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The Coherent Tone Burst -
. . . Has the Bandwidth Properties of a Pulse and the Tunability of a Pure Tone

The interrupted periodic wave produced by the GR Tone-
Burst Generator is a most useful signal. Its measured, repeated
ac transients can do what continuous waves and pulses cannot
do.

The tone-burst signal is made up of a series of equally spaced
energy bursts of equal duration, created by alternate passing
and blocking of an external periodic signal — sine wave or

otherwise. Each burst contains a precisely selected number of

cycles of the periodic wave. Moreover, since the signal within
one burst is coherent (phase-stable) with that in another burst,
energy distribution within the frequency spectrum is precisely
defined; thus, the tone-burst
signal becomes an extremely
useful test signal.

WAVEFORM SPECTRUM ENVELOPE

Wi

CONTINUOUS TONE

a coherent tone-burst signal
clearly shows how useful a
signal it is, particularly for
bandpass measurements.
Unlike the single-line spec-
trum of the plain sine wave
and the spectrum of the
repetitive pulse (whose en-
ergy is tied to the origin and
cannot be concentrated
where you want it), the
symmetrical spectrum of the
coherent tone-burst signal
can be shaped and placed

Frequency

TONE BURST Frequency

CLOSED g
GATE DURATION —

CYCLE COUNT 0

CLOSED 8
5 8

TRIGGER LEVEL
0

: SIGNAL
GYCLE COUNTS  Sobeep

NORMAL
r‘:‘
4 o

o

The frequency spectrum of

Type 1396-A Tone-Burst Generator . . .
a coherent gate forany waveform ... produces tone-burst signals

where it is needed. The tone burst’s center frequency is simply
that of the periodic wave from which the tone-burst signal is
derived; consequently, the center frequency can be shifted
casily. The tone burst’s bandwidth can also be varied over an
extremely wide range by adjustment of the number of cycles in
the burst and the number of cycles between bursts. Thus, the
test signal can be *‘tailored™ and located in the frequency spec-
trum to fit your measurement needs exactly.

In a test, 31-cycle bursts of a 10-kc sine wave were used
to measure the transient re-
sponse of a circuit resonant
above 10 kc¢/s. The upper
trace of the oscillogram is
that of the tone-burst signal;
the lower trace shows the
signal after it has passed
through the circuit. Rise and
fall times are easily meas-
ured on this trace, and over-
shoot and ringing are clearly
visible.

The tone-burst generator
is useful in many other applications including telemetry-signal
simulation, sonar testing, and amplifier recovery-time measure-
ments. For more information about this versatile instrument,
write for the preprint ““A Generator of AC Transients.” In-
strument Note IN-105, a detailed analysis of the Fourier fre-
quency spectrum of tone-burst signals, is also available on
request.
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CONDENSED SPECIFICATIONS

Signal Input (to be supplied by an external
generator or oscillator);
Frequency Range: DC to 500 kc/s.
Maximum Voltage Level: +7 volts
(5 volts, rms).

Gate Timing: Gate-open and -closed inter-
vals can be independently set to 2, 4, 8, 16,
32, 64, or 128 cycles (periods) of timing
signal. By means of a MINUS ONE switch,
intervals can be set to 1, 3, 7, 15, 31, 63, or
127 cycles. The gate-closed intervals can
also be timed in increments of one period
of timing signal from 1 ms to 10 s.

Gate-Open Output: Maximum signal level is
+7 volts (5 volts, rms).

Gate-Closed Output: Less than 140 millivolts,
peak-to-peak (—40 dB), with maximum
signal input.

Switching Transients: Less than 140 milli-
volts, peak-to-peak (—40 dB compared to
maximum signal input).

Size:8 by 578 by 7% inches, over-all.

Price: $490 in U,S.A.

Write for Complete Information

with the coherence necessary for accurate, reproducible measurements.

IN CANADA: Toronto 247-2171, Montreal (Mt. Royal) 737-3673
IN EUROPE: Zurich, Switzerland — London, England
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GENERAL RADIO COMPANY

WEST CONCORD, MASSACHUSETTS

BOSTON NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA

WASHINGTON, D.C.
(W. Concord) 646-0550  (Ridgefield, N. J.) 943-3140  (Oak Park) 848-9400 (Ft. Washington) 646-8030 (Rockville, Md.) 946-1600

SAN FRANCISCO  LOS ANGELES ORLANDO, FLA. CLEVELAND
469-6201 425-4671 886-0150

SYRACUSE DALLAS
454-9323  FL 7-4031 (Los Altos) 948-8233
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Sure grip for your most critical x-y recording...on any size graph

paper equal to or smaller than the platen. That's what you get

with Moseley’s exclusive AUTOGRIP*, revolutionary electric paper
holddown now standard on most Moseley x-y recorders.

AUTOGRIP is silent. No moving or mechanical parts—no clips, no

fans, no pumps, no motors...obviously, no maintenance.

And, in action, your AUTOGRIP holddown is so tight-gripping that the
paper will not slip or wrinkle. (Test shows Moseley AUTOGRIP in action.
Paper is pulled by weight without tearing, slipping or wrinkling.)

It's another plus delivered exclusively with Moseley instruments...to

¥ MOSELEY improve performance, reduce maintenance.
Ask your Moseley /Hewlett-Packard field engineer for information on the

DI VISION complete line of Moseley x-y recorders, or write for details to Moseley
Division, 433 North Fair Oaks Avenue, Pasadena, California 91102.

i
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HEWLETT
PACKARD

#*Trade mark Pat. pend. 224
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ada'ea’f/e)(/b///ty for yaur Dyn)ec by -2070 Data Avéquf.‘s‘ibn System with

DIGITAL LIMIT
COMPARISONS,

New systems flexibility is yours with standard Dymec data
acquisition systems, now offering improved accuracy and noise
rejecting characteristics. The new DY-2539A Digital Compar-
ator operates with any standard DY-2010 System, letting you
compare your digital measurements with single or dual preset
limits, obtaining Hi/=/Go or Hi/Go/Lo lamp indications and
electrical outputs. The new DY-2560A Punched Tape Pro-
grammer automatically programs all measurement functions,
including comparison limits, of your 2010 system.

In addition to these new data acquisition capabilities, the
DY-2010 systems incorporate the new DY-2401C Integrating
Digital Voltmeter as the measuring instrument. The 2401C,
which measures =0.1 v to 1000 v full scale, offers accuracy
of 0.01% of reading +=0.005% of full scale =1 digit at 25°C.
The floating and guarded 2401C virtually eliminates measure-
ment errors due to extraneous noise on the signal, without
restriction on grounding of the signal source, recorder or
programming device. Signals as small as a few per cent of
full scale can be measured accurately even in the presence

Data subject to change without notice. Prices f. 0. b. factory.

AUTOMATIC
TAPE PROGRAMMING

of noise approaching three times full scale. Standard, too, are
300% overranging and a sixth overrange digit.

Limit comparisons with the DY-2539A take less than 3 msec.
Operated manually or by external signals, the comparator
handles virtually any combination of limit relative magnitudes
and signs. The DY-2560A reads punched tape to program all
measurement functions, comparator limit selection and data
recording. Changing the entire system operation requires
changing only the program tape. The DY-2539A adds $1850
to the cost of the standard 2010 system; the DY-2560A adds
$3380. Each of eight DY-2010 Data Acquisition Systems is a
fully specified and priced data sheet item, not a special. The
standard systems give you lower cost, higher reliability and
predictable fast delivery.

Brief specs of the standard systems appear in the chart.
Call your Dymec field engineer or write for complete specifica-
tions to Dymec Division of Hewlett-Packard, 395 Page Mill Rd.,
Palo Alto, Calif. 94306, Tel. (415) 326-1755; Europe: 54 Route
des Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

2010A 2010B | 2010E | 2010H 2010C 2010D 2010F 2010J
. stepping-switch scanner; up to 25 3-wire channels guarded crossbar scanner; up to 200 3-wire inputs; also
Number of input channels to 100 ghannels with slave scanners 4 accepts 100 6-wire, 200 3-wire and 600 1l-wire inputs
: e : hed tape or pinboard programmer may be added
self-programming capability permits measure- punc P :
Programming ment of mixed types and levels of signals ;3s?grr:'d|§pr:rzﬁgntypes and levels of signals and to control
Measurement speed S channels |10 channels | 1 channel |10 channels | 5 channels 9 channels 1 channel 18 channels
(max., dc volts meas.) per .sec. per sec. per sec. per sec. per sec. per sec. per sec. per sec.
" hed digital : punched digital
printed perforated | PUnc : printed perforated !
Output paper tape | paper tape (IB?Vlarg26) matgrp\gnc paper tape | paper tape (IBﬁrgzs) matgggtlc
Price $8310 $10,225 $9425 $15,825 $10,585 $12,500 $11,700 $18,100
" Time of day, ac voltage & resistance measurements, 10 mv full scale sensitivity,
Standard options 4 automatic limit comparison, cabinet. i
DIVISION 197
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Come again?

Probing the News

Agena may outperform Gemini 6
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Technical Articles
l. Design

Nomograph and chart pinpoint source

of ripple voltage limitation

A simple, quick method determines allowable
ripple for tantalum capacitors

William H. Fritz, Union Carbide Corp.

Simple diodes keep voltages constant

To regulate low voltages, inexpensive diodes
are better than zener diodes

Allan K. Scidmore, University of Wisconsin

Computing at the speed of light

Coherent light of a laser makes possible a new
class of optical computer

Kendall Preston, Jr., Perkin-Elmer Corp.

Designer's casebook

[] Scr ring counter switches up or down

[] Diodes protect meter from overloads

[] Transistor circuit pulses 1,000 volts

[] Sawtooth generator with FET current source

Il. Application

Scr's break the frequency barrier

New structures allow silicon controlled
rectifiers to work at frequencies up to 50 kc
Neville Mapham, General Electric Co.

I1l. Manufacturing

Production tips

[] Shortcut to mass trimming job

[] Simplifying hybrid-circuit assembly
[] Bonding semiconductor chips
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Readers Comment

Hospital grants

To the Editor:

In the article “Government Spurs
Medical Market” [Aug. 9, p. 107]
you have made this statement: “The
hospitals also have money to spend,
much of it federal; the government
pays up to two-thirds the cost of
equipment in nonprofit hospitals.”

My pathologist and I are very
interested in what government
funds you were referring to, be-
cause we are interested in securing
additional electronic equipment but
are in need of additional revenue.

W. R. Mitchell
Administrator
Passavant Memorial Area Hospital
Jacksonville, TIL

= Nonprofit hospitals can receive
assistance in purchasing equip-
ment through the National In-
stitutes of Health’s grants-in-aid
program. Applications made to
NIH are reviewed for need and
intended use; if they are accepted,
the hospital can receive up to two-
thirds of the cost of the equipment.

Survival of the fittest

To the Editor:

May I suggest that for the
answer to the problem raised in
your editorial “Changing an
image” [Aug. 9] you need look no
further than your own editorial of
July 12.

The engineering schools are
working to change the education
of an engineer so that he can com-
pete in the technical areas for
which the physical scientists are
challenging. However, if in the
process the engineering profession
is wiped out, as you intimate in
your July 12th editorial, it will not
be the engineering school’s fault—
it may be the result of the engi-
neering profession’s failure to re-
spond to the stimuli that are all
around us.

We must realize that all educa-
tion is in a process of continuing
evolution and I intend to imply
thereby all the aspects of the Dar-
winian form. There is competition
between species of education, wit-

Electronics | September 6, 1965



Now from Sprague!

.

for maximum capacitance in minimum space!

Type 36D Cylindrical Case

Designed specifically for space economy, in applications
such as computer power supplies, industrial controls,
high gain amplifiers, etc. Case sizes from 13%” x 2% "
to 3” x 5%". Improved temperature capabilities—may
now be operated at 85 C. Low equivalent series resis-
tance, low leakage current, excellent shelf life, high
rippie current capability. Superior seal employs molded
cover with recessed rubber gasket. Reliable safety vents,
Solder lug or tapped terminals. Standard ratings from 3
to 450 VDC, capacitance values to 270,000 uF.

A
OWERLYTIC" CAPACITORS

Type 39D Tubular Case

Smaller companion to proven 36D capacitor, possessing
same outstanding performance. Case sizes from 12" x
1%"” to 1” x 3%". Designed for operation at tempera-
tures up to 85 C. Unique construction—anode and
cathode terminals are welded—no riveted or pressure
connections—prevents open circuits, even in microvolt
signal range. Improved molded phenolic end seals con-
tribute to unusually long life (expectancy, 10 years or
more). Low effective series resistance, low leakage cur-
rent. Standard ratings include capacitance values to
18,000 nF, voltages from 3 to 450 VDC.

For complete technical data on Type 36D or Type 39D Powerlytic Capacitors,
write for Engineering Bulletins 3431B and 3415, respectively, to Technical Litera-
ture Service, Sprague Electric Co.,, 35 Marshall Street, North Adams, Mass. 01248,

Popular ratings are now available for fast delivery from your Sprague Industrial Distributor.

SPRAGUE COMPONENTS

CAPACITORS PULSE TRANSFORMERS
TRANSISTORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS

4sc-5131

TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

Electronics | September 6, 1965

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

SPRAGUE

THE MARK OF RELIABILITY

-
Sprague’ and ' (@)’ are regi of the S Electric Co.
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1/c’'s and modules tested...

HVWAMILALLYY

Now you can perform important dynamic
tests in addition to ordinary static (dc) tests
with TI’s Model 553 Dynamic Test System.
Measure propagation delay and noise feed-
through; dynamically determine ‘“fan-in”/
“fan-out” ratios, and noise immunity; assess
the effects of transients. Now, measure switch-
ing times in terms of percentage or absolute
values. You save money by performing more
tests at high speed with handling reduced by
single-socket testing.

The 553 Dynamic Test System is designed
for intergrated circuits, transistors, diodes,
thin films, logic cards, other circuit elements
with 10, 20, 50, or more active leads. Testing
can be done from dc to 50 mc, thereby simu-

lating actual operating speeds. Time or volt-
age is measured anywhere on or between
pulses (widths from 10 ns to 1 ms) with a
resolution of .000001%,. Jitter is less than 50
ps; accuracies better than 29,.

Modular design and variable word-length
program logic provide for infinite system ex-
pansion. Simplified programming language
allows operators to learn to program in 45
minutes. Data as well as double-ended hi-lo
limits can be produced at test rates faster
than go/no-go systems with a wide variety of
output recording techniques available.

For detailed information about the 553,
contact your TI Field Office or the Test
Equipment department, Houston.

o
TEXAS INSTRUMENTS
PRODUCTS [7 INCORPORATED
GROUP P. O. BOX 66027 HOUSTON, TEXAS 77006

118 RUE du RHONE GENEVA, SWITZERLAND
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ness your statements on Aug. 9,
there will be survival of the fittest,
and your editorial intimates that
perhaps past engineering work has
not been sufficient to justify sur-
vival. There will emerge new forms
of education better suited to the
conditions in the world around us.
It is experiments toward these new
forms which you criticize in your
editorial of July 12.

Just where do you stand? Nuts
and bolts, or theory for the future?

J. D. Ryder

Dean
Michigan State University
East Lansing, Mich.

= Probably in the middle of the
road. We believe an engineer needs
a grounding in fundamentals of the
physical sciences as well as courses
applying these physical sciences to
solve engineering problems. We
don’t believe that turning engi-
neers into physicists and mathe-
maticians is the answer.

Clouds in the IC sky?

To the Editor:

After reading the integrated cir-
cuits section of your article “The
changing face of the West” [Au-
gust 9, p. 60], one comes away with
the feeling that the business pic-
ture for the IC industry is all sun-
shine. This is certainly the impres-
sion conveyed by the comments of
the industry spokesmen inter-
viewed but it does not seem to be
a completely objective appraisal. I
believe the following observations
may tend to balance the scales:

1. To state that it is now profit-
able for IC makers to produce IC
components may be extremely mis-
leading if not actually erroneous.
The most successful IC companies

—

are those which have the high sales
volume. What about the many mar-
ginal firms that have not vyet
reached the big leagues? What can
be said about the entire industry?
And how do we define “profit?”
Does it include the costs required
to establish a capability before the
firm has a product to sell? The
ground rules must be defined.

2. Although the digital IC capa-
bility is great, the digital market
is basically oriented to the indus-
trial sector and, to a lesser extent,
to military and aerospace uses.
How about the linear market which
is the overwhelming bulk of con-
sumer applications and a high per-
centage of the potential military/
aerospace and industrial func-
tions? IC performance in this area
is still limited and unit prices are
very high relative to those of digi-
tal lines.

3. Is the industry running the
transistor collision course all over
again? The symptoms look the
same; the time scale may be short-
ened. If all the IC manufacturers
tool up for this all-consuming mass
market, can they all turn a profit?
Will those already firmly en-
trenched force out the marginal
producers and leave an industry
made up of a few giants? Will
prices continue to decline? If so, it
dampens the benefits of increased
sales.

For the industry to thrive in the
future, sales volume must increase
tremendously, the fall of unit
prices must slacken (while new
markets are being enticed), and the
IC linear component must attain a
performance and price level gen-
erally comparable to its digital
counterpart.

Herbert S. Kleiman
Arlington, Va.

[ SUBSCRIPTION SERVICE |-
Please include an Electronics Magazine address

' label to insure prompl service whenever you
write us about your subscription.
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Now from Sprague!

LOW-COST,
HERMETICALLY- SEALED

SEPT

SILICON EPITAXIAL
PLANAR TRANSISTORS

TN53, TN54—High Voltage Switch,

Amplifier
TN55, TN56—Low-level, Low-noise
Application
TN59—TN64—High Speed Switch,
Amplifier
TYPE NO. CHARACTERISTIC
TO-5 [T0-18
CASE | CASE B¥eeo|®Veeo| Mre f
TN53 | TN54 | 75V | 45V | 50 min. | 100 Mc
TN55 | TN56 | 40V | 30V | 60 min. | 30 Mc
TN59 | TN6O | 40V | 30V | 100 min. | 100 Mc
TN61 | TN62 | 40V | 30V | 50 min. | 100 Mc
TN63 | TN64 | 20V | 20V | 25min. | 20 Mc

For complete technical data,
write to Technical Literature Service,
Sprague Electric Co., 35 Marshall St.,
North Adams, Mass. 01248.

SPRAGUE

4$s-n32

THE MARK OF RELIABILITY

‘Sprague’ and '@’ are registered trademarks of the Sprague Electric Co.
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NORTE AT ITLANTIC NORTH ATL[* }I'I‘TC_‘
AT LANTIC NORTH ATTT.ANTEC - NOR.TH
BNO R TEE ATTT.ANTIC - NORTH ATI.ANTIC
AT T ANTIC N NORTE ATLANTIC:- N(WPTT—T

NORTH ATLANTIC N2
NORTEL £

AT ANTIC:-

how to measure resolver
or synchro position
with 30 second repeatability

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

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

= 0-999 Counter

= Single Synchro or Resolver Input
= Dual Synchro or Resolver Inputs

= Retransmit Synchro, Resolver,
Potentiometer, or Encoder

BASIC SPECIFICATIONS |

RANGE:. Al b e e T e s 0°-360° continuous rotation
ACCUTACY:, 5o - St el i bl D 2 e s 6 minutes (standard)
Repeatabilityi o .o iod it nsnst it e e e LS 30 seconds
SIOW SPEBH . - oo vesimns e imes i e s A e el 25°/second
T A R S N e e o o e 115 volts, 400 cps
Sizeto o APLBOR2Y e A s 134"h x 9%2"w x 9”d

3%2"h x 4%"w x 9%"d
Your local North Atlantic representative has complete data on the API

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

NORTH ATILANTIC industries, inc.
® TERMINAL DRIVE, PLAINVIEW, L. I., NEW YORK e OVerbrook 1-8600
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People

“We’re in the middle of a revolu-
tion in the automatic control field—
the shift from the use of analog
to digital com-
puters,’’ says
Theodore J. Wil-
liams, the new
director of Pur-
due University’s
Automatic Con-
trols Labora-
tory. “There’s
no doubt about
it, digital machines can do the job
(of automatic control) better and
cheaper,” he adds.

But there is an obstacle, Williams
concedes, and it's psychological:
plant managers are reluctant to re-
linquish control of their operations
to a machine.

For the past five years, much of
Williams’s job has been convincing
people to take the plunge: to use
digital computers to operate a
plant. He has been proselytizing
at the Monsanto Co. with apparent
success. For the Monsanto chemi-
cal plant at Luling, La., Williams
and his associates, in 1960, set up
their first computer control system.
Two years later, at another plant,
the first direct control of a chemi-
cal plant by a digital computer was
achieved.

The automatic Controls Lab at
Purdue has been organized in an
unusual way. It’s an interdiscipli-
nary project, with the university’s
schools ‘of electrical, mechanical
and chemical engineering all in-
volved.

“Purdue has one of the leading
labs in the theory of automatic
control,” Williams explains. “We
must now combine development of
theory with more intensive applica-
tion to industry.”

Williams® background includes
several specialties. He received his
bachelor’s degree in chemical engi-
neering, a master’s degree in chemi-
cal engineering, another master’s
in electrical engineering and finally
a doctorate in chemical engineer-
ing.

Williams who has the title of
professor of engineering at Purdue,
is succeeding John E. Gibson as
director of the automation lab. Gib-

Electronics | September 6, 1965
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On the Flight Deck
Highest DME Reliability
Means Machlett

UHF Planar Triodes

Consistently long, reliable
operation at high output power
has gained Machlett UHF planar
triodes preferred acceptance
among all the nation’s major
airlines. In new DME and transponder
equipmentor for replacement use, they are
the choice. The demonstrated superiority
of these tubes is further evidence of the
capabilities available to you at Machlett.
Whether you require high power /high
voltage triodes or tetrodes, UHF planar
triodes, X-ray tubes or vidicons, or if you
wish research and design development
assistance, write: The Machlett
Laboratories, Inc., Springdale, Conn.06879.

An affiliate of Raytheon
Company. (@

ELECTRON TUBE SPECIALIST
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CONGRATULATIONS
YOU JUST SAVED $2.95

We've just published the first truly authoritative text on

son has been named dean of engi-
neering at the newly formed Oak-
land University in Michigan.

Stephen E. Harris, a 28-year-old
assistant professor of electrical en-
gineering at Stanford University,
has won the
1965 Alfred No-
bel Prize for a
“technical paper
of exceptional
merit by an au-
thor under 31
years of age.”
This is the sec-
ond year in a
row that the prize has gone to an
electronics scientist for research
on lasers.

Harris worked on the demodula-
tion of phase-modulated light using
birefringent crystals. The technique
has possible applications in optical
and radar communications systems.
With it, the random side modes of
a gas laser can be transposed into
controlled f-m sidebands. A further
modulation eliminates sidebands
altogether.

Getting the power of a multi-
mode laser into a single frequency
puts engineers “over the hump” as
far as laser communications is con-
cerned, he says. Controlling the
side modes was the biggest tech-
nological stumbling block.

The next major project on his
research agenda, he says, is the de-
velopment of a laser system that
can be used for spectroscopic ex-
amination. The resolution of such
a system would reach the quantum

’.0’: shaft angle encoders. It's not a brochure. It's not a sales limit of detection, and it would
"Q’ treatise. It's an 84-page text on how to put encoders to offer the most noiseless form of de-
)00’ work — our encoders or anybody else’s encoders. And, tection

)‘Qo even though it's designed to sell for $2.95, we're willing Harr.is's teaching duties leave
)00’ to give a limited number of copies away gratis. him little spare time, although he
’f:‘ There's one string attached. It cost a lot to publish the also serves as a laser consultant
” booE<. And it's not designed for bedside reading. So please to the optical devices laboratory
000 dﬁ?"f ask. fc;r icopy lénletsshy(;;l reallly haveda ne%cir;[o know of the General Telephone and Elec-
'00 ali there 1S toknow.about Shattangic encoaets, L HIBIwIse, tronics Corp.’s subsidiary, the Syl-
) your free copy awaits your inquiry. Just write for it on your : . s

) compan terneac e
) J . ers

O IYX Harris and three Sylvania col-
:‘:‘ @&TEX l { leagues will appear in the next is-
"Q’( GIANNINI CONTROLS CORPORATION !é 1 sue of Electronics.

,0“4 ® 1307 SOUTH MYRTLE AVENUE, MONROVIA, CALIFORNIA @ (4 Harris has worked at Bell Tele-
”.0’ o, <\ “ phone Laboratories, exploring
WY ) @/ﬁj} § traveling wave masers. But indus-

try no longer tempts him, he says.
He’d rather split his time between
teaching and working as a con-
sultant.

)
2 95 T
. ;’000,0,,00,0,0“ KRR AKX RRXS
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Relay Record!

113,000,000 cycles without a miss.
ES "Double-Hermetically-Sealed”
relays offer record reliability.

Designed for critical aerospace applications,
Electronic Specialty Co.’s 80N dry circuit to 3 amp
relays are field-proven with years of reliable per-
formance. In factory tests 80N relays at last count
had compiled over 255,000,000 cycles with a cumu-
lative failure rate under 0.0783 % They completed
the last 113,000,000 cycles without a miss. The

extraordinary reliability of these relays is assured
by resilient bifurcated contacts and an ES exclusive
double hermetic seal which prevents outgassing and
eliminates contamination of the contacts.

The entire line of ES relays is designed to offer
maximum quality, ruggedness and long life. Write
forspecifications and detailed technical information.

ELECTRONIC SPECIALTY CO./ELECTRONICS DIVISION— Portland/18900 N.E. Sandy Blvd., Portland, Ore. (Formerly Iron Fireman Mfg. Co.)

Los Angeles, Calif./ Anniston, Ala./ Ft. Madison, la./ Harrisonburg, Va./ Hurst, Tex./ Pomona, Calif./ Portland, Ore./ Thomaston, Conn./ Toronto, Ont.

Electronics | September 6, 1965
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DU MONT LABORATORIES

PATTERN
POSITIONING

@

INTENSITY

SCALE ILLUM
. F/189
28

ASTIG

TYPE 47 1/25 SEC

“Technological Obsolescence

WITH THIS SCOPE AND THOSE PLUG-INS...

Your oscilloscope applications change with the work you're doing and the state-of-the-art. Over the years, you could
buy a lot of special purpose scopes for that reason. But you don’t have to. There are now 20 plug-ins available

for the Fairchild Series 765H main frame (and more are on the way). The versatility not only helps you beat the
high cost of T.0.—Technological Obsolescence; it lets you add new capabilities at low cost if and when you need
them. Other factors that contribute to Fairchild value are . .. all solid-state circuitry for long term reliability . . .
all deflection circuitry in the plug-in ... four main frame configurations (bench, rack, portable, and dual gun).
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...WHO NEEDS COSTLY SPECIAL PURPOSE SCOPES"

Ask your Fairchild Field Engineer for a demonstration of the Series e

wid

765H. Judge it on performance and by your own standards of value FAI R c H l l._D

analysis. For a new catalog describing the Series 765H and other
Fairchild scopes write Fairchild Instrumentation, 750 Bloomfield

Ave., Clifton, N.J. For a demonstration in your p!ant call your nearby l'}{?:ﬁl‘gMMER'C\LTﬁI!MDEN
FaH’ChI’d Field Engmeer. AND INSTRUMENT CORPORATION
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see 4 response

traces on single-
trace scope

measurement by comparison
up to 1,200 mc

NEW

JERROLD
SOLID-STATE

3-POSITION
COAXIAL SWITCHER

Model TC-3 $29500

Turn any single-trace oscilloscope
into a 4-trace scope; insert two refer-
ence traces automatically in addition
to test trace and baseline. These
references have advantage of per-
manent relative accuracy over
scribed or painted lines.

Results are repeatable, as accurate
as your reference attenuators. Gen-
erator and scope drift do not affect
accuracy of measurements. Fre-
quency from dc to 1,200 mc extends
usefulness of comparison technique
well into the UHF band. The TC-3
Coaxial Switcher can save you thou-
sands of dollars in speed and accu-
racy. Write for literature.

JERROLD

ELECTRONICS

Industrial Products Division,
Philadelphia, Pa. 19132

In Canada: Jerrold Electronics,

60 Wingold Ave., Toronto 19, Ont.
Export: Rocke International,
13E.40th St., New York, N.Y. 10016

SWEEP GENERATORS ® AMPLIFIERS
PRECISION ATTENUATORS ® COMPARATORS
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Meetings

Electronic Data Processing Conference,
National Retail Merchants Association;
Fairmont Hotel and Tower, San
Francisco, Sept. 20-24.

Plasma Sheath—Plasma
Electromagnetics of Hypersonic Flight
Symposium, OAR; New England Life
Hall and Classified section at Base
Theater, Laurence G. Hanscom Field,
Bedford, Mass., Sept. 21-23.

Systems Engineering Annual
Conference, Clapp and Poliak, Inc.;
McCormick Place, Chicago, Sept. 20-23.

Microelectronics Symposium, IEE; Univ.
of Southampton, England, Sept. 21-23.

AE-4 Electromagnetic Compatibility
Conference, SAE; Grumman Aircraft
Corp., Bethpage, L.I., N.Y., Sept. 22-23.

Military Electronics Conference
(MIL-E-CON 9), IEEE; Washington
Hilton Hotel, Washington, D.C.,
Sept. 22-24.*

Automation Conference, Cedar Rapids
Section, |IEEE; Town House Motel,
Cedar Rapids, lowa, Sept. 24-25.

Optics in Space Conference, Institute of
Physics and Physical Society Optical
Group; Univ. of Southampton, England,
Sept. 27-29.

IEEE Broadcast Symposium, G-B/IEEE;
Willard Hotel, Wash., D.C., Sept. 23-25.

Biennial Electric Heating Conference,
IEEE; Carter Hotel, Cleveland, Sept.
28-29.

Symposium on Physics and
Nondestructive Testing, Air Force
Materials Laboratory; Sheraton-Dayton
Hotel, Dayton, Sept. 28-30.

ERA Electronics Show, Cascade Chapter
of Electronic Representatives
Association; Center Display Hall,
Seattle, Wash., Sept. 29-30.

National Symposium on Information
Display, Society for Information Display;
Commodore Hotel, N.Y.C., Sept. 29-30.

International Exhibition of Modern
Electronics, Gospodarsko Razstavisce;
Ljubljana, Yugoslavia, Oct. 2-10.

Canadian Electronics Conference,
Canadian Region of IEEE; Exhibition
Park, Toronto, Oct. 4-6.

International Scientific Radio Union
(URSI), National Academy of Sciences,
National Research Council; Dartmouth
College, Hanover, New Hampshire,
Oct. 4-6.

National Aeronautic and Space
Engineering Meeting, SAE; Statler
Hilton Hotel, Los Angeles, Oct. 4-8.

Aerospace Instrumentation Symposium,
ISA; Ambassador Hotel, Los Angeles,
Oct. 5-7.

Switching Circuit Theory & Logical
Design Annual Symposium, G-C Univ.
of Mich., IEEE; Univ. of Mich., Ann
Arbor, Mich., Oct. 6-8.

Pan American Congress of Electrical,
Electronics, and Mechanical
Engineering, Mexico Group of IEEE;
Mexico Section of ASME, Mexico
Group of SAE; Hotel Del Prado and
Auditoria Nacional, Mexico City,

Oct. 9-17.

International Electrotechnical
Commission Conference, |IEC; Tokyo
Prince Hotel, Tokyo, Oct. 10-23.

National Communications Conference
(NATCOM), Mohawk Valley Section of
IEEE; Utica, N.Y., Oct. 11-13.

Convention and Exhibit of
Professional Audio Equipment, Audio
Engineering Society; Barbizon-Plaza
Hotel, N. Y. C., Oct. 11-15.

International Motion Picture Engineers
Meeting, SMPTE; Fair Grounds, Milan,
Italy, Oct. 11-23.

Call for papers

Electronic Components Confer-
ence, Electronic Industries Associa-
tion; Marriott Twin Bridges Motor
Hotel, Washington, D. C., May 4-6.
Oct. 8 is deadline for submission of
four copies of 500-word summary
to R. A. Gerhold, Chairman, Tech-
nical Program Committee, U.S.
Army Electronics Command (AM-
SEL-KL-I), Fort Monmouth, N. J.

Scintillation and Semiconductor
Counter Symposium, IEEE Nu-
clear Science Group; Shoreham
Hotel, Washington, D. C., March
2-4. Nov. 30 is deadline for submis-
sion of abstracts to W. A. Higin-
botham, Program Chairman, Brook-
haven National Laboratory, Upton,

N Y. 11973,

* Meeting preview on page 16
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A Trompeter Electronics’ STAND ARDIZED coaxial patching panels
and accessories are designed for installation in 19" cabinets for 50, 75, or
93 ohm systems using RG-8, 9, 11, 58, 59, and 62 cables. Where maximum
patching density is required, our MINIATURIZED patching system pro-
vides twice the number of jacks in a standard 19" panel. The miniature
system is for utilization with small cable systems of RG-122 (50 ohm),
Amphenol 21-597 (75 ohm), RG-180 and RG-195 (95 ohm), as well as
standard RG-58, 59 and 62 cables. Our new TWINAX patching system is
for telephone systems (124 ohm), high frequency data and checkout
circuitry (78 ohm), low frequency, low level analog and digital balanced
lines. Unlike other methods which require two jacks to accommodate
each pair, this new twinax jack accommodates the two conductors and
the shield within the same shell. Electrical matching is maintained and
substantial savings in both space and cost is achieved.

COAX/TWINAX
PATCHING

(BNC, TNC, type N and type C)

TROMPETER ELECTRONICS

8936 Comanche Ave., m Chatsworth, Calif. 91311 m (213) 882-1020
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Meeting preview

Mil-E-Con in Washington

Aerospace and electronic systems,
their requirements and technology,
will be examined at the ninth Mili-
tary Electronics Convention (Mil-
E-Con) this year. The three-day
meeting in Washington, D. C. from
Sept. 22 to 24, is sponsored by the
Institute of Electrical and Elec-
tronics Engineers’ military elec-
tronics group.

Departing from its customary
concentration on military electron-
ics alone, the meeting will discuss
new designs, developments, new
research and concepts in communi-
cations, navigation, instrumenta-
tion, detection, location, microelec-
tronics, and integrated circuits
across the entire spectrum of aero-
space and electronic system design.

Engineers may think solid state
when they discuss space electron-
ics but vacuum tube devices are
far from dead, according to John
W. Coltman of Westinghouse Elec-
tric Corp.’s research and develop-
ment center in Pittsburgh. He will
discuss some new uses and appli-
cations for vacuum tubes.

Radar. A session on radar will
include a paper by W.F. List, A.J.
Demco, and J. D. Donaldson of the
Westinghouse Electric Corp. in
Baltimore. The paper will discuss
an experiment using a silicon sub-
strate in a doppler radar system,
called CFAR for constant false
alarm, to perform detection, inte-
gration, and signal processing. All
this can be done by a 3 x 3% x 1
inch flatpack. A paper by Frank
Reggia of the Harry Diamond Lab-
oratories will describe the design
and operation of high-speed am-
plitude and phase modulators in
standard rectangular waveguide
systems. Other papers will examine
radar signals in tactical systems.

There will also be a special panel
discussion on extraterrestrial intel-
ligence. The group, which was or-
ganized by Stanley Winkler of the
Dept. of Defense Weapons Systems
Evaluation Group will be moder-
ated by Harold Wooster of the Air
Force Office of Scientific Research.
The session will discuss the possi-
bilities and probabilities of com-
municating with various forms of
extraterrestrial life.
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Who is the Best Judge
When it comes to
Semiconductor Requirements
jor Your Advanced Equipment?

When it comes to making any deci-
sions about the equipment you're
making, you are the only judge. We
wouldn’t question that.

But, there are a lot of requirements
where a total service company like
Motorola could help provide the best
answer. For instance, questions like:

o What is the best semiconductor
device available for your particular
application?

e How can you best provide a prac-
tical hi-rel program for your com-
pany?

e Where can you get assistance on a
tough circuit problem?

o Where should your company be go-
ing with future equipment designs?

These are all very pressing ques-
tions at times. And, a quick solution
can save you time and money. As a
matter of fact, we feel they are so im-
portant that we try to have the answers
available before you have the problem.
We do this with things such as:

MEG-A-LIFE Il PROGRAM — a new
high-reliability assurance program for
semiconductors which uses military-
type devices or equivalent as source
types and offers three levels of
reliability assurance to meet varying
application requirements. It can read-
ily be used as a nucleus of an elaborate
quality program, or, for less demand-
ing requirements, can be used sub-
stantially as is, as an in-house quality
assurance procedure.

Electronics | September 6, 1965

DEVICE SELECTION GUIDES —
¢ @' Published cross-
reference and selec-
tion guides are avail-
able from Motorola
on all types of semi-
conductors —guides
which permit you
* tomakeanintelli-
gent device choice . . . within minutes!

APPLICATIONS ENGINEERING SERV-
ICES — Motorola’s Applications De-
partment can evaluate your circuit and
offer written suggestions on how to
solve your circuit problems.

DEVICE DATA MANUAL — the newly

- 3 printed 908-page Data

? . Manual, which lists de-

\- vice specifications for

over 2600 types, elim-

1 * inates literally days of

\_M W wasted time for your

Snmsmmm——=¥"_ o ngineers and pur-

chasing people by providing a single
source for all data.

FIELD REPRESENTATIVES — local
Motorola semiconductor represent-
atives located in some 23 field offices
all over the United States, are backed
by the world's largest single semicon-
ductor research and production facility
and each is fully aware of the outlook
for semiconductor innovations in the
future. Your Motorola man can provide
you the information you need to intel-

PROVIDING TOTAL SERVICE TO

ligently guide your firm and help you
maintain a competitive position in
equipment development.

s

SEMICONDUCTOR DEVICE HAND-
BOOKS - published texts onintegrated
circuits, zener diodes, power transis-
tors, rectifiers, switching transistors,
and power circuit applications availa-
ble from Motorola often provide the
answer to a critical circuit problem
with no further searching required.

These are but a few of the standard,
everyday tools provided by Motorola
...items you'd expect from a total
service supplier.

If you have any questions or would like
additional information about any of
the subjects discussed here, write
Motorola Semiconductor Products
Inc., Technical Information Center,
Dept. 66, Box 955, Phoenix, Arizona
85001.

MOTOROLA

Semiconductors

INDUSTRY i & s
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make this set-up

as portable as this!
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hp standards
box score

hp 740A 0.01% DC Standard, a “workhorse” with
20 ma at 1000 v output, output resolution >1ppm,
floating and guarded, remote sensing, stability
>0.0015%/mo., regulation > 0.002% line or load
...only $2350! (The H10-740A is a 0.005%
standard for just $300 more.)

* hp 419A DC Nullmeter, 0.1 xv resolution with <0.5
wv drift per day, >80 db superimposed ac rejection,
portable (30 hrs. between recharges), overload to
1200 v, low thermal emf, internal nulling supply for
measuring high-impedance source voltages, $450!

hp 741A 0.02% DC Standard, an ac-dc differential
voltmeter, as well, with output 0 to 1000 v
to 20 ma, $1475.

Electronics | September 6, 1965
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Bnef specmcats ns. 735A* ‘

Standard outputs: 100000 v; 1018 - (3)**; 1,019 -
. ~ o-moo o

Transfer accuracy:  better than m between saturated
: o or unsaturated standard cells; better

than 10 ppm standard cell to 1 v
better than 10 ppm saturated to
. unsaturated standard cell
Stability: <10 ppm/month
Temperature -
coefficient: <1 ppm/°C
Noise: <1 uv peak to peak, dc-1 cps
Variable output: 0-1000 gv, accuracy 0.1% = 0.5 nv,
linearity 0.1%, output impedance
146 ohms *=1% .
Qutput: floatlng and %uarded :mpedance
o 1 Kohm *
Price:  $375
*See text for additional performance characteristics.
**A 3-digit direct-reading 0-1000 uv offset voitage.

Data subject to change without notice. Prices f.0.b. factbry‘.

An extra measure of quality

HEWLETT ﬁ PACKARD

422
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PRODUCTION — PERCENT OF 1962

FAILURE RATE — PER MILLION HOURS
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Figure 1. As production increases, reliability improves and prices go down . . . making
germanium transistors even better for many applications

20

Availability, reliability, and
TI germanium transistors

New products by the dozens — ranging
from business machines to television sets
— will employ germanium transistors
from Texas Instruments for three very
important reasons...availability, reliability
and price! Manufacturers have found they
can prevent production delays and trim
costs while offering their customers top
performance and trouble-free service.

Availability

When you specify TI germanium tran-
sistors, you are sure of meeting your
production requirements — for spot ship-
ments or millions per month — on sched-
ule! The reason is simple . . . TI has made
more transistors and has more production
capacity than any other manufacturer.

Nearly half a billion germanium tran-
sistors have been produced by TI alone.
Current production is more than fourteen
million per month and capacity is still
growing, as shown in the trend curve of
Figure 1.

TI’s current germanium production is
nearly as great as the combined silicon
production of all manufacturers.

Three TI plants now produce germa-
nium transistors. In addition to the Dallas
facility, plants in Bedford, England and
Nice, France are in volume production.
This gives further protection against costly
delays.

Reliability

One billion transistor hours per failure
for a failure rate of 10~°! That’s the order
of reliability reported in actual service by
large users of TI germanium transistors.
No other transistors have compiled so
much documented reliability.

Field service reliability is about three
orders of magnitude better than results of
tests at maximum ratings . . . these test
results are good and getting better, as
shown in the average failure rate trend
curve of Figure 1. These averages were
compiled from many tests involving tens
of millions of transistor hours’ service.

For example, only three failures per
million transistor hours resulted when
2N404’s were subjected to 23 million
transistor hours of service at maximum
ratings during the last 12 months,
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price... Three reasons to use
in your new designs

Another recent test resulted in a failure
rate of 10~7. Only one failure was re-
corded when 9250 TI germanium tran-
sistors were operated 1000 hours at maxi-

e ratings. SN AM-FM radios
very transistor produced by TI is care- S :
fully tested and classified to assure uni- Gowdenications expprest
formly reliable service in your equipment. Computers
To do the job, TI has installed high speed Desk calculators
testers like those shown in Figure 4. Missiles
Phased-array radar
Price Satellites
Low prices are closely related to volume Scientific instruments
availability . . . that’s why TI germanium Television receivers

transistor prices are among the lowest. TI
production experts know how to reduce
costs without compromising performance.
They gained this knowledge while build-

Torpedoes

Figure 2. TI's mechanized alloy transistor Figure 3. Here are some of many types of
3 s . assembly machine—an industry exclusive new military, industrial and consumer
ing half-a-billion transistors. —insures uniformity and reliability at very =~ equipment that will use Tl germanium
TI has invested heavily — more than  high production rates transistors

any other manufacturer — to take advan-
tage of this know-how! During the last 18
months, TI doubled germanium capacity
by adding new, highly-automated ma-
chines like the one shown in Figure 2. As
a result, costs are reduced, while produc-
tion is increased and quality is improved.

The price trend curve of Figure 1 shows
the result of this experience and invest-
ment. Germanium transistor prices are low
and getting lower.

Today, germanium transistors in highly
reliable hermetically sealed metal cans are
comparable in price to the cheapest plastic-
encapsulated silicon transistors. For cost-
critical consumer and related applications,
TIXMO1-08 germanium transistors in
plastic packages cost even less. Figure 4. Ultra high speed automatic test machine performs accurate measurements and

There you have the story . . . TI germa- classifies up to 9000 units per hour
nium transistors have no equal for availa-
bility, reliability and price. Performance
exceeds requirements for the vast majority
of industrial, consumer and commercial,
as well as many military applications, as

shown in Figure 3. No other devices—re- . TEXAS l NSTRUMENTS
gardless of price — offer significant added ﬁ INCORPORATED
benefits in most of these applications. 13500 N. CENTRAL EXPRESSWAY

That is why leading manufacturers in- e

corporate TI germanium transistors in new
equipment.

Before you finalize designs for any new
product that employs transistors, call your
TI representative! He will help you get an
edge on competition by selecting the tran-

sistor best suited to your requirements. SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND « NICE, FRANCE * DALLAS, TEXAS
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NEW STORAGE TUBE SHARPENS TRACKING SYSTEM’S VISION

The newest generation of tracking and radar
systems demands a rfew generation of direct
view storage tubes with improved dynamic
display uniformity and resolution capabilities.
Du Mont engineers have taken on this prob-
lem with marked success.

Case in point: the storage tube originally
specified for the PPl of a certain missile
tracking system (not Du Mont) lacked center-
to-edge uniformity of writing, erasing and
brightness. The area at the center of the
screen built up a disproportionately high sig-
nal charge level. This increased background
brightness to the point of obscuring nearby
targets. The condition could be partially com-
pensated by increasing storage electrode
bias, but this reduced sensitivity to remote
weak targets displayed in the peripheral
area. Another alternative, equally unsatis-
factory, was to erase the image completely
every two or three minutes. This left the sys-
tem blind during the interval required for a
complete antenna rotation.
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The problem was eliminated by the storage
tube Du Mont designed and built for this
application. This tube, Type KS2329, achieves
substantially uniform dynamic characteristics
over the entire storage surface. Resolution
capability—600 TV lines in the useful diam-
eter—is 60% greater than that of the original
tube. And, with no increase in length, a 12%
increase in useful diameter (to 9”) was
achieved.

Reliability in severe environments was an-
other requirement. So, with its integral mu-
metal shield, the Type KS2329 is potted in a
resilient, fungus-resistant compound, and is
fitted with multiple pin locking connectors
and rugged mounting lugs.

CRT’s STORAGE PMT’s
TUBES

The final result was a significant advance in
storage tube technology—or, from the cus-
tomer’'s viewpoint, a tracking system with
greatly improved vision. Now both strong
and weak targets are displayed with excel-
lent resolution, persistence and brightness.
Additional features include internal feedback
correction electrodes for high pattern geom-
etry accuracy and zero DP current operation
to overcome deflection non-linearities result-
ing from unpredictable collection of writing
beam current and reflected flood beam
current.

COMPACT PACKAGING

Another new storage tube developed by
Du Mont packs unusual performance into a
small envelope—and even that is designed to
provide extra space for circuitry in the area
around the yoke. This tube has a screen di-
ameter of 5”7, overall length of only 8”. Resoc-
lution is better than 125 lines/in.; writing
speed is 300,000 in./sec. Since the tube has
the same excellent integration characteristics
as the KS2329, it is expected to find wide
application as an indicator in airborne radars,
or as a radar indicator and TV display mon-
itor

Other Du Mont storage tube developments
include an on-axis writing gun. This consid-
erable feat, never successfully accomplished
in larger tubes, hinged on locating the flood
gun or guns off-axis while retaining uniform
illumination. The Du Mont tube does not de-
pend on physical alignment to do this. In-
stead, three off-axis guns are used with split
anodes which direct the beam from each to-
ward or away from the tube axis. Uniform
illumination is achieved, the write gun is lo-
cated on-axis—and the DVST can replace a
CRT with no change in deflection com-
ponents.

CUSTOM DESIGN OR OFF-THE-SHELF

Over the years, the solution of many indi-
vidual tube problems has resulted in the
availability of more than 4,000 types of
Du Mont tubes. These fall into four general
categories: Cathode-ray Tubes, Photomulti-
plier Tubes, Power Tubes and Storage Tubes.
The latter includes both direct view and elec-
trical output tubes. If you need a special pur-
pose tube, you'll probably find it listed in the
latest Du Mont tube catalog. If it isn't, we will
design and build it for you. For your copy of
the catalog, write (letterhead, please) to
Fairchild's Du Mont Electron Tube Division,
750 Bloomfield Avenue, Clifton, New Jersey.

|=A4|‘Rc|-|||_|:

DU MONT ELECTHDN TUBES

A DIVISION OF FAIRCHILD CAMERA
AND INSTRUMENT CORPORATION
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Editorial

Success story

The search for new devices and new ways to
perform old tasks is always running into man’s
built-in resistance to change. It takes a success
story every once in a while to convince every-
one that the search is worthwhile—and such a
story is being written today by the silicon con-
trolled rectifier, the solid state switch developed
nearly eight years ago. Engineers are discover-
ing that its unique properties are useful in a
variety of new products that range from bat-
tery-operated home appliances to the controls
of giant steel mills.

Most experts thought that scr sales would
run between $32 million and $35 million this
year, a nice increase over 1964. As August ended,
however, scr sales were running at an annual
rate of nearly $45 million—nearly 30% ahead
of the estimate. And the sales rate is still pick-
ing up.

There are a lot of reasons for this spurt in
use of scr’s. But the development of new va-
rieties is one of the most important. Initially,
the scr was limited to 60 cycle-per-second, low-
power applications. Today’s devices are rated
at as high as 250 amperes at 1,000 volts. And
new chip designs can handle frequencies as
high as 50 kilocycles, opening up still more new
applications (see story on page 88).

Another important reason is the new plastic
package for the scr announced by the General
Electric Co. (which developed and initially cre-
ated the market for the scr) earlier this summer.
GE’s package dropped the price of a lot of scr’s
to around 50 cents. That significant price de-
crease opened up the home appliance market
in a big way, so big that other semiconductor
suppliers are rushing out a plastic package for
their scr’s. Motorola® Semiconductor division,
for example, will announce such a device before
the end of 1965.

Among the most spectacular new applications
of ser’s is the control of giant electrical motors
with electronic circuits instead of the conven-
tional motor-generator sets which used to gen-

erate the d-c current that regulates the drive
motors. Earlier this summer, at its Warwick,
Ind. plant, the Aluminum Co. of America opened
up a new rolling mill in which ser’s controlled
the 10,000-horsepower drive motors. Actually,
35,000 hp are under electronic control at this
facility. To many veterans of the semiconductor
industry who sweated out the destruction of
semiconductor devices by currents at the mil-
liampere level, such performance is nearly un-
believable.

At the Warwick installation, which uses 250-
amp Westinghouse devices, running at 1,000
volts, the scr’s take up far less space and re-
quire much less maintenance than the motor-
generator equipment. Such an installation is
big business. The electrical portion of the War-
wick mill—motors, controls and scr’s—cost $6
million. The scr’s alone (and thousands are used
in the system) cost over $500,000.

Westinghouse is building an electronic control
that will dwarf the one at Warwick; it will
control 65,000 kilowatts at a Bethlehem Steel Co.
rolling mill that will have more drive motors
and more stages than Alcoa’s mill.

But the greatest opportunities for the scr may
lie in the appliance field, where electronic de-
vices have not been widely used primarily be-
cause appliance makers believe they are too
expensive and too unreliable. Now, however,
all that is changed.

For example, an scr control could regulate
the speed of a washing machine or drier with-
out the gears now used, thus decreasing the
cost and improving the reliability. An appliance
manufacturer could even replace the motors
now used with less expensive induction motor
drives and no speed control. Speed would be
changed by a change in frequency; if the motor
ran at 1,800 rpm at 60 cps, it would run at
3,600 rpm if the frequency were doubled elec-
tronically.

An even greater advantage exists in battery-
operated tools. The speed of most such tools is
controlled by varying the resistance of the
motor’s field or armature with a rheostat. But
that method uses a lot of power. With an scr
control, there is less power drain, and batteries
have longer life.

Clearly, the search for new scr’s and new
applications has opened up brand new vistas for
the entire industry. Nobody could belittle this
quest for something new.
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CLIFTON STEPPER MOTORS
SIZE 8 8 10 10 1 1 8 8 8 1
LENGTH (M.F.) 0.770| 0.770] 0.770| 0770 | 1.215 | 1.215 | 1.062 {1112 o770 | 1215
WEIGHT (0Z.) e R BRI D e T R R e
INERTIA (GM-CM?) 0.9 | 019 | 019 | 019 | 077 |03 lois loas |o19 | o077
INDEX 90° | 90°f 90°| 90° | 90° | 15 | s0° | 90° | 50 | 450
ANGLE 30| #2320 32| #3 | #3° | 210 | 230 | 230 | 420 | 20
pM | pmf pPm | Pvm | P | VR | Pm [ Pm | Pm | Pm

TYPE 2ol ) 25| 25 | 2z |3z |22 l2g | 2z | 2z
RATEOD.C.VOLT. 28V | 28v| 28v | 28v | 28v | 28v. | 2av | 28v | 28v | 28y
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(OHMS /PHASE) 460 | 300 | 300 | 300 | 300 | 150 | 300 300 |o R L
NO LOAD RESPONSE
RATE PULSE/SEC 250 | siao0 {iluss0 o 330 | 200 ] 600 | 360 | 280 || s0 | dio
NO LOAD SLEW
RATE PULSE/SEC 510 | 930 700 | 610 | 265 | 1600 | 375 | 650 | 2700 | 1200
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DETENT, 0Z-IN
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TYPE NUMBER MSA-8-A-1/MSA-8-A-2)MSA-10-A- 1| MSA-10-A-2| MSA-11-A-1|RSA-11-A-1|MSM-8-A-1 MSL~B‘A-llMSA-B-A-SIMSA—lI~A-2

EXCITATION MODE:

After careful testing and having already
had units in end-use equipment in the
field, we are now ready to announce a
full line of size 8, 10 & 11 stepper motors.
and the controllers that go with them.

Steppers are gaining popularity rapidly
in digital systems because of their quick
response, high resolution, and many
other distinct advantages over the con-

CLIFTO

DIVISION OF LITTON INDUSTRIES

TWO PHASES PARALLELED ALTERNATELY.

ventional servo motor.

We'd like to step in to your stepper
motor picture with Clifton Precision
quality, reliability and application
knowledge.

Clifton Precision Products, Division
of Litton Industries, Clifton Heights, Pa.,
Colorado Springs, Colo. Area 215 622-

1000; TWX 215 623-6068.

PRECISION
PRODUCTS




Far-out methods
to halt missiles

A perfect flight
. . . almost

Superconducting
tin sandwich

Electronics Newsletter

September 6, 1965

After a decade of concentrating its missile defenses over probable target
areas, the United States seems to have found a way to intercept enemy
projectiles farther from its shores. The problem has been how to reach
the missile during the midcourse phase of its journey. The proposed solu-
tion is secret, but considered feasible enough to be the subject of two
study contracts.

During the week in which President Johnson granted the Air Force’s
request for a manned orbiting laboratory, the service awarded two con-
tracts for studies of ways to reach a missile in midcourse. The method
could involve a satellite hovering over a possible missile route.

One contract went to the Planning Research Corp. of Los Angeles, to
study “mixed defense against ballistic missile attack”; that means trying
to intercept the missiles midway in their journey and again during reentry.
The other award, to the Academy of Interscience Methodology in Chi-
cago, was made for a study of “midcourse defense against ballistic missile
attack.”

Gemini 5 gave another indication of the Air Force’s interest in early
detection of missile flights. The astronauts, in two experiments for the
Air Force, used infrared sensors and radiometric measuring devices to
detect three missile launchings in the U.S.

Gemini 5’s spectacular successes overshadowed a few technical problems
that presumably are a focus of interest during the astronauts’ 11 days
of tests and debriefing.

One problem was the failure to obtain useful range data from the
rendezvous radar system. The spacecraft sent the signals to a transponder
at Cape Kennedy and received them back, but readings of the return
signals on the astronauts’ display panel were off scale.

Another problem was the power crisis, when oxygen pressure for the
fuel cells fell to a dangerous level. Space officials say the trouble seems
to have been a burned-out wire in a circuit leading to the oxygen heater.

The biggest problem, the splashdown 103 miles off target, seems to
have been due not to the computer that controlled the reentry but to
erroneous input.

There was no problem with reception of the astronauts’ picture on tele-
vision screens three minutes after it was taken with a Polaroid camera
aboard the recovery ship. The photo was scanned by a storage vidicon
and transmitted in digital form by Videx, a tv system that uses a band-
width of only 3 kilocycles, reassembled on another storage vidicon in
Houston, and sent to the tv networks. Videx is owned by the International
Telephone and Telegraph Corp.

Researchers at the University of Pennsylvania have observed microwaves
coming from superconducting tin at the temperature of liquid helium—
—460° F. The phenomenon is a manifestation of the a-c Josephson effect
—the emanation of a supercurrent from a junction formed by two layers
of superconductor material whose insulating layer is very thin.

With tin oxide as the insulation, and using excitation of about 20 micro-
volts, Donald Langenberg, Douglas Scalapino, Barry Taylor and Robert
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Laser trimming
cermet resistors

Computer repair
with no down time

Addenda
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Eck achieved 10! watts output at about 9 gigacycles per second.

The researchers figure there is about one microwatt present in the junc-
tion, and much work is being done on improving the output couplings
to get this power out. The frequency of the radiation can be tuned from
5Gec to 700 Ge in 5-Ge steps, at the rate of 483.6 Mc per microvolt.

The radiation is useful in the study of optical properties of solids, in
measuring very small voltages, in verifying Planck’s constant and the
charge of the electron, and in investigating new maser materials that could
emit in the far infrared. In communications, the device could eventually
replace conventional microwave generators.

High-value resistors of cermet thin film are being made with the help
of a laser beam. The Univac division of the Sperry Rand Corp. says
cermet resistors as thin as 0.005 inch can be adjusted to a resistance
precision as great as 99.99%.

Cermets—mixtures of ceramic and metal—have far higher resistivity
than metal alone. For years, designers have been intrigued by the pros-
pect of using cermets to make microcircuit resistors; but it was difficult
to obtain the necessary precision with the deposition process.

Univac heats the cermet momentarily with a ruby laser whose beam
energy has been reduced sharply. “If we're lucky,” says Sidney Rubin,
research director at Univac’s defense division, “we can adjust a resistor
with one pulse.”

Rubin says nobody is sure how the energy changes the resistor value.

The technique is being used to develop hybrid circuit amplifiers; Uni-
vac also expects to use it to adjust resistors on silicon integrated circuits.

A technique for servicing time-shared computers without shutting them
down has been developed by Jesse T. Quatse, manager of engineering
development in the Computation Center at the Carnegie Institute of
Technology. The technique is called Strobes, an acronym for shared-time
repair of big electronic systems. It includes a test program to exercise
the computer, and modified test gear to detect faults in the system.

In a multiprocessing system, a faulty module can be taken off-line,
allowing the system to run normally.

When an oscilloscope is needed, the Strobes technique requires a slight
modification of standard scope circuitry, and additional external circuits
that can be mounted on the scope cart. During testing, the scope beam is
turned on and off by the test program; while the computer is working on
the test program, the beam is on; while another program is being run, the
beam is off. The switching on and off is so fast that a steady display
appears on the scope.

The computer executes the maintenance program in the normal time-
sharing mode along with any other programs that may be running.

The Communications Satellite Corp. has requested proposals from 29
companies for the multimillion-dollar electronics package for two ground
stations to be built in Hawaii and the State of Washington. Answers must
be in by Sept. 30. . . . The Keydata Corp., a subsidiary of Charles W.
Adams Associates, Inc., will use a Univac 491 for its commercial computer
time-sharing service, instead of the Digital Equipment Corp. PDP-6 it had
planned to buy. The PDP-6 wasn’t running on time.
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THE TRICK IS TO PRODUCE HIGH-QUALITY COLOR TV
AT THE PRICE THAT WILL CRACK THE MASS MARKET WIDE OPEN

Like the well-known frame grid tubes
developed by Amperex that forged the way
for high-performance, low-cost black and
white TV, Ampe now announces the
right tubes for a similar “breakthrough”
for color: 6KG6 horizontal output pen-
tode ; 6EC4 damper diode ; 3BH2 high volt-
age rectifier diode. Competitively priced,
they offer designers the opportunity of en-
gineering low-cost color circuits without

crificing reliability, since they need only
240-270V B supply voltages. With lower
voltages and cooler operating tempera-

tures, fewer components are required while

built-in safety factors are retained for the
desired quality.

The 6 KG6 output pentode, designed for
use in horizontal deflection cireuits, ha
Cavitrap anode for anti-snivet performance
It offers 34 watt

maximum plate dissipation and 1.4 amps

for all channel receiver

peak anode current.
The 6EC4 damper d

companion to the 6KG6 for horizontal de-

le, a matching

flection cirecuits, provides 5600V PIV and
450 ma average cathode current.

The 3BH2 high voltage rectifier diode,
offering 35KV PIV and 1.75 ma average

‘athode current, features a unique anti-

corona shield for longer life and greater
reliability.

For detailed data, prices and applica-
tions assistance on these and other tubes
designed expressly for color TV, write to
the company still doing new things with

receiving tubes: Amperex Electroniec

Corporation, Semiconductor and Receiving
, Dept. 371, Slatersville,
Rhode Island 02876.

IN CANADA: PHILIPS ELECTRON DEVICES, 116 VANDERHOOF, TORO

Amperex
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STATIC PRESSURE—INCHES H,0
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VAX-1-DC D.C. VANEAXIAL BLOWER.
118” dia. 26 v.d.c. Rugged sub-minia-
ture unit with good performance. 1.4
oz. ldeal for spot cooling. MIL specs.
VAX-1-AC  A.C. VANEAXIAL BLOWER.
114” dia. Operates on 26 v.a.c., 400
cycle, 1 phase. 1.5 ounces. Smallest
vaneaxial blower available. MIL specs.

VAX-1.5-AC A.C. VANEAXIAL BLOWER.
1%4” dia. Uses 115 v.a.c., 400 cycle, 1

phase. 4.0 ounces. Can be supplied
variable speed for high altitude use.

VAX-2-MM  D.C. VANEAXIAL BLOWER.
2” dia. Operates on 26 v.d.c., other
versions available up to 50 v.d.c. De-
signed for MIL specs., weighs 5 oz.

VAX-2-MC A.C. VANEAXIAL BLOWER.

2” dia. Operates on 115 or 200 v.a.c.,
1 or 3 phase. Weighs 5 oz. MIL specs.

e

STAX-3-FC A.C. MULTI-STAGE BLOWER.
3” dia. Compressor staging in a minia-
ture unit, ideal for heat exchangers,
compact ‘“black boxes,’”” etc., 29 oz.

40 50 60 70 80 90 100

AIR VOLUME—-CFM

VAX-3-BD D.C. VANEAXIAL BLOWER.
3” dia. Operates on 28 v.d.c., other
versions may be wound to 115 v.d.c.
Designed for MIL specs., 16 oz.

VAX-3-GN A.C./D.C. VANEAXIAL BLOW-
ER. 115 v.a.c., 60 cycle single phase,
and 115 v.d.c. Other voltages avail-
able. MIL specs., 16 oz.

VAX-3-FC A.C. VANEAXIAL BLOWER.
3” dia. 115 or 200 v.a.c., 400 cycle,
3-phase. Variable speed high altitude
units available. 14 oz. MIL specs.

VAX-4-FC A.C. VANEAXIAL BLOWER.
4” dia. High performance, high alti-
tude unit operates on 115 or 200 v.a.c.,
400 cycle. Weighs 2 Ibs. MIL specs.

VAX-4.5-LC A.C. VANEAXIAL BLOWER.
4'),” dia. 200 v.a.c., 400 cycle. MIL
specs., weighs 5142 Ibs.

VAX-4.5-GR A.C./D.C. VANEAXIAL
BLOWER. 434” dia. Universal unit. 115
v.a.c., 60 cycles or 115 v.d.c. Except-
ionally quiet.

VAX-5.5-LC A.C. VANEAXIAL BLOWER.
51/»” dia. 200 v.a.c., 400 cycle. Large
volume delivery against high system
resistance.

Circle 28 on reader service card

IF YOUR BLOWER SPECS
ARE HERE, YOU JUST
SAVED TIME AND MONEY

Charted above are representative curves

of standard Globe vaneaxial blowers, a.c.
and d.c. Telephone us; we stock many of
these for 24-hour delivery. Globe also meets
most special blower requirements promptly,
often by modification of one of our
standard blowers. And because Globe is
the largest manufacturer of precision a.c.
and d.c. miniature motors, we can deliver
completely custom prototypes in a few
weeks. Let us help you solve your electronic
cooling problem with a highly efficient,
reliable Globe blower. We also make
centrifugals, tube-axials, and axial fans.
Request Bulletin V-2 from Globe Industries,
Inc., 2275 Stanley Avenue, Dayton 4, Ohio.
Tel. Area Code 513 222-3741.
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standard

rheostat variations

pre-engineered for better delivery

Tapered Windings—Wound in sections of diminishing wire sizes. Permits use of a
physically smaller rheostat for the same load than a rheostat wound with just one
wire size; allows more nearly linear control. Widely used where change from
maximum to minimum currents is large, or where a specific variation of current

with resistance is required.

Locking Bushings—Prevents tamper-
ing or accidental shifting of the rheo-
stat setting. Choose from several
types of clamping arrangements for
wrench or finger locking.

GsmaTe
> ”

-~

€« >

e

Enclosures—Take your choice of gen-
eral purpose ventilated or dust-proof
types; lightweight sealed; explosion-
proof; weather-resistant; drip-proof;
gastight; gas or fluid-filled.

Shaft Variations—A big selection of
round, flatted, and screwdriver slotied
shafts in different lengths and mate-
rials. Also for extension from both
sides of rheostat.

Off-Positions and Auxiliary Switches
—Three basic types of off-positicns;
also toggle and sensitive switches to
operate in conjunction with the rheo-
stat circuit or to control external

Gangs—Supplied assembled in gangs
(or ‘‘tandems'’) of two or more rheo-
stats of the same or different sizes.
Coupling kits are also available for
do-it-yourself ganging.

Motor Driven—Factory assembled with
single or ganged rheostats. Motor
modules also available separately for
fast assembly by the customer.

circuits.

m Where you have a special application which requires
rheostats with nonstandard or auxiliary features, an
Ohmite pre-engineered variation may be a quick answer
to your problem. Besides those pictured above, Ohmite
supplies such features as: less-than-standard winding an-
gles; taps; 360° rotation ; concentric shafts; special stops;
low or high torque rotation; flexible shunts; screw termi-

RHEOSTATS « POWER RESISTORS » PRECISION RESISTORS  VARIABLE TRANSFORMERS ¢ RELAYS
TAP SWITCHES ¢ TANTALUM CAPACITORS ¢« SEMICONDUCTOR DIODES « R.F. CHOKES

MANUFACTURING COMPANY
8610 Howard Street « Skokie, lllinois 60076
Phone: (312) ORchard 5-2600

OHMITE
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nals; “‘sequence-coupled” gangs; and ganged combina-
tions with other controls. For additional versatility, add
to this the world’s most complete selection of industrial
and military rheostats.

m Stock rheostats are listed in Catalog 30. Your local
Ohmite representative will help on special requirements.
His name and address will be sent with your literature,
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What'’s your low level switching problem?

CONTACT NOISE?
THERMAL VOLTAGE?
SWITCHING SPEED?

Solve it with one of these five new Clare relays!

IDEAL COMPONENTS FOR
data logging, process control, low level analog system
calibration and many other types
of instrumentation and

control systems

30

Now Clare offers the designer a choice of five types of relays for low level switching applica-
tions. All are specifically designed to minimize the noise and thermal voltage problems of low
level switching circuits. The wide range of available switching speeds, thermal voltage and
noise characteristics, and physical sizes enables designers to select the proper relay for any
circuit requirement.

These low level switching relays are highly-reliable components for data logging, process con-
trol, low level analog system calibration, and many other types of instrumentation and control
systems. They are capable of handling the input switching functions for any type of reasonably
high speed, low level data acquisition system.

The Type HGS2MT and HG2MT Relays offer the same freedom from maintenance and the
same billion-operation performance of the Clare Mercury-Wetted Contact Switches, which
provide their basic switching elements. The MR2MT Relays use the new MicroClareed®
switch to provide faster switching speeds in a module of minimum size. The new Type FT
and SFT Relays provide the high reliability and environmental capabilities of Clare Military-
Type Relays.

All are packaged in metal-enclosed modules for convenient mounting to printed circuit boards.
They are ruggedly built, and compatible with environmental requirements of both military
and industrial applications.

For complete information, send for eight-page Data Sheet 1251A. C. P. CLARE & CO., 3101
Pratt Boulevard, Chicago, Illinois 60645.

TYPE MR2MT TYPE HGS2MT TYPE HG2MT NEW TYPE FT NEW TYPE SFT

A smaller module A medium-sized A module built A special crystal- A sensitive FT
with new Micro- module, utilizing around standard can relay design design for slow
Clareed® switch the extremely HG mercury- for military-type speed, long duty
for faster switch- fast, highly sen- wetted contact applications. cycle switching
ing. 2%"” long, sitive HGS mer- switches with .800” long, .875" circuits. Dimen-
33%4" high, 116" cury-wetted con- minimal em€. high, .396" wide; sions identical
wide. tact switch with 313;," long, %" or ,800" long, with FT.

minimal contact high, 135;" wide. 1.180" high;

noise. 244" long, 426" wide.

%" high, 133"

wide.
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Thermal emf vs.
Stabilizing Time
at various coil
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CONTACT NOISE CHARACTERISTICS { microvolts peak-to-peak)

TYPE HGS2MT TYPE HG2MT TYPE MR2MT TYPE FT
osviime SOk |G |SssEs  feekr |oser [omsm gsem | osee | s e | g | S
Closure 700uV | 250uV | 50uV 1500xV| 200uV | 30uV 3500uV| 450uV | 50uV 900uV | 600uV | 150V
20ms 500 | 200 40 1500 | 200 | 25
=4 20 300 125 25 300 75 | 15
2| 4.0 200 100 10 100 50 10
28] s0 125* | 50 5 75¢ | 25 5¢ 500 | 125 | so0
oc| 55 1500 | 200 | 30
ES| 60 50 25 5¢ 1300 | 150 25 50 15 5¢ 150 25 10
=] 7.0 25 10 5t 500 75 15 30 10 5¢ 75 20 5t
2180 15 10 5t 250 50 10 25 10 5% 50 15 5t
2.0 10% 5¢ 5t 75 25 5¢ 20 10 5¢ 30 10 5+
10.0 10%¢ 5¢ 5¢ 50*| 15 5t 20* | 10 5¢ 25 10 5t

*Represent maximum values tLimitation of measuring equipment

The Type SFT low level relay is a sensi-

tive version of the FT, with sensitivity of 115mw and an
operating time of 10 ms. The SFT is an ideal component
for slow speed and long duty cycle applications.

Thermal EMF Typical Noise
5 uv max. Band Contact Noise (uv peak to peak
(100% duty cycle, Width 15 ms after coil is energized)
nominal coil voltage
applied at 4+25°C) 100KC 10uvi

600eps 2t

cps v

Sensitivity 3 il
115 mw (at nominal tLimitation of measuring equipment

voltage, 24V, 5000 ohms)
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Send for Data Sheet
1251A for
specifications of
CLARE Relays for

high speed, low level
switching applications. CLAR E
Address: Group 0O9N8, ®

C. P. Clare & Co.,
3101 Pratt Boulevard,

Chicago, lll. 60645
relays and related control components
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What do you need—

a status symbol or a scope?

Now you have a choice—Data Instruments S43. For those who
do not need the extras but who require reliability and perform-
ance in the essentials, it is the finest scope available. True, it
concedes something to the glamor versions in the number of
knobs—but it concedes nothing in way of performance or engi-
neering. The main frame features a 4 inch precision flat face tube
in a variety of phosphors with controlled edge lighting. A built-in
time base provides sweep speeds up to 1 psec/cm with hori-
zontal amplifier and trigger providing 10 X expansion to 400kc,
Five plug-in amplifiers, ranging in price from $80 to $160, give
the unit broad operating capabilities: 23 nanosecond rise time;
sensitivities of 100mv/cm with 15mc bandwidth and =5% accu-
racy. Narrow band and wide band differential amplification as
well as tuned bandwidth to 32mc are also available.

There are two models in the 43 Series—the Single beam S43 at
$365 and the Dual beam D43 at $399. Each instrument is fully
guaranteed for one year, and complete servicing is provided.

If you don’t need a status symbol but do require performance
and reliability in the essentials, the S43 is the finest scope
available. And at $365 it is very available.

Data Instruments Div, ® 7300 Crescent Blvd. ® Pennsauken, N.].
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Space electronics

Air Force in orbit

The decision to let the Air Force
go ahead with the $1.5-billion pro-
gram for a manned orbiting labora-
tory (MOL) means that the military
has solidified its claim to a share of
the man-in-space program. Just
about every space expert considers
the MOL project only the first of
many military flights.

In essence, the Air Force is
staking a claim to research in space
near the earth. The National Aero-
nautics and Space Administration,
which had been competing for the
orbiting lab job with its Apollo
Extension System. [Electronics
July 12, p. 115], will concentrate on
interplanetary space.

The Air Force had a built-in
head start because its MOL is tied
to the Gemini space capsule and
the Titan rocket, and therefore
could clearly be operational before
NASA built its more versatile
Apollo spacecraft. While the Na-
tional Aeronautics Space Council
was agonizing over the decision,
speculation was that the Air Force
would orbit the first manned space
laboratory and that NASA would
take over the program at a later
date.

One, two . . . But with such an
expensive project, whoever is first
is usually second, too. The think-
ing is that once the military devel-
ops the hardware and the skills
necessary for MOL, it will also be
called on to orbit purely scientific
laboratories. Apollo equipment
would eventually be used—but by
the Air Force.

Secretary of Defense Robert S.
McNamara let the Air Force begin
studies on MOL when he canceled
the Dyna-Soar space glider pro-
gram in December 1963. Yet he
never gave a go-ahead for anything
but studies.

McNamara never warmed up to
the program. The decision to go

ahead was in the hands of the
Space Council, which is headed
by Vice President Humphrey; but
there is speculation that President
Johnson did more than merely ap-
prove the council’s recommenda-
tion—he may have made the deci-
sion himself. Gen. Bernard A.
Schriever, head of the Air Systems
Command, will direct MOL.

year or early in 1967. It will test
launching, recovery and some
basic elements of the system. In
1968, a fully equipped unmanned
laboratory will be launched, and
later that year the first of the five
two-man laboratories will go into
orbit. The first bloc of manned
MOL flights will run into 1970. All
flights are expected to last at least

Manned orbiting laboratory will be made up of Gemini spacecraft with a cylindrical
section 30 to 40 feet long added for instruments and crew space. One company
has proposed a central ‘‘transtage’” which would carry extra fuel and supplies.

The first stage of MOL will
consist of two unmanned and five
manned launches. The timing of
the announcement—on Aug. 25,
while Gemini 5 was still orbiting
the earth—indicates that the Gem-
ini achievements were a decisive
factor in the decision. Any disap-
pointed NASA officials might
ponder that it was their own suc-
cess in demonstrating that astro-
nauts can perform well in space,
and can see and report on objects
on earth, that helped the Air Force
carry the day.

Month in space. The first un-
manned flight will come late next

30 days and possibly as long as
two months.

The Douglas Aircraft Co. was
selected to develop the laboratory
canister, which will be 10 feet in
diameter and 30 to 40 feet long.
Approximately 1,000 cubic feet of
the laboratory will be pressurized,
so that the astronauts can live in
a “shirtsleeve” environment. The
balance will house supplies and
logistic equipment.

The development of experiments
and the integration of the labora-
tory with the Gemini spacecraft
and the Titan 3C booster will be
done by the General Electric Co.’s
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Space Technology Center at Val-
ley Forge, Pa.

Though the experiments have
not yet been clearly defined, it is
known that one of them will be fer
the astronauts to assemble a 100-
foot antenna in space, to be
tethered to MOL. This will be a
radar sensor. Another experiment
calls for attaching a large telescope
to the outside of the laboratory for
earth observations and photo-
graphy. The reflecting telescope
will have a mirror as large as 75
inches in diameter. Some of the or-
biting photographic equipment
would have resolutions of two or
three feet.

Other experiments will consist of
infrared measurements and wea-
ther reporting. The Navy wants

some tests run for submarine
detection and worldwide fleet
movements.

Eyes over Russia. For the first
time, manned space flights will be
sent over the Soviet Union. Gemini
5 crossed Red China, but not
Russia. Launches will be made
from both Cape Kennedy and Van-
denberg Air Force Base in Califor-
nia; the military won’t say how
many launches will be made at
each site, however.

Adapting the Gemini capsule for
MOL consists mainly of cutting a
hole in the heat shield so that
the astronauts can transfer from
the Gemini into the laboratory.

The Titan-3C booster that will
launch the 25,000-pound payload
into space was developed by the
Martin Co. and the United Tech-
nology Center for just this mission.
Thus it does not require modifica-
tion.

Neither the Pentagon nor the
contractors will speculate on how
the $1.5 billion will be divided; but
informed sources estimate that
about a third of the money will go
to Douglas, and a third to General
Electric, with the remaining third
split between McDonald and Mar-
tin-UTC.

To date, the Pentagon has spent
about- $30 million on the MOL
program, largely for studies. It has
$150 million funded for the current
fiscal year. Officially, the Pentagon
says it won’t seek any supplemen-
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tary budget money for the project,
but it does not rule out some in-
ternal transferring of funds. The
big spending year for the program
is generally expected to come in
calendar year 1967.

Beyond Apollo. Even before the
MOL announcement, it was ap-
parent that NASA had dropped
serious plans for a manned orbit-
ing laboratory around earth. In
hearings before the Senate Space
Committee last week, top NASA
officials, including administrator
James E. Webb, made it clear that
they have set their sights on in-
terplanetary space exploration in
the next 10 to 15 years. The of-
ficials talked of unmanned and
manned probes to Mars, Venus and
other planets as goals beyond the
manned lunar landing, even
though that landing is still four to
five years off. Though near-earth
and lunar exploration projects are
being considered, it was the inter-
planetary area that received the
emphasis.

What Gemini proved

Astronauts Charles Conrad and
Gordon Cooper demonstrated what
President Johnson had believed all
along: man has a military role in
space. Although the National Aero-
nautics and Space Administration
has been hesitant to talk about
them, the handful of military ex-
periments that the astronauts con-
ducted showed that, with the aid
of electronics, a man in orbit could

Keeping watch on spacecraft

keep watch on the earth below.

The Gemini-5 pilots were able,
among other things, to spot two
launchings of Minuteman ballistic
missiles and a test firing of a rocket
sled. In addition, they were able
to take what Conrad described as
“scenic shots” of Cuba during a
pass over that island.

The Pentagon acknowledged
that its experiments were designed
to learn man’s “threshold of sensi-
tivity” in spotting targets in space
and on the ground. NASA, how-
ever, said little about the experi-
ments, except that most were suc-
cessful.

Detection gear. Here’s some of
the electronic gear for military de-
tection that the astronauts used in
the spacecraft to test the effective-
ness of a possible spy-in-the-sky
role.

= To detect radiation from cold
bodies in space—either spacecraft
or planets—the military designers
developed a supercooled interfer-
ometer spectrometer. Although the
instrument was only running for 17
minutes, Air Force officials said it
performed perfectly. During its
short period of operation it picked
up infrared radiation in the 8- to
12-micron range from a pod that
was ejected earlier in the space
flight. Conventional detectors can’t
pick up radiation in that narrow
region. To operate in that range,
the instrument was cooled to
—397°F.

s To detect radiation from hot
bodies—such as missile exhausts
and cities—the military scientists
designed an instrument package
containing a radiometer and inter-
ferometer spectrometer. Together,
they detected radiation in the 1.3-
to 12-micron range.

In almost every way the flight
was a huge success. It proved how
effectively space officials can de-
sign around a failure. The trouble
with heaters for the fuel cells, for
example, caused a cancellation in
the plan to rendezvous with an
electronic radar pod that had been
ejected into a slightly different or-
bit early in the flight. To make up
for this loss, NASA officials put
an imaginary vehicle into a hypo-
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thetical orbit, transmitted the data
to the spacecraft and the astro-
nauts were able to maneuver close
to the phantom target.

Components

Charge it

The development of rechargeable
nickel-cadmium batteries gave the
portable tool and appliance market
a big boost. One drawback, how-
ever, was the length of time it took
to recharge the batteries—up to 12
hours. Now a special diode intro-
duced at Wescon by the P. R. Mal-
loy Co. cuts the charge time down
to slightly more than one hour. The
device abruptly cuts off the charg-
ing voltage when the battery
reaches full charge.

Slow way. In a conventional sys-
tem, the current running into a bat-
tery is kept low, a high current
would damage the battery if it con-
tinued to flow after fully charging
the battery. Low current into a
fully charged battery is dissipated
as heat and doesn’t harm the bat-
tery.

Amp-gate diode. The Mallory de-
vice, called an Amp-Gate Diode,
consists of two or more p-n junc-
tions in series. The voltage-tem-
perature curve of the diode is very
similar to the voltage-temperature
curve of a nickel-cadmium cell dur-
ing recharging. In addition, the
diode has a very sharp forward-
breakdown characteristic. Thus,
when the cell reaches full charge,
the characteristic voltage trigger
the diode, providing a low imped-
ance path around the cell. This
shunts the charging voltage
through the diode and cuts off cur-
rent to the cell.

Mallory’s first units consist of
two 0.7-volt junctions in series,
making a 1.4-volt diode, equal to
the voltage of most nickel-cad-
mium cells. The company also
makes a 0.4-volt junction and any
combination of 0.4- or 0.7-volt junc-
tions may be used to match any
cell voltage.
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Computers

Portable accuracy

A lightweight analog computer
with the dynamic range and accu-
racy of a large computer will be
offered next January to the educa-
tional and medical research market
by the Systron-Donner Corp., Con-
cord, Calif. The computer will cost
$8,000 and will be accurate to
within 0.1%. It weighs about 100
pounds and measures 24 by 15 by
25 inches.

James R. Cunningham, the com-
pany’s electronics division market-
ing manager said the full plus or
minus 100-volt operating range pro-
vides increased accuracy. Other
portable analog computers, he says,
only offer a 10-volt range.

Fast, safe charging, say industry
experts, will boost the portable
equipment market past $500 mil-
lion a year.

Litton’s logic

Undaunted by its inability to get
the Phoenix-missile computer proj-
ect off the ground [Electronics,
June 14, p. 41], Litton Industries,
Inc., is trying its luck with a new
computer for aircraft and missile
command and control.

In a way, Litton is putting the
Phoenix pieces back together. The
new L-304 uses the same integrated
circuits that Phoenix did and the
construction is similar.

Vive la difference. “Our experi-
ence on the Phoenix computer proj-
ect helped,” says C. Gordon
Murphy, Data Systems division
president. “Only the logic is dif-
ferent.” Litton says it spent $2
million of its own money over the
past two years developing the dif-
ference. The L.-304 engineers had
greater design freedom than the
Phoenix designers who had “to pur-
sue a conservative design to meet
both the specifications and a tight
schedule,” adds a company spokes-
man.

The L-304, a general-purpose
prototype of a custom-designed
series, will be shown Sept. 15 at

an Air Force Association aerospace
development briefing in Washing-
ton. The computer weighs only 27
pounds and takes up 0.3 cubic feet
of space.

Fewer instructions. A key feature
of the new design is the L-304’s
ability to handle instructions
rapidly and operate on fewer in-
structions—40% fewer per pro-
gram than other systems, Litton
says. For example, a single instruc-
tion sets up a logic gate for an ap-
plication such as tracking a target
by means of gated comparisons.
Four sets of instructions are used
to check the target—in the gate,
out of it, below or above it.

As a good command and control
computer should, the L-304 can
handle many (64) independent pro-
grams, can interrupt one program
to run another of higher priority
and can retain data in the memory
if power should fail.

To switch from one executive
program to another takes 10 micro-
seconds, an addition 6.3 microsec-
onds, a memory read-write cycle
1.8 microseconds.

Memory modules contain 4,096
or 8,192 words 32 bits long and an
additional 254,000 words can be
added.

Microcircuits. The L-304 is built
with LINC (Litton integrated NOR
circuits) circuits that the Fairchild
Camera & Instrument Corp. cus-
tom-designed for the Phoenix com-
puter. The Philco Corp. is also a
Litton-qualified manufacturer. Lit-
ton says Texas Instruments Incor-
porated, Motorola, Inc., Sylvania
Electric Products, Inc. and General
Micro-electronics Co. are testing
LINC’s. They’ll be made available
to any computer manufacturer.
Sylvania is a subsidiary of the Gen-
eral Telephone & Electronics Corp.

The L-304’s mostly microelec-
tronic power supply stems from
one designed under a Navy con-
tract [Electronics, March 22, p. 38]
for use in avionics systems. It in-
cludes some discrete components,
as do the memory circuits.

Bureaus, not books. The Phoe-
nix’s eight multilayer-circuit-board
logic assemblies were packaged
like leaves in a book. The L-304’s
three logic boards, and the other
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subsystems, slide in and out of a
housing like drawers in a bureau.
Otherwise, the packaging is sim-
ilar. Nine daughterboards, each
carrying 30 circuit packages, go on
each side of a motherboard. The
boards are multilayer types made
by plating conductors on insulating
layers. Heat generated by the cir-
cuits goes through solid copper
pins, 0.050 inch in diameter, plated
in the daughterboards, to copper
plates on the motherboard and then
to heat exchangers. Conduction
cooling and a sealed housing, Lit-
ton points out, keeps the computer
moisture-proof.

The cooling is so efficient that
the computer can operate under
boiling water, Litton says. As long
as the external temperature is be-
low 110°C, the silicon device tem-
perature limit of 125°C will not be
exceeded inside the computer.

Come again?

Time-sharing computers are busy
machines. Questions pour in from
a number of sources, and if a query
is unclear or misstated, the com-
puter has to waste time asking the
questions. A smaller computer
could do that job adequately and
at less cost. In a project at the Uni-
versity of Pennsylvania, a small
computer has been used between
the questioner and the central proc-
essor to act as a filter, so that be-
fore a question gets through to the
big computers, it is stated cor-
rectly.

John Carr, head of the computer
sciences department at the univer-
sity’s Moore School of Electrical
Engineering, maintains that such a
technique has advantages far be-
yond its obvious economies. For
example, with the central computer
protected from badly stated ques-
tions, even an untrained questioner
can carry on a “conversation” with
a time-sharing computer system. In
addition, the computer system can
lead the questioner to the data he
wants, much as a librarian helps a
student.

Traffic cop. The university’s peo-
ple contrast this technique with
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conversational time-sharing sys-
tems, such as the Massachusetts
Institute of Technology Project
MAC. That system’s peripheral ex-
change unit (an International Busi-
ness Machines Corp. 7750) acts like
a traffiic policeman. It directs the
questions to the central computer,
but it can’t ask the questioner to
rephrase or rethink an inquiry.

Penn’s peripheral computer is a
PDP-5, made by the Digital Equip-
ment Corp. It is currently being
used in a number of projects that
take advantage of its “editing”
function.

Dialogue. David Lefkowitz, an
assistant professor of electrical en-
gineering at the Moore School, is
working on an information retrieval
project called CIDS (for chem-
ical information data system). His
goal is to design a system that
gives only the answers that the
questioner really wants. For ex-
ample, if he asks what chemical
compounds have melting points
above 55° centigrade, the periph-
eral computer may warn him that
there are several hundred thou-
sand. The questioner can then re-
strict the answer by saying “Limit
that to inorganic compounds.” Fur-
ther dialogue could narrow the field
still more. When the scientist and
the computer agreed on the limits
of the question, it would be passed
on to the central computer, which
would provide formulas, physical
and chemical properties, and all
known names—including brand
names—of the chemicals.

Morris Rubinoff, a professor of
electrical engineering, is develop-
ing an information retrieval system
called Project Vector that would be
simple enough for a high school
student to use. He would ask his
questions through a teleprinter at
his school, and zero in on the an-
swer in an exchange with the pe-

ripheral computer at the data cen-
ter.

Noah Prywes, associate profes-
sor of electrical engineering, is
working on the use of the system
as an aid in heuristic problem-solv-
ing. In such an approach, the scien-
tist attacks a problem by leaning
heavily on intuition, rather than by
following strict mathematical steps.
A conversation-mode computer is a
prerequisite for this approach.

Consumer electronics

Better image

A broker on the floor of the New
York Stock Exchange can follow
the ticker by glancing at one of the
huge screens suspended from the
ceiling. But the ticker tape is
flashed onto the screens by an
opaque projector—a system of mir-
rors and lenses—and ambient light
washes out many of the images.
The exchange is now experimenting
with an electronically controlled
display to give brokers a clearer
image of the Big Board.

One 45-foot-long board, designed
and built by Recognition Equip-
ment, Inc., of Dallas, was recently
installed by the exchange; and the
company hopes its equipment will
eventually replace the remaining
five old-fashioned screens. In addi-
tion, the company hopes to install
scaled-down versions of the board
in the thousands of brokerage
houses around the country.

Flipped disk. The board is actu-
ally an endless moving belt covered
with 23,000 plastic disks, 78 of an
inch high, that are black on one
side and yellow-green on the other.
Each disk covers a hole in the belt.

Stock market’s ups and downs are projected
brightly and clearly by new ticker-tape board.
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SILICON HIGH VOLTAGE
ASSEMBLIES
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As the belt moves from right to
left at ticker tape speeds, elec-
tronically controlled air jets on the
extreme right of the board flip the
disks from their black side to their
colored side. The disks are flipped,
row by row, to form seven-inch-
high letters or numbers represent-
ing stocks, selling prices and sales
volume. The display is washed
with ultraviolet light, causing the
green-yellow disks to glow brightly.
Air jets on the extreme left side
flip the disks back to their black
side, erasing the characters. .

The electronics are all solid state
components on 75 plug-in printed
circuit boards in a separate cabinet.
Most of the circuits are character-
decoding matrixes which change
the standard teletype signals sent
over the ticker-tape network into
pulses to operate the air jets.

The rate at which characters are
formed and move across the dis-
play is servo-controlled so that the
speed varies with the market activ-
ity. When information starts to
come in at a faster rate, variable
delay buffers store it until the speed
of the belt can be adjusted. The
display will form up to 900 char-
acters a minute, matching the pres-
ent high-speed ticker.

Special messages to the trading
floor can also be fed to the sign
with punched tape without putting
the message on the ticker network.

Quick as a flash

Automatic cameras, with photocells
that adjust the lens aperture to the
amount of light available, have
been a boon to neophyte photog-
raphers. But the photocells won’t
work for flash photography; they
can’t adjust the aperture in the
time it takes a flashbulb to pop,
which is measured in thousandths
of a second.

Honeywell, Inc., has come to the
rescue of amateur and pro alike
with a new strobe flash unit. The
photographer can adjust its light
output to suit the aperture, rather
than the other way around.

With a conventional flash unit, a
photographer must estimate the
distance to his subject and divide
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These flash photographs were all taken at f:4. The secret is the new
Honeywell electronic flash, which automatically gives more light for
distant subjects, less light for close subjects. Distance of the left
photo was 12 feet, of the center 4 feet, of the right 18 inches.

it by a guide number to obtain the
correct f stop. The guide number
relates film speed, distance and
aperture. With Honeywell’s unit,
called the Auto-Strobonar 660, he
makes a single aperture setting
based on film speed, and adjusts
the strobe for that setting. Then
he can shoot objects between 2
and 23 feet away without touching
the lens except to focus.

Quick sensing. The strobe unit
regulates the amount of light by
varying the duration of the flash.
Since there is no manual setting
necessary for the distance of the
subject, the strobe obviously makes
some rapid adjustments itself.

It does so by measuring the
amount of light reflected by the
subject with a cadmium sulfide
cell. This sensor has a field of view
of only 12°; hence it picks up light
from only the center of the subject.
(Because this reflection is affected
by ambient light, the cell will take
the room lighting into account.)
The cell is connected to an inte-
grating circuit that amplifies the
reflected light and operates a trig-
ger to turn off the flash when the
correct exposure has been reached.

The duration of the flash will
vary from about 1/1,000th of a
second—about standard for a
strobe flash—to 1/50,000th of a
second, depending on the distance
from the light to the subject.

The method of turning the flash
off is ingenious. Since the flash
tube requires high voltage and

current (500 volts, 200 amperes)
Honeywell uses a condenser to
build up sufficient charge from the
strobe’s batteries. At full operation,
the unit is designed to provide
enough power to operate the tube
for 1/1,000 of a second. But when
less light is needed, the excess
charge on the condenser is shunted
to another flash tube, one of low
resistance, which is hidden in the
strobe. Its light doesn’t get out of
the case.

The 660 will sell for $129.50 with
a battery charger. It will auto-
matically compensate for slave
flash units and can be used for
ultrahigh-speed pictures previ-
ously possible only with the most
expensive industrial flash equip-
ment.

Medical electronics

Backpacks for baboons

Not far from the slopes of Kiliman-
jaro in Kenya this summer a band
of baboons roamed freely through
the bush, eating fruit, scampering
up and down trees and occasion-
ally fighting with each other. Strap-
ped to the backs of four of the ani-
mals were small packs crammed
with telemetering equipment and
batteries. Hidden in a nearby
clump of trees, researchers in a
truck equipped with electronic re-
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Keep tabs on the ins and outs of wiring
Now you can modernize your wiring . .. use only
tab terminals on your leads. Employ harnessing
techniques using tab terminals on each end; snap
one end to our AMP-TAB* Printed Circuit Board
Connector, the other to the AMP-TAB Feed-Thru
Block.

Our new Feed-Thru Block was designed as a
companion to the popular AMP-TAB Printed Cir-
cuit Connector. By using the same contact on
both ends of the wire, you can assemble your
racks at the lowest installed cost. And ... you
need no insertion tools to do it! Gold-over-nickel
plated tab terminals are not only hand insertible,
they require only one-third the space of other
terminals.

It all adds up to one of the most practical ways
we can think of to solve your wiring problems.
And... look at these bonus features:
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Hand inserted contacts—no insertion tool
required

One tool crimps entire wire range

High density—.100” mounting centers
‘‘Egg crate’’ housing design eliminates need
for contact sleeves

Built-in keying slots for stacking blocks

Contacts available in strip form for high
production

Whether you are commoning, distributing or
simply feeding-through your leads, let our
Feed-Thru Block pick up the tabs. Write today

for complete information.
*Trademark of AMP INCORPORATED

| INDUSTRIAL :

AN . SALES |
INCORPORATED DIVISION

|
Harrisburg, Pennsylvania ! j

A-MP* products and engineering assistance are available through subsidiary companies in:
Australia ® Canada e England e France e Holland o Italy @ Japan e Mexico e West Germany
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ceiving gear were observing the
baboons’ responses as part of a
heart-research project.

Tiny transducers to gauge blood
pressure and the rate of blood flow
—vital measurements in the study
of heart reactions—had been sur-
gically imbedded in the animals.
The scientists—from the Scripps
Clinic and Research Foundation
and the Regional Private Research
Center of the University of Wash-
ington—selected baboons for the
study because their cardiovascular
responses are more like man’s than
those of the usual laboratory ani-
mals.

While they slept. The instrumen-
tation for the experiment included
Doppler flowmeters and pressure
transducers that were attached in
and around the baboons’ arteries.
Also implanted in the animals were
tiny capsules of anesthetic that
burst open when triggered by radio
signals; in this way the baboons
could be put to sleep after the bat-
teries in the backpacks had run
down, and the equipment recov-
ered. Much of the gear was devel-
oped by Dean L. Franklin, chief
of biomedical engineering at
Scripps.

The flowmeter consisted of a
plastic cuff with two piezoelectric
crystals attached to the outside of
a blood vessel. One crystal emitted
a continuous five-megacycle signal
diagonally through the blood ves-
sel, while the other crystal placed
along side the first, picked up the
backscattered signal that passed
through the moving blood. The
speed of the blood was calculated
by determining the Doppler shift
of the signal. Exciting the sending
crystal was a low-power oscillator,
while the backscattered signal was
detected by a five-megacycle tuned
r-f amplifier. Both were situated in
the backpack.

A baboon’s blood pressure was
measured by a miniature pressure
gauge inserted inside an artery and
attached to a wire slipped through
the wall of the blood vessel. The
gauge was excited by a six-volt
source situated in the backpack.

The output of the pressure meter
was coupled to a voltage-controlled

oscillator (standard for IRIG Chan-

nel 13). The output of the flow-
meter was summed with the oscil-
lator and the resultant signal then
modulated the frequency of a vhf
oscillator-transmitter that operated
at about 260 Mec, generating an
f-m/f-m signal that was radiated
to the remote receiving gear.

Tuning in. To pick up the tele-
metered information, the 260-Mc
signal was heterodyned down to
100 Mc so that a standard commer-
cial f-m tuner could be used as a
receiver. The output of the receiver
was coupled to a channel 13 band-
pass filter to extract the pressure
information and into a low-pass
filter to extract the flow informa-
tion. Outputs of both filters were
coupled to appropriate discrimina-
tors to restore the original meas-
ured information.

Some of the backpacks included
radio - controlled  switches that
could turn various transducers off
and on; in this way measurements
could be made at various arteries
one at a time, and power could be
turned off to conserve the batteries.
The batteries had a life of 300
hours, so most of the baboons were
under observation for about two
weeks at a time.

Because of the limited number of
channels, the researchers could
only receive data from four ba-
boons at a time. In all, 12 baboons
were fitted with the equipment
during the team’s two-month stay
in East Africa.

On camera. Most of the animals
remained near the communications
track, but when a baboon did wan-
der off, he could be tracked down
with homing gear.

In future experiments the re-
searchers plan to train hidden tele-
vision cameras on the baboons so
that visual and telemetered biologi-
cal data can be collected simultane-
ously and compared.

Manufacturing

Circuit stapler

Borrowing an idea from the razor-
blade industry, the Fairchild Cam-
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Electronics Review

era & Instrument Corp. plants to
offer a low-cost tool to encourage
use of the company’s integrated
circuits. The tool will take circuits
from an injector package and plug
them into printed wiring boards
three times as fast as they can be
inserted by hand.

The machine will be sold by
Fairchild’s semiconductor division
for about $100. It will insert only
the Fairchild type of industrial
dual-in-line package, called DIP
[Electronics, Aug. 23, p. 118].

Makers of circuits whose pack-
age dimensions differ from Fair-
child’s will have to develop their
own machines, Fairchild says.

There may be competing models.
Texas Instruments Incorporated
says it plans to offer special tools
soon, and Sylvania Electric Prod-
ucts, Inc., a subsidiary of the Gen-
eral Telephone & Electronics
Corp., says the insertion of its new
DIP’s can be automated readily.

The Fairchild machine is being
developed by the Technical De-
vices Co. of Culver City, Calif. It
looks like a sewing machine and
works like a stapler. Packages drop
into an insertion head from a ship-
ping container that holds 36 DIP’s.
The operator aligns the package
pins with the insertion holes in the
circuit board, with the help of a
transparent pattern on the head.
When a lever is pulled, the ma-
chine holds the board in position
and inserts the DIP. It inserts more
than 10 circuits a minute.

Electronics notes

= Color display. The National
Aeronautics and Space Administra-
tion has awarded the Philco Corp.
two contracts to develop an experi-
mental color television display sys-
tem for possible use in the mission
control center of the Manned
Spacecraft Center in Houston. Un-
der separate contracts, Philco will
develop a system to convert digital
signals to color displays, and a
color-tv. monitor. Most of the tv
displays in the control center are
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AMELCO’S PROCESS CONTROL
PERMITS OPTIMUM GEOMETRY
FOR HIGHEST PERFORMANCE

ADVANCED mask-making and photo-etching techniques have
resulted in a series of Field Effect Transistors with transconduc-
tance high in relation to other parameters.

gm/21C;s= 80 Mc gm/lg =2 X 107 gm/lp =2
In amplifier applications this means type 2N2967 will provide
more gain at higher frequencies with less power supply drain
and less transducer loading. Noise Figure is less than 1.5 db at

100 cps. (Other types offer pinch-off voltage of 1.7 volts where
power supply voltage is limited.)

For switching applications type 2N2966 offers Rorr/Ron
=4.5 X 107 and Cpg = 1.3 pf maximum. In addition, pinch-off
is controlled within the range of 4 to 6 volts. Thus spikes from
the driving source are reduced and offset due to resistance
effects are minimized.

These types are available from stock.

2N2966 2N2967
gm — 1600 - 2400 xmhos
Ron 220 @ %
o 6.0 pf 5.0 pf
Cha 1.3 pf 1.3 pf
i 0.1 nA 0.1 nA
Vp 4.6V 2.5V
PRICE
1- 99 $10.50 $12.00
100 - 999 $ 7.00 $ 8.00

AMELCO
SEMICONDUCTOR

DIVISION OF TELEDYNE, INC.
1300 TERRA BELLA AVE., MOUNTAIN VIEW, CALIFORNIA

Mail Address: P. 0. Box 1030, Mountain View, Calif./Phone: (415) 968-9241/TWX: (415) 969-9112 /Telex: 033-914
REGIONAL OFFICES

Southwest East Midwest
3216 West EI Segundo Blvd. P. 0. Box 1927 650 West Algo in R
Hawthorne, California Paterson, New Jersey 07509 Des Plaines,gllncr]lgzg i
(213) 772-6341 (516) 334-7997 (312) 439-3250

Norﬁhwest Northeast 2428 West 22nd Street
1300 Terra Bella Avenue 543 High Street Minneapolis, Minnesota
Mountain View, California Westwood, Massachusetts (612) 374-1969
(415) 968-9241 (617) 326-6600
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Great editoral is
something he takes to lunch

(What a climate for selling!)

Electronics

A McGraw-Hill Market-Directed Publication i
330 West 42nd Street, New York, N.Y.10036
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Electronic Notes

now black-and-white. Besides dis-
playing telemetry and other data
in color, a possible application of
the system might be the display
of real-time motion pictures from
future manned missions to the
moon and other planets.

= Gold anchor. The nickel layer
generally used to anchor gold plate
to molybdenum can adversely af-
fect semiconductor devices. The
Bell Telephone Laboratories re-
ports that nickel isn’t needed if the
molybdenum is oxidized with hy-
drogen peroxide. Gold plate pene-
trates the oxide pores. After the
oxide is reduced with hydrogen at
900°C, the gold and molybdenum
are locked together and the plating
can be built up.

= Monolithic arrays. Two compa-
nies in addition to those previously
reported [Electronics, Aug. 23,
p. 40] are bidding for an Air Force
contract to develop a computer
made of large arrays of monolithic
circuits. The General Electric Co.
has submitted a proposal and the
Sperry Utah Co., a division of the
Sperry Rand Corp., is making a
joint proposal with the Fairchild
Camera & Instrument Corp.

= Growing numbers. There is
now a Model 44 in the burgeoning
line of System 360 computers man-
ufactured by the International Bus-
iness Machines Corp. IBM calls
this the ninth in the series which
currently includes the previously
announced Models 20, 30, 40, 50,
65, 67, 75, and 92 in order of size.

Actually the new model is the
14th in the System 360 line; Mod-
els 60, 62, 64, 66 and 70 have al-
ready become obsolete.

The new machine is a small, fast
scientific machine, equivalent in
performance to IBM’s older 7094,
but much cheaper. It has up to
131,072 bytes (32,768 words) in its
memory, which operates with a
one-microsecond cycle. The ma-
chine may be purchased for $220,-
000 up, or rented for $5,500 a
month up, depending on the type
of optional equipment selected.
The 7094 rented for about $70,000
a month.
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ACTUAL SIZE

What made this avionic DC amplifier circuit obsolete?

ACTUAL SIZE

The use of Hamilton Standard
microcircuit modules has reduced the
size and weight of temperature con-
trols in the Navy's advanced Ling-
Temco-Vought A7A light attack air-
craft. They function as DC amplifiers
in two identical controls for the cabin
and pilot's vent suit.

Each module replaces a multi-com-
ponent 3% x 4Y-inch circuit board,

: U
Ham"ton Standard DIVISIONOFUNITEDRAIRCRAFTCORPORATION

Hamilton Standard’s
new Microcircuit Packaging Technology

resulting in a 169% weight reduction.
Design, production and testing are
greatly simplified. Reliability is im-
proved by electron-beam welding of
interconnections within the module,
and complete hermetic sealing.
Hamilton Standard’'s design team is
experienced in custom circuit packag-
ing and will assist circuit designers in
component selection and circuit layout.

This technology allows flexibility in
interconnecting and packaging both
uncased integrated circuits and semi-
conductors for both digital and linear
applications.

For more information on this new
microcircuit packaging technology,
write to Sales Manager, Electronics
Department, Hamilton Standard,
Broad Brook, Connecticut 06016.

SEE THIS NEW MICROCIRCUIT
PACKAGING TECHNOLOGY AT
WESCON, BOOTHS 3208-3211

ELECTRONICS « ATTITUDE CONTROLS ¢« STABILIZATION SYSTEMS « ENVIRONMENTAL CONTROLS « FUEL AND AIR INDUCTION CONTROLS
ELECTRON BEAM MACHINES + PROPELLERS +« STARTERS * TURBOMACHINERY « GROUND SUPPORT EQUIPMENT « OVERHAUL AND REPAIR
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"Iwo Unique Reasons

Why Hughes Can Offer
You A 'lruly
Rewarding Career
In Systems Analysis

Continuing responsibility
throughout product devel-
opment. The shaping of
basic concepts is only the
beginning of your contribution as
a Hughes systems analysis en-
gineer. It also includes systems
and subsystems optimization,
and responsibility for technical
integrity of the system through
prototype design and develop-
ment, production design and test-
ing, and operational phases. You
monitor each stage of the pro-
gram, evaluating all pertinent
technical information and sug-
gestions for refinement or pos-
sible modification. Your strong
involvement from start to finish,
and the responsibility you have
for a successful outcome, pro-
vide the kind of incentives that
inspire a man's best efforts.
“Accenton enlightenment”
among technical man-
agers. From immediate
supervision to the policy
forming level, Hughes managers

WE PROMISE YOU A REPLY WITHIN ONE WEEK 4

An equal opportunity employer,

are young, vigorous and techni-
cally oriented. A high percentage
hold advanced degreesinscience
and engineering — an achieve-
ment encouraged and respected
at Hughes. Many present tech-
nical managers began their
careers just a few years ago as
Fellows in the Howard Hughes
Masters and Doctoral Fellowship
programs. The resulting climate
of rationality assures that your
work and professional growth
will be recognized and rewarded.

These policies have contributed
measurably to the Hughes posi-
tion of leadership in the systems
industry. The company has grown
from 2,000 employees in 1950 to
over 8,000 in the Aerospace En-
gineering Division alone,

Hughes systems analysis is not
limited to current programs. Much
is directed toward the conception
and development of advanced
systems requiring such tech-
niques as synthetic array radar,
infrared sensors, LASERS and

MASERS, ion engines, television
sensors, millimeter wave devices,
inertial devices, digital coms=
puters, displays and controls.

If you are a graduate of an ac-
credited engineering university,
are a U.S. citizen, and have ac-
quired some applicable technical
experience, we would like to ac-
quaint you with some of our
hundreds of openings.

For immediate consideration,
please airmail your resume to:

MR. ROBERT A. MARTIN
Head of Employment
Hughes Aerospace Divisions
11940 W. Jefferson Bivd.
Culver City 85, California

Creating a new world with electronics

e
G
@
o s
m
()]
G

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS
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Congress raps
Aerospace, weighs
role of nonprofits

Round 2: Stennis
vs. McNamara

Military seeking
Total-package bids

Washington Newsletter

September 6, 1965

The Defense Department is under pressure from Congress to lessen its
reliance on nonprofit companies that perform complex planning and
management chores. Having completed an investigation of the Aero-
space Corp., a special investigations subcommittee of the House Armed
Services Committee is considering a broad reexamination of the need
for nonprofits in the defense and space field.

The subcommittee accused Aerospace of wasting millions of dollars,
and questioned whether the Air Force needs it any longer to manage
missile and space programs. Nevertheless, the Air Force plans to give
Aerospace the job of systems engineering and technical direction for the
manned orbiting laboratory (MOL).

The subcommittee made no attempt to appraise Aerospace’s achieve-
ments but Air Force Secretary Eugene M. Zuckert said these achieve-
ments have been “of incalculable value” and that Aerospace should not
be judged solely on the basis of a small part of its operations. The Air
Force is making its own review of the role of the nonprofits.

Both the subcommittee and the House Appropriations Committee feel
that the time has come for the Pentagon to reduce its reliance on non-
profits and begin turning over their work to in-house organizations and
to commercial contractors. The Defense Department has clamped
annual fund ceilings on the major nonprofits to halt their growth, but
it has not adopted a fixed policy of cutting their workload of phasing
them out within any particular time limit. It will not, however create
any new nonprofit companies or “make work” to keep existing ones in
business.

The fund ceilings apply to Aerospace, the Mitre Corp., the Rand
Corp., the Applied Physics Laboratory of John Hopkins University, and
the Lincoln Laboratory and the Instrumentation Laboratory of the
Massachusetts Institute of Technology.

“Completely erroneous” is the way Defense Secretary Robert S. Mc-
Namara describes charges that the Army needs $6 billion worth of equip-
ment to attain the level of combat readiness set for it by the Pentagon.

The figure is contained in an unreleased report of a Senate Prepared-
ness subcommittee. Acting Chairman John Stennis (D., Miss.) says there
are substantial shortages of helicopters, communications gear and other
equipment. McNamara says the subcommittee is misinterpreting complex
data furnished by the Army.

Congress probably will grant McNamara’s request for an additional
$1.7 billion to speed military deliveries and to offset the inventory drain
caused by the fighting in Vietham. McNamara plans to ask for more
funds in January; the amount has not been disclosed, but it probably
will be smaller than Stennis thinks it should be.

A buying technique, which combines military hardware development,
production and lifetime provision of spare parts in one competitively
awarded contract, is gaining acceptance at the Pentagon.

The Air Force developed the total-package procurement concept and
is applying it to the C-5A transport plane. Now the Air Force has de-
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Patent litigation
may change rules

Pentagon to get
bids from Britain

Rules on using
federal computers
will exempt firms

Washington Newsletter

cided to use the technique in procuring the short-range air-to-ground mis-
sile (SRAM) and may apply it to the procurement of the Minuteman 2
intercontinental missile reentry vehicle [Electronics, May 17, p. 112].

Proposals for SRAM were due at the Aeronautical Systems division,
Wright-Patterson Air Force Base, Ohio, on Aug. 30. The 12 firms invited
to make submissions were the Boeing Co., Douglas Aircraft Co., General
Dynamics Corp., Hughes Aircraft Co., Lockheed Aircraft Corp., Ling-
Temco-Vought, Inc., Martin Co., McDonnell Aircraft Co., North Ameri-
can Aviation, Inc., Northrop Corp., Raytheon Co. and Sperry Rand Corp.

The Army also is contracting on a total-package basis for the avionics
system of the light observation helicopter (LOH). And the Navy is look-
ing for a project to which it can apply the technique.

Proposals for the LOH avionics package are due Sept. 13. About 100
firms received bid invitations for 1,825 units.

Antitrusters in the Department of Justice want the Supreme Court to
reverse a 1926 decision allowing a patent owner to fix prices for products
made under his license. Government attorneys will ask the court to decide
a case involving a couple of lock-bolt manufacturers, one manufacturing
under the other’s patent, and will argue against the price-fixing right of
the patent holder. The broad question to be decided is how much control
a patent holder retains over his licensee.

Waiting in the wings, if the Justice Department wins this one, is another
case that will contest the practice, ruled legal 10 years ago by the Supreme
Court, whereby patent holders make it a condition of licensing agreements
that improvements made in their patents revert to them. The Justice
Department will contend that such agreements are an unwarranted exten-
sion of the “limited monopoly” which patents convey.

Great Britain will be allowed to compete with United States producers
of electronics equipment and of noncombatant ships for limited sales to
the Defense Department. The Senate has refused to bar the purchase of
foreign-built naval vessels after Defense Secretary Robert S. McNamara
warned that such a ban would result in cancellation of a billion-dollar
British order of F-4 fighter planes, made by the McDonnell Aircraft Corp.,
and of C-130 transport planes made by the Lockheed Aircraft Corp. The
British are expected to bid for contracts to manufacture small ships,
also electronic equipment for ships and planes.

Contractors will probably be exempted from any tightening of regulations
on the use of government computers. The Budget Bureau has recom-
mended stringent rules as to when a computer may be rented rather than
purchased, and when it must be shared with another company or another
government agency. But the agency is expected to accept the exemption
of contractors from the regulations.

The House Committee on Government Operations, convinced by the
electronics and aerospace industries” arguments, has decided to exclude
contractors from the restrictions being written into law. But a committee
member declares: “Our vote was less an endorsement of any industry posi-
tion than it was a vote to postpone the inclusion of private contractors
until the points of difference can be resolved . . .”
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DC VOLTS

VOLT

VOLT ADJ.
. MODE

WRITE A SPEC
FOR YOUR IDEAL
POWER SUPPLY

CUR.ADJ.

CUR.
MODE

THEN Compare* IT TO

SORENSEN’'S EXPANDED QRC SERIES...

First, start with voltage regulation of = 0.005% line and load comhinedm
Then, add voltage ripple of 1 mv RMS m Current regulation of == 0.05% of

maximum current output m Current ripple as low as 1 ma RMS m Transient

response 50 u sec. to return to == 20 mv band w Excellent stability, typi-

cally 0.025% for 8 hours (after warm-up) m Resolution approximately 0.01% m
Input versatility 105-125/201-239 VAC, 50 to 400 CPS m

Then, build in every conceivahle design feature like: High effi-
ciency m Constant voltage/constant current crossover (so sharp
the units never leave the specified regulation bands)m

®

MODEL
NUMBER

CONSTANT
VOLTAGE REG. VOLTAGE
(LINE & LOAD RIPPLE

COMBINED) RMS

OUTPUT
VOLTAGE
RANGE
(vbc)

OUTPUT
CURRENT
RANGE
(AMPS)

QRC20-8 0-20 0-8 = : 1mv

QRC40-4 0-40 0-4
QRC20-15 0-20 0-15 ;
QRC40-8 0-40 0-8 % or = 1mv
QRC20-30 0-20 0-30 =% ,005% or =1 mv 1mv
QRC40-15 0-40 0-15 6 imv
QRC40-30 0-40 0-30 = .00 or = 1mv 1my
tHalf rack

005% or =1 mv 1mv
)05% or =1 mv 1mv
1mv

Constant voltage/constant current indicator lights m Vernier controls on
both voltage and current adjustments m Output voltage and current metersm
Voltage and current programming m Series/parallel operation m Remote sens-
ing m No turn-on, turn-off overshoots m Plug-in control hoards m

Price? How about $450 for 0-40 volts, 0-8 amps, in a 3'2” high package?

Still want to compare? For more information on the QRC series, call your
local Sorensen representative, or write: Sorensen, A Unit of
Raytheon Company, Richards Avenue, South Norwalk, Conn.m
Or use Reader Service Numher 200 m

ELECTRICAL AND MECHANICAL SPECIFICATIONS
CONSTANT

CONSTANT
CONSTANT CURRENT
CURRENT RIPPLE
REGULATION RMS

2ma 3Y2
1ma 5Vt
4 ma 5%
2ma 32

RACK
HEIGHT
(INCHES)

CONSTANT
CURRENT

RANGE
0-8 .05% o 4 ma
0-4 .05% or= 2ma
0-15 = .05% or 8 ma
0-8 *.05%o0r= 4ma
0-30 =+ 05% or = 16 ma 8 ma 7
0-15 % or= 8ma 4 ma 5vs
0-30 - » or = 16 ma 8 ma 7

PRICE
$410.00

775.00
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TANCOR
TANDARD TRANSFORMERS

When you use STANCOR STANDARD
Transformers you are assured of...

Immediate Availability—sold by over 150 Industrial
Electronic Distributors in major marketing areas — AT

OEM PRICES IN ANY QUANTITY.

Highest Quality—Stancor has specialized in manufac-
turing millions of standard transformers, time-tested and
field-proven for over 35 years.

CHOKES — A STANCOR STANDARD

Over 50,000 in stock ranging from 100 to 5,000
of over 100 types.

Specification Ranges

« 5 mhy at 22.5 amps to 350 hy at 5 milliamps
*» For low and high voltage power supplies

@ |
=

3501 W. Addison Street

In products, performance, purpose . . . Essex measures up!

50 Circle 50 on reader service card

Competitive Prices——mass production facilities—to sup-
ply its extensive distributor organization—enable Stancor
to manufacture at lowest costs.

Stock In Depth—over 300,000 transformers stocked in
Chicago with branch warehouses at Dallas, Los Angeles
and New York.

Service Replacement—available from over 1000 Indus-
trial and Service Parts Electronic Distributors located in
525 cities throughout the U.S.

Write for Standard Catalog CS-102.

ELECTRONIC MARKETING DIVISION
ESSEX WIRE CORPORATION

Chicago, lllinois 60618
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MOTION MEASUREMENT
GEG)l

REPORT

REPORT NUMBER 4

Now available...an advanced
strain gage accelerometer with
a built-in amplifier

o e
-  NATURAL FREQUENCY VS RANGE
- 10,000 = - S
g i 2
i 1
e
i
e _
1 10 100 1,000
RANGE, §'s
Technically, CEC’s new 4-290 is de- SPECIFICATIONS:

scribed as a high-output bidirectional
linear accelerometer of the unbonded
strain gage type with an integrally con-
tained power supply.

But stated in simple, practical terms, the
4-290 is destined to be known as a
“must” instrument for virtually all
motion measurement studies — from
missiles and ships to railcars and motor
vehicles. Here is a truly all-purpose
accelerometer designed to serve industry
as well as the military.

Reason: the 4-290, because of its com-
bined accelerometer-amplifier concept,
offers the maximum in efficiency,
economy and convenience—plus the
elimination of cable and noise problems.
Designed to measure accelerations per-
pendicular to the mounting surface, the
instrument may be used for low-
frequency measurements without the
necessity of signal conditioning equip-
ment. Or, for example, to provide high
level signals for tape recorders.
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@ Acceleration Range — =5 g to =500 g.
Standard ranges =5, 10, 15, 25, 50, 100,
250 and 500 g.

@ Cross Axis Sensitivity — sensitivity to
acceleration applied perpendicular to the
sensitive axis less than 0.01 g/g for inputs
of three times rated range or 150 g,
whichever is less.

@ Rated Voltage — 28 v d-c; Input Cur-
rent — 50 ma maximum at rated voltage
at 7/°F.

@ Electrical Overload — 45 v d-c for 500
milliseconds maximum will not damage
transducer or cause output to exceed 150
my peak-to-peak.

@ Regulation —a voltage variation of
=2 v from rated voltage will shift residual
unbalance less than =0.5% and full range
output less than =0.25%.

@ Warm-Up Time — residual unbalance
and sensitivity is within 0.1% of full range
output of final values 5 min. following
application of rated electrical power.

[@ Circuit Protection — applications of
=+28 v d-c across any two connector termi-
nals will not damage the transducer.

[ Full Range Output — =5 v at rated
voltage, 77°F, into a 50,000 ohm resistive
load.

[® Residual Unbalance —within =2% of
full range output at zero acceleration, rated
excitation and 77°F.

@] Linearity and Hysteresis —combined
effects will not exceed =0.50% of full
range output.

@ Compensated Temperature Range —
+30°F to +200°F.

@ Operable Temperature Range —
-65°F to +200°F.

[@) Storage Temperature Range — -65°F
to +250°F.

@ Humidity — easily meets MIL-E-5272
Tequirements.

@ Weight —less than 7 ounces, excluding
mating plug.

Other outstanding instruments
available in CEC’s full line of
accelerometers:

The 4-202, 4-203, 4-204 and 4-205
Strain Gage Accelerometers; 4-274 and
4-275 Piezoelectric Accelerometers;
4-281 Low Impedance Piezoelectric
Accelerometer; and the 4-150 Piezo-
electric Velocity Transducer.

For complete information about the
4-290, or any of the other CEC acceler-
ometers, call or write for CEC Bulletins,
Kit #7023-X2.

CeC

Transducer Division

CONSOLIDATED ELECTRODYNAMICS

A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109

INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRIEDBERG (HESSEN), W. GERMANY

Circle 51 on reader service card 51



52

Coaxial ecable. By the system. By the mile. By the eleetrieal
foot. Buy the answer to your particular transmission problems,

Here is complete and total capability in the sophis-
ticated coaxial cable field. An extremely wide
range of constructions, off-the-shelf, in a variety of
impedances, with matching connectors, many of-
fering exciting new parameters in phase stability.
Custom cut lengths or special assemblies, tested
and precisely measured to accuracies significantly
extending the state-of-the-art. Development of
entirely new cable designs to meet highly indivi-
dual needs.

PHELPS DODG

Circle 52 on reader service card

And, think time and talent to assume responsi-
bility in the origination of complete cable systems,
from the definition of objectives through the
formulation of plans and specifications, to con-
struction, testing, installation and initial operation.

We suggest ourselves to you as a single source
in any and all matters relating to coaxial cable.
With good reason.

Ask for Bulletin SF-1. Or, write, outlining
your particular needs.

ELECTRONIC PRODUCTS
NORTH HAVEN, CONNECTICUT
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Customized for your exact needs .

Don’t compromise your digital instrumentation needs be-
cause of cost. From counters to digital clocks, the new
Beckman modular 6000 Series offers for the first time
customized industrial instruments at off-the-shelf prices.
A new and imaginative application of the building block
concept enables you to specify the exact instrumentation
you need. You pay only for the functions you require. Prices
are as low as $580.

Here are some examples of 6000 Series instruments
built from standard /ow-cost building blocks: Accumulators,
Single or Dual Preset Accumulator, Reversing Accumulator,
Single or Dual Preset Reversing Accumulator, Preset Fre-
quency Meter, Single or Dual Time Interval Meter,
Frequency Meter, Gated Counter, Limit Frequency Meter,
Reversing Frequency Meter, Deviation Frequency Meter,

.at no cost/

Preset Pulse Generator, Preset Time Interval Generator,
Digital Clock.

And these are only a few examples. You can have one-
or six-digit display, BCD output, remote control, remote
digital display, or you name it! All you have to do is tell
your Beckman Berkeley representative your measurement
problem . .. we’ll give you the answer. And at a price to
meet your budget.

[ST=Yo da-1aM INSTRUMENTS, INC.

BERKELEY DIVISION
RICHMOND, CALIFORNIA « 94804

INTERNATIONAL SUBSIDIARIES: GENEVA, SWITZERLAND; MUNICH, GERMANY; GLENROTHES,
SCOTLAND; PARIS, FRANCE; TOKYO, JAPAN; CAPETOWN, SOUTH AFRICA
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When we get your order at Alpha Wire, we jump on our
power scooters.

We use scooters to fill your order because our new manu-
facturing and warehousing facility is a big place—bigger
than three football fields.

The industry’'s most advanced facility, it puts under one
roof everything needed for manufacturing and warehousing

thousands of types of wire, cable and tubing.

This kind of stocking and manufacturing setup means that
in most cases we can ship your order within 24 hours.
Whether it's for 50 feet or 50 miles.

Next time you need wire, call Alpha.

We'll show you how all our racing around helps you win
every time.

We get
pretty racy
over here
at Alpha.

', Alphct Wire Headquarters: Elizabeth, New Jersey 07207. Write for our new 108-page catalog.

A Division of Loral Corporation

54 Circle 54 on reader service card
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This 1s a new Shal
It 1s electro-mechanical

cross one-inch rotary switch.
ly superior, competitively priced,

specified in minutes and delivered in hours.

Otherwise it’s like the others in its class.

A lot of people have liked our
switches for a long time, but in
some cases, they couldn’t afford
to pay for the extra quality we
built into them.

So we figured out a way to make
our new one-inch switches econom-
ical without sacrificing quality.

Our Series 1 line contains the
superior materials, construction
and performance expected in all
Shallcross switches. Some of its
features are: Low switching noise,

low thermal EMF, high insulation
resistance, positive long-life de-
tenting, superior contact resis-
tance versus load versus life
ratings, rugged terminals, en-
hanced voltage breakdown char-
acteristics, and the most definitive
electro-mechanical ratings in the
industry.

The Series 1 has specification
sheets as well as a comprehensive
order code to make it easier to spec-
ify and order. (Your control draw-

ings can be created in minutes.)

Six Shallcross distributors
throughout the nation provide
24-hour delivery on these and
other Shallcross switches. You no
longer have to use inferior
switches because you can’t afford
Shallcross quality. Compare per-
formance, specification ease, pric-
ing, availability and cataloging,
and we believe you will conclude
that the Series 1 is a standout in
its classification.

SHALLCROSS MANUFACTURING COMPANY

Electronics | September 6, 1965
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Another great idea from Daven. ..

Electromagnetic
Delay Lines

4

<fﬁf’ivith the fastest commercially
~ available rise times!

The specs speak for themselves: delay magnetic delay line today, and they For the entire series, delay times
times from 1 to 100 nanoseconds. .. are available only in the newest Daven range from 1 to 1,000 nanoseconds;
rise times of less than 1 nanosecond Series M lines. These Daven delay and characteristic impedances from
...frequency response of better than lines feature high reliability in both 50 to 2,000 ohms. Special delay lines
1,000 mc. miniature and subminiature sizes; are also available to meet your custom

These are the fastest rise times in your choice of encapsulated or application. We will be happy to quote
commercially available in an electro- hermetically-sealed units. on your requirements!

DAVEN

MANCHESTER, NEW HAMPSHIRE =
(603) 625-9746 e+ TWX 603 623-4938 e Cable: Daven Manchester N H
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“It is a pleasure for Martin to present to you the
May 1965 Award for Zero Defects in supplying su-
perior products for the Titan program...suppliers
like you on the ‘Titan Team’ have made the Titan
Program the outstanding success that it is today.”

Martin Company —Denver Division

Dale is the first resistor manufac-
turer to receive Martin-Denver’s
Zero Defects Award since the pro-
gram started in 1963. To qualify,
Dale RS Wirewounds used in the
TITAN Program were rated not
only for high quality level and low
rejection rate, but also on the basis
of meeting stringent price and de-
livery requirements.

Take a look at these specs,then rate
RS Wirewounds in your own appli-
cation. If you could use more reli-
ability at a competive price —we're
ready to oblige.

WRITE FOR

B RS Reliability Study
W Catalog A

LATEST RS RELIABILITY REPORT

Unit Test Hours: 32,000,000 « Reliability: 99.994%
Stability: Units will not shift more than initial tolerance
after 1,000 hours load life.

Test Conditions: 60% confidence level, 100% rated power, 25°C ambient
1% A R failure point.

RS SPECIFICATIONS

M Applicable Mil. Spec: MIL-R-26C & MIL-R-23379
(a new Spec. designed especially for precision power resistors)

M Wattage Sizes: ¥4, 2, 1, 2, 2.5, 3, 5, 7, 10

M Tolerances: 0.05%, 0.1%, 0.25%, 1%, 3%

B Operating Temperature Range: —55°C to 350°C

I Resistance Range: .1 ohm to 273K ohms

M Load Life Stability: 1% max. A R after 1000 hours at full rated power
M Moisture Resistance: .5% max. A R after MIL-R-26C moisture test

M Dielectric Strength: 500 volts, RS-¥a through RS-1B;
1000 volts RS-2 through RS-10

M Thermal Shock: .5% max. A R after MIL-R-26C thermal shock test

M Insulation Resistance: 100 megohms minimum

M Temperature Coefficient: 20 ppm (high values); 30 ppm (intermediate
values); 50 ppm (low values). Specific T.C. chart available on request.

1328 28th Avenue, Columbus, Nebraska

@ DALE ELECTRONICS, INC. @
Also Sold by Dale Electronics Canada, Ltd., Toronto, Ontario, Canada ey cass™

Electronics | September 6, 1965
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FOR REFERENCE: CLIP THIS TABLE FOR YOUR FILES
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& HF ANTENNAS &

"
Broadband Monopole

yes! a family of

HF ANTENNAS

from

choose from standards...
or specify custom design

AEL’s capabilities in HF ANTENNAS have continued to expand
and now include 12 standard models . . . engineered to full mili-
tary specifications. An important feature: AEL HF Antennas use
continuous dielectric catenaries which reduce the number of
insulators and appreciably cut cost and the erection and installa-
tion time. Complete package kits are available which include all
components necessary for assembly, dimensional drawings, and
installation instructions.

When your application requires a special HF antenna, AEL can
meet your exact requirements with a custom design. Just give
us your specifications.

SEE AEL HF ANTENNAS DEMONSTRATED

AEL’'s 55-acre antenna site, adjacent to the main plant in
Colmar, is equipped with AEL HF Antennas for your observation.
We'll arrange demonstrations on short notice. Call or write for an
appointment.

§
E 0/ REQUEST THESE ANTENNA CATALOGS

e ' (A) HF Antenna Catalog (shown at left)
; e~ .. . describes the complete line
: . (B) Broadband Microwave Antenna (to 40
TEE Gc) Catalog . . . gives specs on off-
the-shelf models
For your copies: Circle reader service
numbers below . . . or write to AEL

s

STANDARD MODELS - AEL HF ANTENNAS

Elevation Pattern
Freq. AEL Polari- Azimuth Upper Lower Characteristic

Antenna Type (MC) Model No. zation B/W 3 db Point 3 db Point Gain Impedance VSWR Height
HORIZONTAL

Fixed 2.5 to 30 APH-A 2.5/30 H 65° 60° 20° 10db 3005 Bal. 2:1 150°

Fixed 4 to 30 APH-A 4/30 H 60° 30° 10° 11db 3009 Bal. 2:1 250°

Fixed 6 to 30 APH-A 6/30 H 60° 227 6° 13db 3002 Bal. 2:1 220"

2-Bay 6 to 30 APH-B 6/30 H 60° 21 6° 15db 150/3005 Bal. 2:1 300°

Transportable 4 to 30 APH 4/30 H 60° 70° 25> 9db 3005 Bal. 2:1 50"
VERTICAL

Log Monopole 2 to 30 APV-A 2/30 v 110° 30° 52 10db 3004 Bal. 2:1 180’

Dipole 3to 30 APV 3/30 v 80° 20° abt. 5° 12db 3009 Bal. 2:1 220"
CONICAL

Monopole 2.5 to 30 ACM 2.5/30 v Omni — — 4 db 505 Unbal. 2:1 83’

Monopole 5 to 30 ACM 5/30 v Omni — — 4 db 505 Unbal. 2:1 43’

Monopole 10 to 30 ACM 10/30 v Omni — — 4 db 505 Unbal. 2:1 23°
DISCONE 2.5 to 30 ADC 2.5/30 v omni - -— 4 db 509 Unbal. 2:1 80’

Monopole 3 to 30 ADM 3/30 \ Omni — — 4 db 505 Unbal. 2:1 70°

Transformers are available to alter the impedance to match transmitter or receiver.
Power handling capability: 25 KW Average, 50 KW PEP—Limited by transformer selection.
ABOVE DATA SUBJECT TO CHANGE

A2 _merican XEliectronic M aaboratories, Inc.
P.0. BOX 552, LANSDALE, PENNSYLVANIA 19446 « PHONE: (215) 822-2929
Cable Address: AMERLAB Lansdale = TWX: 510-661-4976

o Y Y T L X L L L L T T T T Ty ey |
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If you don’t
know right now
where your Airfreight
shipment is and when
it will be delivered...

BETTER CALL A MAN ABOUT A TIGER!

Tigers are the only airfreight carrier with an
exclusive Advance Manifest System which lists
every piece of freight on every flight. The name
of shipper, consignee, number of pieces, total
weight, special instructions and arrival time are
teletyped at take-off to every Flying Tiger terminal.

A phone call to any Tiger office gives you the Wholesale“Blocked Space” Rates - save
information you need to plan ahead. up to 15% coast-to-coast and to Chicago
Airfreight is our business—our only business. 5 9"|y Coast-to-Coas.t All-Cargo Flights
Every Tigerservice is geared to save you time, with N°_“s"°p Service ‘B°t!‘ Ways =
money, effort and worry. Why guess where your Swingtail CL-44s—-only airfreighter that

shipment is? Know! Call us for proof: you can't can carry shipments up to 84 feet long.
afford not to ship Tigers!

FLYING TIGER LINE (=

THE AIRFREIGHT SPECIALIST

SN |
0% | |
<> ,'-: % ; o
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RESISTOR PROVING GROUND

60

Resistors are tested in accordance with the
procedures of MIL-R-11. The amount of char-
acteristic change falls well within the limits
of the specifications. This test is one of many
conducted in Stackpole’s continual program
of resistor development. Other characteristics
subjected to similar testing are load life and

Circle 60 on reader service card

TEMPERATURE/RESISTANCE CHARACTERISTICS

moisture resistance. If you have a question
on some part of Stackpole’s resistor develop-
ment program, why not discuss it with Don
Kirkpatrick, Manager-Engineering, Electronic
Components Division, Stackpole Carbon
Company, St. Marys, Pa. Phone 814 834-1521.
TWX:510-693-4511.

+ STACKPOLE

ELECTRONIC COMPONENTS DIVISION
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Model VAM 010
Actual Size

% a
Model VAM 010W
Actual Size

New JFD Air Variable Capacitors offer
higher frequencies with negligible loss of Q

Now JFD air variable capacitors offer circuit designers the advantages of
Plus extremely high ‘‘Q"" and greater capacitance values in a rugged miniature size

unit. Offered in both a printed circuit (VAM 010W) and a panel mounting model
(VAM 010), the new units operate at far higher frequencies with negligible

L U"’I’G Sfdblllfy loss of “‘Q” in comparison to other types.
° Highesf Q Internal air meshing shells are silver plated to provide good surface con-
ductivity and to prevent corrosive effects. A positive stop at maximum capaci-
® qu” Size tance prevents electrical shorting. Three internal contact springs assure positive
electrical contact of rotor at all times. Leads on printed circuit model are tinned
2 Rugged for ease in soldering.
Consfrucﬁon The high density insulator between stator and rotor has excellent electrical

properties and contributes to overall structural strength. Rubber gasketed
threaded end caps effectively seal the units against dirt entrance or atmos-
pheric contamination after tuning.

WRITE FOR JFD BULLETIN VAM-65

Components Division
JFD ELECTRONICS CORPORATION, 15th Ave. at 62nd St., Brooklyn, N. Y. 11219

JFD NORTHEASTERN, Ruth Drive, P. O. Box 228, Marlboro, Mass. 07152
JFD NEW YORK-NORTHERN, Damiano PI., P. O. Box 96, New Hartford, N.Y. 13503
JFD MID-ATLANTIC, P. O. Box 5055, Philadelphia, Pa. 19111

JFD MID-ATLANTIC-MARYLAND, P. O. Box 7676, Baltimore, Md. 21207
JFD MIDWESTERN, 6330 W. Hermione St., Chicago, Ill. 60646
JFD MIDWESTERN-OHIO, P. O. Box 8086, Cincinnati, Ohio 45208

JFD WESTERN, 9 Morlan Place, Arcadia, California 91006

THE #’ AMERICA KNOWS BEST! JFD ISRAEL LTD., Industrial Area B, Bldg. 23, Azor, Israel
JFD ELECTRONICS, EUROPE S A, 7 Rue de Rocroy, Paris, 10, France

Variable Trimmer Piston Capacitors m Metalized Inductors m LC Tuners ® Ceramic Fixed and Variable Capacitors m Fixed and Variable Distributed and Lumped Constant Delay Lines
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newest Esterline Angus design

lllustrated is the E1124E Multipoint, one of five new Series “E" recorders

solid state amplifier
+
automatic chart drive*

_ 2 reasons to buy our
~ 24 point recorder

A few other reasons you should buy the new Esterline
Angus Multipoint:

O handles up to 24 points. [J can be programmed to skip | *Open door shows sim-
points as fastas % second. [] stray rejection (longitudinal 60 , p'el °°":."°|s'h'“°|':jd'."g
cycle) 1000x span. [ new print head. [J dial in any point with- peal Dn;:l:::tcchaarrtt d::;::
out disturbing synchronization. [0 50,000 ohm off balance in- to ;“eet your needs
put impedance. [] meets or exceeds A.S.A. C39.4. . . . single speed, two

. . ord ir's 4 speed, 10 speed or 15
With unique remote programmed printing, you elec speetl . .. from 14 per

trically select the points to be scanned using foolproof | hour to 8” per second
toggle switches. There is no restriction on point group- without gear change,
: 4 motor change or screw
ing, and programming can be done by computer or by deiver adjustment
almost any electrical switching device. | sloped writing surface
Learn more about our Multipoint. Write for Series and chart tear off stand-

d fi 2
S Didd Catalog. ard features

ESTERLINE ANGUS INSTRUMENT COMPANY, INC.
Box 24000-E « Indianapolis, Indiana 46224

ESTERLINE ANGUS ===

Excellence in instrumentation for over 60 years
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September 6, 1965 | Highlights of this issue

Technical Articles

Nomograph pinpoints
allowable ripple voltage
for capacitors:

page 64

Simple diodes keep
voltages constant:
page 68

Computing
at the speed
of light:
page 72

Scr’s break the
frequency barrier:
page 88

The a-c ripple voltage across a capacitor determines its re-
liability whether the device is used in a missile or a radio.
A nomograph and chart printed in this article give an en-
gineer a simple and quick method to determine what is
allowable. These aids include consideration of two factors
often ignored by designers.

Though zener diodes are recognized as the best component
for voltage regulation in most cases, the cheaper simple diode
can do an even better job in some applications.

The development of the laser as a source
of power has led to a whole new class
of optical analog computers operating with
coherent light. They are used for spectrum
analysis and antenna modeling. On this
issue’s cover, photographer Vincent Polli-
zotto captured the laser beam of an optical
computer’s power supply as it made its
way between lenses.

Electronics

The silicon controlled rectifier has already won a place for
itself in industrial applications, but primarily in 60-cycle-
per-second and 400-cps equipment. Now new devices and
data enable engineers to use the scr at frequencies up to
50 kilocycles in applications that range from induction heat-
ing to very-low-frequency radio transmitters.

Coming * Designing null detectors with FET’s
September 20 " Tuning fork transistor

® Frequency-modulated laser
® Electronic detours for broken nerve paths
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Circuitdesign

Nomograph and chart pinpoint
source of ripple voltage limitation

Here is a simple, quick method of determining the allowable
ripple voltage for polar and nonpolar capacitors

By William H. Fritz,

Linde Division, Union Carbide Corp., Cleveland

Whether it’s in a simple transistor radio or a com-
plex missile guidance system, a capacitor will be
affected, with respect to reliability, by the a-c ripple
voltage across it. Since the allowable ripple voltage
may be limited either by the d-c¢ voltage super-
imposed on the capacitor and its rated working
voltage or by the heat dissipated in the capacitor,
it is necessary to learn which case applies. That
determination can be made through the use of the
nomograph and chart presented here.

Usually, engineers determine that a capacitor
is properly applied by adding the impressed d-c
voltage and the peak value of the a-c ripple voltage
to see if the sum is within the capacitor’s rated
working voltage. But many engineers neglect two
factors that could cause a capacitor to operate
unreliably. They may forget that an a-c voltage,
especially at high frequencies, can cause significant
heat dissipation in the capacitor’s equivalent series
resistance, thus making the capacitor extremely
unreliable. And many engineers are unaware that
for polar capacitors with an a-c voltage there is
a lower limit for the superimposed d-c voltage.
Maintaining this lower limit keeps the voltage from
reversing direction across the capacitor and de-
stroying it.

The author

During World War |1, William H.
Fritz served with the Columbia
University National Defense
Research Committee on the design
and application of sonar equipment.
He was awarded the President’s
Medal for Merit for this work.

Fritz holds several patents
in the field of photographic light
sources and has published papers
covering these developments.

A-c and d-c voltage

With good quality capacitors, the heating effect
caused by the d-c voltage can be neglected, because
the d-c leakage current through the capacitor is
quite small; it is usually measured in microamperes.
But the heating effect resulting from the a-c power
dissipation in the capacitor’s equivalent series re-
sistance is appreciable and the a-c, or ripple, volt-
age impressed across the capacitor must be limited.
A nomograph that relates pertinent variables to the
maximum a-c voltage that can be impressed across
a solid tantalum capacitor is shown on page 67.

Allowable ripple voltage is also limited by the
rated working voltage of the capacitor and the
superimposed d-c voltage. It is good practice, in
designing circuits, to keep the peak instantaneous
voltage across a polar capacitor unidirectional and
within the limits of its rated working voltage. With
nonpolar tantalum capacitors, the positive or nega-
tive peak values of the a-c voltage should be less
than the rated working voltage. A chart relating
rated working voltage to the composite a-c and
d-c voltage across a capacitor is on page 66.

The nomograph was developed for hermetically
sealed, metal-encased solid tantalum capacitors,
while the chart is applicable to all capacitors. The
nomograph gives the allowable power dissipation
for four sizes of polar and nonpolar capacitors.
Ripple voltage is assumed to be sinusoidal for both
the nomograph and chart.

Heat dissipation

The heat dissipated in a capacitor depends on
the ripple voltage, capacitance, frequency and dis-
sipation factor. These factors are related in an
equation from which the allowable ripple voltage
can be calculated. The nomograph is based on
the same equation.
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When the dissipation factor for a capacitor is
low, indicating that the capacitive reactance is
much larger than the equivalent series resistance,
the current through the capacitor is a function of
only the capacitive reactance.

An exact expression for the impedance of a ca-
pacitor is:

Z=XcVD+1

where X is the capacitive reactance in ohms and
D is the dissipation factor expressed as a decimal.
But even when D is as large as 0.3, the error that
results from neglecting it in the above equation is
less than 5%. Therefore, the current through a
capacitor is given by:

Ex

Xe

where Ey is the impressed rms a-c voltage.

The power dissipated in the capacitor’s equiva-
lent series resistance Rg is:

P = I’Rs

By substituting for I from the previous equations,
and since dissipation factor D is the ratio Rs/Xc,
an expression for P in terms of voltage, frequency,
capacitance, and dissipation factor can be obtained.

P = E*; (2xfCD)

Expressing P in milliwatts, f in cycles per second,
C in microfarads and D in percent, the equation

I =

above can be solved for Ep.
4 1.59P
Be = 10020000

5 fCD

This expression can be applied to polar and non-
polar capacitors, since it yields an rms voltage that
will result in maximum capacitor heat dissipation
independent of any d-c voltage. For this expression,
an ambient temperature of 25°C was assumed. At
higher temperatures, the following derating factors
should be used:

At 85°C, multiply allowable ripple by 0.9.

At 125°C, multiply allowable ripple by 0.4.

Ripple voltage nomograph

To avoid computation, the ripple voltage that
is limited by heat dissipation can be determined
easily from the nomograph. Because the allowable
ripple voltage is a function of four independent
variables, the nomograph was simplified by using
the ploduct of the capacitance and dissipation fac-
tor as a single variable. Frequency and power dis-
sipation are kept as individual variables.

Simplified circuit
of capacitor

= includes equivalent
series resistance Rs
to determine power
dissipation due to
Er, the impressed
a-c voltage. Es is
d-c voltage.
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Chart relating d-c voltage Egz, a-c voltage Ex and rated
working voltage Ey for polarized capacitors. For a
specific capacitor and ripple voltage, chart gives the
maximum d-c voltage, which limits the total instanta-
neous voltage within rated working voltage. Also given

is a minimum d-c voltage, which limits the total instanta-
neous voltage to a value that will not apply a

reverse voltage across a polarized capacitor.
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Chart relating Es, Ex and Ev for polar (heavy-shaded
triangle) and nonpolar capacitors (entire large triangle).

It is reasonable and convenient to use the prod-
uct of C and D as a single variable because both
capacitance and dissipation factor are measured
on a common capacitance bridge. Since the ca-
pacitance and dissipation factor vary with fre-
quency in solid tantalum capacitors, it is recom-
mended that these values be measured at the
operating frequency to get an accurate solution
to a specific application problem.

How to use the nomograph

First, calculate the CD product. Locate this
point on the CD scale on the nomograph. Draw
a line to the operating frequency on the f scale.
From the point where this line intersects the A
scale, draw another line to the appropriate capac-
itor case size on the P scale. The point where the
second line intersects the Eg scale is the allow-
able rms ripple voltage.

Two examples are illustrated by dashed lines
in the nomograph. Lines la and 2a apply to a 47-
microfarad, 35-volt polar capacitor operated at
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800 cycles per second. This capacitor is contained
in a D-size case. Assuming a dissipation factor
of 12%, the CD product (for C in units of micro-
farads) is 564. The nomograph gives an allowable
ripple voltage of 2.5 volts rms.

Lines 1b and 2b apply to a 5-microfarad, 75-
volt nonpolar capacitor operated at 120 cycles per
second. This capacitor is contained in a CC-size
case. Assuming a dissipation factor of 6%, the
CD product is 30. For this capacitor the nomograph
gives an allowable ripple of 37 volts rms.

The power dissipated due to ripple can be read
next to the applicable case size on the P scale.

The relation between capacitor case size and
power dissipation was determined experimentally
by attaching thermocouples to the capacitor case
and measuring the power dissipation that caused
a safe temperature rise. In using the nomograph,
there are eight discrete points of interest on the
power scale—one for each capacitor case size.

Limiting d-c voltage

Although a d-c voltage doesn’t contribute to a
capacitor’s power dissipation, it affects the applica-
tion of solid tantalum capacitors because it limits
the maximum instantaneous voltage that can be
applied across the capacitor. The applied d-c and
rated working voltage limitations are independent
of ripple voltage values derived from the nomo-
graph.

The top chart on page 65, gives a graphical
method of determining the range of allowable d-c¢
voltages as a function of ripple voltage for polar
capacitors. Or, for a particular d-c voltage, the chart
yields the maximum allowable rms ripple. Both d-c
and ripple voltages are expressed in the chart as
fractions of the rated working voltage.

The following assumptions were used in develop-
ing the chart: capacitor is polar type; ripple volt-
age Ey is sinusoidal; the sum of the peak ripple
voltage Ep plus the d-c voltage Ey never exceeds

Determining Ex for a polar
and nonpolar capacitor

4.7-microfarad, 50-volt polar capacitor, size B case

Ex from Er from ripple
nomograph voltage chart
f Cc D Ez Er

cps uF % V rms Vrms
120 4.70 1.80 40 17.7
400 4.67 4.00 14.5 14.5
800 4.65 7215 79 755
1000 4.64 8.60 6.1 6.1
5000 4.44 36.00 1.4 1.4

6-microfarad, 20-volt nonpolar capacitor, size BB case

120 5.89 1,65 58 14.1

400 5.86 4.10 20 14.1

800 5.86 7.61 11 11
1000 5.83 9.45 8.5 8.5
5000 5.18 43.20 1.9 1.9
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the rated capacitor working voltage Ew; the differ-
ence between the d-c voltage Ey and the peak
ripple voltage Ep is never less than zero; that is,
the voltage across the capacitor is always unidi-
rectional.

In the chart, the dashed horizontal line Ex/Ew =
0.5, relates the d-c voltage to the maximum allow-
able rms ripple voltage. For Ep/Ew =0.5, the
maximum allowable ripple voltage ratio is Er/Ew =
0.354. The allowable d-c voltage limits are bounded
by two straight lines, Eg-maximum and Eg-mini-
mum. For a particular ripple voltage ratio, these
lines give upper and lower limits that establish
the allowable d-c voltage range.

Another way of graphically relating Ew, Ex and
Ey is given by the second chart on page 65, which
includes nonpolar capacitors. To determine the al-
lowable d-c voltage range from this chart, draw a
vertical line from the appropriate Ex/Ew point. The
points where this line intersects the boundaries of
the permissible d-c voltage boundaries are Ep/Eyw
maximum and Ep/Ey minimum. Conversely, if the
d-c voltage range is known, a horizontal line drawn
from the appropriate Ep/Eyw value to either of
the E; maximum or E; minimum voltage boundary
lines will intersect it at a point directly above the
allowable Ep/Eyw value.

Using the ripple voltage chart

A 47-microfarad, 35-v polar capacitor was used
to illustrate an application of the nomograph; it
showed that the permissible ripple is 2.5 volts
rms. The Er/Eyw ratio for this ripple is 2.5/35 or
0.071. This ratio in the ripple chart shows that
the allowable E./E\ ratio extends from +40.1 to
+0.9. Applying these ratios to the 35-volt capacitor
rating indicates that the d-c¢ voltage may be any
value between +3.5 and +31.5 volts, for a 2.5
volts rms ripple voltage.

The values obtained from this chart can be used
for temperatures up to 85°C. At an operating tem-
perature of 125°C, the working voltage Ew should
be derated by 0.67.

Tabulating results

To further illustrate the usefulness of the nomo-
graph and the ripple voltage chart, the parameters
of a typical polar and nonpolar capacitor were
measured at various frequencies. Allowable ripple
voltages, limited by the capacitor’s heating effect.
were obtained from the nomograph and allowable
ripple voltages, limited by d-c voltage and rated
working voltage, were obtained from the chart.
These values are tabulated at the left.

The Er values in color indicate whether the
heating effect or the d-c and rated working voltage
dictated the allowable ripple voltage. These values
indicate that the heating effect becomes increas-
ingly important as the frequency increases. The
capacitance of the two units is relatively stable
over the frequency range tested. The increase in
dissipation factor with frequency is typical for solid
tantalum capacitors.
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Solid state

Simple diodes keep voltages constant

Zeners are the preferred components for regulator circuits,
but for low voltages, their inexpensive cousins provide
better accuracy and can compensate for temperature changes

By Allan K. Scidmore

University of Wisconsin, Madison

Zener diodes are widely accepted as the best com-
ponents for use in voltage regulator circuits, and
there is no question that in most cases they are
best. But there are times when the cheaper simple
diode or transistor junction can do a better job.

The zener diode has some well-known disad-
vantages. For one thing, its voltage changes with
temperature, so that a voltage reference circuit
using zeners may require thermistors or other tem-
perature compensation. For another, below about 2
volts true zeners are not available. Zeners have very
nonuniform characteristics when operated at low
voltages. At such voltages the forward volt-ampere
characteristics of the junction diode not only pro-
vide excellent reference voltages, but do so with
low dynamic resistance and small variation with
temperature. Zener diodes and thermistors may
also have economic disadvantages [Electronics,
Oct. 19, 1964, page 55].

A number of conventional signal or rectifier di-
odes, forward-biased reference diodes or stabistors,
as well as the base-emitter and base-collector junc-
tions of most transistors, may be substituted. The
volt-current characteristics of a few of them are
shown in the graph on page 69.

Analyzing the diode junction

To discuss the use of the diode in circuits, it is
first necessary to analyze the circuit parameters to

The author

Allan K. Scidmore, associate profes-
sor of electrical engineering at the
University of Wisconsin, teaches
courses and directs graduate study
in electronic digital computers, elec-
tronics and communications. He
worked on the development of the
Wisconsin integrally synchronized
computer.

show the relationships of voltage, current and tem-
perature.

Operating parameters, shown in the diode equiv-
alent circuit on page 69, provide a model of the
diode at some voltage-current point, V,, I,. The
diode resistance, r, and offset voltage, E, are ob-
tained from the characteristics of the diode at a
reference temperature, T,, as shown in the graph
on page 69.

A voltage, Vi, which gives a linear approxima-
tion for the temperature dependence, may be ob-
tained from the characteristics

Ve=krAT = ke (T — T,) (1)
where ky is the temperature coefficient and is cal-
culated from

_dv
aT | at 1 =1,
The characteristic curves for most diodes are es-

sentially exponential over a considerable range, as
predicted by the theoretical diode equation:

7w 1<ef‘T —1> 3)

where I, is the diode’s reverse saturation current,
e is the charge on the electron, k is Boltzmann’s
constant, and ¢ is the natural logarithm base.

The dynamic forward resistance, r;, at current
I, predicted by equation 3 is

kr (2

1.
h

Nena

At room temperature,
0.026

3 G tens ohms.

Although the dynamic resistance, r, of an actual
diode is somewhat larger than ry, it may be used in
the equation at low and medium current levels.
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The value of r; may be used as a minimum value
for r, while the dependence of r on I, may be used
to predict circuit performance. The temperature
coefficient, ky, is a measure of voltage change; it is
negative and generally between 0.001 and 0.003 per
degree centrigrade. The value of kq, is dependent
upon current I, in general decreasing as I, in-
creases as shown in the plot on page 71, top. At a
specified current, ky is constant over a wide range.

Measuring the variables

Variations in reference voltage with supply volt-
age, and temperature can show how well the diode
can maintain constant voltage at specified voltage
inputs, and how it can compete with the zener. In
the diode reference circuit below, the voltage trans-
fer ratio, AV/AE, is a measure of the variation
of reference voltage with supply voltage, and is
expressed as,

¥
r+ R ()

where r is the resistance of the diode and R is the
resistor in the circuit. The variation of diode voltage
with temperature, V(T), is

AV/AE =

r d ,,k.TR7‘

I(T)—r+RAT )
while the dynamic output resistance, rou, is:

Tout = THR (6)

The performance of a forward-biased diode and a
zener diode are compared in this circuit by first
using the forward-biased 1N456, and then using
the IN702, a 2-volt 250-milliwatt silicon zener. Both
have an input voltage of 4 to 5 volts. A comparison
of the parameters and performance for both devices
are shown in the table on page 70. The zener is
handicapped in this range by its higher dynamic
resistance and voltage drop.

If the supply voltage is fixed, AV/AE is insen-
sitive to changes in R. If the variation in diode
resistance, r, with current is given as

o K
ot
where K is some constant, then,
AR by a3 K/I,
AE r+ R K/I,+ (E — E,)/I,
K
SRR (I @

Although this equation shows that AV/AE is inde-
pendent of resistor R, there is some slight depend-
ence due to the variation of E, with current. The
output resistance, on the other hand, has a marked

Circuit on right is electrical equivalent of diode
reference circuit, left. Internal resistance, r,

offset voltage, E., and the voltage which gives a

linear approximation for the temperature dependence,
Vr, are used to calculate the diode’s performance

as a voltage regulator at different temperatures.
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FORWARD VOLTAGE IN VOLTS

Voltage-current plots of several diodes and transistors
which can be used to provide excellent references
at low voltages. Above 2 milliamperes, voltage is
nearly constant despite changes in current.
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FORWARD VOLTAGE IN VOLTS

Curves used to obtain the resistance, r, and offset volt-

age, E,, of a diode at a particular reference temperature.

The solid straight line is a tangent to the curve at a

particular voltage-current intersection. The reciprocal

of the curve's slope is the resistance. The point where

it crosses the horizontal axis is the offset voltage.
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Zener vs. simple diode

Nominal
Diode I R voltage r AV/AE V(T) Fous
INASO: 55 e ohe 4 onbicaisio s som eats s bss 2 2,000 0.68 27 153 -1.8 27
INZO2 (ZONOT) . asiienssssnissnibiosses 5 600 2.0 60 9.1 -1.1 55

1, is current in milliamperes, R is resistor in circuit in ohms, r is diode resistance in ohms, AV/AE is measure of
variation of reference voltage with supply voltage in percent, V(T) is variation of diode voltage with temperature in
millivolts per degree C, r..: is dynamic output resistance in ohms.

dependence on I, and this may be the deciding fac-
tor in the choice of resistor R. As with zener refer-
ences, for a fixed I,, the larger the E, the larger
the value of R, and the smaller AV/AE.

Compensating for temperature

Diodes may be used as temperature-compensat-
ing elements, and the temperature variation of one
diode may be used to cancel that of the other. The
two-level cascaded voltage regulator circuit at the
right uses 1N456 diodes, and its behavior may be
analyzed by its equivalent circuit.

Resistances were chosen so that the operating
current for each diode branch is 2.8 milliamperes.
Resistance r is equal to 13 ohms and the voltage
—temperature coefficient kr is equal to —0.0015
per degree C.

The voltage transfer ratio AV/AE for this circuit
is about 8 X 10—*, so that the output voltage is
quite insensitive to the input voltage. The tempera-
ture variation of the circuit is only 1.05 times that
of a single diode; but to use such a circuit as a
reference voltage source still requires compensa-
tion for V(T).

A circuit in which the temperature variation of
one diode may be used to cancel that of another
is shown on page 71. Here, D, is silicon while D
is germanium, giving a nominal value of 0.3 to 0.4
volts for V,. Both diodes have a negative tempera-
ture coefficient, but the temperature-dependent
generators are in series opposition. Temperature
dependence of V, will be negative for small R, but
will be positive for large R.. Consequently, it is
possible to adjust R. and provide V, with a tem-
perature coefficient which is either positive, nega-
tive, or almost zero. This circuit built from unse-
lected diodes, obtains reference voltages constant
within 2 millivolts over an 85°C range.

By combining this circuit with the cascaded reg-
ulator previously discussed, it is possible to pro-
duce economical low-voltage reference sources with
very good temperature stability, as well as excellent
regulation against supply voltage changes. Opti-
mum results will be achieved if all diodes are kept
at the same temperature, or track the ambient
changes together.

An alternative arrangement to compensate for
the temperature change of a reference diode is to
use the base-emitter junction of a transistor, as
shown in the center circuit on this page. The po-
larities of V(T) and Vgg(T) for both the diodes and

70

the transistor are indicated for an increase in tem-
perature. Other circuit details are omitted for clar-
ity.

If the temperature variations of the forward drop
of both devices are made equal, then the loop cur-

+E
820

i

Two-level cascaded voltage regulator and its equivalent
circuit. This regulator develops an output voltage
independent of the input voltage. But because the
temperature variation of the circuit is 1.05 times that

of a single diode, it requires temperature compensation.

Base-emitter junction of a transistor compensates for
temperature changes of reference diode. The base-emitter
polarity and polarity of the temperature dependence
voltage are given for rising temperatures.

<>

Forward-biased regulator with cascaded diodes is
used to compensate for temperature changes

over a wide range. R; and R: may be chosen to keep
voltage variation to desired level.
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the temperature dependence voltage V-, plotted
against forward current for the diode 1N456, shows
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Constant current circuit has a string of diodes and a
transistor to provide both reference voltage and tem-
perature compensation. Curves below show deviation of
load current with temperature when load current is varied
by three different voltage division factors, f. At f

equals 0.87, the output current was maintained within
19% over temperatures between —30° and 70-C.
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rent, Iy, contains no temperature-dependent part.

Two additional factors must be considered, how-
ever, First, this circuit does not compensate for the
change in transistor leakage current, I¢o, with tem-
perature, although it can be used to offset changes
in the forward current-transfer ratio (beta) with
temperature. Second, as noted, the polarities of
V(T) and Vgi(T) not only must match, but must
also be made equal in magnitude. Fortunately, the
temperature coefficient for both junctions may be
varied somewhat by varying their quiescent current
as indicated in the circuit on page 69.

The bottom circuit, page 70, shows another
method which is used to obtain a variable V(T)
from a reference diode string. The voltage varia-
tion in temperature, V,(T), may be obtained from
the circuit by inspection:

V.(T) = fV(T) where the voltage division ratio is

4 B
f-— R1+Qo+rout (8)
Although the desired value of V,(T) can be ob-
tained by variation of R; or Rs, the reference volt-
age also is varied by the same ratio, f.

Double-duty diodes

Another method of using diodes for both refer-
ence and compensation is to string diodes together
and use a transistor as shown in the simple con-
stant-current circuit at the left. The transistor may
be considered as an emitter-follower where the
load current is given by

V.-V
r e

If the load current is varied by varying Ry with a
fixed reference voltage V,, the inverse relationship
given by equation 9 will result. But if Ry is fixed
and the current is varied by changing V,, an ap-
proximately linear relationship between V. and Iy,
exists. However, as pointed out previously, varying
the constant portion of V, in this manner also re-
sults in varying V,(T).

Since temperature dependence of the base-emit-
ter junction on voltage, Vig(T), is not so strongly
affected by current, it is not possible to provide
exact temperature componsation except by adjust-
ing both Ry and V..

This is feasible in applications where the emitter
or collector current is to be essentially constant,
but not in applications where the current is to be
variable over a wide range.

The output current-temperature characteristics
of the constant current circuit at the left illustrate
this point. The emitter resistance, Ry, is 3 ohms;
a 100 ohm potentiometer is used for R; and Ro.
At a voltage division ratio, f of 0.87, the output
current was maintained within 1% over the tem-
perature interval from —30°C. to +70°C.

However, as the value of f was decreased, the
compensation provided became inadequate, as
evidenced by the larger deviation of load current at
the extremes of temperature.

(9)
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Advanced technology

Computing at the speed of light

Optical analog devices transpose variable inputs into spatial
dimensions and operate on them simultaneously. With a laster as a light
source, the computers are useful for antenna modeling and spectrum analysis

By Kendall Preston, Jr.

Perkin-Elmer Corp., Norwalk, Conn.

Optical analog computers have been in use for
several years, but they have really come of age
with the laser. An optical computer powered by
a laser can multiply a 10,000-element vector by a
10,000 x 10,000 matrix in one millisecond. And the
coherence of the laser beam has made possible
such applications as antenna pattern analysis,
matched filtering, and signal spectrum analysis.

The optical computer is so fast because it uses
two spatial dimensions to represent two independ-
ent variables, and thus can operate on both simul-
taneously. At a given instant, an electronic com-
puter is one-dimensional, in that its input signal,
no matter how complex, is just that—a signal. It
takes a finite length of time for that signal to be
processed by the computer circuits. The input to
an optical computer is prerecorded, and processed
instantaneously by a beam of light. The most com-
mon recording material is photographic film; the
film can be considered a transducer in that an
electrical signal acts upon it, through an appro-
priate optical device such as a light bulb-lens com-
bination, so as to produce patterns of light and
dark that will modulate the light beam in a specific
manner. Other types of input transducers may be
used; one is the photoelastic material pictured on
page 80, which can operate without any delay for
film processing.

The typical optical computer is shown in the
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drawing on the facing page. It consists of a source
of light which is modulated by the input signals,
via the input transducer, so that when it has passed
through the lens system and energized an output
transducer, the output signal will bear the pre-
scribed mathematical relationship to the input.

The actual mathematical function is performed
instantaneously, but the speed of the computer is
limited by the speed of the transducers. Obviously,
it takes time to process film; other methods are
faster but do not have film’s versatility.

Since light amplitude is the signal for the optical
computer, the ratio of maximum to minimum signal
levels, or dynamic range, is limited only by the
amount of optical noise—or unwanted light—that
can be tolerated. Proper lens design can produce a
system with wide dynamic range as well as a high
time-bandwidth product, an important factor in
frequency resolution. Noncoherent light systems
have even higher time-bandwidth products, but
their dynamic range is smaller.

The attraction of the optical computer is not
sheer speed. Since the device operates in all fre-
quencies at once, it is extremely useful in spread
spectrum communications systems and in radar and
sonar signal processing.! Research at the University
of Michigan and at Columbia University indicates
that applications are possible in speech recognition,
vibrational analysis, and seismology.

The lens models the antenna

An optical computer can serve as a scale model
of a radar system because a lens acts on light waves
just as the radar antenna acts on microwaves. The
diagrams on page 74 illustrate the analogy. The
scale is the ratio of light wavelengths to microwave
lengths, which is about 10 to one; a one-inch lens
can thus model an 8,000-foot L-band antenna. Like
the antenna, the lens is highly directional. It has a
radiation pattern with a calculable side-lobe struc-
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ANTENNA
APERTURE

COLLIMATOR

PLASMA TUBE

ture; the angle, 6, at which radiated power is one-
half its maximum on the axis is given by § = A/D,
where A is the wavelength of light and D is the
diameter of the lens, or its aperture.

A radar antenna is energized by an oscillator at
a well-controlled frequency. If it is to be modeled
by an optical system, the power source must be
equally well-controlled—that is, it must be a laser.
The photons in ordinary light are out of phase with
one another and generally of different energies.
A laser is a source of monochromatic light whose
photons are all of the same energy.

The system shown in the drawing above is a
simple optical model of an antenna, whose far-
field intensity distribution corresponds to the light
intensity distribution in the output focal plane.

OPTICAL ENERGY SOURCE OUTPUT TRANSDUCER

LENS SYSTEM

= - -
X o "
INPUT TRANSDUCER
r—— e, e —
L T
INCOMING QUTGOING
ELECTRICAL ELECTRICAL
SIGNALS SIGNALS

Optical analog computer in schematic form. The

input transducer transforms electrical signals that

vary in time and frequency into light signals that vary in
the spatial coordinates x and y. The output transducer
converts these signals, after they have been processed
in the lens system, into electrical signals that

can be recorded or used on other equipment.
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MONOCHROMATIC
POINT SOURCE

FAR FIELD
ANTENNA
PATTERN

Typical optical computer as used to model
an antenna system. A rectangular antenna
is represented by a rectangular hole in an
opaque mask placed between the collinator
and the integrating lens system. The
display on the focal plane is the far-field
pattern, reduced to scale, of the antenna.

Mathematically, that light intensity is the square
of the absolute value of the Fourier transform of
the input light amplitude distribution,® or

I(@,y)=|FA (z,9)]

The Fourier transform, F, is a mathematical expres-
sion that, in this case, relates a multidimensional
signal to its frequency spectrum. It is defined as

+ @ +
FA (xy) = / f A (zy)ei@,7+ey) dx dy

where oy and oy are frequency coordinates.

The Fourier transform of a simple amplitude
distribution function is shown in the photo at the
bottom of page 76.

The output pattern indicated in the sketch above
is shown in the top photo on page 75. This
figure corresponds to the far-field pattern of a
uniformly illuminated rectangular antenna with an
aspect ratio (ratio of length to width) of 3.5:1.
Mathematically, this pattern is described by the
expression

7 = | sin (@) || sin (by) p
v ax by

The output intensity distribution is sometimes
referred to as the Wiener spectrum of the input
amplitude distribution.

A more complex antenna pattern is illustrated
in the lower photo on page 75, which shows the
far-field intensity distribution of an antenna array
1.5 miles in diameter, consisting of a circle of 96
subantennas, each 45 feet in diameter. This far-
field pattern is achieved 2,000 miles from the earth’s

73



Flxll - F (x)=ASIN w.X
N 53 (T LN
NN N

DESIRED ANALOG INPUT

Fp(x)

[ x

Fy (x) = [1+ri m]
ANALOG INPUT, WITH BIAS

Fr(x)=[1+Fi(x)]2
Fr(x)

ACTUAL INPUT RECORDING

Three representations of a simple signal for input to an
optical computer. The top diagram is a simple sinusoid,
the desired input. The middle diagram shows

how this signal must be biased for recording on film,
because of the impossibility of recording negative

light. The bottom diagram shows how the signal, as
recorded, shows up when checked by a photocell,
whose output is proportional to the square of the signal.

o
LENS PARABOLIC ANTENNA
TRANSMITTING

=3 ARSI 2.
¥ %)
- &)
ANV

LENS ANTENNA

RECEIVING

Antenna design and optical design are closely related.

The diagrams at the top show that the optical wave
emerging from a lens fed by a monochromatic point
source in its focal plane is identical, except for frequency,
to the wave emitted by a parabolic antenna fed by a feed
horn at its focus. The bottom pair shows the analogy
between a lens bringing a monochromatic plane wave to a
point focus and a receiving antenna doing the same

thing for microwaves.
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surface. The model used to obtain the photograph
was similar to that shown in the sketch on page
73, except that the rectangular hole representing
the antenna was replaced by a mask containing a
ring of 96 round pinholes. The entire model was
only a few feet long.

Spectrum analysis

The bidimensional nature of the optical com-
puter makes it especially useful in spectrum analy-
sis. In electronic analyzers, a complex voltage wave
is fed to the input and the device is slowly tuned
over a range of frequencies; a meter indicates a
peak at each frequency present in the signal. The
film recording for the optical device throws a pat-
tern of bright spots on the output focal plane to
identify all frequencies present in the input, thus
operating in two dimensions of frequency simul-
taneously.

The most elementary input to the optical ana-
lyzer is a simple sinusoid. This input is shown at
the top of the diagram at the left, and the output
is shown in the photograph on page 76.

Such an input is easy to visualize but harder
to implement. First of all, the negative portions
of the sine wave represent “negative light” and
as such cannot be recorded on film. A bias term
has to be included so that the lower peaks lie
above the zero axis, as shown in the middle dia-
gram above left.

Another difficulty is that the amplitude of the
input signal represents “optical voltage,” and this
is what the computer accepts as its input. But
no optical voltmeter has ever been invented; all
light-measuring devices indicate intensity, or power,
and the input thus has to be measured indirectly.
A photocell which scans a film will produce an
output proportional to the squared sum of the
bias plus signal. The square root of this output
is what the computer sees; therefore, if the square
root, when plotted, is sinusoidal with bias, the
recording on the film is producing the correct
input. The photocell signal is indicated in the
lower part of the diagram.

The photograph on page 76 gives the output
of the computer from this sinusoid input. The
bright spot at the center is produced by the bias
term in the input signal. The upper and lower
bright spots represent the frequency of the input
signal (in “cycles per millimeter” since the input
was expressed as a sinusoid distribution in space).
The side lobes fading off in four directions from
the bright spots are caused by the finite size of
the input recording; to eliminate them, the input
would have to be infinitely large.

Since frequency has been transposed into spatial
dimensions, the input focal plane displays both
positive and negative frequencies; that is, there
is no “folding” of the spectrum about the zero
frequency axis as with electronic spectrum ana-
lyzers. In the latter, the upper and lower sidebands
of an amplitude-modulated signal, when hetero-
dyned to get rid of the carrier frequency, become
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Far-field antenna pattern obtained with the optical
model in the drawing on page 73. The antenna is
rectangular, 3.5 times as wide as it is high. The

bright center represents the main lobe or maximum
radiated power; the diminishing blobs of light represent
the weaker side of lobes of antenna power

Antenna pattern produced by an array of 96 round
antennas set in a ring 1.5 miles in diameter. This pattern,
found 2,000 miles out in space, was reproduced in the
output focal plane of an optical model a few feet long.
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positive and negative sidebands. There is no such
thing as a negative frequency, so the energy in
the lower sideband appears at the higher frequency
of the upper sideband and the spectrum is there-
fore “folded” about zero.

Analyzer performance

To compare the quality of an optical computer
used as a spectrum analyzer to its electronic
counterpart, it is important to determine its figure
of merit, which improves as the time bandwidth
product (TW) increases. The TW of a lens system
can be calculated from the maximum number of
individual cycles of the highest frequency at which
it can operate.

The diagram on page 76 shows a sinusoidal in-
put recording placed in the front focal plane of a
lens system, and the corresponding output spec-
trum. The output spectrum in the photograph con-
sists of a number of bright spots; the number of
spots and the distance between them depend on
the spacing of the peaks in the sinusoid input.
This spacing, in millimeters, is proportional to
the spatial frequency in cycles per millimeter; and
this spatial frequency represents a time frequency
recorded on film over some increment of time.

The top tall peak, which represents the bright
spot in the output spectrum above the center spot,
is caused by the focusing of rays which are bent
upward when they pass through the input re-
cording. The rays are bent at an angle which
depends on the frequency of the input signal.

Spots far from the center are caused by focusing
of rays from only the lower part of the input sig-
nal, bent upward to pass through the lens; rays
from the upper part bent upward by the same
amount miss the lens and are not focused. There-
fore, these spots are fainter than spots nearer
the center.

If the input signal is of high frequency, then
there will be many peaks in the input recording,
and a large angle of bending of the rays at the
recording. The recording must be small, or made
over a short time interval, to keep the rays from
missing the lens. The large angle represents a
high bandwidth; the bandwidth multiplied by the
short time interval gives a time-bandwidth product
which is near zero, in the extreme case.

On the other hand, if the input signal is of low
frequency, then there will be only a few peaks in
the input, and a small angle of bending of the
rays. The recording can be nearly as large as the
lens, representing a long time interval. The long
time multiplied by the small bandwidth (small
angle) again gives a time-bandwidth product near
Zero.

Maximum product

At some intermediate frequency, the time-band-
width product will be a maximum. At this fre-
quency, fq,, the angle between rays passing straight
through the top of the input recording and rays
bent upward just enough to clip the edge of the
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MONOCHROMATIC
POINT SOURCE A =0,

LENS SYSTEM
APERTURE, D

SPECTRUM IN
FREQUENCY PLANE

s

CONTINUOUS SINUSOIDAL
INPUT RECORDING AT fgp

Geometry of a lens system
showing the quantities
used to calculate the
time-bandwidth product.
The output recording is
shown in the photo below.

lens is 6;, as in the diagram; the angle 26, is
called the field angle of the lens.

The field angle can be shown, using diffraction
theory, to be given by
2 arc sin A fip
where A is the wavelength of light used to illuminate
the computer. The angle 6., which is half of the
total angle subtended by the usable portion of the
input, is given by

arc tan (AA’/2F)

where AA’ is the aperture of the input and F is
the focal length of the lens; or by

arc tan 1/(2f.)

POSITIVE
FREQUENCIES
[

+Wp

NEGATIVE
FREQUENCIES

Focal plane display produced by an optical computer

with a sinusoidal input. The bright spot in the

center would be there in the absence of any input

signal (a clear sheet of film in the input plane). The upper
and lower bright spots correspond to the frequency of

the input, they are analogous to the sidebands in an
amplitude-modulated signal. The fainter spots surrounding
the three bright spots are produced by the size of the
input recording; to remove them would require a recording
of infinite size.
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where f,, is the f number, or ratio of focal length
to aperture of the lens. Now the TW of the lens
is the number of cycles of the maximum frequency
over which the lens will coherently integrate or

fom A4’

This is shown by trigonometry to be equal to

2 F sin 6, tan 62/ = F sin 6,/Nfno

When 6, is a small angle, the TW of the lens is
given by

TW = F6i/Mno

where 6; is expressed in radians. Values of TW as
high as 100,000 have been achieved in high-pre-
cision optical lens systems. The TW of even an
ordinary 35 mm camera lens can be as high as
1,000. (But the coherent f number of such a lens is
10 to 100 times the f number usable for taking
pictures; it is calculated with a very small aper-
ture.)

Matched filters to suppress noise

Electronic matched filters are commonly used
to pick a very weak signal out of a very noisy
background. These filters may be complex networks
or they may be programs of large digital com-
puters. A recent spectacular example of the latter
was the retrieval of the Mariner spacecraft sig-
nals representing pictures of Mars, after the signals
had been corrupted by 150 million miles of space
noise.

But the Mars pictures took a long time for
transmission (over 8 hours for each picture) be-
cause the signals were enormously complex, and
the computer had to process them sequentially.

An optical computer may be used as a two-dimen-
sional time-frequency matched filter by placing
an optical filter in the spatial frequency plane of
an optical spectrum analyzer, and taking a second
Fourier transform by adding another complete lens
system.

The computer compares signals much as one
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A multichannel spatial-plane correlator in which a signal
varying with both displacement and time is analyzed.
The time dimension is brought in by moving

the input recording, or by moving the filter.

The zero-order stop behind the first lens removes

light introduced by bias in the input recording; this
light otherwise would add to the background noise in the
output. The light removed by this stop is all that would
be present if the input signal were replaced by a clear
piece of film. Similar stops are used in all the
correlator and matched-filter coherent configurations,
but have been omitted for clarity. The spot at the
output moves as the input recording moves.

,.s()(-vff)]2

[fs()("--v-l-f)ri(u")du]2

ZERO ORDER STOP

| [5 0wy y) Hiwy ) |2

MONOCHROMATIC POINT SOURCE

MONOCHROMATIC POINT SOURCE

Richard 11, Henry IV, Henry V Richard 11
Henry VI, Richard Ill, Henry VII

Lens and filter configuration for
two-dimensional matched filtering.
The random pattern in the input focal
plane is the signal. Light passing
through this signal is focused by

the first lens system as a pattern

of spots on the filter; one such

spot is shown above, with its pencil

of rays in color. The filter is

another pattern, which is symmetrical

about its center point. Light Henry IV Richard 111

passing through the filter at some Six English kings identified by optical matched filtering.
specific angle is focused by the A filter corresponding to each face identifies that
second lens system onto one bright face in the presence of noise (other faces), and

spot on the output plane. produces a bright spot on the output plane.
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A highly polished lens surface, magnified to show
the microscopic irregularities. The scale is
indicated in the lower right corner. A micron

is about 1/25,000th of an inch.

would compare two copies of the same trans-
parency by placing one on top of the other.
According to the theory of matched filters, if
the input is s(x) 4 n(x), where n(x) is noise, the
frequency plane matched filter H (ox) is given
by
H(w.t) o S*(w:)/]v(wr)
where H, S and N are Fourier transforms of the
respective functions and S® is a complex conjugate
of S. (A complex conjugate may be achieved in
an optical system by rotating the recording 180°.)
Also, if the noise is Gaussian, or distributed along
the familiar bell-shaped curve about a given en-
ergy level, then N(wy) is a constant and

H(w,) = K S*(w,)

These formulas can be implemented in the con-
figuration shown in the lower drawing on page 77.
A recording of the signal-plus-noise in one or two
dimensions is inserted at A. The optical filter,
which resembles a picture of a tufted rug and is
represented by H(wx) or by H(wx, oy), is placed

|Hi(-,) I2

[

MONOCHROMATIC POINT SOURCE
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in the spatial frequency plane at B. Then the
second lens system forms this electric field distribu-
tion in the output plane at C:

E(x”) S(wz) H(wl‘) d w,

S s(x) s*(x—2a") da+ Sn(x) s*(x—2") dx
which is the correlation of the output signal with
the input, plus the signal-noise cross-correlation.

A dramatic example of two-dimensional image
identification performed by A. Vander Lugt at the
University of Michigan is shown in the photo on
page 77. The computer, using appropriate filters,
has identified particular faces in a background of
other faces (noise). A bright spot of light (the auto-
correlation function) in the output plane indicates
the presence and location of each face.

The drawing below shows another interesting
example. A single one-dimensional signal s(x) is
recorded on the input medium; its one-dimensional
spectrum appears spread across the entire y-dimen-
sion in the frequency plane. The recording is actu-
ally a set of one-dimensional matched filters—so
many horizontal lines—placed in the frequency
plane. The filters represent a library of 10,000 to
100,000 reference spectra, with which the spectrum
of an incoming signal is compared. This feat of in-
stantaneous parallel processing would be extremely
difficult in an all-electronic system, which would
have to make 100,000 simultaneous comparisons
during a frequency sweep.

| [5w g ax |2

LENS

jsik 2. ca

A multichannel frequency plane correlator that
works like a one-dimensional optical matched
filter. The filter is a set of horizontal
one-dimensional matched filters symmetrical
about their vertical axis, and stacked one

on top of another. The spectrum of the

input signal will match one of these

filters, which transmits the light to the
horizontal cylindrical lens system. The

result appears as a bright spot on the

output plane, in the presence of background
illumination caused by stray rays leaking
through other filters in the set.
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C+fs(x-v-,t)r| (x)dx

1+s(x-vt)

1+ri(x)

MULTICHROMATIC AREA SOURCE

A multichannel spatial plane correlator using noncoherent
light. The signal and the set of filters are placed

together because the bias term cannot be focused when
noncoherent light is used. Note that the rays of light

do not form a neat pencils, as with coherent light.

Time is included in the signal function, meaning

that the input signal is being moved.

INTEGRATING
SURFACE

C+fs(t)r| (x-vytldt

141 (x-vt)

MULTICHROMATIC AREA SOURCE
MODULATED BY slt)

Another noncoherent spatial plane correlator, in which
the signal modulates the light source directly. The
time dimension is brought in by moving the filter.

Space into time

It is also possible to perform both single and
multichannel correlation in the spatial plane, by
moving the recording and thus introducing a time
dimension. The top drawing on page 77 shows a
multichannel spatial-plane correlator which gives
results similar to those of the computer shown in
the preceding diagram, but which requires mo-
tion of either the signal s(x) or the set of references
ri(x) in their respective planes. Since s(x) may be
recorded on a moving medium, it inherently has
a transport velocity vp. The light amplitude dis-
tribution in the output plane on the axis becomes

E@"yi, t) = Ss(x — vpt) ri(x) dx
Here the correlation function occurs on the optical
axis as a function of time, whereas in the fre-

quency-plane matched filtering systems, the auto-
correlation function tracks the location of s(x) in
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the input, plane. The diagram also shows a so-
called “zero order stop,” a black disk which blocks
the bright spot corresponding to the bias term
which occurs if s(x) is recorded as 1+ s(x) on
film. As we have seen previously (page 74), the
bias term causes light to appear on the optical
axis. This light serves no useful purpose and in-
creases noise due to scatter; therefore it is re-
moved.

The reference spectra may also be recorded with
a bias as 141 (x). In this case, the complete
expression for the light amplitude distribution in
the output plane is given by

E@"y", t) = Ss(@—vrt) [14+r:(2)] dx
= [s(x—uvqpt) de+ Ss(x—ovqpt) r(x) do

It can be shown that the second term in the above
equation represents an image on the axis, while
the first term, which is of no interest because it
arises from the bias in the reference recording, is
formed off axis. Thus a set of detectors placed
on the axis will pick up the desired autocorrelation
signals.

This is the configuration for the fast matrix
multiplication referred to at the beginning of this
article. The multichannel mask, represented by
[ri(x)]?, itself represents a large matrix; the input
signal [s(x — vqt)]?, represents a vector which mul-
tiplies the matrix.

Noncoherent optical computers

The ability to remove bias terms is inherent in
coherent optical computers. When low-noise com-
putation is desired over a large dynamic range,
such coherent systems are advantageous. But they
have two disadvantages: they always produce the
square of the desired correlation functions, and
they require a considerable number of precision
optical elements. Another class of optical com-
puters that do not depend on coherent light is
useful in low-dynamic-range situations: these com-
puters can tolerate considerably low optical
specifications.

The two basic types of noncoherent optical com-
puters are shown in the two drawings at left. In
the one at the top, the signal and references are
recorded directly without squaring. The signal rec-
ord and the filter are adjacent because the bias
term cannot be focused and removed when using
noncoherent light. As the signal record is moved,
the light intensity (not the electric field) passing
through the two recordings is given by

I (x,t) = [1 4+ s(x — vrpt)] [1 + ()]
A simple lens gathers all of this light and focuses

it on a square-law detector. The lens plus detector
produce an output given by

I(t)= S[1+s(z—vgpt)+ri(x)+s(@—vpt)r ()] da

Four terms appear in the integral. The first three
are unwanted; since they usually have low time-
frequency components, they can be removed from

the output with a low-pass electronic filter. How-
ever, shot noise—noise voltage due to random
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Photoelastic input device for optical computers, made of
a block of fused silica with a piezoelectric transducer.

Electrical signals set up an ultrasonic wave in the block;
variations in the refractive index modulate a light beam.

variations in the number of photons emitted by
the light source—due to these terms remains, so
that the result after low-pass filtering is:

I'(t) = Shot Noise + S's(x — vrt) ri(x) dx

Shot noise should be small with respect to the
desired correlation integral.

Amplitude modulation

In the lower drawing, the signal is introduced
by amplitude modulation of the light source itself.
The reference is moved past the light source and
light transmitted through it impinges upon a
mosaic or “fly’s eye” detector, which produces the
spatial signal distribution

I,(x) = S[14s(@)] [14+ri(x—vrt)] dt
= S14s(t)+ri(x—vrt)+st)ri(x—vrt)] dit
Note that the integration is done at the detector,

not in the lens system.

The first three terms under the integral are un-
wanted. The first is a bias term, which accumulates
with time; the second is the average value of the
signal. Both are independent of x and form a spatial
bias with inherent shot noise. The third term is a
correlation integral, which occurs as a function of
x instead of time. The optical system places no
limit on the correlation interval; therefore ex-
tremely long correlation times and large time-
bandwidth products can be achieved, limited only
by the mechanical accuracy of the reference func-
tion motion and the tolerable values of the spatial
bias caused by the first three terms.

At the end of a selected time interval, the cor-
relation function is taken directly from the detector
mosaic. Most optical computers give readouts on
photographic film in the output plane or scan out
information with photomultipliers, imaging tubes,
mosaic detectors, rotating mirrors or other devices.

Readout from coherent light computers requires
detection of a weak signal, limited by shot noise,
with a dynamic range of up to 60 decibels. Some-
times, when some zero-order light is mixed with
the signal, amplification is gained by homodyne
detection—that is, by tuning a local frequency to
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match the incoming carrier signal, and then
amplifying the sidebands. Readout from nonco-
herent computers requires a design that will not
be saturated by bias shot noise, or the basic bias
level itself.

Lens limitations

From the foregoing, it is clear that the electronics
engineer who works with optical computers must
become familiar with a whole new world of optical
transfer functions, diffraction theory, photon noise
problems, and the like. At the same time, he is
faced with the practical problems of lens specifica-
tions and tests, optical system design, and the
selection of optical materials.

For example, the dynamic range of a coherent
lens system is limited by various forms of optical
aberrations. The word “aberration” as used here
described departures of the optical wavefront from
a perfect planar or spherical distribution. These
aberrations have three basic causes:

= Departure of the basic optical design from the
so called “diffraction-limited” or ideal design.

* Departure of the lens system from the optical
design due to systematic manufacturing errors.

» Departure of the lens system from the optical
design due either to bulk irregularities in the raw
material or to microscopic surface irregularities.

But lens manufacture is a highly advanced art.
Modern techniques of precision optical design us-
ing adaptive computer programs, which “learn”
as they operate, have evolved lens systems cor-
rected to within one tenth of the optical wave-
length rms. Errors in lens surface curvature can
be held to within a small fraction of a wavelength
of the actual design. Over-all surface regularity
in precision optics is typically within 1/20 to 1/50
of a wavelength for lens elements of 10- to 30-inch
aperture, and within 1/200 of a wavelength for
elements of less than one-inch aperture.

Surface flatness has been studied by electron
microscopy. Its magnitude can also be inferred
from scatter measurements. The photo on page 78
shows the apparently random microstructure of a
polished lens surface. Assuming random surface
irregularities, the ratio of the intensity of forward
scatter, I, to the intensity of source image, I,, for
a single lense-to-air interface is:

-') . &
Is/‘vln = [‘-ﬂ-(”)\ 1) ’Irm.e]

where n is the refractive index of the glass, A is
the wavelength of light, and d,,. is the root mean
square surface irregularity. The effects of both sys-
tematic and random wavefront irregularities are in-
ferred from plots showing the actual side-lobe
structure of each computer lens system. The plot
in the top graph opposite was made by mapping the
light intensity distribution in the output focal plane
of a lens system with coherent illumination of a rec-
tangular aperture in the input plane. To do this,
an aperture much less than A X f,, in diameter
mechanically scanned the focal plane of the lens
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another with a degree of uncertainty which depends on
the number of photons required to blacken a single grain.

and a photomultiplier measured the energy trans-
mitted through the aperture.

The random scatter level illustrated in the plot
is 43 db below the intensity of the main lobe, cor-
responding to an effective single surface d,, of 12
angstroms per the square root of a cycle across the
input format. Since the actual lens system whose
test results are shown in the plot consists of 13
surfaces, the dims across the input format equals
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Detectable levels as a function of the amount of input
light and the exposure time, for a quantum efficiency
of 107*. The lines in color show that if light arrives at
the film at the rate of 10" photons per second and the
exposure is one tenth of a microsecond, then (10™) (107)
= 10° photons strike the film and (10") (10" (10®)
= 10’ grains are produced, giving 16 detectable
levels. (This graph does not apply to relatively low
density recorders using fiber optic cathode ray tubes).
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12/7/13 or about 3 angstroms. To obtain the rms
surface ripple over the entire spatial bandwidth,
this quantity is multiplied by the square root of
the time-bandwidth product of the lens. For this
particular lens, the TW was about 3,000, so that
dyms across the spatial bandwidth is somewhat less
than 170 angstroms per surface.

Bulk scatter

This figure does not take into account bulk
scatter, which occurs equally in all directions and
at present may be evaluated only qualitatively. The
bulk scatter seems to range from 1% to 0.01% of
the input power per centimeter of glass.

Bulk scatter of another kind is caused by trapped
air bubbles in the glass. Extensive data is available
on bubble content in terms of size, distribution,
and content per cubic centimeter from manufac-
turers of optical quality glass '°, but enormous vari-
ations from the mean are found from batch to
batch.

A third case of background or apparently random
scatter occurs as “ghost” images or reflections in
the output plane. These are caused by the differ-
ence in the dielectric constants of air and glass,
which brings about an electromagnetic impedance
mismatch at optical frequencies. Carefully designed
coatings on all lens surfaces provide a better im-
pedance match and reduce ghost energy by one or
two orders of magnitude. However, a penalty is
paid when coatings are used: the bulk scatter
of most coatings is significantly higher than that
of glass.

Reduction of random lens system noise requires
careful compromise. There are no firm rules for
choise of glass, polishing methods, and coatings.
Noise due to random scatter can be held down to
—50 to —60 db by extremely careful manufactur-
ing, to give the computer a dynamic range com-
mensurate with achievable TW values.

Choosing the input transducer

One of the most serious problems faced by the
computer designer is that of finding an input me-
dium with a dynamic range commensurate with
that of the computer itself. Both spatial amplitude
modulators and spatial phase or polarization modu-
lators are now in use.

Amplitude modulators available include silver
halide emulsions (photographic film), other emul-
sions, films with total internal reflections, electro-
luminescent sheets, and oil films such as CIBA
Ltd.’s Eidophor.

Phase or polarization modulators include thermo-
plastic films, electro-optical films, magneto-optical
films, photoelastic materials, and depletion layer
materials.

At the moment, silver halide emulsions are used
almost exclusively for recording signals from d-c
up to 100 megacycles when the delay for chemical
development is tolerable. The next most popular
transducers are the transparent photoelastic ma-
terials, which have the advantage of instantaneous
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input but also have a lower TW.

A typical photoelastic device is shown in the
photo on page 80. It consists of a transparent block
of fused silica with a piezoelectric transducer. The
transducer creates an ultrasonic wave in the block;
the pressure variations cause variations in refrac-
tive index of the medium. These variations cause
spatial phase variations in the light, which passes
through the medium at right angles to the ultra-
sonic wave.

Thermoplastic films are spatial phase modulators
in the same sense as the photoelastic modulators;
but like silver halide photographic materials, they
must be processed before being inserted into the
input plane of the optical computer.

Dynamic range limitations

All of these input devices have a somewhat re-
stricted dynamic range, each for a different reason.
The dynamic range of photographic emulsions is
limited by grain noise and by nonlinearities.

Grain noise in silver halide emulsions is analo-
gous to shot noise in quantum electronics. It arises
from the fact that silver halide is a photon counter
with a quantum efficiency of the order of 10—2,
Thus, if n, recording photons arrive per unit area,
about 10—# n, grains will be produced, with a
standard deviation of the square root of the num-
ber of grains. Furthermore, if the mean grain di-
ameter is d, the film will be completely black when
the number of grains per unit area, n,, equals 1/d?,
assuming there is no significant overlap in photon
arrivals.

If the grains are Poisson-distributed (a skewed
Gaussian distribution), then the number of detect-
able levels of input is shown in the left-hand
graph on page 81; these levels place a limit on dy-
namic range. The only way to increase dynamic
range is to increase the number of grains per re-
corded sample. This can be done by using finer-
grained material, or by recording over a wider
area. Both methods demand more photons from
the recording source. In practical circumstances,
this limits the recording bandwidth of the system,
especially when using present cathode ray tube
recorders.

With the advent of laser beam recorders, this
situation has changed radically, as shown in the
graph at the lower right on page 81. This figure
and the one at the top of page 82 show that with
the laser, the size of recordings may be limited by
grain size; silver halide material with sufficient
dynamic range is not available with small enough
values of d to permit recordings of reasonable
size. Use of free-radical, photochromic, or diazo
material may relieve this problem.

Photoelastic modulators are limited in dynamic
range for entirely different reasons. Since they
phase-modulate the light, intermodulation prod-
ucts like those of frequency modulation systems
occur. For example, if two signals, si(x) and sa(x),
occur simultaneously, the effect of spatial phase
modulation on the light, I;, incident on the modu-
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lator is described by the equation:
E(z) = E,ela(@ta(2)

_ g T delsi@) + @
% n!
where a is the modulation index.

Unless the instantaneous sum of both signals
times the modulation index is kept significantly less
than a radian, intermodulation product noise will
limit dynamic range. On the other hand, the linear
term in the equation must provide a signal level
above the inherent lens system noise described pre-
viously. The resulting compromise is illustrated in
the graph at the bottom of page 82, which indicates
an achievable dynamic range of about 40 db. Similar
considerations hold for other optical spatial-phase
modulators, such as thermoplastic film.

Developmental input media

The dynamic range of other input media to opti-
cal computers is as yet unpublished. The quality
of these devices is undergoing rapid change.

In the class of amplitude modulators, diazo, free-
radical, and photochromic materials offer the po-
tential of great dynamic range for small-area re-
cordings at the expense of low quantum efficiency
and correspondingly high recording-energy require-
ments. Other spatial amplitude modulators, such as
films are also under evaluation'!: 2,

In the class of optical phase modulators, much
work is being done on thin layers of electro-optic
dielectrics whose index is modulated by either
charge deposition or direct injection of electromag-
netic waves, as well as on thin layers of magneto-
optic material which are spatial polarization modu-
lators when energized by spatial magnetic fields.'®
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Circuit design

Designer’s casebook

Scr ring counter
switches up or down

By John G. Peddie*

Aero Service Corp., Philadelphia

Bidirectional stepping switches are usually large,
inefficient, and slow, but the circuit shown below
switches in 3 milliseconds, uses low power, and
when mounted on a card, measures 3 x 4 x 1 inches.

The speed requirement for a particular applica-
tion was achieved with a silicon controlled rectifier
ring counter and fast response relays. The counter

* Presently with H. Dell Foster Co., San Antonio, Tex.

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.

can reverse direction without missing a count.

The bidirectional ring counter will shift the on-
condition of a relay either up or down when it re-
ceives a command at either input. The counter
will reverse direction, as long as an up and a down
input are not received simultaneously.

When any scr is turned on, the capacitors con-
nected to its anode bias the surrounding scr anodes
negatively. This is due to the small voltage drop
across an scr when it conducts. The voltage also
reverse-biases the diodes that are connected to the
anode through the 2.7K resistors. Only those diodes
in the gate circuits of the nonconducting scr’s on
either side of the conducting scr can receive an
applied pulse.

When a pulse is applied to either the up or the
down input, the appropriate scr next to the con-
ducting scr will start to turn on. The capacitor be-
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Scr ring counter shifts up or down, without missing a count, provided that the up and down input pulses are
not applied simultaneously. The only power consumed in the counter is by the stage that is conducting.
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tween the anodes of the two scr’s discharges
through the conducting scr, putting a reverse bias
on its anode and turning it off. This shifts the on
relay one position over.

The cost per stage is about $11.00 for the high-
speed, miniature unit shown. However, using a

slower and larger relay, and RCA 2N3228 scr’s, a
counter could be built for about $4.00 per stage.
If the relays are replaced by Nixie tubes whose
anodes are connected to 115 volts a-c, and the
cathodes of the scr’s are grounded, a bidirectional
10 ke counter could be built for $50.00 per decade.

Diodes protect
meter from overloads

By Philip D. Blais

Erie Technological Products, Inc.

Semiconductor p-n junctions, which have extremely
nonlinear forward conductance, may be used to by-
pass excessive currents from delicate meter move-
ments. The error contributed by such a meter pro-
tection circuit may be controlled through the proper
selection of the circuit values. The result is low-
cost protection for relatively expensive meters,
with a negligible loss in accuracy.

A typical protection circuit for a d-c ammeter is
shown below, right. Once the maximum error that
can be tolerated by the addititon of the protection
circuit is chosen—for example, one percent—the
maximum p-n junction current, I; at full scale de-
flection voltage Vi, is then found from:

error in percent X I

100

I; =

Where I is the full scale deflection current.

Next, the p-n junction potential, V;, is deter-
mined by using the conductance curves at right for
two common types of semiconductor diodes. Nor-
mally, the designer will work with the germanium
device first, but if that does not produce satis-
factory results, the silicon device is used.

Since complete protection occurs when Vj = Vi,
resistors or p-n junctions are added in series to
make the voltages equal. As long as V;j is greater
than Vg, protection is inadequate; when Vi is
greater than Vj, reading error is excessive.

If V; is greater than Vi, the remedy is to add
a resistor R; whose magnitude is determined by:

Vi = st

Rl % Ifs

If, on the other hand, Vi is greater than V;,
the remedy is to replace the germanium diode
with a silicon device. Then if Vi is still greater,
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Forward conductance characteristic for two of the more
common types of diodes. Type 1N277 is typical of

those devices, having high forward conductance at very
low voltages and the ED3006A characteristic is applicable
to most of the three-quarter ampere devices
manufactured by the diffusion process. These curves
should not be used for devices manufactured by the
indium-bonded or alloyed-junction processes.

11— Ry
+ AR e
Dy
(p-n junction)

General circuit for protecting d-c ammeter against
accidental application of excessive voltage. The
value of R: can be adjusted for best protection.

rectifiers are added in series until NV; (where N
is the number of rectifiers) is equal to or greater
than Vi..

If NV; (now considered as Vy) is greater than
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V., a resistor is added, its size determined by
the equation for R; in which Vy takes the place
of Vj.

After the design is completed, the overload pro-
tection for the meter is checked by estimating the
maximum possible value of current that might be
applied accidentally to the metering circuit.

The resulting junction potential Vi’ at overload
is found from the curves on page 85. It is assumed
that the protective p-n junction will pass 100% of
the overload current. The overload factor, F,
equal to V{’/ V..

Most common panel meters can be protected
with the same basic circuit and minor modifica-
tions. To protect d-c voltmeters, however, the series
multiplying resistor must be considered when de-
signing the protection circuit. To protect a-c volt-
meters and ammeters, two diodes, connected back-
to-back in parallel, are used in place of the single
diode. The peak value of the current is used in
all calculations, and the total impedance, including
the inductive reactance of the coil, is used in place
of the simple d-c¢ meter resistance.

Ultrasensitive meters, used in low impedance
power circuits, require additional components to

Two-stage protection circuit is used for ultra-
sensitive meters which require more protection
than is given the one-stage technique. The
first stage is within the dotted rectangle.

insure protection. One approach is to add a second
stage, as shown in the diagram above.

The first stage of attenuation is designed as pre-
viously outlined. The second stage is designed by
repeating the same procedure, using R; plus the
meter’s internal resistance, R;,: as the new value

Ri. for the simulated internal resistance of the
meter. The value of R. can then be chosen to
equal R;,". The second stage p-n junction arrange-
ment, D,, should be two D; diodes in series.

The total instrumentation error introduced by
the two-stage protection circuit is twice that of
the single circuit. The total current attenuation,
or overload factor, F’, is equal to the product of
the individual stages’ factors, or F; X Fa.

Transistor circuit
pulses 1,000 volts

By David O. Hansen

TRW Space Technology Laboratories,
Redondo Beach, Calif.

A 1,000-volt pulse with a short rise time is provided
by the solid state circuit shown at the right.

The circuit was constructed to drive a 20 kv
pulse tube. With the components shown, the pulse
rise and fall times are 800 nanoseconds.

The simple biasing network consisting of R, Ry
and R; assures that the collector-to-emitter voltage
rating across each transistor is not exceeded.

A positive pulse of approximately 2 or 3 volts at
the input switches Q; on. When Q; starts to con-
duct, its collector voltage falls. This turns on Q.,
because of the base current flowing into Q. through
R;. The same thing happens when the collector of
Q. falls, switching on Q3 whose base current flows
through R.. The switching times of Q. and Q; are
very short, and limited only by the cutoff frequency
f. of the transistors, since they are switched by
emitter drive. Therefore, the switching speed of the
circuit is limited almost entirely by the switching

+1,000V
c3 _I_ $20K D,f
100K < = —|——out
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| R> 2N3439 D,
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o= 100K
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Q
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0.4pF I R3 K
@lzwzme

Solid state high voltage pulse circuit

time of Qi, which is turned on by base drive.

Diodes D; and D, are high voltage rectifier
diodes with breakdown voltage ratings greater
than the supply voltage. They protect the transistor
string from spurious high voltage spikes that may
be fed back from the load circuit.

For long pulses, increase the values of C,, Co,
and Cs.
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Sawtooth generator uses
FET as constant current source

By Dwight D. Brooks and Carl F. Johnson

International Business Machine Corp., Lexington, Ky.

Field effect transistors in a sawtooth generator
eliminate the need for complex feedback techniques
to develop linear ramp function. Since an FET,
used as the circuit’s constant current source, has
a larger dynamic swing than conventional junction
transistors, the capacitor charging voltage is ex-
tremely linear and produces a linear output ramp.
The output waveform, which can vary from one to
three kilocycles per second, can be generated with
an inpot modulating signal as low in frequency as
0.5 cps and only 0.4 volts peak-to-peak.

The low-frequency modulator’s circuit is shown
below. Transistors Q; and Q. provide both high
input impedance and amplification for the modu-
lating signal. Transistors Q,, Q,, and Q;, along
with capacitor C, make up the linear ramp gen-
erator. In the generator, Q; and Q, are FET
current sources that drive a relaxation oscillator
consisting of Q; and C. Driving current source Qj
supplies a constant current, Ip;. A portion of this
current is conducted by Q, to the power supply
return. The current into capacitor I is therefore
equal to Ios — Igs. The value of Iy, and hence
the charging rate of the capacitor, is determined
by the modulating signal. The center frequency of
the modulator is controlled by the value of R..

When the voltage on the capacitor reaches the
firing potential of unijunction Q;, the capacitor is
discharged and the cycle repeated. A sawtooth

Linear output waveform is shown at three
frequencies: 1, 2 and 3 kc. The vertical axis of the
scope is set at 0.3 volt per centimeter while the
horizontal is at 0.2 millisecond per centimeter.

ramp is thereby generated with a linear volt-
age to frequency relationship because I, is a linear
function of the gate to source potential of Q; in
the actual operating range, and the current sup-
plied by Q3 is constant.

The peak voltage of the generated sawtooth is
constant at 0.6 volt since it is determined only by
the firing potential of Q. Q; is inverted from its
normal operating posititon to give it a low firing
point, about Y4 of the usual value. This mode of
operation keeps the potential change across Q;
small, and preserves the constant current character-
istic of the FET’s. The output ramp linearity is
greater than 98%.
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Sawtooth generator uses FET's to provide output that has a linear voltage to frequency relation with a
constant peak voltage. Thermistor R, provides temperature stability and Q;, a source follower, reduces loading.
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Industrial electronics

Scr’s break the frequency barrier

New interdigital structure permits silicon controlled

rectifiers to handle frequencies up to 50 kc.

Combinations of them can operate in the megawatt range

By Neville Mapham

General Electric Co., Auburn, N. Y.

In recent years the silicon controlled rectifier has
become the leading device for rectifying, switching
and regulating current in heavy industries. At low
frequencies—60 to 400 cycles per second—the scr
controls tens of megawatts of power in steel mills,
glass-processing plants and other production facil-
ities.

Now the ser is moving into higher frequencies,
from 5 to 50 kilocycles, which are used for induc-
tion heating, ultrasonic cleaning and welding, sonar
and very-low-frequency radio transmitters.

For these applications, vacuum-tube oscillator-
amplifiers are still used because the traditional
ser’s switching losses have been significant at
these frequencies, also because the device char-
acteristics deteriorate rapidly and hot spots form
on the scr chips. But new high-frequency, high-
power scr’s now do the job faster and more effi-
ciently, with low loss.

Interdigitation, recently used successfully in the
manufacture of high-frequency power transistors,
is now being applied to scr’s. Some interdigitated
scr’s retain their characteristics up to 25 kilocycles.
The frequency response for a 400-volt, 25-ampere
device is shown in the top curve on page 89; its
switching losses are negligible up to 5 ke, and the
device performs usefully up to 25 ke. Its maximum
turnoff time (t,rs)—the time during which the scr
must be reversed-biased before it can block for-
ward voltage—is 10 microseconds at all points

The author

Neville Mapham was born in South
Africa and educated in London.
Now, among his other scr investi-
gations, he's working on very-low-
frequency radio transmitters (40
kilocycles).

below the curve,

In contrast, the first ser’s were designed mainly
for line frequencies of 60 and 400 cycles per sec-
ond. They were thought of as thyratron replace-
ments, and therefore tended to be limited to typical
thyration frequencies. Even today, most scr’s are
limited to operating frequencies below 1,000 cps.

Why higher frequency

There are several advantages in using high fre-
quencies in industrial applications:

= In this band it is less expensive to transform
power between high and low voltages and between
high and low frequencies; it is also less expensive
to filter back to direct current.

= The higher the frequency, the faster will be
the control; with ser’s this is on a cycle-by-cycle
basis. The control action is also smoother, because
most power loads have frequency responses far
lower than, say, a 5-kc scr, and the pulses are
entirely smoothed out.

= Higher frequencies permit more compact cir-
cuit packaging. They operate with compact trans-
formers, inductors and capacitors, the passive com-
ponents that occupy most of the space in a power
scr package.

® They permit greater efficiency. At high fre-
quency, ultrasonic transducers can be driven
directly; this eliminates losses in intermediate
stages. Efficient, relatively high-tension transmis-
sion can also be employed, using scr converters to
step up the voltage. Many passive devices, par-
ticularly inductors and transformers, become less
expensive at higher frequencies. Some of the re-
duction in component cost can be traded for more
efficient units.

There is only one disadvantage: a high-frequency
system has to generate and control its own fre-
quency, which may not be as reliable as that
of the 60-cycle commercial power lines.
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Five hundred scr inverter modules, each producing kilowatts of power, are combined

in parallel to produce almost a megawatt of output at an ultrasonic frequency. This bank serves a military
application, but with continued price reductions in components this type of scr bank will soon become common
in industry too. There is no limit to the amount of power that can be produced by adding modules in parallel.

The high-frequency scr

High-frequency, high-power scr’s are available;
so are the circuits that can use them. But most
important for the designer, the data that makes
the scr’s usable in these circuits is also available.

Because the high-frequency scr is often used
near the limit of its ratings, it is important for
the user to possess detailed application data show-
ing the design tradeoffs for various applications.
Until very recently curves were not available; data
such as that given on pages 90 and 91 is necessary
to a designer of high-frequency scr circuits.

The graphs show how the peak forward current
varies with pulse base width. The curves in the
graph on page 90 show how much the scr must be
derated as the pulse rate is increased. The designer
needs this information to determine how much
anode current the ser’s will be able to control for
the switching waveform of any application. If the
designer knows the number of pulses per second
and the base width of the individual pulses, he can
find the allowable peak forward current.

Electronics | September 6, 1965

The curves in the graph on page 91 show how
much energy per pulse will be dissipated for a
given operating condition. They tell the designer
how much power will be lost in the scr, and there-
fore how much cooling will be necessary in the scr’s
heat-sink mount. This information is presented in
a manner that helps the engineer to make trade-
offs in typical design situations. If he knows from
the previous graph how much peak anode cur-
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High-frequency scr retains power-handling
ability at tens of kilocycles, as shown in
graph. Derating is not needed until 5 kc.
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turn-off times below 10 microsecond. It has a 200 volts per microsecond dv/dt and a 400 amps per microsecond di/dt.

rent he can use, he can use this graph and,
starting with the known pulse width, find how
many watt-seconds of energy are dissipated by the
scr. If he cannot provide a heat sink large enough
to remove this amount of energy, he has enough
information from the graph to start making com-
promises.

Flexible high-frequency circuits

The appeal of high-frequency scr circuits lies
in their flexibility. With a good high-frequency
inverter and some compatible rectifier and con-
verter circuits, the designer has building blocks
that he can combine in myriad ways to transform,
control and manipulate kilowatts of electrical
power.

The first requirement is a good inverter, a cir-
cuit that converts a direct-current input into a
high-frequency alternating current. The basic sine-
wave inverter (see opposite) has proved useful in
the high-power area over the past five years be-
cause the scr switching losses are low with the sine-
wave. These low switching losses make the sine-
wave inverter a much better starting-point circuit
for a high-frequency inverter than a forced-opera-
tion square-wave inverter. Low switching losses
are vital in the production of kilowatt power at
kilocycle frequencies.

There are four limitations to the basic scr sine-
wave inverter:

= The scr’s turn-off time is too long.

= Peak voltages increase drastically with load.

= Regulation is poor.

® The load cannot be disconnected from the

90

circuit without harming the scr’s.
Each of these problems can be overcome by a
circuit modification.

The sequential scr inverter

A typical turn-off time for the basic sine-wave
inverter is 0.2 cycle. Even if a high-frequency scr
with a 10-microsecond turn-off time were used,
this would limit the frequency of the basic in-
verter to 20 kilocycles per second (10 psec per 0.2
cycle =50 psec per cycle or 20 kc). While it is
possible to produce scr’s with turn-off times of
less than 10 microseconds, this can be accom-
plished only at the cost of reduced blocking-voltage
ratings.

The sequential inverter circuit gets around this
limitation. It permits the output cycle to be shorter
than the turn-off times of the individual ser’s.

Consider a sequential circuit made up of five
sine-wave inverters [diagram on p. 92]. If the scr’s
are triggered from a ring counter so that all the
scr’s on one side of the inverters [ser’s 1 through
5] are fired one at a time and then those on the
other side (scr’s 6 through 10) are fired one by one,
no scr will limit the operation’s over-all speed.
With the five sequentially fired inverters, each
ser will have 2.2 cycles in which to turn off, instead
of only 0.2 cycle.

This assembly of circuits delivers a sine-wave
train to the load because as indicated by the
polarity dots at the transformers, the inverter
stages are connected to the load with alternating
polarities. In this way, the load will see the proper
alternating polarities of a continuous sinewave
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even though the circuit diagram indicates that the
same sides of the inverters are being fired in
sequence.

The number of individual inverters, the scr turn-
off times and the period of the output frequency
are related by the equation

b [7‘—;-1+0.2]1us

where t. is the turn-off time allowed the scr’s, n
is the number of pairs of scr’s and r is the period
of the output frequency in microseconds.

The greater the number of stages, the higher
the output frequency can be pushed beyond the
scr’s turn-off time limitations. However, the output
power must be derated at higher frequencies (see
table under circuit diagram).

The second drawback of the basic sine-wave scr
inverter—the large variation of SCR voltages with
load changes—can be corrected by inversely con-
necting fast-recovery diodes across the scr’s. This
is shown in the diagram for the improved scr in-
verter on page 93. The diodes discharge the ca-
pacitor after each pulse and prevent successive
pulses from building up high voltages under heavy
loads. The diode insures that the peak voltage
across the scr will never be greater than three
times the supply voltage.

The third and fourth drawbacks of the basic
inverter—poor load regulation and inability of the

— il

L SCR2

Sinewave inverter is good start for high frequencies.

inverter to operate with an open-circuited load—
are both corrected by rearranging the circuit so
that a single capacitor is connected in parallel
with the load, rather than in series.

Now the load sees a constant-voltage source
rather than a constant-current source; this is usu-
ally expected of a power source. A constant voltage
permits better regulation because most loads’ im-
pedances are matched to operate with constant-
voltage sources.

The inverter can operate with an open-circuited
load without burning out the scr’s. This is an im-
portant improvement, for most users expect to be
able to disconnect loads from power supplies.

The improved inverter is much easier on the scr

NOTES:
(1) AVERAGE POWER = WATT-SEC PER PULSE X REP RATE
(2) MAX ALLOWABLE CASE TO AMBIENT THERMAL RESISTANCE
=5°C PER WATT WITH RATED BLOCKING VOLTAGE APPLIED
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Energy dissipated by high-frequency scr in controlling various pulse shapes is shown. Watt-seconds for
individual pulses must be multiplied by pulse repetition rate to give the average power that the
heat sink must remove from the scr. This tells the designer how much heat sinking he needs.
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Frequency in kc

10 30
20 23
30 19
40 16
70 10
100 7

Supply voltage is 200 volts. Case temperature of the 10 scr's
(General Electric C141303DX30's) is kept below 65° C. Over-all
efficiency is 90%.

CURRENT
iN'SCRy 0

VOLTAGE
ACROSS Om
SCRy

Sequential sinewave inverter is one way to get around the turn-off time limitations of most scr's.
This circuit presents a longer turn-off time to the individual scr's than the operating
frequency would suggest, because of the sequence in which the scr’s are triggered.

devices, as shown by the waveforms with the
schematic. The scr carries the positive-going cur-
rent only; the diode carries the negative-going cur-
rent. With no load, the diode current is nearly equal
to the scr current; the ser current is still slightly
larger by the amount of current needed to make up
for circuit losses.

As the load increases the diode current de-
creases, because correspondingly more current is
being drawn from the supply. Meanwhile, the sharp
reverse-voltage spike at the start of the scr turn-
off has disappeared. The peak reverse voltage
across the ser is now no more than a volt or two.
But most important, the forward blocking voltage
is the same with and without a load. This protec-
tion is important because, as previously noted, the
shorter turn-off times of the high-frequency scr’s
result in lower forward blocking voltages.

Improved diodes needed

In the improved inverter, the diodes used across
the scr’s must have fast recoveries if they are to
protect the scr. Power diodes are being developed
for this application.

When the forward current in the average power
diode drops to zero and reverse voltage is applied,
reverse current will flow for as long as several
microseconds. The oscillogram on page 93 shows re-
verse-current recovery for a typical 12-ampere
diode (General Electric A27). This behavior is
undesirable for two reasons:

= The circuit’s normal turn-off action is delayed
because during this diode-recovery interval there
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is, in effect, a short circuit across the diode.

= The abrupt change in recovery current gen-
erates noise both in radio-frequency interference
(rfi) form and in induced voltage spikes in the
surrounding circuitry. Often these spikes are large
enough to falsely trigger or even to destroy other
semiconductors.

The new fast-recovery power diodes recover so
rapidly that none of these troubles occur. The
only problem is that the improved diode perform-
ance is at the expense of the diode’s peak reverse
voltage rating. Available fast-recovery diodes are
still limited to 400 volts, but they can be con-
nected in series to obtain increased voltage capabil-
ity.

To show the inherent flexibility of these circuits,
three scr applications have been singled out:
powering an alternating-current load, regulating
and controlling power simultaneously, and convert-
ing to different frequencies.

Alternating-current load

For loads that need alternating current, such
as a fluorescent lamp, scr circuits can convert the
power into a higher more efficient frequency than
the 60 cycles per second available from power
lines. The system shown in the diagram on page 94
could start from a 60-cps line supply, but the scr
circuits would convert this to 9,600 cycles at 1,500
watts. The frequency-conversion process goes
through an intermediate direct-current stage, then
to the scr inverter than increases the frequency
to 9,600 cycles. The d-c stage could also incor-
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porate regulation with a modification to the scr
circuit.

It is important for the inverter to be able to
operate without a load in this case because fluo-
rescent lamps do not ionize immediately when the
voltage is applied, but for a short time behave
as if they were very high impedances.

The reactors are connected in series with the
lamps because fluorescent tubes operate on nega-
tive resistance slopes at ordinary voltages. Their
operating characteristics are similar to those of
a neon lamp, which also has a negative-resistance
segment in its current-voltage characteristic curve.
The reactors used in series with the lamps have
power factors that alternately lead and lag so
that a unity power-factor load is presented to the
inverter. This permits economies in the wiring
and transformer ratings.

The over-all efficiency of this power supply is
greater than 90%.

This high efficiency is possible because more
efficient inductors and transformers are available
for higher frequencies. The inductors and trans-
formers do not become much more efficient at
higher frequencies, but it costs less to build a high-
efficiency inductor or transformer for high-fre-
quency operation; this is because the higher the
frequency, the less the amount of core and winding
material that must be used.

The higher-efficiency components also have side
benefits. Because they generate less heat, they
present less burden for a building’s air-condition-
ing system. But, these more efficient high-frequency
inductors introduce some circuit problems. It is
necessary to introduce RC networks across each
scr-diode combination to damp out ringing, which
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Fast recovery is
possible with power
diodes, as shown

in this graph of
Newer diode A28
recovers in a
fraction of the

time taken by

A27 plotted against
a vertical scale

of amperes per
centimeter. New
A28 diode, repre-
sented by top
curve, recovers in

a fraction of the
time required by
the A27 represented
by bottom curve.
Horizontal units are
0.5 milliseconds
per centimeter;
vertical are 8 amps
per centimeter.
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Improved sinewave inverter. Now the voltage across
the SCR’s won't grow out of bounds with the high-Q
condition of a heavy load. As a by-product, the

reverse-voltage spikes across the SCR's is removed.
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Four scr’s clustered on a common
heat sink. It is possible to match
these scr's closely enough at their
operating current levels so that
each will be able to operate

within 109% of its rating.
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High-frequency power supply drives fluorescent lamps at 9,600 cps. The 1,500-watt output of the scr

inverter can power a parallel string of lamps.

occurs because of the inductor’s stray capacitance.
This adds some complexity to the circuit, has a
negligible effect on the over-all efficiency.

Regulating and controlling power

Scr inverters can do more than transform power
to more usable forms and levels; they can regulate
and control the power at the same time. In the
d-c-to-d-c¢ converter shown in the diagram on page
96, the improved inverter has been changed to a
bridge configuration by the addition of another set
of scr’s and diodes. This doubles the output power.
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The control or regulating feature is added by
using scr’s for reconverting to direct current. This
type of d-c-to-d-c converter has some attractive
advantages. Because of the high operating fre-
quency—about 20 ke—the ripple frequency is also
high, and the filtering components can be smali,
light and economical.

The control response is more rapid than conven-
tional 60-cycle systems by a ratio of 20,000 to 60.
Phase-controlled scr’s can vary the output voltage
from 0% to 100% during a few cycles.

The basic d-c to d-c converter can be used to
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Scr: the best of the high-power switches -

' The four popular devices for solid state switching
are the transistor, the gate turn-off switch, the four-
layer diode and the silicon controlled rectifier. The
scr is best for loads over one killowatt; this section
shows why.

The plot of current vs. voltage compares the dy-
namic behavior of these four devices when switching
a 10-ampere inductive load across a 400-volt line.
The on and off static conditions are assumed to be
the same for all four devices. The turn-on paths are

~ also the same for all four devices, each going through
a maximum dissipation of 100 watts.

The difference is in the turn-offs. The transistor
and the gate turn-off swing up through large dissipa-
tions when turning off the inductive loads that are
associated with power-inverter circuits. This is a
severe limitation to the power-handling capability of
these devices, because the large transient losses tend
to concentrate in hot spots. .

Meanwhile the scr and four-layer switch diode

have practically no losses during turn-off because
they are turned off by the circuit voltage dropping to
zero. Thus the choice for a high-power solid state
switch narrows to the scr and four-layer diode.

But the four-layer diode tends to drop out of the
running at high voltages because of the difficulty of
obtaining and controlling the very high-voltage spike
needed for triggering.

For power handling at high frequencies the scr
still wins out. The same interdigitated structure that
increases a transistor’s ability to spread out hot-spot
heat also helps the scr.

The major high-frequency -switching losses are the
turn-off losses, to which the scr is immune. Interdigi-
tation, therefore, helps to lower an scr’s already-low
turn-on losses which are the same order of magnitude
as those of the transistor. Note that present scr’s
have power-handling ability one or two orders of
magnitude greater than transistors have.

For the time being, scr’s have no competition.
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distribute power around factories or to supply
power for process-control systems, computer sys-
tems and large vehicles. With such compact, effi-
cient circuits the designer is free to convert elec-
trical power to the forms best for distribution and
use. He can, for example, use relatively high d-c
voltages for distribution around the system, avoid-
ing the expense of heavy bus bars. He can then
use this type of regulated power supply to convert
to whatever voltage level is needed at the various
terminal points.
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Converting to different frequencies

The first two examples have shown that high-
frequency scr systems can deliver different levels
of a-c and d-c power equally well. The final ex-
ample will show that they can also be used to
convert to a range of frequencies by means of a
device called a cycloinverter.

The cycloinverter is produced by adding another
set of inverse-parallel phase-controlled scr’s to a
d-c-to-d-c converter, as shown in the diagram on
page 97. This addition enables the system to deliver
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Packaging promotes
higher frequency

The Westinghouse Electric Corp.
uses a finned package to increase
the power and frequency of one
silicon controlled rectifier. For the
type 223 scr, copper fins are
brazed to the scr’s protective hous-
ing, and the whole assembly can
be mounted in a forced-air duct.
The package permits a 20% in-
crease in the power of a conven-
tional scr, the 2N3530. This in-
crease enables a small, high-fre-
quency scr element to put out more
power without forming hot spots.

A water-cooled version of this
device is used in a very-low-fre-
quency transmitter being devel-
oped by Westinghouse’s Baltimore
division. A frequency of about 20
to 40 kilocycles per second is ob-
tained by operating the scr’s se-
quentially so the turn-off time of
any one scr is not a limitation.

To achieve short thermal paths
between the silicon element and
the cooling fins, the scr housing is
constructed so the header to which
the scr is attached is about in the
center of the fins. Westinghouse
uses several spring-loaded washers
to hold the device against the
header. The company explains that
this arranfement gives good ther-
mal and electrical contact and per-
mits more latitude in construction
of the “thips. For example, new
techniques for obtaining higher-
speed devices—such as gaseous
iffusion ‘and gold doping—can be
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an output at any frequency from zero (or d-c) to
one-third that of the inverter.

The cycloinverter is, in essence, an inverter fol-
lowed by a variable converter, called a cyclocon-
verter. In the cycloconverter schematic on page 97,
the first waveform is the output of the high-fre-
quency inverter and the second waveform depicts
the action of the phase-controlled scr’s. The shad-
ing shows how a low-frequency advancing and re-
tarding of the scr’s triggering point develops a
sinusoidal variation in the amount of power gated
by the scr. The triggering circuits that cause the
scr action are not shown; they can be found in
standard scr design manuals.

The sinusoidal variation in the size of the power
pulses passed by the scr is then smoothed by an
output filter, resulting in the final waveform.

Higher and higher frequencies

Circuits are now limited to outputs of about 10
kw using scr’s. But many industrial and military
applications call for power in the order of 100 kw
and even one megawatt. There are three approaches
to production of these high powers with existing
circuits:

more easily employed because the
wafer construction does not have
to withstand hard-soldering to the

housing header.

shaped ceramic package sand-
wiched between two finned heat
sinks, much like the Siemens unit
shown on page 177. This structure

Between the closely spaced fins
are small spoiler tabs, which in-
duce turbulence in the cooling flow
for better heat transfer.

The finned package, 4 by 5 by
21 inches, occupies only one-
eighth of the space needed by a
similar 470-ampere (rms), 1,000-
volt device mounted on an ex-
truded aluminum heat sink.

Other companies in the United
States and abroad are also looking
to new packages to increase scr
current and voltage ratings [see
related story on p. 177]. These in-
creased power-rating packages will
eventually be applied to the higher-
frequency devices. For increased
current, the General Electric Co. is
experimenting with a large- disk-

may lead to 5,000-ampere scr’s
within a few years, a GE spokes-
man says. Of course, at these levels
water cooling is mandatory.

Motorola, Inc., is working on
multiple-chip assemblies for high
currents, but these seem to have
sroblems at higher voltages. It is

ifficult to achieve load-sharing

among many chips; if one pellet
lets go, its explosion will rip open
the whole package, according to
another industry official.

Hitachi, Ltd., in Japan, uses a
rippled porcelain package for its
new 1,300-volt 250-ampere scr and
its 3,000-volt, 300:ampere rectifier.
For very high voltages, the scr
package resembles a power-line in-
sulator. '
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= Higher-current scr’s

= Parallel individual scr’s

= Parallel circuits

There appears to be no reason why low-fre-
quency, high-power scr’s cannot be modified to
perform at high frequencies. Existing devices suf-
fer from the formation of hot spots, analogous to
the secondary breakdown that plagues power tran-
sistors. But the anodes and cathodes of scr’s can
be made with the same interdigitated structure
that provides a solution to hot spots in power
transistors.

With interdigitation, it should be possible to
develop high-frequency devices that carry hundreds
of amperes, matching the current-carrying ability
of the largest low-frequency scr’s. Higher voltages
are more difficult to achieve than higher current
ratings, but eventually these also should become
possible.

Until a wide range of high-current, high-fre-
quency scr’s is available, the designer should con-
sider paralleling methods of obtaining higher out-
put powers.

The clustered scr assembly represents one ap-
proach to paralleling at the device level. As shown
in the photograph at the top of page 96 several
high-frequency scr’s are mounted on a common
heat sink and operated in the circuit as a single
unit. It is possible to match the scr currents at the
desired high operating level closely enough so that
there will be adequate current sharing among the
devices in the cluster. This holds true over a range
of pulse widths, and the cluster can be operated
safely to within 10% of the total rating of the in-
dividual scr’s.
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OUTPUT AFTER FILTERING

Circuit paralleling allows several improvements
in an scr circuit:

= The power output of any inverter can be in-
creased 100 times or more.

= The assembly cost can be reduced, because it
is less expensive to produce many standard small
inverters than a few special large inverters—even
assuming that the scr’'s were available to build
the large inverter.

= Smaller packages cost less to transport. Stand-
ard means of crating and shipping can be used.

= It is easier to standardize product lines. A
manufacturer can make up and ship many different
sizes of power supplies, using standard, off-the-
shelf inverter modules.

= High reliability is possible. With protective
circuitry, faulty modules can be automatically iso-
lated from the system. With the many modules that
might be used for the larger power supplies, a very
high level of redundancy could be achieved.

Looking to the future, high-frequency scr’s used
in building-block circuits may open up many new
areas for electronics. These future power circuits
will be far different from the simpler systems of
the past. In sophistication, they will rival signal-
level circuits.

References

1. John C. Hey, “The widening world of the scr,” Electronics, Sept.
21, 1964, p. 78.
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23, 1965, p. 60.

‘Good teamwork from scr's,”” Electronics, Aug.

97




Manufacturing

Production tips

Paper path shortcut
to mass trimming job

With a paper mask, Intellux, Inc., trims 480 pre-
cision thin-film resistor networks at a time. The
masks are made automatically by a tape-controlled
machine.

The resistors are deposited in groups, such as
the eight-resistor group illustrated, that are later
interconnected to form a network. As deposited,
each of the eight resistors is a small network of
three parallel resistors, with the resistor having
the nominal value in the center. The upper and
lower resistors are shorting paths. Cutting either
or both of these paths changes the value of the
resistor.

The resistor network is trimmed to the tolerance
desired by cutting selected shorting paths. The

A

|SILVER TERMINAL HOLES

Typical group of network resistors (top). The black overlay (bottom) shows where a coating of insulation is
deposited over the resistors, exposing shorting paths for tolerance adjustment and terminal locations. Holes in the
trimming mask coincide with shorting paths that are to be cut to adjust the resistance value of the network.

Production tips is a regular feature in
Electronics. Readers are invited to submit
brief descriptions of new and practical
processes, assembly or test methods,
and unusual solutions to electronics
manufacturing and packaging problems.
We'll pay $50 for each item published.

black band seen in the illustration is a coating of
insulation over the network, with openings over the
shorting paths and the resistor terminals. The
paper masks expose selected shorting paths so
the paths can be removed by “sandblasting” with
a jet of abrasive.

The masks are made by a numerically controlled
milling machine (Pratt & Whitney Co. Tape-O-
Matic), modified by Intellux. The large substrates
carrying the resistors and a sheet of paper for the
mask are mounted side by side on the bed of the
machine. Instead of milling tools, the machine is
equipped with special heads that work in concert.

One, called the reading head, has 16 probe con-
tacts used to measure the as-deposited value of
the resistors in the network. The machine is pro-
gramed to lower this head on each network in
turn. As each measurement is made, a simple, spe-
cially designed computer determines which short-
ing paths should be trimmed out and relays the
information to a second head. The second head is

1

4% ADJUSTMENT HOLES

8% ADJUSTMENT HOLES j
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an air-actuated punch that perforates the trimming
mask at locations corresponding to the selected
trimming paths on all the networks.

The third head on the machine, seen at the right

Masks are punched by a modified milling machine (left).
The photo above is a closeup of the punch that makes
the trimming mask (right). At left is the reading head.

in the photo of the mask-making machine, punches
another sheet of paper to indicate the locations of
networks that cannot be trimmed to tolerance, so
they can be identified as rejects.

Two-step method simplifies
hybrid-circuit assembly

A Japanese company has worked out a simpler
method of assembling hybrid microcircuits. It does
the assembly and packaging in just two combined
steps.

In the United States, when a manufacturer makes
a hybrid circuit of semiconductor-device chips and
a thin-film network of passive components, usually
the chips are bonded to the network as one
assembly step, the connection points on the network
are bonded to the package leads as another step,
and the package is sealed.

When Fujitsu, Ltd., makes a hybrid circuit, it
bonds the semiconductor chips to the package
leads and then in one operation bonds the network
to the leads and seals the package.

The method is not restricted to bonding of dis-
crete semiconductor devices, says Seiichi Tabuchi,
manager of Fujitsu’s semiconductor department.
Integrated circuits can also be used. The company
is developing monolithic circuits, which it plans
to use next year in computers.

The lead frames are stamped from Kovar sheet.
The lead ends are longer than usual and are bent
down so they lie flat in the bottom of the glass body
of the package. The semiconductor components are

Semiconductor chips are bonded to the leads (top).
The passive network is dropped into place, then
soldered at the time the package is sealed.

mounted on the lead ends and connected to other
lead extensions by bonded wire leads. Normal
transistor bonding methods are used to make these
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subassemblies, since the chips are not bonded to a
thin film.

The passive network part of the hybrid circuit
is bonded to the leads by placing it on the leads
and heating solder coating on the connection points.
The leads enter the package near the top of the
sidewalls and extend a short distance from the

walls before they bend down to the bottom of the
package. This forms a mounting rim for the thin-
film circuit’s substrate.

Bonding of the leads to the network and sealing
of the package are done in a furnace in an inert
atmosphere. The package cover is fastened to the
package body by glass frit.

Through the looking glass
to bond semiconductor chips

Automation isn’t needed to make hybrid micro-
circuits with face-bonded semiconductor chips
[Electronics, June 28, 1965, pp. 66 and 68].

One chip-orientation and bonding method em-
ployed by the Burroughs Corp. requires just a
looking glass and a heated vacuum needle, plus
an operator peering through a microscope.

The chips are scattered face down on a mirror.
The operator picks up a chip with the needle,
rotates the needle on its axis while watching the
chip face in the mirror. When the contacts are
properly oriented, the chip is placed on the cir-
cuit substrate. The substrate has solder-coated
conductors and is on a hotplate. The combined
heat of the chip and the substrate causes the solder
to melt and bond to the chip contacts, after which
the chip is released from the needle. This pro-

A s b
Little flecks on the mirror at the right are chips
that will be bonded to the substrate in the center.

Transistor strings, top, and diode strings, center,
are made by bonding chips to package leads.
Below is an encapsulated diode string.

cedure is illustrated in the photo at left.

The other photos show a couple of tricks Bur-
roughs uses to package diode and transistor as-
semblies. The dice are bonded on the gold-plated
package leads and connected to other leads or to
each other by wire that is thermocompression
stitch bonded. In the smaller package, for diode
sticks, the rib used as a common lead is mechan-
ically held to the individual leads by a support
film of glass. The rib running down the center
of the larger package, for a diode-transistor de-
coder, is a common-emitter lead.

~
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These slim
PC Correed’
terminals have

“I-Beam Strength’

They make AE’s new

printed circuit

dry reed switches
easier to insert...and T Su
keep electrical contacts positive.

For extra strength and rigidness,
the terminals are “ribbed” like an
I-Beam.

Why? Because new PC Correeds
are specifically designed for direct
insertion into standardized grids.
Terminals are spaced in multiples
of 0.200 inches—for compact wiring
pads and high packaging density.
Magnetic shields surround the coils,
preventing interaction. Diodes can
be soldered directly to the upper
side of terminals,

*U.S. patent opplied for,
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And for an extra measure of mois-
ture resistance, AE uses glass-filled
plastic bobbins. It’s a practical way
to prevent electrical failures.

What’s more, the terminals in PC
Correeds are separate from the
leads. They’re welded to the
leads—not soldered. This
takes the strain off the glass
capsules.

Want some helpful infor-
mation? Get fully detailed
data on new AE Printed Cir-

2-capsule
(Forms 2A, 1B, or
1A Mag. Latch)

cuit Correeds. See how they meet the
needs of modern electronic circuitry.
Simply write to the Director, Elec-
tronic Control Equipment Sales,
Automatic Electric Company,
Northlake, Illinois 60164.

3-capsule 5-capsule
(Forms 3A, (Forms 5A
2B, or 1A-1B) or 2A-2B)

AUTOMATIC ELECTRIC

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GrElE
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INSULATOR MECHANICALLY
LOCKED INTO SHELL. -

RETENTION CLIPS FULLY HOUSED IN
PLASTIC FOR MAXIMUM PROTECTION. -

ITT Cannon’s new environmen-
tal KPSE miniature circular
connectors include advanced
design features which meet or
surpass all requirements of
MIL-C-26482C.

The unitized construction of the elastomers and plastic
wafer, which comprise the KPSE insulator assembly,
eliminates separate bonding operations . .. no voids
or contamination to cause electrical failures. The
insulator is held in the shell by a mechanical plastic-
to-metal lock which prevents axial movement under
pressure. Contact retention clips are completely
surrounded by plastic instead of rubber to provide
maximum clip protection against possible damage
from front release tool.

(1/351Z€)

UNIQUE INSULATOR ASSEMBLY OFFERS
ADVANTAGES OF MONOBLOC CONSTRUCTION.

MULTIPLE MOISTURE BARRIERS IN GROMMET
PROVIDE SUPERIOR WIRE SEALING. -

KPSE connectors with crimp, snap in contacts use
standard MIL-C-26482 hardware, thus intermating
with any solder or crimp 26482 connector. They are
available in eight shell sizes, six service types and
accommodate up to 61 contacts. There's one for your
use in aircraft and missile applications, electronic
subsystems and ground support systems.

These new environmental connectors are available
from ITT Cannon Authorized Distributors.

For more information, write to the world’s largest and
most experienced manufacturer of reliable electrical
connectors: ITT Cannon Electric, I ———
3208 Humboldt St., Los Angeles, [:M"m'f
, PLUGS

California. A division of Interna-
[T A |

tional Telephone and Telegraph
Corporation.

TTT CANNON
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Leach’s new power contactors are smaller and lighter than
any power contactors meeting MIL-R-G10GE. The model 9123,
for example, measures only 3.305" x 3.73" x 2.532" and
weighs less than 1.10 pounds.

True balanced armature design lets them take up to 50g shock
and 25g vibration with a contact opening of less than 10
microseconds.

As for contact pressure, it’s over one pound per contact,
‘Together with contaminant-free construction, they easily com-
ply with the minimum current requirements of MIL-R-6106E.

Contacts are attached directly to the header terminals to elimi-
nate internal wiring. Not only that, the contacts utilize a
" ” - .

double-break” feature. Arcs are extinguished faster on contact
break providing less contact erosion and longer contact life.

These new units are available in three contact ratings, all meet-
ing the latest revised requirements in the aircraft and aero-
space industries. The 9324, is the smallest, lightest, 3-phase,
20 amp AC contactor on the market. The 9123 (Ms 27997)
is a 25 amp AC or DC unit. The 9124 (Ms 27222) will carry a
50 amp AC or DC load. And most important, special mountings
are included to make them interchangeable with larger Ms
“top hat” contactors.

The full story on these extraordinary power contactors is in our
new brochure. Write for it and compare the specs with the
power contactors you're now using.

LEACH CORPORATION

RELAY DIVISION: 5915 Avalon Boulevard, Los Angeles 3, California. Phone: (213) 232-8221 Export: LEACH INTERNATIONAL, S.A.

This very ordinary

quite extraordinary &

looking little device can
switch a 50 amp power load and
withstand 25g vibration. That's




Photocircuits can solve your

PRINTED CIRCUI'T
PROBLEMS

SMALL-QUANTITY CUSTOM WORK

PROBLEM: Our power supplies and amplifiers are made to cus-
tomer specifications. Last-minute changes often make it necessary
for us to have redesigned circuit boards in 48 hours. Since the
quantities involved are very small, we’re having trouble finding
a supplier who will shorten his normal delivery cycle for us.
We'd like to have the quality of Photocircuits’ products, but we
feel sure a large firm such as Photocircuits can’t give us the spe-
cial service we have to have. Can you recommend anyone?

SOLUTION: Our PROTOcircuits Division, almost ten years old,
was set up specifically to solve this problem for prototype and
small-quantity customers. PROTOcircuits is a small internal
facility, working independently of our regular operation. Paper-
work is cut to the minimum — most quotes, delivery promises and
other information are often handled by phone. Like an express
checkout at the supermarket, our PROTOcircuits group won’t
even look at you if you need more than a handful of parts!

NO LOCAL SUPPLIERS

PROBLEM: Our R&D Laboratory is not located near any large
manufacturing areas. When purchasing components such as tran-
sistors, resistors and capacitors, our engineers select from manu-
facturers’ or distributors’ catalogs and order by mail or telephone.
Since printed circuits are not available “off the shelf”, we have
trouble getting the parts we need when we need them. Have you
done anything to help those of us far from the metropolitan
mainstream?

SOLUTION: More than half the customers of our Standard Cir.
cuit Division had the same problem you do. They found they
could order printed circuits by mail and telephone as easily as
other components because of the unique Standard Circuit con-
cept. By using only a limited number of standardized design,
manufacturing and procurement techniques, all completely de-
scribed in a 70-page catalog, the paperwork and communication
problems of buying a custom-made component are drastically
reduced. Additional benefits of the Standard Circuit concept ine

(If you have a problem in printed
circuitry, let us hear from you.)

104 Circle 104 on reader service card

Here are the solutions
to some typical problems
we have recently received.

clude fast deliveries, low prices and the elimination of tool and
set-up charges.

INTEGRATED CIRCUITS

PROBLEM: Our product-engineering group is designing equip-
ment utilizing integrated circuits. The increased packaging den-
sity offered by interconnecting them with multilayer printed
circuits is not absolutely necessary. Are there any other advan.
tages to consider?

SOLUTION: Many multilayer customers consider two other fac.
tors as equally important. First, heat removal from small, flat.
pack integrated circuits can often be a problem. With multilayers,
all interconnecting circuitry can be placed on internal layers.
Wide strips of copper are then plated on the surface of the board
under the area where the flat packs will be mounted. By running
these strips to the edge of the board to connecting hardware, ex-
cellent heat sinks are created for the integrated circuits. Second,
another troublesome area is “cross-talk” between critical circuits
on the board, or isolating circuits from external interference. This
problem is easily solved with multilayer printed circuits, by incor-
porating copper shielding planes, where necessary, on internal
layers.

MAKE OR BUY PRINTED CIRCUITS

PROBLEM: At a rather large capital expense, we’re considering
updating our internal facility for making printed circuits. In an-
nouncing your new “CC-4 Process”, you stated that it allows sub-
stantial cost reductions in printed-circuit manufacturing. Are these
reductions large enough to influence our decision?

SOLUTION: If you consider savings in the cost of printed circuit
assemblies of 10-20% important — Yes. Large volume printed cir-
cuit users with internal facilities have compared the cost of com-
pleted assemblies using their own etched foil product against the
same assemblies incorporating CC-4 boards made by Photo-
circuits. The low cost of these boards combined with the produc-
tion economies resulting from the superior solderability of CC-4
copper revealed that “making” was more expensive than “buying”,

@ Photocircuits

CORPORAT!
Glen Cove, New York . Anaheim, Callforma
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Here 15 an innovation in selection guides which will
literally save you hours of time. It's the new Selection
Guide for Motorola Silicon Annular Transistors!

In one handy 16-page brochure, you'll find conven-
iently arranged important specs for some 110 different

Motorola silicon annular transistors — plus “family”
curves giving performance under varying conditions of
current and voltage ... much of the information has
never before been published!

No more searching through groups of binders or
leafing back and forth from page-to-page to pinpoint the
device which meets your spec. With the Motorola An-
nular Transistor Selection Guide, you look at one com-
plete application table of candidates for your circuit. From
there, you select by polarity (PNP/NPN), breakdown
voltage, frequency, gain, capacitance, etc. until you have
the exact device you need. Preferred types for new

MOTOROLA.

BOX 955 @ PHOENIX., ARIZONA
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650Q! ¢ A SUBSIDIARY OF MOTOROLA

designs are also listed for some 375 standard device types.
There’s all types of geometries to provide the op-
timum current and frequency combination you require
. including devices categorized for high-speed saturated
logic, small-signal amplifiers, current-mode switches, core
drivers, pulse amplifiers, micropower types, choppers,
FET's, and high-voltage and general-purpose amplifiers.
And, when you've made your selection, you’ll know
that it is available as an annular process transistor — pro-
viding you the extra voltage, low leakage, and long-term
stability that the annular fabrication technique has made
possible for all silicon transistors.
To obtain your free copy of this exciting new
selection guide, see your nearest Motorola franchised
semiconductor distributor or local Motorola district of-
fice. Or write: Technical Information Center, Dept,
65, Box 955, Phoenix, Arizona 85001.

Semiconductors

INC.
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There’s a Burroughs NIXIE® tube display to fit
your application
your specification
your budget

your equipment

We're applications oriented . . . that's why NIXIE tubes
come in more sizes, shapes and types than any other
readout available. There's a NIXIE tube to suit require-
ments ranging all the way from numerical readout of
navigational data for “inch-conscious” aircraft instru-
ment panels to alphanumeric display of stock-market
transactions for viewers up to 100-150 feet away.

We're budget conscious too. The per-digit cost of a
NIXIE tube display is less than that of any comparable
electronic display technique, especially when you con-
sider the cost of associated drive circuitry and power
supplies. Add to this the extreme reliability and a two-year
warranty, items which can’t be bought in any other read-
out at any price, and you've got an unbeatable deal.

And we're equipment conscious . . . which means that
we've designed display modules to match almost any
input requirement. Using hybrid circuits with face-
bonded single-sided semiconductors, we've come up with
extremely flexible units which give custom performance
at costs rivaling high-production items. Now you can buy
NIXIE tube drivers, decoders, counters, with or without
memory tailored to meet your specifications.

So let’s hear from you. Your application, specification,
budget, equipment are important to us. We're in business
to meet your display requirements. Remember—you get
much more than a readout when you buy a NIXIE tube
display.



A. B7037—Side-viewing Jumbo Tube e Character size—2”
distance—100’

Viewing

B-:?eg:oul Assembly—6-digit bezel assembly containing 8422 NIXIE
ubes

C.B8091—Large Tube e Character size—1.4"

D. '{377—Miniature Tube

E. 8422/B5991—Standard
Viewing distance—30"

F. B4§g/86091—5uper Tube e Character size—0.8” Viewing distance

Viewing distance—65’
e Character size—0.3” Viewing distance—

Rectangular Tube e Character size—0.6”

G. B49gs—Miniature Rectangular Tube e Character size—0.3” View-
ing distance—14’

H. 8421/B5092—Standard Tube e Character size—0.6"
ance—30’

'-B-BBH—Large Alphanumeric Tube e Character size—1.5"
ing distance—65’

J. B5971—Standard Alphanumeric Tube e Character size—0.6” View-
ing distance—30’

K. B9012—PIXIE® Position Indicator Tube e Character size—0.125"
Viewing distance—8’

Viewing dist-

View-

L.

M.

z

P

Q

R.

B7971—Jumbo Alphanumeric Tube e Character size—2.5"
ing distance—100’

View-

BIP-8200 Series—Binary-coded-decimal to decimal decoders; drives
8422 standard rectangular and B5992 plus-minus rectangular NIXIE
tubes.

B5030; B5025—Long Life Biquinary Tube; Non-Mercury Biquinary
Tube e Character size—0.6” Viewing distance—30’

BIP-9451; BIP-9501; BIP-9502—Decoder/Driver Modules with mem-
ory to operate 8422 standard rectangular tube from BCD or decimal
inputs or B5971 alphanumeric tube from 13-line input.

BIP-9402—Miniature Decoder Module with memory to operate
B4998 miniature rectangular tube.

BIP-8055—150KC decade counter; decimal output is available for
preset/reset operation and carry output is provided for cascaded
multi-decade applications. Preset/reset module available to reset
up to six decades.

BIP-8054—110KC bi-directional decade counter; decimal output is
available for preset/reset operation, and carry output is provided
for cascaded multi-decade applications. Building-block support
modules are also available to provide accumulator function.

Only Burroughs manufactures NIXIE Tubes.

=
3 Burroughs COI’pOI’atiOIl/:LEcrnonm COMPONENTS DIVISION
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Direct db

OF SWEPT-FREQUENCY ATTENUATION OR REFLECTION!

Microwave swept-frequency systems that do more for you than
ever before—from HEWLETT-PACKARD

Here's the most helpful advance ever of-
fered for precise, immediate, complete and
economical microwave measurement, 1 to
40 gc! Read the details to see how to add
these advances to your microwave meas-
ment capability—a complete system of

compatible, full-range tested instruments,

The Hewlett-Packard 690 Series Sweep Gener-
ators, offering all the sweep modes needed for
today’s most advanced, accurate and easy-to-
make measurements.

The Hewlett-Packard 423A, 424A Series Crystal
Detectors, with flat response for leveling and ex-
cellent square-law response for signal detection.

High-directivity directional couplers for wave-
guide application (the 752 Series) and coax re-
quirements (the 770 Series).

from sweeper to visual and perma nently . PLUS the new 1416A Swept-Frequency Indicator

recorded results. Principal elements in

these revolutionary systems:

108

Plug-in for the 140A Oscilloscope.
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Display

Put them together for today’s most versatile and convenient swept-frequency system
for fast, accurate microwave measurements.

The chopper-stabilized logarithmic amplifier in the
1416A utilizes the full 30 db dynamic range of the
square-law detector, providing accurate readings of
either attenuation or return loss directly in db. The
continuously variable, calibrated db offset permits
high resolution (to 0.5 db/cm) over the full db range.

The 1416A also provides front-panel x-y outputs
for direct x-y recording of measurements in db vs.
frequency on standard graph paper. Or use the out-
puts to digitize measurements with adigital voltmeter.

The level trace shown
in the oscillogram isa
“zero” representation
which shows the over-
all system flatness
before insertion of the
device to be tested.
It provides assurance
that the characteris-
tics displayed in the
second trace are a valid depiction of the device’s at-
tenuation vs. frequency. Vertical
sensitivity in each case is 1 db/cm.
The 1416A’s calibrated offset (con-
trol also shown here) allows the [f
attenuation plot to be displayed on
screen, even though the attenua-
tion may be as much as 30 db
below the “zero” reference!

a )

For complete technical description of state-of-the-art
microwave measuring techniques, ask your Hewlett-
Packard field engineer for a copy of Application Note 65,

“Swept- Frequency Techniques.” Yours for the asking.

- v
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1416A Swept-Frequency Indicator, $675, plugged into the
140A Oscilloscope, $575

Simultaneously, using T T
the 1416A front-panel =

x-y output, the attenu-
ation plot is made -
directly on standard :
graph paper. The -
1416A recorder output
sensitivities are ad- [l ,
justed to conform with the major lines of the graph
paper,which can be done quickly and easily at a single
frequency, because the overall system flatness elimi-
nates the need for pre-insertion of calibration grids.

Ask your Hewlett-Packard field engineer for com-
plete information on the 690 Sweepers, 423A, 424A
Series Detectors, 752 and 770 Series Couplers and
related instrumentation. Or write Hewlett-Packard,
Palo Alto, California 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva; Canada:
8270 Mayrand Street, Montreal.

A

An extra measure of quality

HEWLETT w: PACKARD

238
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BUCHANAN'

allows 48 circuits per foot, and ends lugging!

14" center-to-center contact wires. Blocks come with other. Miniature block handles a
spacing allows more circuits in contact screws already raised. wire range up to #12 AWG

the available space than any Screws can’t shake loose, and is rated at 300 V. NEMA
other 300 V Sectional block either, because screws and General Industrial Control

made. Each section is only clamps are held captive within Devices, and 600 V. NEMA
49/64” high and 7&” wide. And the contact. Clamps on either Limited Power Circuits. For

a tubular contact with captive side are independent of each complete literature, circle
clamp eliminates lugging Reader Service Card . . . or write

completely! No need to pry on your company letterhead for
clamp with tool . . . just insert BUCHANAN FREE SAMPLE SECTIONS!

ELECTRICAL PRODUCTS CORPOTATION

y a subsidiary of Elastic Stop Nut Corporation of America
4 f c 1077 Floral Ave. ® Union, New Jersey * (201) 289-8200 * Telex 1-25471

No hidden contacts or

marking areas. Surface

is matte finish to

accept pencil or pen; or Only 2 parts . . . end

use vinyl strip. piece and contact section.
Just snap off and add
sections as needed. No
wasted circuits.

Flat base or channel
mounting (snap or slide
blocks on channel) or
mount blocks directly to
surface!
No lugging because

of tubular contact with

captive clamp. Just

insert wires!
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Lower attenuation...

new HELIAX®

Ya”, 38", /2” flexible
coaxial cables for

Military

Broadcast

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, 60% smaller
size and 50% less weight than RG8/U. The copper inner and outer con-

ductors assure optimum electrical performance with long life reliability.
Available in long splice free lengths with or without polyethylene jacket. %m

For additional information on HELIAX, contact your regional Andrew CORPORATION
sales engineer or write P.O. Box 807, Chicago, lllinois 60642. 28 YEARS OF ENGINEERING INTEGRITY

EUROPEAN OPERATIONS: ANDREW CORPORATION, H¢JSGAARDS—ALLE 82, HELLERUP, DENMARK
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there are 500 people
standing behind this connector

to assure you of the reliability,
depth of experience and service
you want from your connector source

Progress Webster Corporation has long been a supplier of MIL Spec
(10544, 12520) audio and power connectors to the electronics, commu-
nication and defense industries. Now they offer this same kind of
dependability in their new line of PW Series (MIL-C-26482) miniature
connectors. The same rigid testing procedures, the same exhaustive
quality control, the same scrupulous attention to customer service and
requirements stand behind the new PW Series. If you require MIL-C-
26482 connectors, your first order with us could well change your
buying habits!

MIL-C-26482
PROGRESS WEBSTER

PROGRESS WEBSTER CORP. 5 Bridge Street, Watertown, Mass. (617) 926-2100
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Probing the News

Space electronics

Agena may outperform Gemini 6

If manned capsule is even slightly out of position for next

month’s rendezvous attempt, its astronauts may turn over control

of the maneuver to the instrumented, unmanned target vehicle

By Lloyd Mallan

Consultant in the aerospace sciences

On the third day of the Gemini 5
flight, astronauts Gordon Cooper
and Charles Conrad successfully
maneuvered their craft to effect a
rendezvous with a hypothetically
orbiting Agena rocket. But there’ll
be no make-believe when Walter
Schirra and Tom Stafford go up
in Gemini 6, late in October. They
will try to rendezvous and dock
with a real Agena target vehicle
that precedes them into space. If
the difference in the orbits of the
manned Gemini and the unmanned
Agena is small, the astronauts will
be able to handle the job. If there’s

a big difference between the two
orbiting paths, Agena’s electronic
system will handle the initial por-
tion of the rendezvous operation.

|. Different orbits

Basically, the Gemini 6 plan calls
for Agena to be launched first and
established in orbit. Once that is
done, the manned capsule will be
sent aloft into its own orbit. Next
comes the ticklish job of bringing
the two vehicles together.

Agena will be in a circular park-
ing orbit at an altitude of 161 nau-
tical miles. After it has completed

The $2.9-million Agena vehicle, right, equipped to home in on Gemini,
will be one of the most sophisticated vehicles ever placed in space.

at least one full orbit—and pos-
sibly several—the Gemini capsule
will be launched into an elliptical
orbit, with an apogee (highest
point) of 146 nautical miles and
a perigee of 87 nautical miles. Be-
fore rendezvous, the orbit will be
changed to a circular, 146-mile
orbit.

Ideally, Gemini will blast off at
the precise moment calculated for
its orbit to be closely in phase with
that of the Agena—that is, so that
the angle between the planes of the
two orbits and the angular distance
between the two vehicles will both
be small.

If it works out that way, the
astronauts will apply thrust so their
orbit intersects that of the target.
They’ll overtake Agena, which will
be a short distance ahead. Gemini’s
lower orbit gives it a higher veloc-
ity than Agena, orbiting farther
away, relative to the earth. At an
orbit of 146 nautical miles, the
Gemini capsule will gain on its
target, orbiting at 161 miles, at the
rate of 5.64° per orbit.

A limit of 70° has been set on
the permissible phase difference
between the two orbits; a difference
that gives the astronauts 12.4 or-
bits, or 18.4 hours, to catch up. If
the difference is less than 70°, the
Gemini capsule will perform the
rendezvous maneuvers. If the dif-
ference is greater than 70°, Agena,



unencumbered with life-support
gear, will do the maneuvering,.
There’s a strong possibility that
the electronic systems in Agena,
not the astronauts, will handle the
rendezvous task until Gemini is
close enough to take over. That’s
because even a brief hold of Gem-
ini’s launch could mean too great a
phase difference between the orbit
of the target and the tracking cap-
sule for the astronauts to overcome.

I1l. Obedient Agena

The unmanned Agena can be
commanded to compensate for the
widest possible errors. Either the

“astronauts or the controllers at the
Houston Manned Spacecraft Cen-
ter can order it to go into an
elongated ellipse or a larger circle,
either of which would slow it down
considerably and let the command
capsule reach it more quickly. After
the catch-up, the astronauts could
complete their phase of the rendez-
vous and docking operation.

Easy as parking. “The Agena tar-
get vehicle is amazingly versatile,”
says Major Robert A. Krahn, pro-
gram control officer at the Gemini-
Agena Target division of the Air
Force Space Systems division, El
Segundo, Calif. “It can be com-
manded to fly nose-forward or tail-
forward. You can tell it to fly at a
90° angle to its orbit. It can be told
to change its orbit and to match
the plane of another orbit. In effect,
you can maneuver it into a selected
position almost as easily as you
back up your car alongside a curb.”

Gemini’s ability to change orbit
is very limited because its load-
carrying potential has to be used
for life-support systems.

The Agena target vehicle was
modified from a standard off-the-
shelf Agena-D, the same hardware
that maneuvered the Ranger space-
craft on their highly successful pic-
ture-taking expeditions to the
moon. But the “D” model is primi-
tive by comparison with the Gem-
ini-Agena Target vehicle.

‘Most reliable ever.” A standard
Agena-D costs $1.2 million. The
Lockheed Missiles and Space Co.
is the contractor for the Gemini-
Agena and modifications of the tar-
get vehicle more than doubled the
cost, to $2.9 million. What did the
National Aeronautics and Space

114

Administration get from the Air
Force for the extra money? It got
one of the most reliable and most
sophisticated vehicles that has ever
been placed in space,” according
to Lt. Col. Mark Rivers, chief of
the Gemini-Agena Target division.

I11. Electronic controls

An extra-sensitive ultrahigh-fre-
quency receiver feeds signals from
the ground or the manned capsule
to the programer, a computer-like
device, which then feeds into a
controller. The controller is an ar-
rangement of a large series of re-
lays, which operate pneumatic and
hydraulic attitude and velocity con-
trols. The programer can instruct
the controller in real time or by
stored commands, which are re-
tained in a magnetic memory bank.

The system is digitized and re-
sponds only to the correct digital
signal from earth or from the Gem-
ini spacecraft. As the digitized sig-
nals are received aboard the target
vehicle, they are superimposed on
a time-synchronization signal. The
combination is conditioned and am-
plified by the receiver, then passed
on to the programer for decoding.
The programer continually samples
the signals, looking for evidence of
transmission errors. If there is the
slightest anomaly, the programer
rejects the signal.

Delayed execution. The time that
a command is carried out is gov-
erned by an electronic clock, a
counter that transmits a sequence
of signals at regular intervals of
time. The clock is called the Emer-
gency Reset Timer (ERT) and is
accurate to one microsecond. The
specified execution time for each
command is represented by a num-
ber. As the programer samples the
more than 260 rows of the memory
bank, it compares the number on
the clock at that moment with the
numbers tagged to each command
in the bank. When any two num-
bers coincide, it withdraws that
command from the bank and sends
it to the controller for action.

The ERT has another important
function. Normally, the telemetry
transmitters and radar beacons are
turned off to conserve power until
the target bird is within acquisi-
tion range of a ground-control
station or the spacecraft. But in

emergencies—for instance, a mal-
function that causes tracking sta-
tions to lose the bird—the ERT
turns on everything aboard the tar-
get that can transmit a signal.

Telemetry. There are two telem-
etry transmitters aboard the Agena,
which can be commanded to trans-
mit separately or simultaneously.
One transmitter gives real-time
telemetry readings; the other trans-
mits stored readings on command.
Sensors sample and encode several
hundred functions for telemetry
transmission or storage, at rates
ranging from eight to several hun-
dred samples per second. The stor-
age unit here is a magnetic tape-
recorder that plays back into one
of the transmitters.

Some of the devices whose func-
tions are telemetered are the gyros
that determine attitude, relays that
may be closed or open, the receiver,
the programer, the controller as a
whole, the ERT, and numerous
pressure- and temperature-sensing
devices. The telemetry data is re-
ceived by the ground-control sta-
tions and sent via cable or radio
links to the Manned Spacecraft
Center at Houston. Here a high-
speed computer system analyzes
the data and displays the informa-
tion in the control room. This in-
formation is the basis for com-
mands to Agena and also indicates
malfunctions aboard the craft;
these can possibly be corrected
from the ground.

One boss at a time. Three radar
beacons aboard the unmanned tar-
get provide command links Dbe-
tween the ground stations and the
Agena, and the manned capsule
and the Agena. They also provide
ranging information. The ground
links are C-band and S-band bea-
cons; the link between the astro-
nauts and their target operates in
the L band. When the astronauts
want to command Agena, all
ground control is automatically
locked out. As soon as the L-band
beacon on the target is inter-
rogated, a signal is sent to the uhf
receiver, cutting it off. This is a
safety procedure to prevent some-
body on the ground from telling
Agena to change direction when
the astronauts are set to intercept
their target.

An additional safety factor is the
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(RANGE)
ANTENNA

SPIRAL
ANTENNAS

TRANSPONDER

Radar pulses from Gemini trigger a transponder in Agena during
rendezvous. Gemini is equipped with four antennas, Agena with three.

multiple system of L-band antennas
on Agena. The astronauts can re-
motely switch from one beacon
antenna to another, either to find
a signal or to select the strongest
one,

From the ground. The telemetry
transmitters aboard Agena con-
tinue to send data back to earth,
even though the ground is locked
out from command and control of
the bird. The data is analyzed at
the Manned Spacecraft Center
and the controllers in Houston can
tell the astronauts what corrective
action is necessary for rendezvous
and docking. Both orbiting vehicles
are also watched constantly by
ground-based radar to give the con-
trollers a better picture of the
maneuvers. Until the manned
spacecraft is very close to its tar-
get, probably about a mile away,
the whole operation can be man-
aged safely from the ground. At
a mile vehicle-separation distance,
however, the ground radars become
less accurate than the astronauts’

Electronics | September 6, 1965

eyes. At this point, the astronauts
really take over the mission.

IV. Rendezvous

The rendezvous takes place this
way: Gemini’s spiral transmitting
antenna, rotating to pick up Agena
anywhere within a 70° beam, will
contact the target vehicle at a range
of 250 to 300 miles. The antenna
will send a radar pulse to Agena’s
omnidirectional dipole array an-
tenna, or, if the dipole should fail,
to Agena’s two 70° beam spiral
antennas.

The radar pulse goes to a trans-
ponder in Agena which transmits
a reply signal that is both de-
layed in time and shifted in fre-
quency. This transponder reply is
returned to three 70° beam receiv-
ing antennas in Gemini.

Equipment in the spacecraft next
provides range information in two
forms, digital and analog. The
analog data goes to a range and
range-rate indicator facing the
astronauts, who may then make

manual corrections in velocity. Dig-
ital outputs from the time measure-
ment method go to a computer for
automatic velocity corrections.

Using these procedures, plus an
interferometer technique for meas-
uring range rate by comparing the
radar pulse’s arrival time at two
antennas, Gemini 6 will approach
to within 20 feet of Agena. The
close docking maneuvers will be
performed manually by the astro-
nauts who will rely mainly on
visual sightings.

V. Docking

The astronauts will control their
target by positioning it for the
docking approach. To see more
clearly, the astronauts will order
Agena to turn on high-intensity
lights. A control panel in Agena’s
docking collar will give them read-
ings on the target’s attitude and
velocity.

Finally, the Gemini spacecraft
will move into the cone of the dock-
ing collar. Both the spacecraft and
the collar were designed by the
McDonnell Aircraft Corp. At this
point, three metal claws in the tar-
get will clamp into position around
the nose of the Gemini capsule and
make a rigid combination of the
two vehicles.

Up to the moment of actual dock-
ing, the collar-cone is flexible to
allow for errors of alignment as
the spacecraft maneuvers forward
and backward (or commands the
target to do so) until the two ve-
hicles are engaged. At this point,
the L-band radar drops out of the
circuit and the spacecraft is di-
rectly linked by wire to the elec-
tronic systems of the Agena.

Agena in control. The astronauts
can ride with Agena through all its
various orbital maneuvers but they
cannot control it; the Agena guid-
ance system will take over.

The major purpose of the Gem-
ini-Agena rendezvous and docking
experiments is to develop systems
and methods for the safe return
of future Apollo astronauts from
the surface of the moon to their
lunar-orbiting mother ship. But
there also could be valuable spin-
offs for national defense in terms
of intercepting, inspecting and, if
necessary, destroying potentially
hostile satellites.
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Maximum RFI/EMI filtering per-
formance in minimum space...
that's one of the many special-
ties which has established
Genistronasarecognized leader
in the development and produc-
tion of filters with high insertion
loss overawide frequencyrange.

These ‘‘custom'’ filters are
virtually standards with
Genistron and are available from
the smallest to the largest range
of current and voltage, and offer
maximum flexibility in the num-
ber of circuits per package.

mstr‘on

coaron.

6320W. Arizona Circle, Los Angeles, Cal. 90045 (213)776-1411
111 Gateway Road, Bensenville. 11l. 60106 (312) 766-6550
7100 Baltimore Ave., College Park, Md. 20740 (301) 864-4811

Genisco
RHORAOEN |

““See Us at MIL-E-Con,
September 22, 23, and 24
Booth #188-189.”

116 Circle 116 on reader service card

Military electronics

U.S. improves air defense

From Cape Cod to the Ryukyus, systems are being expanded
for defense against bombers and sub-launched missiles

By Thomas Maguire

Boston Regional Editor

Not far from the small town of
North Truro on Cape Cod, Mass.,
the Air Defense Command last
week ceremoniously took posses-
sion of a windowless, concrete
building, 1,000-fect square. It is the
first of 19 structures that will house
an air defense system called Buic,
for backup interceptor control. The
system will cost an estimated $200
million; its job is to defend the
United States against enemy
bomber attack should the big $5-
billion Sage air defense system be
knocked out of action. Buic is be-
ing developed and built under the
management of the Air Force Elec-
tronic Systems division, Hanscom
Field, Mass.

Before the end of the year, 13
similar blockhouses in other parts

of the country will be built for the
command. Later, another five—
more complex than the first 14—
will have joined the network.

Buildup. Buic is one of several
programs for better air defense.
Another, closely linked to the Sage-
Buic network, and known as 416N,
involves modifying the radars of
these systems to detect sea-
launched ballistic missiles as well
as enemy bombers [Electronics,
Feb. 8, 1965, p. 96].

l. Buic and Sage

The Buic centers will be smaller,
less sophisticated replicas of the
Sage installations. Buic centers will
be distant from Sage sites, which
would probably be the number one
target of enemy bombers. They

Tv-like consoles show approaching aircraft and the retaliatory forces available.
Operators talk with computers by placing a light pen on the aircraft under question.
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General Electric
says size is important,
but reliability
is more important.

Now you know two reasons why G.E.
uses capacitors of Mylar®in its 9" TV.

Inits “play-anywhere” TV shown above, G.E. uses dipped, molded
and wrap-and-fill capacitors of MYLAR*, and also capacitors that
are self-cased units where extra wraps of MYLAR provide protection
and anchorage for the leads. All are considerably smaller than
paper capacitors of equivalent rating.

“But no matter how small they were,” says Jim Nease, Com-
ponent Engineer, “‘we wouldn’t even consider using capacitors of
MYLAR if they weren’t reliable. Our tests have proven the outstand-
ing reliability of these capacitors. That’s the main reason we use
them, not only in our 9 set, but throughout our line.”

Reliability . . . reduced size. Two big reasons G.E. uses capaci-
tors of MYLAR. But there’s a third reason, too. Price. Capacitors
of MYLAR cost no more, and often cost less than paper capacitors.

For more information to help you investigate the ways capaci-
tors of MYLAR can help your designs for home entertainment and

similar circuits, write Du Pont r—
1 1 oni
Co., Room 2797, Wilmington, MI{D y makes

Delaware 19898. In Canada: MYLAR®

Du Pont of Canada, Ltd., P.O. e T forbene lvins I NI
Box 660, Montreal, Quebec. A0y RONTE eSS TN AL e T S e
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Ballantine DC/AC Voltmeter/Ohmmeter
Model 345

Price: $350

1100V dc
350 V ac

20 Hz to
1000 MHz

5000 Mo

Features Accuracy not availahle
in any other Volt/Ohmmeter for
hoth ac and dc volts...and ohms

A single five-inch logarithmic scale of Ballantine’s Model 345 is used for
all ac and dc voltage measurements except very low voltages, where red
scales are used to reach zero. This single scale can be read with no con-
fusion compared to the four scales commonly used on volt/ohmmeters on
which there are two scales for ac and two more for dc.

Ballantine’s single scale results in faster measurements, with the possibility
of fewer reading errors. Its logarithmic scale spreads out the readings over
the full five inches with the same resolution and accuracy in % of reading
at the very bottom of the scale as at the top. The same features apply to
the ohms scale.

Use of a Sola® regulating power transformer provides exceptionally high
stability as a function of power line voltage changes that are commonly ex-
perienced in many locations. This feature speeds up accurate measurements.

PARTIAL SPECIFICATIONS

Voltage Range:0 to 1000 V dc; 0 to 350 V ac Accuracy: 1% of indication, 1 V to 1100 V
dc; 2% of indication, 1 V to 350 V ac,
50 Hz to 100 MHz; 3% of indication, 1 2
to 100 M@

Optional Accessories: Include T Adapter,
N/BNC Adapter, and 10,000 volt dc probe

Resistance Ranggs0 to 5000 M
Power Supply: 115/230 V, 50 or 60 Hz as

specified
R
I¥ BALLANTINE LABORATORIES INc.
~ Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR DC AND AC ELECTRONIC VOLTMETERS/AMMETERS/OHMMETERS, REGARDLESS OF YOUR RE-
QUIREMENTS. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR. ALSO AC/DC LINEAR CONVERTERS, AC/DC CALIBRATORS, WIDE
BAND AMPLIFIERS, DIRECT-READING CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS FOR 0 TO 1,000 MHz,

Write for brochure giving many more details

Member Scientific Apparatus Makers Association
~ Since 1932 -
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will be widely dispersed and re-
sistant to nuclear fallout, though
not to blast, and they will be close
to their radar sites. Sage systems,
set up far from their radars, must
rely on miles of vulnerable com-
munications lines when they use
their all-important sensors for
tracking the enemy and directing
friendly interceptors.

Facilities. The Buic center uses
the Sage radars but has its own
solid state data processing equip-
ment, built around the Burroughs
Corp.’s D-825 general purpose mili-
tary computer. Five consoles with
extremely fast television-type dis-
plays and the computer will be
cross-linked by communications
lines so that each center will be
able to manage an air battle over
the adjacent Sage sector as well as
over its own terrain.

Each console provides its opera-
tor with a visual presentation from
stored information in the computer
and continuous new information re-
layed from other air, land or sea-
borne radar sensors. The consoles
are push-button controlled and
modular constructed so they can be
used interchangeably in case one
or more consoles becomes inopera-
tive. Each has a full capability for
air surveillance, weapons control,
direction of air battles and simula-
tion exercises.

Air battle. When the Sage radars
pick up a target the Buic center
accepts the inputs from the sensors,
generates tracks that show the loca-
tion of target aircraft, and presents
the data for display to the console
operators. The Buic equipment can
display weapons available for the
region and analyze the commitment
of weapons to make sure intercep-
tion is possible. Following pre-
launch and firing commands, the
system computes and transmits
guidance commands to the inter-
cepting weapons.

Buic doesn’t have everything
Sage has. Sage can automatically
guide manned interceptors back to
base, but the backup network can-
not. Also, each Sage direction cen-
ter has two computers, one in
operation and the other doing diag-
nostic routines and serving as a
standby. Buic has only one com-
puter but its modular construction
permits duplexing individual mod-
ules without duplexing the entire
system, Modules are switched back
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GROWTH OPPORTUNITIES
IN COMMUNICATIONS WITH
TRW Systems in Los Angeles and Houston

THESE MAJOR PROGRAMS ...

Apollo spacecraft systems
Advanced Minuteman systems
Mars mission and spacecraft studies
Nuclear Detection (Vela) Satellites
Pioneer interplanetary spacecraft
Weather satellite systems

Standardized tracking, telemetry and
command system (SGLS)

Advanced space probes
Lunar telemetry systems

create these vital openings for degreed
engineers in our Communication Labo-
ratory:

Senior Communication Engineers

To design, analyze and manage com-
munication systems and evaluate scien-
tific and military applications of com-
munication techniques for aircraft,
spacecraft and underwater craft use.
BSEE, MSEE or PhB:

Communication Equipment Design Engineers

Several years' experience in design and
analysis in the following fields: RF
filters, diplexers,antennas,phased
arrays, feeds, frequency-independent,
solid-state transmitters, receivers,
phase-lock loop techniques, cavity tech-
niques, strip line, very wide and very
narrow band circuits, circuit engineer-
ing, and modulation techniques. BSEE
or MSEE.
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Communication System Analysis Engineers

Application of basic statistical commu-
nication theory to system analysis. In-
cludes performance analysis and trade-
off studies for modulation techniques.
Involves the application of phase-lock
circuits, principally as demodulators
and the relationship between intermod-
ulation effects and link linearity require-
ments. Should be familiar with analog
and digital systems. BSEE or MSEE.

Telemetry System Engineers

Experienced in the functional and logi-
cal design of analog and digital tele-
metry systems. Familiarity with vehicle
and spacecraft instrumentation require-
ments and the characteristics and
requirements of scientific experiments.
BSEE or MSEE:

Telemetry Circuit Design Engineers

To design signal processing circuits for
spacecraft digital telemetry equipment.
Experience should relate to the design
of analog-to-digital converters, analog
and digital multiplexers, logic and data
storage. Familiarity with microelec-
tronics desirable. BSEE or MSEE.

Please submit resume and salary history in con-
fidence to R. J. Brown, TRW Professional Place-
ment, Dept. E-9, One Space Park, Redondo
Beach, California 90278. TRW is an equal
opportunity employer.

TRW systems

ONE SPACE PARK, REDONDO BEACH, CALIFORNIA
Formerly TRW Space Technology Laboratories — STL
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and forth between operational and
monitoring tasks.

The first eight Buic centers will
be installed by the Burroughs
Corp., and the remaining eleven by
the Air Force Ground Electronics
Engineering Installation Agency.
System engineering was provided
by the Mitre Corp. and system pro-
graming by the System Develop-
ment Corp.

I11. Double-duty radars

The cost of the 416N program to
modify the Sage-Buic radars has
not been disclosed. It won’t be
more than $50 million and could be
as low as $16 million. A prime con-
tractor has been selected but not
announced. Price negotiations are
under way between the contractor
and the Air Force Electronic Sys-
tems division and a contract will
probably be signed in November.

One of the techniques reportedly
under consideration for converting
radar to detect missiles as well as
aircraft is to build a second radar
at each Sage site. The second radar
would then overlap the Sage radar’s
scan period to detect missiles and
analyze their trajectories.

Information on enemy aircraft
would be used at the Sage or Buic
center while information on sub-
marine-launched missiles would go
to the North American Air Defense
Command at Colorado Springs.

111. Sage overseas

Bids are due this month at Hans-
com Field for a contract to auto-
mate the manual airspace surveil-
lance and weapons control network
for the Ryukyu Island chain south-
west of Japan. Although the Ryu-
kyu air defense system (RADS) is
expected to be similar to 4121, the
$300-million Baby Sage now op-
erating in West Germany, industry
has been given complete freedom
in submitting proposals. The con-
trol center for RADS will be on
Okinawa. Like Buic, RADS will be
widely dispersed.

The next Sage-type network un-
der consideration is one called
HADS, for Hawaiian Air Defense
System. The Air Force Electron-
ics Systems division has completed
a study requested by the Pentagon
and proposals for the system are
now at Air Force headquarters.
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This radar operator will spot an approaching fighter plane four miles
off a carrier’s flight deck. He can talk the pilot down or he can
let the SPN-10 landing system take over the plane's controls.

Avionics

‘No-hands’ carrier landings

The Kitty Hawk is deliberately hunting bad weather
to carry out tests on an all-weather landing system

By W.J. Evanzia

Avionics Editor

For the past two weeks, the air-
craft carrier Kitty Hawk has been
off the coast of San Diego looking
for the worst weather it could find.
Ideally, that would be a rainy night
with no visibility, high seas, and a
rough wind. So, when the weather
is bad, a Navy pilot takes off in
an F-4 fighter, flies around for a
few minutes, and lines the plane up
for a landing. He’s still four miles
from the deck and 1,200 feet above
the sea; but barring a waveoff, his
part in the mission is over.

He relinquishes the controls to
an automatic system that guides
the plane down to the flight deck,
which is pitching and rolling, for a
perfect landing.

I. Time schedule

The landing equipment is known
as the AN/SPN-10. Made by the
Bell Aerosystems Co., a subsidiary
of Textron, Inc., it has existed as
hardware, in one form or another,
since 1954. With the improvements
built into the equipment currently
under test, the Navy hopes to
achieve an operational Mode I land-
ing system—an automatic, hands-
off system that will land a plane on
a deck in zero-zero visibility.

Current tests are for technical
evaluation of Mode I landing.
Operational evaluation has not yet
been scheduled.

However, the SPN-10 has been
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New TWT promotes
high channel capacity
in J-band microwave links

STC’'s type W3/2G travelling-wave deflection adjustments and a Abridged data for the W3/2G and

amplifier tube, which has a convection cooler. The tube a selection of other STC
maximum power output of 12 watts, ejector control can be fitted at travelling wave amplifiers are
is designed for communications  either end of the mount. included in the table below:
service in the frquency ba.nd Tube Frequency Max. Typical Operation Mount RF
10:7 to 13-2 GC/S with possuble Type Range Power Gain Output Type Connection
extension to 15 Gg/s. It thus (Gcfs ?v‘;‘)""t (dB)at  Power (WG Flange)
brings to J-Band the facility (W)

i i W3/2G 10-7 to 13-2 12 40to45 5 WM109 WR75
for hlgh Cha.nnel (.:apaCIty W4;2G 7-0 to 8:5 15 40to 46 5 WM108 UG51/U
already available in the 4 GC/S {5.35 to 7-2 25 36to 45 10-15 ~
and 6 Gc/s bands. W5/26  \72t082 18 36tod5 7-10 WM107 UG344U

R . W5/3Gt  5-85to 6:5 20 37to 43 10-15 WM107 UG344U*

The tube is ‘field replaceable W7/4G  36to42 15 35t042 6 495-LVA-101B  12A or WR229

and °perates in a qompact mount, *Alternative waveguide flanges available.
type WM109. This incorporates @  1This tube has a typical AM/PM conversion factor of 0-75°d/B.

permanent magnet system, r.f. For full information write, U.S.A. enquiries for price and
coupling and matching elements, s,hone or telex for data sheets delivery to ITT Electron Tube
mechanical alignment and to STC Valve Division, Brixham  Division, Box 100, Easton,

Road, Paignton, Devon, England. Pennsylvania.

STANDARD TELEPHONES AND CABLES LIMITED I I I
Subsidiary of International Telephone and Telegraph Corporation
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AUTHORIZED

DISTRIBUTOR

For Erie Components In-Stock Call
ARIZONA
Phoenix

Kierrulff Electronics Corp.—273-7331
CALIFORNIA
Glendale

R. V. Weatherford Co.—849-3451
Inglewood

ewark Electronics Corp.—OR4-8441

Oakland

Elmar Electronics, Inc.—TE4-3311
Palo Alto

R. V. Weatherford Co.—DA1-5373
San Diego

R. V. Weatherford Co.—BR8-7400
South Pasadena

Capacitors, Inc.—MU2-3541
COLORADO
Denver

Newark-Denver Elect. Supply—757-3351
DISTRICT OF COLUMBIA
Hyattsville, Maryland

Milgray/Washington, Inc.—UN4-6330
FLORIDA
Orlando

Crescent Elect. Sales Co.—423-8586
ILLINOIS
Chicago

Newark Electronics Corp.—ST2-2944
INDIANA
Indianapolis

Graham Elect. Supply, Inc.—ME4-8486
MARYLAND
Baltimore

Whlse. Radio Pts. Co.,
MASSACHUSETTS
Boston

DeMambro Electronics—783-1200

Cramer Electronics, Inc.—W09-7700
MICHIGAN
Detroit

Newark-FergusonElect.,Inc.—548-0250
MISSOURI
St. Louis

Electronic Components for Industry

Co.—647-5505
Kansas City

ECI Semiconductor, Inc.—931-0829
NEW MEXICO
Alamogordo

Kierrulff Electronics Corp.—437-0370
Albuquerque

Kierrulff Electronics Corp.—268-3901
NEW YORK
New York

Arrow Electronics—M Y4-6800

Newark Electronics Center—255-4600

Milgray Electronics, Inc.—YU9-1600
Rochester

Rochester Radio Supply Co.—454-7800
NORTH CAROLINA
Winston-Salem

Electronic Wholesalers, Inc.—PA5-8711
OHIO
Cincinnati

Newark-Herrlinger Elect. Corp.—

421-5282
Columbus |

Electronics Marketing Corp.—299-4161
OKLAHOMA
Tulsa

Texas Instruments Supply Co. —LU3-8121
PENNSYLVANIA
Philadelphia

Radio Elect. Serv. Co. of Pa.,

WAS5-5840
Pittsburgh

Cameradio Company—391-4000
TENNESSEE
Nashville

Electra Distributing Co.—AL5-8444
TEXAS
Dallas

Texas Instruments Supply Co.— FL7-6121
Houston

Texas Instruments Supply Co.— M0-6-2175

WASHINGTON
Seattle

Inc.—MU5-2134

Inc.—

Universal Electronics

Co.—MA3-2783
CANADA

Toronto, Ontario

Alpha Aracon Radio

Elect. Ltd.— 635-6181

FORMERLY ERIE RESISTOR CORP.

644 West 12th Street
Erie, Pannsylvania
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SHIP MOTION comtnsmou =

: AND DESIRED FLIGHT PATH

>i37

S'I'AN DARD

APPROACH CORRECTIVE

COMMANDS

DATA LINK

2 FLIGHT PATH
COMPUTER

m— N T o
”| _ ELECTRONIC COMMANDS I?{_

Data from a precision tracking radar is analyzed and returned to the aircraft as
electronic commands, which direct the plane along the glide slope.

operational in Mode III on four
carriers, since April. In that mode,
the pilot does the landing under
verbal instructions from the radar
man on the ship. Mode II, in which
the pilot lands the plane with visual
instructions on a cockpit display,
underwent technical evaluation last
year and will get operational tests
later this month. The minimum
ceiling for Mode II and Mode III
is 200 feet, the minimum visibility
a half-mile.

I1. Window above the sea

The SPN-10’s radar spots an ap-
proaching aircraft by scanning the
approach to the flight deck; at a
distance of four miles, the area
under surveillance is about 10,000
feet wide and 800 feet high, with
the center of the window about
1,200 feet above the sea. As a plane
enters this rectangular space, the
radar locks on and begins to track.

Range and angle are fed into a
flight path computer, processed and
transmitted to the plane. At 122
seconds before touchdown, deck
motion is added to the computation
loop to synchronize the plane with
the roll and pitch of the carrier
flight deck.

Preparing for Mode I. To up-
grade the system to operate auto-
matically, changes had to be made.
There could be no errors in the
information the data link trans-
mitted to the autopilot in the plane,
and a visible presentation was
needed to show the pilot what was
going on so he would have con-
fidence in the system. The tech-
nique used during the last 12%
seconds before touchdown was
changed to assure a smoother land-
ing, and the reliability of the entire
system was improved.

To assure the validity of the

radio-frequency data link between
ship and plane, a monitor was in-
stalled aboard the carrier. Flight
information generated by the navi-
gational computer is sent to the
ship’s tactical data system, where
it is converted from analog to
digital form and then transmitted
to the aircraft. A receiving antenna
on the carrier picks up the same
message; this receiver sends the
message back to the navigational
computer for comparison with the
original message. If the two differ
in any way, the pilot is waved off
—told not to land, but to go around
again.

111. Down the slope

To let the pilot know where he is,
and to give him confidence in the
automatic landing procedure, an
improved visual situation display
was provided.

Previously, the landing message
from the ship’s tactical data system
consisted of command signals to
the autopilot and range-to-go in-
formation for the pilot.

In the new system, the data
blocks used for range-to-go were
replaced with blocks that provide
visual information on the plane’s
error in glide slope, altitude and
azimuth.

Touchdown. The trickiest part of
landing is in synchronizing the
plane’s motion with the rolling and
pitching of the flight deck. Earlier
equipment predicted the position of
the deck several seconds before
touchdown; the plane flew a colli-
sion course with that spot, and
“landed” whether the deck was
there or not.

In the new technique, data on
deck motion is added to the glide
path signals for the last 12%
seconds of flight. The plane and the
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CALL YOUR AUTHORIZED
ERIE DISTRIBUTOR FOR...

ERIE SUBMINIATURE
BROAD BAND

RFI FILTER

Actual Size

xclus[ve g eatures!

HIGH ATTENUATION * HERMETICALLY SEALED
SUBMINIATURE * RELIABLE ¢ IN-STOCK

Erie's Subminiature Broad Band RFI Filters are only one-fourth the size of
conventional filters ... yet they provide better attenuation performance in the
10KC to 10KMC frequency range. That's why they are selected for major
Aerospace Systems . . . size and efficiency.

These hermetically sealed Filters are designed to eliminate the problem of
Electro-Magnetic Interference caused by switches, relays, motor commutators,
SCR and transistor switching. No longer is it necessary to use bulky paper
capacitor-coil combinations . . . or large conventional filters. Erie Broad Band
Filters provide better attenuation in only a fraction of the space. AND THEY ARE
AVAILABLE FROM STOCK ... NOW.

The attractive price cf these reliable filters makes them ideal for Commercial

and Industrial applications as well as for Aerqspape Typical Attenuation Curve
circuitry. Mounting arrangements to suit application. ©

EaE

In addition to Broad Brand RFI Filters, Erie produces s 5—: ’
a complete range of subminiature filters suitable for i 4/3/%%?/
[

N

YOUR SPECIFIC application. These too are available
from stock.

Call or write now for quality ERIE RFI FILTERS.
Remember, your ERIE distributor is your one-stop

ATTENUATION (N db

i

filter source.

¢ CAPACITORS

Call Your Subminiature Monobloc
Tubular and Disc Ceramicons
AUTHORIZED  stand-off
Feed-Thru
Mica
(% Film
msmmumn Solid Tantulum

Trimmers (Ceramic, Glass, Quartz)

—
e ——— e

Advanced Components Through Increased Volumetric Efficiency

° i
OKe 30K 108Ke 300K Tha Me 10N oo

FREQUENCY

Toame

OTHER ERIE
RFI FILTERS
IN-STOCK

e Subminiature
High Frequency,

Low;/ﬁ

e Miniature
High Capacitance and
High Voltage Types

i

e Miniature
Threaded Bushing and
Eyelet Mount Types

e Miniature
6 and 12 Section Filters

e FILTERS

Broad Band EMI Filters

EMI Filters (High Freq., Low Pass)
Multi Section Filters

e SEMICONDUCTORS

Silicon Diodes (Diffused Junction)
Germanium Diodes

Silicon Rectifiers

Semiconductor Assemblies

Formerly
Erie Resistor
Corporation
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draw yourself a circuit

to control PRESSURE

PRE SSURE b e
“TRANSDUCER 58

<
(%5

SOLENOCID VALVE

((OPTIONAL)

PUT MAGSENSE" IN THE MIDDLE

Connect a pressure transducer to one side of a MAGSENSE controller and
an alarm or solenoid to the other. It’s just about that simple to control
pressure accurately and reliably. Solid-state MAGSENSE controllers have
a 100-billion power gain and will accept the output of the transducers
directly without amplifiers. Set point or dual set points are adjustable.
Transducer excitation voltage is available from the MAGSENSE unit.
Examine these specifications for the Model 70. Versions to meet Mil
E-5272 and a variety of special application controllers are also available.
Prices are from $60 up, with quantity discounts.

BRIEF SPECIFICATIONS FOR MODEL 70

RESPONSE TIME: 100 ms max., 50 ms typical
POWER REQUIRED: 10 to 14 VDC at approx. 30 ma exclusive of load
current.

Non-latching for inputs with ranges of 100 pa,
1 ma, 10 ma or 100 ma. Latching or pulse outputs
also available.

SizE: 3" x3.35" x 1.25"
WEIGHT:  Approx. 3 ounces
DELIVERY : From stock

OUTPUT:

J

TemmR £ )

: b
FOR INFORMATION about the complete line of MAGSENSE products for military and
industrial applications, circle the inquiry number below or contact MAGSENSE Prod-

ucts, Dept. 109, Control Systems Division, Control Data Corporation, 4455 Miramar
Rd., La Jolla, California (Area code 714, 453-2500)

CONTROL DATA
ERETRLIERTE

)

Q
0
| MAGSENSE Q

CORPORATION

4455 Miramar Road, La Jolla, Calif,
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deck are in synchronization until
one second before touchdown.

IV. Upgrading the equipment

One of the system’s biggest prob-
lems has been reliability. Under a
Navy contract, engineers at Cornell
Aeronautical Laboratory are look-
ing for quick fixes as well as long-
term improvements. So far, 17
reliability problems have been de-
tected and corrected.

Quick fixes were made on syn-
chronizer tubes, modulators, driv-
ers, receiver-transmitter units, the
450-cycle-per-second power oscil-
lator, the position computer, the
azimuth-elevation indicator, the
magnetron, the pulse forming net-
works, RT tubes, the 60/400 cps
converter, the spin motor, pilot
lights, and operational amplifiers.

Many of the quick-fix problems
were solved by replacing poorly
operating components. A relay, for
example, that would not carry the
heavy current required was re-
placed with one that would. Com-
ponents with low reliability were
thrown out.

Mean-time-between-failures  is
now 37 hours, about five times
better than it was.

More changes. Additional im-
provements are also in the works.
Bell Aerosystems has a new con-
tract to digitize the SPN-10. The
radar will be changed to solid state,
and the system will make exten-
sive use of integrated circuits. The
CP-789/UYK (Univac 1218) will re-
place the present analog computer.
These changes alone will increase
the MTBG to about 150 hours, the
Navy believes.

The first digitized system is
scheduled for delivery to the Navy’s
Patuxent River test facility in July
of next year. Plans now are to put
the new system aboard the larger
carriers, although some of the
smaller ships may get them, too.

The shipboard portion of a land-
ing system is expected to cost
nearly $2 million. Data links for
ships and aircraft will cost nearly
$100 million. Industry has sub-
mitted proposals to Navy’s Bureau
of Weapons for development and
production of data link equipment.
By the end of next year, 1,000
planes are scheduled to be
equipped with the landing system,
and the Navy will be ready for all-
weather flying.
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We've Cut The Price
We’ve Increased The Range

-

We've L
Improved %
The Warranty

~. To bring you the best huy yet
in a universal counter-timer!

Starting July 1, TSI Model 361 All Solid-State Universal Counter-Timer carries a new price tag.

Plus new specs—boosting its frequency range to 2.5 megacycles. And a new improved warranty—
covering all parts, unconditionally, for 2 years.

Model Old Price New Price

These new prices make the 361 the 6-digits $1250 $995

lowest cost 2.5 mc counter-timer on e

the atket! 5-digits 18075 925
4-digits 1100 855

How can we do it ? Production efficiencies resulting from five years of manufacturing experience with
these instruments.

Model 361 contains every facility required for counting events and frequency, measuring period,
frequency ratios, pulse width, time interval and phase angle—without plug-ins, adapters or attach-
ments. In price, in performance—it’s your best counter-timer buy for both today’s and tomorrow’s
requirements.

Want proof ? Send for the 361 specs today.

TRANJI/TOR J/PECIALTIE/, INC.

TERMINAL DRIVE ¢ PLAINVIEW, L. I., NEW YORK WELLS 5-8700
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crystal

controlled
oscillators

Frequencies Available: 1 cps to 20 ke

Frequency Control:

Quartz Crystal

Frequency Accuracy: See Table
Output Waveform: (Specify)

Square Wave:
Sine Wave:

Output Amplitude:

Square Wave: 10Vpp nominal into “150"" Series
10K load No oven required
Sine Wave: 5Vrms nominal into ‘210" Series
10K load 28V or 115V as specified
126 Circle 126 on reader service card

Dutycycle50% +1%
Rise time <500nsec

(> 50 cps only)
Distortion <5%

Amplitude Stability: 2% over
temperature & supply voltage range

Oscillator Supply Voltage:
12Vdc +10% normally required
20 to 32Vdc can be accommodated by
addition of built-in Zener regulator

Oscillator Supply Current: 35Ma nominal

with 12Vdc supply
Oven Supply Voltage:

as low as

1 cps

If you use
tuning fork oscillators,
you will be interested in
our crystal-controlled
low-frequency units.

These solid-state oscillators provide a stable low
frequency output through the use of a crystal-
controlled oscillator followed by a unique and
highly reliable unijunction count-down system.
An excellent output waveform is provided.
Amplitude stability over the temperature and
supply voltage range is closely controlled. These
solid-state oscillators are not effected by mag-
netic fields or severe mechanical vibration and
shock. Write or phone for more information.

[

model frequency accuracy case size
P21ON | +.001% 27 square
S210N 0°C to +50°C 32" high
P210A +.005% 2” square
S210A —55°Cto +85°C 3%” high
P150N +.005% 1%%" square
S150N 0°C to +50°C 2'%:" high
P150A ; +.02% 12" square
S150A —25°C to +85°C 24" high

Termination is indicated by first letter in model number: P-Octal Plug,
S-Solder Hooks

CONNOR-WINFIELD CORPORATION

Winfield, lllinois 60190, Phone (312) 231-5270
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ANOTHER ANALOG FIRST FROM ENEXUS

Sy AR ;&%ém’-@%pm e e D

SOLID-STATE OPERATIONAL AMPLIFIERS

MIL-ORIENTED FOR EVERY ENVIRONMENT

Nexus operational amplifiers seem too
good to be true! Here are d-c operational
amplifiers that expertly combine all the
following outstanding features: solid-
state » MIL-oriented designs - all-silicon
semiconductors « fully encapsulated -
available off the shelf - MIL / QPL parts
(can be assembled to NASA specs.) « new
low published prices.

Nexus solid-state operational amplifiers
are your sure-cure for shaking off those
analog-designing blues. These tiny but
mighty operational amplifiers are cur-
rently finding wide application in space
satellites, doppler beam navigation, radar,
analog computers, oceanography . .. in
most extreme environments and tem-
perature ranges.

Nexus operational amplifiers offer you
the ultimate in d-c stability, small size
modular design, proven high-reliability,
and long operating life. These quality-
made components can very well be the
solution you have been looking for, for
your present analog application.

On the performance side of the picture,
Nexus amplifiers provide high input im-
pedance — up to 1 megohm (500 meg-
ohms common mode); low offset — as
low as =3 uv/°C and %=0.02 na/°C, new
FET amplifiers provide differential input
impedance to 10° megohms and have
virtually no offset current.

Here are some typical Nexus MIL-ori-
ented amplifier prices:

Type
DA-1a (M)

1-9 units
$119 ea.

10-24 units
$108 ea.

CDA-3a (M)
CDA-12a (M)
CDA-22 (M)
FSL-12 (M)

179
187
213
204

160
169
191
184

Make today be your day for sending for

full details on Nexus operational ampli-
fiers. Write for the new Nexus Catalog
... your convenient guide to quick, easy
component selection,

EANEXUS

RESEARCH LABORATORY, INC.
480 NEPONSET STREET, CANTON, MASS. 02021
TEL. (617) 828-9000 TWX (617) 828-1022

QB8 CASE




Find the
manufacturer...

Fast!

It's just a matter of seconds to get the valuable
information you need about electronic manufacturers
and suppliers in the Electronics Buyers’ Guide.

The EBG has over 300 pages listing the names,
addresses, phone numbers and key individuals

of manufacturers of electronics equipment, related
components and materials. All this plus vital
company statistics. At a glance you know important
facts about the company, exactly what each
company makes, and where to find the
manufacturers’ representatives in your area.

No wonder the EBG is the industry’s standard
catalog-directory!

{
i %

Electronics Buyers’ Guide
A McGraw-Hill Publication .
330 West 42nd Street, New York, N. Y. 10036
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 You Don't Need The Roll Chart

with a HICKOK Model 580

.. ...even though it has one, because the 580 is a totally different tube
tester. Its unique design permits direct read-in of a wide range of test
parameters—which means it can be set up directly from the tube hand-
book, for instance. For the first time in any tube tester you can measure
Gm under conditions of your own choosing. Of course, it has a roll chart,
too—for your convenience. In addition, the model 580 makes complete
“fringe” tests, including measurement of gas effects down to 0.05 ma and
leakage to 50 megohms. : 4

See your HICKOK distributor or write for circular # TT-644.

1RO

THE HICKOK ELECTRICAL INSTRUMENT CO.
10527 Dupont Avenue, Cleveland, Ohio 44108
Represented in Canada by Stark Electronics, Ajax, Ontario e Internationally by Hughes International, Culver City, California
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Now...the world's
most reliable
and versatile
DVIM has a modern
new package and
new low price!

If you consider price, features, and quality . . . the Cubic

CONDENSED SPECIFICATIONS DV-271 is your best digital voltmeter buy! Based on the

time-proved design of the famous Cubic V-71, this new
ALL THESE FEATURES FOR $1395! transistorized 4-digit DVM offers a clean-cut front panel

for easy read-out . . . and sells for only $1395!

Read-out speed: 2 readings/per second j ] T4
Versatile DV-271 is ideal for your most highly-specialized

Accuracy: gct‘ '8(1)24’, measurement needs. It is the only low-cost DVM available
q%0 ; % with both dependable reed-relay operation and built-in
Ranging: Automatic or manual ratiometer!

Polarity: Automatic For complete information on this and other digital equip-

ment, write: Cubic Corporation, Industrial Division, Dept.

Accessories: Opfiagal D-208, San Diego, California 92123.

CuUBIC

CORPORATION

SAN DIEGO. CALIFORNIA 92123

INDUSTRIAL DIV

Prices and specifications subject to change.
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on your High Voltage
Vacuum Relays...
specialists in vacuum

| yva c! electronic components

Prompt delivery
From

VACUUM RELAYS

| 3 }
i D -
= .
» =

HYVAC TYPE HVS-1 HVS-3 HVS-4 HVS-10 H-5 H-7 H-8
Contact arrangement SPDT SPDT SPDT SPDT SPST N.O. SPDT SPDT
Rated Operating Voltage (KV) 17 20 17 17 S 5 15
Test Voltage (KV) 22 25 22 25 7.5 7.5 20
Continuous Current, max.

(amps RMS) 7 10 8 8 4 4 15
Contact resistance, max,

(ohms) 0.015 0.015 0.020 0.015 0.015 0.020 0.015
Operating time, max. (ms) 20 20 15 20 10 10 15
Coil resistance

(ohms = 10%) 128 1500 40 65 250 200 250
Coil voltage (vdc, nominal) 28 115 24 40 24 24 26.5
e x5 | suxsw | auxenm | auxsw | wxz | 2%x2u | 1upxu
Mounting Style® foot coil foot foot foot foot threaded

bracket clamp bracket bracket bracket bracket base
Approximate unit price
(1-9 pcs) $55 368 $42 $55 $62 $62 $98
*Other styles available
2 . T
o : -_§ *3'. a s
- N iy
HYVAC TYPE H-11/S2 H-12 H-14 H-16 H-17 H-35
Contact arrangement SPST N.C. SPST N.O. SPDT DPDT DPDT SPDT SPDT
Rated Operating Voltage (KV) 15 g i 1o el 25.air 35
Test Voitage (KV) 20 15-air 12-air 12-air 15-air 30-air 40
20-0il 15-0il 15-0il 20-0il
Continuous Current, max.

(amps RMS) 15 15 15 15 15 25 10
Contact resistance, max.

(ohms) 0.015 0.015 0.015 0.015 0.030 0.015 0.015
Operating time, max. (ms) 15 18 18 18 20 25 30
Coil resistance

(ohms = 10%) 250 250 250 250 120 120 50
Coil voltage (vdc, nominal) 26.5 26.5 26.5 26.5 26.5 26.5 28
e 1%D x 2% 1D x 1%, 4D x 1%, | 2%Dx2% 1%Dx3 2D x 3% 8x5
Mounting Style* solder threaded threaded threaded threaded flange mounting

flange base base base base base bracket
Approximate unit price
(1-9 pcs) $98 $105 $110 $128 $128 $128 $110

“Other styles available

Hyvae, specialists in vacuum electronic components, manu-
factures a complete line of high voltage vacuum relays for
prompt, and in many cases, immediate off-the-shelf delivery.
These relays are widely used in ECM, communications, sonar,
radar, pulse-forming networks, medical electronics, and other
high voltage equipment. Many Hyvac models are completely
interchangeable with other manufacturers types.

Hyvac also’ maintains a special “QUICK REACTION”
model shop for prototype design and production for extra

fast delivery of your special and urgent relay requirements.
Frequently, prototypes for your test and evaluation can be
delivered in 10 to 20 days.

For complete technical information call your nearest Hyvac
engineering representative or write directly to us.

FYYVAG

HIGH VACUUM ELECTRONICS, INC., 538 MISSION STREET, SOUTH PASADENA, CALIFORNIA
4A

(213) 682-2149 « TWX 213-449-2552
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If you can find one HIGH RELIABILITY resistor
that's best for all reliability applications

...specify it

We don’t think you will.

Only IRC matches all reliability applications...can recommend without bias.

ULTRA RELIABILITY METAL FILM
Type XLT for MIL-R-38101,
MIL-R-55182 and Minuteman.
Failure rate of .0001/1000
hours, full rated load at 125°C,
at 60% confidence.

4 ratings and

3 T.C.'s available.

x| —

HIGH RELIABILITY METAL FILM
Type GEM for MIL-R-55182 and
wide commercial applications.
Failure rate of .01%/1000
hours, full rated load at
125°C, at 60% confidence.
Hermetic glass seal.
4 ratings and 2 T.C.'s.

ASSURED RELIABILITY
COATED METAL FILM
Type CC for MIL-R-55182.
100% screening for reliability.
Failure rate of .0056%/1000
hours, full rated load at
125°C, at 60% confidence.
3 ratings and 8 T.C.'s.

o

ESTABLISHED RELIABILITY
CARBON COMPOSITION
Type GBT for MIL-R-39008,
levels M, P and R. 2 watt
RCR 20 style. Failure rate
of .0006%/1000 hours, full
rated load at 70°C, at 60%
confidence. 5% tolerance.

Write for High Reliability resistor data . . . complete information in handy form.

Circle 132 on reader service card

INTERNATIONAL RESISTANCE COMPANY

PHILADELPHIA, PA. 19108




New Products

Accelerometer goes digital

Converting analog signal to digital form before amplification
preserves accuracy of original measurement

Conventional accelerometers are
analog devices with transducer out-
put signals measured in milliam-
peres. Because of this low output
level, some amplification or other
signal conditioning is usually
necessary before the signal is
transmitted from the measurement
station, and this processing can
distort the original measurement.

But a digital signal is not so
easily distorted, since it consists
merely of pulses and not a complex
waveform. The CG Electronics
division of Gulton Industries, Inc.,
has developed an accelerometer
that digitizes the signal before am-
plification, thus preserving the ac-
curacy of the measurement by
divorcing it from the associated
electronics.

In some cases, accelerometer out-
put must be digitized anyway; for
instance, to obtain distance and
velocity information for navigation
systems, the output must be inte-
grated one or more times, and thus
it must be converted before being
fed to a digital computer. The CG
Electronics system ensures that the
output is ready for direct entry
into a computer, recorder, or telem-
etry transmitter without the use
of complex analog-to-digital con-
version equipment. The system is
available with output in various
codes and formats, such as straight
binary, binary-coded decimal, and
biphase.

The CG designers employed a
voltage-to-time conversion tech-
nique for changing the analog data
to a digital form. The transducer’s
analog output is compared with a
ramp signal which establishes an
accurate time reference. The input
signal is sampled, or compared to
the negative sloped ramp, 500 times
a second. When the two signals are
equal, the ramp comparator turns

Electronics | September 6, 1965

on a fixed, 3.072-Mc oscillator. The
oscillator is turned off when the
ramp reaches zero volts. The num-
ber of cycles at the oscillator’s
output, representing the time it was
on, are counted and entered into
a shift register for further process-
ing. Signal scaling is done in the
ramp generator by controlling the
slope, in volts per second, of the
ramp.

Micrologic circuits are mounted on
printed circuit board. Size of

future units will be reduced when
microcircuits are available to replace
the discrete components necessary now.

Digital accelerometer is attached
to vehicle by four clearance
holes on the mounting flange.

The complete package, including
the accelerometer, power supply,
and digital logic circuit, is enclosed
in a cylindrical container measur-
ing approximately 5 inches high by
3% inches in diameter. The com-
plete unit has an accuracy of
*+0.2% and a linearity of =0.1%
within the specified environmental
conditions. Being self-contained, it
is almost entirely unaffected by
such conditions as power supply
changes, transmitter frequency
shifts, and converter inaccuracies,
which would contribute errors in
a conventional system.

Integrated circuits are used in
the present models only in the digi-
tal portion because of the limited
availability of off-the-shelf micro-
modules. New circuits are being
designed so that integrated -cir-
cuits may be used throughout, re-
ducing size even further. The in-
tegrated circuits are supplied by
the Fairchild Semiconductor divi-
sion of the Fairchild Camera &
Instrument Corp.

Units can be supplied to measure
pressure or temperature as well as
acceleration. There is also a model
available that can measure acceler-
ation on 3 orthogonal axes.

Specifications

Power 28 volts d-c at 250
milliamperes
Word rate 500 per second

Bits per word 9 binary or 12 binary-

coded-decimal

Bit rate 6,000 bits per sec-
ond *1
Accuracy:
Binary =+1 bit (least signifi-

cant bit) over speci-

fied environment
Binary-coded decimal =2 bits (least signifi-
cant bit) over speci-
fied environment
*0.1%
1 to 16 g's with rate
of change 0 to 50 cps
over entire range

Linearity
Acceleration range

CG Electronics, a division of Gulton In-
dustries, Inc., P.O. Box 8345, Albu-
querque, N.M., 87108. [350]
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New Components and Hardware

Lights and switches are rfi-proof

INNER (METAL )
BUTTON

OUTER (PLASTIC)

CADMIUM - PLATED >
BRASS CASE

Radio frequency interference, leak-
ing through indicator lights and
push-button switches, can intro-
duce false information in com-
puters and hamper operation of
avionic and industrial control
equipment.

The front-of-panel holes required
for mounting components are the
source of much of the rfi leakage
problem. If the components do not
fit perfectly, they will be imper-
fectly grounded to the chassis and
rfi will pass through, producing
undesirable stray signals in sur-
rounding equipment.

The Control Switch division of
the Controls Co. of America, at
Folcroft, Pa., has come up with a
rather inexpensive solution to 90%
of all shielding problems. The com-
pany has designed a family of
lights and switches with rfi pro-
tection built into the components
themselves. Both lights and
switches block rfi over the range
of 150 cycles to 1,000 megacycles,
without extra circuitry (such as in-
ductance-capacitance networks to
provide a path to ground for the
rfi) or the custom design of specific
components.

To protect indicator lights, Con-
trol Switch put a metal mesh shield
inside the plastic lens. In sealed

134

models, this shield is bonded to
the indicator case; in removable-
lens models, the shield is connected
to the case by a special conductive
gasket. The cadmium-plated brass
case completes the path to ground.

The shielded lights are available
in a standard size with replaceable
incandescent or neon lamps or as
a permanently sealed 50.000 hour
subminiature lamp.

Push buttons have an internal
U-shaped metal spring wiper (see
photo), around the inner metal but-
ton of the switch. The wiper
grounds all metal parts inside the
switch that do not conduct current
to the switch case.

The new lights and switches
have helped protect a military line

Specifications

Lamp assemblies

Standard 7/16 inch diam. lens,
dome shape; incandes-
cent, neon, or without
lamps

Subminiature 9/32 inch diam. lens,
dome shape, flat, or
flush mount

Voltages 28 volts d-c to 5 volts
d-c

Switches
Types % and 3 inch diame-

ter buttons

1,000 volts
25,000 operations
withstands 50 g
withstands 20 g

Dielectric strength
Minimum life
Shock

Vibration

DELCO RADIO SEMICONDUCTORS
AVAILABLE AT THESE DISTRIBUTORS

EAST
BINGHAMTON, N. Y.—Federal Electronics
P. 0. Box 1208 /PI 8-8211
PHILADELPHIA 23, PENN.
Almo Industrial Electronics, Inc.
412 North 6th Street /WA 2-5918
PITTSBURGH 6, PENN.—Radio Parts Company, Inc.
6401 Penn Ave./361-4600
NEWTON 58, MASS.—Greene-Shaw Company
341 Watertown Street/WO 9-8900
CLIFTON, N. J.—Eastern Radio Corporation
312 Clifton Avenue /471-6600
NEW YORK 36, N. Y.—Harvey Radio Company, Inc.
103 West 43rd Street/JU 2-1500
BALTIMORE 1, MD.—Radio Electric Service Company
5 North Howard Street/LE 9-3835
SOUTH
BIRMINGHAM 5, ALA.
Forbes Distributing Company, Inc.
2610 Third Avenue, South /AL 1-4104
WEST PALM BEACH, FLA.—Goddard, Inc.
1309 North Dixie/TE 3-5701
RICHMOND 20, VA.—Meridian Electronics, Inc
1001 West Broad Street /353-6648
MIDWEST
BATTLE CREEK, MICH.—Electronic Supply Corporation
94 Hamblin Ave./P. 0. Box 430/965-1241
INDIANAPOLIS 25, IND.
Graham Electronics Supply, Inc.
122 South Senate Avenue/ME 4-8486
CLEVELAND 1, OHIO—The W. M. Pattison Supply Co.
Industrial Electronics Division
777 Rockwell Avenue /621-7320
CHICAGO 30, ILL.—Merquip Electronics, Inc.
4939 North Elston Avenue/AV 2-5400
CINCINNATI 10, OHIO—United Radio, Inc.
7713 Reinhold Drive /241-6530
KANSAS CITY 11, MO.—Walters Radio Supply, Inc.
3635 Main Street/JE 1-7015
ST. LOUIS 17, MO.
Electronic Components for Industry Co.
2605 South Hanley Road /M1 7-5505

WEST

DALLAS 1, TEXAS—Adleta Company
1907 McKinney Ave./RI 2-8257

HOUSTON 1, TEXAS —Harrison Equipment Company, Inc.
1422 San Jacinto Street/CA 4-9131

SAN DIEGO 1, CAL.
Electronic Components of San Diego
2060 India Street, Box 2710/232-8951

LOS ANGELES 15, CAL.—Radio Products Sales, Inc.
1501 South Hill Street /Rl 8-1271

LOS ANGELES, CAL. 90022— Kierulff Electronics
2585 Commerce Way/0V 5-5511

MOUNTAIN VIEW, CAL.—Kierulff Electronics
2484 Middlefield Road /968-6292

DENVER, COLO.—L. B. Walker Radio Company
300 Bryant Street/WE 5-2401

SEATTLE 1, WASH.—C & G Electronics Company
2600 2nd Ave./Main 4-4354

PHOENIX, ARIZ.—Midland Specialty Co., Inc.
1930 North 22nd Ave. /258-4531

ALBUQUERQUE, N.M.—Midiand Specialty Co., Inc.
1712 Lomas Blvd., N.E. /247-2486

TUCSON, ARIZ.—Midland Specialty Co., Inc.
951 South Park Ave./MA 4-2315

Ask for a complete catalog

DELCO RADIO

DIVISION OF GENERAL MOTORS @ KOKOMO, INDIANA
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Get ready

to change your thinking about

Now you can operate directly from
rectified line voltage, reduce current,
use fewer components, improve effi-
ciency. All with Delco Radio’s new
400V silicon power transistors—DTS
413 and DTS 423. And they’re priced
low—less than 3¢ a volt even in sam-
ple quantities.

A wealth of applications are possible.
Vertical and horizontal TV outputs,
for instance. High voltage high effi-

UNION, NEW JERSEY*

FIELD (BZOOXI 1(%1387 %t;gstnut Station
) 637-3770

SALES SYRACUSE, NEW YORK

OFFICES 1054 James Street

(315) 472-2668

high energy circuits.

RATINGS DTS 413 DTS 423
VOLTAGE
Vceo 400 V 400 V
Vceo (Sus) 325 V (Min) 325 V (Min)
Vce (Sat) 0.8 (Max) 0.8 (Max)
= 0.3 (Typ) 0.3 (Typ)
| CURRENT
Ic (Cont) 2.0A (Max) 3.5A (Max)
Ic (Peak) 5.0A (Max) 10.0A (Max)
Ig (Cont) 1.0A (Max) 2.0A (Max)
POWER 75 W (Max) 100 W (Max)
FREQUENCY
RESPONSE
fy 6 MC (Typ) 5 MC (Typ)

See applications for these and other Delco
semiconductors at WESCON hooths 1313-1314

DETROIT, MICHIGAN
57 Harper Avenue
(313) 873-6560
CHICAGO, ILLINOIS*
5151 N. Harlem Avenue
(312) 775-5411

SANTA MONICA, CALIFORNIA
726 Santa Monica Blvd

(213) 870-8807

General Sales Office:

700 E. Firmin, Kokomo, Ind.
(317) 452-8211—Ext. 500

*Office includes field lab and resident engineer for applications assistance.
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ciency regulators and converters,
single stage audio outputs, to name
a few more.

And our standard TO-3 package dis-
sipates more heat (junction to heat
sink 1.0°C per watt).

Your Delco Radio Semiconductor
distributor has these two new 400V
silicon power transistors on his
shelf. Call him today for data
sheets, prices and delivery.

DELCO RADIO

Division of General Motors
Kokomo, Indiana

135



Made to
Military
Specifications

TYPES AVAILABLE FOR
ALL APPLICATIONS

BUSS
FUSEHOLDERS

LAMP INDICATING SERIES HG
Made to MIL Specs.— FHL10U, FHL11U, FHL12U

Quick, positive, visual identification of faulted circuit. Transparent
Single pole, multiple pole, small base, full base, molded knob permits indicating light to be readily seen.
base, laminated base, porcelain base for fuses from 4 x %
inches up. Also signal type fuse blocks and special blocks of
all types.

Fuses held in clips on fuse carrier which slides into holder and
locks in place with bayonet type knob.

Tell us what you need or... Holder designed for panels up to % inch thick.

Insist On

Insist On

BUSS Write for BUSS Write for
BUSS BUSS
Bulletin SFB Bulletin SFB

BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107  BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107

USS: The Complete Line of Fuses and ...

Circle 137 on reader service card Circle 137 on reader service card

To order reprints from Electronics

Fill in, cut coupon below, insert in envelope and mail to:
Electronics reprint dept.

330 West 42nd Street, New York, N. Y. 10036

Reprint order form

For listing of reprints available see the reader service card

To help expedite mailing of your reprints please send cash, check, or money order with your order.

Unijunction Transistors

Send me copies of Key no. R-74 at 50¢ each.

For reprints of previous special reports fill in below:
Send me reprints of Key no. (s). . ..

For prices see the reader service card.
Name T e o 1 ) A S T R L o
Number and Street

City, Zone No., State




New Components and Hardware

printer from interference at fre-
quencies between 14 kilocycles and
20 Mc, generated by noisy switch-
ing peak currents of 250 amps at
35 volts d-c. They have also been
used to eliminate rfi from a control
unit designed to monitor the tem-
perature, pressure and volume of a
vital coolant in the lunar excursion
module, and to protect a computer
from rfi generated by the power

supply.

Control Switch Division, Controls Co.
of America, 1420 Delmar Drive, Folcroft,
Pa. [351]

Miniature relay
in rugged housing

A miniature relay now being of-
fered can withstand high voltage
and has high r-f current-carrying
characteristics. The RJ2A will with-
stand test voltages of 18 kv peak

and carry continuous r-f currents
of 15 amps rms at 16 Mc, yet it
weighs only 3 o0z. and measures
only 235 in. long.

The R]J2A also offers the advan-
tages of a vacuum dielectric in a
rugged ceramic and metal housing.
The use of ceramic permits proc-
essing at high temperatures which
insures the cleanest possible con-

tacts. The higher r-f current rating
is also possible because of the ce-
ramic housing.

Jennings Radio Mfg. Corp., P.O. Box
1278, San Jose, Calif., 95108. [352]

Switch design
eliminates rivets

Design of a basic, general-purpose
snap-action switch eliminates rivets
by using a unique clinching method
that locks switch-case halves se-
curely. Clinching is done by crimp-
ing two prongs on each terminal
into slotted seats molded in phe-
nolic case halves. The result is a
tightly locked switch case that
seals out dust, eliminates terminal
wobble and increases dielectric
strength.

Switch-mounting holes are on
l-in. centers, and quick-connect

. Fuseholders of Unquestioned High Quality

BUSS SHIELDED FUSEHOLDERS

il

VISUAL INDICATING FUSES

BUSS

SUB-MINIATURE
FUSEHOLDER COMBINATION

FUSE ONLY
.270 x .250
INCHES

GMW FUSE
and HWA
FUSEHOLDER

RADIO

FREQUENCY "
INTERFERENCE

For space-tight applications. Fuse has window for

inspection of element. Fuse may be used with or

without holder.

Fuse held tight in holder by beryllium copper cons

tacts assuring low resistance.

Holder can be used with or without knob. Knob

makes holder water-proof from front of panel.

For use where fuse and fuseholder could pick up radio frequen-
cy radiation which interferes with circuit containing fuseholder
—or other nearby circuits.

Fuseholder accomplishes both shielding and grounding.

Available to take two sizes of fuses—14 x1%4” and 14 x1” fuses.
Meet all requirements of both MIL-1-6181D and MIL-F-19207A.,

m Fo’ complate i”fo’matian
write for

BUSS Bulletin SFH-12

Military type fuse FMOL meets all requirements of
MIL-F-23419. Military type holder FHN42W meets
all military requirements of MIL-F-19207A.

BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107
Circle 137 on reader service card

Write for
BUSS
Bulletin SFB

BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Mo. 63107
Circle 137 on reader service card



The nside storyolan ==
eXIraordinary capacilor

encapsulant

terminals accept a standard Y4-in.
connector. The model E13-00E has
a list price of 75 cents with net
resilient cost of $0.345 in quantities of 2,000
protective and lower prices on higher quan-
coating tities.

Cherry Electrical Products Corp., P.O.

. Box 438, Highland Park, lll., 60036.
snlver [353]

terminal
\\ Tool eases extraction
precision .
formini] | of logic modules
s | electrodes Extraction tool 2876-1 is part of a
T complete line of auxiliary hardware

| engineered for use with the Cam-
bion line of digital logic modules.
i It aids technicians in extracting
\monolithic n?odl!los from densely packaged
] construction circuits \Yhere removal by fingers
is impossible.

Use of the extraction tool pre-
vents damage to the module pins

due to bending. The tool may be
I used on both the 12-pin germaninm
line, 100 ke, and the new 2 Mec
silicon line of modules.
The tools are available from

stock and are priced at $12 each
in quantities of 1 to 9.

ceramic dielectric

silver terminal

The unique construction of the VK 30 monolithic Ceramic
Capacitor provides an exceptionally high reliability over the
entire capacitance range. Volumetric efficiency is greater

than 11 mfd per cu. inch . .. Insulation resistance is 500 Sar’gb:dge T(:';er;'gif’d"i: C;’A'p--s 4432(1:33'
megohm mfds minimum . . . and Dissipation Factor is less [354] ik Ha, (DA, y

than 3.0% at 2+0.25 V RMS (at 1KC).

Data Sheet C10 will give you the complete story on this
extraordinary component.

R Iintegrated-circuit
e Capacitance Range: ETaaEp 7% S .
12,000 to 100,000 pf ] testing boards
* Tolerance: 10% or 20% G S 0 B

* Voltage Rating: 50vDC HERE | ] 3 5] Company engineers report that the
* Temperature Ranoge: 125°C —'/\’ﬂf‘_ﬂ—‘ \ 030 series board units will greatly
e Capable of n:eseiincg tttl’ue envi- " 1""'W . | shiple i |« ug Tover agiie
ronmental tests inMIL-C- 0 o M R N and .breadboardmg of integrated
11015 e R L circuits in all standard sizes of
. TO-5 and flatpack cases. For spe-
iy _ : cialized applications, the 030 units
Wﬂ” Box 244~ Bridgeport 0 | Vitramon Labaatories Limited | are available with a variety of the
Connecticut 06601 Bourne End, Bucks latest sockets. Sockets are mounted
PIONEERS IN SOLID STATE MATERIALS England in Varying positions of multiplcs of

five. For example, one standard
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When a connector’s
conneclor pins are smaller,

it stands to reason you can have
more contacts in the connector.

Bendix Double-Density “Pancake”
connectors let you be unreasonable

about how many contacts

you can have in a connector.

You can have as many as 135 contacts
in one Bendix® Pancake connector.
Center-to-center spacing can be as
compact as .090 inch.

And you still have a smaller, lighter
connector. In most aerospace applica-
tions, our Pancake connectors have up
to 509 less length and 609, less weight
than comparable-performance con-
nectors. Weight reduction is cumulative,

too: the more Pancake connectors, the
more total connector length and weight
goes down.

And these are off-the-shelf connectors
we’re talking about, with proven depend
ability. Contact pin bending resistance
is greater, contact retention is greater.
Rigid glass-filled epoxy inserts eliminate
contact splaying and dielectric puncture,
and unitized sandwich construction

Up to 125%, more contacts in one smaller, lighter Pancake connector
means up to 509, less connector length and 609, less connector weight here.

Scintilla Division THE

eno’l,'/

CORPORATION

reduces components for reduced failure
rate.

Pancakes come in erimp and solder,
and in over 5 shell types and 9 sizes
with 25 multiple-key position insert
patterns in 8- through 24-size shells,
many of them MIL standard layouts.

For details, write us in Sidney, N. Y.
And be unreasonable in what you expect.

That’s what we’re in business for.

Circle 139 on reader service card



AIRPAX

CP CIRCUIT
PROTECTORS

s £ ; . % \ 3 , va&
'8 R | B ¥ EVE RAWERE

. « « fOr consumer appliances
and industrial applications

The Type CP electromagnetic circuit protector is Underwriters’
Laboratory tested and recognized for motor and appliance
protection. ® This low cost protector is for use with loads
up to 20 amps at 32 volts DC, 71, amps at 250 volts AC
and 15 amps at 125 volts AC. ® CP protectors may be
supplied with instantaneous, fast or slow trip characteristics.
Current ratings down to 50 ma permit use in electronic
circuits and instruments.

USES FEATURES
e Office Machines ® Screw terminals or spade lugs (lugs have
e Computers holes for #12 wire or clip-on connectors can
be used)

e Consumer :
Appliances ® Series, shunt or relay types, w/wo remote

e Vending Machines ® Trip-free handle action

e Electrical/Electronic ® Trip point unaffected by temperature

Instrumentation e Life in excess of 10000 operations

AIRPAX
ELECTRONICS

Phone 228-4600 (301) € O TWX 301 228-3558
CAMBRIDGE DIVISION e CAMBRIDGE, MARYLAND
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board, the 030-001, has 30 positions
of Quik-Sert flatpack sockets ter-
minated in turret lugs with 16
busses.

For easy insertion and optimum
protection of delicate devices, all
sockets for TO-5’s have large pyr-
amidal entrances with polarization
marks. Sockets for flatpacks feature
a unique flip-top cover and latch
assembly with automatic compo-
nent positioning. Boards are also
available with mating connectors
for wuse with interchangeable
sockets.

Both sockets and boards feature
ease of use and long life. Sockets,
for example, have a conservatively
rated typical life of 50,000 inser-
tions or more. All socket contacts
are wiping type with nickel over
gold plating. Standard boards for
flatpacks are rated -4125° to
—65°C. Special high-temperature
sockets are available for tempera-
tures above -+125°C. Standard
boards for TO-5’s are rated +4150°
to —65°C.

Barnes Development Co., 24 Lansdowne
Ave., Lansdowne, Pa. [355]

Miniature relay
switches 1 amp

A double-pole, double-throw JR re-
lay is available in a 1/6 crystal can
size. It meets requirements of MIL-

R-5757/19. Voltage ranges offered
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EINIC INTRODUCES A
COMPLETE FAMILY OF 100 KPS

RANGE OF -55° T0 +70°C! HERE
IS HIGHEST QUALITY, RUGGED

RELIABILITY

&, MILLION HouRS MTBF) AT
OWEST COST.”  ga"gEssssas

. . g 1949 GREENSPRING DRIVE . TIMONIUM, MD.
* S-R flip-flop module as low as $3.95 each in quantities of 100. TEL-301-252-2900 TWX-301-252-0723

CALL EMC DIRECT OR CONTACT THE EMC REPRESENTATIVE NEAREST YOU:

Md.. va., N.C., S.C. & D.C, W. Pa. and W. Hil., Wis. and la. Ohio, Ind., Mich. and Ky. Canada .

BARNHILL & ASSOCIATES AUTOMATED EQUIP & ENGINEER, ACTRONIC SALES ENGRG., INC. BERNARD L. MICHAELSON CO. RYCO ELECTRONICS CO., LTD.

Towson, Md.—(301) 825-3900 NC. Chicago, 111.—(312) 286- 1037 Xenia, Ohio—(513) 372-5496 Quebec, Can.—(514) 695-6236

So. Calif. P'“Sb‘”g“ Pa.—(412) 931-7616  colo., Wyo., Kan., Nebr., Met. N.Y. and So. Conn. Tex., Okla., Ark., La., W. Tenn.

E. E. ENTERPRISES Wash. and Ore. N. Mex., Ut. & Mo. PODEYN & SCHMIDT & Miss.

Van Nuys Calif.—(213) 787-5360 FARWEST AGENCIES INLAND ASSOCIATES Great Neck, N.Y.—(516) 487-1173 THE TEXPORT COMPANY

No. Cal Bellevue, Wash.—(206) 454-7905 Mission, Kan.—(913) 362-2366 pNg. N.J. Dallas, Tex.—(214) 631-6270

ESE ENTERPRIS E, Pa. and So. N.J. Fla. PODEYN & SCHMIDT Minn., N.D. & S.

Palo Alto, Calif.—(415) 324-4448 HILLIARD ASSOCIATES LYNCH-GENTRY ASSOC., INC. Wood-Ridge ,N.J.—(201) 438-2780 COUNTRYMAN AND WAGNER
Jenkintown, Pa.—(215) 884-6100 St. Petersburg, Fla.— St. Paul, Minn.—(612) 645-9925

(813) 347-5131

Modules Potted in TIMONIUM
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COMPARE COMPARE
COMPARE COMPARE
COMPARE COMPARE
COMPARE COMPARE
COMPARE COMPARE
S oea? COMPARE

G-E T-1 INCANDESCENT

COMPARE COMPARE
COMPARE COMPARE
COMPARE COMPARE
COMPARE COMPARE
COMPARE COMPARE
COMPARE COMPARE
COMPARE the G-E T-1
lamp with any other lamp

You'll find G-E lamps have fewer early failures « 1007 are inspected to published
candlepower ratings - 1007 are inspected to 107 of published ampere ratings . . .
for superior performance as indicator, panel or aircraft instrument lamps.

You can count on this because every single General Electric T-1 lamp is in-
dividually tested. Not every tenth. Not one out of a batch. Every single one.

This uniformity and dependability built into ouwr product can only result in
superior performance of your product. We'd like the opportunity to have you
prove it to yourself.

In addition to superior performance, G-E’s T-1 lamps are offered to you in
production quantities, available NOW -« in 13 variations of candlepower, amperage,
design life and bases (wire terminal or sub-min. flanged) « wire terminals are already
tinned for easy soldering « even aged and selected to +15% in candlepower if
desired.

Want the technical data on these 13 types? Ask for Incandescent Bulletin #3-5339.
General Electric Company, Miniature Lamp Dept. M5-7, Nela Park, Cleveland,
Ohio 44112. It’s free.

Progress /s Our Most Important Product

GENERAL @ ELECTRIC
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are 6, 12, and 24 v d-c, and corre-
sponding coil resistances are 100,
400, and 1600 ohms. The JR relay
has a minimum operating life of
150,000 operations, and has an in-
sulation resistance of 1,000 meg-
ohms at 25°C.

The unit operates over the Class
B temperature range of —65° to
+125°C; withstands 30 g at 10 to
3,000 cps vibration; withstands 100
g shock for 11 milliseconds; and is
not damaged by 150 g acceleration.
Volume of this relay is only 0.04
cu in.

Four case styles and three header
styles are available to satisfy all
mounting requirements.

Branson Corp., P.O. Box 845, Denville,
N.J. [356]

Connector facilitates
switch replacement

Instant replacement of standard
stepping switches is now possible
with a new connector design. The
connector is shaped to the con-
figuration of the stepping switch
and is mounted directly to the
equipment cabinet. When mainte-
nance or repair is required, the
stepping switch is disengaged from
the connector by releasing two jack
screws and the new switch is in-
serted.

Besides reducing down time dur-
ing replacement or repair, the con-
nector can be pre-wired to a wire
harness which may be pre-checked
before mounting in the equipment.
Use of solderless, crimp-type con-
tacts allows easy insertion and re-
moval of the harness leads. Also,
faster preparation of a wiring har-
ness is possible with the manufac-
turer’s high-speed crimping tools.

Other features include redundant
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electrical contact areas for low con-
tact resistance; positive alignment
assured by guide track design; and
quality contact plating of gold over
nickel.

AMP Inc., Harrisburg, Pa. [357]

Uncased capacitors
for microelectronics

.!q‘”

A variety of layered construction,
uncased Ceralam capacitors have
been developed for mounting di-
rectly on integrated circuit sub-
strates.

Because of their dense, stacked
structure Ceralam capacitors are
said to have a higher capacity to
volume ratio than other ceramic ca-
pacitors. The units, which may
readily be fitted to any package
requirement, can be supplied in
any geometric configuration and
are available with either axial or
radial leads of tinned copper, weld-
able and weldable/solderable alloy
materials.

Hi-Q division of Aerovox Corp., Olean,
N.Y. [358]

Stepping programer
controls 99 circuits

A low-cost stepping programer,
model 189, is suited for complex
sequencing or programing applica-
tions. This electromechanical timer
accurately controls up to 99 cir-
cuits and offers 100 discrete cam
positions. Its switches are tripped
in a preset sequence by easily re-
movable program pins. Switch con-
tacts are rated at 15 amps at 120
Vv a-c.

E. W. Bliss Co., Eagle Signal Division,
Federal St., Davenport, lowa. [359]

Electronics | September 6, 1965
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Gold Bonding
Wire

Custom Spooled

Readily available in unlimited quantities...
Diameters: .0003” to .005”. Dimensionally uniform.

Clean. ... Write for brochure.
SIGMUND COHN CORP.
121 South Columbus Ave.
5‘"°°9°‘ Mount Vernon, N.Y.

S—IGMUND COHN CORP. OF CALIFORNIA, Burbank, Cal. / SIGMUND COHN-PYROFUZE, INC., Dallas, Texas
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Now Lambda offers
two complete lines of all-silicon....

LM SERIES

Modular

Subrack

Mot Position Rated " and Mult-Current Rated for 40; 50, 60" and 75C

Package A
You can select from 22 &
mounted 336" x 3%" x 62"
models starting at|$79 this way
I MAX. AMPS!
voltages up to 60 vnc’ Model | voc | 40°c | 56°C | 60°C | 71°C | Price
from 0.08 AMPS. to 8.3 tM201|0-72| 085 | 075 | 0.70 | 0.5 | $ 79
AMPS....and mount w202 o-72| 17 | 15 | 14 |11 9%
these modules LM203 [0-143 | 045 | 0.40 [ 038 028 | 78
LM 204 [0-143 | 0.90 | 0.80 | 0.75 | 0.55
three ways
mounted mounted
on a chassis fhis wey ey LM 205 [0-324 | 0.25 | 023 | 020 (015 | 718
= k LM 206 [0-324 | 050 | 0.45 | 040 | 030 | 89
or in a rac
tmM207 [060 | 0.13 | 0.2 | 0.11 |o008 | 89
A-C Input—105-132 VAC
45-440 CPS P S T e LM208 [0-60 | 0.25 | 0.23 | 0.21 [o0.16 | 109
Reg. Line—.05% + 4 MV
Load—.03% + 3 MV > =
Ripple—1 MV rms—3 MV Package
peak-to-peak 3¥6" x 41%6" x 6V2"
Temp. Coef.—.03%/°C MOU.'“.ing
A rovisions I MAX. AMPS?
® Meet RFI Specifications— ?or ctewhh
. ::m'msr?wl:at'ngs e S Ea ek chassis slides | Model [ voc | 40°C | socc [ so°c | 71°C | Price
aximu i i s
External Heat Sinking or this way I LM 217|8.5-14| 2.1 19 17 1.3 | $119
Forced Air
e Thermally Protected and iM218|1323| 15 | 13 | 12 [ 10 | 118
(S:E‘r’grﬁ'ﬁmtfggm_ New wM219( 2232 12 [ 11| 10 | 00 [ 118
® Remote Programing Both LM and LH Series meet these LM 2203060 070 [ 0.65| 0.60 | 0.45 | 129

Mil. Environment Specifications:
Vibration — Shock — Humidity — Temp. Shock
Altitude — Marking — Q.C.

LH SERIES

L |
You can choose from 10

14 and 1/2 rack models...
voltages up to 120 VDC,

I MAX. AMPS.’
up to 9 AMPS.... : ~¢| Model2 VDG | 40°C | 50°C | 60°C |71°C | Price?
8
for rack, bench and Hosks Shanale ey 18 fo10 | 40 | 35 | 29 |23 |15
" - mounting bench width !
chass's mountlng LH 121 |0-20 24 22 18 18 159
LtH12s f0-40 | 1.3 | 1.1 | 09 |07 | 15
A-C Input—105-135 VAC
45-480 CPS LH127 (060 | 09 [ 07 | 06 [ 05 184
Reg.—.015% or1 MV line or load
; LH130 [0-120 | 050 | 0.40 | 0.35 | 0.25 | 225
Ripple—% MV rms, 1 MV ptop

Temp. Coef.—.015%/°C
RFI—MIL-I-16910

1/ and 14 rack power supplies are Multi-Current-Rated " for 30'? 50, 60’

LH124FM ;f.:'} 5
’ o g

a RACK metered and non-metered
SIZE 5%i6” x 836" x 15%4"

! Current rating is from zero to I max. and applies over
entire voltage range.

2 Prices are for non-metered models. For metered mod-
els add suffix (FM) to model number and add $25.00 to

LA.MBDA ELECTRONICS CORP.

5156 BROAD HOLLOW ROAD, MELVILLE, L. I.. NEW YORK ¢ 11749
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. power supplies

Ambients

Package C
3%6" x 41%46" x 9%"

I MAX. AMPS!

Model | vDC | 40°C | 50°C | 60°C | 71°C | Price

LM225| 0-72| 4.0 3.6 3.0 2.4 $139

LM 226 [8.5-14 33 3.0 2.5 2.0 139

LM 227 | 13-23 23 2.1 17 14 139

LM 228 | 22-32 2.0 18 15 1.2 139

LM 229 | 30-60 11 1.0 0.80 | 0.60 149

Package D
41%6” x 734" x 936"

I MAX. AMPS!

Model | VDC | 40°C| 50°C | 60°C| 71°C | Price

LM234| 0-72| 83 73 6.5 5.5 $199

LM 235|8.5-14 | 7.7 6.8 6.0 4.8 199

LM 236) 13-23 | 5.8 5.1 4.5 3.6 209

LM 237| 22-32 | 5.0 4.4 39 31 219

LM 238 30-60 | 2.6 2.3 2.0 1.6 239

1 Current rating is from zero to I max.
Current rating applies over entire output voltage range.
Current rating applies for input voitage 105-132 VAC
55-65 cps. For operation at 45-55 cps and 360-440 cps
derate current rating 10%.

2 To operate at 0-10 VDC—derate output current 30%.

3 To operate at 0-20 VDC—derate output current 30%.

4 To operate at 0-40 VDC—derate output current 30%.

W FE

and 71°C Ambients

e
b —

LH125FM 1. ‘e

s N
o
8%
V2 RACK metered and non-metered
SIZE 5% x 8% x 15%"

I MAX. AMPS.1
Model2 [ VDC |30°C | 50°C | 60°C | 71°C

I

Price2

LH 119 | 0-10 9.0 8.0 6.9 58 $289

LH 122 | 0-20 5.7 47 4.0 33 260

LH 125 | 0-40 3.0 21 23 1.9 269

LH 128 | 0-60 24 21 18 15 315

LH 131 0-120 | 1.2 0.9 0.8 0.6 320

price. For non-metered chassis mounting models, add
suffix (S) to model number and subtract $5.00 from
non-metered price.

A LAMBDA

ELECTRONICS CORP,
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New Semiconductors

Sensitive scr’s offer
2-vatriggering

Six TO-5 and TO-18 families of
silicon controlled rectifiers, for 2-
ma to 1.6-amp applications, feature
gate trigger levels to 2 pa and volt-
age ratings to 400 v. They permit
a new design approach to high
gain-high voltage circuits, which
can achieve major simplification
and increased reliability, according
to the manufacturer.

The AA100-118 and AD100-118
families include threshold detec-
tors, timing circuits, level sensing,
relay and solenoid driving, ring
counters, protective and warning
circuits, encoding and decoding,
motor driving, pulse generation,
lamp driving, gating, magnetic am-
plifier and thyratron replacement.
Units are available in 100-lot prices
starting at $1.90 each.

Solid State Products, Inc., One Pingree
St., Salem, Mass. [371]

Alloy and diffused
zener chip diodes

Low-temperature glass passivation
and alloy junction in an area 0.050
square and 0.030 in. deep are the
outstanding characteristics of the
new hermetic zener chip diodes.
Electrical characteristics are said
to meet or exceed equivalent 400-
mw glass diodes. The manufac-
turer has perfected a process that
permits zeners to be passivated
without causing diffusion of the
sharp alloy junction. Alloy junc-
tions permit standard zeners to be
produced in the range of 3.3 v to
12 v—similar to 1N746-1N756.
Passivation is accomplished at

temperatures below 70°C. Diffused
zeners in chip form cover the range
of 7.5 v to 100 v—similar to
IN958-1N985. Units of both types
pass seal and humidity tests that
cause silicon dioxide passivated
units to fail. Mounted on a gold-
plated Kovar tab, the diffused
series can be soldered into place
while the alloyed series can be
soldered on one side and a spring
contact made to the other.

U.S. Semcor, 3540 W. Osborn Rd.,
Phoenix, Ariz., 85019. [372]

Thin-film flip-flop
meets Mil-Std-750

This conplementary pulse counter
dissipates less than 1 mw and is
capable of speeds up to 1 Mc. As
a result of modern thin film tech-
niques, there are no inserted pas-
sive components. The resulting
package including transistors in
TO-18 cans is 0.45 in. by 0.65 in.
by 0.1 in. and weighs less than 5
grams. Kovar leads on 0.1-in. cen-
ters emanate from two sides of the
package. With a 46 v d-c supply
the flip-flop is insensitive to noise
below 1 v, and is capable of ac-
cepting information from four dif-
ferent scalers as well as driving a
load approximately four times its
own basic power consumption.

Designed for space applications,
the flip-flop will operate over tem-
perature, humidity, shock, and
vibration conditions in accordance
with Mil-Std-750. Fabrication of
multiple devices, which are then
diced, provides economy as well
as similarity of components.

Alpha MicroElectronics Co., Inc., 10501
Rhode Island Ave., Beltsville, Md. [373]

Silicon rectifiers
feature speedy recovery

Ultratast recovery time of 200 nsec
maximum is offered by a new series
of high-current silicon rectifiers.
Labeled 1N3909-1N3913, the recti-
fiers are rated at 30 amps at 100°C,
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Your most
advanced circuits

deserve the most
advanced CRT,
the Amperex D13-27

Check this unique combination of features:

¢ Short Length, 13.5 in.

* Vertical Sensitivity, 13 V/cm

¢ Horizontal Sensitivity, 27 V/cm

e Scan,8x 12 cm
¢ Spot Size, 0.012 in.
e Face, 5" flat
e Utilizes Deflection Blanking Electrodes

(this allows blanking circuitry to be referenced to ground)

For complete specifications and applications assistance on the D 13-27
and other new Amperex Cathode Ray Tubes, write: Amperex Elec-
tronic Corporation, Tube Division, Hicksville, L. I., New York 11802.

Amperex

PHILIPS ELI
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case, 50 to 400 v. They offer high
surge current capability of up to
300 amps, improved radiation toler-
ance, and high-frequency, high
rectification efficiency of up to 200
ke. They are available in the
JEDEC DO-5 stud package in both
forward and reverse polarity.
With a typical recovery time of
70 nsec, the rectifiers are well
suited for use as high-frequency
power supplies in high-speed
switching and multiphase rectifier
apnlications. In converters and in-
verters, the fast recovery character-
istics permit h-f operation with
significant reduction in size and
weight of magnetic components—
transformers and inductors—and
important increases in rectification

efficiency.

Texas Instruments Incorporated, 13500
North Central Expressway, Dallas,
Texas. [374]

Power rectifiers

rated to 40 amps

Low-cost power rectifiers are avail-
able with current ratings to 40
amps average and peak reverse
voltages to 400 v at 180°C maxi-
mum operating temperature. The
units are hermetically sealed in a
stud mounted package with eyelet
terminal (40 HF and IN3209 series)
or flexible lead (41HF series). They
can be supplied in standard (cath-
ode stud) or reverse polarity con-
figuration. Stud thread is % in.-28
UNF-2A.

Junctions are made by the dou-
ble diffused process and hard
solder is used in the junction as-
sembly. These features assure a
highly reliable device under me-
chanical and thermal shock.

For higher power applications,
the 40 and 41HF series offer low
d-c leakage current of 3.5 ma maxi-
mum at rated prv; 150°C junction
temperature; nonrepetitive surge
current rating of 350 amps and the
ability to operate at up to 1,000
cps without derating.

Devices are available in quantity
at $1.30 to $2.85, depending on prv,
for quantities up to 99.

International Rectifier Corp., 233 Kan-
sas St., El Segundo, Calif., 90246. [375]
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Eastman Kodak Company
Special Applications

Rochester, New York 14650

This is one way \} get an answer

This is
another

Your need for data capture is specific to the job at hand, and photog-

raphy is a possible answer. So you put your problem to us in a letter g ;%55327(}& 1
(a phone call to 716-325-2000, Ext. 5129, may do just as well). If \§ \ o 59 i

the photographic method is not a practical answer for you, we tell
you so. If it is, we get you together with the two or three photo-
engineers on our staff who are best qualified to respond to your
special requirements.

We can extend this broad-gauge invitation because a new line of
Kodak films designed for quick, compact, fuss-free processing offer
a new potential for removing the nuisance aspects of photorecord-
ing and leaving only its great benefits. Now we are ready for many
high-volume data-recording applications. Yours may be one.

Kodak
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NEW MAGNETIC RELAY
plugs into your PG board!

NO Springs, NO Wiring,
NO Sockets, NO Soldering,
NO Mechanical Linkage

Printact

Standard Series G
Latching Series LS/LD

actual size)

Plated Conductors on Your PC
Board are the Fixed Contacts

Save SPACE, MONEY and MANHOURS with
these new small, lightweight, highly reli-
able Standard and Latching PRINTACT
Relays.

Available with Bifurcated Palladium or
Gold Alloy contacts for more than 10
million cycle 2 or 3 pole switching. Han-
dles up to 3 amp. res. loads. Coils for 6,
12, 24 and 48 vdc at 500 mw. Operating
temperature —30°C to +95°C. Operate
time 7 ms. The little gem is an 0.8 0z. %"
cube.

Quality features include: double-break
contacts; balanced armature, enclosed
housing, plug-in application; encapsu-
lated coil; self-wiping contacts and in-
herent snap-action —and the cost is
lower than you think!

Lrecdlone

s MAIL COUPON TODAY:===mcmmmg

PRINTACT RELAY DIVISION
47-37 Austell Place
Long Island City, N.Y. 11101

[] Send Printact data and prices.
[l Have your local rep. call.

Name. Title.
Firm Tel. #
Address.
City.
148 Circle 148 on reader service card
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Thermopiles measure millijoules, gigawatts

In many laser applications, it is
necessary to determine accurately
the laser’s output energy and
power. One such application is
high-power laser radar, where the
range of the system is dependent
on the beam’s intensity. TRG, Inc.,
is making two new ballistic thermo-
piles that can measure laser ener-
gies from millijoules up to 1,000
joules in the normal mode, and
peak powers up to a gigawatt.

The thermopile is an arrange-
ment of two bright nickel-silver
plated cones—one to receive the
laser beam and another to provide a
reference standard. The laser beam
enters the receiver cone, whose sur-
face is specially coated to prevent
the cone from being destroyed by
the beam, and is almost totally ab-
sorbed, its energy being transferred
to the cone as heat. The dimensions
of the cone are selected so that it
behaves like a black body, or per-
fect absorber.

Iron-constantan thermocouples
connected in series, have their hot
junctions connected to the receiver
cone and their cold junctions to the

reference. The temperature differ-
ential between the receiver cone
and the reference causes electro-
motive force (emf) to be generated
in the thermocouples; it is read out
on an externally connected micro-
voltmeter. The peak emf (in micro-
volts) is linearly related to the total
pulse energy (in joules) by a fixed
calibration factor set for each unit
(in microvolts per joule) by the
manufacturer.

The model 107 thermopile can
measure the energy of lasers up to
about 300 joules. It has a receiver
cone of one-centimeter diameter,
which means it can measure the
output from most laser systems
without requiring a focusing lens,
thus eliminating the problems of air
sparking and lens losses.

For energy levels greater than
about 300 joules, the laser beam
more than fills the input-cone aper-
ture of the model 107. To measure
these very powerful lasers, it is nec-
essary to use the model 108.

Model 108 has a two-centimeter
aperture and a photodiode (rise
time, 4 nanoseconds) to receive a
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mact \ €asily adapted to

Tektronix

sailoscope/ — PArticular needs

Here's a high-performance oscilloscope featuring opera- TVFE e Alosin ose dax
tional simplicity and versatility through a new series of plug- e eI
in units. Presently, you can select from 12 amplifier units

and 5 time-base units. -] 19 e
. EmEEg ©
Knowing your application area, you select those units that 1 1 — e

fit your needs. Some of the plug-in unit combinations avail-
able include those for low-level, differential, multi-trace and
sweep-delay applications.

Special-purpose plug-in combinations equip the oscilloscope
for sampling applications, in which the instrument becomes
a low-drift sampling system as easy to operate as a conven-
tional oscilloscope, but with sensitivity and bandwidth possi-
ble only through sampling.

TYI 867 e
TR TIME BASE  causaanon

With any combination of plug-in units in the oscilloscope — r
including the same type amplifier units in both channels for

X-Y displays—this new value package provides you with
*no-parallax’ displays and sharp trace photography.

OSCILLOSCOPE FEATURES

NEW CRT with an internal graticule and controllable edge lighting
» regulated power supplies e« regulated dc heater supply « Z-axis
input « 3.5-kv accelerating potential = amplitude calibrator « and
operation from 105v to 125v or 210v 1o 250v. (The Type 561A operates
from 50-400 cps and the Type RM561A operates from 50-60 cps.)

Type 561A (shown in four-trace application) . . . . . . . . $500 Type 3A74/2B67 Plug-In Unit combination — illus-
Type RM561A (shown in sweep-delay application) . . . . . $550 trated with Type 561A — equips the oscilloscope for

Oscilloscope prices without plug-in units. up-to-four-trace applications.

i i 5 A Th : - Sation -3
Piug-In Units: Prices as low as $105 for vertical amplifier and $210 Witfl ?rfé”?aii-zlggn{nm%g'; C%pr;nst$5%1Alizgiszg

for time-base generator. the oscilloscope for high-sensitivity, dual-trace opera-
U.S. Sales Prices f.0.b. Beaverton, Oregon tion and sweep-delay applications.

nowzaNTAL

TY
DUAL-TRACE
AMPLIFIER

FOR MORE INFORMATION ON EITHER MODEL OF THIS NEW OSCILLOSCOPE AND ANY COMBINATION OF PLUG-IN UNITS, PLEASE CALL YOUR TEKTRONIX FIELD ENGINEER.

P.0. BOX 500 - BEAVERTON, OREGON 97005 - Phone: (Area Code 503) 644-0161 - Telex: 036-691

Tektronix, Inc. / TWX: 503-291-6805 - Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN OVER 30 COUNTRIES

TEKTRONIX FIELD OFFICES In principal cities in United States. Consult Telephone Directory
Tektronix Australia Pty., Ltd., Melbourne; Sydney « Tektronix Canada Ltd., Montreal; Toronto
Tektronix International A.G., Zug, Switzerland « Tektronix Ltd., Guernsey, C. I. » Tektronix U. K. Ltd., Harpenden, Herts
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TRANSISTORISED OSCILLOSCOPES
1Mc/s to 100 Mc/s

FOR LABORATORIES ¢
340 A

Cablnet (340 A) or Rack-Mounting (340 AR) model! ’
The unit includes : 1 vertical amplifier

1 horizontal amplifier

1 calibrator 0.2 mV at 100 V at 1 Kc/s Accuracy : 2%
1 delay line 120 nsec

1 cathode-ray tube

1 power supply

The unit can be equipped with :

1 set of time-base plug-in units : BT 210 and BT 110
1 set of plug-in vertical amplifier

P 1100 and P 280 - Soon available: P 110 - DP 100

e PORTABLE
345 A

Vertical amplifier

Bandwidth : 0-9 Mc/s Deviation coefficient ¢ 50 mV/div
Sweep system : free-running or triggered
Sweep coefficient : 1 s/div to 0.2'y sec/div -
Magnifier X5 : 0.04 " sec/div

Cathode-ray tube

Diameter : 7 cm - Acceleration voltage : 3.8 ky
Power requirements

a) Mains supply : 110/220 v - 50 to 400 cps

b) DC. 7.2-10 v and 10-12 v

Power consumption : 2.25 A approx.

349 C

Vertical amplifier
Bandwidth : 0-2.5 Mc/s Deviation coefficient : 50 mV/div ’
« 8cps - 2.5 Mc/s » » 10 mV/div
Sweep system
Sweep coefficient : 10 msec/div to2 \zsec/div
Triggering : automatic, internal + or - external sync.
External triggering : minimum voltage : 10 V peak-to-peak
Horizontal amplifier
Bandwidth : 0-50 Kc/s Deviation coefficient: 7 V/div
Cathode-ray tube Diameter : 7cm
Power requirements
Mains supply : 110220 V - 50 cps or DC: 5V to 9 V

INTER-PLANS

1 BT 210

| S

| 2identical Eeu s

il time-bases G-ro-s,‘ BT 110
| 5 sec/cm o= 1 DP 100 . @ one single

. to 10 nsec/cm en time-base

®
9 0-100Kc/s

00 0o @
- - "-‘\4 o

=1 As delaying sweep: : “sa 5 sec/cm
% Max delay: 100 sec < © . 100 pViem O_OOQJ to 10 nsec/cm
P ey ¢ 8 )
3 g ©
O ¢ ., °“ E
1@ G L P 1100 Q" e P 280
palice 1 * J‘i.{_’ 2 identical
| e .=  Bandwidth @ 5| amplifiers
1"5.0..‘1 Pt s@ | 0-100 Mc/s o ;. 0-80Mcis
.o # ™  Rise-time 3,5 nsec k2 Rise-time 4,5 nsec

& 0-10Mcss {
L.“-.___E.Zj 1 mV/em &

OTHER PRODUCTS : GENERATORS, OSCILLOSCOPES CAMERAS,...

RIBET-DESJARDINS

Measure and Control Department -13-17,rue Périer MONTROUGE/PARIS-TEL: 253 24-40

', 5 and 50 mV/cm ) 5and 50 mVicm
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New Instruments

small fraction of the light input.
Pulse wave shape is observed on
an oscilloscope that can be con-
nected to the rear panel of the unit.
The pulse width divided into the
energy (from the voltmeter) gives
a peak power value.

In earlier models, the apertures
of the two cones faced in opposite
directions. But convection currents
near the reference cone created by
the beam entering the receiver cone
affected the ambient temperature
to which the reference is sensitive.
TRG’s models 107 and 108 have
the apertures facing the same way,
eliminating such inaccuracies.

Each thermopile is calibrated
against a National Bureau of Stand-
ards source. Recalibration will be
performed by the manufacturer for
a charge of $25.00.

Specifications

Maximum energy input 1000 joules

Maximum power input 1 gigawatt

Dynamic range 107

Sensitivity 35 microvolts/joule
minimum

Output impedance 100 ohms

Size 6% x %" diameter

Mounting Optical bench or
tripod

Price, Model 107 $550

Model 108 $750
Delivery Two weeks

TRG, Inc., Melville, N. Y. [381]

Six-digit indicator
shows elapsed time

An elapsed-time indicator, de-
signed for commercial and indus-
trial use, is available in three
mounting configurations. The in-
strument combines high accuracy,
ruggedness and dependability with
low unit cost. The six-digit display
can be supplied to read hours and
tenths, minutes and tenths, or sec-
onds. All models have synchronous
motors and are available for op-
eration at 6, 12, 24, 115 or 230 v
a-c, 60 cps, and for 115 or 230 v
a-c, 50 cps. Power requirement is
2.5 w nominal. Accuracy is =0.050
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LTV Military Electronics Division general manager
is Dr. Harold Goldberg, one of the electronics in-
dustry’s most versatile and experienced executives.

LTV Continental Electronics companies president is
James O. Weldon (right), America’'s first super-
power electronics communications engineer.

Through growth, expansion and diversifi-
cation, LTV Electrosystems has become an
unexcelled leader in defense electronics, spe-
cializing in the design, development and pro-
duction of electronic systems having ground,
airborne and space applications. Beginning
as LTV Temco Aerosystems Division, the com-
pany developed its reputation through quick
reaction to military needs, on time and within
costs, and set a growth record by doubling
annual sales twice in less than 10 years.

Established as one of the three major sub-
sidiary companies of Ling-Temco-Vought, Inc.
at the beginning of 1965, LTV Electrosystems
has been quick to react in its new status.
Knowing a company improves its capability
best by broadening its base, LTV Electrosys-
tems acquired at mid-year the assets of two
important divisions of the parent company:
LTV Continental Electronics and LTV Military
Electronics Division.

With Continental, LTV Electrosystems ac-
quired the Free World's most experienced or-
ganization specializing in super-power elec-
tronics and a major participant in all of the

NOW_..MORE CAPABILITIES FROM
LTV ELECT

AIRBORNE
RECONNAISSANCE
AND INTELLIGENCE
SYSTEMS

ROSYSTEMS

COMMAND, CONTROL
AND COMMUNICATIONS

ELECTRONIC
WARFARE SYSTEMS

GROUND-BASED
TRACKING SYSTEMS

SUPPORT SYSTEMS
AND SERVICES

AIRCRAFT MAINTENANCE
AND MODIFICATION

SUPER-POWER RADAR
AND ELECTRONICS

s sy
LTV Electrosystems top management team includes
(front to rear) D. L. Hearn and Carl Bentley, vice

SUPER-POWER
TRANSMITTERS

presidents, and Fred Buehring, president, shown
here inside ABC?, the Airborne Battlefield Command
and Control Center built from scratch in 98 days.

SYSTEM ENGINEERING

large VLF (very low frequency) radio installa-
tions of the past decade, including Voice of
America, Voice of Polaris, and NATO VLF
installation at Anthorn, England.

With the acquisition of Military Electronics
Division, LTV Electrosystems gains a substan-
tial growth building block with established
and proven capability in guidance and con-
trols, data display and information systems,

AUTOMATED .
BROADCAST SYSTEM

GUIDANCE AND CONTROLS

DATA DISPLAY SYSTEMS  communications and instrumentation, auto-
matic test equipment, test laboratories and
advanced encapsulation.

COMMUNICATIONS Today at LTV Electrosystems you have

AND INSTRUMENTATION one primary source for total capability in the
field of electronics. It has the experience,
knowledge, facilities and resources to con-

AUTOMATIC ceive, design, engineer, manage, manufac-

ture, test and deliver high quality defense,
space and electronic systems and associated
equipment from prototype to long-production-
run quantities.

LTV Electrosystems, Inc. / A Subsidiary of
Ling-Temco-Vought, inc. / P. O. Box 1056 /
ADVANCED ENCAPSULATION Greenville, Texas.

LT\

TEST EQUIPMENT

TEST LABORATORIES

ELECTROSYSTEMS, iNC.
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B.E. WROTE
THE BOOK ON
SILICONE GREASES

o ————
TECHNICAL RAYA Ly

» Lif,@)

SILICONES

SILICONE GREASES

FOR LUBRICATION,
ELECTRICAL INSULATION,
AMD GENIRAL PURPOSE USE

SRICONE PRODUCTS DFERARTMENT
GENERAL MU . arencons, maw Yoms
% !

Lubrication . . . Need a good lubricant for
bearings, gears, and other mechanisms
under rolling or sliding friction conditions,
over temperature ranges from —100°F to
+450°F? G-E Versilube® provides a wide
choice of lubricating greases...and they
won’t evaporate, won’t bleed and won’t
washout.

Electrical Insulation . . . Need protection
against contamination and environmental
extremes for electrical insulating, sealing,
and heat transfer applications? G.E. has
Insulgrease® and Insulgel® dielectric com-
pounds that are water repellent and guard
against solid particle deposits, with a use-
ful temperature range from —65°F to
+300°F.

General Purpose . . . Need a general pur-
pose compound for any number of water
repellent and general sealing applications
where you can’t afford evaporation or
bleeding? G.E. has compounds for use as
corrosion inhibitors, non-curing seals, anti-
seize compounds, and for specialty release
applications.

As a matter of fact, G.E. has so many
excellent silicone greases for so many ap-
plications, we’ve written a book about it.
It’s a 20-page Technical Data Book loaded
with information such as physical and elec-
trical properties and applications. And it’s
yours for the asking.

®Registered Trademarks of General Electric Company

Send now for your FREE copy of
G-E Silicone Greases Technical
Data Book S-21

Write to Section N9151, Silicone Products Dept.,
General Electric Co., Waterford, New York.

GENERAL @D ELECTRIC
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sec per start-stop operation at rated
voltage and frequency. Ambient
temperature range is —20° F to
140° F. The rectangular case meas-
ures 2% in. wide by 2% in. high
by 2% in. deep and can be mounted
in front of or behind the panel.
Bezel dimensions are 27 in. each
side for the square mount and 32
in. diameter for the circular. Case
depth is 244 in. for each.

The A.W. Haydon Co., 232 North Elm
St., Waterbury, Conn., 06720. [382]

Analyzer evaluates
bit synchronizers

A self-contained bit synchronizer
analyzer requires no external test
equipment. It measures and dis-
plays bit error rate and sync acqui-
sition time directly on a decimal
display.

The versatile model BA-101 can
accept a wide range of bit rates
from 1.2 to 1.2-million bits per sec-
ond and provides a means of eval-
uating operation of a pem bit syn-
chronizer (signal conditioner) for
preflight confidence checks or other
analytical purposes. The analyzer,
with a built-in pem test simulator,
has been designed so that a syn-
chronizer may be performance-
tested under specified test condi-
tions or using a range of conditions
that may exist during operation.
Variable signal-to-noise ratio from
—10 to +20 db can be selected
along with transition density of
1-to-2 up to 1-to-64. Transition den-
sity consists in the number of
changes in code per unit time re-
quired for sync acquisition.

The analyzer has a built-in gaus-
sian noise source and allows meas-
urement of minimum signal/noise
required to acquire synchronization,
sync acquisition time, minimum
signal/noise required to maintain
sync, transition density to acquire
and maintain sync, and data error
rate.

The bit synchronizer analyzer
has output terminals for monitor-
ing and recording test results and
has low Z output of variable ampli-
tude and d-c offset.

Defense Electronics, Inc., Rockville, Md.
[383]

NEW

This indicator
operates
without decoders
or drive circuits

If your output data is coded 2 out
of 5, you can use the new MAGNE-
LINE 26000 Series digital indi-
cators without drive circuits or
decoders. This new series also has
these MAGNELINE features: long
life, reliability, inherent memory,
and excellent readability in all
kinds of light.

Write (or phone 203-756-3636)
for further information and free
literature.

ELECTRONICS

A DIVISION OF
YTHE PATENT BUTTON COMPANY

WATERBURY, CONN. 06720
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Introduction to Ra-
dar Systems, by M.

i Publisher’s
Price, $14.50. Club
Price, $12.35.

Handbook of Semi-
conductor  Electron-
ics. Edit. by L. P.

Nonlinear - Magnetic
Control Devices, by
W. A. Geyger. Pub-
lisher’s Price, $12.50.
Club Price. $10.65.

Electrical  Engineer-
ing for Professional
Engineers’ Examina-
tions, by J. D. Con-
stance. Pub. Price,
$10.00. Club Price,
$8.50.

Sin r le Sideband
Principles_ and Cir-
cuits, by E. W. Pap-
penfus, W. B. Bru-
ene, and E. 0. Schoe-
nike.  Pub. Price,
$15.00. Club Price,
$12.75.

MAIL COUPON

AT RIGHT TODAY

fMathematles

or Electronics with
Applications, by H.
M. Nodelman and F.

W. Smith, Jr. Pub.
Price, $7.00. Club
Price, $5.95.

for.only

Electronic Designers’
Handhook. edit. hy

£3
®
3
-3
@
Gt
o
0,

1 Inte-
Circuitry, hy
Schlabach and D

and
Rider. Publisher's

Price, $13.50. Club
Price, $11.50.

Control Engineers’
Handbook, by J. C.
Truxal. _Publisher’s
Price, $23.50. Club
Price, $19.95.

Tunnel-Diode and
Semiconductor  Cir-
cuits, edit. by J. M

Carroll.  Publisher’s
Price, $9.75. Club
Price, $8.30.

Electronics | September 6, 1965

Transistor Circuit  Electronic Amplifier Electronic Measuring Modern Digital Cirs Electronic and Radio
Design, prepared by Circuits, by J. M. Instruments, by H. cuits, by S. Weber. Engineering, by F. E.
Engrg. Staff of Texas Pettit and M. M. Mc- Soisson.  Publisher’s Publisher's Price, Terman. 4t_h Ed.
Instruments Inc. Whorter., Publisher’s Price, $7.50. Club $9.50. Club Price, Publisher’s Price,
Pub. Price, $15.00. Price, $10.50. Club Price, $6.40. $8.10. $16.00. Club Price,
Club Price, $12.75. Price, $8.95. $13.60.

$ 100

To NEW MEMBERS
of the

Flectronics and
Control Engineers’
Book Club

SAVINGS UP
TO $22.50

How many of these books do you
wish you had at Club savings?

Select one for JUST A DOLLAR! Choose from Electronic Designers' Handbook, Modern
Digital Circuits, Electronic Amplifier Circuits, Nonlinear-Magnetic Control Devices, and eleven
other valuable books . . . your introduction to membership in the Electronics and Control Engi-
neers' Book Club.

If you're missing out on important technical literature, if today’s high cost of reading curbs
the growth of your library—here’s the solution to your problem. The Electronics and Control
Engineers’ Book Club was organized for you, to provide an economical technical reading program
that cannot fail to be of value to you.

All books are chosen by qualified editors and consultants. Their thoroughgoing understanding
of the standards and values of the literature in your field guarantees the authoritativeness of
the selections.

HOW THE CLUB OPERATES

You regularly receive free of charge The Electronics and Control Engineers’ Book Bulletin as
issued. This gives complete advance notice of the next main selection, as well as a number of
alternate selections. If you want the main selection you do nothing; the book will be mailed to
you. If you want an alternate selection . . . or if you want no book at all for that two-month
period notify the Club by returning the convenient card enclosed with each Bulletin.

SAVES YOU TIME AND MONEY

We ask you to agree only to the purchase of four books over a two-year period. Certainly out
of the large number of books in your field offered during this time there will be at least four you
would buy anyway. By joining the Club you save yourself the bother of searching and shopping,
and save in cost about 15 per cent from publishers’ prices. Send no money now. Just indicate
any two books you want—one for only $1.00 and one as your first Club selection—in the coupon
below. Take advantage of this offer #ow, and get two books for less than the regular price of one.

CLIP AND MAIL THIS COUPON TODAY _

The Electronics and Control Engineers’ Book Club,
Dept. L823X

330 West 42nd Street, New York, N.Y. 10036

Show 2
book

numbers:  #1 dollar
and #2 for Club selection
CJ Intro. to Radar Systems, $12.35

[ Math. for Elec. with Appli., $5.95

(] Transistor Circuit Design, $12.75

[ Elec. Amplifier Circuits, $8.95

for

Please enroll me as a member of the Electronies and Control Engi-
neers’ Book Club. I am to receive the two books I have indicated
at right. You will bill me for my first selection at the special club
price sl;d $1 for my new dln;;ml)('rship book'.nnlmhlogul tax, amll a [J Elec. Measuring Instrmts., $6.40
tew additional cents for delivery costs. (The ub assumes this : Py

charge on prepaid orders.) Forthcoming selections will be described O] Modern n'ui,m' Circuits, $8.10
to me in advance and I may decline any book. T need take only 4 CJ Elec. & Radio Engrg., $13.60
selections or alternates in 2 years of membership. (This offer good [J Hdbk. of Semiconductor Elec., $16.55

in U. S. only.) ] Nonlinear-Mag. Ctl. Devices, $10.65
(] Elec. Engrg. for P.E. Exams., $8.50
PLEASE PRINT (] Single Sideband Prin. & Cts., $12.75
NP ot aiisnans simamemsicove mme vioe walssors hihls/snssessvise/veisius ploes (m) Elesc;rsunic Designers’ Handbook,
15.

A.ddras, ......................................... I g R 01 Printed & Integrated Cty., $11.50
CHY ' oSt s e Saamermisre a4 6 Rfgtel S0t Zip Code. ......... O Control Engineer's Hdbk., $19.95
Company .. R T T A T T LY e B S (J Tunnel-Diode & Semi. Cts., $8.30

5 If not completely satisfied, you may return vour first shipment within 10 days
NO RISK GUARANTEE: and your lll(‘lll')(‘l‘sl\l‘ip ‘\\'ill be canceled. L823X

e e e e e
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@ CROSS BAR
Y IRE

SELECTOR=
SWITCH

10 Sliders

® PROGRAMMING

20 Contacts
HH @® CIRCUIT DESIGNING

200 Switching ® TESTING
Combinations ___ @ BREADBOARDING

L= -

N Each module
, V%47 x 35" x 5%”

\

Expendable modules—up to 1000
combinations

Positive detent positioning

QC terminal connections

® Rapid circuit selection

Circuit Flow

Electrical capacity?

1. Current carrying only (no make or break)
3 amp 125 V AC or DC

2. Make or break
1 amp 15V DC, 150 m.a. 125 V AC

The complete snap-action switch line

®
Cherry Electrical Products Corporation

P.O. Box 437-12 Highland Park, lll.
IN CANADA: BARRY ELECTRIC LTD., REXDALE, ONTARIO
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Low Prices and Stock Deliery

DC to 60 Cycle
Power Inverters!

The CML Series MNS pro-
vide low distortion sine
wave outputs at 115 V rms
with power ratings of 50
VA to 2 KVA, input of 22-30
volts DC.

Model Output VA Price
MNS-50 50 $ 370
© Frequency regulation
of 0.5% MNS-100 100 395
¢ Overload & Short =
Circuit Protection s 20 i
* Protected Against MNS-1000 1000 1,525
Input Polarity Reversal
MNS-2000 2000 2,700

* High Efficiency

White today for Bultbtin DA-65
CML,Inc.

A Subsidiary of Tenney Engineering, Inc.
350 Leland Avenue e Plainfield, New Jersey
Telephone (201) 754-5502 ® TWX: 201-756-2064

Circle 206 on reader service card

VOLTAGE
REFERENCE
AND
REGULATOR

TUBES
Tolerance

Z82R7
82 Volts =1V

GENERAL SPECIFICATIONS

TUBE NUMBER * Z82R7 Z105R7
Maximum DC Breakdown Voltage

(in dark or light) 110 160
Average 102 150
Reference Voltage (DC) 821 105+ 1
Measured at 2.0 ma. 2.5 ma.
Voltage Regulation — limits for 0.25 to 0.6 to
less than 1 volt variation 7.0 ma. 7.0 ma.
Temperature Coefficient (typical) —2 mv/°C —9 mv/°C
Maximum Operating Current 10.0 ma. 10.0 ma.
Minimum Operating Current

as shunt regulator 0.25 ma. 0.5 ma.

in parallel with capacitor 0.45 ma. 1.3 ma.
Life Expectancy (Hours) 30,000 30,000
Typical Variation at 250 Hours Less than Less than

2% 0.6%

Used in oscilloscope calibrators, digital voltmeters, regu-
lated power supplies, and dc amplifiers. Provide the
advantages of close regulating voltage control, low tem-
perature coefficient, miniature size, low price and high

reliability.
TLCl].dE INCORPORATED

e Sﬁ;gé Sowree tor
A Gl Lins

NEPTUNE. NEW JERSEY | AREA CODE 201- 775-2480 + TWX 201.775.2255
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New Subassemblies and Systems

Majority-logic computer from Japan

A desk-sized computer built with
components that work with ma-
jority logic instead of AND-OR
logic will be available in the United
States for the first time. The com-
puter is the NEAC 1210, built by
the Nippon Electric Co., of Tokyo.
The basic majority-logic circuit
is the parametron, a device whose
output state depends on the state
of any two out of three inputs. The
parametron is a resonant circuit
containing a ferrite core and a ca-
pacitor, which makes it very cheap
and reliable. The signals with
which the parametron operates are
electric oscillations that are either
in or out of phase with a reference
oscillation; these oscillations cor-
respond to the 1 and 0 states of
conventional computer logic, repre-
sented by voltage levels or pulses.
Logic functions generally can be
implemented in majority logic with
fewer circuits than in conventional
AND-OR logic. The binary output
Z of a majority-logic device with
three binary inputs A, B, C can be
expressed as
Z = (A and B and not-C) or (A and
not-B and C) or (not-A and B
and C) or (A and B and C)
or in Boolean algebra
Z — ABC 4 ABC 4+ ABC + ABC
This can be mathematically sim-
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plified to

=AB+BC+ AC
which is read as
Z = (A and B) or (B and C) or (A

and C)

This function would require nine
diodes and up to four transistors
in conventional logic.

Some logical functions cannot be
conveniently built in majority-logic
elements; for these functions, pa-
rametrons can perform ordinary
AND-OR logic if required. If one
input of a three-input parametron
is permanently connected to a logi-
cal 0, then both the other inputs
must equal 1 for the output to equal
1, and the device has become a
simple AND, Likewise, if one input
is permanently connected to a logi-
cal 1, then the output equals 1 if
either remaining input is 1, and
the OR function is realized.

The parametron was invented in
1954 by Eiichi Goto, a Japanese
physicist, and has been used in a
number of different computers built
by Nippon Electric. None of these
has been offered in the United
States up to now.

The 1210 has a magnetic drum
memory for storage of data and in-
structions. The memory has a ca-
pacity of 3,000 decimal digits and
an average access time of about

AMPERITE

Thermostatic
DELAY RELAYS

ml B
AMPERITE
DELAY
RELAY

0

Only a glass seal

offers true hermetic sealing
... assuring 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 climate changes . . .
SPST only—normally open or normally closed . . . Com-
pensated for ambient temperature changes from —55° to
+-80° C. . .. Heaters consume approximately 2 W. and
may be operated continuously . . . The units are rugged,
explosion-proof, long-lived, and—inexpensive!

TYPES: Standard Radio Octal, and 9-Pin Miniature.
List Price, $4.00

PROBLEM? Send for Bulletin No. TR-81

ANPER

BALLAST
REGULATORS

(W) e
I |
AMPERITE
REGULATOR,

VOLTAGE OF 4V ' WITH AMPEIRITE
BATTERY & CHARGER | VOLYAGE VANIES
VARIES APPROX. | ONLY

30% : 2%

Hermetically sealed, they are not affected by
changes in altitude, ambient temperature (—50°
to 470° C.), or humidity . . . Rugged, light,
compact, most inexpensive . . . List Price, $3.00.

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

AMPERITE

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

In Canada: Atlas Radio Corp., Ltd.,
50 Wingold Ave., Toronto 10
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7ecv. THERMOCOUPLE
REFERENCE UNITS

“ 5
ACROMAG 32! {
seRAL NO. anst

@ ELIMINATES ICE BATHS
@ ELIMINATES WARM-UP

@ CONVERTS MILLIVOLT
RECORDERS TO TEM-
PERATURE IN 5 MINS.

@ PERMITS USE OF COPPER
e TRANSMISSION LINES
TYPICAL 320 SERIES REFERENCE UNIT

(Shown without enclosure)

A new concept in thermocouple reference units. Provides easy-to-use
ice-point compensation, instantly. Eliminates batteries and warm-up time
forever. They install in five minutes. Available in all standard thermo-
couple materials. Immediate delivery from stock, Supplied ready to use,
with enclosure, List Price, only $75.00.

Request Technical Bulletin N0.32 « v o o o

> ACROMAG

i N C OR®PORATED

DETROIT, MICHIGAN, 48239
TELETYPE 313-538-4536

15360 TELEGRAPH ROAD

acromag
TELEPHONE (313) 538-4242

New Subassemblies
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NEW!..a NOW!
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Polyolefin Shrinkable Tubing

PENNTUBE'YV

from
PENNSYLVANIA
FLUOROCARBON
COMPANY

we are your best bet
for electronic materials

“What did you say?’’

“WESAID, WE ARE
YOUR BEST BET
FOR ELECTRONIC
MATERIALS!”

We are a primary fabricator and
supplier of high purity metals and
alloys, compound semiconductors
and thermoelectric cooling
materials.

PHONE AREA CODE 509 747-6111
TWX 509-328-1464 Telex 032 610

IMMEDIATE SHIPMENT BY AIR PRE-PAID

2:1 shrink ratio.
Meets

all applicable
specifications.

> Write for product data
sheet and free sample
NOW!

PENNSYLVANIA
FLUOROCARBON CO., INC.
Holley Street & Madison Ave.,
Clifton Heights, Pa.
Phone: (215) MAdison 2-2300
TWX: 215-623-1577

Export Dept. Room 5710 Empire State Bldg. N.Y. 1, N.Y.

TEFLON FEP
com‘"co PRﬂDUCTs, INC- One source for: Shrinkable
electronic materials division (Penntube-IISMT)
g . TEFLON* TFE IRRADIATED
818 West Riverside Ave., Shrinkable Polyolefin Shrinkable
Spokane, Washington 99201 (Penntube-I-E) |  (Penntube¥)
*Du Pont Reg. T.M. {Penna. Fluorocaroon Reg. T.M.

6603
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20 milliseconds. This is slow com-
pared to all-electronic machines,
and places the 1210 on the border-
line between small computers and
elaborate accounting machines. A
software package is available with
the machine to assist with the solu-
tion of many different types of
problems such as discounting of
bills, daily accounts, financial state-
ments and dividend calculations.
The machine will sell for $8,000.

Specifications

3,000 decimal digits
20 milliseconds,
average
Long—12 digits (11
plus sign)
Short—8 digits (posi-
tive only)
Instructions—number 24
format Single address
Internal coding Fixed-point
binary coded decimal

Memory capacity
Memory access time

Word length

Execution times
Add: 13 milliseconds (plus access tlme)
Multiply: 30 milliseconds ( ’ )
Divide: 760 milliseconds ( ’ - =3
Input-output
Electric typewriter, 250 characters per minute
Paper tape | 520 char/min input
Edge-punched cards/ 700 char/min output
Power requirements 117 volts a-c, single
phase, 50-60 cps
1 kva or less

Nippon Electric Co., 200 Park Ave., New
York, N.Y. 10017. [401]

Highly regulated
d-c power module

The MS series all-silicon, d-c
power module will be highly regu-
lated in the range of +0.25%, and
with ripple and noise less than 1
mv. Response time is 50psec and
dynamic impedance is 0.0005 ohm.
Operating as a free-standing unit,
the device is self-cooled and re-
quires no additional heat dissipat=
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ing devices, enabling it to operate

i to S1°C ‘GRAPHIC VISUAL CONTROL,

Protection devices include auto-

matic electronic current limiting, . o M I c R o WAVE
short circuit protection and auto- - dopoaoGoeB= 80 g0
matic overload protection. The secosSpenRss

module features remote sensing, Eiicoact
output voltage adjust, remote volt- Nl T MEAS U REMENT

age programing, and remote cur- ONCOCNROROE
rent limiting. It is available in ; S T SERVICE
voltage ranges from 3 to 100 v, in Gani

amperage ranges from 100 ma to Providing both AM

12 amps. Price is from $94 to $275. ;
Perkin Electronics Corp., 345 Kansas and FM Noise
Measurements of

St., El Segundo, Calif. [402]

You SEE How To Get Things Done CW Microwave
With The BOARDMASTER System Sources, starting
You see a Graphic Picture of your ;

operations, spotlighted in color. You September 1, 1965.
have facts at Eye Level. Saves time,
cuts costs and prevents errors. i S s

Ideal for Production, Maintenance,
Scheduling, Inventory, Sales, Traffic,

Personnel and many other uses. Accuracy of Measure-

Simple and flexible tool. You write ments: =1 db from 1
or type on cards and post on board.
All cards are interchangeable. to 100 kc/s.

Compact and Attractive. Made of
Aluminum. Over 1,000,000 in use. i

c | e 50 ludi
omplete Price 49 Including Cards Write or call today for

FREE 24-Page BOOKLET No. C-10 complete information.
Mailed Without Obligation

Silicon modular o et [sPECTRA [T ELECTRONICS |
. GRAPHIC SYSTEMS P.0. Box 85 - Los Altos, Calif. 94023 - (415) 948-4998

power Supplles \ 925 Danville Road ¢ Yanceyville, NC.) |. i g
Circle 210 on reader service card Circle 211 on reader service card

A line of all-silicon, modular power
supplies has been announced for
bench or chassis use. The LM
series has multiple current ratings
based on ambient temperature of
40°, 50°, 60° and 71°C. Included
are 22 models in four package
sizes, with voltages up to 60 v d-c,
0.08 amp to 8.3 amps. All models
meet rfi specifications per MIL-I-
16910 and also meet military en-
vironment specifications for vibra-

ULTRA-COMPACT
CRYSTAL FILTER
Oto |'l.5 IVIIEG. Ii?A * Lo

tion, shock, temperature shock, - 2 2 30
altitude, quality and marking. 56" square x 1732

LM series models are remotely re range: —30°C t DE
programable—200 ohms per volt J :
over the voltage range. All units Other fi s

have a-c input voltage and fre-
quency range of 105 to 132 v a-c,
45 to 440 cps. Temperature coeffi-
cient is 0.03% per degree centi-
grade. Line regulation is 0.05% --
4 mv; load regulation 0.03% -+ 3
mv. Ripple is 1 mv rms, 3 mv peak-
to-peak.

Units are protected against short
circuit, electrical overload and ex- | -10 3 b w0 +5

cessive ambient temperatures. .
CTS KNIGHTS, INC.

There are no voltage spikes due
(Formerly the James Knights Company)

to “turn-on, turn-off” or power
SANDWICH, ILLINOIS

failure. Prices start at $79.
‘a subsidiary of CTS Corporation, Elkhart, Indiana

Lambda Electronics Corp., 515 Broad
Hollow Road, Melville, L.I., N.Y. [403]

PRODUCTS [KNIGHTS
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500 ke

all silicon
Bi-Directional

Gounters

Model 658, 7 digits with
polarity sensing, only 3'4” high.

Janus Bi-Directional Counters, Series
600, are available with and without
polarity sensing for use with machine
tool control systems, process control
systems, guidance systems or any
application requiring the comparison
of two input signals such as shaft
encoder outputs, accumulation of
pulses from one or two sources and
the addition or subtraction of random
input pulses.

These instruments not only count
in both directions at 500 kc but
reverse without error at this maximum
counting rate. Bright, clear, in-line dis-
play is provided for convenient wide
angle viewing.

Series 600 Counters are available
in 4 to 8 digit models and up to 6
digits in dual packages for convenient
two-axis measuring. A few of these
other options include printer outputs,
preset capability and input sensitivities
as low as 25 millivolts peak for both
inputs.

Price Range: $895 to $2795.
Availability: 30 days A.R.O.

The Next Time You Need Counters
Count on JANUS

JANUS CONTROL CORPORATION
HUNT ST., NEWTON, MASS. TEL. 926-2670
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New Microwave

X-band transmitter boosts power output

Anticipating the need of communi-
cations systems manufacturers for
off-the-shelf components to design
into satellites and space vehicles,
TRW Systems has developed a
miniature solid state transmitter
for up to X-band frequencies.

In addition to space vehicle com-
munications the miniature trans-
mitter can be used for telemetry,
guidance, rendezvous and tracking.
It weighs only four pounds and oc-
cupies 60 cubic inches. Power out-
put is 17.5 watts at 325 megacycles
and decreases with frequency to
one watt at X band, which TRW
says is twice the power output pre-
viously attainable at X band. The
company hopes to boost the r-f
power output to 2.5 watts at 10.4
gigacycles, and says that any of the
present units can be retrofitted
when increased power capability is
available.

Depending on the user’s require-
ments, modulation for the transmit-
ter can be either phase, frequency
or pulsed.

Reliability calculations show that
the transmitter has a mean-time-
between-failures (mtbf) greater
than 60,000 hours.

The X-band transmitter fre-
quency is obtained by tripling the
output of a 108-Mc crystal oscilla-

tor in an idler circuit developed by
TRW engineers, and then doubling
the idler frequency five times with
dual varactor doubler circuits. Only
a few milliwatts of r-f drive power
are required. Output frequency
may be lowered and power in-
creased by removing doublers. For
example, the unit can provide 6
watts at 2.6 Gc and 17.5 watts at
325 Mc.

Specifications

67 watts d-c

17.5 watts at 325 Mc

6 watts at S band

1 watt at X band

Phase, frequency or pulsed
On request

4 to 6 months

Input power
Output power

Modulation
Price
Delivery

TRW Systems, Redondo Beach, Calif.
[421]

Frequency diplexer
employs YIG sphere

Simultaneous skin-beacon missile
tracking without the necessity for
receiver time-sharing is one of the
applications for the model D16C1-
12 diplexer. The unit employs a
YIG sphere and works on the prin-
ciple of a gyromagnetic coupling
filter to obtain the band separation.
The skin and beacon frequencies

Electronics | September 6, 1965



Cut your wire preparation costs with
high-speed wire strippers

Eubanks wire strippers are noted for easy set-up
changes, high-speed operation, and clean stripping
without nicking or scraping. Whether you need bat-
tery cables, printed circuit board jumpers, leads for
electric watches, coaxial cables, or washing machine
harnesses, chances are excellent that we have a
machine to meet your requirements. Pictured is our
Model 87 Utility Wire Stripper, which produces up
to 12,000 leads an hour. Write for free information
on this and other Eubanks wire stripping machines to
Eubanks Engineering Co., 225 W. Duarte Rd,,
Monrovia, California.

EUBANKS

ENGINEERING COMPANY

Circle 212 on reader service card

FOR 1966

INDUSTRIAL ELECTRONICS CATALOG

Here’s the standard of the industry from Allied, the
world’s largest stocking distributor of electronic
components and equipment. 552 pages. 64,000
items, 6,000 new products. Factory OEM prices.
Same-day shipment. Get your personal copy now.
FULL CHOICE « FAST DELIVERY » OEM PRICES
Best selection of IRC resistors, including: high relia-
@ bility, metal film and wirewound precision, metal glaze
( semi-precision, fixed composition and power wire-
(RESISTHRS wound. Metal glaze and wirewound precision trimmers

in rectangular, square, round and cube styles. Com-
plete line of multi-turn pots.

e ———

For FREE catalog, check reader service card or write direct to:

ALLIED ELECTRONICS

subsidiary of ALLIED RADIO CORPORATION
100 N. Western Ave., Dept. 223, Chicago, lllinois 60680

Circle 213 on reader service card

VA RIAB[E
SOURCE?
Just

MOVE
the
PA SS

with TELONIC TUNABLE
BAND PASS FILTERS

=50 MHz to 4 GHz * Pre-calibrated

Telonic has now made your bandpass requirements a matter of
simple selection. These new Tunable Filters are available in over
50 standard versions, including 3

and 5-section types, a special
telemetry series, and even minia-
ture versions, all stock-delivery.

All models cover a full octave
and you may select a tuning
range at any frequency
between 50 MHz and 4 GHz.
But the primary advantage of
a Telonic Tunable Filter is evident
the first time you use it. All dials
are pre-calibrated at the factory; you
don’t have to extrapolate or
interpolate values or use calibration
charts; repeat settings are
accurate within = 19%.

The Standard TTF Series, the
Telemetry TTF Series and the
Miniature TTA Series all exhibit

low insertion loss, and low VSWR in
the passband. Full specifications on
all series are available on request.

————

and Microwave Data
Sllde Rule quickly
> determines
exact filter ;58 ]
type to jagsss: : INEERING CO.
I Tes?t yol;lr requ:rementlsl. A Division of Telonic Industries Inc
i g L R 480 Mermaid Street, Laguna Beach, California
Tel: (714) 494-7581 TWX: 714. 673-1120

I New Telonic Filter Design I

Benm
17

s s b i
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Linear Rise & Fall: +5% at 10ns,
worst case

Two outputs: 600ma each, 1 amp
bussed together

Low Output Capacitance: 50pf worst case,
30pf typical

Bi-Polar Output: either positive or
negative output pulses

High Voltage Output: 60V in direction of
drive; 60V back emf

New Microwave

may be brought as close as 30 Mc,
and the D16C1-12 will divide the
two into two output channels with
a 15 db minimum isolation between
channels. Greater isolation between
channels is possible for skin-beacon
separations in excess of 30 Mc.
Electronically tunable over the
5.4 to 5.9 Ge frequency range, the

tuning coils of several D16C1-12
diplexers may be cascaded and
tuned from a common driver for
use in multichannel radars. Setting
accuracy is =2 Mc with a unit-to-
unit accuracy of =2 Mc being pro-

Square Corners: 5% max deviation all
waveform corners

I"ommsuAnO
QMWQ vided in cascaded diplexer applica-
tions. An internal heater is em-
ployed for operation from 0° to
60° C. Price is $2,400; delivery, 90
m 0< days.
Sperry Microwave Electronics Co., P.O.

Box 1828, Clearwater, Fla. [422]

Co-ax dummy loads
operate at0.2t0 10 Gc

10ns fem T 200ma/cm

Three new series of coaxial dummy
loads operate in the 0.2 to 10 Gc
region and employ high tempera-
ture refractory material as the load
elements. They are available with
maximum power ratings up to 15
kw average and 40 Mw peak. The
units are supplied with EIA or JAN
flanges or type N connectors. Max-
imum vswr is 1.20.

The unfinned TT series and the
transverse-finned TV series are de-
o - signed for free air convection cool-
In corner squareness, in low output capacitance and in linearity, the ing. The TW series loads are high
Model 1720 Current Driver is way out in front in the memory test field. power, liquid-cooled units. Each

series is available in 14 combina-
/] tions of connector series and fre-
COMPUTER TEST cORPORATION |EH quency ranges. All three series are
' CHERRY HILL. NEW JERSEY priced from $400, with availability
set at 4 weeks.
Microlab/FXR, Livingston, N.J. [423]

square-cornered current pulses

Many of the newer and faster memory devices actually switch states
on the rise time of the driving pulse at or near the top corner of the
waveform. Any ambiguity in specifying or developing the pulse shape
about the 90% amplitude point, therefore, can result in significant
errors in load response making perfect correlation and repeatability
of test data impossible. This new and critical requirement in current
driver design has raised to a new level of importance the degree of
squareness of the pulse corner.

160 Circle 160 on reader service card Electronics | September 6, 1965



GRADUATE ELECTRICAL/ELECTRONIC ENGINEERS — BS, MS, PHD —
ARE NEEDED FOR PERMANENT ASSIGNMENT IN

SYSTEMS TECHNOLOGY

INFORMATION TECHNOLOGY — Radar, Dispiays
ELECTRICAL AND ELECTRONIC SYSTEMS — ECM, Reliability

STABILITY, GUIDANCE AND CONTROL — Guidance and Control,
Digital Computers, Flight Controls

SYSTEMS LABORATORY — Circuit Design, Microelectronics, Flight Test
Instrumentation, Mechanical Design

OTHER POSITIONS ARE AVAILABLE ALSO FOR QUALIFIED,
EXPERIENCED, GRADUATE ENGINEERS AND SCIENTISTS

In systems technology, capable, qualified engineers and scien-
tists are needed for assignment to research and development
projects involving space vehicles and systems, and other pro-
grams — including the F-111 Tactical Fighter. The opportunity
for advancement is immediate and continuing. We urge you to
investigate the chance to exercise your ability with a profes-
sional group that is backed by the very finest facilities. Write
to Mr. J. B. Ellis, Industrial Relations Administrator-Engineer-
ing, P.0O. Box 748-T, Fort Worth, Texas. An equal opportunity
employer.

GENERAL DYNAMICS | FORT WORTH

FORT WORTH, TEXAS
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WHAT'S NEW
in
OPERATIONAL
AMPLIFIERS
d
BURR-BROWN?

NEW FET MODULE SERIES

New FET amplifiers offering wide

bandwidth, low noise, low input

capacitance, extremely high and

extremely stable input resistance
.in 1.8 x 1.2” x 0.6"” and 1.0’ x

1.0 x 0.7” packages.

NEW FET

CHOPPER-STABILIZED UNIT

Model 1608A provides improved

low drift performance for applica-

tions requiring maximum stability,

NEW POWER AMPLIFIER

A second-generation all-silicon
power booster, Model 1634A de-
signed to increase operational am-
plifier output current capability.

NEW TRANSDUCER AMPLIFIER

A new higher-output differential
DC amplifier specifically designed
for transducer applications.

NEW FUNCTIONAL MODULES
Sample and hold, multiplier/
divider, log converters and other
new functional modules in rack
mounting packages . . . up to 16
modules per 3'/2" x 19" rack space.

SEE US AT
ISA in Los Angeles
booth #1474

NEC in Chicago
booth #535
NEREM in Boston
booth #1H66

BURR-BROWN

RESEARCH CORPORATION

INTERNATIONAL AIRPORT INDUSTRIAL PARK
BOX 11400, TUCSON, ARIZONA 85706
PHONE: 602-294-1431 « TWX: 910-952-1111
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New Production Equipment

Templates guide logic assembly

Plastic roller crimps bus strips to connect groups of terminal pins

The time required to assemble com-
puter logic boards can be reduced
by 50% if templates are used to
guide the placement and intercon-
nection of components, reports the
Bunker-Ramo Corp. The templates
allow the assembler to put the com-
ponents in place rapidly, eliminat-
ing the time it takes to consult the
wiring lists and assembly-instruc-
tion diagrams that are normally
used to guide assembly.

The techniques and tools that
Bunker-Ramo devised are now be-
ing offered as a package by Admiral
Controls, Inc., under a licensing
and marketing agreement with
Bunker-Ramo.

The board used is the type that
has pairs of spade terminals in
parallel rows. Components, such as
diodes and resistors, are mounted
by inserting their leads in the ter-
minals. Connections between com-
ponents are made by fastening
jumpers or buses to groups of ter-
minals. As buses, Bunker-Ramo
uses tin-plate copper strips that are
crimped to the pins by a plastic
roller, as illustrated. The strips are
precut in lengths corresponding to

the number of pins to be connected
in a group.

To guide placement of the buses,
their lengths and locations are
marked on long, thin lengths of alu-
minum, which fit between the rows
of terminals. The aluminum fingers
dre fastened to a bar the width of
the board, so the template can read-

Symbols on aluminum strips indicate
types of components and their
location, when template is

placed on terminal board
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a a d
gned and developed b o TOGGLE SWITCHES
Rotron enginee 2 5 ' One-piece ‘‘unitized body'’ reduces parts, weight,
eed 10 a e & 400 CPS UN,T'ZED size to @ minimum for ultra-minioture space
p on de e fo ooling BODY requirements — maintains good specs.
: _. d d pace ULTRA-T’NY Supplied with miniature bat handles or plastic
color-coded caps. Solid silver contacts and ter-
pplicatio " . ’/2 L8 S,ZE minals. Easy wiring, good soldering ability.
g ode ove ee pe 5 AMPS @ Overlood over 100%, Insulation over 100 megs
0 016 A 0 ayp hle 1 '5 VAC Breakdown over 1000V Over 80,000 on/off cycles
om 8,000 to 00 R -—
o Ervo 0 g Available immediately from ALCO stock and thru
400 or 200 V¥ s f 5 de & oh de 'MMED’ATE your local distributor in SPDT, DPDT, 3PDT,
60 CP odels availahle ez % 2 DEL,VERY 4PDT, momentary and center-off configurations.
Gesig dvallanie -_—
LOWEST SPDT $1.65 — DPDT $2.15 — 3 PDT $3.85 —
or compiete d 4PDT $4.85. Ask for O.E.M. quantity price

COST schedule on the complete line of ALCO switches.

R ronteae . W R ALcoSWITCH

REIRNN foe toast o Q‘-‘ SEND FOR FREE

CATALOG
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Lawrence, Mass. Dept. U-50

of a TRANSICOIL SOLVES
series | SERVO PROBLEMS

SERVO GEAR SCALE

CcT AMPLIFIER MOTOR TRAIN
SYNCHRO
INPUT
DATA

Transicoil radar height indicator

Transicoil designed this instrument for the APN-120 Radar Altimeter Set
aboard A3] aircraft. It provides a visual display of altitude. In addition,
two Weston meter movements warn of "OFF”, “FAIL"”, and "OVERRIDE"
conditions. ® Alfitude data transmitted from a CX in the radar altimeter is fed
to a matching CT in this assembly. A miniaturized servo, using size 8 components and transistorized amplifier
drives the CT to a null, and exhibits this output as a pointer position on an altitude scale. ® Pictured above without
case, the unit is hermetically sealed in a 3%" instrument can per AN-5727. All wiring is terminated at AN con-
nectors at the rear of the can. ® Transicoil offers an unsual capability for combining servo components into
operating servo systems. Write for our 16-page brochure, SERVO ASSEMBLIES. It describes many of our standard and
special-purpose units.

QUALITY BY DESIGN

v WESTON INSTRUMENTS. INC.
WESTON TRANSICOIL

Worcester. Pennsylvania 19490
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PRINTED CIRCUIT
DRILL for versatility
' at

NEW...Spindle feed control
provides infinite range of con-
trolled feed rates.

For prototype panels or high production
work, drill quickly and easily without
specialized labor or expensive tooling.
The Green D2 Pantograph Engraver
with D2-201 Pneumatic Attachment
provides manufacturers with a Printed
Circuit Drill having unlimited applica-
tion flexibility. Check these features:
® Spindle speeds to
26,000 R. P. M.
® Drill speeds and feeds
independently adjustable
® May be used for

p profiling and engraving
® Boards can be stacked

Ioo 4 deep for fast production

hOIeS/mm_ ® Operates on ‘““In Plant’’

compressed air or
tank air (very small
volume required)

Whatever your requirements, the Model
D2-201 is the answer —complete and
ready to operate. Write or call today
for full details.

GREEN INSTRUMENT
COMPANY, INC.

Dept. 63 © 295 Vassar Street
Cambridge, Mass.® ELiot 4-2989

drills
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Production Equipment

ily be inserted into and removed
from the pin matrix. It is removed
after the buses are crimped.

A similar template guides compo-
nent mounting. This template is
marked with symbols correspond-
ing to the type and polarity of each
component. Numbers on the sym-
bols correspond to numbered bins
holding parts. Each bin contains
one type of component with pre-
trimmed leads and the assembler
doesn’t have to stop to check parts
lists or color codes.

The parts template can be left on
the board as an inspection guide.
After leads are soldered to the ter-
minals, the template is removed by
pulling the bar, thus sliding the alu-
minum fingers out from under the
components.

The templates, which are custom
made, are available in six weeks
and cost $25 each. The bus strips
cost about 30 cents a foot and the
crimping tool $3; both are stock
items.

Admiral Controls, Inc., 4520 Cutter St.,
Los Angeles, Calif. 90039. [451]

Spray etchers rotate
in horizontal plane

A new design in a line of spray
etchers can be used to produce
more precise chemically machined
parts or printed circuit boards. The
work rack on the new machine ro-
tates in a horizontal plane.

The movement of the work be-
tween the fixed spray nozzles elim-
inates patterning and promotes a
straight down etch. Uniform dis-
tribution throughout the spray pat-
tern in addition to the etchant hit-
ting the work at 90° causes greater
resolution and precision. Increased

etchant movement on the work pro-
motes a faster etch.

Made from % in. PVC and ti-
tanium throughout, these etchers
are ruggedly constructed to accept
all common etching solutions with-
out corrosion or leaking. This new
design is available in an 18 in. by
24 in. tray size or a 24 in. by 36 in.
tray size.

Colight, Inc., 123 North Third St., Min-
neapolis, Minn., 55401. [452]

Tool straightens
component leads

Gentle handling by Delrinn plastic
inserts is featured in the model
1100 component lead straightener.
The rugged production tool has an
adjustable pedestal for operator
convenience.

Operating from 115-v 60-cps
power, the model 1100 includes in-
sert configurations to accept up to
four TO-18 leads or up to ten TO-5
leads. In addition, blank inserts are
available for preparation of special
lead configurations.

Actuating plates are dry-lubri-
cated to combine cleanliness with
long life. On the production line,
plastic inserts are effective for ap-
proximately eight hours, and are
quickly and easily replaced by
maintenance personnel.

Size of the unit is 5% in. high
by 41, in. wide by 10 in. long, not
including pedestal. Price, depend-
ing on quantity, is $625 to $695.
Macronetics, Inc., 220 California Ave.,
Palo Alto, Calif. 94306. [453]
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NEW ELGE"GO 3 BA"D 20 cps to 5 mc:
RANDOM NOISE GENERATOR

= Symmetrical
wave form

= Non-clipped
wave form

= Constant
output Z

= All Solid State
= $290

SPECIFICATIONS: MODEL 602A — GAUSSIAN DISTRIBUTION: Symmetrical non-
clipped wave form all ranges. FREQUENCY RANGES: 20 cps to 20 kc, 20 cps to 500
kc, and 20 cps to 5 mc. OUTPUT SPECTRUM: Uniform from 20 cps to 20 kc within
=1 db, 20 cps to 500 kc within =+ 3 db, 500 kc to 5 mc within +8 db. OUTPUT
VOLTAGE: Maximum open circuit at least 3 volts for 20 kc range, 2 volts 500 kc
range, and 1 volt 5 mc range. TYPICAL SPECTRAL DENSITY (with 1 volt rms output):
5 mv/ v/ cps for 20 ke range, 1.2 mv/ ¢/ cps 500 ke range, and 0.4 mv/ ¢/ cps 5 mc
range. CONTINUOUS AMPLITUDE CONTROL — FIVE POSITION OUTPUT ATTENU-
ATOR: X1.0, X0.1, X.01, X.001, and X.0001; Accuracy =+ 3% to 100 ke, +10% to
5 mc. OUTPUT IMPEDANCE: Constant 900 ohms on direct output; 200 ohms on step
attenuated output. OUTPUT VOLTMETER: 0-5 volt, calibrated to read rms value of
Gaussian noise. Operating Temperature: 0 to 50 degrees C. POWER REQUIREMENTS:
115/230 volts =+ 10,20 volts, 50 to 1,000 cps, approx. 5 watts; rechargeable battery
option available. DIMENSIONS: 5'/” high x 8% ” wide x 11” deep. Panel height for
19” relay-rack mounting is 5'”. PRICE: $290. DELIVERY: Stock to 30 days.

MODEL 602A

OTHER MODELS: 610A 10 cps to 5 mc — $1175; 603A 20 cps to 5 mc — $495;
301A - DC to 40 cps — $1995; 321A DC to 120 cps — $2095; 311A DC to 40 cps
and 10 cps to 20 kc — $2395; 312A DC to 120 cps and 10 cps to 20 kc — $2495;
331A 10 cps to 20 ke — $1295.

ELGEN C O INCORPORATED

1550 EUCLID ST. * SANTA MONICA, CALIF. « (213) 451-1635

For more than 10 years Noise Generators have been our major endeavor.
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MIAL

polystyrene capacitors
outperform micas

and other film
capacitors
...cut costs, too!

MIAL'S sealed polystyrene capacitors surpass all film
capacitors in life span...reliability...freedom from drift
...leakage resistance (more than 500,000 megs) and
“Q” factor. MIAL offers the widest range of “polys” in
production quantities.

Capacitance, 20 pF to 600,000 pF; capacitance toler-
ance from +0.3% to +=20%; temperature coefficient,
N100 and N150 +=50 PPM/°C; Voltage, 33 VDCW to
1000 VDCW.

MIAL 602
High Reliability Precision Type

MIAL 603

Printed Circuit Mounting—
High Reliability Precision Type

MIAL 610
Sub-Miniature

MIAL 611
General Purpose N150

MIAL 612
Printed Circuit Board Mounting

MIAL 613
Axial-Lead Close Tolerance

MIAL 614
Radial Lead Close Tolerance

MIAL 615
End Lead Close Tolerance

Axial Lead
Y 7
| [l Write today for new complete catalog. Gives
Polystyrene |  environmental, electrical and mechanical charac-
Capacitors ‘ teristics, charts and dimensions.
Il
o= MIAL
MIAL }‘f A ,
S ] U8 AL BEN . O

165G FRANKLIN AVENUE, NUTLEY, N.J. 07110 ® (201) 667-1600-1601
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166

WOl to repeat a setup.
Use over and over.
Ask for 12-page
COUNT

Or 37 holes! Or 2—
or 86! With press
brake or punch
press, Di-Acro Ad-
justable Punches
and Dies are quickly
arranged to fit your

layout exactly. Easy

'EM folder ... Tells
about starter-set

too. See your dis-

tributor or write us.

DI-ACRO

A Division of Houdaille Industries, Inc.
459 Eighth Ave., Lake City, Minn. 55041

Circle 166 on reader service card

New Books

Solid state

Semiconductor Junctions and Devices:
Theory to Practice

William B. Burford Ill and

H. Grey Verner, McGraw-Hill Book Co.
316 pp. $12

While intended primarily for sci-
entists, engineers and technicians
who are not working directly in
the semiconductor field, this work
will be of value to anyone seeking
a basic understanding of junction
properties and their practical ap-
plications in diodes, amplifiers and
switches. To make the material
readily understood by readers who
do not have specialized formal
training in the field, a simple, prac-
tical approach is employed through-
out. The authors avoid using
rigorous mathematical expressions
wherever possible, replacing them
with careful expositions of funda-
mental principles.

Special attention is given to the
formation of the planar junction
and its behavior in a wide variety
of single-junction and multijunction
devices.

The first six chapters cover the
broad, basic background necessary
for an understanding of the subject.
They treat, among other things,
the concept of conductivity in
metals, insulators and semiconduc-
tors as related to their band struc-
tures; the role of impurities in the
conduction process; the p-n prod-
uct concept; derivation of the Fermi
function and the relationship of the
Fermi level to the band structure
of metals and semiconductors;
formation and properties of a p-n
junction: and an examination of
junction behavior under external
bias for both symmetrical and
asvmmetrical junctions.

The meat of the book is con-
tained in the subsequent chanters,
which follow the transition of sim-
ple n-n junctions to contemporary
commercial devices. The two-iunc-
tion transistor is synthesized, and
its design requirements and cur-
rent relationships are presented;
grounded-base, grounded-emitter
and grounded-collector connections
are comnared: a black-box equiva-
lent circuit analysis is developed
for the grounded-base transistor,
and this is extended to the ground-

ed-emitter and grounded-collector
configurations; a summary of prac-
tical performance characteristics
and frequency limitations leads to
a detailed discussion of typical
commercial applications.

Recently published

Diode Reference Book, D.G. Kilpatrick,
W.A. Dittrich, M.W. Lads Publishing
Co., 261 pp., $3.95

Handbook of Laplace Transformation:
Fundamentals, Applications, Tables, and
Examples, Second Edition, F.E. Nixon,
Prentice-Hall, Inc., 260 pp., $10

Problems in Electrical Engineering for
Technical Students, B. Hamill, lliffe Books,
Ltd., 197 pp., $3.50

Electronic Systems for Convenience,
Safety, and Enjoyment, E.A. Altshuler,
The Bobbs-Merrill Co., 255 pp., $4.95

Quantum Electronics and Coherent Light,
Course 31, Edited by C.H. Townes, P.A.
Miles, Academic Press Inc., 371 pp., $16

Chemical Effects of Nuclear
Transformations, Vol. |, International
Atomic Energy Agency, 442 pp., $9

Chemical Effects of Nuclear
Transformations, Vol. I, International
Atomic Energy Agency, 558 pp., $11

Finite Graphs and Networks, An Introduction
with Applications, R.G. Busacker, T.L.
Saaty, McGraw-Hill Book Co., 294 pp., $11.50

Automatic Indexing: A State-of-the-Art
Report, National Bureau of Standards,
220 pp., $1.50

Scientific and Technical Manpower
Resources, National Science
Foundation, 184 pp., $1.25

Automatic Control of Aircraft and Missiles,
J.H. Blakelock, John Wiley & Sons, Inc.,
348 pp., $15.75

Electromechanical Control Systems and
Devices, E.B. Canfield, John Wiley & Sons,
Inc., 328 pp., $13.50

Systems Engineering Tools, H. Chestnut,
John Wiley & Sons, Inc., 646 pp., $12.95

Telemetry Systems. L.E. Foster, John Wiley
& Sons, Inc., 308 pp., $12.75

Mathematical Theory of Connecting Networks
and Telephone Traffic, V.E. Benes, Academic
Press Inc., 319 pp. $12

Basic Eleectronics ‘‘Autotext’’: A Programed
Course in Circuits, edited by J.W. Friedman,
H.G. Rice, G. McGinty, Prentice-Hall, Inc.,
534 pp., $13

Handbook for Electronic Engineers and
Technicians, H.E. Thomas, Prentice-Hall, Inc.,
427 pp., $15

A History of the General Radio Company,
A.E. Thiessen, General Radio Co., 116 pp.

In French

Les Radars de Veille Modernes,
L. Thourel, Sofradel Edeurs and Masson
& Cie., Paris, 282 pp., $13.12
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POWER PACKED PERFORMER
FOR MILITARY
APPLICATIONS

100 CFM free delivery
THIN—only 172" axial depth
Integral unit—ready to mount
Meets Military Specifications

115 VAC, 50-60 CPS, Single phase
Airflow reversible

Stainless-steel ball bearings

SPARTAN"FAN

Our answer to your demand for a

military version of the “Muffin
Fan.” The SPARTAN FAN meets
all the rigid requirements for
military ground applications. In-
terchangeable with “Muffin Fan”
mounting dimensions. Five-bladed
propeller offers larger pressure-
to-volume characteristics. Avail-
able with square fIanges to mount
to 4 holes spaced 4%" apart, or
with clamping rings for mounting
with standard motor clamps.
Write for complete details to:

AIR YOLUME-—CFM

ROTRON mfg. co., inc

WOODSTOCK, NEW YORK -+ ORiole 9-2401
West Coast: Rotron/Pacific, Glendale, Calif.
Canada: The Hoover Co., Ltd., Hamilton, Ont
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ANYTHING YOU CAN PUT ON FILM
YOU CAN DISPLAY ON IEE READOUTS

(EVEN COLORS!)
NUMBERS, LETTERS, WORDS, SYMBOLS, COLORS!

There is literally no limit to the display versatility of
|EE readouts. As rear- Fro‘ectors they operate by back-

lighting display symbols arranged on film and projecting
the selected message on a non-glare viewing screen.

VERSATILITY OF SIZES, TOO! Five sizes with maximum
character heights of 38", %", 17, 2", 3%".

SEND TODAY FOR COMPLETE INFORMATION!
INDUSTRIAL ELECTRONIC ENGINEERS, INC.

7720 Lemona Avenue * Van Nuys, California
Phone: (213) 787-0311 « TWX (213) 781-8115

KL

Representatives in Principal Cities

Circle 221 on reader service card

IN WIRE & CABLE
CONSTRUCTIONS

Wiring problems can’t always be an-
swered by standard materials, even from
the broad range of wire products available
today. Markel’s capacity for engineering
high temperature wire and cable construc-
tions to meet particular needs has grown
steadily with the demand. The toughest
requirements in temperature, corrosive
atmospheres, flexing, corona effect, etc.,
can be solved—uwith long range economy
and reliability — by specially designed
products from our FLEXLEAD Division.

Teflon, Silicone Rubber, Fiberglass, Nylon

Any combinations of insulations, shielding,
fillers, liners, and jacket materials—for tem-
peratures from —90° to 260°C—with single,
twisted pair, or multiple conductors. May
we help you solve your wiring problems?

Norristown, Pa.
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You
can

SEE
why
they're
Best...

MEPCO FH Series
Hermelically Sealed,
Glags Enclosed
METAL FILM
RESISTORS

High reliability resistors for
demanding requirements of
aerospace and military electronics
fields. Conform to MIL-R-55182.

For complete information
and detailed specifications, write:

MEPCO, INC.

Morristown, New Jersey 07960
Phone (201) 539-2000

TWX (201) 538-6709

=\/\/ -

MANUFACTURERS 0F PRECISION
ELECTRONIC DEVICES

168 Circle 168 on reader service card

Technical Abstracts

Porcelain capacitors

Factors influencing the current

rating of r-f capacitors

Robert Swart, Vitramon, Inc.,
Bridgeport, Conn.

Leslie V. Bird, University of Bridgeport,
Bridgeport, Conn.

Porcelain capacitors with axial
leads are evaluated, particularly
with respect to their ability to
handle high r-f current at fre-
quencies up to 30 megacycles.

Data shows that the uniform
structure of the porcelain dielectric
dissipates heat very effectively and
is one of the most important in-
fluences on volumetric efficiency.
The extremely low absorption of
porcelain makes it possible to take
high frequency signals without ap-
parent loss of capacity. Tests show
that the material is stable, has low
permittivity and high dielectric
strength. Capacitors were tested at
various frequencies between 3 and
30 megacycles. Plots taken of cur-
rent and voltage indicate the im-
portance of enclosing all active
electrodes completely within the
dielectric to prevent corona break-
down at high values of r-f voltage.

Tests were conducted using an
r-f generator that operated at 13.6
Mc, near the center of the test fre-
quency range. Various styles of
capacitors were arranged in series-
parallel combinations to give the
impedance that would operate all
units above the established cur-
rent rating of the tests.

As a result of the study, the
terminals of new porcelain capaci-
tors have been designed so that
there is no chance for failure due
to corona breakdown. The new
capacitors have heat-sink terminals
and are expected to find wide usage
in pi networks, r-f filters and
antenna couplers for capacitance
values between 10 and 2,000 pico-
farads. More than 65,000 unit hours
of successful test operation demon-
strated the high order of reliability
of the new capacitors under rated
conditions. All parameters remain
within the original measurement
tolerances, indicating negligible
drift under load.

Leon Glynn of the Collins Radio
Corp. conducted preliminary tests
and constructed the original meas-

urement test circuit. Eugene J.
Caires of Vitramon, Inc. performed
the rating tests and constructed
prototype models of high-current
porcelain capacitors with heat-sink
terminals.

Presented at the Electronics Components
Conference, Washington, May 5-7

Reliability in space

Reliability for manned interplanetary
travel

Roy B. Carpenter Jr.

North American Aviation, Inc.,
Downey, Calif.

The longer the mission in space,
the greater the probability of some
subsystem failures. On a round trip
to Mars, lasting 500 to 700 days,
subsystems which fail must be re-
paired; for, during 99% of the
mission, the quickest way back
to earth would be along the planned
trajectory. Any abort maneuver
would require very large changes
in velocity, which are out of the
question with present technology.

An “availability” reliability de-
sign technique, previously applied
to continuously active ground sys-
tems like the Air Force’s Sage, is
being applied to the interplanetary
flight problem. This technique pre-
dicts the probability of each sub-
system’s functioning at a specific
time in the mission. The probability
figure is based on the mean time
between failure, the length of the
mission, and the maximum time it
will take to repair the more likely
failures.

A typical subsystem for a Mars
expedition was found to have an
0.999999987 probability of meeting
its goal. The average number of re-
pairs to be expected on the mission
was computed to be 6.3, and the
average repair time was figured at
24 minutes.

The availability procedure re-
quires a detailed analysis of each
subsystem. In a few cases, allow-
able downtime is limited, since
some subsystems absolutely must
function at certain points in the
mission. Most subsystems, how-
ever, are only absolutely necessary
for short periods.

The concept of availability as-
sumes that spares can be carried to
facilitate repairs; for a Mars mis-
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For ground or airborne
military applications...

PROPIMAKX-3

e 220 CFM at 22,000 RPM—400 CPS
e SIZE: 332" x 2" (approx.)

e 115 or 200 VAC, 1 or 3 PHASE

e AIRFLOW REVERSIBLE

e BUILT TO MIL SPECS

e HIGH ALTITUDE DESIGNS AVAILABLE

Specifically designed for ground and
airborne applications where line fre-
quencies are high, size, weight and
reliability are critical and where
high heat loads must be dissipated
through air cooling. The Propimax-3
will supply large volumes of air
against relatively high static pres-
sures. Also available as Propimax 3B
for 200 CFM at 11,000 RPM—400
CPS operation and 60 CFM at 3,300
RPM—60 CPS operation. Write for
complete details to:

ROTRON mfg. co., inc.

WOODSTOCK, NEW YORK - ORiole 9-2401
West Coast: Rotron/Pacific, Glendale, Calif
Canada: The Hoover Co., Ltd., Hamilton, Ont
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SRASY we'll be glad to
tell you how.

K1 vDON swiTch &
" INSTRUMENT, INC.
1500 MERIDEN ROAD, WATERBURY, CONN. 06720
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NEW OPPORTUNITIES AT

Tﬂ.ﬂ“": has immediate openings for Electronic Engi-
neers with backgrounds in product and circuit design
experience in RF and microwave.

ENGINEERS ARE NEEDED FOR:

SOLID STATE ENGINEERING

INSTRUMENT DESIGN AND DEVELOPMENT
STATE-OF-THE-ART INVESTIGATION

NEW PRODUCT DEVELOPRAENT

TEI.nmc as the world’'s foremost manufacturer of
Sweep Generators and microwave filters, with a con-
sistent twelve-year growth record, is seeking creative,
achievement-minded personnel to be an integral part
of their continuing expansion. With locations at Beech
Grove, Indiana (suburban Indianapolis) and Laguna
Beach, California, the company offers excellent oppor-
tunities in these two desireable geographic areas.

TEI.““": INDUSTRIES, INC. produces sweep genera-
tors, attenuators, RF detectors, frequency marker
systems, coaxial switches and allied equipment.

IE'.[""[: ENGINEERING CO. provides RF and micro-
wave filters, VSWR instrumentation, wave meters,
frequency markers and varactor multipliers.

": vuu have 5 years or more experience in these
associated areas, don’t hesitate to investigate the at-
tractive possibilities at Telonic in terms of remunera-
tion, advancement, and attractive living conditions.

Please forward detailed resumes to Mr. Curtis Green at

(oo ls ENGINEERING 00,

%1,/ 480 MERMAID STREET LAGUNA BEACH, CALIFORNIA
Akt TEL: (714) 494-7581 TWX: 714,673-1120
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165, WE deler...

e of ultrahigh purity, for

e in standard or custom-blended

Air Products—the single source
for all your industrial gas and
specialty gas requirements—sup-
plies doping gases to meet your
rigid specifications.

Air Products dilutes doping
gases with ultrahigh-purity com-
patible carrier gases such as ni-
trogen, hydrogen, helium or ar-
gon to prevent contamination of
semiconductors. Standard doping
gases include antimony penta-
chloride, boron trichloride, phos-
phine, arsine, silane, and dibor-
ane. Special blends are also avail-
able per customer specifications.

Air Products professional
knowledge of cylinder preparation
compatible with the particular
nature of each dopant aids in
stabilizing mixtures. In addition,
the Company's state of the art
experience in IR Spectroscopy and
gas chromatography provides ac-
curate analysis of each cylinder.

For further information on Air
Products doping gases, or to have
a sales engineer call, please con-
tact:

Fan

foping gases!

semiconductor manufacture.

mixtures up to 109, concen-
tration.

i

Allentown, Pennsylvania
SPECIALTY GAS DEPARTMENT

170
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Technical Abstracts

sion, about 1,200 pounds of spares
would be required. Monitoring
equipment is also necessary, so
that astronauts would have time to
isolate a failure soon after it
occurred.

Presented at the 4th Annual ASME Aerospace

Reliability and Maintainability Conference,
Los Angeles, July 29.

Error control

Comparison of various

error-control techniques

A.H. Frey Jr.

Federal Systems Division,

International Business Machines Corp.,
Bethesda, Md.

There are three major modes of
error control: error detection only,
error detection and retransmission,
and forward error correction. They
can be evaluated on the basis of
information theory, or on the way
they perform in hypothetical or
actual environments.

An error-detection-only system
can be applied only in a limited
number of cases where statistical
data is transmitted, such as in
tracking or telemetry systems, and
the erroneous data can be dis-
carded. This type of error-control
is low in cost and has high reliabil-
ity. For a given statistical char-
acteristic of errors, it can be ap-
plied effectively on hf, troposcatter
or wire channels.

Error detection and retransmis-
sion systems are also effective on
any channel. With this type of sys-
tem all messages can be used, be-
cause only those messages in which
error is not detected are passed.
But retransmission systems require
a duplex facility, the major dis-
advantage, and the transmission
delay is variable. Also, channel
degradation decreases the amount
of information transmitted.

In a forward-error-correction sys-
tem, a return channel is not re-
quired, the delay is constant, and
all messages can be used. On the
other hand, this system has limited
error detection reliability. Channel
degradation increases undetected
errors, throughput is limited, and
suitable coding does not always
exist.

Presented at the IEEE Communications
Convention, Boulder, Colo., July 7-9.

PROFIT

POTENTIAL
IN 57 NEBRASKA
COMMUNITIES!

Send for

FREE SURVEYS

...now available on 57 Nebraska
communities where the ground
is rich for new industry. Au-
thoritative studies give you the
facts on labor, taxes, communi-
cations, transportation, utilities,
raw materials, community serv-
ices, local economy.

! CONSUMERS POWER DISTRICT 1
Community Development Dept.

1401 O Street, Lincoln, Nebr. 68508
Send sample survey and basic data sheet to:

|
I
I
I
I
1 NAME
|
|
|
}
|

ADDRESS
CITY.
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New Insulating Epoxy
Only 4.1¢ cu. in.!

e Low Viscosity

Remains Semi Flexible
Long Pot Life

Excellent Electrical Specs
Low Cost

Write for Details

H.V. HARDMAN (0., INC.

609 Cortlandt Street o Belleville, N. J. 07109
(201) 759-3700
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feel a little

sheepish at

your last

class
reunion?

When they asked you what you were doing, wasiit,
“still the same old thing”’? And is it just a job?
Routine? Are you pigeonholed?
Then maybe it's time you moved up to MITRE.
MITRE's work is on the frontier of large-scale
systems design. We design and engineer infor-
mation, sensor, command, control, and commu-
nications systems, and develop new techniques
which contribute to the advancement of the
general technology.

The challenge is to mate present and predicta-
ble technology to the nation’s future electronic
systems. Work covers a broad spectrum of prob-
lems and the technologies needed to solve them.
Associates include the military and technical
people who are the leaders in the conception, de-
sign, engineering and acquisition of many of the
nation’s most important electronic systems.

Check the openings below, and if you possess
the qualifications, join us at MITRE.

IMMEDIATE OPENINGS AVAILABLE IN:

NATIONAL RANGE DIVISION (NRD) People needed at Patrick
AFB to assist NRD in forecasting future requirements
for the Eastern and Western Test Ranges. In addition
to present and future systems-oriented planning and
analysis, there are openings in operations research,
computer support and such functional subsystem cat-
egories as trajectory measurement, telemetry, optics,
communications and data processing and display.

RANGE DATA TRANSMISSION People are needed to work on
range data transmission. Particular work areas include
digital data transmission,systems analysis and test-
ing. Experience with switching systems, modulation
and information theory, and coding is desired.

TELEMETRY People needed to work on telemetry and
instrumentation. Particular work areas include tele-
metry standards, systems, and techniques for both
airborne and ground applications. Experience should
include design or analysis of telemetry systems as

well as modulation theory, RF techniques and receive
ing and transmitting antenna systems.

COMMUNICATIONS People needed to engineer communi-
cations networks, range instrumentation, tactical air
control, and survivable communications.

AIR TRAFFIC SYSTEMS People needed with experience in
the hardware, software, and test aspects of real-time
data processing systems for work on FAA's National
Airspace System.

If you have three to six years’ experience and a de-

gree in electronics, mathe-

matics or physics, write in  THE

confidence to Vice President

— Technical Operations, MI I RE

The MITRE Corporation, CORPORATION
An Equal Opportunity Employer

Box 208BC, Bedford, Mass.

Pioneer in the design and development of command and control systems, MITRE was chartered in 1958 to serve only the United
States Government. An independent nonprofit corporation, MITRE is technical advisor and systems engineer for the Electronic
Systems Division of the Air Force Systems Command, and also serves the Department of Defense, and the Federal Aviation Agency.
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Not long ago, we couldn’t

promise you a chance to
work on AUTODIN.

(What won't we
promise you next?)

We couldn't promise the $45,000,000 AUTODIN
contract to engineers who were considering join-
ing us last year. Yet, possibly there was enough
““handwriting on the wall'’ (existing contracts and
growth potential) for them to join us...and help
us win it.

AUTODIN is a global, automatic digital com-
munications network, world’s largest known digi-
tal communications system. Our role is prime
contractor to DOD for all digital subscriber termi-
nals, which provide the basic input/output, error
control, and transmission compatibility functions
for the entire system.

But as important as AUTODIN is—to us and to
the GD/E engineers who will be meeting its chal-
lenges here for the next five to ten years — the
biggest promise we can make is that you'll be
joining an organization that has already grown weli
into the ‘““‘major league’ of systems engineering.

The additional growth on our horizons will de-
pend largely upon you. You’ll be part of an estab-
lished, continuously expanding capability and
contract mix that today encompasses space com-
munications, radio communications, data com-
munications, reconnaissance /countermeasures,
ASW, RFI, signal processing, hydroacoustics, navi-
gational aids, total systems, subsystems, and un-
usual equipment development programs.

Right now we have openings in all these areas
for engineers now at the $8,000 to $17,000 levels.
If you can see the real promise, write us today.
Address R. W. Holmes, Dept. 22.

GENERAL DYNAMICS

Electronics Division

1400 N. Goodman St., Rochester, New York 14601
An Equal Opportunity Employer

Electronics | September 6, 1965



IBM

Space Guidance Center offers a wide
range of career openings in
Advanced Aerospace Computer Development

At IBM the excitement of growth, the challenge of new problems,
the stability of long-range markets—all these add up to outstand-
ing career opportunities for professionals at all degree levels. For
example, the Space Guidance Center at Owego, just south of the
Finger Lakes vacation region of New York, is significantly expand-
ing its activities in advanced aerospace computer development to
give greater support to the nation’s aerospace programs. The Cen-
ter's widening role in space science has created new opportunities
for experienced engineers and scientists. The areas listed below
represent only a few of the many immediate openings.

Exterior Computer Systems Design Engineers: Detailed exterior
computer design « Familiarity with operation of magnetic tape,
disc, and drum memory systems and design, utilizing these stor-
age media as slow-access peripheral memories « Utilization of
logic and organizational techniques to perform input/output con-
trol, formatting and conversion in data processing and control ap-
plications.

Logic Applications Engineers: Develop trade-off models and assign
trade-oft parameters in the development of optimum aerospace
computing systems « Evaluate application of new and unique logic
circuits in the design of aerospace computers for aircraft, missiles
and space computer reliability improvement through logic and
machine organization techniques < Application of Neumann re-
dundancy techniques, multiplexing, coding theory and new arith-
metic and control algorithms for reliable computation with failed
equipment.

Logic Design Engineers: Analysis of electronic circuits to deter-
mine logic effectiveness « Create new machine organization meth-
ods to provide for increased computer reliability « Develop mathe-
matical models of serial and parallel machines « Organization and
logic design of advanced space computers.

Logic Systems Engineers: Design large-scale computing and data-
handling systems for aerospace environments « Develop computer
specifications, functional organization and detailed logic design of
systems.

Programmers: Develop operational programs in machine language
for aerospace applications « Symbolic programming « Utilization
of architectural features for aerospace computers and derivation
of requirements for computer speed, memory size and peripheral
interface values.

Programmer Analysts: Develop programming techniques for aero-
space computations « Error propagation and loop stability « Prin-
ciples of computer design « Scaling and loop time analysis » Oper-
ational programming in either data processing or scientific com-
putation fields  Studies of error propagation effects, word lengths,
number systems and machine architecture characteristics.

Please Write: Outline your qualifications and interests to: J. R.
Raftis, Dept. 554J1, IBM Corporation, Owego, New York 13827.
IBM is an Equal Opportunity Employer.

FOR INFORMATION

about Classified Advertising

contact the McGraw-Hill
office nearest you

ATLANTA, 30309
S. CROFT

1375 Peachtree St., N.E.
404-875-0523

BOSTON, 02116
J. KOVACS
607 Boylston St.
617-262-1160

CHICAGO, 60611
WM. HIGGENS/PETER PECK
645 No. Michigan Avenue
312-664-5800

CLEVELAND, 44113
D. SHOEMAKER
55 Public Square
216-781-7000

DALLAS, 75201
D. TRAMMELL

1800 Republic National Bank Tower
214-747-9721

DENVER, 80202
D. WATSON
1700 Broadway, Tower Bldg.
303-255-2981

DETROIT, 48226
J. ANDERSON
856 Penobscot Building
313-962-1793

HOUSTON, 77025
K. GEORGE
2270 Humble Building
713-224-8381

LOS ANGELES, 90017
R. McGINNIS

1125 West Sixth Street
213-482-5450

NEW YORK, 10036
D. HAWKSBY/H. BUCHANAN
500 Fifth Avenue
212-971-3593

PHILADELPHIA, 19103
WM. SULLIVAN/D. NORDHOFF

Six Penn Center Plaza
215-568-6161

PITTSBURGH, 15222
D. SHOEMAKER

4 Gateway Center
412-391-1314

ST. LOUIS, 63105
WM. HIGGENS
7751 Carondelet Avenue
314-725-7285

SAN FRANCISCO, 94111
J. A. HARTLEY

255 California Street
415-362-4600
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AUTOTRACK ANTENNA MOUNT

360 degree azimuth, 210 degree elevation sweep
with better than 1 mil. accuracy. Missile velocity
acceleration and slewing rates. Amplidyne and servo
control. Will handle up to 20 ft. dish. Supplied
complete with control chassis, In stock—immediate
delivery. Used world over by NASA, USAF. TYPE
MP-61 B. SCR-584. NIKE AJAX mounts also in
stock plus several airborne trackers.

Op) VACUUM PENCIL

for

picking

up

WLEIECEE PHILIP FISHMAN CO.

parts 7 CAMERON ST., WELLESLEY. MASSACHUSETTS =

SCR 584 AUTOMATIC TRACKING RADARS
Our 584s in like new condition, ready to go, and in
stock for immediate delivery. Tdeal for telemetry
research and development, missile tracking, satellite
tracking, balloon tracking. Used on Atlantic Missile
Range, Pacific Missile Range, N.A.S.A. Wallops
Island. A.B.M.A. Write us. Fulh Desc. MIT Rad.
Vol. 1, pps. 207-210, 228, 284-286.
00 each

Lab. Series,
Compl. inst. Bk. avail.
e

AN/GPG-1
SKYSWEEP TRACKER

} cm. automatic tracking
radar system. Complete
pul\age with indicator
m. Full target ac-
qu tion and automatic
tracking. Input 115 volts
60 cycle. New. In stock
tor immediate delivery,
Entire System 6’ long, 3
wide, 10’ high. Ideal for
infrared Tracker, Drone
Tracker, Missile, Tracker,
R. & D.

PULSE MODULATORS

MIT MODEL 9 PULSER

1 MEGAWATT—HARD TUBE

Output 25 kv 40 amp. Duty cycle, .002. Pulse lengths
.25 to 2 microsec. Also .5 to 5 microsee, and .1 to .5
microsec. Uses 6C21. Input 115v 60 cycle AC. Mfr.
GE. Complete with driver and high volnge power sup-
ply. Ref: MIT Rad. Lab. Series, Vol. 5, pps. 152-160.

2 MEGAWATT PULSER

Output 30 kv at 70 amp. Duty cycle .001. Rep rates:
1 microsec 600 pps. 1 or 2 msec 300 pps. Uses 5948
hydrogen thyratron. Input 120/208 VAC 60 cycle.
Mfr. GE. Complete with high voltage power supply

MIT MODEL 3 PULSER

Output: 144 kw (12 kv at 12 amp.) Duty ratio: .001
max. Pulse duration: .5, 1 and 2 microsec. Input:
115 v _400 to 2000 ops and 24 vde. $325 ea. Full
dese. Vol. 5, MIT Rad. Lab. series, pg. 140.

250KW HARD TUBE PULSER

Output 16 kv 16 amp. duty cycle .002. Pulses can be
coded. Uses 5D21, 715C or 4PR60A. Imput 115 v 60
cycle ac. inel. H.V, pwr supply $1200 ea.

5949 THYRATRON AGING RACK

Compl. Chatham Electronics Console inel. 15 kv
power supply & PFN's. $1800.

MICROWAVE SYSTEMS

E-4 FIRE CONTROL SYSTEM
Hughes Airceraft X Band. Complete. In stock.

C-BAND RADAR

250 KW output, C-band, PPI indicator, 5C22 thyra-
tron modulator. Antenna hi gain parabolic section,
Input 115 volts 60 oycle AC, complete $2750.00.

300 TO 2400MC RF PKG.

300 to 2400 MC CW. Tuneable. Transmitter 10 to 20
Watts. Output. As new $475.

500KW “L” BAND RADAR

500 kw 1220-1359 mes. 160 nautical mile search range
I"1.1. and A Scopes. MTI. thyratron mod. 5J26
magnetron. Complete system

PHILCO MICROWAVE LINKS

¢ Band Microwave Link terminal bays and re-
peater bays Iin stock. New $1500 each or $2500 per pr.
100—800MC. CW SOURCE

150 watts CW nominal output 115 V 60 Cy AC input.

$1600.

100KW 3CM. RADAR

|mnplele 100 kw output airborne system with AMTI,
2 thyr. mod. 4J52 magnetron, PPIL. 360 deg az
.\\\ p, 60 deg. elev, sweep. gyro stabilizer, hi-gain
revr. Complete with all plugs and cables.

M-33 AUTO-TRACK RADAR SYSTEM
X band with plotting board, automatic range track-
ing, ete. Complete with 1 megawatt acq. radar

INFRARED SOURCES

Collimated radiation simulator and transistorized
temp. controller. Temp. rvange, 200-600 de 4
Absolute Accuracy =3 degree C. Type AN/USM.
$1975 New.

3KW RCA PHONE & TELEG XMTR
2--30 MC. 10 Autotone channels plus MO. Input 220
vac. 50/60 cycles.

R Radio-Research

Instrument Co.

550 5th Ave. New York 36, N.Y
Tel. JUdson 6-4691

CIRCLE 951 ON READER SERVICE CARD
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CIRCLE 952 ON READER SERVICE CARD
| ELECTRON TUBES |

KLYSTRONS o ATR & TR ® MAGNETRONS
SUBMINIATUHESGQ C.R.T. . T.W.T. e 5000-

000 SERIE:
e SEND FOR NEW CATALOG A2 o

A & A ELECTRONICS CORP.
1063 PERRY ANNEX
WHIT;IER.“EALIF.

-7

EMPLOYMENT
OPPORTUNITIES

SEND NEW ADS TO:

Classified Advertising Div.
P.O. Box 12, N.Y., N.Y. 10036

__CIRCLE 953 ON READER SERVICE CARD
TEST EQUIPMENT

For over 20 years specializing in top brands I
only. Write for our latest listing.
We buy complete inventories. |

ELECTRONIC SALES

1413 Howard Street, Chicago, Illinois 60626
Telephone ROgers Park 4-0600

""CIRCLE 954 ON READER SERVICE CARD

SMALL AD but BIG STOCK

of choice test equip
and surplus electronics

Higher Quality—Lower Costs
Get our advice on your problem

ENGINEERING ASSOCIATES
434 Patterson Road - Dayton 19, Ohlo

CIRCLE 955 ON READER SERVICE CARD

Mr.
Used Equipment

Dealer:

When you advertise in
the Searchlight Section . . .

You have hired your
most persuasive salesman:

He's efficient . . . He thrives on long
hours . . . His territory is the entire
nation . . . and overseas . . . He
doesn’t see buyers of used and new
surplus equipment: They see him—
regularly. They depend on him.
He is Searchlight—The section of this
publication where wise dealers ad-

vertise and list their stocks for sale.

SEARCHLIGHT SECTION
Classified Advertising Div.
Post Office Box 12, New York,
New York 10036

r

GROUP LEADER
SOLID STATE MATERIALS

Our rapidly expanding Minerals, Pig-
ments & Metals Division seeks a Physi-
cist or Physical Chemist at the Ph.D.
level to plan and direct a research
team engaged in the development of
our established product line of ferrites
and magnetic iron oxides. This posi-
tion requires a working knowledge of
the solid state field and some exposure
to electron microscopy and x-ray dif-
fraction equipment and techniques.

If you are interested in a position that
will challenge your technical and man-
agerial abilities and offers the right
man a growth opportunity in a com-
pany with an outstanding growth rec-
ord, please send details of your back-
ground in confidence to:

MR. R. C. POHLS

Minerals, Pigments & Metals Division

Chas. Pfizer & Co., Inc.

235 E. 42nd Street
Ne ¥ Nu Yo 100107
An Equal
Opportunity Employer y

INSTRUMENT TECHNICIANS

THE OAK RIDGE NATIONAL LABORATORY
Highly skilled instrument technicians to assist
in the installation and maintenance of process
control instrumentation systems and devices for
chemical pilot plants, nuclear reactors and other
large experimental installations.

High schoo! education, plus additional training
in either the physical sciences, instrumentation,
or electronics, and at least 4 years experience in
installation and maintenance of complex instru-
mentation and control systems. Entrance rate
$3.39 per hour; $3.45 per hour after six months.
Reasonable interview and relocation expenses
paid by Company.

Excellent Working Conditions
and

Employee Benefit Plans
An Equal Opportunity Employer
Send detailed resume to:
Central Employment Office
UNION CARBIDE

CORPORATION UNION
Nuclear Division CARBIDE

P. O. Box M
Oak Ridge, Tennessee 37831

SELLING OPPORTUNITY AVAILABLE

Manufacturer of photo-electronics equipment
in West-Berlin is looking for an electro engi-
neering office to serve as general agent for
the U. S. Preferably an established national
sales organization, headquartered in New
York City. Please reply to: Visolux-Elek-
tronik, 1 Berlin 61, Gitschiner Str. 61, Ger-
many.
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New Literature

Printed-circuit connectors. Continental
Connector Corp., 34-63 56th St., Wood-
side, N.Y., 11377, has available a 48-
page printed-circuit connector catalog
covering printed-card and tape-cable
applications.

Circle 461 on reader service card

Time-delay relays. AW. Haydon Co.,
232 North EIm St., Waterbury, Conn.,
06720. Bulletin ESF313 gives complete
technical data on subminiature elec-
tronic time-delay relays. [462]

Integrated circuit assembly. High Re-
liability Circuit Systems, 1853 North
Raymond Ave., Anaheim, Calif. Micro-
miniature packaging and assembly
of integrated circuits, employing all
welded interconnections, are explained
in bulletin 1001. [463]

D-c amplifier. Consolidated Electrody-
namics Cegp., 360 Sierra Madre Villa,
Pasadena, Calif. Bulletin 1165 describes
a low-cost, high-gain differential d-c
amplifier. [464]

Microwave devices. Defense division of
Armstrong Cork Co., Lancaster, Pa.,
17604, offers a publication providing
descriptive and technical data about
Luneberg lens antennas and radar re-
flectors. [465]

Modular power supplies. Trygon Elec-
tronics, Inc., 111 Pleasant Ave., Roose-
velt, N.Y.,, 11575, has published an
eight-page brochure detailing its ex-
panded line of all-silicon modular power
supplies for use in critical system in-
stallations where reliability and size are
of prime importance. [466]

Coaxial r-f switches. Bird Electronic
Corp., 30303 Aurora Rd., Cleveland
(Solon), Ohio, 44139. A four-page bul-
letin of° manually operated coaxial r-f
switches describes a line of rugged
panel-mounted units ranging from sin-
gle circuit with 2, 3, 4, 6, 8 and 10 po-
sitions to double circuit 2-position and
reversing configurations. [467]

Hardware. Cinch Mfg. Co., 1026 South
Homan Ave., Chicago, lll.,, 60624. Cat-
alog CC-50 contains an illustrated de-
scription of a broad range of terminal
strip and binding post devices [468]

Push-button switch. Cherry Electrical
Products Corp., P. O. Box 439, High-
land Park, Ill. Bulletin 33GR describes
a push-button switch that is actuated
by a novel and reliable cam and pawl
arrangement requiring a maximum
operating force of only 24 ounces. [469]

Subminiature connectors. Gulton Indus-
tries, Inc., 212 Durham Ave., Metuchen,
N.J. Data sheet AC50a covers the Glen-
nite C-30 line of subminiature connec-
tors with shielded four-conductor cables
and sealed receptacles. [470]
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Q determination. Boonton Electronics
Corp., Parsippany, N.J. Two nomo-
graphs for determining Q capacitance
or inductance measurements are pro-
vided in a four-page technical folder.
[471]

Power supplies. Deltron Inc., Fourth &
Cambria Streets, Philadelphia 33, Pa.
Bulletin 107A describes a rugged, re-
liable and compact series of power sup-
plies, comprised of 720 models and
providing up to 1,800 watts output.
[472]

Slotted lines. Phelps Dodge Electronic
Products Corp., 60 Dodge Ave., North
Haven, Conn., offers builetin SL-1 de-
scribing slotted lines designed to meas-
ure impedance of large coaxial devices
in their own diameters [473]

Core memory system. Fabri-Tek, Inc.,
Amery, Wis. A core memory system with
one microsecond speed and large mem-
ory capacity is discussed in bulletin
6534. [474]

Electronic circuit modules. Bryant Com-
puter Products, 850 Ladd Rd., Walled
Lake, Mich. 48088. A data sheet is avail-
able describing and illustrating a com-
plete family of series 8000 one-Mc elec-
tronic circuit modules. [475]

Reference diodes. Computer Diode
Corp., Pollitt Dr. South, Fair Lawn, N.J.
07410. Data sheet TC-101A deals with
400-mw, temperature-compensated, sili-
con zener reference diodes. [476]

Forced air cooling. McLean Engineering
Laboratories, P.O. Box 228, Princeton,
N.J. A four-page manual evaluates two
methods of forced air cooling of elec-
tronic enclosures—suction and pres-
sure. It concludes that the pressure
method is superior resulting in longer
life and greater reliability of electronic
components. [477]

Resistor-capacitor modules. CTS of
Berne, Inc., Berne, Ind. Data sheet
3750 covers the series 750, a space-
saving passive circuit network module
combining the stability and reliability
of Cermet resistors and capacitors with
the heat dissipation characteristics of
a thick alumina substrate. [478]

Subminiature a-c motor. Globe Indus-
tries, Inc., 2275 Stanley Ave., Dayton,
Ohio, 45404. Type CC hysteresis syn-
chronous motor is described in two-
page bulletin B-1002. [479]

Differential operational amplifier. Zeltex
Inc., 2350 Willow Pass Road, Concord,
Calif., offers a data sheet describing the
production model 131 FET differential
operational amplifier having 3,000 meg-
ohm inputs and less than 1 na input
currents. [480]

INTENSIGRAPH
RECORDER
Improves Signal

Tracking and

..
L

Conventional INTENSIGRAPH
Display Recording

DESCRIPTION AND FEATURES
The INTENSIGRAPH recorder is
a high-resolution, wide-band,
line-scan recorder. A precision
CRT is intensity-modulated by
any input signal from DC to 8
mec. The resultant traces are
recorded on either 12-inch-wide
light-sensitive paper or film.
Real-time, hard-copy paper rec-
ords are produced. Additional
Features: 750 line-pair resolu-
tion, 300,000 IPS writing speed
and 8 ancillary-data channels.

APPLICATIONS
Telemetry

ASW
ELINT and COMINT

Radar X
Spectrum Analysis
lonospheric Sounding I
Speech Target Detection and

Vibration Classification
Seismology Frequency Surveillance
Meteorology Sonar

Facsimile Recording

FEDERAL SCIENTIFIC CORPORATION
615 West 131st Street, New York, N. Y. 10027
Phone: (212) AU 6-4400; TWX: (212) 640-6059
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"This 1s

"TELONIC

ersaphEs.
A Sweep/ Signal Generator for Audio to 3000 MC

RESENTN

As a major designer and manufacturer of RIE instru-
ments and components, Telonic once again leads the
field with the introduction of the SN-2000 Sweep and
CW Signal Generator. New from every standpoint, the
SM-2000 provides unmatched versatility for laboratory

60 NORTH FIRST AVENUE

176 Circle 176 on reader service card

BEECH GROVE, INDIANA

or production operations. Now, with one instrument and
several, interchangeable plug-in oscillators, an engineer
can cover a frequency range from audio to 3000 me.

Telonic has designed 19 different oscillator heads for
specific and general purposes that enable the user to
change range of the SM-2000 in a matter of seconds.
For general applications, only two plug-in units are
necessary to cover frequencies from .5 to 2000 mc.
And, in addition, the operator may select four different
functional modes with the SM-2000—swept RF, modu-
lated swept RE, CW, and modulated CW. He can set
attenuation from 0 to 60 db in 1 db steps with the two
built-in attenuators. He also has provisions in the in-
strument for use of an external marker, or for adding
up to eight fixed, plug-in markers if desired.

All these features are combined with the fine basic per-
formance that has made the name Telonic synonymous
with the best in RI® instrumentation—low VSWR, high
display linearity and excellent workmanship. If you
would like more complete details on this new sweep

a2

generator please write for Technical Bulletin T-233.

Industries, Inc.

PHONE (317) STATE 7-3231
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Scr’s on the track

In a West German coal mine, a
locomotive’s 3.6-megawatt motor is
regulated by silicon controlled
rectifiers.

In the Soviet Union, scr’s are
converting alternating current to
direct current for the drive motors
of 6.4-megawatt locomotives.

British Railways is testing a
variable-frequency scr inverter that
drives four a-c squirrel-cage induc-
tion motors, which are less expen-
sive than d-c drive motors.

Japan National Railways is run-
ning a test in which 192 ser’s in a
single-phase bridge circuit control
2.2-megawatt locomotive motors.

These developments dramatize
the expanding role of the high-
power scr in the nationalized rail-
ways of the world. It is in this
application that foreign technology
seems to be ahead of the United
States’. In other industrial scr ap-
plications, such as metal rolling
mills, electric furnaces and textile-
machinery drives, the American
state of the art is considered to be
about two years ahead.

Germany. The scr seems to have
doomed the mercury-arc rectifier
in West Germany. In addition to
the coal-mine locomotive, AEG—a
big German producer—has de-
livered to the Federal Railways
three electric locomotives that use
solid state controls for 2.5-mega-
watt motors.

Siemens & Halske AG, the coun-
iry’s other major producer of high-
power scr’s, has a new configura-
tion which it says will handle up
to 1,100 amperes rms or 700 am-
peres average. Siemens sandwiches
the scr pellet between two water-
cooled heat sinks (see drawing).

Soviet Union. The Russians plan
to convert nearly 10,000 miles of
railway to alternating current (25,-
000 volts, 50 cycles per second)
over the next five years.

The Soviet Union is still import-
ing solid state rectifiers from
France, but that is expected to end
soon. The Tallin Electrical Works
in Estonia is already mass produc-
ing 200-ampere, 400-volt scr’s and

CERAMIC

HEAT
SINKS\W

\SILICON WAFER |

700-amp scr, made by Siemens &
Halske in West Germany, consists
of pellet sandwiched between

two water-cooled heat sinks.

is slowing its production of mer-
cury rectifiers.

Britain. The experimental British
locomotive uses an advanced solid
state power conversion system.
First, a 1,400-horsepower diesel
engine drives a three-phase alter-
nator. Then the alternator’s output
is rectified by silicon diodes to pro-
vide the direct current that feeds
the speed-control inverter. The in-
verter consists of a three-phase scr
bridge whose triggering is timed
by a distributor circuit to produce
the variable frequency that controls
the a-c drive motor’s speed.

The Brush Electrical Engineer-
ing Co., a member of the Hawker
Siddeley Group, Ltd., designed
and built the locomotive. A com-
pany official says the development
may lead to a locomotive of 3,000
horsepower and more, with solid
state controls.

Another British company, the In-
ternational Rectifier Co., says it is
developing a 2,000-ampere, 850-
volt scr. The 2,000-amp figure is
believed to be the highest current
rating given by any company. The
firm is an affiliate of the Interna-
tional Rectifier Corp. in California.

Sales of scr’s by British com-
panies are expected to climb to
$4.48 million next year from a pre-

dicted $3.36 million this year. The
United States market has been
estimated at $30 million.

Japan. Two scr-controlled mo-
tors, one made by Hitachi, Ltd.,
the other by the Mitsubishi Electric
Corp., are being tested by Japan
National Railways. Both compa-
nies will share in the production,
no matter which design is chosen.
The government is expected to
order 20 or more locomotives in
a few months.

Hitachi’s locomotive control uses
two bridges. The four arms of each
bridge contain 12 scr’s in parallel
for forward motion, and 12 for re-
verse.

Soviet Union

Space picture

While the United States relies in-
creasingly on intricate electronic
controls for its spacecraft, the Rus-
sians continue to exploit their
superior ability to put heavier pay-
loads into orbit.

The 12.2-ton spacecraft Proton
1, the heaviest payload ever shot
into orbit, has encountered and
measured the most powerful cos-
mic rays ever detected in space.
Proton 1, which was launched July
16, uses 10 metric tons of steel—
22,000 pounds—as a target for the
cosmic rays.

Zond 3, the one-ton Soviet space-
craft that photographed the far side
of the moon last month, used heavy
shielding to protect the film from
radiation while the pictures were
being developed on board and
transmitted to earth by a television-
type scanner.

Space lab. Proton 1, a space
laboratory for the study of high-
energy cosmic rays, may also have
a surprise for guidance experts in
the United States. Russian sci-
entists say the spacecraft will be
retrieved; the United States is not
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known to have brought large in-
strument packages back to earth.

The Russian space lab uses an
ordinary ionizing calorimeter.
When a particle strikes this instru-
ment, the particle interacts with
nuclei of iron atoms. This collision
produces secondary particles,
which collide with iron nuclei to
create third-generation particles,
and so on. In this way, the primary
particle’s energy is absorbed into
the calorimeter’s thick block.

The absorption is accompanied
by light flashes in polyethyline
scintillators; these flashes are reg-
istered on a photocell. The flashes
are counted to determine the
strength of radiation that passes
through various thicknesses of
steel.

Space probe. Despite its novel
approach to interplanetary photog-
raphy, Zond 3 indicates serious
shortcomings in power supply and
long-range communications.

Zond 3’s photograph sequence
was fully automatic, the Russians
say, activated by commands from
the earth. On command, a moon-
seeking sensor adjusted the space-
craft’s attitude and photography
began, one frame every 135 sec-
onds, until 25 pictures were taken.
Apparently the pictures were devel-
oped on board, put into digital form
by an analog-to-digital converter,
and transmitted to earth.

There are two transmission
speeds: 135 seconds per picture
and 34 minutes per picture; the
slow speed gives a resolution of
1,100 lines. Soviet specialists say
this dual system permits scientists
on earth to select from among
rough pictures, then command the
scanner to transmit the selected
pictures in detail.

American specialists, however,
say the advantage is highly doubt-
ful. Some U.S. experts believe
the dual system may be designed
to compensate for the Russians’
inability to send pictures over very
long distances. The high-resolution
system seems inadequate for dis-
tances of hundreds of millions of
miles, they explain, and the quality
of the low-resolution system is
probably far below that of pic-
tures of Mars sent to the United
States by Mariner 4.
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Mariner 4’s pictures were re-
corded on a miniature videotape
recorder in digital form [Elec-
tronics, July 26, p. 25]. Each binary
bit was made up of a number from
0 to 63; 0 meant white, 63 black,
and other numbers shades of grey.

West Germany

On the road to Berlin

West Berlin has joined the trend
to smaller computers for controlling
bigger traffic tangles. For three
months, two computers have regu-
lated traffic on the major road lead-
ing out of the city to the Hanover
Autobahn. The system has been
free of failures so far.

The control system, made by
Siemens & Halske AG, employs a
signal processor for routine work
and a Siemens-Halske 303 process
computer for tasks that require
complex decisions. The machines
cost a total of $250,000.

In contrast, Toronto’s traffic-con-
trol system uses a Univac 1107 and
a 418, costing a total of $3 million.
However, the Univacs perform
data-processing tasks for the city
in addition to controlling traffic.

The computers. The processor
consists of an input data storage
with a capacity of 300 signals that
indicate whether each of 10 inter-
sections has a red or green light in
any direction; also 452 counting
inputs for six-bit counters. The sig-
nal-program memory has a capac-
ity of 12,288 words of 24 bits each.
It can store up to 16 fixed-signal
programs for 1,000 signal circuits,
with a 30-microsecond cycle time.

The central processor, the 303,
has a capacity of 16,384 words of
24 bits each, with a 30-microsecond
cycle time. It selects control pro-
grams from a repertoire of 16.

Solderless connections are made
by wrapping wires around square
terminal pins.

The detectors. The computers re-
ceive information from three kinds
of traffic detector: ultrasonic de-
tectors mounted over the roadway,
induction loops in the roadbed, and

pneumatic detectors—rubber hoses
—embedded in the roadway.

When a vehicle passes an over-
head detector it reflects an ultra-
sonic beam that is created piezo-
electrically by an ultrasonic fre-
quency and radiated by a small
transmitter. The time between the
signal’s transmission and reception
indicates the car’s speed; this time
difference causes a pulse to be
transmitted to the computer by an
evaluating circuit.

The induction loop’s electromag-
netic field is altered when a car
passes. A converter translates this
change into an electrical pulse,
which is fed to the computer.

The pneumatic detectors operate
when a vehicle, crossing the rub-
ber hose, actuates a membrane
switch.

Comparison. German engineers
say the pneumatic detector is the
least accurate. Its signals are too
weak to measure speed. Induction
loops, which are employed exclu-
sively in Toronto, are used in Ber-
lin only to count vehicles; their sig-
nals also are considered too weak
to measure speed.

The supersonic detectors, the
most accurate indicators, determine
the speed of traffic by a doppler
frequency of 1,250 cycles per sec-
ond, and position by a 30-kilocycle
frequency. Their signals are trans-
mitted to the control center by
frequency multiplex, where they
are programed to maintain the traf-
fic speed as nearly as possible.

Flexibility. Under special cir-
cumstances, such as a parade, the
computer’s program can be over-
ridden by perforating a five-bit
tape; this superimposes orders
onto a fixed signal plan.

Changes in traffic control are
recorded by a teleprinter, which
serves as a logbook. German courts
accept its records as evidence, for
example to determine the color of
a light at an intersection at the
time of an accident.

Siemens also has installed a con-
trol system in Neu-Ulm, in south-
ern Germany, which uses radar
detectors. In a previous setup in
Hamburg, the company employed
pneumatically operated strips to
measure traffic flow and select a
control program electronically.

Electronics | September 6, 1965



Electronics Abroad

France

Surgeon’s beacon

Parkinson’s disease is incurable,
but surgery can reduce the violent
trembling that characterizes the
disorder by removing the tiny sec-
tion of the thalamus where the
tremor signals originate. The op-
eration is dangerous; a mistake of
only a few millimeters can destroy
all sense of touch on one side of
the body.

At the Foch Hospital in Paris,
electronics is reducing the risk. It
uses the tremor signal from the
thalamus as a beacon, accurate to
0.5 millimeter.

In the past, surgeons relied on
measurements from parts of the
brain that show up on x-rays. But
the human thalamus is only 40 mil-
limeters across, and since brain
dimensions vary, the measurements
were not very accurate.

Matching frequencies. It has
long been known that various parts
of the brain emit electrical signals
at characteristic frequencies. In
1960, Dr. Denise Albe-Fessard, a
professor of physiology at the Sor-
bonne, discovered which brain
cells emit the signals whose fre-
quencies are the same as those of
the tremors in the arms or legs
of a person with Parkinson’s dis-
ease.

The electronic system, devised
by Mrs. Albe-Fessard and a team
of neurosurgeons at Foch Hospital,
conveys these signals to the sur-
geon visually on a cathode-ray tube,
and aurally over a loudspeaker.
The screen shows two types of
brain signals: slow, regularly
spaced waves occurring from 1 to
30 per second, and clusters of
spikes—3 to 10—that occur every
second or so and last a total of
5 to 50 milliseconds. The regularly
spaced waves are inaudible on the
microphone, but the spikes—which
include manifestations of Parkin-
son’s disease—come through as
short, explosive bursts.

Spotting tremor signals. Brain
signals are picked up by long
metallic electrodes only 10 to 20
micrometers in diameter at the tip.
The concentric, bipolar electrodes,
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During brain surgery, signals follow wires from patient’s head to electronic
equipment. The currents help to guide surgeon to correct section of brain.

designed for this operation, have a
comparatively low resistance of
50,000 to 100,000 ohms.

A two-stage preamplifier picks
up the spike signals of about 100
microvolts and amplifies them to 10
millivolts for display on the oscil-
loscope. .

The preamplifier has positive
feedback to suppress phase signals.
It responds to sine waves as slow
as one per second and as fast as
10,000 per second.

The spikes are identified by com-
paring each electrode’s output with
signals picked up from the patient’s
arm. Two beams are displayed on
the crt simultaneously.

After he finds the region that
produces the tremor signals, the
surgeon destroys it by electroco-
agulation.

Great Britain

Pay tv in London

Pay television, subject of a 13-year-
old controversy in the United
States, is about to spread to Britain.
It will begin near the start of 1966
in the London boroughs of West-
minster and Southwark, whose
residents are considered a good
cross-section of Britain’s tv audi-

ence. Subsequent trials are planned
in Sheflield and Yorkshire.

The shows will be packaged,
sold and distributed by Pay-TV,
Ltd., whose backers include the
Associated British Picture Corp.,
British Relay Wireless and Tele-
vision, Ltd., and several financial
and book-publishing concerns.

Pay-TV will transmit its pro-
grams along wires leased from
British Relay. For each program
desired, a patron will deposit coins
in a box mounted on the tv re-
ceiver. The cost to viewers has not
yet been decided, but Pay-TV says
it may range from 35 cents to
several dollars per program. For the
system to be profitable, the com-
pany figures it needs 10,000 sub-
scribers,

Battle lines. Pay tv has been de-
bated in Britain for at least five
years. In 1960 the government-
appointed Pilkington Committee
decided that it would not be in
the public interest to encourage a
tv service catering only to those
who could afford it. Pay tv would
impoverish existing services by out-
bidding them for programs, the
committee maintained. Its view
was applauded by the British
Broadcasting Corp. and the Inde-
pendent Television Authority
(ITA), which between them op-
erate 14 program companies and
20 broadcasting stations.

Despite these objections, pay tv
was approved by the General Post
Office, which controls broadcasting
both over the airwaves and over
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wire. The GPO ordered three years
of trials, to “find out what are the
good things [pay tv] can do and
whether it will add a few dimen-
sions to daily life.”

The GPO’s rigid terms caused
four of the five applicants to with-
draw from the pay-tv field. One
of them, Rediffusion, Ltd., had
spent $5 million to perfect a work-
able system. And D. B. Hirshfield,
chairman of another dropout, Cale-
donian Television, Ltd., said, “We
weren’t happy about the geographic
area . . . allocated to us.”

Japan

Controliing a reactor

The reluctance to completely con-
trol nuclear reactors with com-
puters has less to do with the in-
tricacy of the process than with
fear. Now Japanese scientists have
taken a step to allay that fear by
demonstrating a system that op-
erates a swimming-pool reactor
safely, under computer control.

The Tokyo Shibaura Electric Co.
(Toshiba) claims a first in achieving
complete digital control, although
nuclear reactors are under some
measure of computer control in the
United States, Canada, France and
elsewhere.

Broad implications. Toshiba’s
accomplishment with a small re-
search reactor that generates only
100 kilowatts thermal has limited
commercial value; one specialist in
the United States compares the
technique with using a gyroscope
to help someone cross the street.
But its implications are far-reach-
ing; Toshiba plans to produce the
system commercially if it can get
permission from the Japanese gov-
ernment, and says the technique
can be applied to power reactors.

An industry official says the
system should “help to persuade
users that digital control can be
safe.”

A swimming pool is a nuclear re-
actor whose core operates while
submerged in a large tank of water.
The water acts as moderator, cool-
ant and shield. Fissionable mate-
rial is mounted in a lattice at the
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bottom of a supporting tower.

Obsolete computer. In its ex-
perimental setup, Toshiba uses an
obsolete computer and loads its
2,800-word memory five times dur-
ing the procedure to obtain the
necessary 12,000-word memory. In
addition to startup, shutdown and
power changes during the reactor’s
operation, the computer performs
some 1,200 pre-startup operations
such as reading meters, changing
range and taking notes. Toshiba
says it takes a skilled operator 1%
hours to perform these pre-startup
checks, which the computer makes
in 30 minutes.

Hiroshi Kamogawa, manager of
Toshiba’s research department,
says the keys to computer control
are an alarm scanner and digital
monitoring of reactor flux at low
power levels. The scanner feeds
inputs to the computer, and moni-
tors these inputs to insure that
they remain within predetermined
limits.

There is also a 150-channel mat-
rix scanner, which routes other
inputs from reactor sensors to the
computer, providing random ac-
cess to any of the 150 inputs com-
manded by the computer.

Digital inputs. The only digital
inputs to the computer are those
used to monitor reactor flux at low
power levels; at these levels, an
analog signal would be too noisy.

The digital neutron sensor is an
alpha chamber, a gas-filled detec-
tor that counts up to 150 particles
a second. At up to two watts, digi-
tal output is obtained from a fis-
sion chamber functioning at up to
50,000 counts per second. At 2
watts to 100 kilowatts, a compen-
sated ionization chamber delivers
an analog output. Seventy output
channels control relays which oper-
ate conventional reactor controls.

For emergencies, there is a pro-
vision for manual switchover to
conventional control. As a further
safeguard, the reactor is monitored
by a compensated ionization
chamber whose readout is inde-
pendent of all operating controls.

The swimming-pool reactor,
which was completed in 1960, cost
about $556,000. The experimental
computer control system cost
about $140,000.

Australia

Defense dilemma

As they gird to meet Communist
threats from the north, Australia’s
armed services are coming under
increasing domestic attack for buy-
ing most of their military equip-
ment from the United States and
Great Britain.

Particularly outspoken are offi-
cials of the electronics industry. A
big chunk of Australia’s $764.6-
million defense budget goes for
electronics gear, more than half of
which is purchased abroad.

They blame two factors: last-
minute ordering requiring fast de-
liveries that can only be made by
big industries abroad, and a power
struggle between military and civil-
ian interests within Australia’s De-
fense Department.

Lead time. The small but vigor-
ous electronics industry insists that
it can meet most of Australia’s mili-
tary needs if it is given enough lead
time. Instead, officials say, the
armed services procrastinate and
then order off-the-shelf gear, us-
ually off an American shelf.

Only last month the Australian
government placed a $4.7-million
order with the Westinghouse Elec-
tric Corp. in the United States for
two air-transportable radar sta-
tions.

A more serious charge is that
the armed services bypass the Sup-
ply Department, a central procure-
ment agency, and order their own
gear merely to maintain their inde-
pendence from civilian authority.

U.S. affiliates. Some of Aus-
tralia’s most active electronics com-
panies are affiliates of American
concerns. An Australian subsidiary
of the Collins Radio Co. of Dallas
says 12% of its sales are for mili-
tary and space communications.

Standard Telephones & Cables,
Ltd., a subsidiary of the Interna-
tional Telephone and Telegraph
Corp., says its defense contracts
now total $7 million a year and the
company expects this total to rise
15% to 20% by 1968.

Another American-owned com-
pany is Ducon Industries, Ltd.,
which produces only components.
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Investment Opportunity

Thirty years from now this dreamer will be chasing
the sun around the earth in a silvery bubble satellite
—his eyes our eyes, his hands our hands, his heart
our heart.

Whose task is it to loft him to such heights?
Whose task to nurture him? Whose to take the long
years to train and teach him?

It is the task of all of us. Each of us must
take responsibility. Each of us has an investment
in him.

You can protect that investment by joining with
other leading American businessmen to promote
the Treasury Department’s Payroll Savings Plan
for U. S. Savings Bonds. The Treasury’s plan
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in your plant...promote the PAYROLL SAVINGS PLAN for U.S. SAVINGS BONDS

works for strength in the defense of our liberties
. . . soundness in the conduct of our personal and
national affairs . . . forethought and preparedness
in our thinking.

When you bring the Payroll Savings Plan into
your plant—when you encourage your employees
to enroll—you are investing in the astronauts of
tomorrow. In all those children who dream of skies
beyond our skies and worlds beyond ours. You are
investing in America’s future. In freedom itself.

Don’t pass this investment opportunity by. Call
your State Savings Bonds Director. Or write today
directly to the Treasury Department, United States
Savings Bonds Division, Washington, D.C., 20226.
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Great editorial is something he takes to work
(What a climate for selling!)

Electronics

A McGraw-Hill Market-Directed Puhlica‘.ioni
330 West 42nd Street, New York, N.Y. 10036
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Another Brush Innovation in Recording

The Very versatile

Brush

Mark 842.

For people who never know
what they’ll be
recording next!

/\/\A/v

AR AN N
v\/vAvV

You know what we mean.
Recording requirements change.
So it makes sense to buy a recorder
you can change with them. Like the
Brush Mark 842. See the two pre-
amplifiers right below the display
and controls? They're the inter-
changeable plug-in type. Brush
gives you a choice of nine. Plus a
pick of seven conversion couplers.
And any mounting arrangement

you can think of. Lets you match
the new Mark 842 to whatever
recording job comes along. Great
performance, too. Highest useable
frequency response of any direct
writing recorder . . . 75 cps full
scale; flat to 150 cps at reduced
amplitude. 1/29% Linearity. All
solid state electronics. High torque
penmotors. Rugged, crisp-writing
styli to assure razor-sharp traces

of unmatched reproducibility.
Pushbutton choice of 12 writing
speeds. All yours in the clean, neat,
easy-to-operate Mark 842. Built by
Brush to meet your recording needs
for years to come. Ask your local
Brush Sales Engineer for a demon-
stration. A new brochure is yours
for the asking. Brush Instruments
Division, Clevite Corporation, 37th
& Perkins, Cleveland, Ohio 44114.

CLEVITE

——-bI'USh INSTRUMENTS DIVISION
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with a gain of 200,000 times...

That's the minimum luminous flux gain of RCA-C70021M, a developmental, 3-stage
magnetically-focused Cascaded Image Intensifier Tube with improved capability for low-light
level pickup. Resolution, increased from 18 to 25 line pairs/ millimeter, is essentially
uniform throughout the useful 1%2”-diameter area. Equivalent screen background input
is 10-10 lJumen/cm? with a 2870° K tungsten source. If your problem is seeing in the “dark,”
rely on RCA Cascaded Image Intensifier Tubes. Suitable permanent magnets and solenoids
are available as auxiliary equipment. Variants of these tubes may be fabricated with different
photocathodes and phosphor screens to meet special requirements. Discuss Cascaded Image
Intensifier Tubes with your RCA Representative. He can tell you more about their use in
applications for the military or astronomy as well as for spark chambers, X-ray, and field
ion and electron microscopy. For technical data, write:
RCA Commercial Engineering, Section 1-19Q-1, Harrison, N.J. 07029.

RCA Electronic Components and Devices
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