs at
a pitch angle of 53°, A vertical line drawn from the angle
53° intersects the C,mim curve at a value of C, equal
to about 0.34. This value of C, corresponds to the lowest
operating frequency. Since C, is the antenna’s circumfer-
ance divided by wavelength and since the '~vavelength at
150 Mhz is 78.7 inches, the diameter can be computed
to be 8.5 inches.

w
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Helix antenna’s circumference divided by wavelength, C,, is plotted against winding’s pitch angle. All
values of C, are measured in the area between the Cymiw and C,max curves. For a given pitch angle

and value of N, lowest possible operating frequency is always fixed by intersection of a vertical line from the
horizontal axis and the C,cmim curve. Highest value of C, is determined by intersection of the same

vertical line with either the C,(max OF appropriate C,«v, curve, whichever is reached first,
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with the theoretical bounds of equation 17.
The next step in the analysis is to interpret the
results in terms of bandwidth, defined as

fnmx o (ka)mnx
fmin B (ka')min

For a given pitch angle and number of wind-
ings this corresponds to the vertical distance be-
tween the Caiuuy curve and either the Ciaax) OF
Cix) curve—whichever is reached first. The Gy
curve should correspond to the number of windings
in the antenna.

The exact relationship for bandwidth is that as
the pitch angle, y, is increased from zero, the band-
width increases according to

BW = (18)

(19)

The bandwidth increases monotonically until the
pitch angle reaches ¢max given by

"’max = Sin—l —NNTé‘ (20)

At this pitch angle the bandwidth is a maximum
given by

N
L=t
BWmax‘_"__ -qugz =N+1 (21)
1= N2

At pitch angles above yma.x the theoretical band-
width is

N (cosp) (coty)

BW = & 1 " sinv

As y approaches 90°, the bandwidth decreases ap-
proaching N, as shown in the graph at the right.

Designing for bandwidth

The graph at the right plots bandwidth versus
pitch angle of N-filar helix antennas. As an example
of how to use the graph, consider an octafilar an-
tenna (N = 8) with a 40° pitch angle. The y = 40°
pitch angle intersects the colored line at a band-
width of 4. The bandwidth increases to a maximum
of 9 at y — 53°. At higher values of y, the N = 8
curve dips and bandwidth decreases.

As the number of windings increases, so does
the pitch angle at which maximum bandwidth oc-
curs. For example, the maximum bandwidth for a
bifilar helix is y = 30°; for a quadrifilar helix it is
at 42° and for an octafilar helix, y is 53°.

With a large number of windings and high pitch
angles the normalized circumferences (C) can be
very small at the low-frequency end of the operat-
ing band (see graph of C, versus y on p. 107). For
example, a 16-filar helix with a pitch angle of 63°
would operate between normalized circumference
limits of 0.24 and 4.2. As a practical matter, this
means that a multifilar helix antenna can be con-
siderably smaller in diameter than a conventional
helix operating with the same low-frequency limit.
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Beamwidth and directivity

Beam shape of the multifilar contrawound helix
can be estimated by assuming the helix is a uni-
formly illuminated end-fire array. The resulting
radiation pattern is a (sin x)/x curve given by

sin [La (1 — sing) ]

Iy (1 —sing) 7 @2)

E) =
where L, = length of the array in wavelengths § =
angle measured from a line perpendicular to the Z
axis.

The half-power beamwidth and directivity versus
clectrical length is plotted in the graph on the next
page.

When N equals 4, 6 and 8 the beam width versus
clectrical length of the multifilar helix comes very

BANDWIDTH, T,/ Trnin

2 N={ - o

[ ! i { | !
1

0O 10 20 30 40 50 €0 70 80 90
HELIX PITCH ANGLE, V-DEGREES

Theoretical bandwidth for a given number of windings
in one direction, N, is determined by the intersection
of a vertical line with the colored line corresponding
to N or with the curve in black if the pitch angle is

to the left of the appropriate N curve. For example,
antennas with 4 and 8 windings and a pitch angle of
40° would both have a bandwidth of 4:1. At a pitch
angle of 50°, the bandwidth would be 4.5:1 for a
quadrifilar antenna and 7:1 for an octafilar antenna.
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close to the Hansen-Woodyard* condition for in
creased directivity (supergain), shown in the graph.
This slight amount of supergain might be caused by
an attenuated mode! that is within a forbidden
region but propagating along the Z axis. This is not
covered in the theory, but in a real antenna an at-
tenuated mode propagating in the Z direction does
exist when ka is slightly greater than ka,,. The
supergain condition also produces slightly higher
sidelobes than an end-fire array, because the peuk
of the (sin x)/x pattern shifts into a so-called in-
visible region.

Experiments  indicate there are beamwidth
anomalics for N = 1 and N = 2. At N = 1, super-
gain is considerably greater than in the Huansen-
Woodyard condition. Also the beamwidth is pro-
portional to f-3/2 rather than f~ 12, Beam width is
proportional to f=! when N = 2. For N of 4, 6
and 8, the beamwidth varies as f~1/2 in agreement
with theory.

Polarization

Since the multifilar contrawound helix is really
two cross-polarized antennas, the N feed points can
be excited so as to produce any polarization. The
diagram Dbelow indicates the feed requirements for
lincar (vertical) and right-hand circular polariza-
tion tor N = 4, 6 aud 8. The feed requirements for
the linearly polarized half-helix are also shown in
this diagram.

Left-hand circular polarization requires the same
phase relationship as right-hand circular, but the
phase progression is in reverse order. Linear polari-
zation is achieved by summing the amplitude and
phasc vectors for right- and left-hand sense polari-
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Beamwidth and directivity are piotted as a function of
the antenna’s normalized length. End-fire curve and
Hansen-Woodyard curve are theoretical. Unifilar and
quadrifilar curves (color) show experimental results.

zation. Since the antenna has odd symmetry when
excited with linear polarization, a ground plane can
be placed along the plane of symmetry without dis-
turbing the fields.

For f-m radio and television applications, the
teed network is as simple as those currently used
with such broadband antennas as the log periodic.
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l 20 L0
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Phase and amplitude relationships required far various polarizations of quadrifitar, sexafilar, and octafilar
antennas. For left-hand polarization, reverse the phase progression shown for right-hand circular polarization.
For linear polarization sum the amplitude—phase vectors for right- and left-hand sense polarization.
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Beam patierns of a half-plane, octafilar, contrawound
helix designed for operation at 400 to 3,600 megahertz.
Antenna’'s radius is 15/16 inch and length is 18 inches.
Pitch angle of each winding is 53°. At frequencies
above 3,600 megahertz, sidelobe levels and back
radiation increase. C\ is normalized circumference,

Lx is normalized length, and Bw is beam width. Second
circle in each diagram represents 3-decibel level.

If only linear polarization is required in a quadri-
filar antenna, a 300-ohm twin lead is directly con-
neeted to the horizontal feedpoints and the other
two feedpoints are shorted. This yields the correct
phasing for a horizontally polarized antenna.

To reduce the antenna’s size, the antenna would
have six windings and a 150-ohm twin lead. One
lead would be connected to both 180° feed points;
the other to the 0° feed points at the top. The two
center feed points would be shorted.

Experimental results

Radiation patterns and input impedance meas-
arements have been made for antennas with N
ranging from 2 through 8. Six radiation patterns
for an octafilar contrawound helix with pitch angle
of 53° appear in the diagram shown above. The
antenna is mounted on a ground plane and its polar-
ization is linear. The radiation pattern exhibits low-
level sidelobes within its 400 to 3,600 Mhz band-
width. As the frequency exceeds 3,600 Mhz large
sidelobes begin to appear.
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For pitch angles above yuas where bandwidth
decreases, the radiation patterns are not as good.
As an cxample, full diameter quadrifilar helixes
with pitch angles of 40°, 50° and 60° were tested
from 1 to 4 gigahertz. Since Yy is 42° for a quadri-
filar antenna, the radiation pattern had low side-
lobes and small back radiation at y = 40°. The
antennas with the 50° and 60° pitch angles exhibit
high sidelobe levels or scalloped main beams,

Impedance measurements have been made on an-
tennas with 2, 4, 6 and S windings. For each of the
N input points, the input impedance to ground
approaches 150 ohms. This is roughly the same
mput impedance that Kraus arrived at experi-
mentally for the unifilar helix.

Much more experimental work must be done be-
fore conclisions can be drawn regarding the effects
of ground plans, antenna length, and width of wind-
ings on input impedance.

Antenna feed system

The bandwidth of the couplers that link the an-
tenna to the source voltages must equal the an-
tenna’s. Computer-designed couplers have achieved
bandwidths of 8-to-1. Couplers with bandwidths
of 18-to-1 are currently under study.

These broadband couplers are tandem combina-
tions of other couplers. Coupling is varied by
changing the spacing between strip-line conductors
in the individual units.

Interconnecting two ports of a pair of couplers
as in these broadband units, produces a combined
coupler that can have a bandwidth greater than the
individual units. Choosing units whose coupling
curves (variation of coupling with frequency) com-
pensate for each other’s frequency response makes
the response of the combination more uniform. The
process is similar to producing a wideband filter
circuit by combining narrowband circuits with
slightly different resonant frequencies,

Parallel combinations of tandem and in-line cou-
plers reduce line losses and permit greater spacing
between coupler clements. The in-line coupler has
a shorter line length and consequently less line
loss, but bandwidth is limited by how small the
spacing between coupling points can e made. Tan-
dem couplers are less restricted by spacing, but the
length of the transmission path can result in large
line losses. Combining the two coupler types cases
the spacing problem and reduces line losses.
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Versatile DTL pulse binary counter features 12 mc
clock rate, 40 ns switching time.
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Typical application of RM 213 is as a synchronous decade counter. Logic
diagram shown here accomplishes function specified in truth table.

You can use this versatile and highly reliable
Raytheon RM 213 DTL as a binary counter
element, shift register element, clocked RS
flip-flop or as a direct RS flip-flop. Besides
high speed, this pulse binary counter fea-
tures: fan-out of 8 over full MIL temperature

For complete data on Raytheon’s
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Raytheon pulse binary consists of
bistable circuit capable of driving
large capacitance loads, has
steering network for trigger action.

range; low power consumption; operation
from a single 6-volt power supply.
Thirty-nine additional DTL circuits are
available—including a broad range of NAND
gates, NAND Iline drivers, hex zates. JK and
RS flip-flops, and diode arrays.

DTL integrated circuits, send reader y/
service card. Or write: Raytheon

Company, Components Division,
141 Spring Street, Lexington,
Massachusetts 02173,

Raytheon Components Division

A single source for Transistors/Diodes /Integrated Circuits,

Industrial Tubes/Contro! K nobs/Panel Hardware/Raysistors/Circuit Modules/Display Devicea
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]if“ LOOK TO THE LEADER

-
\" IN INTEGRATED CIRCUITS

TEST THE BEST...WITH al)

before you buy...try Il's new

Our proposition is simply this:

We'll give you 50 molded TI integrated circuits with
each order of 1000 units or more placed before No-
vember |, 1966.

Do anything you like with these samples . . . ham-
mer them . . . test to destruction . . . wire into your cir-
cuits . . . soak in boiling water . .. compare with any

others. Prove to yourself that they’re best — by test!

Money-back guarantee—If you’re still not convinced
that Tl molded integrated circuits do your job hetter
than any competitive types available, just return the
unused circuits. We’ll give you full credit for them.
This offer is good for 60 days from date of any order
placed before November 1, 1966.

Offer includes popular series — Devices included in
this offer are the popular digital circuits from the 930-
type DTL and Series 74 TTL familics shown below
right. Series 74 TTL is first choice of many designers
for new equipment. Circuits in this line typically are
489% faster, have 25% higher fan-out and 15% better
noise margin than DTL . . . at competitive prices.

Whether your system design calls for DTL or TTL
circuits, you'll find a wide selection of single and mul-
tiple gates and tlip-flops available. With either serics,
high-speed logic is now available to you at lower prices
per function than ever before.

Rugged design proved by test — 11 molded inte-
grated circuits offer outstanding durability. The rugged,
high-density package is molded from the same encap-
sulant used in millions of SILECT™ transistors and is
backed by over 2,000,000 actual hours of test. Resis-
tance to impact, heat and moisture are further borne
out by testing to the following rigorous schedule with-
out even a single failure: Thermal Shock MIL Std.
750, Method 1056A; Temperature Cvcling — MIL
Std. 750, Method 1051: Moisture Resistance — MIL
Std. 202C, Mecthod 106B; Hydropressure — 3% JOY
110 PSI for four hours.

Exclusive features save you money — You rcalize
big reductions in total manufacturing costs with TI
molded integrated circuits because they are specifically
designed for use in automatic handling, assembly and
test facilities. Exclusive features such as the positive
index notch, pretinned leads and side-mounted lead
lesign make it possible. Even the cartridge-type ship-
ping container lends itself to automated production
line use.

Fast delivery — Deliverics of TI molded integrated
circuits are prompt . .. prototype shipments can typi-
cally be made within days. And TI's high production
rates assure continued availability 10 meet your most
critical production schedules.

To obtain your 50 free evaluation samples immedi-
ately, just place your order with any TI sales office or
authorized TI distributor.
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All these devices are included—

Series 74 1TL SN7460N  Dusl 4-nput expander
to 7 C Dperating lemp. SN7470N  Single-phase Flip flop
SN7400N  Quud 2-input NAND Gate SN7472N M anter-slave J-K Flip-flop
SN7410N  Triple 3<input NAND Gate 930 Type DTL
SN7420N  Dual 4-ieput NAND Gate 0%t 70
SN7430N  3-inprt NAND Guate SN15830N Dual 4 Nund Gale
SNT440N  Dual t-aput NAND SNI583IN RS JK Flip-flop
“power” Gate SNIS832N  Dual 4 Bufler
SN7450N  Expandable Dual SNiS833N  12ual 4 Expander
AND-OR-INVERT Gate SN15844N  Dual 4 Power Gute
SN745IN  Dual AND-OR-INVERT Gate  SN15845N kS IK Flip-flop
SN7+453N  Esxpanduble 2-input 4-wide SNI5846N Quad 2 Nand Gute
AND-DR-INVERT Gate SNI5850N Pulsed AC Flip-flop
SN7454N  2-iaput d-wide SNIS85IN  One Skot
ANDOR-INVERT Gate SN15862N  Triple 2 Nand Guite
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FREE SAMPLES FROM TI

molded integrated circuits

RESISTS SHOCK . .. TI molded
integrated circuits resist impacts that
would smash metal packages and shat-
ter ceramic packages as shown in top
photo. You benefit from fewer failures
in handling accidents and greater reli-
ability in service. The solid molded
construction gives extreme resistance
to acceleration, vibration and shock as
proven in acual test (see opposite page).

]

EASY TO ASSEMBLE ... T1I
molded integrated circuits are ideal for
mechanized assembly, including auto-
matic insertion and wave soldering.
Faster, easier handling cuts total man-
ufacturing costs. You realize big sav-
ings because of the in-line rigid lead
pattern and convenient indexing notch.
These features simplify assembly when
compared with transistor-type circular
lead packages.

RESISTS DAMAGE ... You aso
realize savings from fewer rejects while
achieving higher end-product quakty
because TI molded intezrated circuits
have outstanding duratility. For in-
stance, they’ll hold up to heat tkat
would induce failures in many comge-
titive devices. Result: fewer assemtly
rejects due to high soldering tempera-
tures. )

TEXAS INSTRUMENTS

INCORPORATED
13500 N CENTRAL EXPRESSWAY
P. O BOX 5012 + DALLAS 22. TEXAS

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND « NICE, FRANCE » FREISING, GERMANY o DALLAS, TEXAS
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Consumer electronics

P-i-n diode and FET’s
improve f-m reception

New commercial f-m tuner attains dynamic signal range exceeding

120 decibels with minimum distortion and maximum sensitivity;

its secret lies in the use of new solid state components

By Fred L. Mergner
Fisher Radio Corp., Long Island City, N.Y.

Putting a p-i-n diode and field effect transistors
in a frequency-modulation receiver promises to end
many of the interference problems that have
plagued millions of f-m enthusiasts throughout the
nation. The new commercial tuner, manufactured
by the Fisher Radio Corp., model TFM-1000, is a
fully transistorized stereo set that permits a dy-
namic signal range exceeding 120 decibels, with
signal-to-noise ratio and distortion well within the
requirements of high-quality instruments.

Solid state circuitry permits the new set to receive
without distortion signals as low as 1.5 miicrovolts.
And, on the other end of the scale, signals as pow-
erful as 500,000 v (% volt) can be handled with-
out overload and spurious response at high signal
levels.

The p-i-n diode is located between the antenna
and the input of the r-f amplifier. It serves as an
casily controlled linear attenuator, which varies as
a function of the amplitude of the input signal,
and thus increascs the ability of the receiver to
accept a wider amplitude range of signals without
distortion than previously possible.

The FET’s located in the two r-f amplifier stages

The author

Fred L. Mergner has been vice
president in charge of engineering
of the Fisher Radio Corp.

since 1957. He has worked

on the development of airborne
communications, broadcast and
high fidelity audio equipment since
receiving his master’s degree in
Electrical Engineering in

Germany in 1938.
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of the tuner, provide a gain that is reduced lin-
early as the signal is being amplified; thereby fur-
ther extending the dynamic range of the receiver
without distortion.

To the f-m enthusiast the wide dynamic range,
greater selectivity and higher signal to noise ratio
means better reception and a wider choice of f-m
stations for his listening pleasure. [There are about
1,180 f-m stations in the United States.]

The tuning problems

F-m reception and the problems involved in
building a tuner are to a large extent determined
by geography—the position of the receiver in re-
lation to the transmitter—and factors such as the
strength of the signal. F-m tuners must have more
than just sensitivity. Receiving conditions, par-
ticularly in metropolitan areas, require tuners that
can receive weak signals in the presence of saong
interference and that can handle very strong sig-
nals without overload distortion or spurious re-
sponse.

At low signal levels, two factors affect the signal-
to-noise ratio of a f-m tuner: the noise figure and
the amplitude-modulation rejection properties of
the tuner. Both characteristics are influenced—
within limits—by the design of the tuner. The over-
all noise figure may be kept small by a low-noise
r-f amplifier,' proper noise match between the an-
tenna and the r-f stage and sufficient gain in the
r-f stage to overcome the noise generated by the
mixer stage. A-m rejection normally is good enough
in f-m receivers so that this influence can be ne-
glected. However, other problems with f-m tuners
are not so easily solved.
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p-i-n diode, is controlied by an 10.7 Mhz i-f signal, passing through

amplifier Q. and frequency selective filter Z, ard is detected and then amplified by d-c amplifier, Q.-Q.. The d-c voltage
is fed back from the emitter of Q: to the input to control the p-i-n diode. Agc loops in the i-f strip and between the
i-f and r-f stages produce, together with the p-i-n loop, a total agc range exceeding 120 db.

Reception of strong signals

In an f-m tuner, strong signals—either desired
or interfering—can produce overload and distor-
tion in the intermediate-frequency amplifier and
both spurious responses and cross modulation dis-
tortion in the front end—the portion between the
antenna and the i-f stage, including the r-f stage and
mixer. Combine this with problems involved in
picking up a very weak signal, particularly in areas
where there are other, stronger f-m transmitters,
and one may see that overload and distortion can
be generated under a variety of conditions. For ex-
ample:

* Suppose an f-m enthusiast lives close to the

_AGC(40d>)

AGC {20 db/R-F STAGE)

P-I-N ‘ I
DIODE !
ok i-f
> AMPLIFIER
ATTENUATOR out
FRONT END i-f STRIP
AGC
(40-50db)| 10.7 Mhz
AMP

Three agc loops produce a dynamic agc range exceeding
120 db. Agc is applied across the i-f strip, to two r-f
stages and to the p-i-n diode to attenuate an overloading
signal, which may exceed 500,000 uv. On the other end
of the scale, signals as low as 1.5 uv can be detectzd
satisfactorily during conditions of minimum attenuation.
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broadcast transmitter. When the set is tuned to
the station a strong single-frequency signal appears
at the base of the last i-f transistor with an ampli-
tude of several volts. The transistor is thus over-
driven and the resulting change in base-emitter ca-
pacitance detunes the selective circuit to which it is
connected, consequently distorting the over-all i-f
response. In this case, the solution is to apply au-
tomatic gain control, (agc), to the r-f stage and to
one or two i-f stages to reduce the maximum sig-
nal amplitude to acceptable levels. The mixer is
normally exempted from agc to prevent the detun-
ing of the oscillator.

* Second, in large cities with many f-m stations,

pse
1\

R
{
— L R _W\,_._L}_
p S
——m___«,w__{
y . CI
Lp®3qh, Cp® 0.42pf, C1~ 0.07pf {€

RS = 180 max,

Ry = resistance of T layer
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|
0.15pf
L.OAD
72

Equivalent circuit of the p-i-n diode shows the induct-
ance, capacitance and resistance of the basic package.
The equivalent circuit changes when it is used as &
variable series resistor, when the condition of minimum
attenuation, left, changes to maximum attenuation, right.

Lp Rs Ry

4
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72
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a number of strong signals will reach the antenna.
Depending upon the selectivity of the tuner’s r-f
circuits, the signals will be more or less attenuated,
but some may reach the mixer with amplitudes
high enough to create mixing products with the
desired frequency. An interfering frequency 5.35
megahertz higher than the desired one can create
the 107 Mhz i-f in the mixer in four additional
ways besides the desired one. The second harmon-
ics of both the incoming desired antenna frequency
and the local oscillator frequency when mixed with
the second harmonic of the interfering frequency
will each produce a 10.7 Mhz signal. In addition,
the mixing of the fundamental oscillator frequency
with the interfering signal and the mixing of the
desired antenna signal with the interfering signal
both produce a 5.35 Mhz signal which, when dou-
bled in the mixer, equals 10.7 Mhz.

Normally, the selective circuits between the r-f
stage and mixer will reject harmonics or subhar-
monics of the i-f generated by strong signals in the
r-f stage. But the interference signal separated from
the tuned frequency by 5.35 Mhz will reach the
mixer if sufficient r-f selectivity isn’t provided. For
example, if a 10 pv signal is amplified 20 db in the
r-f stage, it reaches the mixer at 100 pv. An inter-
ference signal of 100 millivolts is also amplified 20
db, to 1 volt, but is attenuated by 60 db by the
r-f selective circuits. Despite this attenuation, a
residual interference level of 1,000 pv will reach
the mixer and produce spurious i-f interference.
Thus, 60 db of selectivity is not enough to elimi-
nate this type of interference.

= Third, suppose the f-m buff lives in a suburb
of New York City, where he has available a wide
selection of strong f-m signals and can receive
some weaker signals from Philadelphia stations,
which might be on frequencies near those of the
New York stations. Normally automatic gain control
and a high amount of r-f sclectivity can climinate
or greatly reduce the problems created by strong
interfering signals. Neither, however, is of help
where a weak distant signal is being received in
the presence of a strong interfering signal that
is close in frequency (800 kilohertz or less). The
result is cross modulation. The interfering signal
amplitude-modulates the weaker signal on the
slope of the r-f selectivity curve. Although the a-m
components are subsequently removed by the lim-
iter stages, the a-m signal can frequency-modulate
the signal by changing the dynamic input capacity
of the mixer. This, in turn, will change the fre-
quency of the oscillator coupled to it. Loose cou-
pling or a buffer stage can improve the situation.

= Finally, imagine that the f-m receiver is located
an equal distance from broadcast stations that are
on the same frequency and radiate approximately
equal power, or that the interfering signal is origi-
nating from some form of man-made interference.
Increased selectivity or agc does not help in this
case. However, the capture effect, one of the ma-
jor attributes of f-m, enables the tuner to suppress
the weaker of the two signals. If two f-m signals
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are received on the same frequency, only the
stronger of the two will be found in the output. The
complete suppression of the weaker carrier occurs
at the receiver limiter where it is treated as noise
and rejected. The minimum capture ratio of signal
amplitudes for complete suppression is mainly a
function of the i-f amplifier, i-f limiter and detector
design. A directional antenna also helps to select
the desired station by reducing the signal level of
the undesired station according to its forward-back-
ward ratio.

Cases require compromise

The four examples cited, which are typical of
f-m reception situations, clearly indicate that f-m
tuner design must meet difficult and sometimes
contradictory requirements:

» A usable sensitivity (for a 30-db signal to noise
- hum + distortion ratio) high enough to receive
signals as low as 1.5 to 2 pv.

= An agc range capable of maintaining the signal
in any stage of the tuner at acceptable levels.

« Sufficient r-f selectivity to attenuate undesired
signals to insignificant levels at the mixer.

« A low capture ratio to suppress interfering sig-
nals at the same frequency as the desired one.

« R-f and miver stages with wide dynamic ranges.

To meet these unusual requirements, as well as
the standard performance criteria for low distor-
tion, high adjacent and alternate selectivity and
good a-m and impulse noise suppression, the ad-
vanced design group at Fisher Radio Corp. turned
to new solid state devices and unique circuits.

Automatic gain control

The large dynamic range of the tuner—more
than 120 db—requires approximately —equal
amounts of age. To maintain a high signal to noise
ratio at each stage and at all signal levels, the age
action must be fairly evenly distributed over the
tuner sections. This imposes the additional require-
ment of a delayed attenuation of the signal ahcad of
the tuner’s front end and in its r-f section.

Automatic gain-controlled attenuation of the sig-
nal before it reaches the front end is not casy to
achieve with conventional components. The device
selected for this purpose must meet several strin-
gent requirements. The range of attenuation should
be at least 30 to 40 db with a minimum value of not
more than 0.25 to 0.5 db because the tuner’s noise
factor is increased by this amount. Also, a linear
characteristic over its operating range must prevent
signal mixing and generation of harmonics.

The solid state p-i-n diode? designed by H.P.
Associates, an affiliate of Hewlett Packard Co,,
meets these requirements. The device, whose basic
circuit is on the bottom right of page 115, is a newly
developed gain-controlled attenuator.

At frequencies above 50 Mhz the device can
best be described as a variable resistor rather
than as a conventional diode. It is characterized
by a high dynamic resistance, greater than 10,000
ohms, which is produced by a wide, high-resistivity
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ALL CAPACITORS ARE pf UNLESS DESIGNATED ON DRAWING

FET’s in the r-f and mixer stages and highly selective r-f circuits assure
reception of a weak signal near the frequency of a strong interfering one.

layer adjacent to its junction. This resistance may
be controlled by a direct age voltage. Capacitance
per unit of junction area is very low, but conduc-
tivity of the resistive laver is increased by the pres-
ence of a stored charge (conductivity modulation).
At zero bias the bulk resistance of the intrinsic re-
gion is between 7,000 and 10,000 ohms.

With forward current, conductivity modulation
will cause the bulk resistance, R, to drop very rap-
idly as shown in empirical formula:

26

R, = To.87
where I = forward bias current (ma).

These properties allow the p-i-n diode to function
as a variable shunt or series resistor up to micro-
wave frequencies. In the Fisher model TEFM-1000,
the diode is mounted into a shielded 72-ohm cable
located Dbetween the antenna and tuner input ter-
minals so as to exhibit a minimum of bypass ca-
pacitance across it. Low-capacitance mounting en-
sures a maximum spread between the low and high
impedance conditions and prevents the signal from
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bypassing the attenuator. As a series variable re-
sistor, the p-i-n diode has, depending on the age
voltage (bias), a value for R; of from 5 to 8.000
ohms. The conditions for minimum and maxinum
attenuation are shown in the equivalent circuits
on the lower right of page 115. The resistance
values for R, and R, shown in the figure, relative
to the load of 72 olims result in a mininmm attenua-
tion of less than 025 db. This is important for
maintaining a low over-all noise figure.

A scparate 10.7-Mhz tuned amplifier in the block
diagram on the bottom left of page 115 delivers the
agc voltage that, along with a d-¢ amplifier. con-
trols the p-i-n diode. The tuned amplifier’s action
is delayed until the signal strength at the antenna
terminals is approximately 1 mv. This i-f amplifier
has a 3-db bandwidth of only 180 khz to prevent a
strong undesired signal near the frequency of a
desired weak signal from triggering the signal at-
tenuator.

FET's extend range

To achieve an additional 40 db of agc range in
the tuner’s r-f section, two cascaded feld effect
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The Fisher tuner TFM-1000 features two r-f stages
incorporating FET’s, a four gang variable tuning
capacitor and six tuned circuits. The stages reject
spurious response in excess of 100 db.

transistor 1-f stages were placed in the tuner.

FET’s are well suited for r-f amplification and
mixing because, except for the amplified tunda-
mental frequencies, they create only second-order
harmonics of the applied frequencies plus their
sum and difference components—which are easily
filtered out in the tuned circuits. Therefore spuri-
ous responses resulting from cross modulation of
two signals are readily filtered out. As the trans-
conductance of an FET is a linear function of its
gate voltages, the drain current follows a square-
law relationship to the gate voltages. This is
superior to bipolar transistors and most tubes,
which have high-order nonlinear transconduct-
ance. In the latter case, the mixing of two signals
generates higher order harmonics which have
mixing products that are difficult to filter. In addi-
tion, in FET mixers the applied signals, desired or
undesired, can cover a peak to peak range up to
5 volts before clipping. The reason: the FET’s
pinch-off voltage (the voltage at the gate which cuts
off the transistor) can be made large, allowing a
wide voltage swing hefore clipping, that is many
times the amplitude that can be handled with
bipolar transistors.

Determining the agc range

To prevent overloading the limiting stages, the
maximum signal level at the input of the i-f selec-
tive section is restricted by additional age circuitry
on the top of page 115. Noise considerations dictate
a maximum age range of 40 to 50 db for the addi-
tional age amplifier between the mixer and i-f stage.
In the TFM-1000 this is achieved by a wideband
low-noise combination amplifier-attenuator which
is inserted between the front end and the i-f
amplifier.

In the combination amplifier-attenuator stage, a

118

separate transistor in the emitter of the amplifier
controls the gain of the amplifier by acting as vari-
able feedback resistance. The age voltage derived
from the i-f output controls the value of resistance.
This offers the advantage of providing maximum
current feedback at maximum signal level, prevent-
ing clipping.

The upper figure on page 115 shows the section
of the Fisher TFM-1000 containing the p-i-n diode
and agc amplifier circuits. P-i-n diode D, is con-
nected between front end and antenna and can be
switched either directly to the 72-ohm terminals or,
via a balun, to the 300 ohm input. Its resistance is
controlled by a d-c voltage developed across part
of the emitter resistor of Qy which in turn is driven
from a separate i-f filter, Z;.

Transistor Q. is also connected to Z, and oper-
ates the tuning meter via potentiometer R, which
sets the meter deviation at high (100 mv) signal
levels while R., at the base of Qy, adjusts the meter
swing at approximately 100 pv. This double adjust-
ment provides a large excursion at lower antenna
levels without pegging the meter at high signals.

The four age stages plus the limiter section pro-
vide the combined dynamic range of more than the
120 db required for signals as high as 500,000 pv.
This wide range eliminates any problems with
strong single signals, but as indicated, cannot en-
sure clean reception of a weak signal near the fre-
quency of a strong interfering one. Rejection of
most spurious responses requires age and a high
amount of r-f selectivity plus the use of FET's.
In the TFM-1000 there are four (instead of the
more common three) tuned r-f circuits, two com-
bined in a highly sclective and high-Q bandpass
filter; plus two FET r-f stages, in addition to a
FET mixer and local oscillator. The arrangement
of the tuner’s front end circuitry can be seen in the
photo above, its details are shown in the schematic
diagram on page 117.

The age voltage for the two gain-controlled FET
r-f stages is derived from the fourth i-f amplifier
stage, which also drives a narrow-band meter am-
plifier mounted on the i-t strip.

To meet the requirement for capture effect, the
design of the TFM-1000 incorporates three stages
of hard limiting and a counter detector. This detec-
tor, for which a patent has been applied, produces
a pulse for every cvcle of the incoming signal
regardless of the frequency. The integrated output
is linearly proportional to the frequency. The higher
the frequency, the more the number of pulses and
the larger the integrated signal. Both sections have
a bandwidth of more than 10 Mhz to achieve an
unusually low capture-ratio of 0.6 db, which per-
mits an interfering-to-desired signal level ratio of
0.95 with full suppression of the interfering signal.
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If you are thinking of something new
and important in data-recording by photography,
you ought to have lunch in this place

This is a dining room in the arges- plant on earth
devotec to photozraphy. A mrajority of the Kodak
men you see here are enginzers whos: entire prcfes-
sional careers are devoted tc maxirg photographic
systems work suprerrelv well

Let us assume you are an engineer whose specialty
does no- heppen tc bz photograshy end photographic
systems and let us assume vou have a photograrhic
problen or a photographic sckzme ~whichever wou
choose s¢ consider it). It is quite possible that in -his
picture is the very guy who s best prepared in all
the world to advise you tc Zc-get # and think of
somethinz else.

On the other hand, since h= gats paid to make
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photography successfil, he has m ich strorger moti-
vatior: to figure out “vith you what next step to take
aad what you have to decide.

Bui Koauk is a huge orgarization. How do you
tind him? How do you get in touch with Fim?

Actually there is ncthing to that proclem. We
have a dep-rtment whcse riajor essignment has al-
ways deen to learn encugh about your case to get
you tcgethzr “with the rght pa-ty. You add-ess that
ceparimeni as Special Applications, Eastman
Kodak Ci-mpeny, Rochester, N. Y. 14650.

Most contazts star: by plone:
(716)-325-2C00, Ext 5129. Kodak
119
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Space electronics

Night and day, Nimbus 2
transmits its cloud pictures

Infrared scanners have been added to the automatic picture

transmission system of the new weather satellite so it can keep
the weather in view on the dark side of the earth

By John C. Moody and Oscar Weinstein
Goddard Space Flight Center, Greenbelt, Md.

Weather satellites are no longer blind at night,
and are making a thing of the past the destruction
and death wreaked by storms and hurricanes strik-
ing without warning,

The newest meteorological research satellite, the
Nimbus 2, launched May 15, carries an infrared
system that transmits cloud pictures to earth while
the satellite is orbiting over the dark side of the
earth. In daylight, the pictures are taken and trans-
mitted by a vidicon system that is an improved,
longer-lived version of the vidicon system carried
by Nimbus 1.

Ground stations now receiving automatic picture
transmission (APT) pictures from the vidicon tele-
vision systems of Nimbus 2 and earlier weather
satellites can be adapted to print out the infrared

The authors
T John C. Moody has been NASA

s technical officer on automatic
picture transmission flight
equipment for two years. Before
joining NASA in 1962, he worked
for the Army Engineer Corps.,
where he developed special tele-
vision systems and tubes that
operate at low light levels.

Oscar Weinstein, a graduate of
the Newark College of Engineering,
is designing a slow-scan digital
television camera system for deep-
space probes. He came to NASA
from the Radio Corp. of America
laboratories where he helped
develop the vidicon camera and
automatic picture transmission
systems of the early Nimbus and
ESSA meteorological satellites.
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scan patterns transmitted by the spacecraft. More
than 160 APT stations are in use around the world,
some of them homemade. A special gear box makes
the slower scanning infrared compatible with the
APT ground station. A new coding technique, the
data code grid, tells when a picture was taken and
where the satellite was at the time.

Bad weather note

Nimbus 1 and other weather satellites now in
orbit have on several occasions disclosed dangerous
storms brewing in remote areas and have helped
meteorologists track their course.! Analysis of cloud
pictures has also helped in the forecasting of more
ordinary weather and has in other ways broadened
man’s knowledge of his environment.

The successful operation of both the day and
night equipment on Nimbus points the way to fu-
ture systems of numerous satellites that would pro-
vide around-the-clock coverage of the weather at
every point on earth.

Besides the high-resolution infrared system and
the vidicon automatic picture transmission system,
Nimbus 2 carries two other experiments—a me-
dium-resolution infrared system and an advanced
vidicon camera system.

The first two systems are discussed because they
transmit to earth at all times as the satellite orbits
the earth. The infrared transmissions can be re-
ceived by modified ground stations.

The outputs of both infrared systems and the ad-
vanced vidicon system arc stored on the space-
craft’s tape recorders. Later, the signals are trans-
mitted through an S-band (1.23 gigahertz) data
link to the Command and Data Acquisition Stations
at Fairbanks, Alaska, and at Rosman, N.C.

To provide an interface between the daylight
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Line of infrared video signal. The earth scene represents only 33%
scans a full 360°, it samples cold space (approximately 4° Kelvin) twice

of the total scan. As the radiometer
for a calibration reference. A portion of

the radiometer's scan is blocked by the spacecraft. Marker pulses identify the beginning of each scan sequence.

vidicon signals and the infrared signals, the satel-
lite carries a switching system known as HAX. It
is operated by the National Aeronautics and Space
Administration, which switches systems depending
on whether the satellite is in daylight or darkness.
HAX processes the infrared signals by amplitude
modulating the video with a 2,400-hertz subcarrier
frequency required by ground stations. In turn, the
subcarrier frequency modulates the spacecraft’s
136.95-Mhz transmitter frequency.

Nimbus 2 is an improvement on earlier weather
satellites. Tiros 8, launched in December, 1963, has
an infrared sensor for horizon scanning and experi-
mental APT camera systems; Nimbus 1, launched
in August, 1964, also carried the earlier APT sys-
tems, which consisted of slow-scan vidicon cameras
that photographed the earth and clouds and trans-
mitted a narrow bandwidth signal to earth in real
time. Ground stations each day received a view of
the weather within several hundred miles.

An APT system is aboard the latest Environ-
mental Science Services Administration satellite
(ESSA 2). The spacecraft is in a 750-nautical-mile
circular orbit; its picture covers 1,400 miles on a
side with 40% overlap along the orbital path.
ESSA’s transmission frequency is 137.5 Mhz. APT
ground stations can be equipped to receive trans-
missions at both the ESSA frequency and the
136.95-Mhz Nimbus frequency. Eventually, APT-
equipped weather satellites should be numerous
enough to provide constant weather-picture cover-
age at all ground stations.

Infrared scanning

At night, the high-resolution infrared scanner de-
picts weather by determining the attenuation by
clouds of the earth’s heat energy; cold space pro-
vides a temperature reference. The system scans,
line by line, through an 8.6-milliradian aperture,
perpendicular to the earth. As the craft moves, one
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scan line after another translates the unobstructed
and the cloud-attenuated heat of the earth into a
strip picture of the weather. The high-resolution
infrared radiometer’s scanning rate of approxi-
mately 44.71 revolutions per minute provides con-
tiguous coverage along the orbit track.

The spacecraft’s radiometer system (HRIR) con-
tains a mirror, inclined 45° to its axis of rotation,
that scans a full 360°. The optical image of a four-
inch f/1 Cassegrainian telescope is mechanically
chopped at the focal point to provide an a-c signal
for the detector. An optical filter with a low absorp-
tion characteristic in the 3.4- to 4.2-micron wave-
length region restricts the passage of light to the
infrared band, which is detected by a lead-selenide
infrared detector. As shown in the figure on page
127, the radiometer views cold space during each
scan providing a calibration reference from the
space temperature of approximately 4° Kelvin. The
system has a dynamic range of 190° to 340° K.

In the line of HRIR video output shown in the
drawing above, the earth scene reperesents only
about 33% of the total scan period. A series of
seven marker pulses identify the beginning of each
scan line. The pulses are triggered by a magnetic
pickup which tracks the scan mirror.

The lead-selenide detector is mounted on a cool-
ing patch attached to the spacecraft and oriented
to view cold space at all times. The system, entirely
passive, cools the detector sufficiently for operation
in the 3.4- to 4.2-micron region. The HRIR system
was developed at the Fort Wayne, Ind,, laboratories
of the International Telephone and Telegraph Corp.
under a NASA contract.

Two of a kind

Before HRIR data can be transmitted, the signal
must be processed to “look like” APT video sig-
nals.2 The HAX module conditions the signal by
amplifying the analog output of the radiometer to
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the proper peak-to-peak value (2.8 volts) and then
modulating it at the 2,400-hz subcarrier frequency.
The modulator output is fed to a latching OR gate
relay (K; in the diagram on page 126), together
with the APT video signal.

The HRIR provides a signal for both the APT
transmission and for storage on the spacecraft’s
tape recorder. Medium resolution infrared radiome-
ter (MRIR) and advanced vidicon camera system
(AVCS) data are transmitted only to acquisition
stations. APT ground stations are not equipped to
process the information.

Improved APT camera

A new type of vidicon tube, manufactured by the
General Electrodynamic Corp., is used on the
improved cameras on Nimbus 2. It stores the charge
image in the photoconductor rather than in a die-
lectric layer, as in the early vidicons. LKeading the
charge image directly from the photoconductor pro-
vides a higher signal level, improved resolution, in-
creased sensitivity and better signal-to-noise ratio.
Earlier dielectric vidicons had short life, because
of bombardment of the dielectric layer with high-
energy electrons. The storing of charge in the pho-
toconductor overcomes the bombardment problem.

The vidicon is exposed to a scene for a few
milliseconds by means of a mechanical shutter, as
shown in the functional block diagram below.
After exposure, the charge image on the photo-
conductor surface is read out at a slow rate by

raises the peak signal level and consequently the
signal-to-noise ratio of the processed video signal,
The beam sample rate is 4,500 hz, A synchronous
detector is used to obtain baseband video. After
amplification, clamping and mixing of the data code
grid signals, the baseband video amplitude modu-
lates a 2,400-hz subcarrier which is then switched
into the HAX unit. The 2,400-hz subcarrier is also
used as a synchronizing signal to phase lock the
facsimile recorder and camera in the ground sta-
tions. This eliminates picture skew. The long-term
stability of the 2,400-hz subcarrier is one part
in 108,

The vidicon camera is programed to provide 3
seconds of start tone and 5 seconds of phasing sig-
nal before its 200-second picture transmission. The
time interval permits automatic ground stations to
turn on equipment (the receivers are usually in
stand-by) and set up the gain and phasing controls
for printout. The sequence is immediately repeated
for every picture transmission during the orbital
day. The transmissions from the ESSA satellites
are interrupted for 144 seconds between sequences.

The spacecraft’s cameras were photometrically
calibrated by a solar simulator. Ten thousand foot-
lamberts is considered the highest level of illumi-
nation the camera will encounter. The vidicon is
sensitive to visible cnergy in the spectral region
from 0.4 to 0.7 microns; however a haze filter is
provided in the lens to limit the blue end of the
Spectrum to approximately 0.45 microns. The filter

a beam-sampling technique. Beam sampling  which minimizes the effects of light scattering and
LENS SHUTTER
I'd
DATA CODE GRID
ke PREAMPLIFIER DETECTOR S LEIULATE
m 4,800 hz
SAMPLE RATE
FLOOD LIGHT
2400 hz
SAMPLE RATE
GENERATOR
DEIFRLgl(J:iTTlgN TIMER AND CONTROL UNIT
| t f
DATA CODE PROGRAM
&400 hz SIGNAL » -24.5v COMMAND

—V
FROM SPACECRAFT CLOCK

Automatic picture transmission camera system. The timer and control unit that regulate the sampling rate of the
vidicon’s video signal obtains its operating commands from the spacecraft’s clock and ground telemetry signalis.
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haze in the earth’s atmosphere.

The APT and IIAX systems were developed by
the Astro-Electronics division of the Radio Corp.
of America, under a NASA contract.

Data code grid

The Nimbus 2 data code experiment provides
orbital information to APT users and eliminates the
need for consulting a constantly updated list of
satellite positions, a publication known as an
ephemeris record.® The data code message origin-

ates at the command and data acquisition ground
station and is stored on the spacecraft in the com-
mand clock. The clock, upon receiving a camera
shutter signal, provides the data code message
for video mixing in the camera. A series of black
and white bars appears at the phasing interval
of the printout, as illustrated on page 125. The
data code signal provides the ground station
operator with picture time, calendar day and in-
formation on the spacecraft’s orbit. With it—and
initial message on orbital characteristics—the

Data code information format

Word Character block Item Units
1 Word divider
1 2-5 Reference orbit number
6 Hemisphere of ascending node O=east, 7=west
7-10 Longitude of ascending node on reference Degrees and tenths
orbit
1 Word divider
2 2-4 Longitude increment between successive Degrees and hundredths (westward); initial 2
ascending nodes or 3 (20° or 30° understood)
5-10 Ascending node time of reference orbit Hours, minutes, seconds (universal time)*
1 Word divider
2-5 Nodal period (1 or 2 hours, , understood)
3 Minutes, seconds
6 Hemisphere of perigee O=north; 7=south
7-10 Latitude of perigee on reference orbit Degrees and hundredths
1 Word divider
4 2-7 Time of perigee on reference orbit Hours, minutes, seconds (universal time)*
8-10 Motion of perigee, orbit to orbit Thousandths of a degree of great circle arc per
orbit
1 Word divider (split)
5 2-4 Calendar day of picture Day 1 to day 365 (366 for leap year)
5-10 Picture time Hours, minutes, seconds (universal time)*

£|f the code is read the day of transmission (word 5, CB 2-4), the first digit (word 2, CB 5, or word 4, CB 2) will be 0, 1, or 2;
=1;6

if the following day, 4 is added to first digit: 4=0; 5 ;
7=0; 8=1; 9=2.

180 176 160156 144 120 116 100 96

—r——
0=EAST 20R3
7:WEST UNDERSTOOD

200196

WORD 1 WORD 2 WORD 3 WORD 4 WORD 5
pICTURE DATE/TIME (UT)
REFERENCE ASCENDING SCENDING  ASCENDING NODE NODAT LATITUDE OF TIME (1 MTION
ORBIT NODE NODE TIME PERIOD PERIGIL PERIGIE or SN T
NUMBER LONGITUDE 1NCREMENT] PLRIGEL. DAY
(DEGREES) (DECREES){ H R/M N/ S C M N/S C ( DEGRELS) noR/M 873 cJorries) OR/N N/S €
2 3 4 slefr 8 9 0fi]2 3 s s 6 25 9 20fr}2 3 =

!23u5679910123ﬁ567891(|

"{OR2HRS * 0=NORTH
UNDERSTOOD 7= SOUTH

=2: if second day following that of picture, 7 is added to first digit:

7 > 9 1¢
H ROW 1
. ROW 2

O PICTURE  TIME(SECS)

"

80 76

MOTION OF PAPER THROUGH FACSIMILE MACHINE —*

LARGE DOTS BELOW ROW 2
INDICATE DECIMAL POINTS CHARACTER BLUCK ="
BITS ‘ \ l \ l l \ l ‘ l -—ROW 2
L ‘
o 1 2 3 4 5 6 7 8 9

DICTTAL VALLE

Operational data code template. The data code information is divided into five words. Row 1 is for reference;
row 2 contains information on the spacecraft’s orbital char acteristics and the time the picture was taken.
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Cloud cover photograph taken by Nimbus 2 cameras. The coded signal (bars and spaces) provides time and orbital
information to ground stations. The station operator uses this data to determine the spacecraft’s location.
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l ———— TEMPERATURE TELEMETRY
' CLOCK CARRIER
3
HRIR (INFRARED)
VIDEO RING
SIGNAL {ANALOG) DETECTOR |——— MODULATED HRIR VIDEO
AMPLIFIER MODULATOR TELEMETRY
e T A MODULATED HRIR OR APT VIDEO
T e
APT VIDEO (A-M)
J\F TRANSMITTER
-245V TRANSMITTER K2 }
POWER —— 1 T
RESISTOR
]\i OIVIDER HAX POWER TELEMETRY
-24 5V HAX POWER |
APT OFF
DAY
x E
K3 APT ON
NIGHT

HAX interface module. On command from the ground, the HAX unit (color) selects
or the vidicon picture for processing and transmission to ground stations.

scanner's output

operator can determine the craft’s location and
the site of the picture. To do this, he must he
equipped with nomographs and geographic grids
to plot the satellite’s subpoint (orbit path) and to
Jocate geographically the cloud features in the fac-
simile image.

The data code grid display consists of two rows,
the first of which contains 30 character blocks of
alternating white and black squares. Each character
block represents four seconds of real-time transmis-
sion. The alternating white and black character
blocks are for visual reference and identification
onlv. The data is contained in the second row in
binary code decimal notation. Fonr weighted bit
locations are provided opposite each of the 50 char-
acter blocks. The data code template on page 124
indicates how the bits are weighted. It also shows
how the data code is divided into five words, and
shows the information given by cach word (see the
table on page 124).

Choosing the signal

Since the HAX interface is experimental, and
since NASA rescarchers wanted flexibility in the
photographic system, they decided to control the
switching unit from the ground. However, the se-
lection between HRIR and APT data could have
been made automatic by sensing the transition
from daylight to night with photodiode switches,
or by the spacecraft’s solar angle position sensor.
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either the infrared radiometer

The HAX unit requires on and off commands
from NASA. With the on command, power is
applied to the HAX circuits and to the APT trans-
mitter by means of a latching relay Ka. At the same
time, relay K, is energized, switching the trans-
mitter signal input from APT video to the HRIR
modulation and processing circuitry. The off com-
mand removes power from the HAX infrared-
processing module and the transmitter resumes
transmission of APT video.

The HAX on-command may be overridden by an
APT on-command, which automatically turns off
the HAX module and switches the system back to
normal APT. Relays Ki and K; control the APT
camera and transmitter.

APT ground station equipment

The high-resolution infrared coverage was in-
tended as a limited experiment, with only a few
ground stations participating. However, a great
many APT users showed interest in increasing their
coverage.* 5 Ground stations which use an oscillo-
scope or kinescope for printout may adapt easily to
the infrared transmission.

An APT ground station may be assembled from
the following basic components.

= Antenna—an antenna capable of receiving cir-
cularly polarized radio frequency waves is most
satisfactory. Multiturn helix or crossed yagi array
antennas with at least 10 decibel gain, operate well.
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Nimbus 2 cloud pattern detection system. The infrared radiometer scans cold space, clouds and earth through
a lens system and mirror inclined 45° to the spacecraft’'s axis of rotation. The chopper is at the focal point of the
telescope and provides an a-c signal to the lead-selenide detector. The path of the infrared data is in color.

* Preamplifiecr—for best performance, the pream-
plifier should be located on the mast close to the
receiving antenna. For amplifying devices, the pre-
amplifier should use low-noise transistors. field ef-
fect transistors or Nuvistors (vacuum tubes). Pre-
amplifiers having a gain of 20 db and a noise figure
of 4 db are satisfactory.

* Receiver—any f-m receiver that can handle
signals in the 136- to 138-Mliz range, with a pre-
detection bandwidth of at least 30 khz, 8§ db or
better noise figure, and with adequate sensitivity
to handle a signal level of —96 dbm or less. Ama-
ture, military, police band and commercial mobile
radio receivers may be adapted for APT ground
stations.

* Recording ecquipment — commercial APT
ground stations use facsimile recorders for print-
ing the pictures, and a few are equipped for photo-
facsimile printout. Photofacsimile improves picture
content by emphasizing certain tonal aspects.

For the best image, the recording device should
be able to accommodate at least the 25-to-1 dy-
namic range the vidicon camera provides. The
range is lincarly equivalent to a printout transfer
process resulting in an image with approximately
9 steps of \/2 transmittance increments or a density
range of 1.4 units in the image. A density unit is
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Characteristics of Nimbus 2 vidicon system

Exposure duration
Lens aperture
Resolution response for tviines

Signal-to-noise ratio at 10,000
foot-lamberts

Dynamic range (light level)

Scan lines per raster height

Line rate

Subcarrier modulating
frequency

10.5 milliseconds
f/4

73% at 200 lines
55% at 400 lines
35% at 600 lines
15% at 800 lines
39 db

25:1
800
4 lines/sec
2,400 hertz

High-resolution infrared radiometer system

characteristics

Sampling aperture

Earth resolution at 600 nautical
miles altitude

Scanning mode

Infrared detector

Spectral wavelength

Usable dynamic range
(temperature)

8.6 milliradians
5.1 nautical miles

line scan perpendicular

to orbital track
PbSe (lead selenide)
3.4 to 4.2 microns
190° to 340° Kelvin
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Facsimile printout. The high resolution infrared radiometer photograph looks like an APT picture produced during
daylight by vidicon cameras. The scanning rate of the HRIR unit is only 44.7 revolutions per minute compared
with the 240 rpm of the APT camera. A gear box at the ground stations adapts the facsimile recorder.

defined as log,o T:/ Tz, where T,/T. is the trans-
mission ratio of the brightest highlight to lowest
Jowlight. Also, more satisfactory results may be
obtained when controls that shape the slope char-
acteristics (gamma correction) are used.

An article discussing approaches to a siniple
APT ground station is referenced.® A package
available from the Public Information Office at
Goddard Space Flight Center describes two dif-
ferent approaches to a ground station.? An instruc-
tion mannal that explains the modification of the
Fairchild and Muirhead facsimile equipment is
available from the Nimbus Data Utilization Man-
ager, Code 450, Nimbus Ground Station, Building
3, Goddard Space Flight Center.

Picking up HRIR pictures

Although the ground station’s receiver picks up
both infrared and APT signals, some facsimile re-
corder modifications are necessary before infrared
pictures can be printed since their video format and
line rate are different.

The spacecraft’s APT system generates data at
4 lines a second with a 95% active image time.
The remaining time is devoted to the data code
grid information signal. The HRIR line rate, how-
ever. is 0.745 lines a second with only 33% active
image time for the earth scan.

Because of the difference in the APT and HRIR
scan rates on the spacecraft, the ground station’s
facsimile recorder must be converted. For APT pic-
tures. the recorders operate at 240 rpm—the line
rate of the spacecraft’s onboard camera—and write
at 100 lines per inch. The printout is approximately
S inches square. Infrared pictures from the fac-
simile recorder are 3-inch wide contiguous images.
The converter box has a gear ratio of 2952/550 to
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make the recorder rate compatible with the HRIR
scanning rate. The ratio must be tightly held to
avoid picture skew.

When the Nimbus HRIR was developed, it was
not intended to be used with standard APT subsys
tems, Consequently, it has the odd gear specd ratio.
The scanning rate for the HRIR on the next Nimbus
will be 48 rpm, making a gear speed ratio of 5 pos-
sible. A whole integer ratio will simplify the gearing.

Infrared pictures may also be obtained with an
oscilloscope or a kinescope and a Polaroid film
camera as the recording devices. The marker pulses
produced by the HRIR scan (after detection) are
processed in a synchronizing detector and used
to trigger the horizontal sweep of the display sys-
tem. The video information is then applied to the
cathode of the kinescope for Z axis modulation
of the scanning beam. The vertical sweep required
by the kinescope may be obtained by forming a
staircase function, cither from the detected marker
pulses or from a standard frequency tuning fork
and motor-driven potentiometers.
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From Gun Turret to Turret Lathe...
Amelco’s new HNIL logic with 4 volts
noise immunity helps provide
accurate computer control!

i
G i

~ SPECIFICATIONS

Vee . 12 \_IO%itS
Logical 1" 11 voits
Logical ‘0"’ 1.2 volts

‘Fan Out : 5
~ Noise Immunity 4.2 volits
Propagation Delay 60 nSec

=
&

e

Now you can enjoy the advantages of dependable integrated
circuitry where noise and cost have been prohibitive. Amelco's
new High Noise Immunity Logic is available in a full seven
element family of 12 volt circuits that provide 4 volt noise
immunity over a temperature range of —55°C to +125°C.
These same seven elements are also available in an operating
temperature range of 0°C to 100° C at low, industrial prices!
Use HNIL circuits in virtually any industrial or military
high noise environment without fear of spurious operation.
[J Amelco HNIL is available in the following elements: 301
Dual 5-Input Buffer with Expanders, 311 J-K Flip-Flop, 321
Quad 2-Input Gate with Expanders, 322 Dual 5-Input Gate with
Expanders, 331 Dual 5-Input Expander, 341 Dual Exclusive
“OR" with Expanders, 361 Input Interface Circuit, 362 Output
Interface Circuit.

AMELCO SEMICONDUCTOR

DIVISION OF TELEDYNE, INC. ¢ 1300 TERRA BELLA AVENUE e MOUNTAIN VIEW, CALIFORNIA ¢ Mail Address: P.O. Box 1030,
Mountain View, California e Phone: (415) 968-9241 / TANX: (415) 969-9112 / Telex: 34-8416 o REGIONAL OFFICES: Southwest —
Suite 213, 8621 Bellanca Ave., Los Angeles, California 90045, (223) 678-3146 « Northwest—1300 Terra Bella Ave., Mountain View, California, (415) 968-9241
East—P. 0. Box 2091, Paterson, New Jersey 07509, (201) 696-4747; 60 Broad Hollow Rd., Mellville L. I. New York, (516) 692-4070; P. 0. Bux 366,
Kimberton, Pennsylvania, (215) 885-1755 « Northeast—805 Higa Street, Westwood, Massachusetts, (617) 326-6600 ¢ Southeast—711 Magnoliz Avenue,
Orlando, Florida, (305) 423-5833 « Midwest—650 West Algonquin Road, Des Plaines, lilinois, (312) 439-3250; 3020 Woodlark Lane, St. Paul, Minnesota,
(612) 646-1161. » Canada—Deskin Sales, Montreal, Quebec, (51¢) 384-1420.



WE JUST
DROPPED OUR
RTL EPOXY

PRICES.

RTL epoxy TO-5 prices now as low as 18° per
2-Input Gate function: 67¢ per JK Flip-Flop function.

N

+15°Cto 455°C

DEVICE PART NO. PACKAGE 1-99 100-999 1,000
]
Butfer UBA990028X Epoxy TO-5 $ .80 $ 54 $ .36 Al R [ ans =i LD
Dual 2-Input Gate UBA991428X Epoxy TO-5 .80 .54 .36 SEMICONOUCTOR
JK Flip-Flop UBA992328X Epoxy TO-5 1.50 1.00 .67

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962-5011 » TWX: 910-379-6435
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Wouldn’t it be nice if there were some way
you could get immediate delivery on

Heinemann circuit breakers ?

We have good news for you. There are now
over 30 ways to get immediate delivery:

Alabama
Electro-Tech, Inc.
Huntsville

(205) 539-1250

Arizona

Kierulif Electronics, Inc.
Phoenix

(602) 273-7331

California
Wesco Flectronics
Mountain View
(415) 968-3475
Wesco Electronics
Pasadena

(213) 795-9161

Colorado

Kierultf Electronics, Inc.
1200 Stout Street
Denver

(303) 825-7033

Florida

Parts Service Corporation
Orlando

(305) 293-5730

Georgia
Electro-Tech, Inc.
Hapeville

(404) 758-7205

Kansas

Precision Electronic Devices, Inc.
Kansas City

(913) AD 6-4343

Kentucky

E & H Electric Supply Company
Louisville

(502) 587-0991

Marine Electric Company, Inc.
Louisville

(502) 587-6511

AUTHORIZED HEINEMANN STOCKING DISTRIBUTORS

Louisiana
Hall-Mark Electronics Corporation
New Orleans
(504) 242-7581

Maryland

C & H Distributing Co., Inc.
Baltimore

(301) 727-5100

Massachusetts

Apparatus Service Company
Allston

(617) 782-7440

Electrical Supply Corporation
Cambridge

(617) 491-3300

T. F. Cushing, Inc.
Springfield
(413) 788-7341

New Jersey

Alpha Electronic Services
Pennsauken

(609) NO 2-1310
Federated Purchaser, Inc.
Springfield

(201) DR 6-8900

New Mexico

Kierulff Electronics, Inc.
Atamogordo

(508) 437-0370

Kierulif Electronics, Inc.

Albuquergue
(505) 268-3901

New York

Federal Electronics Inc.
Vestal

(607 PI 8-8211
Schweber Electronics

Westbury, Long Isfand
(516) ED 4-7474

North Carolina

Electro-Tech, Inc.

Charlotte

(704) 333-0326

Ohio

The Midwest Equipment Company
Cincinnati

(513) 821-1687

Oklahoma

Hall-Mark Electronics Corporation
Tulsa

(918) TE 5-8458

Pennsylvania

West Chester Electric Supply Co.
West Chester

(215) 696-7500

Texas

Warren Electric Company
Beaumont

(713) TE 3-9405

Nelson Electric Supply Company

Dallas

(214) Rl 1-6341

Hall-Mark Electronics Corporation
Garland

(214) 276-8531

Hall-Mark Etectronics Corporation
Houston

(713) 781-0011

Warren Electric Company
Houston

(713) CA 5-0971

Messner Electric Supply Company
Longview

(214) PLaza 3-4484

The Perry Shankle Company

San Antonio

(512) CA 3-1801

Washington

Kierultf Electronics, Inc.
Seattie

(206) PA 5-1550

HEINEMANN ELECTRIC COMPANY Trenton, New Jersey 08602
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The reasons arc hermetically
scaled in glass. That's our exclusive
way of keeping contaminants
out and preventing any fusion of
the metal-glass interface. The
passivated silicon wafer looks

like it’s floating in the slecve —

the glass doesn’t touch the
junction anywhere.

Take a look at the slugs; you'll
see they butt right up against the
wafer. No intermediate contacts.
And the leads are brazed not

132

Hoffman
micro-glass zener
regulators are the

most reliable ever made

and that’s a claim you
can see through

Unretouched photograph of unpainted Hoftman Micro-Glass Zaner Regulator,

welded or soldered to the slugs.
They conduct better that way, and
are about 12 times stronger than if
we’d welded or soldered them.

One thing you can't see is the
coeflicient of expansion of the
glass, slugs and wafer. They're a
matched seal. That, you can test,
if you must.

Thirty-seven of our 1.5 watt
regulators, 1IN4460 through
IN4496 replace 749 Jedec types.
They're designed for micro-

circuitry, small space limitations
and cxcess power requirements,
Every one guarantees maximunl
limits on low level impedance,
reverse leakage current and zener
voltage regulation.

If you need regulator reliability,
there’s only one place you can get it
— painted and marked to your spec-
ifications. Phone (213) 686-0123,
or write: Hoffman/Semiconductor,
Hoffman Electronic Park,

El Monte, California 91734

Hdhnan! SEMICONDUCTOR

A Division of Hoffman Electronics Corporation
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Howyoucanbeone

of America’s foremost

authoritieson
magnetic shielding:

Read this free book.

Here’s a 36-page seminar

on magnetic shielding...

and high-permeability

Westinghouse Hipernom®
1 This new book on magnetic shielding is the first

l of its kind. It gives you the fruit of 50 years

| of Westinghouse leadership in magnetics research

It sums up the experience of the largest group of

metailurgists specializing in magnetic alloys. It's a fult

seminar in when, why, and how to use magnetic

shielding in low frequency applications. You get ali the

theory, formulae, practical tips, and technical

data needed to design and evaluate shielding.

One of the useful things this book documents is

Hipernom magnetic alioy. It has the highest
permeability available of any magnetic alloy. Result:
you can design lighter, lower-cost magnetic
shielding for even your most sensitive components.
This is just one sample of what you can do with this
free book and Hipernom. Send for your free copy.
Write: Westinghouse Metals Division, Dept. A,

Box 868, Pittsburgh, Pennsylvania 15230.

You can be sure if it's Westinghouse @ .



Engineers:

1. If you're looking for money,
our $470,000,000 backlog of orders tells its own story.

2. If you're looking for challenge,

we offer you pioneering in a brand-new ocean.

3. If you're looking for a career,
we offer you stability and rapidly expanding opportunities for growth.

If you're looking for all three,
we're looking for you.

We need qualified engineers for responsible jobs—challeng-
ing positions with commensurate pay—in all eight categories
listed below.

Money? If you're a capable and imaginative engineer who
is willing to take responsibility, we'll offer you a high start-
ing salary plus wide-open promotional opportunities and
libera! fringe benefits.

Challenge? We're in the forefront of revolutionary techno-
logical advances that are taking place in, under, and on
the ocean. Nuclear submarine building. Oceanography. En-
gine room automation. Aircraft carrier design. You name it
—we're in it. And we'll give you a chance to put your abili-
ties to work—all your abilities.

Career? Newport News offers you permanence and a solid
future. With us, you can build a lifetime career in your
chosen field of engineering—and you can build it to any
size. We want you to move ahead. How high you climb is
entirely up to you.

If you're interested in advanced study, we are close to
some outstanding institutions. Next door is Virginia Asso-
ciated Research Center with one of the world’s largest syn-
chrocyclotrons, where you can study in high-energy physics.
Across the harbor is Old Dominion College, offering gradu-

134

ate courses in such subjects as Microwave Theory, Solid
State Electronics and Nuclear Engineering. Within easy driv-
ing range are Virginia Institute for Scientific Research—a
world leader in solid state physics—and the University of
Virginia, with its new nuclear laboratory.

Sound interesting? Then act now to get details on imme-
diate, specific career openings in your field. Our $470,000,-
000 order backlog, up $50,000,000 in three months, makes
our need for qualified engineers urgent. Write or phone
John J.Gaughan, employment manager. You'll get fast action.

IMMEDIATE OPENINGS IN THESE ENGINEERING CATEGORIES

Naval Architects
Nuclear Engineers

Civil Engineers
Metallurgical Engineers

Mechanical Engineers
Electrical Engineers
Marine Engineers
Industrial Engineers

Newport News

NEWPORT NEWS SHIPBUILDING AND DRY DOCK COMPANY
Newport News, Virginia 23607 Phone: (703) 247-1211

Write or phone for illustrated, fact-packed
booklet, “Blueprint of Your Future.”
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Chart showing the consis-
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HOT MOLDED FIXED RESISTORS are available in all staadard
ElA and MIL-R-11 resistance values and tolerances plus
values above and below standard limits. Shown actual size.

— = — -

TYPE BB 1/8 WATT MIL Type RC OS5

—— =——— cim- -

TYPECB 1/4 WATT MIL TypeE RC O7
o _— = —— AW = = — =
—— T -
TYPE EB 1/2 WATT MIL Tvpe RC 2C
TYPE GB 1 WarTT MIL TYyPE RC 32
TYPE HB 2 WaTTsS MIL TyPe RC 42

uniform

.billion after billion!

fantastically

-
~
=

o
T

.

Chart at right shows actual SRS ¢ i =
per cent resistance change s :
after temperature cycling
tests (5 cycles from —55°C

i1
i

+

T IRIREER

['E -
to 85°C) on samples regu- E HE
larly taken from produc- 8 F g
tion of over 2% billion & o= e —
Allen-Bradley Type EB % ==, S
watt hot molded resistors. Asz 3
LE=EHI I
e SR 1 S e

B To maintain absolute uniformrty, f The other

chart. plotting production sampling from more than
Allen-Bradley quality contzol enzi-

175 million resistors in a hmmcllt) test at 97%, 55°C for 113 hours
necrs continuously take samples of shows only a slicht deviarion in resistance—and complete [reedam
resistors {rom production and t:2st | from any wide deviations.

them. The results of thesc tests, as i
shown by the charts on this -age, are
truly amazing. One chart, -overing
the results of tests on 1248 samples
representing production of 1rore than
213 billion resistors, shows a typical
resistance change of only 1: of 1
after five cycles from —55°C 10 85°7!

So far as uniforniity of electrical characteristics and physical
properties are concerned, Allen-Bradlev hot molded resistors have
no e(]lldl That's why they are so decidedly prefcrred by electroric

engineers throuchout the world. For complele specilicatior s,
please write for Technical Bulletin 5050 Allen-Bradlev Co.. 222 W.

Greenfield Avenue, Milwaukee, Wisconsin 53204,

Export Office: 630 Third Ave., New York, New York, U.S.A. 10017.

(® ALLEN-BRADLEY

7 QUALITY ELECTRONIC COMPONENTS

53-08-5€E




ALLEN-BRADLEY Type J / (S
Hot Molded Variable Resistor

rated 2.25 watts @ 70°C 4
shown 2 times ”
actual size.

“Only Allen-Bradley Type J pots

give us the smooth control

to maintain the high calibration

\

Krohn-Hite Corporation

potentiometers in the illustration below

accuracy of our instruments”

This quickly locates the positions of the Type J

THIS KROHN-HITE VARIABLE FILTER pro-
vides low-pass, high-pass, band-pass, and

band-reject operation with higl and low
cutoff frequencies independently adjust-
able from 0.02 cps to 20 ke.

IN THE MODEL 335, continuous tuning of the
high and low cutoff frequencies 1s accom-
plished by simultaneously varying four po-
tentiometers with a single knob. Only A-B
Type J controls have been found to provide
the smooth control and precise tracking
without discontinuities to achieve the re-
quired calibration accuracy

m Krohn-Hite engincers have found that only Allen-Bradley
Type | potentioineters provide the smooth control, low noise, long
term stability, and low temperature coelficient they require for
their precision instruments such as the variable electronic filter.

The Type ] control has the resistor, terminals, faceplate
mounting bushing, and insulating material hot molded into a
solid integral unit. The solid resistance track assures smooth,
quict control that is frec from the undesirable discrete steps of
wire-wound units. On accelerated tests, Type ] exceeds 100,000
complete operations with less than 109, resistance change.

Insure the performance of vour cquipment by insisting on
Allen-Bradley Type ] hot molded potentioncters. Besides, when
you usc Allen-Bradley fixed and variable hot molded composi-
tion resistors you provide your apparatus with the label of
“quality.” For morc complete specifications, plcase write for
Publication 6024: Allen-Bradiey Co., 222 West Greenficld Ave,,
Milwaukee, Wis. 53204. [n Canada: Allen-Bradley Canada Ltd.
Export Office: 630 Third Ave., New York, N.Y. U.S.A. 10017.

AB
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ADDITIONAL ALLEN-BRADLEY HOT MOLDED

VARIABLE RESISTORS

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

TYPE F CONTROLS are for mount-
ing directly on printed wiring
boards by means of their termi-
nals. Rated % watt at 70°C. Values
to 5 megohms. Type O are similar
but rated 0.4 watt at 70°C.

TYPE R ADJUSTABLE FIXED RE-
SISTORS are built to withstand en-
vironmental extremes. Only 114"
in length. Have stepless adjust-
ment. Watertight and can be en-
capsulated. Rated % watt at 70°C.
Values to 2.5 megohms. Type N
for less severe environments are
rated Y3 watt at 50°C.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS



 Startdesigning

..infegfatéd ;'circuit's
3 —the easiest, fastest,

GET THESE TI DESIGNERS' KITS FROM ESCO

Here's everything you need to get o
head start in modern integrated cir-
cuit design — integrated circuits in
Mech-Puk carriers, breadboarding
sockets, applications information.
sample circuit diagrams. and com-
plete device data —— all for much
less than the price of the items if
purchased separately. Start now to
design and breadboard both digital
and lincar assemblies — and dem-
onstrate for yourself the many
cconomics and the high perform-
ance inhcrent in integrated circuit
systems.

~<—Circle 136 on reader service card

PHONE 298-0191

SERIES 74 KIT

CONTENTS

One SN7420 Dual 4-input positive NAND gate

Two SN7450 Dual EXCLUSIVE — OR gates
with expander inputs

Four SN7470 Single-phase J-K flip-flops

Four MPC-1 14-pin Mech-Pak Sockets

APPLICATIONS

* 4-bit Binary to Gray-code
Converter

* 4-bit Binary Comparator

* Divide-by-5 Counter

* Binary Coded Decimal
Counter

CONTENTS

Three SN7331 Triple 3-input NAND/NOR
gates

Two SN7302 Dual )-K flip-flops with preset

One SN7360 Quadruple 2-input NAND NOR
gate

One SN7370 Dual EXCLUSIVE — OR gate

One SN7380 ‘“one-shot monostable multi-
vibrator

Six MPC-1 14-pin Mech-Pak Sockets

APPLICATIONS

* Full Adder

* One shot Clock Inhibit

* Up-down Binary Counter

SERIES 72 KIT

N

-

CONTENTS

One SN723 General
amplifier

Three SN724 General purpose operational
amplifiers

Two MPC-1 14-pin Mech-Pak Sockets

purpose differential

ESCO ELECTRONICS, INC.

3130 VALLEYWOOD DR. e DAYTON, OHIO 45429
TWX 513-944-0620

Histtiomn <

APPLICATIONS

* Variable gain a-c
amplifier

* Stable gain circuits

* Isolation amplifiers
(buffer)

Circle 137 on reader service card 137



CEC's new Type 4-501 Resistance Tem-
perature Transducer is destined to be a
“must’ Tor calibration labs. And for two
important reasons. (1) The 4-501 has
achieved the highest state-of-the-art for
accurate temperature measurement of
liquids, gases and cryogenic fluids. (2) 1t
is by far the most rugged transducer of
its type ever perfected, thereby assuring
continned accuracy and stability under
all normal laboratory conditions.

As the leading manufacturer of trans-
ducers, CEC anticipates rapid industry-
wide acceptance of this outstanding new
addition to their line. Especially since
the 4-501 has been designed to operate
continuous!lv—and does not require
periodic maintenance.

A choice of models

CI'C's 4-501 is available in two different
versiens: the 4-501-0001 tfor tempera-
ture measurement of liquids, gases and

138 Circle 138 on reader service card

MONROVIA, CALIF
TEMPERATURE TRANSDUCER
TYPE NO 4.501.0001

or avery
special
transducer

crvogenic fluids; and the 4-501-0003 for
temperature measurements of liquids.
Both are wire-wound, four-terminal
thermally strain-free transducers with
fully-enclosed clements. Resistance

measurements may be made with an
extremely precise Mueller-type bridge.

Significant features

@ Aceuracy: cach transducer is indi-
vidually calibrated 10 its own matching
table. (Either by CEC. or by the user
from constants which CEC will supply.)

[ Repeatability: resistance at ice point
is repeatable and accurate to 1/1000 of
an ohm.

@ Temperature Range: 4-501-0001:
—320°F(—195°C)to-+800°F (+427°C).
4-501-0003: 32°F (0°C) to +800°F
(+427°C).

@ Thermal Shock: will withstand instant
thermal shock from boiling water to LN
without causing a shift in the ice point
calibration by more than =0.001 ohm.

For complete information, call or write
CEC for Bulletin 4501-X 4.

CEC

Data Instruments Division

CONSOLIDATED ELECTRODYNAMICS

BELL & HOWELL/PASADER A, CALIF. 91103
N/, N/ 851l V/OKING ENGLAM
A EN) tAN
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New Chairman of the Board
Cuts costs, creates openings

Look at the specs and you'll see why so many large users already have turned to the new
Weston-Daystrom 501 & 502 5/16” ccmmercial Squaretrim® pots. They save up to 80 per cent
of the PC board space formerly required—and no extra cost, Notice the extra dividends:

Convenience 3 different configurations with adjusting screw on top, side or end » Tolerance +5%
* Adjustability 15 mechanical turns « Slip Clutch eliminates wiper damage, cuts production delays
* Soldered Terminations for better protection against vibration, shock and humidity—

no pressure taps * Superior Resolution 0.125%; or less « Wide Range 10n. {0 20K « High Power
0.6 watt in still air at 70C « Wide Termnperature Range —55C to 150C « Low Temperature
Coefficient 70 ppm max. « Low Noise 100 ohms max. ENR « Small Size %" x %" x ¥4

"

Weston Instruments, Inc. ¢ Archbald Division Archbald, Pa. 18403

WESTON L prime source for precision. .. since 1888
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HIGH GAIN
FLAT BETA
PNP AMPLIFIER

Unique features allow great applications versatility: No other group of low
level, low noise amplifiers can approach the beta linearity of our 2N3965
and 2N4250 families. To this, add our high gain of 250 at 100.A, state-of-
the-art noise figure of 2 db at 1kHz, and high breakdown voltage ratings.
Then consider the added versatility of availability in both metal can

(2N3962-5) and epoxy packages (2N4248-50),

Planar Il epitaxial construction, and off-the-shelf FAIRCHILD

distributor delivery. No wonder this new group

of amplifiers already looks like a record-setter, SEMICONDUGCTOR

Write for complete specifications.

Metal Package

£

B
i

Epoxy Package

SAMPLE SPECIFICATIONS: 2N4250/2N3965

NF (f = 1kHz) . ... 0.5db (typ.), 2.0 db (max.) @ lc = 20sA; Rs = 10k
NF (wide band). .. 0.7db (typ.), 2.0 db (max.) @ !c = 20uA; Rs = 10kQ
hee, oo 350 (typ.), 250 (Min.) @ lc = 1004A; Ver = —5V
LVcio (2N4250) . .. oo vv v i v v 40V (Min.) @ lc = 5mA; 1, =0
LVcio (2N3965). .. vvvevvrvenannnsn 60V (Min.) @ lc = 5mA; Iy = 0

Planar is a patented Fairchild process.

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Cameta and Instrument Corporatiort @ 313 Fairchild Drive, Mountain View, California (415) 962.5011 ® Twx: 910-379.6435
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Probing the News

Space electronics

What comes after Apollo?

Possible budget cuts are clouding the space agency’s future and a lack

of clearly defined goals in space is hurting the post-Apollo program

By John Rhea

Electronics Washington Bureau

Evidence is mounting that when
the deadline arrives this fall for de-
ciding on post-Apollo space mis-
sions the space agency’s plans will
be cut back. What major missions
will come after astronauts reach the
moon in the next two or three years
is of prime interest to the elec-
tronics industry since it gets about
half the NASA dollars.

Criticism from Congress  has
reached a new high, the attitude of
the White House has turned cool
and the National Aeronautics and
Space Administration has quietly
postponed major decisions on pro-
grams to follow Apollo.

Few cxpect any definition of
goals from the White House before
the end of the year—and such a de-
cision must come from the Presi-
dent. The course of the war in Viet-
nam will play the biggest role in
determining what and how big the
post-Apollo program will be.

The latest Congressional criti-
cism popped up in a recent study
by the House NASA Oversight Sub-
committee, which bemoaned the
lack of a major space goal. The
study said such a goal is necessary
to rally national support. The sub-
committee suggested that one pos-
sibility is a program of manned
planetary flybys in the mid 1970’s
leading to a manned planetary land-
ing in the early 1980’s.

The report continued: “With
such a rallying point, a program of
unmanned and manned missions
could converge, providing defini-
tion and a timetable for unmanned
planetary probes to gather essential
scientific data, conventional and nu-
clear propulsion requirement de-

Electronics | August 22, 1966

velopment, life support. communi-
cations and other needs.”

l. Space goals

Subcommittee  chairman, Rep.
Olin  Teague (D,Tex.)) recom-
mended that NASA submit by Dec.
1 a list of possible space goals so
that hearings can be held before
next vear’s budget is submitted.

The Teague subcommittee listed
five factors to be considered in
shaping any future goals: national
security, economic advantage, sci-
entific discovery, international and
competitive position and techno-
logical progress. Based on the exist-
ing technology base, these factors
would be used to develop a national
program for both the near term
(1967-76) and long term (1976-85).

In its talks with the subcommit-

tece, NASA outlined five possible
ianned space programs to {ollow
Apollo. Each starts at a relatively
low level and consequently could
be added to the late stages of the
current Apollo eftort. Costs range
from $3 billion annually for a pro-
gram emphasizing earth orbital op-
erations to what NASA calls a pres-
tige program where the dollar curve
climbs right off the chart.
Balanced blend. The prestige
program soars above a $6-hillion
annual level within five years. It
includes orbital stations and logis-
tic systems, lunar stations, an or-
bital research complex and plane-
tary  flvbvs  and  landings. A
program that concentrates onlv on
planetary - flybys  and  landings
amounts to $4 hillion a year, and
one oriented to lunar exploration
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Cost of new NASA programs and starting dates. Additional cost to prepara
for moon stations wouldn't begin until after the third year; for planet
flybys, after the sixth year. If NASA limits itself to earth orbital

missions, the cost in the tenth year will be $1.5 billion; if it adds

lunar stations, the total cost will be $3 billion; if it goes on to

planet flybys, the total bill rises to $4.2 biliion.
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Thermostatic
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AMPERITE
BELAY
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Offer true hermetic sealing
-assure maximum stability and life!

Delays: 2 to 180 seconds . . Actuated
by a heater, they operate on A.C. D.C, or Pulsating
Current . . . Being hermetically sealed, they are not
affected by altitude, moisture, or ¢limate changes . . .
SPST only—normally open or normally closed . . . Com-
pensated for ambient temperature changes from —55° to
4-80° C. . . . Heaters consume approximately 2 W. and
may be operated continuously . . . The units are rugged,
explosion-proof, long-lived, and—inexpensive!
TYPES: Standard Radio Octal, and 9-Pin Miniature.

List Price, $4.00

PROBLEM? Send for Bulletin No. TR-81

AMPERITE

BALLAST |
REGULATORS

Hermetically sealed, they are
not affected by changes in alti-
tude, ambient temperature
(=50° to 4-70° C.), or humid-
ity .. . Rugged, light, compact,
most inexpensive.

List Price, $3.00

Write for 4-page Technical
Bulletin No. AB-51
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50 Wingold Ave., Toronto 10
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...1968 budget is NASA’s last chance
to get a post-Apollo program started. ..

would be slightly less expensive.

A blend of the other four com-
prises what NASA calls its bal-
anced program. This would build
up to an annual rate of about 54.2
billion by first concentrating on an
orbital station and logistics system,
then adding hinar stations and de-
livery systems and finally introduc-
ing a planetary flyby system after
about six vears. NASA plans to get
double duty from a space station
by using it also as a manned inter-
planetary spacecraft.

11. NASA’s last chance

The fiscal 1968 budget repre-
sents NASA’s last chance to get a
post-Apollo  program under way
without breaking the continuity
started by President Kennedy when
he announced the lunar landing
goal on May 21, 1961. NASA has
let it be known that it wants $6
billion—a figure that includes a ma-
jor start on the Saturn/Apollo ap-
plications program and the Vovager
unmanned planetary explorational
effort. However, NASA would scttle
for $5.5 hillion to make down pay-
ments on the two new programs.
But industry representatives in
Washington say the space agency
will be lucky to get $5 billion.

The war in Vietnam is not the
only reason NASA’s budget may
have to be sliced. Rep. Joseph
Karth (D., Minn.), who ranks right
behind Teague on the House Space
Committee, opposes a stepped-up
manned planetary program because
of high cost, low economic payoff
and inadequate technological prep-
aration. Yet it is exactly such a pro-
gram that many inside NASA and
industry want to rally the govern-
ment and the public behind the
space effort. They reason that put-
ting an American on Mars by 1984
could do as nmmch for the space
program in the 1970’s as Apollo did
in this decade. A program such as
Apollo applications lacks this
glamor and is therefore difficult
for the public to identify with.

Ominous note. Karth was the first
to warn of a ceiling on NASA
spending and others repeated the
warning. At the recent Reliability
and Maintainability Conference in
New York, Karth said that until the

pressure of Vietnam eases, NASA’s
budget will be closer to $5 billion
than $6 billion. Such a budget cut
would mean putting off any firm
start on lunar bases and manned
planetary flight until the late 1970’s.

President Johnson sounded a
similar warning when he signed the
NASA authorization bill. He cau-
tioned that inflation might require
reductions in government spend-
ing. Although his remarks referred
to the steel price increases, he made
it clear that the space program
would suffer if government spend-
ing were slashed.

Countermoves. NASA has tipped
its hand that it doesn’t expect to
get all the money it wants. The
space agency had originally
planned to let industrial prime con-
tractors handle some projects. But
to prevent layoffs NASA decided
to do the work itself. The agency’s
largest installation, the 7,500-man
Marshall Space Flight Center in
Huntsville, Ala., recently took over
the Apollo Telescope Mount and
the Apollo Service Module Experi-
ments Pallet programs—both orig-
inally destined for industry. The
Mariner probe of Mars in 1969 has
heen assigned to the Jet Propulsion
Laboratory although the original
plan called for an industrial prime
contractor to do the work.

Time to consider. Other pro-
grams have been kept going by the
simple process of extending study
contracts. In this way NASA gets
more time before it makes a deci-
sion on which firms to choose. The
Bendix Corp. and the Boeing Co.
have had their contracts extended
to December. The two companies
are competing for the lunar scien-
tiic survey module vehicle that
will provide mobility on the moon.
At that time one will be chosen to
continue development.

The Lockheed Missiles and
Space Co. and the Martin Co’s
Denver division won nine-month
study contracts on integration of
experiments into the Apollo lunar
module. Both contracts were ex-
tended to 12 months and both firms
have been asked to investigate us-
ing the Apollo command module
and the depleted third stages of the
Saturn V launch vehicle to house
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scientific experiments,

Three firms are already studying
ways to use spent Saturn IVB
stages for earth orbital experiments
—the Douglas Aircraft Co., the Mc-
Donnell Aircraft Corp. and the
CGrumman  Aircraft Engineering
Corp. Marshall is expected to call
for proposals soon to develop the
Spent Stage Experiment Support
Module, Douglas, builder of the
stage, appears a sure winner.

111, Success schedule

Already approved NASA pro-
grams are expected to cost $4.5 hil-
lion in fiscal 1968 no matter what
the new budget amounts to. Most
of this money will go to Apollo and
should come close to the $3 billion
set aside for that program in the
authorization for fiscal 1967. This
leaves $500 million for new pro-
grams if NASA’s budget is held to
$5 billion.

Apollo applications and Voyager
won’t be the only programs com-
peting for these dollars. There are
the 260-inch solid rocket motor, nu-
clear power systems such as SNAP-
8 (systems for nuclear auxiliary
power), a nuclear upper stage built
around the Nerva II reactor and
additional purchases of approved
spacecraft such as Lunar Orbiter
and Pioneer. Because of this com-
petition, one airframe marketing
man speculated that “if the budget
falls to the $5-billion bottom Voy-
ager is in deep trouble.”

The situation for all of these pro-
grams could change if Apollo ex-
ceeds its estimated rate of expendi-
ture. NASA administrator James
Webb and associate administrator
Ceorge Mueller, who heads the
manned flight program, say that
Apollo is on what they call a suc-
cess schedule. This means that the
first American will step on the
moon in this decade and the entire
program will not exceed the $21.7-
billion estimate—if nothing goes
wrong,

Regardless of what final decision
emerges from this fall’s sessions
between NASA, the Budget Bureau
and Congress, one thing is certain:
some kind of direction must be
given to the post-Apollo space pro-
gram. NASA will then be able to
tell the electronics industry whether
it can count on the space program
or whether it will have to turn else-
where for business.
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Versatility and simplicity in variable, regulated power supplies

e o

POTENTIOMETERS
TO 10 KV

New Victoreen RX-17 series ceramic potentiometers,
when used across a well-regulated high-voltage source,
provide reference adjustment with a degree of
simplicity never before available to circuit designers,

Long life, resistance stability and panel insulation
capability to 20 kv make Victoreen RX-17 series
potentiometers ideal for reference adjustment for
variable, regulated HV supplies in CRT's, TWT's,
Klystrons, GM tubes, proportional counters, etc.

Two RX-17 series are available: One for operation
to 5 kv rated at 3 w, the other for 10 kv rated at 5 w.
RX-17 series ceramic potentiometers are normally
supplied with nominal resistance range of 1 Meg to
5000 Meg, with a linearity of =2%. Full technical details
on request to Applications Engineering Department.

6976-A
Components Division
THE VICTOREEN INSTRUMENT COMPANY

10101 WOODLAND AVENUE « CLEVELAND, OHIO 44104

EUROPEAN SALES OFFICE. GROVE HOLSE. LONDON RO.. ISLEWORTH, MIDOLESEX. ENGLAND VICTD REEN
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Circuit
treasure

LONG-LIFE
VAC-U=SEL
RECTIFIERS

ELECTRONIC

INNOVATIONS 7’

IN ACTION
7

Solid-state selenium cartridge rectifiers

B You add rare values to your os-
cilloscopes, radar sets, color TV, pre-
cipitators and other fow-current, high
voltage equipments when you speci-
fy G-E Vac-u-sel® rectifiers.

With solid-state selenium construc-
tion and no filament to burn out,
these cartridges provide high circuit
reliability over proved long life spans.
General Electric cartridges have re-
corded over 100,000 hours of “on-
time”. That's more than 11 years of
operating time.

Polycrystalline construction gives
selenium rectifiers far better resist-
ance to transient voltage than single-
crystal devices. G-E Vac-u-sel recti-
fiers will operate in ambient tem-

peratures up to 130 C with no derating.

Thin cell space savings, high den-
sity phenolic housing, and greater
product uniformity through Auto-
matic Continuous Evaporation (ACE),
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Typical circuit using G-E Vac-u-sel Selen-
jum Cartridge Rectifiers—in this case
as a compact 2 ma high-voltage power
supply used for CRT's, X-ray tubes, and
other d-c applications.

are three more reasons why you
should consider Vac-u-sel rectifiers.
G-E cartridges give you more PRV
per inch than other similar rated
units. If you require voltage ratings
up to 31,500 PRV and current ranges
from 1.5 to 25 ma, G.E. has the Vac-
u-sel cartridge you need. Try them.

Call your G-E engineer/salesman or
distributor for more information on
vac-u-sel cartridges or write to Sec-
tion 220-37, General Electric Com-
pany, Schenectady, N. Y. In Canada:
Canadian General Electric, 189 Duf-
ferin St., Toronto, Ont. Export: Elec-
tronic Components Sales, IGE Export
Division, 159 Madison Ave., New York,
New York.

SEMICONDUCTOR PRODUCTS DEPARTMENT

GENERAL &B ELECTRIC
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Avionics

A view from the cockpit

Army engineers are working on a contact analog display to give

pilots the most flight information in the simplest possible way

By W.J. Evanzia

Avionics Editor

Every pilot who has flown by in-
struments knows one of his main
difficulties is translating the read-
ings of a conglomeration of dials
and radar signals into a mental pic-
ture of what his aircraft is doing—
as it is doing it. Faster planes and
more dials are making the problem
increasingly difficult, yet the advent
of air mobility in ground fighting
is making it imperative that pilots
be able to fly ground troops and
supplies at treetop level regardless
of weather conditions.

Army  system  designers  and
human factor engineers believe that
a contact analog displayv, as op-
posed to a conventional aircraft
vertical and horizontal situation
display, may be the best method
of presenting the information visu-
ally. The Army is flight testing
such a systemn at its Electronics
Command’s facilities at the Naval
Air Station at Lakehurst, New
Jersev.

Although the concept of analog
displays is more than 10 vears old,
there is only one contact analog
display in use—a simple one in the
Navy’s ABA attack plane.

“Too much information can be a
pilot’s biggest problem,” says Wil-
lis (Bud) Dworzak of the Army
Electronics Command’s  Avionics
Laboratory at Fort Monmouth, N_J.
“The number of instruments in the
cockpit has increased to the point
where interpretation, translation
and integration of flight informa-
tion cannot be accomplished in the
split-second time required to con-
trol modern aircraft.”

Dworzak, project engineer for the
Advanced Aircraft Instrumentation
System program (AAAIS), savs the
contact analog display eventually
may form the basis of all cockpit
displays in Army aircraft, both
fixed winged and helicopters. If

the tests are saccessful the concept
may be inorporated into the
Army’s Advanced Airborne Fire
Support  Svsein, (AAFSS) and
later in the Surveillance and Target
Acquisition System, (Stass). The
model being tested in a Beecheraft
Twin-Bonanza J-50 consists of com-
ponents alrcady designed for other
prograras.

Program’s evolution. The AAAIS
instrumentation  system evolved
from the Joint Army-Navy Instru-

mentation Research program. (Jan-
air). Janair began in the mid-1950"s
and was known as the Army-Navy
Instrumentation Program, (ANIP).

Janair was a study programn con-
cerned with proving the feasibility
of a variety of avionic concepts. It
did not develop hardware or at-
teinpt to prove the practicality of
its study projects. But after feasi-
bilitv was proven, an individual
service could continue the investi-
gations and develop a working sys-

Contact analog display in a Twin-Bonanza J-50 after a test flight

by Willis Dworzak, engineer for the Advanced Aircraft Instrumentation
System program. The vertical panel and horizontal situation display at
pilot’s left gives him almost all the information he needs to fly the plan
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Portable

SOLID STATE
PHASE METER

MODEL PM-720

Provides exacting accuracy with
compact portability at low price.
Advantages: Light weight (5 Ibs.)
...3%" height...Absolute panel
meter accuracy of = 1° or 2%...
External output relative accuracy
of == 0.20%...Equal accuracy for
symmetrical waveforms of any
shape...Two inputs can have
amplitude differences of 1,000 to 1
without affecting phase reading...
Direct phase angle readings
between 0° and 360° without adjust-
ments or phase shift insertion
instruments. Price: $950.

For complete specifications write to:
R. H. DOW, MGR., AEROMETRICS,
AEROJET-GENERAL CORPORATION,
P. O. Box 216-F5, SAN RAMON, CALIF.

AEROMETRICS

AEROJET
GENERAL
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tem if it thought that a program
looked promising.

1. Electronic eye

The contact analog system pre-
sents on two panel displays—one
horizontal and one vertical—almost
all the information a pilot needs to
fly his aircraft regardless of
weather conditions. The system’s
central computer complex also will
solve navigation and fuel manage-
ment problems and will ease the
pilot’s task of shifting from one in-
flight plan to another. According to
Dworzak, “AAAIS has performed
almost flawlessly in its carly tests.”

The central computer complex of
the system is a modified AN/ASN-
24 digital computer made by the
Kearfott division of General Preci-
sion, Inc., a subsidiary of the Gen-
eral Precision Equipment Corp.
The computer processes sensor in-
formation, stores data, commands
the display of symbols on the
screen of a cathode-ray tube and
solves fuel management and navi-
gational problems. An air-data
computer, made by the Bendix
Eclipse-Pioneer division of the
Bendix Corp., reads the plane’s air-
speed, heading, temperature and
radar altitude and converts it into
a form suitable for display.

On the contact display, the earth
is depicted as a grid of squares and
the sky’s clouds as circles. Lines
along the earth parallel to the

i

Flite-path contact analog display system in a Navy AG6A attack bomber is tested by

» s

course appear to converge at a
point on the horizon. The position
of the horizon depends on the at-
titude of the aircraft. If the craft is
in a dive, the horizon will be high
on the screen and it will appear
tilted if the plane is making a turn.

The horizontal lines of the
squares representing the earth are
an equal distance apart. They move
from the center of the picture to the
bottom, and grow larger, giving the
illusion of speed.

The display is created by a sym-
bol generator and controlled by the
central computer from stored in-
formation and data read out from
sensors on the aircraft—for ex-
ample, the altimeter, automatic di-
rection finder and onboard radar.

The display patterns represent-
ing the earth show the plane’s atti-
tude, altitude and speed by chang-
ing perspective. The trapezoidal
grid patterns representing the earth
in level flight become squares if
the aircraft dives and the size of
the grid will change with altitude.

Black on white. From the ground
up to 100 feet, the grid represents
15-foot squares and is presented
as white lines on a black back-
ground. From 100 feet to 1,000 feet,
the grid represents 130-foot
squares and appears as black lines
on a white background. At 1,000 to
10,000 feet, the grid represents
1,500-foot squares and the colors
revert to white on black. To differ-

PSS

a field engineer. The system is the only cockpit display of its type operating
in fighter aircraft. The Army’s system will be more sophisticated.

Electronics | August 22, 1966



entiate between the highest and
lowest ranges, the width of every
eighth line is doubled on the lowest
range.

The display also includes an arti-
ficial flight path, a sort of “highway
in the sky” superimposed on the
picture tube. The image rises from
the bottom of the screen like a tri-
angle, giving the illusion of depth.
If the pilot’s heading is too far to
the left the road will bend to the
right. The pilot can reference the
flight path symbol to the plane of
the earth or to the air mass in
which the aircraft is Aying or to the
aircraft.

Speed trap. The pilot also can
select a command speed and this
will be displayed as a series of
dashes on the right-hand side of
the flight path. Should the pilot ex-
ceed his desired speed, the marker
moves out of the center of the dis-
play toward the bottom; it moves
in the opposite direction if the pilot
is going too slow.

Auxiliary  indicators  located
along the sides of the vertical dis-
play include a vertical tape altim-
eter and airspeed indicator. These
instruments present qualitative bar-
ometric altitude, terrain height and
airspeed. Indicated airspeed, com-
mand speed, Dbarometric altitude
and command altitude are also pre-
sented numerically on digital read-
outs on each instrument. Also
shown numerically are miles-to-go
to target or landing area, miles of
fuel, minutes-to-go and minutes-of-
fuel needed to complete the flight.

Il. Horizontal display

The instrument system also has
a horizontal situation display—a
6-inch, 2-gun cathode-ray tube—
and an input panel to manually in-
sert data. The pilot sets fixed
values, such as wind velocity and
direction, fuel and magnetic varia-
tion on the input panel; these
values are later used by the central
computer for in-flight programing.

Inputs for the horizontal map
display arc generated by a vidicon
scanning system developed by
ACF Industries, Inc., which utilizes
topographical data stored on 390
frames of 70-millimeter film. Map
coordinates are programed into the
computer which selects the map
frame and drives the map scanner
in x and y coordinates through a
servosystem.
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Three map scales. For the devel-
opment system, the Technicolor
Corp. made map reductions of an
800-nautical-mile square area of
the Eastern United States in three
scales. A L:1-million scale master
map, 1:250,000 scale for enroute
navigation, and a 1:62,500 scale for
terminal areas.

In a fixed map mode, an aircraft
symbol moves over a stationary
map display. In the moving map
mode, the symbol is stationary and
the map moves under it.

The pilot can display radar infor-
mation concurrent with the map
and symbol presentation. The radar
data is shown on a plan position
indicator scan. Texas Instruments
Incorporated’s AN/APN-149 ter-
rain avoidance radar provides the
videco information presented by the
scan.

I1l. Operational systems

Some visual instrumentation sys-
tems already are in operation and
a number of commercial companies
are developing others. Among the
most prominent is a system created
by the Kaiser Aerospace and Elec-
tronics Corp., a division of Kaiser
Industries Corp. The Kaiser AN/
AVA-1 Flite-path display is the only
contact analog syvstem that has
been tested in combat. The system
is mounted aboard the Navy’s ABA
Intruder bombers flving many of
the low-level attack missions in
Vietnam.

There are two versions of the
Flite-path system: the sophisticated
transistorized unit in the Navy’s
bombers and a smaller less com-
plex unit for commercial planes
and the Army’s light aircraft. The
smaller unit is built of discrete
components and integrated circuits.

The Flite-path’s contact analog
picture shows synthetic cloud
shapes to depict the sky and circles
to represent the ground. The cir-
cles appear to move toward the
front and speed up as the craft in-
creases its speed. As the aircraft
climbs, the circles get smaller and
move more slowly.

An indicator similar in principal
to the AAAIS “highway in the sky”
tells the pilot if he is on course. An
output from the aircraft’s inertial
guidance system generates the
heading signals for the displays.

Seeing in 3-D. In addition to the
contact analog mode, the Flite-path

Portable
ELECTRONIC
COUNTER

MODEL EC-715

A compact, high speed (10 mc—7
digit), counter-timer providing fre-
quency, period and time interval
measurement capability found
only in units of greater size, weight,
and cost. Unique in performing as
integrating digital voltmeter with
optional voltage-to-frequency con-
verter. Light weight (7 Ibs.) enables
ideal utilization for field service.
Price: $1450.

For complete specificaiions write to:
R. H. DOW, MGR., AEROMETRICS,
AEROJET-GENERAL CORPORATION,
P. O. Box 216-F5, SAN RAMON, CALIF.
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LANTHANUM for phosphors?

| catalysts?
dielectrics?
semiconductors?

[

WE MAKE LANTHANUM

MATERIALS ECONOMICALLY PRACTICAL,
WONDERFULLY USEFUL, WELL WORTH
YOUR CRITICAL APPRAISAL.

The key to your next research project might well be lanthanum. As a catalyst,
perhaps. Rare earths proved their catalytic promise with the Durabead-5
cracking catalyst. Or lanthanum for such uses as curing phenolic resins,
synthesizing ammonia, decomposing nitrogen oxides. in electronics, lantha-
num shows interesting semiconductor properties, and in ceramic dielectrics
to contral the temperature coefficient of capacitance. The special low-tem-
perature properties of lanthanum make it useful in memory and contro!
devices that operate at extremely low temperatures. Other lanthanum mate-
rials have been suggested for use as thermionic cathodes in applications
requiring high current densities and high voltages. Still others have ferro-
electric properties useful in condensers, piezoelectric elements, and electro-
optical systems. Strike a responsive chord? If so, please write us. We have the
materials, staff and technology that can save you headaches and money!
Ask for detailed literature. RARE EARTH DIVISION, West Chicago, lllinois
60185. Phone 231-0760 (Area code 312).

“TITT® American Potash & Chemical Corporation
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system has a second mode in which
terrain contours are displayed.
Video inputs from an APQ-18 for-
ward-looking radar are fed into a
special radar data computer.

The APQ-18 radar measures both
the range and altitude of terrain in
a sector ahead of the plane. A com-
puter converts this three-dimen-
sional information (range, altitude
and azimuth) into synthetic con-
tours on the screen.

According to Kaiser engineers,
tests have shown that pilots are
able to follow the terrain contours
of the radar display more accu-
rately and with more confidence
than visual references. The engi-
neers say this is because radar ac-
curately measures range while the
eve can only estimate.

The terrain clearance display
shows the same ground-stabilized
field of view ahead of the aircraft
as in the contact analog mode. The
horizon is present and intervening
terrain appears in perspective and
is scaled so that any features that
are higher than the altitude of the
aircraft are shown projecting above
the horizon.

Slicing the land. The terrain is
sliced transversely into 10 ranges
(one-quarter mile ahead, one-half
mile ahead, one mile ahead, and so
on). A terrain profile is genecrated
for each range to show terrain
height versus azimuth at that
range. and the profiles are stacked
with the nearest at the bottom of
the display and the farthest at the
horizon. To distinguish ranges,
each profile has a different shading
—Ilight at the nearest range to dark
at the horizon. Two ranges—the
nearest and one other selected by
the pilot—are highlighted with ver-
tical marks.

The Norden division of United
Aircraft Corp. also is working on
a display system for Army and
Navy helicopters equipped with
the Integrated Helicopter Avionics
System (IHAS). Norden also will
supply the vertical situation for the
display for the Integrated Light
Attack Avionics System (Ilaas).

The Mark 2 avionics subsystem
for the Air Force’s F-111A will also
include a vertical display, but its
design and contractor have not
been announced. The Autonetics
division of North American Avia-
tion Inc., is the prime contractor
for the avionics subsystem.
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Computers

Behind the complaints
on computer software

Makers and users have been caught off guard by the complexity of third-

generation machines; writing software is costlier than developing hardware

In Washington, a large govern-
ment agency continues to operate
its old computer while a new third-
generation machine sits idly across
the room surrounded by service
engineers who are trying to make it
work. A chemical company has its
third-generation machine running
but reports that it isn’t getting any-
where necar the output expected.
and a Midwestern aircraft company
finds its third-generation machines
work well as long as operators
keep the demands simple.

These examples illustrate what’s
been happening with third-genera-
tion computers as they go on-line.
Both users and manufacturers of
computers have discovered that the
step from second to third genera-
tion was a bigger one than they had

envisioned. At the International
Business Machines Corp., whose
problems have been the most

severe only because it has sold so
many more third-generation ma-
chines than anybody else, execu-
tives say frankly, “We underesti-
mated what had to be done. We
underestimated the complexity.”

The biggest problem can be
summed up in an IBM manag-
er's comment, “Everybody’s late.”
Mainly, the lateness has been in
software, the instructions with
which people communicate with
the computer. Some IBM programs
have fallen more than a year be-
hind schedule. The worst snarls
have happened to the operating
systems and compilers. Without
these programs, the computer can-
not work at its planned speed or
capability.

l. Bad time at IBM

Problems with the system 360
stopped IBM management cold for
nearly two years. Top executives
spent almost all their energy re-
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solving them, one IBM man says.
But he adds, “Ninety percent of the
difficulties have now heen solved
and time will cure the rest.”

Three problems. IBM has had
three problems with the 360 system,
any one of which might have
floored a company with lesser re-
sources. First, it couldn’t develop a
production process that would turn
out gooi hybrid integrated circuits
fast enough. That forced delivery
schedules of the machines to slide.
A massive technical effort and pur-
chasing some services like testing
and some parts like ceramic sub-
strates from outside vendors solved
that problem. Then the company
discovered its model alignment was
all wrong. It scrapped five models
and added four new ones throngh
a second massive engineering ef-
fort. Finally, the software turned
out to be more difficult to write
than anybody expected and IBM is
currently making a herculean cffort
to resolve that.

Just how big the effort is can be
seen by the number of people work-
ing on system 360 software. Over
1,000 programers and testers are
writing the operating system for
large models. Another 1,000 pco-
ple are working on compilers and
other programs that the company
supplies with the computer. That
compares to about 200 people who
prepared all the software for IBM’s
7000 series of machines, its large
second-generation processors.

Writing operating systems for
the third-generation computers, so
that the computers could run auto-
matically, has turned out to be far
tougher than anyone expected. The
new computers were designed for
multiprograming—that is, solving
many different problems at the
same time; second-generation ma-
chines run only one program at a

time. Peripheral equipment for
third-generation  computers in-
cludes bulk storage devices such as
magnetic tape, disks and drums;
only tape is used in most second-
generation installations. The new
systems work so fast there is no
time for manual intervention. In
contrast, the second-generation op-
crating systems often print mes-
sages telling the operator to push
a certain button.

Roomful of string. To do all these
jobs as fast as required calls for
a gigantic program. IBM software
people say the operating system
for large model system 360 com-
puters already has one and a half
million instructions and its size will
triple in the next two vears. So
many people are writing parts of
the program that putting the pieces
together has been a spectacular
problem. Often the pieces don’t fit
or a change in one part offsets every
other part. Said one manager, “It’s
like finding the loose end of a room-
ful of string.”

The number of instructions raises
another sticky problem. The oper-
ating system requires so inuch com-
puter memory that a small madel
of the machine doesn’t have enough
left to do any work. Initially IBM
and other makers were selling the
idea of compatibility: buy a small
model and move up to the bigger
models in time without changing
software. But the operating svstem
will require 14,000 bytes of infor-
mation in storage at any instant so
that even a computer with a 32,000-
byte memory has only half the
memory left for application pro-
grams and data. What's really
needed for such a system is a
memory size of about 256,000 bytes.

The complexity increase applies
to other programs too. In the city
of Los Angeles case, for example
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Fiberfil High-Performance FRTP’s In Action

Polycarbatil housing for Dictograph speaker is
injection molded by Waterbury Co., Randolph, Vt.
Nylafil switch housing, push-buttons and volume
control wheel are molded by Hinchman Mfg. Co.,
Inc., Roselle, N. J.

Polycarbafil~ has
toughness needed for
new hospital speaker

Impact strength important in
speaker for hospital patients

The pillow specaker for individual hospital
patients made by Dictograph Products, Dan-
bury, Conn., must be able to withstand ac-
cidental dropping on the floor. Dictograph
looked for a material that would have the
impact resistance and toughness for this,
plus rigidity, dimensional stability and low
coeflicient of thermal expansion. They chose
Polycarbafil, fiberglass reinforced polycar-
bonate. Fiberglass reinforcement increases
all of these properties.

In addition, Nylafil, fiberglass reinforced ny-
lon, was chosen for push-buttons, volume
control wheel and switch housing for its
strength and wear resistance.

Compare Physical Properties

Unrein-

Polycar-
Property Unit  poreed  bal
bonate G-50/20
Tensile Strength PSI 8,000 18,500
@ 73°F
Flexural Strength PS! 13,500 25,000
@ 73°F
Coef. Linear Thermal In./In. 1.0x10-5  1.02x10-%
Exponsion / 7F.
Heat Distortion Temp. oF 285 308
@ 66 PS!
Water Absorption % 0.15 0.11
24 hrs,

Polycarbafil and Nylafil are only two of the full
line of fiberglass reinforced thermoplastics pio-
neered and patented by Fiberfil. Only Fiberfil can
give you complete technical data, practical ex-
perience and a full line of reinforced materials.
Send for your free copy of the FRTP engineering
manual. Fiberfil, Inc., Evansville, Indiana 47717.

Fiberglass Reinforced Thermoplastics
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...I1BM’s worst problems are with
the software for the larger model machines. ..

[Electronics, July 11, 1966, p. 1291,
the machine has been using a Co-
bol E compiler that is too slow. It
should be using a Cobol F that is
bigger and 10 times faster, but its
delivery date slipped from June,
1966 to November, 1966 and last
spring slid to December.

IBM’s worst problems are with
the software for the big model ma-
chines which are used primarilv for
scientific problem solving at so-
phisticated computer centers. Iron-
ically, IBM was proudest of the
large model system 360 machines
when they were announced in
April, 1964, because the company
had been notoriously weak in that
segment of the market. It is still
too early to tell how much the
software trouble has hurt IBM’s ef-
forts to cash in on this part of the
market.

(1. Other side of the coin

While manufacturers are having
their own problems, the customers
have introduced some unexpected
ones. The user has not applied him-
self to the problem of operating
the new system as well as he could
have, some manufacturers say. The
machine operator has been slow
in conquering the manual tasks
called for in the basic elements of
the 360 operating svstem—and only
these elements have been received.

These manual requirements are
numerous and complicated. Also,
the machine operator knows that
when the operating system finally
arrives, many of these chores will
be handled automatically.

Another reason the user has not
got as much out of the 360 as he
might have is because he doesn’t
understand the software now avail-
able. For example, advanced soft-
ware systems sometimes require
so many control cards that the pro-
gramer has trouble deciding which
to use. The programer uses con-
trol cards, which are actually rec-
ords on magnetic tapes or disks,
to tell the software what language
he is using, whether he wants to
compile-and-run or just compile,
and whatever else he expects of it.

Confused programers have been
known to specify too many con-
trol cards, producing an exception-

ally slow-running program full of
error-tracing routines, most of
which were meant to be used only
for severe diagnostic difficulty.

I11. IBM is not alone.

According to an official of a com-
puter users’ association, no com-
puter manufacturer has put as
much ecffort into developing soft-
ware as he should have. Production
techniques and quality control have
not been maintained on software
to the extent they have on manu-
facturing facilities.

Other computer manufacturers
are sympathetic to IBM’s problems
because they are having their prob-
lems, too. Companies that have
built computers compatible with
the IBM 360 systems—Honeywell,
Inc., for example—are tacing the
same problems as IBM. Usually,
however, the situation is not as
critical because the programs aren’t
as ambitious as those that IBM is
attempting, and because the com-
panies were more cautious in prom-
ising what the system would do.

One installation that has both an
IBM 360 and a third-generation
computer built by Control Data
Corp. reports a lot of trouble with
the 360 and very little with CDC’s.
The CDC computer compiles only
Fortran and assembles programs
in its own symbolic language. The
IBM software is supposed to do
both of these as well as accept
other languages, sort data etc.

Competitors, Because their soft-
ware is not as complex, IBM’s com-
petitors have not had the same
horrendous problems. In addition,
some competitors’ third-generation
machines remain compatible with
their second generation rather than
directly with the 360, and therefore
avoid much of the software prob-
lem. An example is the Univac
1108, which is compatible with the
Univac 1107. [Univac is a division
of the Sperry Rand Corp.] But Uni-
vac is preparing a new 1108 operat-
ing system that may give it some
of the kind of trouble that has
plagued IBM.

1V. The outlook

It’s clear that the problems with
third-generation machines will be
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solved; the only question is when.
The manufacturers—notably IBM
—whose software is late or defi-
cient have massive efforts to deliver
it or fix it. IBM, for example, has 16
system 360 computers of various
models at its Poughkeepsie, N.Y.
facility, solely checking out soft-
ware,

Because of the critical needs of
some users, however, IBM has
overturned a long-time company
precedent by releasing some soft-
ware with restrictions until the final
unrestricted program is ready. In
June, it relcased a Fortran H com-
piler, designed for the largest mod-
els, with a long list which limited
ways it can be used.

Software for IBM’s smaller mod-
els of System 360, notably model
20 and 30, has been delivered and
has worked well. Customers have
received the rudimentary operating
systems that run these small ma-
chines, the so-called basic operat-
ing system, disk operating system
and tape operating system. A few
users are stayving away from the
higher-level software systems, be-
cause the lower smaller systems
work fairly well, even with their
complicated manual controls.

Still others are modifying the
available  software  themsclves.
rather than waiting for the manu-
facturer to deliver. This can be
dangerous because the modified
versions may not be compatible
with the finalized manufacturer-
supplied program.

Because of the tremendous costs
of writing complex software—an
IBM man estimates his company
will spend 50% more on the
software than it did developing
hardware for system 360—manu-
facturers now have a greater ap-
preciation for it. Some are even
considering charging separately for
it, allowing the customer to pick
the best programs for his systemn
and application.

Such a move might allow inde-
pendent software companies to en-
joy a more important role. Still, the
ultimate design of software and
hardware is based on a compro-
mise to produce the lowest cost
system. Nobody is willing to say
that greater use of independent
programing firms could have pre-
vented the problems computer
users ran into when they switched
to third-generation machines.
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MOL Resistors

PROMPT
DELIVERY

...1s one reason why all major TV manufacturers
use Mallory MOL film resistors.

Other reasons? Temperature coefficient only
250 PPM/°C; proved flame resistance; high
stability in humidity; less than 59 resistance
change after 10,000-hour load-life test. Write
for data and quotation. Mallory Controls
Company, a division of P. R. Mallory & Co.
Inc., Frankfort, Indiana 46041.

MALLORY
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Consumer electronics

Open and shut case

Camera makers turn to electronic shutters to hold their positions

in highly competitive market for “point-push’ models

George Eastman started it all be-
fore the turn of the century when
he captured a mass market for his
film-loaded Kodak camera with the
slogan, “You push the button—we
do the rest.” Ever since, competi-
tion among camera makers has cen-
tered around making picture-taking
a snap.

Electronic shutters now seem
poised to snmap up a substantial
share of this highly competitive
“point-push” camera market. Al-
ready five Japanese camera makers
—including household names like
Canon, Yashica and Minolta—have
transistor cameras on the market.
They retail for $100 to $125 in New
York City, a price bracket for the
serious, but not addicted, amateur.

Two, possibly three, more cam-
era makers will have models with
electronic shutters ready for a de-
but at the Photokina trade fair this
October at Cologne, \Vest Ger-
many. As a result, shutter makers
now say that models with elec-
tronic shutters will account for at
least 40% of Japanese camera pro-
duction by the end of the vear.
Right now, the figure is 20% of the
250,000 cameras turned out in the
country each month.

Bandwagon. Now that the Jap-
anese have gone to market in a big

way with electronic shutters, Amer-
ican and West German producers
will be forced to follow suit. For
the moment, the only American
camera company on the market
with an electronic shutter is the
Polaroid Corp. Polaroid has had a
two-transistor shutter for three
years now but with its developed-
in-the-camera film pack, Polaroid
is a special case. The Eastman Ko-
dak Co., the dominant U.S. cam-
cra maker, won’t disclose its plans
for electronic shutters. But it’s a
safe bet Kodak is keeping close
watch on the competition. West
German producers expect they’ll
be on the bandwagon within two
years. Leaning on a camera display
counter surrounded by a half-dozen
Japanese transistor-shutter models,
a camera expert at a hustling New
York photo retailing shop says,
“Every onc will have them in the
next two years.”

With their share of the still-cam-
era market on the verge of zooming,
Japanese electronic shutter makers
have set their sights on another
mass market—home movie cam-
eras. Electronic shutters for movie
cameras, though, are trickier than
still-camera shutters. For aperture
control on a movie camera, a servo
system is required. One Japanese

—_—)
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shutter maker, Copal Co., has a
transistorized servosystem almost
ready to go.

For the pros. Flectronic shutters,
too, are finding a place in the pro-
tessional camera market. Two West
German companies currently offer
shutters for studio and press cam-
eras. These shutters, without photo-
cells, are at best distant cousins
to the “push-point” versions. Their
chief advantage is precise timing
over a long life; mechanical shut-
ter controls lose their precision as
they wear.

Compur Werk GmbH, for ex-
ample, has a remote-controlled
shutter for studio cameras that sets
aperture over a range of f/4 to
£/90 and speed from 1/60 to 32
seconds. The electronics are honsed
in a pocket-radio-size unit con-
nected by cable to the camera. A
two-transistor timing circuit actu-
ates shutter magnets that open and
close the blades. Diaphragm ad-
justment is handled by a small
servomotor. Compur also produces
a speed-only shutter with the elec-
tronics in the shutter mount: so
does Pronto-Werk (Alfred Gauth-
ier) GmbH,

Sturdier eye. The clectronic shut-
ters going into amateur cameras are
replacing the so-called electric-eye

TN

ot.l " - '

From New York to Tokyo, camera buyers are snapping up cameras with transistor timing circuits in the shutter,.
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shutters that in recent years have
dominated the medium-price cam-
era market. In the electric-eye shut-
ter, the photocell output drives a
small galvanometer inside the cam-
era. When the shutter button is
pushed, the galvanometer necedle is
clamped and a stepped cam rotated
against it. The cam travel sets the
shutter speed according to the inci-
dent light on the photocell.

This electromechanical system
has a serious drawback—the deli-
cate galvanometer. A small shock
can knock the galvanometer pivots
out of their bearings. Then, too, the
galvanometer  deteriorates with
age. Most of the servicing problems
for an electric-eye camera stem
from the galvanometer.

Electronic shutters eliminate del-
jcate galvanometers by means of
transistor timing circuits. Basically,
the photocell output charges a ca-
pacitor in a transistor switching
circuit. When the capacitor charge
reaches a preset value, the circuit
switches to release the shutter. In
the actual shutter circuits, though,
refinements make operation as fool-
proof as possible.

1. Half-dozen

The most sophisticated electronic
shutter for amateur cameras now
on the market is a six-transistor
unit manufactured by Seiko-K. Hat-
tori and Co. It turns up on cameras
made by Canon Camera Co., Mi-
nolta Camera Co., Olympus Optical
Co., and Ricoh Co. This shutter

varies both aperture and exposure
time automatically according to the
incident light. The range runs from
1/30 second at f/2 to 1/500 sccond
at £/16.

The six transistors in the circuit
(see diagram) are split up into two
similar circuits, each made up of a
two-transistor Schmitt trigger cou-
pled to a single-transistor output
stage. One circuit warns the pho-
tographer when there’s not enough
light to take a satisfactory picture.
The second three-transistor circuit
drives a solenoid that closes the
shutter at the right instant.

Guiding light. In the warning
circuit, the cadmium sulfide photo-
cell is switched onto the trigger cir-
cuit (Q: and Q) by switch S,
when the shutter button starts
down. If there’s too little light, re-
sistance of the cell will be high and
the voltage drop across it will
switch the Schmitt trigger to turn
on transistor Q. and light the warn-
ing lamp L.

If the light doesn’t go on, de-
pressing the shutter button further
throws switch S- to the timing po-
sition. At the same time, switch S
closes to encrgize solenoid M, it
opens the shutter to the smatllest
aperture, and also holds S; closed.
A mechanical governor then grad-
ually opens the camera’s combina-
tion shutter-iris until solenoid M.
snaps it closed.

Transistor Qs controls the shut-
ter-closing solenoid. The second
Schmitt trigger (Q, and Q.) turns

on this stage. The trigger switches
when the photocell current charges
capacitor C. For flash shots, a vari-
able resistor R; sets the aperture-
speced combination to match the
exposure guide number.

Protected. Diodes D, and D:
route current from the photocell to
the Schmitt trigger in use. Diode
D. protects the shutter from dam-
age should the camera user push
the shutter button all the way
down in darkness. The diode pro-
vides a current path that charges
capacitor C to reclose the shutter
immediately when there’s no photo-
cell output.

The shutter circuitry also in-
cludes a battery-check switch (S4).
It applies an input to the warning-
lamp Schmitt trigger through resis-
tor R.. If the battery is good, the
trigger switches and the warning
lamp lights.

{1. Quartet

Seiko’s shutter is geared for the
amateur who is content to let the
camera do the rest after he’s
pushed the shutter button. For the
more sophisticated amateur who
wants to select his own aperture
and thus control depth of field, Co-
pal Co. offers a four-transistor shut-
ter that automatically matches ex-
posures to light conditions, film
speed and aperture. Yashica and
Olympus both have cameras with
this shutter on the market; three
other companies are negotiating
with Copal to buy its shutter.

PHOTOCELL
FLASH 100
33K 15K % 25064
0
MERCURY i
| CELL 47K <€ 1.3-10K r
T Q, Q
2SA16 25A16
100K
Dy
INEO 30K
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Seiko shutter circuit has six transistors. Practically all com
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ponents are tucked inside shutter mount.
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Copal’s circuit adds up to a four-
stage, direct-coupled transistor am-
plifier with the first three stages
normally off. As soon as the shutter
button is pressed, the fourth-stage
turns on and powers a solenoid latch
that holds the shutter open against
the force of a spring,.

The first stage is held off with bias
across a voltage divider, which
matches the shutter circuit to the
aperture. A cadmium sulfide cell
charges a capacitor in the first-stage
input - circuit; when the charge
equals the hold-off voltage, the first
stage conducts. It turns on stage
two, which turns on stage three,
which then turns off stage four to
de-energize the solenoid latch.

Warning. The Copal shutter has
a maximum speed of 1/300 second,

meaning overexposure is possible |

when theres too much light and
aperturc. An overexposure check
switch cuts out the input-circuit
capacitor and cuts in a calibrated
resistor in its place. If the light

level is too high, the first stage turns .

on and the fourth stage turns off.
When it does, a capacitor in the
overexposure warning lamp circuit
discharges to make the lamp glow.
At the slower end of the shutter-
speed range, exposures run up to two
minutes. To warn the user not to try
to hand-hold the camera when the
exposure will be longer than 1/30
second, there’s also a long-exposure
check circuit. Like the overexposure
check, it works by switching in a
calibrated resistor in place of the
input-circuit capacitor.

IN. On the move.

Neither of the shutters now on
the market gives the user a chance
to preset shutter speed for stopping
fast motion. But Copal has in the
works a five-transistor shutter that
can handle either preset speed or
preset aperture,

For preset aperture, the circuit
works much the same as Copal’s
present shutter although there are
only three stages because higher-
gain transistors are used. For preset
speed, the first two stages control a
pair of emitter followers that drive
a small servo motor,

Copal also has well along in de-
velopment a simple servo system
that would drive the aperture ring
of a movie camera through 100
degrees of rotation to match the iris
opening to the lighting.
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Laser helps seismic prospectors dig deeper

There’s a vast fortune in oil to be found on seismic charts already recorded,
from fields already explored. The trick is in enhancing the seismic data, in
separating the significant information from noise, surface waves, diffrac-
tions, and other spurious events which obscure desired reflections. You can
do it, if you can afford it and have the patience, with standard analog and
digital processing methods. But if you want to dig deeper, processing
hundreds of data channels at a time and monitoring the results at all stages,
there’s now another way to look at your data.

A new technigue’, called Laserscan?, processes seismic data using op-
tical filtering methods. When spatially coherent light is passed through a
seismic “section” on photographic film, the seismic signals act as an
optical grating to produce a diffraction pattern. By “‘doctoring’ the diffrac-
tion pattern, then converting it back into an image of the original section,
it is possible to remove unwanted frequency or directional components
Key to the success of the method is the intense, spatially coherent mono-
chromatic light from a Spectra-Physics CW gas laser.

sectic sh {left) reflections cro: o7 and low VR e

tion with high- and

Similar optical data processing methods enable the removal of raster lines
from televised photos, for example, or the subtraction of interference and
noise to improve visual display of low-level signals. Whether you are pros-
pecting for oil or ideas, it may pay you to investigate other ways in which the
CW gas laser has found commercial application. If you'd like to be on our
mailing list to receive Laser Technical Bulletins, write us at 1255 Terra Bella
Avenue, Mountain View, Calif. 94040. In = ;
Europe, Spectra-Physics, S.A., Chemin @pectra-Physncs
de Somais 14, Pully, Switzerland.

MILTON B. DOBRIN, ARTHUR L, INGALLS, AND JAMES A. LONG, 1965,
SEISMIC DATA USING LASER LIGHT: GEOPHYSICS V. 30, PP 148-1178

TRADE MARK, CONDUCTRON CORPORATION
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The 766 HF simulates

a dual-beam scope
at a single-beam price.

It's a 100 MHZz scope
with 100 mV /div sensitivity,
(10mV at 90 MHz)

6 by 10 cm scan,
13 kV HV,

and algebraic add.

It operates in

12 different modes

on a single time base,
without changing plug-ins.

What more can you ask for?
Our data sheet. '
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FAIRCHILD INSTRUMENTATION / A Division of Fairchild Camera and Instrument Corporation s 475 Ellis Street, Mountain View,California, {415} 962-2011 » TWX: 910-379-6944



Do you qualify
for this prize?

Our new FX-18 Core Memory isn't
for everyone. It's for the systems
designer who needs 200,000 to
2,000,000 bits of storage—too
little for a full scale mass memory,
yet too much to justify the cost of
stringing a flock of small units
together. If you're in this select
group, your prize can be a saving
of up to 30% on your memory
system costs.

Storage capacity of the FX-18 is
16K words x 32 bits and it's a true
16K four area format, not a patch-
work of 4K word modules. This
permits significant improvements
in signal-to-noise ratio over that

FERROXCUBE

CORPORATION

OF AMERICA

Systems Division
5455 S. Valentia Way

available with conventional single
area techniques used in 4K sys-
tems. Full cycle time for the sys-
tem is 8 microseconds; ¥2 cycle
time is 5 microseconds. Access
time is less than 4 microseconds.
Included as standard on the FX-18
are both the address and data reg-
isters, logic and drive power sup-
plies, also timing and control logic.
Optional features provide a wide
variety of address and operating
modes for optimum flexibility.

We call the FX-18 a “small” mass
memory because it fills the gap
between the standard 4 thousand
word units and large mass memo-
ries of 5 million bits or more. But
here’s the clincher. It's available
at mass memory prices, between
3 cents and 4 cents per bit, and
you don't have to buy 5 million
bits worth.

If you've been intrigued by mass
memory prices, but don't need the
large capacity required to get the
price down, then you qualify for
the FX-18. Write for Bulletin 1087.

Ferroxcube &

New York Area
201-267-5888

Philadelphia
215-667-4685

Phoenix
602-265-1792

Dallas
214-255-0441

Boston
617-889-3110

Englewood, Colorado
303-771-2000

Chicago
312-261-7880

Los Angeles
213-837-1484

Minneapolis
612-888-4681

Washington, D.C.
703-893-4900
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INDUSTRIAL APPLICATIONS FOR FAIRCHILD INTEGRATED CIRCUITS

I

of a series

The Switch to IC’s:

FactorFad?

IC’'S ARE HERE TO STAY: Recently a major manufacturer of consumer
electronics announced the first television set using integrated circuits.
The industry had not expected this development until about 1970.
This is characteristic of the speed and extent of the switch to inte-
grated circuits in the electronics and electro-mechanical equipment
industries. But the very speed of the switch has caused some design
engineers to delay the usage of integrated circuits in their equipment.
They are afraid of getting caught in a fad, and reason that better inte-
grated circuits may be just around the corner. So why switch now?
This line of reasoning overlooks several good bets.
GET STARTED NOW: The advantages of switching to integrated circuits
are inherent in the components themselves, and are indepzandent of
the type of integrated circuit you use. Regardless of which fogic family
you choose, you are bound to reduce your component ccunt by a
factor of ten or more. This means fewer boards to assemble, inspect,
and test. Consequently your production costs are lower. Fewer com-
ponents also mean fewer interconnections and higher reliabtility. It is
also cheaper to design with integrated circuits, because of the modu-
lar, building block nature of the components. There is little question
that the use of integrated circuits results in a smaller, better product
which costs less to make.
WHAT ABOUT PERFORMANCE ? The only difference between one inte-
grated circuit family and another is in performance. But if you com-
pare the actual performance characteristics of an industrial integrated
circuit family, such as Fairchild RTul, to the characteristics of some
newly announced logic family, you will make two Interesting dis-
coveries. First, you will find that RTul performance is more -han ade-
quate for any industrial or commercial application. Second,you will
discover that the differences in performance between the twa families
are so small as to render them insignificant in industrial and com-
mercial applications. Even if we were to assume that some new logic
family with better performance characteristics will be announced
shortly, it would take at least two years before it is as readily available
as Fairchild RTxL, and before it compares with it in price. Finally,
once you make the switch to integrated circuits, any integrated cir-
cuits, it is very easy to change to a different logic family.
HOW TO GET STARTED: On the reverse side you will find an application
story and information on one type of IC usage. We will publish others
in the coming months. But don’t wait til we get to the one you’re
interested in. Let us know what you're working on. We'll respond fast
with information, application notes, data sheets, and other design
assistance. Just drop us a card.

(See reverse side)



CRT Character Generator

Many modern information handling systems include a
cathode ray tube display. We have built a numeric charac-
ter generator at our Application Laboratories at Fairchild,
to demonstrate the economy of using integrated circuits,
both linear and digital, in such an application. While the
unit we built displays numbers only, the same basic prin-
ciples would apply to larger character generators capable
of any kind of graphic display.
DESCRIPTION: Numbers are entered through an adding
machine type keyboard, encoded in 1-2-4-8 BCD, and
held in a “Load’ register. The keyboard is also used to
address any desired memory location, and to backspace
if errors are made in entering numbers. When an address
is entered, it is held in an address register until the coinci-
dence circuit finds the desired memory location, at which
time the number in the Load register is placed in memory.
The address register is automatically incremented by
one each time a number is entered unless a backspace
signal is given, or a new address is entered.

The memory holds up to 64 characters, 256 bits total.
It recirculates at a rate of 4KHz, so that each character is
refreshed more than 60 times a second — fast enough to
eliminate any character jitter.

Numerals are derived by feeding the system clock (a
free-running muitivibrator at 32KHz) through a mod 8

counter, to generate 8 segments of a figure 8 patterri. The
segments go through a decoder into a blanking circuit.
This circuit receives a character (4 bits) from memory,
and blanks appropriate segments of the figure 8 to arrive
at the desired configuration for display. To control the
position of the displayed character on the CRT, the cutput
of the mod 8 counter is also directed into a mod 16 and a
mod 4 counter. The output of these counters produces
a 16 step X staircase, and a 4 step Y staircase. The X
and Y go through a digital to analog converter, where
they are mixed and used to control the deflection
amplifier. (Send for circuit note RTL1 describing counter
circuits.)

All circuitry, including memory, is containec on 6
printed circuit boards. Four identical boards, approxi-
mately 4.5 x 5", are used for the memory, each board con-
taining 64 bits. The logic controlling the figure 8 pattern,
the blanking, and the staircases, consists of 44 integrated
circuits and takes up one of the remaining printed circuit
cards. The sixth card contains the memory loading and
addressing circuitry for which another 51 integrated
circuits were used. In all, the unit utilizes 95 integrated
circuits (exclusive of memory) compared to approxi-
mately 2000 discrete components which would be
required to build a similar unit.

Sl E.
Logic board with counters,
blanking and D-to-A
conversion circuitry.

HELER]

CRT Character Generator Block [iagram.

CASE HISTORY: A system using Fairchild inte-
grated circuits for character display on a CRT is
now on the market. The system is called the S-C
1100 and is manufactured by the Data Products Divi-
sion of Stromberg-Carlson Corporation in San Diego.
System S-C 1100 consists of interrogatcr stations
finked through a control unit to a remote computer.
Operators can address the computer’'s memory to
retrieve data which is then displayed on the CRT.
The system has full alphanumeric capabilities and is
presently in use by major companies in such appli-
cations as answering customer inguiries. inventory
controi, purchasing, and billing procedur=s. Interro-
gating units use a standard typewriter keyboard with
minor modifications, and require no specal training
to operate. Each unit requires 2000 Fairchild RTul
circuits, 915 and 927, to replace more than 20,000
discrete components.

e ——— ———
FAIRCHILD
fe——————
SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation B 313 Fairchiid Drive. Mountain View. California (415) 962-5011 ® TWX 910-379-6435
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Technical achievement for you...
hetter living for you and your family

MR A R R A NI YN T NS G S GG P

Vle are particulzarly anxious ta meet you if yow are a Circuit De-
s gn Eng neer; 2zckaging and Mechanical Engineer; Electron
Cptics, Vacuum Technology or Materials and Pro-ess Spscial-
ist. But whatever your technical strencthe, if “roli-up-the-
sleeves’ engineering appeals to you. we'd like to hear from you.

Professional Placement Magr., Tektronix, Inc.
P. O. Box 500D, Beaverton, Oregon 97005.

Please send me your [ Booklet, “Tektronix' | J Application Form
Here you'll find an environmen: that emphas zes the indi-

vidual, and his personal contrbution to techrical development
—contribation by working on projects, not writing about them.

Your work will benefit advanced engineering throughout the NAME:
world. You will banefit from technical assaciazion with special-
ccmponents and devices. ADDRESS: ) ]
All Tzktroniz R & D—financad entirely from our arnual
g B 2 mil (= Sl B ) | - -
saies of orer $100 million—is airected towzrd corimercial frod Ity STATE:

ucts. Qur community is prosperous balanced, with a staoility
of employment not typical of every industrial c2nter. And as for

the Green Land we live in—it speaks for itself. I am int2rested in: L = = — B

Tektronix, Inc. T

An Equal Opportunity Employer.

S R R R R LR U R R RO RO ONOR . O IORC 0 T B O O O o s -5

If you're seeking technical advancement and better living
tor you and your family, why not invastigate Textronix?

Write 2o D. A.Thompson, Tektrenix, Inc., P. C. Box 500D,

iss exper enced in developing statz-of-the-ar instrumentetion, 9
Beaverton, Oregon 97005, or send In the coupan. :

L T



Three new 400-volt
silicon power transistors
for military duty:

They’re designed for high efficiency inverters, voltage
and current regulators, control and switching circuits
and high-power communications where extreme reli-
ability is required.

DTS-423M is a NPN 3.5-amp 400-volt device in a
TO-3 package, offering high sustaining voltage capa-
bility.

DTS-431M is a NPN 5-amp 400-volt device in a
TO-3 package, offering higher gain and lower satura-
tion resistance.

DTS-2N2580M is a NPN 10-amp 400-volt device
in a TO-36 package for extra high power applications.

Specifications on all three devices are based on full

SEE YOU AT WESCON, BOOTHS 1503-4,

FIELD  UNION, NEW JERSEY*  DETROIT, MICHIGAN

SALES Box 1018 Chestnut Station 57 Harper Avenue
(201) 687-3770 (313) 873-6560

OFFICES SYRACUSE, NEW YORK  CHICAGO, ILLINOIS*

5151 N. Harlem Avenue
(312) 775-5411

1054 James Street
(315) 472-2668

|

72550
oM

g om
IN258

N

THREE

mil-type environmental tests performed in an ap-
proved military qualification test lab.

Check with our nearest sales office or Delco Radio
Distributor for full details.

| Veio | | hre R(sat) | Power
RE Veeo Veso (o | I¢ 1B Vee=5v | Max Diss
| ! } @ Ic @ Ic Max
[— f
2 328V 0.8 ohm
DTS-423M 400V 400V (min) A 2.0A 10@ 2.5A @ 1.0A 100w
325V 0.28 ohm |
DTS-431M 400v | 400V (min) 504 2.0A 10@ 3.5A @ 257 125w
325V 0.14 ohm
DTS-2N2580M | 400V | 400V (min) ‘I0,0A 2.0A 4@ 10.0A @ 5.0A | 150w

SPORTS ARENA

SANTA MONICA, CALIFORNIA*
726 Santa Monica Blvd.

(213) 870-8807

General Sales Office:

700 E. Firmin, Kokomo, Ind.
(317) 459-2175

+Office includes field lab and resident engineer for applications assistance.

162 Circle 162 on reader service card

DELCO RADIO v

Division of General Motors

Kokomo, Indiana
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The future is in these cards
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The cards of the future are Vitro Microcircuit Building Blocks. Let
Vitro stack them in your favor by updating your systems utilizing
the latest integrated circuit systems techniques,

The Event Control Sequencer, Model 3219, is
representative of the advanced equipment de-
signed by Vitro, West Orange, where your prob-
lems in reliable data handling, timing and control can be solved
by the use of microcircuits.

For application data, write: George C. Regan, Vitro Laboratories,
200 Pleasant Valley Way, West Orange, New Jersey 07052

VITRO CORPORATION OF AMERICA 'I
90 Park Avenue, New York, New York 10016 I m

Electronics | August 22, 1966 Circle 163 on reader service card 163
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From GEI ... a New Family of Pre-Tuned, Crystal-Conirolled

Pulse and AM Recelvers

*4 AM AND 4 PULSE MODELS » COVER 60 MHz TO 150 MHz » COMPACT, ALL SOLID STATE

‘TYPE 415 AM RECEIVER

Introducing two new series of top-performing CEl
receivers . ..the Type 415 for AM and Type 416 for
Pulse reception. Both series cover the 60-150 MHz
range using standard tuners.

Each receiver is a completely transistorized, fixed-
tuned unit allowing the selection of any of four preset
channels within its frequency range (see table at right
for ranges of individual receivers). The four channels
are factory-set to your requirements and may be
easily and swiftly reset, when necessary, by field
maintenance personnel.

The AM units are available with a choice of 50 or
100 kHz bandwidth. Compact and lightweight, a// these
receivers offer high sensitivity and reliability and re-
quire very little power—just 3}; watts.

Signal monitor outputs of 21.4 MHz have been pro-
vided, and a matching signal monitor (CEl Type
SM-4301) may be mounted alongside one or more of
the receivers to provide a visual display around the
tuned frequency.

Special rack-mount equipment frames are also
available, designed to accommodate two, three or
four of the Type 415, 416, and/or SM-4301 units.

0 commemeanin /.

g
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TYPE 416 PULSE RECEIVER

RACK-MOUNTS & SIGNAL MONITOR AYVAILABLE—
Shown here is a Type 416 Pulse receiver and matching Type
SM-4301 signal monitor in an EF-402 equipment frame. Equipment
frames are available to mount two, three or four units.

Table of Standard Tuning Ranges
(other frequency combinations on requ=st})

Receiver Type Overall Band A Band B
Frequency Frequency Frequency
AM  Pulse Range (MHz) Range (MHz) Range (MHz)
415-1  416-1 60-90 60-75 75-90
415-2  416-2 75-110 75-90 90-110
415-3  416-3 90-130 90-105 105-130
415-4  416-4 110-150 110-125 125-150

For complete information and specifications, please contact:

/ N[ 4
/-I COMMUNICATION ELECTRONICS INCORPCRATED
A S

6006 Executive Blvd., Rockville, Md. 20852 - Phone: (301) 933-2800 - TWX: 710-824-9603 ‘f

Circle 164 on reader service card
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GRONWEST!

The Cumnlele commumcatluns Spectrum at Sylvama E|eclrumc Systems-West

Electronics | August 22, 1966

Career growth depends on opportunity, and at Sylvania
Electronic Systems-West, there’s the opportunity to lead —
not merely match — the state of the communications art.

A complete spectrum of career choice, promotion, educa-
tion and personal achievement is available here:

® @ Select your path of professional advancement, either
as a senior scientist, scientist/engineer specialist, senior/
development engineer, or as a technical manager. Salary
levels are equivalent, and promotion from within is the rule.

® 8 Your educetion can continue with company support
at nearby educational institutions — Stanford, University of
California (Berkeley), University of Santa Clara, and San
Jose State College. In addition, Sylvania has a special
employment-education Honors Program with Stanford.
& ® live in suburban San Francisco, where climate and
culture combine for the full life.

If you are seekirg professional growth and personal satis-
faction why not investigate the many job opportunities at
Sylvania-West — working on the most advanced electronic
research and development projects, We have same oppor-
tunities at our other major centers too — in suburban
Boston and Buffalo. Send your resume in confidence to:
Manager, Professional Staffing, Sylvania Electronic Systems,
Division of Sylvania Electric Products Inc., 58 Sylvan Road,
Waltham, Mass. 02154.

| The complete spectrum of
opportunity — job diversi-

y fication, geographic location,
professional satisfaction — is

J awaiting you at Sylvania

GENERAL TELEPHONE & ELECTRONILS Electronic Systems.

Totar Cammumications 11om 4 singly seurve tnrough

SYLVANIA ELECTRONIC SYSTEMS

RESEARCH » SYSTEMS DEVELOPMENT s PRODUCT & FIELD ENGINEERING
An equal opportunity employer
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AIRPAX is in production of the UGON Relay
at the Cambridge Division

By arrangement with Le Prototype Mécanique
of L’Etang-La-Ville, France, Airpax introdu-
duced the Ugon relay in the United States
in mid-1965. With immediate customer ac-
ceptance and increased demands during the
year, these precision relays are now in full
production at the Cambridge, Maryland plant.

UGON-3
Sensitivity, 5 mw

UGON MICRO
Volume, 1 cubic ¢cm

UGON-7

Insulation Resistance,
> 108 megohms
Capacity, < 1 picofarad

_RESTORING

NO.—
SPRING
MOVABLE
CONTACT — ARMATURE
N.C. - PIvoT

UGON
Magnetic Circuit

The UGON relay has an extremely high sen-
sitivity due to the uniquely high efficiency of
the magnetic circuit. Extreme resistance to
shock and vibration is also provided by the
rotating armature, which is statically bal-
anced and magnetically balanced.

Phone 301—228-4600

A, ELECTRONICS

c
ORFTRA

This is a uniquely different precision non-po-
larized relay with some remarkable qualities.

SENSITIVE

The UGON relay appears to be the smallest non-polarized sensitive
— or the most sensitive small — relay in the world. The unique mech-
anism was invented in France and patented in the United States by
Pierre Ugon. The operating power demand can be 5 milliwatts, or 200
MICROAMPS at 25 volts!

METERING

The entire UGON series of relays are precision instruments. The operate
current is adjusted to a 59, tolerance, and this is maintained for the
relay life, and during extremes of temperature and other environment
change. In fike manner, the release current is also- held precisely,
usually at 709, of operate. Thus, this is a measuring instrument.

MINIATURE

The UGON-3 standard has a volume of 2 cubic centimeters, and in
this volume a coil resistance as high as 60,000 ohms is a practical
reality. The small UGON MICRO size has a volume of about one
cubic centimeter, and is arranged for printed circuit board assembly.
The contacts are rated up to 700 ma and 50 V DC maximum with a
15-watt product, a practical power gain of 3000.

HIGH SPEED

The UGON relay is fast in spite of the extreme sensitivity. It can
readily be driven up to an operate time of 14, millisecond, and is only
a few milliseconds, even near the operating threshold. This presents
a favorable comparison with the average sensitive relay, which is likely
to require 50 to 100 milliseconds. On AC the relay doubles frequency,
and will follow a driving signal to above 800 cycles.

AIRPAX

TWX 301—228-3558

CAMBRIDGE DIVISION e CAMBRIDGE, MARYLAND

166 Circle 166 on reader service card
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New Products

Flatpacks fried in peanut oil

To solder groups of small flatpacks to printed circuit boards,

a Texas firm dips entire assembly into hot oil

Axial leads of flatpacks can be bent for planar mounting (left), cut for butt soldering

There’s a new brand roaming the
integrated circuit country west of
Dallas—the Flying L Corp. of Sagi-
naw, Texas. Its first product is an
integrated circuit flatpack that may
prompt systems manufacturers to
trade in their soldering irons for
peanut oil.

The flatpacks, as small as 15 by
Va inch, can be soldered en masse
to printed-circuit boards by dunk-
ing an entire assembly into hot oil.
Most systems manufacturers have
been soldering or welding flatpack
leads one at a time, or turning to
large plug-in packages to avoid
flatpack-assembly costs [Electron-
ics, Nov. 1, 1965, p. 75]. “Peanut
oil is the way to go,” says Robert
Lomerson, who founded Flying L
with his brother William. He says
that the Autonetics division of
North American Aviation, Inc,,
TRW, Inc, and Ling-Temco-
Vought, Inc., are among manufac-
turers who became interested in
the design after seeing prototypes.

The Lomersons contend that
their packages are more effective
than the large dual in-line type for
mass assembly, besides being far
smaller. Because dimensional con-
trol is tight, about 1 mil (0.001
inch), automatic assembly ma-
chines can handle the new pack-
ages easily, the brothers say. Cut-
ting or bending leads provides the
standoffs needed for mass solder-
ing and for running printed wiring
under the packages. If the leads are
plugged in, plated-through holes
are not needed for soldering. The

Electronics | August 22, 1966
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BUTT-SOLDER MOUNTING

leads can also be welded—that was
checked out at the Hughes Aircraft
Co., they add.

The flatpacks are called Axpaks
because they have axial leads. But
the leads can be bent into a radial
configuration, as shown, so they
can be used as conventional flat-
packs for planar mounting. Sizes
range from the Ys- by Y4-inch model
costing 44 cents (this is expected
to drop to 20 cents by late 1966)
to inch square, 64-lead types that
cost $4.50 and can be used for com-
plex circuits and monolithic arrays.
Lead spacing is generally the stand-
ard 50 mils, but the Lomersons
plan to produce types with 25-mil
spacing.

Bending the leads doesn’t stress
the seals, Robert Lomerson says.
The lead scals are made by fusing
clear glass (7052) into slots in the
package base, so the seals are cn-
compassed by the base material.
The base is generally gold-plated
Kovar, but can be ceramic. Kovar
is also used for the leads and the
lid, which is resistance welded to

POCKET MOUNTING (DOUBLE SIDED)

Pockets cut into the circuit
board eliminate the need
for positioning fixtures.

THROUGH-BOARD MOUNTING
or plu gged into circuit boards.

the base after an IC is mounted on
the base, by the technique used to
seal TO-5 cans. The seals are so
strong, he says, that one prototype
carried in his wallet for a year is
undamaged and that packages can
be heated to 500°C and plunged
in cold water without breaking.

The preferred assembly con-
figuration is butt soldering in oil
or hot gas. The leads are cut
short and lapped square with tool-
ing plates. Then all the packages
for a circuit-board assembly are
positioned on the board with a
punched-out positioning jig on top
of the board and a magnetic sheet
under the board. The soldering
pads on the board are pretinned
with solder. A hot peanut oil bath
—chosen because it is harmless and
easily cleaned off the assembly—
reflows the solder and fuses the
leads to the pads.

Trials indicate that leads spaced
as closely as 25 mils can be
soldered with oil without solder
bridging between leads. This means
that flatpacks with 14 leads can be
made as small as 8-lead flatpacks.

The other assemblies illustrated
are made by putting the leads into
slots in the board and clinching
them to the underside of the board
before soldering. Pockets cut into
the top of the board make position-
ing fixtures unnecessary; two such
assemblies can be cooled by a heat-
sink plate between the two boards.

Flying L Corp., 100 S. Saginaw Blvd.,
Saginaw, Texas 76079
Circle 350 on reader service card
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Bulova can
supply
the

crystal
you need

to match your specs!

Many years of supplying crystal contro!
units for the most advanced mifitary and
space programs enable Bulova to offer

a full line encompassing virtually the
entire frequency spectrum—2 kc to 125
Mc for oscillator and filter applications.
We can supply every type of packaging
— including koldweld and glass sealed.
QOur military crystals meet latest
MIL-C-3098D specifications. All
reasons why you should make Buiova
your single source of supply.

HIGH PRECISION GLASS SEALED
CRYSTALS 1 Mc to 125Mc. Available in
vacuum sealed, glass enclosures of the
HC-26/U and HC-27/ U type.

Example: Precision SSB Crystals
Frequency: 1 Mc to 5 Mc
Holder: HC-27/U
Tolerance: =.0025%
from —55°C to +90°C, or
to specification

; =5 Aging: 3 x 10°® per week
E “ after one week stabilization
at 75°C

KOLDWELD SEALED CRYSTALS —low
aging, high reliability, 1 Mc to 125 Mc.
Now available in TO-5, HC-6/U

and HC-18/U type cans sealed by the
koldweld process to eliminate effects of
heat and to reduce contamination.
Example: TO-5 .
Frequency: 15 Mc to 125 M¢ l
Tolerance: =.0025% from

—55°C to +105°C, or to

specification i

Aging: 1 x 107 per week ] %
after one week stabilization § i
at 75°C s

Write or call for specifications on
Bulova’s complete line of crystals.
Address: Dept. E-17,

BuLova

FREQUENCY
CONTROL PRODUCTS

ELECTRONICS DIVISION
OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000

168 Circle 168 on reader service card

New Components and Hardware

Coaxial reed relay
operates fast

A coaxial reed relay, type 100-181,
features miniaturization (2 x 0.5 x
(0.5 in.), fast operate time (600 psec)
and sensitive operation (100 mw)
capable of switching 10 watts of
r-f power.

At 125 Mhz, isolation is 43.5 db;
insertion  loss, 0.16 db:; vswr,
1.159:1.

The unit is epoxy encapsulated
for environmental resistance. It is
suited for printed-circuit mounting.
Computer Components, Inc., 88-06 Van

Wyck Expressway, Jamaica, N.Y,,
11418. [351]

Polar relays provide
balance stability

A line of mercury-wetted contact
polar relays provide life and bal-
ance stability characteristics not
available before in polar relays, ac-
cording to the manufacturer.

For digital data transmission,
telegraph and teleprinter service,
impulse repeaters, polar signaling
and polarity sensing applications,
they can provide: signal fidelity of
1% maximum initial, 2% maximum

over 20 x 10" operations (with no
maitenance or adjustment re-
quired); signaling capability to 120
baud at 1% maximum unbalance,
180 baud at 2% maximum unbal-
ance; high contact efficiency (95%
total dwell, compared with 90% in
somie polar relays).

The new relays will stand off
1500-v line surges. Switching capa-
bility is 100 v-a with no life derat-
ing (500 v max, 2 amp max). Also
offered are the inherent advantages
of the company’s mercury-wetted
contact relays, including: low and
consistent contact resistance, com-
plete freedom from contact hounce
and contact force with resistance
being completely independent of
drive level.

The exclusive polar relay mod-
ules are compatible with mod-
ern printed-circuit system design.
Standard relay packages, inter-
changeable with existing polar re-
lays for wired assemblies, are also
available from the manufacturer.
C.P. Clare & Co., 3101 Pratt Blvd., Chi-
cago, lll., 60645. [352]

Push-button switches
in modular design

Low-power, mmodular design push-
button switches offer the flexibility
of a modular design, p-¢ board
mounting and prompt delivery of
production quantities at a price
said to compete with the most eco-
nomical of other units of this type.

The design provides a self-con-
tained, precision molded module
with terminals in fixed position and
internal contacts protected within
the module. This permits mounting
as single button units or ganging
up to 19 buttons on one frame.

P-c¢ board mounting is facilitated
by the design of the fixed ter-
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introduces new family
of rugged triodes for
industrial heating

From Eimac comes a new family of water-cooled tni-

odes designed especially for induction and dielectric CHARACTERISTICS

industrial heating service. The tubes feature a new cast )

ar . . . Plate Filament Input Useful
silicon-bronze cooler design with constant cross-section Dissipation  Voltage Power Output

. o . F (kW) (Volts) (kw) (kW)

spiral water channels. This design insures uniform
anode cooling with minimum water flow and back pres- 3CW5,000H3 5.0 7.5 30 1550225
sure. For example, the 3(?W20,000H3 requn.res' on!y 4 3CW10,000H3 10.0 75 40 25.0 10 30.0
GFM water flow at 3.5 psi for 20 kW plate dissipation.
The new tubes feature filament connecting leads—no | 3CW20.000H3 200 o & #2.0PRF0
sockets are required —and have grid flanges for low 3CW30,000H3 30.0 10.0 80 55.0 to 60.0
inductance connection to the grid. This new industrizl T e 150 120 7510 1aB0e
family is rated at full power to 90 Mc, with reduced

ratings to 140 Mc. Ail include anode tabs for ease of
mounting into industrial machinery plus rugged, high-
dissipation grids for industrial oscillator service. Write EIMAC

Power Grid Product Manager for additional technical Division of icisl]
information, or contact your nearest Eimac distributor. San Carlos, California 94070
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New MIL type
1 amp silicon rectitiers

will meet MIL-S-19500/286A(EL)

Semtesh Corporation can deliver, in production quantities, 1 amp silicon rectifiers
to meet MIL-S-19500/286A(EL). Peak inverse voltages from 200 to 1000 volts.
Featuring solid internal construction pioneered by Semtech engineers. Hermetically
sealed, designed with a rugged AL, filled glass body (275" long by 135" dia)
and sclid silver leads (.030” dia.).

Type lo lo IR if (surge} *
No. VR (at: Ta —{-—IOOOC) (at: Tp = —{-—15000) at Vp | (at: 1 '120-sec.)
Vdc Adc mAdc wAde Ade
1IN4245 200 1.0 300 1.0 10
1N4246 400 1.0 300 1.0 10
1N4247 600 1.0 300 1.0 10
1N4248 800 10 300 1.0 10
1N4249 1000 1.0 300 1.0 10

Operating and Storage Temperature — 65° C 10 +4175° C
“Tp = -+150°C it (surge =10 Adc) 10 surges of 8.0 msec duration each, at intervals
of 1 minute. g 300 mAdc

Al rectifiers must meet these stringent requirements:

Reverse Current Drift Test — With specified voltage (Vi) continuously applied,
reverse current measured 30 seconds after thermal equilibrium has been reached
at the temperature specified (Ta 4-150°C +3°C) shall not vary, from reverse
current measured 5 -+ 1 minutes after that thermal equilibrium point, by more
than 2pAdc, or 10%.

Reverse Recovery Test — Ty is 5 microsec. max.

Test conditions: 0.5 amp forward current to 1.0 amp reverse current. Recovery time
measured when rectifier recovers to 25 amp.

Send for Technical Bullefins.

SEMTECH CORPORATION

Western Office: 652 Mitchell Road, Newbury Park, California, (805) 498-2111
from L.A., (213) 628-5392/TWX 805-499-7137
Central Regional Office: 4957 Main St., Downers Grove, I1l. (312) 968-2322
Eastern Regional Office: 71 West 23rd St., New York, N.Y. (212) 989-7550/TWX 212-640-5060
European Sales: Bourns A G, Alpenstrasse 1, Zug, Switzerland (042)4 82 72/73
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New Components

minals themselves. Boards may be
mounted on opposite sides of the
module to create a sandwich, with
the switch serving as a separating
supporting member. Space may be
left between modules for attaching
discrete components by conven-
tional means. The fixed terminals
also lend themselves readily to
automatic insertion.

Standard electrical functions are
2, 4, 6, or 8 poles, double throw per
button. Combinations up to 16
poles, double throw per button, are
available. A typical example of the
small amount of mounting space
required is that a 5-button unit re-
quires only a 197-in. x 0.350-in.
panel opening.

Centralab, The Electronics division of

Globe-Union Inc., P.O. Box 591, Mil-
waukes, Wisc., 53201. [353]

High-contact density
p-c board connector

A 0.025-in. square tail contact, min-
jature p-c connector features can-
tilevered contacts for high reliabil-
ity. Especially suited for automatic
wire-wrapping applications, it can
be used with high-density packag-
ing “echniques that are now being
developed for electronic data-proc-
essing equipment.

The unit has contacts on 0.125-in.
centers and can be wired at a rate
up to 750 wires per hour (using a
Gardner-Denver automatic  wire-
wrap machine). This is more than
15% faster than is possible with
0.045-in. squarc tail contact con-
nectors, the company says.

The connector uses a comb con-
tact assembly, which provides the
gap uniformity of preloaded can-
tilevered construction and contact
pressure independent of p-c board
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The small pin hole in the center of this circle is more
then enough light for MTI Image Orthicon Television Cameras,

MTl is the world’s largest manufacturer of low light level TV systems. This simply means that low light levels are
our specialty. Specifically, at 1 x 10—5 foot candles of ambient light (approaching total darkness) MTI image

Orthicon TV cameras will produce high resolution pictures. So the amount of light illustrated by the pin hole is
more than enough,

There are hundreds of applications for MTI low light level equipment. Here are just a few: viewing nocturnal
animals performing tasks, observing stars, examining small components such as transistors, diodes, capacitors
and relays for minute flaws, and so on. In any application where low light levels are of prime importance,

MTI can solve your problems.

Seven different line scan frequencies are available “off the shelf”. Specific details available on request,
If you have an application problem, call us. We can help.

-
& 8 MARYLAND TELECOMMUNICATIONS, INC.
York & Video Roads, Cockeysville, Maryland / Area code 301, 665-2727
WORLD'S LARGEST MANUFACTURER of low light level image Orthicon cameras
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Reliability and Quality are

a product of experience.
Jennings has 24 years
experience manufacturing
vacuum capacitors.

Time enough to design a lot
of them. Here are a few:

CADB 30 USLS 465 VMMC 5000
2
v
Capacity {(Range) 3-30 pf Capacity (Range) 5-465 pf Capacity (Range)  180-5000 pf
Peak Test Voltage 15 KV Peak Test Voltage 5 KV Peak Test Voltage 15 KV

RF Current Rating 40 Amps RMS

RE Current Rating 42 Amps RMS

RE Current Rating 125 Amps RMS

Length 4.55 Length 5.52" Length 21.31”
Width 1.312” Width 2.312" Width 9.25”
JSLF 5000 CVJW 200 (Water-Cooled) | CVHC 650 {Air-Cooled)

Capacity (Range) 5000 pf Capacity (Range) 25-200 pf Capacity (Range) 25-650
Peak Test Voltage 5 KV Peak Test Voltage 100 KV Peak Test Voltage 45 KV
RF Current Rating 100 Amps RMS RF Current Rating 1000 Amps RMS RF Current Rating 250 Amps RMS
Length 2.875" Length 15.50” Length 10.75"
Width 4.125” Width 8.00” width 7.56”

Close to 100% of the Free World's high
frequency transmitters use vacuum ca-
pacitors of Jennings design. In fact,
practically every major advancement in
vacuum capacitors has originated at
Jennings. These include capacitor de-
signs ranging from 100 watts to over a
megawatt power ratings. Which means
that in all likelihood the capacitor you
need has already been designed, field
tested, and proven reliable—plus pos-
sessing all the latest advances in vacu-
um capacitor design.

The vacuum capacitors shown here are
only a few of the hundreds of standard
designs available from Jennings to fit
practically every RF application. If a

new design is necessary however, Jen-
nings has an experienced applications
engineering staff and Quick-Reaction
Laboratory ready to solve your problem
in the shortest possible time. Jennings
also offers the only complete rf lab in
existence for proper testing of vacuum
capacitors in high power rf circuits
through 100 kw that duplicate actual
operating conditions.

For detailed information about Jennings
vacuum capacitors request our new

catalog #101. Jennings Radio Manu- |
facturing Corporation, Subsidiary of |

International Telephone and Telegraph
Corporation, 970 Mclaughlin Avenue,
San Jose, California 95108.

ITTasrmin_qs
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New Components

insertion depth. The construction
combines minimum insertion force
with maximum contact pressure,
providing high reliability. The
comb assembly technique also per-
mits the true tip location in the re-
quired position for automatic wrap-
ping equipment. This accurate
positioning is possible because of
the force fit of the contact to the
insulator.

Cinch Mfg. Co., 1026 South Homan
Ave., Chicago, lil., 60624. [354]

Single-wire connector
for variety of uses

.

A single-wire connector, the Jifty
Junction, is a single conductor con-
nector that mayv be used in a variety
of applications, including as a sub-
stitute for splices. The Jifty Junc-
tion has the same high-performance
rear-release contact system as in all
the manufacturer’s industrial con-
necting devices. It uses the same
hand-crimp tool, the same expend-
able plastic fail-safe insertion/re-
moval tool and the same assembly
procedure as is used in the com-
pany’s family of rear-release elec-
trical connectors,

The development is designed for
applications where quick engage-
ment and disengagement of single
wire junctions must be reliable and
at low cost. The Jiflv Junction pro-
vides a permanent mechanical con-
nection, but can readily be disas-
sembled should the need arise.

The Jiffy Junction offers many
advantages in ground support
equipment, harnessing, communi-
cations equipment, and other in-
dustrial applications. It is now
available in production quantities
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150-grid relays
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they’ll be a standard

of the industry

Right now, these General Electric 2- and 4-pole relays
are years ahead of the field. Their low, low profile—just
0.32 inch high—lets you stack more circuit boards in the
same space.

They're not just cut-down versions, either. These 150-
grid relays can perform right up with microminiature re-
lays four times their size.

For example, closing force is about the same to pro-
vide snap-action, positive contact mating. In addition,
General Electric 150-grid relays meet or exceed environ-
mental and mechanical specs of much larger micromini-
ature relays.

And compared to relays of comparable size, G-E 150-

Electronics | August 22, 1966

grid space relays have three times the magnetic force
and over twice the contact force of their nearest com-
petitor. What's more, they're the

only relays in this size range that 03*20..
are all welded to eliminate flux con- 4
tamination. HRR

ACTUAL SIZE

Your G-E Electronic Components Sales Engineer can
tell you more about 150-grid space relays and help with
your individual applications. Contact him. Or write for
bulletin GEA-8042B, Section 792-38, General Electric Co.,
Schenectady, N. Y. 12305.

Specialty Control Department, Waynesboro, Va.

GENERAL @3 ELECTRIC

Circle 173 on reader service card 173



New Components

to terminate and join Awg-20
through 24-gage wire.

The Deutsch Co., Municipal Airport,
Banning, Calif. [355]

Coaxial r-f connector
meets MIL-C-39012

Series N Coaxicon coaxial r-f con-
nector has Dbeen designed and
tested to meet all requirements of
MIL-C-39012.

Features include positive crimp
of the unit’s cable conductor
braided shield, and protective
sleeve with a single hand tool. All
crimps for a given cable size, either

Hnw RELIABLE ARE single or double braided, can be
made with a single hand tool.

The solderless crimping tech-

SUPERIBR TUBE’S CATHBDES? nique holds noise level of the r-f

. connector to a minimum. Built-in

retention dimples maintain proper
There's hardly a television set, radio, radar or any type positioning of the cable dielectric
of electronic equipment produced in the United States and outer pin before and after
that doesn’t use them. crimping

Here are the reasons why Superior Cathodes are so Other features of the N series
widely used: connector inclide: low vswr, co-

axial cable undamageable by heat,

L 4

1. Superior is the world's leading independent cathode sup-

plier offering the greatest variety of cathode types and high cable retention, and easy
materials. cable inspection.
2. Superior makes cathodes only for its customers . . . none Ihe series N Coaxicon connector
for itself. can be mated with compatible
3. Superior has two la d lants, 500 mi UG/ U series connectors.
. wo large, modern plants, miles apart, AMP, Inc., Harrisburg, Pa. [356]

with identical facilities.
4. Superior delivers cathodes on time, every time.

When you specify or order cathodes consider Superior
and protect yourself against delays in delivery. Epoxy tranSfer molded

Write today for your free copy of our Catalog 51. It pulse transformers
belongs on your desk. Dept. 2500.

Pulse transformers of the TT and

S . b MPT series, produced by the epoxy
Uper/Of ‘/ e transfer molding process, meet the
same dimensional parameters s

< units which were formerly epoxy

coated.
The company claims its in-plant

The big name in small tubing
NORRISTOWN, PA. 19404
West Coast: Pacific Tube Company, Los Angeles, California

Johnson & Hoffman Mfg. Corp., Carle Place, N. Y.—an affiliated : . .
company making precision metal stampings and deep-drawn parts transfer mOldmg teclmlques -
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W r I te J. B. Ellis, Industrial Relations Administrator, Engineering, General Dynajnics,

Fort Worth Division, Post Office Box 748-A, Fort Worth, Texas

Responsible assignments for creative, energetic
engineers and scientists in F-111 and other
advanced aircraft projects; missile projects;
space systems and mission analysis projects:
other R&D assignments.

INFORMATION TECHNOLOGY
~* Mission Simulation, Display Technolagy
NAVIGATION, STABILITY, GUIDANCE & ICONTROL

* Stability and Control, Computer Design,

Servo Analysis |

ELECTRONIC SYSTEMS

* ECM, Penetration Aids.
ELECTRONIC AGE

* Microwave and Computer Design :
ELECTRONICS LABORATORIES !

* Circuit Design, Flight Test Instrumentation
ELECTRICAL INSTALLATION DESIGN

i
i =
N " L L i iy

Live in or near Fort Worth, 1965's All American

City — Uncongested, easy living where vour

Or Ca CO eC dollar buys more — Superior housing, public
schools and recreation — Graduate studies at
local universities and colleges—Excellent bene-
fits including a new Savings and Investment
Program. Call Collect — 817 - PE 2-4811 —
Ext. 3551 — or send a complete resume of
your education and experience to J. B. Ellis,
Industrial Relations Administrator, Engineering,
General Dynamics, Fort Worth Division, P. O.
Box 748-E, Fort Worth, Texas. An equal oppor-
tunity employer.

GENERAL DYNAMICS
Fort Worth Division
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CREATIVE
STYLING
DISTINCTIVE
QUALITY

CABINETS

Another outstanding scries of enclosures from the skilled hands of
the Bud designers. Both in appearance and construction, the CLASSIC
line of cabinets presents an unusual opportunity for builders of
electronic equipment and systems to house their products 1o the
best advantage.

This new line of standard cabinets has a sturdy welded frame com-
posed of aluminum extrusions. The pancls forming the sides, top
and botrom are of distinctive patterned aluminum.

CLASSIC cabinets are available in 15 sizes ranging from 312" x 197
panel space to 28" x 19" panel space. Beautifully finished in vinyl
textured charcoal gray or sand.

Write us for literature about CLASSIC cabinets or sce them at your
Authorized Bud Distributors showroom.

BUD RADIO, INC.
Willoughby. Ohio

Circle 176 on reader service card
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prove transformers’ reliability, rug-
gedness, shape and appearance.
Uniformity of performance also is
said to be measurably improved by
the process. These features make
transfer molded pulse transtormers
suitable for application where long
life and ability to withstand a wide
range of environmental conditions
are critical factors.

Standard leads available on this
series are made of tin-coated cop-
per. Other leads of gold-plated
dumet, which are stronger and
suitable for welding, may be ob-
tained on order.

PCA Electronics, Inc., 16799 Schoen-
born St., Sepulveda, Calif. [367]

Trigger transformer
handles 550 volts A-C

The scr series trigger transtormer
is conservatively rated for opera-
tion with line voltages up to 350 v
a-c. Two standard epoxy encapsu-
lated case styles are available: a
radial lead type for handwired cir-
cuits and a single-ended type for
printed circuit applications.

Two and three winding unity
ratio types are off the shelf. Other
ratios are available on special cus-
tomer order.

The manufacturer ofters a de-
signers’ sample kit containing eight
key values of the radial-lead type
for $45. In quantity, the units are
priced at under $2 and delivery is
stock to 3 weeks.

The Gudeman Co., 340 W. Huron St.,
Chicago, IIl. 60610. [358]

Electronics | August 22, 1966



Electronics | August 22, 1966

What more can we say about
relay reliability. In the strange en-
virons of space, warranty can he a
pretty empty word. We like *"integ-
rity’’ better...a projectable promise
backed by the relay industry’s most
comprehensive quality assurance
program.

Babcock’s tenure in space be-
gan with the carliest satellites
under mission-critical conditions,
progressed through the life-
critical missions of Mercury and
Gemini, and continues now with
Apollo. This is not only exper-
ience and capability...this is
responsibility.

To illustrate, let's look at
Apollo—from the ground up.

7
A 2
P - g
oA 7
27
10 amp.. Crystal
Can, Latching &
. Non-L.atching
Transistor Can, SATURN 11 &
SATURN 1C stage 1V B stages
I
LS 1] cack
.o ¢y b
v E'EZIOYS
. | l . [
10 amp.. 4 PDT !
Latching & 12-Size. Latching
Non-Latching and Non-Latching,
APOLLO POLLO
service module command module

Euach of these units has its own
pedigree, and is produced on our
own “TLC"” line with Tender
Loving Care. Euach is the result
of close customer liaison and ap-
plication assistance. Each is the
finest, most reliable relay of its
tvpe in the world.

Get acquainted with Babcock
...our service and the complete
Babcock line of high reliability
and general purpose relays. Write
Babcock Relays, Division of Bab-
cock Electronics Corp., 3501
Harbor Blvd.,Costa Mesa, Calif ..
(714) 540-1234.
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For higher resolution,
lower noise, better
terminal linearity,

smaller size, and
lower price, you
simply can’t beat
the new Fluke 24A
vernier precision

potentiometer!

The unique Fluke 24A takes
814 turns off your 10 turn pre-
cision pot and still offers better
resolution than any unit of
comparable size and price. Ter-
minal linearity is excellent with
no offset at either zero or 100
per cent. Noise is less than 100
ohms ENR. End resistance is
less than 1 ohm. Over a wide
frequency range, phase shift is
Zero.

I1t’s a tough pot, too, built to
meet MIL spec requirements.
And cost is only $8.50 per unit.
Quantity discount applies.
For complete information,
please write P. 0. Box 7428,
Seattle, Washington, Phone:
(206) PR 6-1171.

FLUKE
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New Semiconductors

Switching low currents with FET’s

Complementary switching can now
be done with metal oxide semicon-
ductor field eflect transistors. Two
insulated-gate MOS FET’s devel-
oped Dby Motorola, Inc. have
leakage currents of 5 to 10 nano-
amperes, making zero-current, com-
plementary pair switching a practi-
cal reality.

The transistors, designated
2N4351 (n-channel) and 2N4352
(p-channel), are intended primarily
for low-power switching applica-
tions. The FET’s in the photo form
a complementary switch. Driving
voltage +V is applied to the cou-
pled gates: a load capacitor is con-
nected from the coupled drains to
ground. The supply is connected to
the source of the p-channel FET
(right) and the n-channel’s source
is grounded. Switching signal +V
sinmltaneously turns on the p-chan-
nel FET and turns off the n-chan-
nel, preventing a current drain from
supply to ground.

Although the technique is not
new, it has been difficult to achieve
with low-level currents (less than
1 milliampere). At these current
levels, ordinary hipolar transistors
exhibit excessive capacitance and

Specifications

Character-
istics 2N4351 2N4352
Minimum 25 —25 vd-c
drain-
source
breakdown
voltage
Maximum 10 5 nanoamps
zero-gate- d-c
voltage
drain
current
Gate-source 1.0 min. —1.5 min. vd-c
threshold 5.0 max. —6.0 max.
voltage
Maximum 300 600 ohms
drain-
source
resistance
Price $4.50 $4.50 (In quanti-
ties over
100)
Delivery Available from stock
switch very slowly. The MOS
FET’s are much faster, having

switching times in the hundreds
of nanoseconds. The devices’ very
high input impedances also pro-
vide a large fan-out capability and
almost no loading of the driving
source. Both units are designed
for the enhancement mode, or nor-
mally off operation.

The big problem in developing
a complementary pair of insulated-
gate FET’s has been in producing
an n-channel MOS FET. Motor-
ola claims an industry first with
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Lower attenuation. ..

new HELIAX®

Va”, 38", Va” flexible
coaxial cables for

&« Military
« Broadcast

s CATV

& Mobile Radio

® Data Processing and

Instrumentation Systems

These new air and foam cables offer lower attenuation in small physical
sizes. Type FH1, %" Foam HELIAX has 30%, lower attenuation, 609 smaller
size and 50% less weight than RG8/U. The copper inner and outer con-
ductois assure optimum electrical performance with Icng life reliability.,
Available in long splice free lengths with or without polyethylene jacket. %
For additional information on HELIAX, contact your regional Andrew CORPORATION
sales engineer or write P.O. Box 807, Chicago, llinois 60642, 28 YEARS OF ENGINEERING INTEGRITY

6-65

IN EUROPE: Andrew Antenna Systems, Lochgelly, Fife, Great Britain
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Glass-Enoxy

through TAYLOR’S TOTAL RELIABILITY PLAN:

Raw materials, panels or punched blanks to your reliability re-
quirements. You get what you order from a fully integrated source.

FAST DELIVERY from two
fully equipped plants —one at
Valley Forge, Pa., the other at
La Verne, Calif. Or from ware-
houses in Chicago, Ill. and other
key locations.

... STANDARD AND ULTRA-
THIN FORMS. Standard sheets
in all grades. Ultra-thin sheets
and multilayer prepregs in GEC
500 (G-10) and Fireban 600
(G-10, FR-4).

... FULL SIZE SHEETS, CUT-
TO-SIZE PANELS or PUNCHED
BLANKS to satisfy fabricating
and processing requirements. Ease
of fabrication is a plus value in
printed circuit production.

... WHITE GLOVE HAN-
DLING in atmosphere-controlled
white rooms, careful processing,
extremely tight quality control
and special packaging assure top
performance.

Taylor’s copper-clad has proven total reliability demon-
strated by an ever increasing number of major OEM’s and
commercial etchers. This acceptance substantiates our claim
for unsurpassed quality, ease of fabrication and delivery to
your scheduled requirements. Let us demonstrate this relia-
bility to you. Ask for a sample (give grade designation and
copper combination) and a copy of Bulletin GB-2.

TAYLOR CORPORATION e Vailley Forge, Pa. 1948t

. your assurance
of quality

Phone: 215-666-0300  TWX: 215-666-0659

West Coast Plant: La Verne, Calif.

Also manufacturer of Taylor laminated plastics, Taylorite® vulcanized fibre and Tayloron® prepregs
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the n-channe! device and expects
it to be applied initially in military
spacecraft where power consump-
tion in switching is significant.

Motorola Semiconductor Products Inc.,
Box 955, Phoenix, Arizona 85001 [361]

Silicon transistors
offer high voltages

The SDT6900 family of silicon,
planar npn power transistors, avail-
able in a TO-66 package, are ca-
pable of dissipating 20 watts at
100°C case temperature. They are
characterized at a collector current
of 1 ampere and have saturation
voltages (collector to emitter) of
less than 0.50 v.

There are two gain ranges in the
family—20 ¢o 60 and 40 to 120.
Each gain family is available with
sustaining voltages of 125 v, 150 v,
175 v, or 200 v collector to emitter.

These transistors can be used
as inverters, converters, high-fre-
quency oscillators/amplifiers and
in other military, industrial and
commercial applications.

Solitron Devices, Inc., 1177 Blue Heron
Bivd., Riviera Beach, Fla., [362]

Germanium transistors
packaged in TO-1 case

Types 2N2430 (npn) and 2N2431
(pnp) are germanium alloy transis-
tors packaged in a TO-1 case and
designed for medium power audio
applications. A pair of either will
deliver up to 5 watts of output
power.

The devices exhibit excellent
beta linearity, according to the
manufacturer, and are suited for
class B push-pull applications. A
9N2430 may be used with a 2N2431
for complementary symmetry re-
quirements in transformerless cir-
cuitry.

The transistors are claimed to
feature rigid processing control to
insure high reliability and excellent
stability. Lower cost is achieved,
the company says, by advanced,
higher volume production tech-
niques.

Nucleonic Products Co., Inc., 3133 E.
12th St., Los Angeles, Calif., [363]
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HERE'S HOW...

THE ELECTRONIC INDUSTRY 1S USING THESE TWO FAMOUS ULANO FILMS IN
ULTRAMINIATURE MASK TECHNOLOGY AND COMPLEX PRINTED CIRCUITRY

Using the tip of the blade, lift up a
corner of the film thus separating it
from the backinz sheet.

With sharp blade, out-
line the areas to be
masked. Do not cut
through the backing
sheet. The Ulano
Swivel Knife does the
job quickly, easily.

Cut a piece of the desired film
large enough to cover area to be
masked. Tape it down firmly at
the top with dull-side up.

RUBYLITH"- AMBERLITH"

HAND CUT MASKING FILMS FOR THE GRAPHIC ARTS

ULANO RUBYLITH .. .a revolutionary knife cut red as crayon tones, paste ups, benday sheets, and
film is laminated to a stable transparent plastic opaquing are easily combined with versatile ULANO
backing sheet. The red film is ‘‘light safe’ so that RUBYLITH.

when contacted to a sensitized emulsion and ex-

posed to a suitable light source, light passes through ULANO AMEERLITH . . . a companion to Rubylith
the cut-out portions only . . . not through the red serves as a color separation medium used as the
film. @ The polyester backing is absolutely stable master on camera copy board to secure negatives or
..insures perfect register. @ Special effects such positives.

A wide variety of Ulano films—in rolls and sheets—is readily available

Ulané—— 610 DEAN ST, BROOKLYN, N. Y. 11238
In Europe: ULANOA G., Untere, Hesllbachstrasse No. 22

NEW YORK »  CHICAGO - - 2umiCH Kusnacht, Zurich, Switzerland
“Ulano’~"Rubylith*-’ Amberlith” are registered trade marks af the Ulano Companies,

Now carefully peel off the film as
outlined leaving a completed mask,
positive or negative, that corresponds
exactly to the desired pattern.

WRITE TODAY
on your letterhead for free
special sample kit 1848

For solderless wrapped connections,
a new automatic wire stripper

The Model 841 Solderless-Wrap Wire Stripper
offers high speed preparation of 20-30 AWG solid
conductor wire for insertion in a wrapping tool.
It cuts wire to lengths of 17 to 50’ and fully
strips 1/8” to 1 9/16” from each end without
nicking or scraping, whether the (nsulation be
PVC or somcthing as tough as Mil-Ene, Teflon
or Kynar. With optional assemblies, you can also
use it for shorter stripping of 10-32 AWG
stranded wire. Write for information on this
and other Eubanks wire strippers.

|

Wire is fully stripped, Remaining insulation
ready for wrapping too!. can be short as 15”.

Eubanks ENGINEERING COMPANY

225 West Duarte Road Manrovia, Catifornia
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Insulated Wire Welding
by Sippican

Sippican’s HE (Hot Electrode)
Welding System allows in-
sulated wires 1o be reliably
joined without prestripping
the insulating material. Weld
copper, nickel, high-resistance
alloys, precious metals. Wire
sizes from 0.002 to 0.020 inch.
Applications include termina-
tions for chokes, transformers,
coils, precision resistors, com-
puter memory devices; aiso
interconnections for small
motor assemblies and other
small electric consumer prod-
ucts, integrated circuit pack-
ages, module assemblies and
conventional component pack-
ages, miniature electromech-
anical assemblies.

The HE Welding System is
available for either pincer or
vertical motion joining oper-
ations. A precision temper-
ature sensing, control and
readout unit is included. (HE
modification kits are avail-
able to present users of
Sippican weld heads.)

for details and prices on complete
system and accessories write or call —

sippican

Industrial Products Division

02739

Mattapoisett, Mass.
Tel. (617) 758-6905
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Spectrum analyzer goes portable

The first truly portable spectrum
analyzer, according to its manufac-
turer, Tektronix, Inc., weighs about
40 pounds and is about the size
of a suitcase. The company says
the size of the type 491 analyzer
does nothing to hurt its versatility.
Its broad frequency range, from
10 megahertz to 40 gigahertz, and
other capabilities make it suitable
for most spectrum-analysis jobs.

Tektronix designers turned to
solid state devices to cut the nor-
mally large and heavy instrument
to 7 by 12 by 22 inches and to re-
duce the power requirements to 55
watts.

The entire intermediate fre-
quency system as well as the dis-
play circuitry is solid state and the
local oscillators are made with
small planar diodes.

The instrument’s sensitivity is
from —110 to —70 decibels above
1 milliwatt, depending on fre-
(quency. The sweep range of the
display can be adjusted from 10
khz to 100 Mhz with a calibrated
dispersion dial. The resolution
range switch, coupled to the dis-
persion dial automatically provides
resolution—1 khz/division to 10
Mhz/division — proportional to
each dispersion range. The resolu-
tion switch, however, may be un-
coupled by pulling the knob out
to allow any setting over a range

of 100 khz to approximately 1 Mhz
when low resolution or narrow dis-
persion are needed independently.

The oscilloscope type of trigger-
ing and sweep circuitry makes it
possible to trigger from internal,

external or line sources. Sweep
rates are variable from 0.5 second/
division to 10 microseconds/divi-
sion in a 1-2-5 sequence. An inten-
sification circuit brightens high-
speed segments of the displayed
wave form.

The instrument’s carrying handle
adjusts to various positions to serve
as a support stand. The front panel
cover stores all accessories—adapt-
ers, cables, waveguide mixers and
coaxial attenuators.

Specifications

Frequency range 10 Mhz to 40 Ghz

Sensltivity 110 to —70 dbm, depend-
ing on frequency
Power 90 to 136 or 180 to 272 V,
requirements 48 to 440 hz
Price $4,200

Tektronix Inc., P.O. Box 500, Beaver-
ton, Ore. 97005 [371]

Transducer offers
13 pressure ranges

Model No. 109, an accurate high-
pressure transducer, has pressure
ranges that suit it for control, meas-
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CRAMER tIFT-LOK Stools

adjust to every worker like fine tools!

Because Cramer Lift-Lok is infinitely adjustable! Just lift the
seat and stop at the most comfortable height. It takes less
time than to read this sentence. Since fatigue is a critical
factor in efficiency of seated workers, it makes good sense to
provide tools that minimize fatigue. With Lift-Lok every worker
can seek exactly his own efficient level. Available in four base
types, steel, wood or plastic seats, contoured or flat, adjustable
or flexible backs. To find out about the stools that qualify as

production tools, write:
CRAMER

V.P. Sales, Cramer, 625
Adams, Kansas City, Kan.
CRAMER INDUSTRIES INC. » KANSAS CITY, KANSAS

66105,

Industrial supplier
inquiries invited.

Fine seating—safety ladders—stands and related
products for office, industry anc institutions.

Circle 222 on reader service card

Quality and economy
In serva motors
and motor-tachs

_ e« depend on the
- —=7 manufacturer’s

J experience

...and CEDAR has it!

When it comes to sizes 8, 10 and 11 servo motors and
motor-tachometers both with and without gear heads,
Cedar is the leader, currently building at a higher
rate than any other manufacturer in the country.

Because Cedar’s volume is big and production tech-
niques have been perfected and standardized, you are
assured of the most economical price available. At the
same time, the reliability testing and quality assur-
ance programs built up on these units through years
of experience guarantee you the finest quality and
dependability.

When you need a servo motor or motor-tach, re-
member that the most advanced designs built with
the most modern production techniques come from
Cedar. Write or call us for complete information.
You’ll be glad you did.

GEDAR

ENGINEERING DIVISION
CORPORATION

5806 W. 36th St., Minneapolis, Minn. 55416 Phone (612) 929-1681
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Designed
for
Advanced

Data Systems...

The /pcs ) Series 400

TELCOM Receiver

Look at these features...

B A/l solid state design
Superior performance
Completely modular, plug-in construction

RF heads for VHF and S-Band
telemetry, sweep tuned and wide band
heads for surveillunce applications

B Plug-in pre-detection recording converter,
spectrum display, electrically switchable
IF Filters

Interested? Get the detailed specifications. Write
for your free copy of the DCS Series 400 TELCOM

Receiver brochure.

Would vou like an appointment to see a TELCOM
Receiver for yourself? Just call the DCS office below

nearest you . . .

Dept. E8-6, East Liberty Street, Danbury, Conn. 06813

“elephone: 203-743-9241 ¢ TWX 744-1990
Tustrumentation for Research

( DCS )
Sales Offices

Silver Spring, Md., Huntsvilie, winter Park, Long Beach, Santa Clara,
Albuquerque

Copenhagen London Rome Paris Munich Amsterdam

DATA-CONTROL SYSTEMS INC.

DCS 6-66
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World Famous Parker Pen Co., Janesville, Wisconsin

Wisconsin has an abundance of room in which industry can
expand . . . 387 cities with populations of 5 to 10 thousand;

26 from 10 to 25 thousand; 12 from 25 to 50 thousand; and 7
with populations over 50 thousand. There are 83 cities of
5,000 population or over. And did you know that Wisconsin
Power and Light Company, with an operating area of 15,000
square miles, serves more than 400 communities of all

sizes. More good news, an impressive total of 292 progressive
cities in Wisconsin have established controlled land

for industrial parks, 73 of which are incorporated

industrial site areas already developed
and awaiting your inspection.

Want more facts?
Write Industrial Development, Dept. H
Wisconsin Power and Light Company,
P.O. Box 192, Madison, Wis. 53701.

New Instruments

urement and computer applica-
tions. A Bourdon tube sensing
element positions a differential
transformer core in response to
pressure variations.

The transducer has 13 pressure
ranges, beginning at 0-30 to 0-60
psi and ending at 0-5,700 to O
10,000 psi. The output signal is
either a d-c voltage (1 to 5,1t0 9,
or 0 to 8 v) or current (4-20 ma).
A built-in solid state amplifier and
power supply can be operated di-
rectly from line power.

Accuracy is within 0.5% full
scale; independent linearity,
+0.1% span; dead band, less than
+0.01% span; frequency response,
down 3 db at 10 hz.

The Bourdon tube sensing ele-
ment, which is temperature com-
pensated, is isolated from the trans-
ducer case, thus rendering the
device immune from pipe strain.
Fine adjustments of zero, span
and linearity are made electrically
to provide casy calibration.

Hagan Controls Corp., P.O. Box 116086,
Pittsburgh, Pa., 15228, [372]

IC tester checks
up to 20 parameters

An integrated circuit tester with
internal power supplies and push-
button test sequencing is an-
nounced. Model 800 tests all pres-
ent IC configurations, and is
designed to accommodate any fore-
seeable future developments, ac-
cording to the manufacturer.

The tester features a 10 x 20
cross-bar matrix, which can be pro-
gramed to check up to 20 parame-
ters. The sequencer permits rapid

o¥®
1 WISGONSIN:DiGHT

« - » investor owned
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What’s NEW in
laminated plastics?

Synthane FR-16!

It’s a lower-cost
flame-retardant,
glass epoxy laminate

Designed specifically
for printed circuits
used in computers

Write for FR-16 Engineering Bulletin to Synthane
Corporation 36 River Road, Oaks, Pa. 19456.

[SYNTHANE]
18]

Laminated Plastic Sheets, Rods, Tubes and Fabricated Parts

Circle 224 on reader service card
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Radiation
Simulation

Problems?

Get help with PULSE RADIATION SOURCES providing
pulse widths from nanoseconds to milliseconds. Our
facilities at your service include:

¢ TRIGA Reactors

* Accelerator Pulsed Fast Assembly

e Linear Accelerators

e Flash X-ray

e 14 Mev Neutron Generators
For information write or call now! Pulse Radiation
Services, Dept. 481, General Atomic Division, General
Dynamics, P.O. Box 608, San Diego, California 92112.
Phone (714) 453-1000, Fxt. 288.

SEENERAL DYNAMIC':‘:
General Atomic Division

Circle 225 on reader service card

New! Free!

1967
Newark

INDUSTRIAL ELECTRONICS

Catalog

LISTING

e Industry’s Most
Complete Catalog

e Over 70,000 items
e 700 Pages

e Over $8,000,000
Industrial Electronics
Inventory including
over 600 Standard
Brand Lines

RCA i
IN4296 Series —

Silicon Power Transistors \¢~7.
with 20 watts Dissipation /7

These new low cost devices are designed for high voltage wide
band amplifiers, switches and inverters, waveform amplifiers
and other military and critical industrial applications. They
offer, for the first time in a silicon power transistor:

HIGH BREAKDOWN VOLTAGE (BVqos+)-350 V)
HIGH GAIN BANDWIDTH (t,-20 MH2)
LOW CAPACITANCE (C..-6 pF)

Packed in a T0-66 case these transistors are triple diffused
NPN devices with exceptionally high frequency response
and fast switching speed. Four types are available from
stock in industrial quantities.

IMMEDIATE DELIVERY FROM STOCK ¢ FACTORY OEM PRICES
FAST EFFICIENT SERVICE FROM 7 NEWARK WAREHOUSES

MAIN OFFICE AND
WAREHOUSE|
TO SERVE YOU BETTER

® ALL-ON-ONE FLOOR EFFICIENCY
® SPEEDY AUTOMATED ORDER

HANDLING
® CONVENIENTLY LOCATED
® PLENTY OF FREE PARKING

EWARK ELECTRONICS CORPORATION

500 North Pulaski—Chicago. lllinois 60624

AUTHORIZED RCA WAREHOUSES IN

Chicago, lllinois Detroit, Michigan
(312) 638-4411 (313) 548-0250

Cincinnati, Ohio Los Angeles Area
(513) 421-5282 (213) OR 8-0441

Denver, Colorado New York City
{303) 757-3351 (212) 255-4600

Other Newark Warehouses in:
Grand Rapids, Michigan (616) 452-1411
185
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186

Push-pull, push-pull, push-pull, push-pull,
push-pull, push-pull, push-pull, push-pull,
push-pull, push-pull, push-pull, push-pull,
push-pull, push-pull, push-pull, push-pull,
push-pull, push-pull, push-pull, push-pull,
push-pull, push-pull, push-pull, push-pull.
That’s the monotony of reliability.

Monotonous reliability characterizes IMC's
solenoids, even at 4 millisecond speeds. There's a
whole catalog of them in stock at IMC's Western
Division, in sizes and configurations for avionics,
instrumentation, computer peripherals and

other systems.

If you need to push-pull, or to Indicate, Measure,
and Control using steppers, synchros, resolvers,
flag indicators or solenoids, contact the
Applications Section at 6058 Walker Ave.,
Maywood, Calif., 90270. Phone (213) 583-4785
or TWX 910 321 3089.

For the catalog or data sheets contact the

Marketing Div., 570 Main St., Westbury, N.Y.
11591 or circle the inquiry number.

@ imC|
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New Instruments

_ ———
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404040404

repetitive testing without repro-
graming. The five built-in power
supplies are available with optional
digital programing. The built-in
direct-reading meter for voltage
and current is accurate to 1% of
full scale. A connection is provided
for hooking up an external digital
voltmeter, and the matrix provides
for up to five inputs or outputs,
which can be connected to external
signal sources and an oscilloscope
for measurements of both digital
and analog devices.

Price of the model 800 is under
$1,500; delivery, 60 days.
The Birtcher Corp., Instrument division,

1200 Monterey Pass Road, Monterey
Park, Calif., 91754. [373]

Sweep generator is
production oriented

A swept frequency generator has
been developed for production
testing of a-m and f-m circuits.
The company says that operation
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ULANO EUROPEAN TECHNICAL
CENTER FOR GRAPHIC ARTS

Ulano’s technical center in Switzerland is
headed by the very capable Mr. Henri
Kunz. He is qualified by his many years
of experience in the Screen Process and
Graphic Arts fields. Demonstrations and
technical seminars are held in many lan-
guages throughout the year. Complete
laboratory facilities have been installed to
provide demonstrations of the complete
Ulano line. Large stocks of all famous
Ulano films are available for immediate
delivery to all parts of the world.

You are invited to contact Mr. Henri Kunz
at ULANO A.G., Untere, Heslibachstrasse
No. 22, Kusnacht 8700, Switzerland, Tele-
phone 905959. 1t is our pleasure to serve
you.

DO YOU USE
SCREEN PROCESSING

IN THE PRODUCTION OF

COMPLEX
PRINTED
CIRCUITRY?

TWO NEW PRESENSITIZED FI_MS TO
SPEED PRODUCTION — LOWER COSTS

HI-Fl RE

HEAVY-DUTY INDUSTRY PROVED

Presensitized photo film used by many leading
electronic firms for clean, sharp, tough, durable,
almost indestructible screens of unmatched qual-
ity. Adheres tightly to wire, silk, n¥ion and dacron.

KEQP‘EKZ‘E?J FOTO FILM

.002 Polyester support guarantees good register.
Does not require a dark room. Very good resolu-
tion—suitable for halftones. Excellent adhesion
to silk, nylon, dacron and meta. mesh. Tough,
strong emulsion—good for machine printing and
long runs.

J. ULANO & COMPANY, INC.

610 Dean Street, Brooklyn, N.Y. 11238, US.A.
Cable address: *‘UlanoFilm"*

WRITE TODAY

on your letterhead
for free special
sample kit

number 5448 Kusnacht, Zurich, Switzerland

In Europe: ULANO A. G, Untere, Heslibachstrasse No. 22

’_

+3

telephane

_ L
< quality
2 F ¥
 relays
There is no higher standard
for refays. Specify famous
Stromberg-Carlson . . . known
to telephony since 1894.
TYPE A: general-purpose relay. Up to
20 Form “A” spring combinations.
1 TYPE B: multi-contact relay. Upto
£l 5 60 Form “A" spring combinations.
. TYPE BB: multi-contact relay. Up to
100 Form “A” springs.
TYPE C: two relays on one frame;
mounts in same space as one Type A.
TYPE E: general-purpose relay;
ar see universal mounting; interchangeable
o2 wne with relays of other manufacturers,
3'55:" Write for complete technical data.
03 Ay
e
ALL
~z  STROMBERG-CARLSON
b Come A Subsidiary of General Dynamics
8.CODe
LETY 114 Carlson Road « Rochester, N.Y. 14603
106 *x¢cg
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ANTENNA
and

TOWER
INSULATORS
by LAPP

Lapp insulators support most of the world’s large radio towers, both
self-supporting and guyed masts. Lapp has designed and built base
insulators from 80,000 Ibs. to 9,000,000 Ibs. ultimate strength. Lapp
strain insulators have been made from 1200 lIbs. to 620,000 lbs.
ultimate strength. [J Lapp is also a dependable supplier of entrance,
spreader and stand-off insulators for transmission lines. Other Lapp
insulators and our gas filled capacitors are used in transmitters and
coupling networks. [ Difficult insu-
lating problems are welcome here at
Lapp. We've been solving them for
almost a half century. Write Lapp
Radio Specialties Division, Lapp In-
sulator Co., Inc., 208 Sumner St.,
LeRoy, N.Y. 14482,

188 Circle 188 on reader service card

New Instruments

of the model SV-15 is simple, to
minimize operator-instruction time
and reduce human error; it is a
complete test facility in itself, since
it will handle virtually every fre-
quency test necessary on an a-m/
f-m circuit; and has been priced to
fit production budgets.

The instrument has a rotary fre-
quency selector that can be in-
stantly switched to any of 13 test
frequencies, which are preset by
plug-in strips. Strips may be
changed for new test programs.
The selector capacity is five a-m
frequencies, five f-m frequencies,
a crystal-controlled r-f/i-f channel,
a swept f-m/i-f channel and a
swept a-m/i-f channel.

Push-button switches select the
operating mode. The user can
choose c-w, modulated c-w or swept
operation. These same switches
also provide the proper frequency
marker for each output signal.
Three connections are made avail-
able on the front panel for f-m/i-f
plus a-m/i-f, a-m/r-f and f-m/r-f
outputs, eliminating the need to
change cables during tests. A bank
of toggle switch attenuators and
a rotary attenuator for each output
also facilitates setting up and test-
ing procedures.

Typical production tests made
by the SV-15 include: receiver cali-
bration, sensitivity measurement,
over-all distortion measurement,
alignment of bandpass circuits, sig-
nal-to-noise determination, meas-
urement of stage gain, discrimin-
ator alignment and image rejection
measurement.

The SV-15 is portable, measur-
ing 10 in. wide x 13 in. high x 18
in. deep; it weighs 40 lbs.

Telonic Industries, Inc., 60 North First
Ave., Beech Grove, Ind. [374]

Thermometer offers
two scale ranges

Model 390 expanded-scale ther-
mometer measures deviation from
fixed temperatures in crystal hold-
ers to a resolution of 0.01°C. It has
two ranges: 0-100°C selected from
an over-all span of —100°C to
500°C, and an expanded scale
range of 1-0-1°C, which measures
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the deviation from a particular
temperature as determined from
the first range.

The taut-band, suspension-type
indicating meter is equipped with
a 4%-in. mirror scale and red
knife-edge pointer for high reading
resolution. The 100°C scale has
1°C graduations and an accuracy
within =0.5°C. The 1-0-1°C scale
has 0.02°C graduations and within
#0.1°C accuracy. The unit also has
a 0 to approximately 43-mv re-
corder output.

The probe consists of a minia-
ture platinum resistance element
plus a 5-ft cable with 4 equal-
length, silver-clad Pyrex glass in-
sulated leads terminated in gold-
plated contacts. It is said to pro-
vide exceptional repeatability and
stability. By placing the cable in
the same temperature as the sens-
ing tip, heat loss is climinated.

The thermometer is priced at
about $600 and is expected to be

in full production in December.
Radio Frequency Laboratories, Inc.,
Boonton, N.J. [375]

Vibration meter
comes in 2 versions

A portable vibration meter, type
1-157, is suitable for both ficld and
laboratory use. It comes in two
models, one operating on a-c power,
the other on d-c power; either ver-
sion is available with an alternate
power pack to convert the instru-
ment or to serve as an add-on or
optional feature.

Transistorized and adaptable to
rack mounting or dual packaging,
the 1-157 indicates peak to peak
displacement and average velocity,
Input signal is averaged and dis-
played on a meter to peak or aver-
age values based upon an equiv-
alent sinusoidal input.

The 1-157 is useful wherever vi.
bration is encountered—from diesel
compressors, tugboat engines and
gear boxes to automobile motors,
gas turbines and engine test cells.
Frequency range of the unit is 5 to
2,000 hz (displacement); 5 to 20,000
hz (velocity); and frequency re-
sponse is +=29,,

Price of the unit is $1,195 for a-c

operation, and $1,135 for d-c.
Consolidated Electrodynamics Corp., a
subsidiary of Bell & Howell, 360 Sierra
Madre Villa, Pasadena, Calif. [376]

Electronics | August 22, 1966

P

To Solve YOUR

Semiconductor

Encapsulation
Problems

HYSOL has more answers than
anyone in the business.

HYSOL’s HYFLO® epoxy mold-
ing powders have solved the
problems of transfer molding en-
capsulation of a wide range of
semiconductors, from simple to
the most sophisticated.

New HYSOL liquid epoxy sys-
tems, compatible with almost
every type of semiconductor,
open new doors for casting or
potting for short or long runs
and extremely delicate items.

We have devoted thousands of
laboratory man hours finding an-
swers to the kind of encapsula-
tion problems you may be facing
right now. Our laboratories are
ready to tackle new problems, as
technology progresses, just as
we have done in the past for
scores of leading electronic com-
ponent manufacturers.

For application engineering
help, write, wire or phone
HYSOL today. For technical data
on standard semiconductor en-
capsulation products, ask for
bulletins E-258, E-259 and
E-500.

;/J

Hvs ° L HYSOL CORPORATION » OLEAN, NEW YORK
| Snau cremical assaance |

Los Angeles, California/Hysol {Canada) Ltd., Ontario/London, England

Circle 189 on reader service card



You

can display
anything

with IEE

series 10
rear-projection
readouts

numbers,
letters,

words, symbols,
even colors!

IEE readouts display anything
that can be put on film, even
colors! Single-plane presentation
makes for visual crispness; bright,
bold characters (up to 1” in height)
for remarkable clarity. So if read-
ability and versatility are what
you're after, look into IEE Series
10 Readouts. Five other models
available with maximum charac-
ter heights from 33" to 33&”.

Send today for complete information
on IEE rear-projection readouts and
accessories!

INDUSTRIAL ELECTRONIC
ENGINEERS, INC.

7720 Lemona Avenue, Van Nuys, California
Phone: (213) 787-0311 - TWX (910) 495-1707

Representatives in Principal Cities ©i966 1EE

190

Circle 190 on reader service card

New Subassembiies and Systems

Microcircuits cut recorder cost

By extensive use of digital and
linear integrated circuits, engineers
at Honeywell Inc.s Test Instru-
ment division designed all the
data-handling and transport con-
trol circuits in the model 7600 in-
strumentation tape recorder with
ten types of active devices. Micro-
circuitry produced simple, inexpen-
sive circuits reliable enough for the
production line.

By standardizing the rest of the
recorder’s parts and placing 90%
of all parts in volume production,
the company says it can assemble
a general-purpose instrumentation
tape recorder and sell it for 20 to
30% less than comparable ma-
chines. Honevwell claims it has
established an industry first by de-
veloping a general-purpose re-
corder suitable for virtually all in-
strumentation needs, except where
the recorder must be portable or
airborne above 10,000 feet.

As a part of the system design,
a reliability study was conducted
to determine the relative impor-
tance of each component and its
effect on the system’s reliability.
From the study engincers were
able to identify the components
with the highest failure rate. The
components with the best combi-
nation of performance and reliabil-
ity (within cost guidelines) were
selected.

The study also indicated that in-
tegrated circuits would give an
optimum design. Only five micro-
circuits, four digital and one linear,
and five transistors were required
to build circuits to perform nearly
all of the 7600’s operational func-
tions. Nearly 90% of the sockets
requiring active devices were filled
with two Motorola transistors, the
2N3904 and 2N3906. The tour digi-

Specifications

Weight
Supply voltage

Cidirectional
tape speeds

Maximum reel size

Tape widths
Tape speed accuracy

Dynamic skew

Flutter

Capstan servos
available

Time disptacement
error

Magnetic head
configuration

Electronics

Optional features

0.25%

Approximately 650 Ibs.

105 to 129 v a-c (48
to 62 cps, single
phase)

120, 60, 30, 15, 7%,
33%, and 17 in.
per sec (electrically
selectable by push-
button)

10Y in. or 15 in. (de-
pending on trans-
port selected)

Y in., Y in. or 1 in.

Velocity tone servo
*=0.20%

Phase lock servo
+0.15%

Under 1 gsec (between
outside tracks on
signal head stack at
120 ips)

peak to peak
(with a tape speed
of 120 ips and a
measuring band-
width of 0.1 to 10,
000 hz
1% peak to peak
(with a tape speed
of 17% ips and a
measuring band-
width of 0.1 to 312
hz

Velocity tone or phase
lock

Less than =1 usec at
120 ips {phase-lock
servo only)

% in., 7-track and 1
in.,, l4-track (stand-
ard)

1.6 Mhz direct; 80 khz
f-m; 1,000 bits per
in.,, digital
Vaice annoctation,
switch panels, patch
panels, monitor
meter attenuator,
panels, monitor 0s-
cilloscopes, search
and control gear

tal microcircuits were Fairchild’s
914 dual gate, 900 buffer, 923 j-k
flip-flop and 951 one-shot multivi-
brator; the linear microcircuit was

a Fairchild 709 amplifier. The three
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other transistors were Motorola’s,
2N697A and power transistors,
2N2156 and 2N1544.

A natural result of the simplified
circuit design is the small size of
the spare parts kit. It contains

MAXIMUM
RELIABILITY

£2% Lo
=

e el

R

34 components including microcir-
cuits, transistors, diodes, trim pots, & DVER A WIDE
pilot lamps and fuses plus a relay 3
inductor and capacitor in a con- ] RANGE OF
tainer the size of a small fishing - AMBIENT >t
tackle box. According to Honeywell = e |
engineers, these parts will handle coNDITIDNS TYPE Jl o
over 90% of the failures; a user T — - -
can handle 99% of all failures with :
the kit and a stock of resistors. | E DI 5
The kit will speed repair of re- | E
corders in remote locations and |
toreign countries. Honeywell says | b 3 o
it plans to offer to its 7,600 cus- ! e e e 1005 g
tomers throughout the world free | 5 0018 0022 ' . M =
replacement for any part that fails. £ ') ’ [; | ll‘ %
Ly ( .;
Honeywell, Inc., Test Instruments divi- i P u I j ‘ <)
sion, 4800 East Dry Creek Road, Den- , i N : '%
ver, Colo. 80217. [381] | ’ H ‘ ! |
| ‘ i | | | | |
| BRIl |
Ladder networks l .. | | | | !
82 150 470 750 001 002 0033 0047 5
0 2 .
produced to order R
680 0018 :
. RMC Type JL DISCAPS |
. SPECIFICATIONS exhibit less than a =7%% :}

WORKING VOLTAGE: ) :
1000 VDC stable compensation and =
3 POWER FACTOR: 1.5% @ 1KC filter network use or other
= INSULATION RESISTANCE: I .
ey ‘ = Greater than 7500 Megohms applications where stable cir-
Special ladder networks designed @ 500 VDC cuit parameters are required :
to meet specific circuit require- TEMPERATURE -
s, % e e, X COEFFICIENT: Z5F, YSF, XSF Rated at 1000 volts VDC, Type
ments contain wirewound resist- : FLASH TEST: 2000 VDO JL DISCAPS offer tangible
ance elements. The networks can for 1 second oSt b
be used as voltage attenuators and 3 F A Gl il ost s VII gs over paper or gy
digital to analog converters in con- . POWER FACTOR AFTER general purpose mica
puter systems and similar applica- , HUMIDITY: 2.5% @ IKC Capacitors. 3
; S ey ar dledi e INSULATION RESISTANCE =
tions. Their .modu]('u (].eslgn m.ll\e’s o AFTER HUMIDITY: Greater s
installation in a circuit more effi- than 1000 Megohms
@ 500 VDC ;

cient than installation of individual
resistors, claims the manufacturer.
It also facilitates handling and stor-
age by reducing the number of
components that must be stocked
and inspected.

Ladder networks are furnished
with the resistors packaged in

CAPACITANCE: Within
tolerance @ 1KC and 25°C
CAPACITANCE
5 TOLERANCES: =10%,
209 or +80 —-20%

BODY INSULATION: Durez
phenolic—vacuum wax

= impregnated
LEAD STYLES AVAILABLE—
Long lead—#22 AWG tinned
copper—and all types for
printed wire circuits.

change in capacitance over
the temperature range of
—55° to 485°C. They are
ideal units for temperature

Write today
on your company letterhead
for your copy
of the new RMC catalog.

eSS R

110

&

matched sets. Depending on the y P
type of element used, they meet DISCAF RADIO MATERIALS COMPANY

. CERAMIC A DIVISION OF P. R, MALLORY & CO., INC.
or exceed reqmrements of MIL-R- CAPACITORS GENERAL OFFICE: 4242 W. Bryn Mawr Ave., Chicago 46, (I

Two RMC Plants Devoted Exclusively 10 Ceramic Capacltors

FAGTORIESUAT @ JCAGO, ILL. AND AYTICA, IND»}@

26 or MIL-R-93 in the following
areas: short-time overload, mois-
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Electronic
Relays

Commercial
Relays

Industrial
Relays

MOTOR STARTERS

PLUG-IN 600V

’

9 GLUES
TO FINDING
A RELAY...FAST!
FAol:

Notice the range of the relay types above. You'll get
an idea of what's available in the world's largest line
of relays . . . at Struthers-Dunn. Including standards
and specials. in fact, if we can't come up with the
relay you're looking for, well . . . we have a feeling
you'll be in for a long, hard hunt. Write for details
on any type.

STRUTHERS-DUNN. £z

Pitman, New Jersey 08071

tel: 609-589-7500 twx: 609-589-1548

SALES ENGINEERING OFFICES IN: Albuguerque - Atlanta - Baltimore - Belmont, Calif. - Birmingham, Ala.
Boston - Buffalo - Cedar Rapids - Charlotte - Cincinnati - Clearwater, Fla. - Cleveland - Clifton - Dallas
S [D Encino - Engiewood - Glen Ellyn, I1l. - Houston - Kansas City « Las Vegas - Memphis » New York - Phoenix
2 Pittsburgh - Richardson, Tex. « Rome, N.Y. - St. Louis - St. Paul - Sall Lake City - Seattle - Southfield
Wichita » Wilmette. Canadian Licensee: Renfrew Electric Co., Ltd. Export Dept.: 1505 Race St., Phila
delphia, Pennsylvania 19102, U.S.A.

192 Circle 192 on reader service card

New Subassemblies

ture resistance, shock, dielectric
strength, low-temperature storage,
high-temperature — exposure, low-
temperature operation, tempera-
ture cveling, terniinal strength, salt
water. load life, vibration and tem-
perature coefficient.

Resistors in the networks are
available in a power range of from
0.1 w to 2 w each and resistance
ranges ol from 0.1 ohm to 300,000
ohius. The resistors can be matched
to within 0.005% and have a mini-
mum standard tolerance of 0.02%.
Operating temperature range of the
networks is from —65° to +143°C.
Temperature coeflicient match is 3
ppm/“C from 4257 to +125°C
and 5 ppm/°C from +25 to

55°C. Outpnt accuracy is within
0.02% of input voltage.

Resistors within  the networks
are potted in epoxy or silicone
resin and are furnished with tinned
copperweld leads. Crade A nickel
or gold-flashed Dumet ave also
available. Special requirements for
tolerance, matching and other elec-
trical parameters can also be fur-
nished.

Dale Electronics, Inc., Columbus, Neb,,
68601. [382]

Static card reader
used in programing

This static card reader can read
960 bits of information from a
standard 12 x 80 IBM data-process-
ing card. Model 1280 features re-
mote electrical contacts actuated
by mechanical sensing of a
punched hole in the card. This pre-
vents electrical failures caused by
paper lint building up on contact
surlaces. As a salety feature to
prevent erroneous readings, each
card must be properly oriented
when inserted, in order for the
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unit to operate. When the reading
has been completed, the card is
automatically ejected from the
reader.,

The card reader is available
with a choice of terminations in-
cluding a push-on connector, rather
than the usual solder terminations.
It measures 3% x 10% x 6 in., and
is designed to provide maximum
repetition of the process to save
time in programing.

Electrical specifications of the
1280 include maximum switching
voltage of 100 v resistive load,
power dissipation of 50 w max
total per unit, and current carrving
capacity per switch of 1.5 amps
static. Capacitance between any
two switches is 1 pf max; across
open contacts, 0.5 pf max at 1 khz.

A system of clip-on bussing ter-
minations permits the connection
of inputs of the 960 discrete
switches in either vertical or hori-
zontal directions, providing voltage
coding techniques in programing.
All 960 switches have individual
input and output terminals.

Sealectro Corp., Mamaroneck, N.Y.,
10543 [383]

D-c/d-c converter
delivers high voltage
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A high voltage d-c¢/d-c converter.
series 800, has been developed for
such application areas as cathode-
ray tubes, photomultipliers, infra-
red systems and lasers.

Input is 12, 24, or 28 v d-¢. Out-
put is 5 kv to 15 kv at 1.5 w; 135 kv
to 30 kv at 3 w. Ripple is less than
0.75% peak to peak. Size for the
5 to 15 kv type is 134 in. square
by 3% in. high; for the 15 to 30
kv, 2% in. square by 4 in. high.

Prices range from $157 to $299:
delivery, two weeks.

Universal Transistor Products, 380 Qak
St., Copiague, L., N.Y., 11726. [384]
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New Automatic Conveyor Control

assures uniform etching of printed circuits
regardless of length of production run

This new Automatic Conveyor Control monitors and adjusts etching
time to make sure that the last piece to come off the etcher is
exactly the same as the first. Variations in quality due to etchant
depletion are eliminated, and no boards are lost due to over or
under etching. You get complete use of the etchant to economical
depletion. The machine operator, freed from in-process qc test-
ing, can give full attention to overall production.

This new control system is available as optional equipment on
Chemcut models 502 and 1000 horizontal conveyorized spray
etchers. Since operating voltages for the system are obtained
from the control panels supplied with 502 and 1000 etchers, the
Automatic Conveyor Control can easily be retrofitted to etchers
already in service.

| | We invite your inquiry.
CHEMCUT CORPORATION

500 Science Park, State College, Pa. 16801
Circle 193 on reader service card

To order reprints: Fill in, cut out coupon befow, insert in envelope
and mail to: Electronics Reprint Dept.,
330 W. 42nd Street, New York, N.Y. 10036

§ Reprlnt order form
For listing of reprints available see the Reader Service Card.
Communications Satellites Part |

; Send me reprints of Key no. R-89 at 50¢ each.
! For reprints of previous special reports fill in below:
. Send me reprints of Key No.(s) L@ ... ¢ each
i (For prices, see Reader Service Card)
é Name - = oo p ERIEIEIEN o - L e o @ L o b e T e
If Number of street .. ... ... ... ... ... . ... ... .. ...
g City, State, Zip code
193



DUAL OUTPUT

POWER
SUPPLIES

R
Guaranteed

J-DAY
Shipment!

Dual output power supplies are housed
in one case 3-5/16” x 4-5/32" x 4-11/16”
high. ldentical or different output volt-
ages from 1.5 to 75 are available in 1
volt increments for each of the DC out-
puts. The graph below furnishes maxi-
mum current corresponding to output
voltage. Select the two outputs needed
and telephone Acopian for all the de-
tails — plus guaranteed 3-day shipment
after receipt of your order.
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TYPICAL SPECIFICATIONS

Input Voltage: 105 to 125 VAC

Line Regulation: =05 to =0.05%
(depending on model)

Load Regulation: 1.0 to =0.05%
(depending on model)

Ripple: 5 to 1 mv (depending on model)

No additional external

heat sinking required.

Write for Acopian’s 16-page catalog and

price list to: Acopian Corp.,, Easton,

Penna., or call collect (215) 258-5441.

CopIEn
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New Microwave

Traveling-wave tube
produces 12 kw c-w

A 12-kilowatt continuous-wave
traveling-wave tube (twt) was de-
veloped to satisfy military require-
ments  for broadband, multifre-
quency communications systems in
ground station satellite transmit-
ters. It is expected to be of con-

siderable interest to commercial
satellite communications svstems
designers,

The tube is liquid cooled. and
the metal-ceramic constrnction of
the vacuum envelope provides a
direct thermial path Dbetween the
interaction structure and external
cooling ducts, minimizing coolant
requirements.

Depressed  collector  operation
raises the twt’s efficiency to 35%
over a 7.7 to 8.4 Ghz frequency
range and a coupled cavity inter-
action structure provides more
than 30 db gain at saturation. As
a result, the tube matches klystron
efficiencies, while also providing
14 times their instantaneous band-
width.

Microwave Electronics, 3165 Porter
Drive, Palo Alto, Calif. [392]

Parametric amplifier
boasts low noise

A parametric amplifier with a noise
figure of 2 db is announced. Model

MT4010 is a complete, low noise
r-f amplifier system featuring sim-
ple one-knob frequency tubing. It
is suited for use in space communi-
cations, radar, radio astronomy and
satellite or missile tracking.

The unit operates on the tre-
quency range of 2.3 to 2.4 Ghz
Other specifications for the ampli-
fier include an instantaneous band-
width of 15 Mhz minimum and
gain of 18 db minimumn,

Alpha Industries, Inc., 381 Elliot St,
Newton Upper Falls, Mass. [393]

Coaxial diode limiter
spans 0.1 to 8 Ghz

A coaxial diode limiter covers the
frequency range from 0.1 to 8 Ghz.
This passive semiconductor device
provides receiver protection over a
multioctave range of frequencies
with insertion loss of 1.5 db maxi-
imum, flat leakage of 100 mw maxi-
mum, and extremely fast recovery
time (100 nsec maximum). Peak
r-I input power is 20 w and average
r-f input power is 0.2 w.

The MA-8444-C4S is an ex-
tremely compact, lightweight (2
0z) receiver protector designed for
applications including electronic
countermeasures, broadband track-
ing and navigational radar, as well
as ferrite duplexing networks in a
variety of manpack, airborne or
satellite radar, beacon or commun-
ications receivers.

Microwave Associates, Inc., Burlington,
Mass. [394]

Precision coaxial
standard terminations

Two new resistive terminations
have been introduced for calibrat-
ing bridges, reflectometers, ete.
They are the 100-ohm type 900-
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WI100 and the 200-ohm type 900-
W200. The 100-ohin termination
holds its nominal resistance within
* 1.5% up to 1 Ghz, within ~ 5%
to 8.5 Ghz; the 200-ohm unit holds
its nominal resistance within =+
1.5% to 1 Ghz, within = 10% to
8.5 Ghz. Calibration charts for r-f
resistance are supplied.

The position of pure resistance
is nominallv 4 e¢m from the refer-
ence plane of the GRY00 connector
and is further defined by a calibra-
tion chart with each unit. The
manufacturer s also introducing
new short-and open-circuit termin-
ations (tvpes 900-WN4 and 900-
WO4), with the position of short
or open circuits displaced 4 cm to
correspond to the offset of the re-
sistive terminations.

Each of the new teriinations is
priced at $60.

The General Radio Co., West Concord,
Mass., 01781. [395]

Mixer/preamplifiers
weigh 2 ounces

A series of ultracompact mixer/pre-
amplifiers  is  announced. Each
model consists of a  microwave
mixer integrated with a solid state
i-f preamplifier. The package is
said to be one-sixth the size of pre-
viously available devices.

Available in seven models, cov-
ering contiguous {requency bands,
the “dash eleven” series provides
Microwave conversion over a range
of 0.1 to 12.0 Ghz. I-f outputs are
available at 30 or 60 Mhz in 20
Mhz bandwidth. Over-all conver-
sion gain is 20 db. Maximum sig-
nal input for linear operation is
—-24 dbm. Power required is —20
v d-¢ at 10 ma.

Units measure 2 cu in., weigh 2
oz. Connectors are coavial, OSM.
Prices are $695 to $995: delivery,
5 weeks.

LEL division of Varian Associates,
Akron St., Copiague, N.Y. [396]
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microwave acoustic
delay lines

a practical reality
from MEC

S band delay line

When it comes to specifying a state of the art device like a microwave
acoustic delay line, the designer must be confident that the device is
an actual piece of hardware, adaptable to the problem at hand. Labo-
ratory curiosities won't do.

When we say that we have a product line, we mean just that. This is
data that is reproducible over a wide range of environments. This is
data that we guarantee on a fixed-price basis. This is the data that is
the basis of our capability projections. It also represents three years of
design and development experience in our laboratory and test areas.

For example: In L and S bands 1000 MHz bandwidth is “real world"
at MEC.

Fixed delays between .5 and 5 p.sec. can be specified in L, S, or C band.

Insertion losses of /ess than 70 db are standard in C band; in other
ranges the loss is correspondingly less. Across 10% of L band losses
are 25 db or lower.

Applications? Some of our customers have used them n altimeters,
ECM systems, radar ranging systems, and for standard two-port mem-
ory and signal delay.

Whether you want octave bandwidth in L band, or wide-band coverage
at higher frequencies, call

MEC. We've got the capability e s PP
and experience to talk micro- 8 g le===r==""=~u l »’
wave acoustics, and the data 3
to back it up. z 50 — /“/
. ng = Delayed Signal (2.3 usec) !
Exceptional opportunities on g,
our technical staff for quali- =
fied engineers and scien- 30
tists. An equal opportunity e e
emp loye r. S band pertormance characteristics, M 7032
Microwave Electronics
3165 Porter Drive
Palo Alto, California
a division of Teledyne, Inc.
Circle 195 on reader service card 195



IF YOU DON'T
RECOGNIZE
THIS

IT’S NO WONDER,

because you’ve probably never seen
2940 feet of coaxial cable measured
this way before.

HOW COULD YOU?

We used the TRW Model 46A Trigger
Delay Generator, just coming on the
market. It’s brand new, with some in-
herited virtues of its predecessor,
TRW Model 2A—nanosecond ac-
curacy, high power trigger to over-
ride random noise, clear digital dis-
play, selectable triggering threshold—
plus plug-in capability so you buy
exactly the triggering input you need,
exactly the sensilivity and spectral
range your application calls for.

ASK US FOR A TECHNICAL
DATA BULLETIN AND
APPLICATION NOTES

giving the characteristics of the TRW
Model 46A and the plug-ins, and il-
lustrating how you can use the TRW
Trigger Delay Generator, as we did, to
make divect measurement of delay
lines, to gencrate fiducial marks, cali-
brate oscilloscopes, and trigger the
TRW Image Converter Camera or
countless other laboratory instruments.

TRW INSTRUMENTS

139 lilinois Street, El Segundo, California
AC 213,679-9101 Extension 22884.

Developers and manufacturers of state of
the art diagnostic instruments for basic and
applied research.
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New Production Equipment

Die bonder produces plastic transistors

In response to the growing demand
for plastic-encapsulated transistors

and semiconductors, the Kulicke
and Soffa Manufacturing Co. is
displaying equipment for their pro-
duction at the Western Electronics
Show and Convention.

An ultrasonic die bonder, shown
above, takes six-inch long metal
strips  which have been either
stamped or chemically ctched. The
loading nechanisni, or magazine,
consists of stacks of extruded
pieces, with each piece holding one
metal strip. The magazine can be
modiflied to accommodate strips of
varions manufacturers and will
hold enough for approximately one
hour’s production {about 1,000 to
1,500 units).

A rotary dice tray, which can be
loaded manually or automatically,
keeps the dice properly oriented
for replacement on the carrier
strips. A mirror-equipped viewing
svstem permits the die bonder,
designated model 630, to be op-
erated manually, semiautomatically
or automatically.

For manual operation, which
might be used in a pilot line, the
operator picks up each die with a
vacuum unit which, on signal,
transfers the die from the pickup
area (a grease plate) to a pocket
on one side of the rotary dice tray.
A mirror then swings up to show
the bonding area so that the op-
erator can observe bonding of the
die to the strip. The cycle is timed
so that the operator cannot align

a second die until bonding of the
first die is completed.

For faster production, the die
bonder is operated semiautomati-
cally. The mirror is locked in place
for viewing the grease plate and
the operator aligns one die while
another is being bonded. For large-
scale production, Kulicke and Soffa
suggests placing a loaded dice tray
into the die bonder’s magazine.
The machine then automatically
picks up and bonds the dice. With
the optical equipment trained on
the bonding area, one attendant
can periodically check several ma-
chines.

Loading dice directly into the
die bonder is not as fast, the com-
pany says, as using its model 615
dice tray loader. The dice are
placed randomly on a dish, and
an operator sights and aligns each
die along the cross hairs of a mi-
croscope. After x-y alignment is
completed, a 180° rotation will not
distnrb the alignment. Cycle time
is short—0.8 second—because the
die-bonder’s pickup mechanism is
small and has to travel only a short
distance.

Not being shown at Wescon, but
designed to be used in tandem
with the ultrasonic die bonder, is
an ultrasonic wire bonder. Model
472 is a dual-tool, semiautomatic
scissors bonder with a work-han-
dling system and magazine feed
identical to the die bonder. An op-
erator is needed to align the wires
to the target areas.

Two other wire bonders, using
thermocompression instead of ul-
trasonics, will also be sold for plas-
tic packaging. One, model 470, will
be a nailhead bonder; the other,
model 471, will be a scissors
bonder.

All three machines will be avail-
able later this year. The die bonder
and the ultrasonic wire bonder will
each cost between $8,000 and $11,-
000, depending on modifications.
The dice tray loader will cost

about $2,000.

Kulicke and Soffa Manufacturing Co.,
135 Commerce Drive, Fort Washington
Pa. 19034 [401]
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Measuring machine
inspects small parts

Bench model 100 Cordax digital
readout measuring machine is de-
signed for inspecting small parts,
p-c¢ boards and art, p-i-n connec-
tors and similar components. It is
equipped with a Flexowriter unit
for tape- programed inspection.
Measuring range is 16 x 12 x 10 in.
under the Y-axis carriage. Readout
is to 0.0001 in.

The machine measures the di-
mension of a part, hole or surface
location with an optical electronic
sensing stylus and indicates the
measured dimension by digital dis-
play, or prints it out on tape or by
typewriter.

The Flexowriter records se-
quence of inspection, nominal and
actual dimensions. To inspect a di-
mension, the Cordax operator
moves the gaging stylus to pick up
the actual dimension and steps on
the Flexowriter foot switch to re-
cord inspection sequence number
as well as nominal and actual di-
mensions of the part at that point.
Both sequence of inspection and
nominal dimension are programed
into the tape.

Cordax readout is positive with
automatic plus or minus quadrant
indication from floating zero. The
machine can be used with the full
range of Cordax accessories includ-
ing automatic printout, microscope,
optical viewing screen, pneumatic
drill and the manufacturer’s full
line of probes.

The Sheffield Corp., a subsidiary of the
Bendix Corp., 721 Springfield St., Day-
ton, Ohio. [402]
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WIDEST : .
RANGE OF broadest selectian of

miniature CdS and CdSe

M ' N IAT U R E Phatoconductive Cells available
(TO |8) anywhere. 23 types of CL 920

series affer: ® Resistance values

PHOTOCELLS from 2K to 1.4 megohms at 2 ftc

@ Valtage ratings from 10C ta 250

in low-profile TO-18 transis-ar
case. If you need-a miniature,
high-reliability photacell, send

for new. Photacell Design Manual.

CLAIREX

"The LIGHT Touch in Automation and Control’’

Circle 226 on reader service card

precise
each
switch

component
IS a
“JEWEL"

RCL %" ROTARY SWITCHES

e Up to 12 positions per deck with stops. « As many as 6 poles
perdeck. e Shorting and non-shorting poles may be grouped on
one deck in any combination.

‘‘Off-The-Shelf’’ Delivery - Write for complete engineering information

ELECTRONICS, INC.

General Sales Office: One Hixon Place,
Maplewood, New Jersey 07040

Circle 197 on reader service card 197



Books
to help you

do your job
better

1. AMPLIFIER HANDBOOK, RICHARD
F. SHEA, Editor-in-Chief, NEW! This
encvclopedic volume provides a tre-
mendous fund of highly usable infor-
mation on modern amplifiers, appli-
cable at once to your daily work, or
invaluable as a ready reference for
specml problems. Techmques and cir-
cuits are covered in thorough, specific
detail; and additional design material
prepares you for design ol projected
circuits not actually presented here.

In addition to discussions ol network
theory and major forms of devices—
such as tubes, transistors and other
semiconductors, magnetic, ceramic
and ionic devices, masers and lasers
—1the greater part of the book ex-
plains circuits used in practically
every kind of amplifier, from direct
current to light, from microwatts to
megawatts, embracmg all the devices
previously described. 1280 pp., $37.50.

2. NOISE AND ITS EFFECT ON COM-:
MUNICATION. By NELSON M.
BLACHMAN. Clearly, concisely, this
timely book unities the useful infor-
mation on random processes and their
spectra, the effect of nonlinear trans-
formation upon signal and noise. the
statistical theory of detection, and in-
formation Iheorv much of it not
found in other books. Approximately
J00 problemns extend the subject-
matier. Complicated notation and
math are avoided. 224 pp., $13.50.

3. THE PROGRAMMER’S FORTRAN i
end IV: A Complete Reference. By
CHARLES P. LECHT. The only book
now providing full, clear treatment
of both of these computer languages

their  characteristics, advantages,
limitations, and use. 162 pp., $7.95.

4, MATHEMATICS OF PHYSICS AND
MODERN ENGINEERING, 2nd Edition.
By I. S. SOKOLNIKOFF and R. M.
REDHEFFER. Hundreds of problems
add to the stimulation-value of this
up-to-date, exceptionally  thorough
volume. 752 pp., $14.75.

At Your Bookstore or
Direct from Publisher for

—— 10 DAYS FREE EXAMINATION ——

McGraw-Hill Book Co., Dept. 23-1L-882
330 West 42 Street, New York, N. Y. 10036

Send me the book(s) encir-
cled below for 10 days on
approval. In 10 days 1 will
remit for book(s) 1 keep,
plus a few cents for delivery
costs, and return unwanted
book(s) postpaid.

1 2 3 4

Name (print)

Address

City State “Zip Code

For prices and terms outside U. S. write
McGraw-Hill Int’l NYC 23-1-882

e e ]

s ———
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New Materials

Conductive coating
for thermoplastics

A silver-filled electrically conduc-
tive coating, E-Kote No. 3042, is

designed for coating vinyl and
other thermoplastic insulators. Vi-
nyl insulated wire can be shielded
with this material at a much lower
cost than with wire braiding, the
makers say. Illustrated is vinyl
wire partially coated with the
E-Kote compared with convention-
ally braided wire. The coating is
air drying and sets up by evapora-
tion of solvent to a volume resistiv-
ity of approximately 0.001 ohm-cm.
It becomes touch dry in a half hour
and completely dry within 24 hours
at 77°F.

A 3-0z. sample kit is available
from stock for $10.
Epoxy Products Co., division of Allied

Products Corp., 166 Chapel St., New
Haven, Conn., 06513. [406]

Polyolefin tubing
is heat-shrinkable

A flexible, heat-shrinkable irradi-
ated polyolefin tubing (Insultite
CP-150) is available for use in al-
most all electrical and electronic
products, according to the manu-

facturer. Specific applications rec-
ommended include wire and cable
harnessing and the insulation and
protection of connectors, splices,
electromechanical connections and
motor leads. Solid state and other
electronic components can also be
quickly encapsulated with Insultite
CP-150.

The company says the new ma-
terial will cost 50% less than poly-
olefins available now. It is a com-
mercial version of the company’s
FP-301 Insultite, used in military
and aerospace applications. It will
form a quick, permanent insulating
bond and will function as an insu-
lator or as an encapsulation for
components subject to shock, strain
and vibration.

In addition to not splitting nor
rupturimg even over irregular sur-
faces, Insultite CP-150 has high
temperature resistance (UL rated
at 125°C). It will be available in
sizes % in. to 2 in. expanded inside
diameter.

Cold impact is —30°C; heat
shock, +250°C; heat aging, 25% at
150°C; dielectric strength, 100 v
per mil (0.001 in.); dielectric con-
stant, 2.7 max; dissipation factor,
0.0003; volume resistivity, 10'* min-
iimum;  corrosion, 1% maximum
change.

Electronized Chemicals Corp., a sub-
sidiary of High Voltage Engineering
Corp., Box 57, Burlington, Mass. [407]

Encapsulation systems
protect semiconductors

Compatibility with nearly all mate-
rials used in semiconductor manu-
facture is assured by a choice of
one of two new liquid encapsula-
tion materials, according to the
manufacturer. The two chemically
different systems, C58 and C59,
have been developed with very sim-
ilar handling properties and cured
characteristics; a single system can-
not be compatible with all the pos-
sible semiconductor materials.
Three potting compounds are
rated to operate in the class H
range. Features include high ther-
mal conductivity, thermal stability,

adhesion and toughness.
Hysol Corp., Olean, N.Y. [408]
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Once you investigate the big things happen-
ing at Martin Company in Orlando, Florida,
you'll think you’ve got an airtight case for
taking that giant step ahead in your career.
But to make sure you're not swayed only by
the thoughts of living in Florida, try these
arguments on your best friend.

1. A challenge to work with a top-flight
engineering team now designing and pro-
ducing Sprint, Walleye, RADA, Shillelagh,
Pershing and many other advanced systems.

2. A promise of long-term professional
growth with a company that shows its faith
in the future by investing over eight million
dollars in new R&D facilities in the past
three years.

Ask your best friend to shoot holes in your reasons
for joining Martin in Florida

3. An opportunity to select from a variety
of more than 150 special projects aimed at
long-term business development.

4. An inspiration to produice your best
work by combining a rewarding career with
year-round outdoor living for ycour family.

We believe a healthy discussion ef these
points will reconfirm your decision to move
up with Martin. And just

in case your friend likes

the move up idea, have MOVE,

him call us collect. Phone P
305/855-6100 and ask for

Don Parsons, Manager,
Professional Staffing.

WITH MARTIN
IN FLORIDA!

MARTIN COMPANY

O R LAND O

il BN B SO I =) S e

An Equal ‘Opportunity Employer.



Radar
Equipment
Design
Engineers

The Hughes Radar & Space Elec-
tronics Laboratories have impor-
tant opportunities available for
experienced Engineers.

Circuit development

Engineers are desired for assign-
ments involving high-power trans-
mitters for advanced design pulse/
pulse doppler radars. Desirable
background would include detailed
familiarity with transmitter tubes,
high-voltage design, solid state
techniques, microminiaturization,
logic/control, pulse circuits or
power supply design.

Openings are available on nearly all
levels—from those with a minimum
of two years of applicable, profes-
sional experience through those
who are interested in and qualified
for senior supervisory positions.
Accredited degree and U.S. citizen-
ship required.

For immediate consideration, please
airmai! your resume to:

MR. ROBERT A. MARTIN
Head of Employment

Hughes Aerospace Divisions
11940 W. Jefferson Blvd.
Culver City 18, California

' HUGHES |

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

An equal opportunity employer —M & F
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New Books

Reliability with redundancy

Failure-Tolerant Computer Design
William H. Pierce
Academic Press Inc., 242 pp. $8.50

The design of reliable systems us-
ing unreliable components is ra-
pidly assuming central importance
in microelectronics, and Pierce has
written an excellent introduction
to the problem. In expanding his
doctoral dissertation on the subject
into textbook form, the author has
added a good deal of background
information, and the results are
sufficiently general to be of interest
to all designers of complex systems.
Workers in the field will appreciate
the excellent 15-page bibliography
contributed by Paul A. Jensen of
the Westinghouse Electric Corp.

The conflicting requirements of
the general reader and the special-
ist have been met by relegating
the details of Pierce’s own contri-
butions to seven appendixes. From
the problems after cach chapter
we may infer that the author has
tried out the material in at least
one graduate course.

There are three papers consid-
ered classics in the field of failure-
tolerant network design. Pierce
hased his work on one of these,
John von Neumann’s “Probabilistic
Logics and the Synthesis of Re-
liable Organisms from Unreliable
Components,” given orally in 1952
and published in 1956. Approxi-
mately two-thirds of the book is
devoted to Von Neumann’s ap-
proach which, in essence, consists
of making three or more redundant
calculations and deciding which
answer is correct by a majority
logic circuit or a “vote-taker.”

In presenting the Von Neumann
method, the author begins with the
case of simple majority rule with
three or more redundant elements
in parallel. An obvious extension
is a weighting factor when one
output is known to be less reliable
than the others. A further extension
is an adaptive system where the
weights given each output are ad-
justed according to performance.
Thus, an output consistently oppo-
site to that of the majority is grad-
ually removed from the circuit. The
final step is the modification of
the computer elements themselves

so that they can perform the re-
dundant logic.

The principal unsolved problem
in redundant circuits is the location
of the majority-logic or restoring
elements. Should every single ele-
ment be made redundant with ma-
jority logic?® Or should three com-
plete computers be used with a
majority decision only at the out-
put? The answer depends on the
reliability of individual compon-
ents, but the best solutions for
particular situations are not yet
known.

The chapter which discusses the
two other classical papers—R.W.
Hamming’s “Error Detecting and
Error Correcting Codes,” published
in 1950 and E.F. Moore and C.E.
Shannon’s “Reliable Circuits Using
Less Reliable Relays,” published
in 1956—are less satisfying than
the remainder of the book. For
example, Moore and Shannon
pointed out the distinction between
relays which failed as short circuits
and relays which failed as open
circuits. Obviously, if relays fail
only in the open position, a parallel
combination of them could be made
arbitrarily reliable. But then a short
circuit would be a disaster. Moore
and Shannon solved this problem
by means of “compositions” in
which each contact is replaced by
a redundant network. Pierce blurs
the distinction between open- and
short-circuit failure and therefore
loses much of the point of the
Moore-Shannon approach.

Pierce’s elementary introduction
to Markov chains is an interesting
digression from the main theme,
but probably should have been
relegated to an appendix. He also
includes a chapter on coding the-
ory which is short and curiously
negative in tone. Pierce believes
that coding redundancy is impracti-
cal because the decoders become
complex, but it is still too early
to write off this approach.

The mathematical level is such
that the book can be read by any
graduate engineer. The author has
followed Von Neumann's mathe-
matical point of view, however,
and the book will be enjoyed more
by those with some background
in probability, statistics and in-
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formation theory. In fact, the au-
thor’s first effort is to derive some
limit theorems similar to those of
information theory. Several of these
theorems involve the cost of a sys-
tem. For example, if all the com-
ponents are identical, the system
cost for constant reliability grows
taster than n, the nuinber of units,
and is proportional to n log n.
The author has attempted to
bring some order and logic into the
new feld of error-tolerant circuit
design. He has encompassed, with
some success, the three classical
mathematical approaches to de-
cision theory, switching theory and
coding theory. He has, however
ignored several hardware-oriented
approaches to reliability which also
show promise. The first of these
is the National Aeronautics and
Space Administration’s “zero-de-
fect” program, based on the prem-
ise that so-called random failures
are not really random, but have
causes which can be removed if
sufficient care is taken. The second
is that of “functional degradation”
in which failures are not catastro-
phic, but merely reduce the per-
formance of the device. The third
is the “self-organizing” system in
which the computer organizes it-
self to perform a task and auto-
matically selects operating com-
ponents. There is some indication
that biological computers—human
brains—operate on this principle.
Ronald E. Scott
Dean of the College of
Engineering
Northeastern University
Boston, Mass.
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Technical Abstracts

Microelectronic life

Current and future reliability
requirements compared to present
reliability levels

J.B. Brauer, Rome Air Development
Center, Rome, N.Y.

Military and commercial users of
microelectronic devices look for-
ward to maintenance-free lifetime
for devices, discard-at-failure main-
tenance for complex modules of
entire equipment and logistics self-
support or on-board spares. Though
maintenance-free life cannot be
achieved in the foreseeable future
except for very simple equipment,
gross simplification in maintenance
and logistic procedures through
modular-level repair and discard-at-
failure techniques can be antici-
pated.

In view of present reliability
techniques, can microelectronic de-
vices be purchased that have a fail-
ure rate of 0.001% per thousand
hours? The author’s answer is a
resounding no.

Rome Air Development Center
purchased integrated circuits from
one of its most dependable sup-
pliers for use in the Mirage 1 radar
plan position indicator display. Of
600 circuits delivered, 10 failed to
pass incoming inspection, 10 more
were damaged during installation
and two more failed during 9,000
hours of equipment operation. If
only the two burn-in failures are
considered, the failure rate at 60%
confidence is 0.14% per thousand
hours. The equipment would have
to operate for another 140 years
without a failure in order to achieve
the 0.001% per thousand hours
tailure rate.

In a radar intercept calculator
program, Rome had the lowest per-
centage (0.5%) of dead-on-arrival
devices. But five of these circuits
had the lids on backwards, result-
ing in a p-i-n orientation 180° “out
of phase.” These devices could not
have passed even the most basic
d-c static test. Two more devices
had defective resistors; one had a
mask or photoresist defect and the
other was damaged after photo-
resist application. Neither would
pass a functional test.

In another program, Rome

bought 179 diode traasistor logic
gates for a reliability-techniques
study. When the vendor’s electri-
cal acceptance test was repeated,
the lot showed 3.9% failures. After
950 hours burn-in, another 24%
was lost. A second lot delivered by
the same vendor after he was in-
formed of the difficulties showed
no failures.

The author concludes that, the
“time-zero quality problem” (qual-
ity at user’s incoming inspection)
is now an order-of-magnitude more
serious than problems of continu-
ous degradation in the field.

Presented at the Fifth Annual Microelectronics
Symposium, St. Louis, Mo., July 18-20.

Failure free

Ultrahigh reliability medium power
traveling-wave tubes

R.A. Brenam and N.A. Greco,
Microwave Tube division,

Hughes Aircraft Co.

The traveling-wave tube represents
one of the most important micro-
wave devices developed in the last
20 vears. Operating primarily as
an amplifier in the microwave
region of the electromagnetic spec-
trum, the tube finds applications
in radar, navigation and communi-
cation syvstems which require am-
plification of radio frequency sig-
nals from 1,000 to 10,000 mega-
hertz. The power output can vary
from milliwatts to megawatts and
can amplify rf signals up to one
million times at octave bandwidths.

Until five years ago a traveling-
wave tube was considered unreli-
able and its use limited to ground
and airborne systems where it
could be periodically replaced. To
meet reliability requirements of or-
bital spacecraft and deep space
probes, the Microwave Tube divi-
sion of the Hughes Aircraft Co., de-
veloped a rugged, lightweight,
medium power amplifier.

This paper discusses, in brief,
the operation of a traveling-wave
tube and the role played by various
tube components: helix, dielectric
support rods, attenuator, r-f win-
dow, metallic support rods, collec-
tor, electron gun, electron beam
and magnetic field. The authors ex-
amine in detail the conditions un-
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der which the tube must operate,
because “a thorough knowledge of
all possible failure modes is funda-
mental to any reliability program.”
Failure-mode analysis charts pro-
vide a concise summary of typical
modes and their cause and effect
relationships.

The value of the charts is that
all major failure modes can be eas-
ily recognized and precautions
taken. It is difficult or impossible to
make fundamental design changes
in the late stages of a development
program because of a lack of time
or prohibitive costs. Using patch
up methods instead of tackling the
problem head on may result in mis-
sion failure or even obsolescence of
the entire system.

Presented at the 5th Reliability and

Maintainability Conference, New York,
July 18-20.

Sound picture in 3-D

Ultrasound holography and visual
reconstruction
F.L. Thurston
Bowman Gray Schoo! of Medicine
Wake Forest College
Winston-Salem, N.C.
Ultrasonic techniques offer unique
advantages for internal examina-
tions of any opaque object: the
visual probe can be performed
without cutting open the object
and without introducing potentially
harmtul energy—such as X-ravs.
But an analysis of the returned
ultrasonic signal presents prob-
lems, because the display, usually
on an oscilloscope, lacks clarity
and is limited to two dimensions.
However, a way to reproduce
ultrasonograms in three dimension
with holagraph techniques [Elec-
tronics, April 18, p. 139-143] is
proposed by the author. If the
ultrasonic signal were to modulate
a laser beam. a hologram of an ob-
ject’s internal structure could be
produced. Holography is an optical
technique for producing the image
of an object in space by photo-
graphing :he object’s optical inter-
ference pattern with a laser and
then reilluninating the pattern.
The technique could be used by
doctors to prepare holograms of
internal organs, which could then
be studied in three dimension, or
by industrial researchers to look
inside a solid material.

Presented at the Symposium on Biomedical
Engineering, Milwaukee, Wis., June 24-25
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MODEL 507C
DIGITAL VOLTMETER
All solid state and high speed.
SPECIFICATIONS
Measuring range: (1) 0.001 to 1.599 volts

{2) 0.01 to 15.99 voits

(3) 0.1 to 159.9 volts

{4) 1 to 1,599 volts
Accuracy: 0.1% of full scate. A/D conversion time: 600.:s.
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CHUO ELECTRONICS CO., LTD.

No., 21 Motohongo-machi, Hachioji-shi,
Tokyo, Japan
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(They’re going places!)
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highly sophlstlcated elect1 onic circuitry
create a big,
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reliability and
the many other
advantages of »
flat cable. One case in pomt

missile systems, guidance computers.

Flat cable is strong. Tough. Thin.
Dissipates heat quickly. Fits into corners,
turns sharp angles, reaches into

small, irregular or very thin spaces. ..
places where wire bundles can’t go.

Now, thanks to FLEX-WELD®
flat cable assembly and the engineering
and manufacturing capabilities of ITT Cannon:
e You can order flat cable assemblies,
reliably terminated to flat,
circular or D Connectors of any size or type.
Terminations are welded
through the insulation, without stripping,
to form a bond strong WELDED THROUGH INSULATION
as the cable material itself. ﬁﬁ/
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Centers to .050". Every assembly is
fully tested for reliable performance.

Turn your complex interconnecting problems
over to ITT Cannon’s staff of flat cable specialists.
Send details of your application or

write for literature. ITT Cannon Electric,

3208 Humboldt Street, Los Angeles, Calif. 90031.
A Division of

- (o e Ty
International CANNON
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Telegraph Corp. —

i cannon ITT

\ FLEX-WELD IS A REGISTERED TRADEMARK OF DIGITAL SENSORS, INC.

Circle 208 on reader service card




August 22, 1966

Electronics Ab

road

Volume 39
Number 17

Japan

Speeded by laser

Spurred by automobile makers who
want to speed the progression of
their models from styling studio to
production line, two Japanese elec-
tronics companies have developed
laser units that translate the con-
tours of clay mockups into digital
dimensional data.

Taking the measurements of the
mockups with a laser is much faster
than painstaking mechanical meth-
ods and points to a slash in design
lead time for automobiles. The digi-
tal dimenisonal data from the laser.
recorded on tape, can be processed
by computer to generate numerical
control programs for automatic
mill‘ag  of body-stamping  dies.
Like auto makers everywhere, the
Japanese auto companies that
backed the laser development.don’t
broadcast their exact lead time;
but it’s estimated the laser tech-
nique could halve the two-year pe-
riod generally considered par to
get a new model into production.

The two companies that have
readied laser pick-off units are Hi-
tachi Ltd. and Mitsubishi Electric
Corp. Hitachi appears to be out
front at the moment. In addition
to a laser pick-off, Hitachi has the
computer software prepared and a
numerical control milling machine
that can turn out the dies. Such
a system, Hitachi estimates, would
cost somewhere between $300,000
and $500,000; the computer would
be additional. Hitachi has no or-
ders as yet and won’t disclose
which auto maker it worked with
to develop the system.

For its part, Mitsubishi so far
has developed only the laser pick-
off, again at the instigation of an
undisclosed auto maker. But Mitsu-
bishi may be the first to put its
laser unit to work in nonautomotive
applications. The company is the
leading Japanese producer of large
dish antennas and the laser tech-

Hitachi laser unit translates contours into digital dimensions. Tube housing
laser and detection system moves in and out to keep beam focused on surface.

nique could be used to check an-
tenna accuracy. Mitsubishi also will
have the inside track with a sister
company that manufactures ships,
airplanes and rockets. The laser
technique, for example, could pro-
duce full-scale templates for air-
frame sections from half- or quar-
ter-size models.

Two ways. Both Hitachi and
Mitsubishi based their equipment
on the same fundamental idea—
keep a laser beam continuously
focused on the target surface no
matter how its contour changes.
In other words, the laser head
must always be kept at the same
distance from the surface, moving
in or out to track the contour. To
achieve this, defocusing of the spot
is detected in the laser head by
solar cells that pick up the reflected
beam. Their output is used as an
error signal for a servosystem that
holds the head at a fixed distance
from the tracked surface. Digital
dimension data then can be picked
off the servodrive.

In putting the concept to work,
the two firms took different tacks.
The Hitachi system has a small
lens to focus a neon-helium gas
laser beam to a spot about 0.5
millimeter in diameter on a target

15 centimeters distant. A much
larger lens—off the axis of the beam
—focuses the reflected spot on an
array of silicon solar cells. This ar-
rangement, Hitachi maintains, cuts
down noise since it keeps outgoing
and returning laser light paths sep-
arate. The off-center lens has an
added advantage: it deflects the
reflected spot in one direction if
the laser head is too close to the
target and in the other direction if
the head is too far away.

The solar-cell array tha* gener-
ates the error signal for thz servo-
drive has two cells 0.5 mm square
at the center; their outpur is fed
to a differential amplifier to get a
highly sensitive indication of bal-
ance. The two center cells are
flanked by cells that put out “near”
or “far” signals when there are
large deviations from balance.
With this arrangement, Hitachi
gets a precision of +=0.03 mm in
the readout, which is displayed on
an indicator as well as recorded on
tape.

Pinhole. Like Hitachi, Mitsubishi
uses a neon-helium laser with an
output of a few milliwatts for the
beam and it’s kept focused on the
target by a servosystem. Mitsu-
bishi, though, puts both the out-
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going and incoming light through
a single inverted telescope with a
large objective lens that focuses
the beam to a very fine spot—25
to 50 microns in diameter.

A half-mirror in the optical sys-
tem deflects the incoming reflected
spot through a collimating lens and
a pinhole onto a solar cell. A tun-
ing fork vibrates the pinhole, mov-
ing it 0.5 mm up and down along
the optical axis at a frequency of
several hundred cycles per second.
This vibration modulates the light
hitting the solar cell, whose sine-
wave output is the error signal for
the servosystem. Phase comparison
of the cell output signal and the
tuning-fork drive frequency indi-
cates the direction and amount the
laser head should shift to focus the
beam on the target. Precision with
this system, Mitsubishi reports, ap-
proaches 1 or 2 microns.

West Germany

Repetitious

Although people who receive a lot
of cables may not believe it, oper-
ators of intercontinental radiotele-
graph systems take great pains to
make sure messages get through
ungarbled. Nearly all use automatic
equipment to spot transmission
errors and rectify them immedi-
ately by retransmitting the correct
characters.

The repetition slows the outgo-
ing flow of information so a buffer
storage is needed for information
fed in for transmission. The most
prevalent buffer used today is a
paper-tape reperforator, a slowpoke
compared to the fast transmission
equipment it works with. But it
now seems the tape reperforator is
doomed by the advent of faster,
smaller, more reliable electronic
buffers.

The latest to come is a magnetic-
core matrix buffer developed by
Siemens & Halske AG. With no
moving parts, it leapfrogs the tech-
nology of two other electronic tele-
printer buffers currently available,
both of which store information on
rotating magnetic drums.
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Multichannel. Siemens’ mag-
netic-core buffer stores up to 4,091
characters in the five-bit teleprinter
code, the equivalent of about 30
feet of punched paper tape. Since
this is more capacity than a single
channel needs, Siemens has de-
signed the buffer so it can be
shared among four channels and
thus replace a quartet of tape re-
perforators. Capacity then is 1,019
characters for each channel.

Characters can be read into the
buffer at rates up to 400 a second
for each channel and read out at
the same maximum rate. This is
some 10 times faster than the rate
of a rotating drum buffer. Each
character is read out in response to
a request signal indicating that the
transmitter has sent out clearly the
preceding character. Information
stored for a channel can be erased
in 2 milliseconds.

Built-in converters that operate
at telegraph speeds as fast as 2,400
bauds (320 characters per second)
handle serial inputs and outputs of
character code groups. Parallel out-
put is also possible.

In addition to use as the buffer
for automatic correction systems,
the magnetic-core matrix equip-
ment can be employed for data
speed conversion, multiaddress
transmission and for message-
weighting centers that retransmit
messages in order of priority rather
than order of arrival.

Soviet Union

Blocked out

The drive by Soviet leaders Aleksei
Kosygin and Leonid Brezhnev to
give the Russian consumer a better
break apparently wont lead to
whopping orders for Western man-
ufacturers of electronic plant equip-
ment.

Earlier this year, Soviet durable-
goods planners worked out deals
with Fiat of Italy and Renault of
France for auto plants. Many ob-
servers of the Russian scene ex-
pected a spate of factory-equipment
contracts to follow, among them
deals for consumer electronics
plants. But hopes that a substan-
tial new market for Western firms
would open up have been dimmed
by a recent Russian order for a
complete tv tube factory from the
United Incandescent Works of
Budapest, Hungary.

Millions. The plant, which will
cost about $7.8 million at the offi-
cial exchange rate, is scheduled for
start-up early next year. Its yearly
output will be 1.2 million tubes in
three sizes—19, 21, and 23 inches.
At that capacity, the factory can
meet about a quarter of Soviet tube
needs.

In recent years, tv set production
has been between 2 million and 3
million annually. From 2.9 million

Siemens’ teleprinter buffer with magnetic-core matrix replaces as many
as four conventional paper-tape reperforator units.
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sets in 1964, output climbed to 3.7
m:llion last year. Judging from first-
half production, the 1966 output
will top 4 million sets [Electronics,
Aug. 8, p. 302]. Along with the in-
crease in receivers, a sharp rise in
the number of tv broadcast sta-
tians is in sight over the next few
years. Communications Minister
Nikolai Psurtsev forecasts the num-
ber of stations will grow from the
existing 500 to 800 by 1970.

Inside. Now that the Hungarians
have landed the order for the tv
tube plant, indicating the Soviets
plan to keep their business inside
their bloc wherever possible, France
seems to be the only Western
country that stands a chance of
cashing in on the Soviet tv boom.
Full-time color broadcasts will
start in Russia within two years,
using the French Secam system.
This points to a deal on receiver
fabrication know-how. And Soviet
backing of Secam apparently hinged
on a French promise of help on a
Russian plant to produce the color
tv tube developed by Compagnie
Francaise de Télévision [Electron-
ics. May 3, p. 157]. CFT, though,
still has to put the tube into pro-
duction itself.

Great Britain

Hard times

At one time, throngs with an itch
to buy flocked to Earls Court in
London for the annual Television
and Radio Show, turning it into a
sellers” festival. But there’ll be no
carnival atmosphere at the 1966
shaw which makes its five-day run
this week. The show is restricted
to people in the trade and their dis-
position these days tends to be
dour.

For better than two years, Brit-
ish consumer electronics has been
going downhill and the austerity
measures recently put into effect
by Prime Minister George Wilson’s
government [Electronics, Aug. 8, p.
299] can only hurt it more.

To worsen the plight of British
manufacturers, foreign competitors
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have their eye on the market even
though it’s shrinking. During the
show, the International General
Electric Co., the overseas arm of
the General Electric Co., will un-
veil its plans to market receivers,
record players and tape recorders
under a new brand name, “Mono-
gram”. GE’s announcement came
just a fortnight after the Radio
Corp. of America made headlines
with its plan to tap the upcoming
color tv market in Britain with a
color tube plant.

Sinking. The sorry state of con-
sumer electronics in Britain shows
up clearly in the industry’s produc-
tion figures. Five years ago, radio
set makers were turning ont 256,-
000 receivers a month. By last year,
output had backed off to a monthly
rate of 159,000. The first two
months of 1966 were even worse
with a monthly average of 129,000
sets. Inroads made by foreign
competitors, notably the Japanese,
account in part for the decline.

Television set production shows
much the same pattern. Through
1960 the industry boomed as Brit-
ish households acquired their first
sets. Tv set makers then figured
they’d have a steady replacement
market. Instead, sales fluctuated as
the government tightened and
cased consumer credit to slow
down or speed up a roller-coaster
economy. From the peak of 152,000
scts per month hit in 1964, tv out-
put slumped steadily to less than
120,000 sets monthly through the
first five months of 1966,

Hoping. The only real lift in sight
is the government’s commitment
to start color tv broadcasts next
fall, using the PAL system devel-
oped in West Germany [Electron-
ics, June 13, p. 161]. At the outset,
sets will retail for something like
$750; but since rentals account for
more than two-thirds of the black-
and-white sets now in use, market
forecasters generally see an early
boom for color.

This sanguine forecast discounts
the discouraging experience set
makers suffered when the British
Broadcasting Corp. introduced its
second service in 1964. Until then,
tv broadcasts were on a 405-line
standard in the very high fre-
quency band. The second service

went on the air in the ultrahigh
frequency band with the 625-line
standard used on the Continent.
Set makers expected the new stan-
dard to buoy their sales, but the
boom never materialized.

Confident that history won’t re-
peat itself when color tv gets going,
RCA has teamed up with Britain’s
largest tv renting company, Radio
Rentals Ltd., to manufacture color
tubes in northern England. The
company they’'ve formed—two-
thirds owned by RCA and one-
third by Radio Rentals—is called
RCA Colour Tubes Ltd. Colour
Tubes’ plant will be producing 19-
inch and 25-inch tubes by mid-1967
for British and \West European
markets. A good part of the output
will go to Radio Rentals’ set-pro-
ducing facility. RCA president
Robert Sarnoff predicts sales of
color sets in West Europe will rise
from about 300,000 in 1968 to
nearly 2 million by 1972.

Looking. With foreign competi-
tion growing, British manufactur-
ers have started to seek new mar-
kets with high-volume potential.
One field is domestic appliances.
Manufacturers  are considering
solid state speed controls, level in-
dicators and temperature sensors
for washing machines, speed con-
trols for electric drills, even Peltier-
elfect devices for wine coolers. But
as a spokesman for the industry
points out, these ideas are for pro-
duction in three years or so and
will be little help in the tough
period immediately ahead.

Robot tractor

Electronic robots may one day
drive tractors where wise men fear
to tread.

The English affiliate of the Ford
Motor Co. recently demonstrated
a remote-controlled tractor, largely
as a promotion stunt. And although
there is no program at the moment
to put the robot into Ford’s future,
plans could well change. The dem-
onstrations unearthed potential ap-
plications ranging from hauling
logs over ice-covered rivers in Nor-
way to handling radioactive mate-
rials from atomic power stations.

Fenlow Products Ltd. and C&L
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Our DTL offers one
feature we didn’t license

on-time delivery

ITT is licensed to build all DTL integrated circuits from
the 930 series. Quantity production is a reality in ITT
Semiconductors’ facility in West Palm Beach, Florida.

Doubtful ? Ask your ITT Semiconductor distributor,
who has plenty of DTL circuits in stock. Ask your
ITT Semiconductor factory salesman, who can arrange
two-week ARO shipment of your quantity orders.

It's easy to recognize the DTL circuits that come
from ITT in West Palm Beach. They're the ones you
don't have to wait for.

ITT Semiconductors is a division of International
Telephone and Telegraph Corporation, 3301 Electronics
Way, West Palm Beach, Florida.

Type Number

Circuit Function

MIC930

MIC932
MIC933
MIC944
MIC945
MIC946
MIC948
MIC949
MIC950

Dual 4-input Gate with
Expander

Dual 4-input Buffer

Dual 4-input Expander

Dual 4-input Power Gate

R-S or J-K Flip-Flop

Quad 2-input Gate

R-S or J-K Flip-Flop

Fast Quad 2-input Gate

Pulse-triggered Binary

SEMICONDUCTORS

FACTORIES 1N WEBT PALM BEACH FLORIDA PALO ALTO. CALIFORNIA. LAWRENCE. MASSACHUSETTS. HARLOW AND FOOTSCRAY. ENGLAND FREIBURG AND NURENBERG. GERMANY
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If someone has beaten you to the | 33 52 71 90 109 128 147 166 185 204 223 242 261 280 239 318 337 356 375 394 413 432 451 470 489 508 956 975
!
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ment, new product item, or new liter-
ature in which you are interested.
Please print clearly. All written in-

past cards, you may obtain the needed 15 34 53 72 91 110 129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976
il . 2. . 16 35 54 73 92 111 130 149 168 187 206 225 244 263 282 301 320 339 358 377 396 415 434 453 472 491 510 958 977
information by writing directly to the 17 36 55 74 93 112 131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978

manufacturer, or by sending your name |18 37 56 75 84 113 132 151 170 189 208 227 246 265 284 303 322 341 360 379 398 417 436 455 474 493 512 %60 979
and address, plus the Reader Service \L 19 38 57 76 95 114 133 152 171 190 209 228 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 961 980
number, to Electronics Reader Service ; T R e .
department.

P i First class

/ Permit no. 42

All inquiries from outside the U.S. ﬁ Hightstown, N. J.
that cannot reach Electronics before . .
th= expiration dates noted on the H Business reply mail

’ No postage stamp necessary if mailed in the United States

Reader Service post card, must be ! _
mailed directly to the manufacturer. ! -y - e
The manufacturer assumes all respon- f PR SR etiby]
sibilities for responding to inquiries.
Electronics merely provides and clears % -
requests for information from inquirer ¥ Electronics
to manufacturer. | Reader service department

Correct amount of postage must be I
affixed for all mailings from outside the [ Box 444
U.s. f .

i Hightstown, N.J. 08520
To subscribe to or to renew l|
Electronics k
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Fill in the “For Subscriptions” area |17 August 22, 1966 Card Exp res October 22, 1966 14

on the card if you desire to subscribe I .
ot Name title For Subscriptions

to or renew your present subscription 600 O] e
to Electronics, Send no money. Elec- Company [0 3 years $12.00
tronics will bill you at the address in- Address [ 1 year $6.00

20 39 58 77 96 115 134 153 172 191 210 229 248 267 286 305 324 343 362 381 400 419 438 457 476 495 514 962
21 40 59 78 97 116 135 154 173 192 211 230 249 268 287 306 325 344 363 382 401 420 439 458 477 496 515 963
22 41 60 79 98 117 136 155 174 193 212 231 250 269 288 307 326 345 364 383 402 421 440 459 478 497 516 964
23 42 61 80 99 118 137 156 175 194 213 232 251 270 289 308 327 346 365 384 403 422 441 460 479 498 517 965

dicated on the Reader Service post 1
2
3
4
524 43 62 81 100 119 138 157 176 195 214 233 252 271 290 309 328 347 366 385 404 423 442 461 480 499 518 966
6
7
8
9

card.

Multi-product advertisements

For information on specific items in
multi-product advertisements which do
not have a specific Reader Service num-
ber indicated write directly to man-
ufacturer for information on precise
product in which you are interested.

—

25 44 63 82 101 120 139 158 177 196 215 234 253 272 291 310 329 348 367 386 405 424 443 462 481 500 900 967
26 45 64 83 102 121 140 159 178 197 216 235 254 273 292 311 330 349 368 387 406 425 444 463 482 501 901 968
27 46 65 84 103 122 141 160 179 198 217 236 255 274 293 312 331 350 369 388 407 426 445 464 483 502 902 969
28 47 66 85 104 123 142 161 180 199 218 237 256 275 294 313 332 351 370 389 408 427 446 465 484 503 951 970

10 23 48 67 86 105 124 143 162 181 200 219 238 257 276 295 314 333 352 371 390 409 428 447 466 485 504 952 971
11 30 49 68 87 106 125 144 163 182 201 220 239 258 277 296 315 334 353 372 391 410 429 448 467 486 505 953 972
12 31 50 69 88 107 126 145 164 183 202 221 240 259 278 297 316 335 354 373 392 411 430 449 468 487 506 954 973
13 32 51 70 83 108 127 146 165 184 203 222 241 260 279 298 317 336 355 374 393 412 431 450 469 488 507 955 974
14 33 52 71 90 109 128 147 166 185 204 223 242 261 280 299 318 337 356 375 394 413 432 451 470 489 508 956 975
15 34 53 72 91 110 129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976
16 35 54 73 92 111 130 149 168 187 206 225 244 263 282 301 320 339 358 377 39 415 434 453 472 491 510 958 977
17 36 55 78 93 112 131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978
18 37 56 75 94 113 132 151 170 189 208 227 246 265 284 303 322 341 360 379 398 417 436 455 474 493 512 960 979
19 38 57 76 95 114 133 152 171 190 209 228 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 961 980
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Reprint service

All Electronics editorial matter available in reprint form:

For reprints of special reports and feature articles see list
on right side of this page. Send your order to Electronics
Reprint Department at the address indicated. To expedite
mailing of your order for single reprints please send cash,
check or money order with your order.

First class
Permit no. 42
Hightstown, N. J.

Business reply mail

No postage stamp necessary if mailed in the United States

Postage will be paid by

Electronics

Reader service department
Box 444

Hightstown, N. J. 08520
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For Subscriptions
O new [J renewal

[ 3 years $12.00
Address O 1 year $6.00

20 39 58 77 96 115 134 153 172 191 210 229 248 267 286 305 324 343 352 381 400 419 438 457 476 495 514 962
21 40 59 78 97 116 135 154 173 192 211 230 249-268 287 306 325 344 363 382 401 420 439 458 477 496 515
22 41 60 79 98 117 136 155 174 193 212 231 250 269 288 307 326 345 364 383 402 421 440 459 478 497 516
23 42 61 80 99 118 137 156 175 194 213 232 251 270 289 308 327 346 365 384 403 422 441 460 479 498 517
43 62 81 100 119 138 157 176 195 214 233 252 271 290 309 328 347 366 385 404 423 442 461 480 499 518 966
25 44 63 82 101 120 139 158 177 196 215 234 253 272 291 310 329 348 367 386 405 424 443 462 481 500 900 967
26 45 64 83 102 121 140 159 178 197 216 235 254 273 292 311 330 349 368 387 406 425 444 463 482 501 901 968
27 45 65 84 103 122 141 160 179 198 217 236 255 274 293 312 331 350 369 388 407 426 445 464 483 502 902 969
9 28 47 66 85 104 123 142 161 180 199 218 237 256 275 294 313 332 351 370 389 408 427 446 465 484 503 951 970
10 29 48 67 86 105 124 143 162 181 200 219 238 257 276 295 314 333 352 371 390 409 428 447 466 485 504 952 971
11 30 49 68 87 106 125 144 163 182 201 220 239 258 277 296 315 334 353 372 391 410 429 448 467 486 505 953
12 31 50 69 88 107 126 145 164 183 202 221 240 259 278 297 316 335 354 373 392 411 430 449 468 487 506 954 973
13 32 51 70 89 108 127 146 165 184 203 222 241 260 279 298 317 336 355 374 393 412 431 450 469 488 507 955 974
14 33 52 71 90 109 128 147 166 185 204 223 242 261 280 299 318 337 356 375 394 413 432 451 470 489 508 956 97%
15 34 53 72 91 110 129 148 167 186 205 224 243 262 281 300 319 338 357 376 395 414 433 452 471 490 509 957 976
16 35 54 73 92 111 130 149 168 187 206 225 244 263 282 301 320 339 358 377 396 415 434 453 472 491 510 958 977
17 36 55 74 93 112 131 150 169 188 207 226 245 264 283 302 321 340 359 378 397 416 435 454 473 492 511 959 978
18 37 56 75 94 113 132 151 170 183 208 227 246 265 284 303 322 341 360 379 398 417 436 455 474 493 512 960 979
19 38 57 76 95 114 133 152 171 190 209 228 247 266 285 304 323 342 361 380 399 418 437 456 475 494 513 961 980
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First class
Permit no. 42
Hightstown, N. J.

Business reply mail

No postage stamp necessary if mailed in the United States

Postage will be paid by

Electronics

Reader service department
Box 444

Hightstown, N.J. 08520
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Bulk reprints of editorial matter can be ordered from cur-
rent or past issues. The minimum quantity s 100 copies.
The higher the quantity ordered, the more econom..al the
cost per copy. Prices quoted on request.

To order reprints or for further informa-
tion, please write to: Electronics Reprint
Department, 330 West 42nd Street, New
York, N.Y. 10036. Telephone: Area code
212 971-3140.

Prices for the below listed reprints unless
otherwise specified are 1-10 copies 50¢ each;
11-24 copies 35¢ each; 25-99 copies 25¢
each; price for 100 or more is 20¢ each.

You may order any of the below listed reprints
by key number.

Key no. R-90 Communications Satellites
Part Il. 18 pages. 75¢

Key no. R-89 Communications Sateilites
Part I. 24 pages. 75¢

Key no. R-88 Belting Out Plastic Transistors
On Mechanized Assembiy Lines
8 pages. 25¢

Key no. R-87 The Packaging Revoluticn In
Microelectronics
(Parts IV, V “and VI. 32
pages). $1.00

Key no..R-86 Computer Time Sharing
Part Il 12 pages.

Key no. R-85 U.S.Electronics Markets 1966
24 page forecast report with
6 page foldout chart.

Key no. R-84 European Electronics Markets
1966. 16 pages with 4 page
foldout chart.

Key ro. R-83 A Look At Japanese Electronics
Technology 36 pages.

Key no. R-82 Computer Time Sharing
Part 1 20 pages

Key no. R-80 The Packaging Resvlution In
Microelectronics
(Parts I, 11, and 11l. 32 pages).
$1.00

Key no. R-79 MOS Integrated Circuits
12 pages.
Key no. R-78 The Overiay Transistor
15 pages.
Key no. R-77 Cold Cathode Tubes
(3 part series, 28 pages).
Key no. R-76 Automated Trains: Who's On
The Right Track? 16 pages.
Key no. R-75 Biotelemmutry
[2 Part series 16 pages].

Key no. R-74 UnijunctionTransistors, 24 pages.

Key no. R-64 Field Effect Transistors
(Parts I, Il and [Il. 64 pages).
$1.00

Key no. R-63 Silicon Power Transistors
8 pages. 25¢

Key no. R-60 Transistor Heat Dissipators,
32 pages.

Key no. R-31 1962 Electromagnetic Spectrum
g;\%%, [22” x 30" foldout chart].



Who says 1-amp epoxy rectifiers can’t stand humidity?

‘Nrite for free water-soaked
samples from ITT:

Choose the PRV rating that fits your appli-
cation best and write for samples. We'll
ship them immersed. You'll find that ITT
epoxy rectifiers exceed the humidity re-
quirements of MIL-STD-750. While you're
at it, check for cool operation, low thermal
impedance and extreme stability. All are
made possible by ITT's patented* “double
nail-head” design. Send for your free bottle
of ITT rectifiers today!  *Patent No. 3081374

# N el

ITT SEMICONDUCTORS

3301 Electronics Way

West Palm Beach, Florida

Please send me a pair of water-soaked

1-amp silicon epoxy rectifiers with the

PRV rating | have indicated.

Jwov 0 200 v 0 300 v [J 400 v §
[ 500 v [J 600 v 0 800 Vv 0 1000 v

SEMICONCUCTORS

™ SEMICONDUCTORS 1S A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, 5301 ELECTRONICS WAY, WEST PALM BEACH, FLORICA.
FACTORIES IN WEST PALM BEACH. FLORIDA; PALO ALTO. CALIFORNIA LAWAENCE, MASSACHUSET™S, HARLOW AND FCOTSCAAY. ENGLAND. FREIBURG AND NURCNBERG GERMANY
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From bright sunl

RCA thin-film
semiconductive
targets in Image Orthicon:
offer exceptfpnally stable
ein B/W
eIV === 1

/! -
2% - T

The RCA line of camera tubes includes three Image ‘f*
Orthicons—7629A, 7967, and 8092A—equipped with RCA’s
latest advance in TV technology, thin-film semiconduc-

tive targets. They offer the high gain and tube sensitivity
that can be equivalent to photographic film with an ASA
exposure index of more than 10,000,000.

RCA-7629A. Easy to set up and simple to operate, this
Image Orthicon makes possible very low-light-level

studio operation and remote pickup. It is excellent |
for industrial service, taking good black-and-white
pictures with scene illumination as low as 2 to 8 Im/tt*
... equivalent to film with an ASA index of 20,000.

RCA-7967. This Image Orthicon, with a multialkali pho-
tocathode features low target-to-mesh capacitance, re-
duced microphonics, and $-20 spectral response. It can &
reproduce black-and-white scenes under extremely g
low-light-level conditions. Its sensitivity is equivalent Sl
to photographic film having an ASA index of ten mil- -
lion or more!

RCA-8092A. An Image Orthicon with field mesh, this tube
makes possible full color pickup with scene illumination
as low as 40 Im/ft2. A quality tube noted for high resolu-
tion over a wide range of incident light levels, 8092A &
is available in sets of 3 with color-mated characteristics, s
with the designation 8092A/S. :

If you are-designiiig TV cameras, check into RCA’s line

of Tmage Orthicons. Youll find the one that’s right for
».your special application. See your RCA Representative,

For technical data, write RCA Commercial Engineering,

Sect. H 19Q-4 Harrison, N. J. ALSO AVAILABLE THROUGH
YOUR RCA INDUSTRIAL TUBE DISTRIBUTOR.

RCA Electronic Components and Devices

@ The Most Trusted Name in Electronics

® Circle 902 on reader service card



