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THIN GOLD WIRE suspends a combined thin-film and semicon-

ductor microcircuit in hot dichromic acid. Thus CBS Labs
demonstrates successful surface passivation of thin-film com-
ponents on the same silicon wafer that contains planar passi-
vated transistors. Technique adds several degrees of free-

dom to microelectronics technology. See p 47 COVER

NEW LOOK in This Year's Comsats. Starting with Syncom

II, to be launched next week, the second round of active and
passive communications satellites will incorporate significant
design improvements over their earlier counterparts. Design-
ers of Relay Il have taken steps to prevent any repeat mishaps

and Echo Il has a completely new balloon to tmprove r-f re-
flectivity

LEM ELECTRONICS Faces New Design Challenges. High re-

liability in all flight model components and subsystems, as
well as specially designed gear for the long lunar flight, are a
prime requirement of designers of the lunar excursion module
(LEM). But, say the experts, none of the electronics going aboard
LEM is beyond the present state-of-the-art

ECLIPSE TO BARE IONOSPHERE'S Secrets. Late tomorrow

afternoon, astronomers and engineers from all over the world
will take up observation posts between Maine and Alaska to
make detailed solar and atmospheric measurements during the
total solar eclipse. The long list of participants includes govern-
ment agencies, scientific organizations, the military, universi-
ties, and private companies

PROTOTYPE ELECTRON-BEAM welding system for in-space

fabrication operations will be built for the Air Force by Hamil-
ton Standard. System will weigh about 350 lb, use an 80-Kv
gun. Main use of welding equipment in space will probably be

to seal manned spacecraft structures in order to cut air supply
losses

INDUSTRIAL SPY—Aristocrat of Thieves. Is there a common

element in situations where company secrets are stolen and then
sold to other firms? Some experts blame a lot of these cases on
lax management practices. Tightening security measures will
undoubtedly help, but in the last analysis it is the moral at-
mosphere in which the employee works that matters. Ethical
behavior must start with management

MICROPOWER CIRCUITS: New Frontier in Solid State. When

you start packing 4 million components or more into a cubic
inch of space, power consumption of individual circuits must
be reduced to microwatts. But as you reduce you magnify prob-
lems. Now a pioneer in microelectronics helps iron out many of
the kinks. By W. W. Gaertner and M. Schuller, CBS Labs
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CROSSTALK

The Fragmented Engineer

THE TITLE “fragmented engineer” does not
mean some new engineering discipline; rather it
means, in some cases, the absence of engineering
discipline. It represents, unfortunately, what
happens today to many of our most competent
and creative engineers.

Once an engineer is recognized as being knowl-
edgeable and dependable, it is not long before
more and more people begin calling upon his time
and talent for any number of worthwhile causes.
And he soon becomes not an electronics engineer
but a fragmented engineer.

Where he once spent most of his time plan-
ning and carrying forward his own research and
development work with perhaps some time out to
confer with colleagues about mutual problems
or help a younger engineer over a rough spot, he
now finds his professional life slowly being
carved up into little bits and pieces.

Within his own company he becomes a member
of a papers review committee, design review
committee, reliability review commiitee, and
maybe more. Within his professional society he
may be asked to serve on a section committee,
professional group committee or technical com-
mittee. He may even, God forbid, become its
chairman or secretary.

He may represent his company on any number
of trade association committees, or joint groups
for this or that.

Then, when he has really arrived, profession-
ally speaking, he may become a member of one
or more of the many committees and panels that
are forming all the time, it seems, to advise
the government about things technical and
scientific.

Meanwhile, he will also be delivering speeches
to professional and trade association meetings,
writing technical papers and articles, and pos-
sibly even testifying before various committees
of the Congress.

There is no doubt that all these activities are
of great value to the engineer, his company, the
country and the profession. But when does the
engineer now find the time to do any engineer-
ing?
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It is a potentially dangerous trend that siphons
off our best engineering talent and often leaves
the actual research and development work either
to immature or noncreative individuals.

It well may be time to examine the cost of
meetings in terms of lost hours of engineering
creativity and question whether we are not in
danger of cross fertilizing ourselves to death in
the process of creating a giant, interdisciplinary
nothing.

If the engineer who feels himself becoming
fragmented would look into the mirror every
morning and as a minor rite repeat: “I am an
engineer. I am an engineer. 1 AM AN ENGINEER,
DAMMIT!” he might be better able to fend off
the blandishments of those who would turn him
into some kind of amateur statesman.

Likewise, men in public life and directing the
activities of professional groups or societies
should consider carefully the cost in lost engi-
neering time and talent of every new technical
or scientific committee they propose. In this day
of the race to the moon and other manifestations
of the technological cold war, engineering crea-
tivity is indeed a national resource to be used
only where it can do the most good.

Let’s ask ourselves whether we are out to
create hot circuits and devices or just hot ajr.
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COMMENT

Negative Resistance VI

Concerning Mr. Lyon’s letter in
the May 24 issue (Comment, p 4),
he points out correctly that nega-
tive resistance is a perplexing con-
cept. Many of us, however, will ob-

| ject strenuously to using conduct-

ance to mean negative resistance.
The definitions of these two terms
are not the same.

Conductance, in mhos, is of
course the inverse of resistance, in
ohms. One is equal to I/E; the
other to E/I, providing we deal
with pure resistance, and in either
the d-c or a-c case.

Negative resistance is a term
used, generally, in the case of vary-
ing currents, rather than steady
ones. Restricting ourselves to the
case where we have a varying cur-
rent and a varying voltage, we may
define negative resistance as fol-
lows: Consider the voltage applied
to, and the current through, an ele-
ment. If the change in current is
proportional to the change in volt-
age but in the opposite direction,
that element is said to have nega-
tive resistance.

To make the concept quite
graphic, imagine a black box to
which we apply a voltage, this time
a direct steady voltage. If we ap-
ply various voltages and find to our
surprise that each time we get a
proportional current, but in exactly
the opposite direction from that we
expect with a resistive element,
then we say we have a negative
resistance, d-c variety.

In either the case of the d-¢ or
a-c negative resistance, there must
be power generated within the ele-
ment (d- or a-c power). This
power is furnished to the circuit.
The element acts like a generator
as far as direction of power flow is
concerned. Perhaps the term power
donor is helpful in contrast to the
power absorber, or resistor.

Formulae for negative resistance
would use a minus sign to indicate
that the current and power flow in
the negative direction. For exam-
ple, watts consumed equals I* times
a negative R; power is produced,
not consumed.

OT1s N. MINOT
Minot Informatic Devices
Lexington, Massachusetts

Metric System II

When I read Mr. Poulsen’s letter
in the June 7 Comment column (p
4), I found myself in complete ac-
cord with one small exception. I
would like to see you give all meas-
urements and dimensions in the
metric system (with the English
equivalent following in parenthesis)
immediately.

In the past few years, I have
been actively engaged in metrical
photogrammetry and nucleonics
mensuration. Both use the metric
system and, through my associa-
tions with these fields, I have al-
ready started my reorientation in
which systems to use. While T still
think in the English system, I find
it increasingly easy to do my en-
gineering solely in metric units.
My greatest trouble, now, is com-
municating with my collegues.

Any of your readers that are in-
terested in helping with this vital
change might do as I have just
done: write The Metric Associa-
tion, 502 Albee Building, 1426 G
Street N.W., Washington 5, D.C.
1 haven’t received their answer yet,
but I feel better knowing that
others feel as I do.

As Mr. Poulsen mentions in his
P.S., your range of articles and
coverage make ELECTRONICS a most
desirable journal, one that I look
forward to each week.

CLAUDE W. ASHBURN
Albany, California

Amplifier Gain

Your very excellent article on
consumer electronics in the May
17 issue had a small error that
might mislead someone. You indi-
cate (p 49) that the amplifier of
the Acousticon hearing aid has an
average gain of 93 db. As a matter
of fact, we do not publish the gain
of the amplifier itself. The HAIC
gain (average of 500, 1,000 and 2,-
000 cps sound pressure gain as
standardized by the Hearing Aid
Industry Committee) is 39 db.
Could it be possible that the type-
getter transposed the numbers?

HaroLD H. BEIZER
Dictograph Products Inc.
Danbury, Connecticut

It was the author, not the type-
setter.
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Never
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complex wave

Be militant! Tackle it with a Sierra 125B, the brisk, businesslike Frequency Selective
Voltmeter that never lets you stray more than a db away from the readings you ought
to be getting.

Poised on the brink of a wave, the 125B literally ripples with diverse capabilities. It's a
tunable voltmeter with one continuous tuning range from 3 to 620 kc and dual selectivity
bandwidths. Or, as the occasion demands, it can serve you as a broadband a-c voltmeter
with essentially flat response from 1 to 620 kc. Its sensitivity varies from 24.5 uv to 30 v
in eleven attenuator steps.

The 125B costs a brisk, businesslike $895 — a touch more for models with carrier
reinsertion or multiple input switching. Memo us in singlicate for a brochure that com-

mun.lcates on you.r wavelength. Or you r.mght try SIERRA ELECTRONIC DIV.
waving at your Sierra sales representative for a

OF
response that'll be anything but flat. PH I LCO

Amw% r%’ﬂaﬂ’,

Sierra Electronic Division / 3885 Bohannon Drive / Menlo Park 1, Californis
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DOD Awards Zoom as Fiscal Year Ends

WASHINGTON—The Pentagon
has had good news lately for the
electronics industry. Although
the volume of prime contracts is
still behind the amount sched-
uled for the fiscal year which
ended June 30 (p 7, June 28),
a spurt in awards during the last
days of the vear has done much to
correct the imbalance.

The awards are just now being
announced and include several in
the $20-million-and-up category
and many others that total less
than $1 million. The Pentagon has
no statistical data yet on the con-
tracting zoom. Such figures aren’t
normally available for at least two
months after the fact.

Pentagon spokesmen say there is
no great mystery about the rise.
The last couple of weeks of a fiscal
year are traditionally a period in
which formal contract awards pour
out at a spectacular rate. This is
because the procurement agencies
must commit the funds before June
30 or risk going through lots of
red tape to get authority to contract
out the money again in the next fis-
cal year.

Ship’s Engines Get
Automatic Controls

AN AUTOMATIC control system for a
marine propulsion unit has been de-
veloped by Allgemeine Elektrici-
tats-Gesellschaft (AEG). The sys-
tem is now being demonstrated on
a test stand in which the AEG
remote-control system has been
combined with a 5500-horsepower,
five-cylinder diesel engine com-
monly used for shipboard installa-
tions.

The system eliminates the hu-
man intermediary link between the
bridge command and the engine
room. The commands are still gen-
erated on an engine-room tele-
graph, but the new system auto-
matically checks the acceptability of
the command, and initiates what-
ever commands are necessary to

electronics o July 19, 1963

control the diesel engine. The pro-
gramming of the control system is
designed to prevent damage caused
by improper commands.

Laser Gives Hope
For Cancer Cure

BOSTON — Researchers at Tufts-
New England Medical Center here
have cautiously reported that a
method for destroying cancerous
tissue may result from studies now
being conducted with the laser. The
scientists, using a device supplied
by Raytheon, say they will also in-
vestigate the laser’s effect on oceclu-
sive lesions of the arterial system.

The experiments were begun in
October, 1962, by Dr. Paul E. Mec-
Guff of the center and David Bush-
nell of Raytheon. “Since that time,
an intensive series of experiments
has been carried on using ham-
sters and human biopsy and au-
topsy specimens,” the center an-
nounced. “The major emphasis to
date has been in the study of 14
types of malignant tumors, with
well over 200 tissue specimens or
hamsters with transplanted human
tumors having been exposed to
laser energy.”

PRESIDENT ELECTED

On Monday afternoon, Donald
C. Burnham was elected presi-
dent and chief executive of West-
inghouse Electric Corp. He also
became a member of the board
of directors. Former president,
Mark Cresap, Jr. resigned for
reasons of health. Burnham was
formerly vice president in charge
of the company’s Industrial
Group.

“It has been observed that the
laser has a maximal effect on cer-
tain malignant tumor tissues and
a minimal effect on normal tissues,"”
center explained. ‘““The exten-
sive early destructive effect of the
laser on certain types of trans-
planted human malignant tumors
lends some encouragement to the
belief that this energy may have an
ultimate medical use. However, un-
til the lasting effects can be deter-
mined and the restricting factors
relating to the application of the
laser to humans have been deter-
mined, it is premature to draw any
firm conclusions at this time.”

Energy densities ranging from
17 to 12,000 joules per square cen-

400-Kilogauss Magnet Predicted

A MAGNET capable of producing fields in excess of 400 kilogauss
will hopefully be built and operated within the coming year, it
was reported at Oxford, England last week by staff members of
the National Magnet Laboratory at MIT. Speaking at the sec-
ond International Conference on High Magnetic Fields at Oxford
University, MIT professor and magnet pioneer Francis Bitter
reported that the plan is to make full use of the new magnet lab's
four generators with flywheel energy storage, harnessing 32
megawatts for a few seconds of 400 Kg operation (p 56, May 17).
This would be the world’s most powerful magnet yet.

The strength problem, though severe, appears to be soluble in
terms of techniques already developed for the NML's 250 Kg
magnet, Bitter told the international conference, adding that the
main problem is to provide adequate cooling. The NML scientists
are planning to use a pulsed cooling technique




timeter were applied to the surface
of the tissue samples through a
double convex lens. A 360-joule
Raytheon laser of the same design
as used in these tests has blasted
holes in #-inch thick girders.

Capacitors Would Store
Solar Energy for Rockets

HUNTSVILLE, ALA.—A NASA man
at Marshall Space Flight Center
here says he has invented a new
electrical power system for space
rockets. The system would gather
solar energy and store it in ca-
pacitors, which would also serve as
part of rocket’s bulkhead structure.

Robert J. Schwinghammer, the
inventor, is section chief of one of
the MSFC methods research and
development branches. He says the
stored energy could be used to en-
ergize on-board components, such
as lasers, radar, and electric en-
gines, and for vehicle coupling
activities where short bursts of
power are needed for fabrication-
assembly operation. The inventor
says the capacitors would have no
moving parts, no hydraulics and no
pneumatics and would not be sub-
ject to the lubrication, sealing and
vapor-pressure problems present
when conventional power systems
are used in space.

Lower-Cost Computer
Offered for Typesetting

NEW YORK—IBM moved into the
automatic typesetting field in a big
way last week, announcing that five
daily newspapers, a book printer
and a job printer have ordered its
new system, built around the IBM
1620 computer. The IBM system
gells for as little as $82,650, depend-
ing on attachments, but does not
punch tape until all editorial cor-
rections have been made. The sys-
tem introduced last winter by RCA,
priced about $300,000, punches tape
directly from reporter’s typewriter.

Other computer companies are
expected to introduce typesetting
systems in the near future, ELEC-
TRONICS learned. The potential mar-
ket is huge. There are more than
1,700 daily newspapers in the U.S.
Significantly, the IBM announce-
ment mentions orders from news-

papers, notably The New York
Daily News and The Washington
Evening Star, that have agreements
with unionized typographers.
Papers ordering the RCA system
last winter employed non-union
printers.

Bertram Powers, president of
the New York Typographical Union,
Local 6 told ELECTRONICS his union
has yet to come to an agreement
with The Daily News on the new
system but he ‘‘hopes this thing can
be faced with reason.” He said the
system might result in fewer jobs
but that his union would not oppose
it so long as those printers cur-
rently employed are protected.

Titan III First Stage
Static Fired Tomorrow

FIRST STAGE of the Titan ITI-C will
be static fired for the first time
tomorrow. The 85-foot high, 120-
inch-in-diameter booster is the
largest solid fuel motor to be devel-
oped and static fired in the U.S. It
will be fired upside down, exerting
a million pounds of thrust into a
concrete thrust block, 30 feet
square and 20 feet thick. Launch
site will be United Aircraft’s Devel-
opment and Test Center, Coyote,
Calif.

In an operational mission, two of
these boosters will be “strapped-on”
to the Titan II1I-A (thus converting
it into a Titan I1I-C) and fired 8i-
multaneously. The Titan ITI-A con-
sists of a modified Titan II “core”
with a new upper stage and control
module mounted on top.

Titan III will be capable of put-
ting payloads of 5,000 to 25,000
pounds into relatively low orbits,
accommodating payloads ranging
from ten tons in a 100-nautical-mile
orbit to 13,000 pounds in a 1,000-
mile orbit.

Developed specifically for space
work, Titan III will be able to han-
dle a variety of manned and un-
manned missions. First manned
mission will be Dynasoar.

Associate contractors include:
Martin-Marietta—airframe, assem-
bly, test and systems integration;
Aerojet General—liquid propulsion
system for the first and second
stages of the core in the transtage;
United Technology Center—120-
inch segmented solid rocket motors;
AC Spark Plug—inertial guidance.

In Brief . . .

ATOMIC ENERGY Commission has ex-
tended its contract with Edger-
ton Germeshausen and Grier
through 1968. The contract for
fiscal year 1964 totals $32 million.

COMMUNICATIONS Satellite Corp. is
requesting proposals for study of
multiple access systems for com-
munications satellites, to replace
the single-channel system in use
today. Requests went to RCA,
ITT, Bell Telephone Laborato-
ries, General Telephone and
Hughes.

NASA has given Lear Siegler a $3.5-
million contract to build data ac-
quisition systems at Marshall
Space Flight Center. Lear Sieg-
ler had previously received con-
tracts totaling $6.5 million for
this program.

NATIONAL INSTITUTES of Health and
NASA are supporting a major
center for computer technology
and biomedical research. The
center will be managed by 12
New England universities and
will be located in Cambridge,
Mass.

ITT PLANS to buy Cannon Electric
Co.

THE COMMON MARKET, in an at-
tempt to close the five-year gap
between Europe and the USA, is
planning to expand computer in-
stallations tenfold by 1970. This
will represent an investment of
$600 to $700 million.

RADIATION INC. was awarded a $1.2
million contract from AC Spark
Piug for telemetry systems to be
used in the Titan IIL.

EMI ELECTRONICS in Great Britain
is demonstrating a separate-lumi-
nance color tv technique using a
four-tube camera operating in
NTSC, SECAM and PAL systems
but requiring only enough light
for a monochrome studio.

MARTIN received an Air Force con-
tract for $100,000 to develop a
new type of direct-energy conver-
sion device. The device would be
used in space missions where
long-term reliability is impor-
tant.
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New Bridge Design
For Safe, Accurate,
Easy Measurement
of 'Lytic Capacitors

The Sprague Model 1W2A Capaci-
tance Bridge introduces new, im-
proved technical refinements as well
as restyling for added attractiveness
and ease of operation. Built by ca-
pacitor engineers for capacitor users,
it incorporates the best features of
bridges used for many years in
Sprague laboratories and produc-
tion facilities.

Precision Measurements over Entire
Range from O to 120,000 .F

The internal generator of the | W2A
Bridge is a line-driven frequency con-
verter, and detection is obtained from
an internal tuned transistor amplifier-
null detector, whose sensitivity
increases as the balance point is
approached. It has provision for
2-terminal, 3-terminal, and 4-termi-
nal capacitance measurements, which
are essential for accurate measure-
Jament... + 19 of reading + 10uuF
... of medium, low, and high capac-
itance values, respectively.

No Damage to Capacitors

The model 1W2A Capacitance Bridge
will not cause degradation or failure
in electrolytic or low-voltage ceramic
capacitors during test, as is the case
in many conventional bridges and
test circuits. The 120 cycle A-C volt-
age, applied to capacitors under test
from a built-in source, never exceeds
0.5 volt! 1t is usually unnecessary to
apply d-c polarizing voltage to elec-
trolytic capacitors because of this
safe, low voltage.

Complete Specifications Available
For complete technical data on this
precision instrument, write for Engi-
neering Bulletin 90,010A to Technical
Literature Service, Sprague Electric
Company, 35 Marshall Street,
North Adams, Massachusetts.
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Did you know Sprague makes..?

'S R

MAGNETIC
LOGIC DEVICES

Core-diode and core transistor
magnetic shift registers and
magnetic counters for switch-
ing and storage applications in

kcomputer and logic circuitry.

R MoLep e
| PULSE TRANSFORMERS

Miniature Pulse Transformers
with tough molded cases for
increased protection against
physical damage and severe
! atmospheric conditions.

J
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NANOSECOND

PULSE TRANSFORMERS
IN TO-5

TRANSISTOR CASES

Special design offers dis-
tinct advantages: (1) Mini-
fied size. (2) Welded her-
metic seal. (3) Increased
reliability. (4) Compatibility
with transistor mounting
techniques,
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(SOMETHING NEW IP

COUNTING
TECHNIQUES ..

Simple yet
versatile,
low-cost
yet reliable
counters
available for predetermined

(2 to 11) or selectable (5

Qhrough 10) counting cyclesJ
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ﬂ
DYNACOR®
BOBBIN
CORES

‘

&

(" HERMETICALLY-SEALED

Designed especially for high-speed,
low-power switching up to 100 kg,
adaptability with conventional tran-
sistor packaging techniques, and
performance under MIL-S-21038
anironmental conditions.

~\

TO-5 ENCASED 3
SWITCH CORES |

y
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Series “300" Cores
with logical flux val-
ues in popular phys-
ical sizes are stocked
in production quanti-
ties*for fast delivery.
They're value engi-
neered for quality

(}(

O

with economy! -

Wl 2,

ELECTRONIC MODULES TO ?
CUSTOMER REQUIREMENTS

S

- where “specials” are continually being
developed and produced with countless
variations in electrical characteristics and ,

~ mechanical configurations. : ;.'ﬂ

Custom packaging
is no novelty at
Sprague's Special
Products Division,
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For application engineering as-
sistance (without obligation, of
course) on any of the above prod-
vcts, write or call the Special
Products Division, Sprague Electric
Company, 35 Union Street, North
Adams, Massachusetts,
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SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘Qy are registered trademarks of the Sprague Electric o,
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How much do you know about today’s high-frequency scopes?
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First aid?
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First aid?

Internal medicine...Evenif you're
not the chief maintenance man on
your oscilloscope, alignment, calibra-
tion and adjustment can be real prob-
lems for scope users, as well. Add to
that the down time required by rou-
tine maintenance, and you see the
true importance of having a scope
that's both reliable and easy to keep
on the air.

It’s pretty basic that the simpler
the circuitry, the easier the align-
ment and maintenance, and when
you can have simplified circuitry
plus the best performance, it’s well
worth investigating. Our 175A Os-
cilloscope uses simple circuitry, as
witness the total output amplifier of
its main vertical amplifier:

-~ td
_C; \, (. A
[/ ? E af-)

-~ ‘
_C\ ' [q SN
= - T )
/ \
~

If you’ve ever calibrated and aligned
a high-frequency scope — even if
you’ve made the periodic routine ad-
justments — you know it’s no easy
matter. Even changing a tube can
require quite a bit of readjustment
of circuit components.

Consider, then, the problem: Con-
ventional high-frequency scopes em-
ploy complicated distributed ampli-
fiers in the vertical deflection sys-
tem. These amplifiers produce the
largé voltages needed to drive con-
ventional high-frequency crt’s. They
require inductance coils and trim-
mer capacitors which need to be deli-
cately tuned because they're inter-
dependent. Next time you attempt
this task, time yourself.

For the 175A 50 MC Oscilloscope,
we developed a new 12 kv cathode
ray tube, a tube so sensitive that de-
flection circuitry can be simplified
at no sacrifice in performance. Gone
are distributed amplifiers and their
tedious adjustments. Alignment
time is vastly reduced from that re-
quired for conventional scopes.

electronics o July 19, 1963

What's more, the 12 kv ert in the
175A provides a picture 6x10 cm,
larger than the 4x10 ¢m picture on
the conventional high-frequency
scope. An internal graticule elimi-
nates parallax error, and a specially
etched glass produces a non-glare
faceplate. There you've got unpre-
cedented accuracy.

Next, check your present scope in-
struction manual for adjustments
required on your vertical delay cir-
cuitry . . . another time-consuming
procedure. For the 175A we devel-
oped a high-frequency balanced cable
delay line which has no adjustments
— it’s sealed. Altogether, the main
vertical amplifier in the 175A Oscil-
loscope requires only five simple, in-
dependent adjustments.

You're familiar with the number
of components you have to keep on
hand to maintain the conventional
scope . . . and you’re familiar with
the term ‘“selected’’ components.
Most scopes use many tube types,
for example, including some “‘se-
lected” tubes . . . components that
can only be replaced with tubes of
identical characteristics or with con-
siderable realignment.

The 175A uses only 7 tube types
and 5 transistor types ... and none
of them are “selected.” Each can be
replaced with any tube or transistor
of the same type. See what that fact
does to your parts inventory . . . and
use your valuable shelf space for
something else.

Now consider the mechanical con-
venience (or inconvenience) of
maintenance on your present high-
frequency scope . . . inaccessible cir-
cuits and components, solder joints
that are hard to get at. With some
scopes maintenance is practically
like factory assembly.

The 175A is packaged in our mod-
ular cabinet, sides, top and bottom
of which are easily removed for ac-
cess to all components. Circuit
boards with plated-through holes are
connected to their circuits with

“‘edge-on’’ connectors, greatly sim-
plifying removal and replacement.

Other virtues of the 175A: Hori-
zontal and vertical plug-ins . . . such
as dual- and four-trace and high sen-
sitivity vertical viewing, sweep de-
lay and x-y recording capabilities
. . . when, but not unless you need
them. They’re all available with the
175A — as plug-ins.

Positive preset syncing over the
entire bandwidth, the easiest trig-
gering and the most dependable trig-
gering you can find. Fewer controls,
easier to use. A novice can learn to
use the 175A in half the time it’ll
take him to learn the intricacies of
other scopes.

We're not just “demonstrating” the
175A these days. We're actually let-
ting you use it, stack it up alongside
any high-frequency scope you can
find, compare them feature by fea-
ture. And feature by feature you'll
say to yourself, ‘“This is great.” Fea-
ture by feature our competitors will
ask, “Why didn’t we think of that?”
hp 175A, $1325 (without plug-ins).

Data subject to change without wotice. Price
1.0.b. factory.

HEWLETT
PACKARD
COMPANY

1501 Page Mill Rd., Palo Alto, Calif., (415) 326-7000.
Sales and service representatives in principal areas.
Europe, Hewlett-Packard S.A., 54 Route des Acacias,
Geneva, Switzerland; Canada, Hewlett-Packard
(Canada) Ltd., 8270 Mayrand St., Montreal, Quebec.
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USAF TO
FORECAST
1970’s
REQUIREMENTS

COMPETITIVE
BUYING SAID
TO SAVE

$40 MILLION

DOD SAYS USE
OF EXCESS
INVENTORIES
SAVES BILLION

BIGGER FIRMS
ARE NOW
“SMALL
BUSINESS”

12

WASHINGTON THIS WEEK

THE AIR FORCE has launched a major study on what its mission
and weapons systems will be through the 1970’s. Operating under the
name of Project Forecast, more than 300 top level military, industry
and scientific experts are working on the project under General Bernard
A. Schriever, commander, Air Force Systems Command.

The group is projecting the probable military missions for this time
period, then appraising technology to determine what weapons can be
developed to meet the mission requirements. It will be several months
before the study is completed, with the recommendations certain to be
highly classified.

The Air Force will undoubtedly recommend development of military
space weapons. Meanwhile, Air Force is optimistic that Defense Secre-
tary McNamara will allow it to continue development of the manned
Dynasoar spacectaft. A decision on Dynasoar’s future is due soon.

PENTAGON ESTIMATES savings of $40-million during first 10
months of fiscal year 1963 by shifting from noncompetitive to price com-
petitive buying of electronic and communications equipment.
Examples: price of the R-442 radio receiver was trimmed from a
non-competitive quote of $1,519 to $1,034 in competition (total gross
savings $908,890) ; RT-246 receiver/transmitter was cut from $3,976
to $2,692, with total savings of $927,048 ; price of the RT-524 receiver/
transmitter was reduced from $3,074 to $2,036, resulting in $7.4-million
total savings; and the AN/PRC-25 man pack radio (see p 36) was
trimmed from $2,278 to $843, saving $10.5 million. The original sole-
source supplier for the PRC-25 was RCA’s Military Products division.
In the follow-on competition, the firm’s Commercial Products division
came in with a bid price some 60 percent lower, McNamara said.

McCNAMARA REPORTED supply savings of $1 billion in the past
year and set a target of almost 4-billion annual cost reductions over the
next three years.

The savings, McNamara said, result from increased use of excess
inventories, ‘‘refining requirements calculations,” eliminating “gold-
plating” from specifications (one example involved use of an ordinary
women’s hair wave clip, cut to size, instead of a heat sink, to prevent
soldering heat from damaging transistors: this reduced the unit cost
from $1.35 to 2 cents); shifting from noncompetitive to competitive
procurement; and shifting from cost-plus to fixed price and incentive
contracts.

THE GOVERNMENT has revised its official definition of elec-
tronics small business. Up to now, firms with no more than 500 em-
ployees were so classified, and thus qualified for whatever preference
was granted to small firms in government procurement.

The work force maximum has now been lifted to 750 for manufac-
turers of radio and tv receiving sets (except communications) ; radio
and tv transmitting, signaling, and detection equipment; cathode-ray
picture tubes; and transmitting, industrial, and special-purpose electron
tubes. The limit is now raised to 1,000 workers for producers of radio
and tv receiving-type electron tubes, except cathode ray.

July 19, 1963 e electronics



If 2 TV signal were beamed earthward from the surface of
the moon tomorrow, a wideband phase-lock demodulator
built by STL could pick it up and faithfully reproduce it. The
new demodulator is already aboard Project Relay. Two
important advances in FM design distinguish the STL
demodulator. First, it allows reduction of spacecraft
transmitter power by a factor of four. Second, its loop 3 db
bandwidth of 7.5 megacycles is wide enough for real-time
transmission of full bandwidth television or multichannel
telephony. Scientists and engineers interested in advancing
the art of space communications will find STL an active
place. STL builds spacecraft for NASA and Air Force-

ARPA, and continues Systems Management for the Air
Force’s Atlas, Titan and Minuteman programs. These
activities create immediate openings for Space Physics,
Radar Systems, Applied Mathematics, Space Communica-
tions, Antennas and Microwaves, Analog Computers, Com-
puter Design, Digital Computers, Guidance and Navigation,
Electromechanical Devices, Engineering Mechanics, Propul-
sion Systems, Materials Research. For Southern California
or Cape Canaveral positions, write Dr. R. C. Potter, One
Space Park, Redondo Beach, California, Department G-7,
or Post Office Box 4277, Patrick Air Force Base, Florida.
STL is an equal opportunity employer.

J SPACE TECHNOLOGY LABORATORIES, INC.

a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles * Vandenberg AFB ¢ Norton AFB, San Bernardino * Cape Canaveral s Washington, D.C.  Boston Huntsville ® Dayton e Houston
Those attending the Aerospace Conference in Washington August 4-9 are cordially invited to visit STL Booth 93
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3 new 6-E photoconductive devices offer

a host of new uses

Photoconductive Arrays: Newly developed photoconductor
arrays (illustrated) offer many promising applications, especially

for data processing, industrial automation, telephony, photocopying,
proportional control devices, and alarm systems of all sorts.

The cadmium sulfide or cadmium selenide cells in the arrays can pro-

vide a wide range of electrical characteristics to meet specific needs:

spectral response 5,500-7,300 angstroms; light resistance 100-125 K ohms

4((:(})01-5 ft-c; dark resistance 15-100 megohms; power dissipation 50-
mw.

Tightly compact 20-, 40-, 90-cell and even more complex G-E photo-
conductor arrays are now under development. Pinpoint photosensitive
areas can be tailored to almost any design configuration.

Photosensitive ‘‘Siamese twins.’’ Double-cell G-E photoconductors,
in two sizes, also are now available. Each highly sensitive, hermetically
sealed unit has three flexible leads, one interconnecting both photo-
sensitive areas. Electrical characteristics can be varied considerably
to meet special needs.

New PC-L devices make noiseless controls and rugged low-level
switches. G.E.’s new PC-L (photoconductor-lamp combination devices)
are light-tight packages which enclose a photoconductive cell and a
variable illumination source. Photoconduction is controlled by varying
the voltage to the light source. Circuit isolation, noiseless potenti-
ometry, and reliable low-level switching are just a few of the new
product possibilities that G-E PC-L devices open up. Here are typical
characteristics:

Developmental Types: Y 1079 Y 1128 Y 1138 Y 1248
Lamp rating 5v 60ma b5v 60ma 5v 60ma 28v 40ma
Max. photoconductor

voltage 60v 30v 60v 60v
Power dissipation 150 mw 75 mw 250 mw 100 mw
Photoconductor 45 @ 4v 150@4v 45@4v  50@ 20v
resistance (ohms) for 3K@1lv 17K@1v 3K@1lv 1700@ 6v

various lamp input
voltages

Free booklet gives application data and specifications on the complete
line of “standard” G-E photocells—get yours today!
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Compactron
IF amplifier gives
15% higher gain
than comparably priced
frame-grid types

IF amplifier cost-and-perform-
ance figures were determined
for TV sets of three manufacturers:

Two manufacturers, Co. ‘“A” and
Co. “B,” used the popular 6EH7 and
6EJ7 frame grid tubes plus a frame
grid mixer. The third, Co. “C,” used
a 3-stage IF amplifier consisting of a
6AR11 compactron plus a non-frame
grid 6JN8 pentode and a less ex-
pensive non-frame grid mixer.

The results showed that all three am-
plifiers fell in the cost range of $1.40-
$1.49.* However, the compactron ver-
sion gave 90 db maximum gain as
compared to only 78 db for the frame
grid types. In all cases, gain was
measured from mixer grid to detector;
bandwidth was 3.2 me.

To increase gain, Co. ““A” and Co.
“B*” have chosen to allow IF “pole
shifting” to occur so that at maxi-
mum gain (fringe area signal) the
bandwidth reduces to about 1.5 me.
This yields about 6 db more gain—
still 6 db less than the compactron
version.
*Includes price of I F tubes, plus component
and socket cost differences and tuner cost
difference for frame grid mizer required by
Co. “A” and Co. “B.”
CIRCLE 200 ON READER SERVICE CARD
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FEATURE THE “ACCENT ON VALUE”

More G-E compactrons in
tomorrow’s radio, TV, hi-fi,
and industrial equipment

o~ Over 40 of today’s major equip-
“Yuery ment manufacturers have joined
the move to compactrons. Many of
the 65 compactron types now avail-
able have been designed into equip-
ment such as: portable and console
TV sets, electronic organs, telemeter-
ing_units, sweep generators, mobile
and fixed communication equipment,
stereo tuners, multiplex adapters,
microwave amplifiers, halogen leak
detectors, and precision powersources.

Major reasons for this mushrooming
growth of G-E compactrons are: (1)
performance, (2) lower costs. Com-
pactrons overcome the limitations of
tubes and transistors and deliver more
watts per cubic inch than any other
component. They have a lower initial
cost per function and offer savings
in labor and materials.

By combining several functions into
one low-profile envelope requiring
fewer pins, stems, sockets, welds, and
handling, compactrons provide in-
creased reliability and more compact
circuitry, when compared to present-
day components.

They cost less than tubes or tran-
sistors and use up to 859, less power
to perform the same function. Com-
pactrons reduce hardware, wiring,and
soldering connections and lower as-
sembly time. Heat dissipation is up
to 359, better than with conventional
tubes, increasing life and reliability.
Multifunction design provides more
compact circuits, allowing use of a
smaller chassis and cabinet with re-
sultant savings in materials.

CIRCLE 207 ON READER SERVICE CARD
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New areas of design opened
up by highly sensitive
subminiature magnetron

Two curves, illustrated above,
emphasize the Z-2985’s ability

to produce large changes in frequency
with slight changes in plate voltage
and magnetic field strength. Typical
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Versatile 6-E reed
switches outlive,
outspeed, outswitch any
other mechanical
switching device

A

G-E dry reed switches are de-
signed to work perfectly, with
milliwatt sensitivity, up to 100 million
cycles or more. They’re small, simple,
rugged, and fast acting. All types are
magnetically actuated. Contacts are

pure gold, silver, or rhodium.

Dry reed switches appeal especially
to the designer who can’t let well
enough alone. Appliances, alarm 8ys-
tems, telephony and data processing
gear, and virtually all other electro-
mechanical equipment can be im-
proved with economical dry reed
switches.

Seme typical perfermance characteristics:

SWITCH TYPE: 2DRIS 2DRS0 Y1827 Y135
sensitivities: for voltage, 1CPS/mv, Life expoctanc 0 10 15 100
or for magnetic field strength, 100 (athaltlcad)  million million million  million
(Z'Jl;gs/f)gauss. Specifications of the Tore By fora  cpers-
- re:
are Ampereturns 9015 9015 43£7 90 15
Heater Voltage, AC or DC+ 6.3:0.3 Volts Pull-in
Heater Current 0.15 Amperes
Pl?to :Iolltl;;: 5 vmg" Release 35410 4010 2546 65+ 10
Internal Shield Voltage Max, contact 15 watts 50 watts 4 watts 15 watts
Rl 3 Yos rating 250 volts 250 olts 250 volts 250 volts
Cath odce'Cum 0 6.0 Milliam (DC resistive) lLamp  3amps 250 mA 1 amp
Heater-Cathode Voitage Max. contact 50 milli- 150 milli- 150 milli- 50 milli-
Heater Positive with Respect resistance ohms chms chms chms
to Cathode % Voits
Heater Nogative with Respect Length
to Cathode 25 Volts (e’xtcluding leads) 2.10° 210" 084’ 210°
Progress Is Ovr Most Imporfant Product

GENERAL @D

ELECTRIC

For more information: Write G-E Receiving Tube Dept., Technical Information and
Product Service (TIPS), Room 7013-C, Owensboro, Ky. Please specify product(s).
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SCA Input  |nputs
Internal Preemphasis
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The FM Stereo Modulator Type 219-A is designed
to provide a multiplex output signal in accordance with
FCC Docket 13506 when fed with Left (L) and Right
(R) audio stereo channel inputs and/or subsidiary com-
munications FM sub-carriers (SCA). The output of the
modulator may be switched to provide either (L+R),
(L —R), 19 KC pilot carrier, 38 KC residual carrier or
the complete multiplex signal which can then be used to
modulate a suitable FM Signal Generator. When used
with the BRC Type 202-E, no external audio oscillator
or other equipment is required.

A peak reading metering system, calibrated in % of
system deviation, is provided for setting and monitor-
ing the levels of the individual sub-carriers. The in-
ternal matrix may be switched from the normal condi-
tion to provide either (L+R) or (L—R) null for check-
ing the matrix in the receiver under test. The modulator
is completely self-contained and housed in a single cabi-
net which may be adapted for standard rack mounting.

BOONTON RADIO
CONIPANY
A Division of Hewlett-Packard Company @

GCREEN POND ROAD, ROCKAWAY, NEW JERSEY
Tel. 627-6400 (Area Code 201) TWX: 201-627-3912 Cable Address: Boonraco
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¢ Internal 1 KC Mod-
ulating Oscillator
o Peak Reading

price: $975.00 F.0.B. Rockaway, N. J.

Output Meter

Self-Checking
Switchable Matrix

INPUT CHARACTERISTICS

LEFT (L) & RIGHT (R) INPUTS

Frequency Range: 50 cps — 15 KC

Level: 1.7 + 0.2 vSils nins~

*For 45% peak multiplex output; simul-
taneous (L) and (R) inputs yield 30%
peak multipiex output

Preemphasis: 75 usec preemphasis
switchable in or out of circuit

SUBSIDIARY COMMUNICATIONS
(SCA) INPUT

Frequency range: 20 — 75 KC

Level: 1.0 volt rms*®

*For approx. 10% peak muitiplex output

MODULATING OSCILLATOR
CHARACTERISTICS
Osc Frequency: 1 KC
Osc Output: Switchable into either
(L) or (R) input

OUTPUT CHARACTERISTICS

Level: 0 — 7.5 volts peak®

*Multiplex output

Residual Hum & Noise: > 60 db be-
low 100% output

Crosstatk®: > 40 db below 100%
output

*(L—R) into (L+R)

METERING

Range: 0 — 10%* (19 KC and 38 KC

only); 0 — 100%*

*Multiplex output; output adjustable 0—
7.5 volts peak for 100%

Output Modes: Switchable for (L +
R). (L — R), 19 KC pilot carrier,
38 KC residual carrier, or multi-
plex signal

PILOT CARRIER

Frequency: 19 KC

Accuracy: = 0.01%

MONAURAL (L + R)

Fidelity: 50 cps — 15 KC = 1 db*®

*=+ 0.2 db and = 1.5¢ relative to (L — R)

DOUBLE SIDEBAND SUPPRESSEO

CARRIER (L — R)

Frequency: 38 KC

Fidelity: 50 cps — 15 KC + 1 db®

*+ 0,2 db and = 1.5¢ relative to (L + R)

SUBSIDIARY COMMUNICATIONS (SCA)

Figelity: 20 — 75 KC = 0.5 db

OSCILLOSCOPE SYNC SIGNAL

Frequency: 19 KC
Output Level: 0.5 voits rms
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New from Transitron

The most recent achievement of
Transitron’s Total Reliability
Program, these new planar versions
of the highly popular 2N1722 anc
2N1724 NPN silicon power
transistors have the greater
inherent reliability associated with
advanced surface passivation
techniques. They readily replace
mesa versions in existing circuitry.
Both offer lower leakage current,
lower saturation voltage, better
power dissipation and improved
beta linearity. The 2N1722 is
packaged in a flange type
mounting, the 2N1724 is an 11/16"
hex base, stud-mounted package.
Both are available through your
Transitron Distributor. For complete
information, write to Transitron,
Wakefield, Massachusetts.
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PROBABLE
CAUSE of Syncom
I's failure, it i3 now
believed, was explo-
gion of mitrogen

tanks. Clearance be-
tween tanks (one is
shown at lower right
of picture) has been
tncreased)

DURING INFLA-
TION TEST of
Echo II at Lake-
hurst, N. J., smaller,
30-ft balloons, filled
with helium, carry
engineers aloft to
check Echo’s r-f re-
flectivity character-
igiics

——’

/s

TRANSPONDER-
TRANSMITTER
TwY

NITROGEN : " )
ORENTATION JET NITROGEN .
3t T
NIOKEL - CADMILM f'Vﬂ'OL LA FNORDGEN PEROXIDE TANK
BATTERES 4 e
i €O -AXIAL SLOTTED ARRAY
{ COMMUNICATIONS ANTENNA 7
\\ /
/ / N/

/
TELEMETRY AND
COMMAND WriiP
ANTENNA
CONMAND
RECEIVER

~, NITROGEN
GAS TANK

SATELLITE »
TERMINATION TIMER A\
b .. SN
\ SENSOR
\\ APOGEE
i . MOTOR NOZZLE & . '\

t EXTERNAL CON-
FIGURATION of
Relay II will be the
same ag Relay I, al-
though internal elec-
tronics will be im-
proved. New Relay
i8 now being built at
RCA’s Astro-Elec-
tronics Division for
the December launch

New Look in

Next week it’s Syncom;
design changes set for
new Relay and Echo, too

By JOEL STRASSER

Assistant Editor

DESIGN IMPROVEMENTS will
be incorporated into the second
round of communications satellites
to be launched next week and later
this year using lessons learned from
their predecessors. A beefed-up
Syncom II will make another at-
tempt into orbit no earlier than
Tuesday, while both Relay II and
Echo II will probably go up dur-
ing the last few days in December.

SYNCOM II—To prevent repeti-
tion of Syncom I's failure, the sec-
ond Syncom, now being readied on
the launch pad at Cape Canaveral,
has been modified. Originally, it
was thought that a defect in the
power supply may have caused the
failure. The prevailing theory now,
however, is that one of the titanium
tanks that store nitrogen used for
vernier attitude control and period
control may have ruptured in Syn-
com I, blowing the satellite apart.
In tests conducted within the last
several weeks, a tank was punctured
causing an explosion that ejected
a weight similar to that displaced
by the apogee kick on Syncom I.
In the second Syncom, clearance
between the tanks was increased.

As a precautionary measure
against power failure, as indicated
earlier (ELECTRONICS, p 25, May
17) all wires to power-consuming
subsystems are being fully dupli-
cated. Another set of batteries
in the beacon will give 10 to 15 extra
minutes of telemetry for location
purposes, if the spacecraft gets lost
again.

While these improvements will
add several pounds to the overall
weight of Syncom II, a higher-
powered apogee kick motor, built by
Jet Propulsion Laboratory, will be
used instead of the Thiokol motor
used in Syncom I. Hughes Aircraft
built the satellite.

RELAY II—To avoid the problems
that plagued Relay I with a faulty



This Year’s Comsats

switching transistor in the trans-
ponder, changes are being made in
the voltage regulator switching
circuits. A different transistor, less
sensitive to temperature variation,
is being incorporated into this cir-
cuit. An electromagnetic relay is
being placed in series with the volt-
age regulator switch to provide a
second means of turning the satel-
lite off.

N-on-p solar cells, which offer
much greater radiation resistance
than Relay I's p-on-n units, are be-
ing incorporated into the satellite.
They will have a 60-mil glass shield-
ing. Radiation experiments con-
ducted by Bell Telephone Labora-
tories and State University of Iowa
will be the same, but a minor change
will be made on the radiation dam-
age experiment conducted by God-
dard Space Flight Center. For re-
dundancy, three gallium-arsenide
cells will be used instead of
one, and unlike Relay I's, these
will have 6- to 10-mil glass
shields. The tests, which were to be
conducted with high-energy radia-
tion, were voided by low-energy pro-
tons, which the glass shield is de-
signed to protect against.

More r-f shielding will be used
in the wide-band system because of
command anomalies. It was de-
termined that Relay I's command
circuit was particularly susceptible
to rock and roll music. Command
receiver characteristics are being
changed—more shielding, the op-
erating squelch level will be less
sensitive to spurious transmissions,
and a new filter will be placed in
the antenna feed system.

An extra cell will be added in
each of the satellite’s three bat-
teries to achieve greater ampere-
hour capacity. This will provide 23
v, rather than the former 22 v, at
the end of the operating discharge
cycle.

Unpressurized traveling wave
tubes may be used in the wideband
system. Pressurized twt’s were used
in Relay I because there was no
conductive or convective heat trans-
fer. The redesigned twt would have
the same electrical characteristics,
but physical changes in the pitch
angle of the helix and an outer
glass coating would eliminate the
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heat problem. Pressurized tubes
would then be unnecessary.

Changes in the charge-controller
circuit, which were affected by
radiation damage in Relay I, will
give longer periods of operation.

Telemetry sensors are being re-
located in some instances. A therm-
istor that could have picked up
the failure of the 2N174 transistor
immediately in Relay I is being
moved to the satellite’s base ring.

When the satellite gets hot, a
thermal controller activates a hy-
draulic system to let the heat radi-
ate out through vanes in the space-
craft. A sensing device is being
added to the vane system. Total
added weight to the spacecraft for
all these changes is about one
pound.

ECHO II—Biggest change in the
Echo II balloon satellite will be a
new inflation system that uses
higher pressure acetamide as the
inflating material in a specially
designed compartmented balloon
(ELECTRONICS, p 7, Feb. 15). Pre-
vious plans called for using lower
pressure benzoic acid in a regular
balloon. In a recent test, it was de-
termined that the increased pres-
sure is better for r-f. The balloon,
which underwent its third static in-
flation test last week at Lakehurst,
N. J., will be 135 feet in diameter
compared to Echo I's 100 feet.

Tv system to monitor the deploy-
ment of the balloon for five minutes
following the launch is being incor-
porated into the second (Agena)
stage of the Thor-Agena booster.
Readout will be at Johannesburg,
South Africa. The initial trajectory
will be changed somewhat, but this
will not affect orbit or period.

Collins Radio is now using the
old Echo I balloon for voice com-
munications between Cedar Rapids,
Iowa and Dallas, Texas. Under test
is a new station at Dallas with a
60-foot parabolic dish and phase-
lock loop receivers to aid in track-
ing. Collins reports that Echo I has
shrunk from 100 feet to 60 feet in
diameter but is still very much
alive. MIT Lincoln Laboratory and
the Naval Research Laboratory
facility at Stump Neck, Md. are
also using it successfully,

the
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POTTER

the
LP-1200 SYSTEM
provides:

B LOW COST BUFFER STORAGE.,.
Computer proven Magnetostrictive
Delay Lines are compatible with the
fastest computer systems,

W NEW DELAY LINE AMPLIFIER. ..
Peak Detection circuit improves
reliability at higher frequencies.

8 QUALITY HIGH SPEED PRINT-OUT
Yacuum Paper control, coupled with
high speed paper feed produces
clean, sharp impressions.

8 HUMAN ENGINEERING provides...
quick, front paper loading, ease of
ribbon change, access to drum and
hammers, convenient operating
controls.

W ADDITIONAL FEATURES ...
non-wearing Elastomeric torslon
bearings assure long hammer life;
low inertia drive belts minimize
clutch and brake wear,

To leorn how the Potter LP-1200 Printer
System con reduce the cost of your
computer time, write to the General
Manager, Printer Division, fodoy,

.

POTTER INSTRUMENT CO., INC
PRINTER DIVISION
East Bethpage Road o Plainview, New York
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You can take your work to the
HONEYWELL 8100 TAPE RECORDER

you can

take
the

8100

{0
your

work!

Completely portable, completely self-contained, the new Honeywell 8100
recorder/reproducer offers instrumentation quality in a package you can carry
from test to test with one hand. Or you can rack-mount the 8100, as shown at
left with a Honeywell Model 1508 Visicorder Oscillograph. The 8100 contains
all its own electronics, plus such convenience features as a built-in calibration
panel and automatic switching of center frequencies. You can record analog
data from DC to 10,000 cps on up to 8 data channels. And there’s an optional
built-in scope for monitoring data while you record. Available with either ¥4 or
1, inch tape. Weight only 85 pounds. Price from $5900 to $11,300. Write for
brochure #2038 to Honeywell, Denver Division, Denver 10, Colorado.
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NOISE INDEX IN DECIBELS

It’s the reliability CULL* line we can draw on the basis
of current noise level for any lot of Corning metal-oxide
film resistors.

The good guys are on the left. Test them at 24 times
rated power and 25°C. We’ve been doing it for 23,000,-
000 part hours without one failure.

If one had failed, you’d have a failure rate of
0.01001% /1000 hours at 90% confidence, 0.00398 at
60% , and 0.00022 at 5% . But none have!

The CULL line falls at different db levels for different
styles and sizes of Corning resistors. But we can draw
one for any of them that is practical in cost and un-
smirched to date for reliability.

Resistors to the right of the line may be OK, but our
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findings indicate that all mavericks in TC and load life
will be on the noisy side of the line.

Read all about this new, non-destructive reliability
screening tool, and how we’ll put it to work for you at
modest cost. Write for our new folder, “Current Noise
Level: New Reliability Screening Technique for Corning
Metal-Oxide Resistors,” to Corning Glass Works, 3901
Electronics Drive, Raleigh, N. C.

*Corning Uniformity Limit Level

CORNING

Electronic Components
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DRAWING shows location of guidance and navigation
electronics aboard LEM. RCA’s $50-million sub-contract

sncludes work on these systems

EXTERNAL CONFIGURATION of LEM. Base por-
tion of vehicle will be used for touchdown on moon. Upper
portion of vehicle has its own propulsion system for
lunar lift-off, permitting the lower portion to remain on
the moon. Grumman is prime contractor

LEM Electronics Faces New

Lunar Excursion Module
will require reliable
custom-made gear

By MARVIN REID
McGraw-Hill World News

HOUSTON—A minor roadblock
in the procurement of electronic
components has arisen in the Na-
tional Aeronautics and Space
Administration’s Apollo project,
ELECTRONICS learned this week.
It is not serious enough, however,
to cause any delay in NASA’s
overall goal of putting Americans
on the moon this decade.

Some component manufacturers
are having difficulty meeting
NASA’s rigid quality control
specifications. This is causing
some delay in getting ‘type A’ com-
ponents for the guidance and con-
trol systems, David Gilbert, man-
ager of Apollo spacecraft systems
office of guidance and control, re-
ports.

Gilbert says the problem is not
serious, at least not at this stage.
“We are going ahead and releas-

ing initial systems designs,” he
said, “based on ‘type B’ compo-
nents. These can be used in early
test units. We will need ‘type A’
for the flight vehicles, however,”
Gilbert said.

In the Apollo program, NASA
requirements call for minute trac-
ing of quality control steps by
parts manufacturers. The degree
of control, Gilbert reports, “has
proved annoying to some manufac-
turers” leading to “negotiations
and renegotiations.

“The parts problem has been a
surprise to us. We didn’t expect
it. We are working around it,
however, and since we don’t have
to have all ‘type A’ components
for the first few systems, we see
no reason for any delay in the
overall program,” Gilbert said.

SUBSYSTEMS — The electronic
systems concept and basic designs
of both the command and lunar
excursion modules have bcen
“pretty well completed” now, Gil-
bert said.

LEM'’s electronic systems, which
duplicate where possible those in
the command module, will for the
most part be handled by RCA un-

der subcontract with Grumman
Aircraft. Five areas that RCA,
under a $50-million plus contract,
will be responsible for include sys-
tems engineering, communica-
tions, radar, in-flight systems, and
ground test out. RCA will also
handle certain other undefined
jobs.

e Communication system in-
cludes: S-band transponder, S-
band power amplifier (20 watts),
S-band diplexer, S-band erectible
antenna (lunar surface) 10-ft di-
ameter, S-band high-gain antenna
(spacecraft) 2-ft diameter, S-band
omnidirectional antenna, vhf
transceiver, vhf lunar stay an-
tenna, vhf omnidirectional an-
tenna, pcm telemetry equipment,
tv equipment, intercom equipment,
and miscellaneous microwave com-
ponents.

e Instrumentation system con-
sists of data storage equipment,
central timing equipment, signal
conditioning equipment, sensor/
transducer equipment, and in-
flight test systems.

e Navigation and guidance in-
cludes rendezvous radar, radar
altimeter, computer, and signal
conditioning equipment.

July 19, 1963 o electronics



Challenges

CUSTOM-MADE GEAR—Of the
communications and instrumenta-
tion systems, “almost nothing is
off the shelf hardware for LEM
except transducers and micro-
wave switches,” Owen Maynard,
acting manager of spacecraft sys-
tems for LEM reports. However,
he and Douglas Broone, Jr., of
his staff, report that virtually all
systems now called for are “within
the state-of-the-art.”

For example, LEM will require
some exacting antenna systems,
but the main task facing designers
is to match present systems to
LEM’s configuration. An excep-
tion may be the vhf lunar-stay an-
tenna which will have to scan
from 80 to 100 miles when the com-
mand module’s orbit is directly
above it, and up to 232 miles away
as command module begins mak-
ing its pass.

Broone reports NASA is now
looking at a turnstile-type antenna
used on one of the Goddard earth
orbital satellites. “Patterns to
date indicate it is what we want.
Basically, it will be a spiral an-
tenna with two crosses in it.” Al-
though the adaptation of antennas
to LEM’s configuration is causing
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Frequency stable performance is achieved upon
application of high voltage nearly 100 times
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Now from Sprague!

CASE

WIDE SELECTION
OF

Il Silicon

Chopper

Transistors

NOW IN {%
VOLUME Pnonuclnon

Specifically designed for use as low-
level choppers, Sprague Silicon Pre-
cision Alloy Transistors are inherently
stable. Every Sprague chopper tran-
sistor undergoes a rigid production
conditioning of 40 temperature cycles

from — 55 C to + 140 C, a 200-hour

bake at + 140C, and a 2-hour1 25mW
operational burn-in!

Guaranteed 30 volt rating. Typical fy of
2N2162 | 20 Mc and low offset voltage make these
2N2165 transistors ideal where high voltage is

required

Have 15 volt rating and same high frequency
gn%}g erformance and low offset voltage as

N2162
2N2164 Highest frequency P-N-P Siticon Choppers
2N2167 available as standard types
2N2185 Extremely low leakage current of 1 nano-
ampere at 10 volts. Has 30 yolt ratin
IN2274 Similar to 2N2185 but has lower inverted
dynamic saturation resistance
2N2276 Low-cost version of 2N2274
2N2278 \{e:nyklow offset voltage of 1.75 mV at lB=

Matched pair of 2N2185 with AVOFF=
2N2187 50,V max. from 425 C to 485 C

Matched pair of 2N2274 with AVOFF =
2N2275 | 100,V max. from 425 C to +65 C

Matched pair of 2N2276 with AVOFF =
2N2277 | 190,V max. from 425 C to +65 C

Matched pair of 2N2278 with AVOFF =
2”,2279 50,V max, from +25 C to 4-85C

For additional information,
write Technical Literature Ser-
vice, Sprague Electric Co.,
35 Marshall Street, North
_ Adams, Mass., indicating the
pes in which you are interested,
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design headaches, “the technology
for what we need exists,” Broone
says.

One state-of-the-art system will
be the S-band power amplifier, ac-
cording to Broone. There are
tubes on the market—traveling
wave, klystron and amplitron—
but he says they haven’t been
adapted for airborne use.

MORE SENSITIVE TUBES—An-
other system problem includes the
tv equipment, which is to be used
to transmit lunar pictures back to
earth in real time at rates “just a
little slower than commercial
rates.”

The trouble here revolves
around the small amount of
«earthshine” on the lunar surface.
The maximum sensitivity of lenses
now available is just equal to the
amount of maximum earthshine,
so, Maynard says, “we must either
carry extra light or get more sen-
sitive tubes.” He thinks more
sensitive tubes will be available.

In LEM’s instrumentation, May-
nard says, there is nothing par-
ticularly “exotic” in any of the
equipment. He points out, how-
ever, that virtually all of LEM’s
equipment will be custom-made
for the vehicle.

Jroone says rendezvous radar,
which has not yet been defined,
in the navigation and guidance
system may be “gtate-of-the-art.”
Design data will probably be re-
leased by October. The big prob-
lem here is “finding a place to put
the antenna.”

The special radar altimeter, a
2-position, 3-beam doppler, is a
“gpecial case” Broone says, but he
believes “there is enough intelli-
gence around industry to build
what we want.” He also adds that
the computer “is a big operation.”

COMPUTER—Gilbert reports the
computer in LEM will be similar
to the one planned for the com-
mand module. In fact, “all elec-
tronic portions will be as identical
as we can make them.”

The design of the LEM com-
puter, “now pretty well along,”
uses Fairchild’s micro-logic cir-
cuits. Circuits contain three trans-
ducers and one resistor. It is a
parallel machine packaged so it
will have removable module trays.

It will have a keyboard to allow
the astronauts to insert informa-
tion from the ground, and a digi-
tal display readout. Computers
used in the command module and
LEM will be original designs,
with accuracy the primary factor.

“Speed will not be a big factor”
on the computers, says Gilbert.
“Its critical portions will be dur-
ing entry and landing. It has to
solve problems in real time.”

One big question still under de-
bate is whether to provide exten-
sive back-up electronic systems on
LEM. On the command module,
NASA officials have generally fa-
vored in-flight maintenance rather
than heavy redundancy of equip-
ment. “It is quite possible we will
favor this approach on LEM,
which, compared to airplane mis-
sions, will be a long flight. It will
have about six minutes of pow-
ered flight, although its overall
mission may range from 10 to 48
hours. It makes sense, considering
this, to consider in-flight mainte-
nance.”

One exception may be the navi-
gation-guidance systems. This
will be one of the “very crucial”
areas, as far as systems is con-
cerned, and “you can bet it will be
very refined and backed up where
it has to be,” Maynard says.

PLANS—Although Project Gem-
ini will be responsible for the na-
tion’s next manned space flight,
Project Apollo is being pursued
separately and “we can’t wait for
hardware” tested by Gemini, Gil-
bert says.

NASA has officially said it
hopes to land men on the moon by
1970. Nouody talks of “official
schedules here, but there is hope
that the big shot—sending the
three-module Apollo to the moon
for a two-man land’1g and return
—can come as early as the end of
1967. To meet any kind of schedule
such as this, Gilbhert says, several
Apollo earth orbital shots will be
required within the next two to
three years.

Approximately 80 percent of the
money spent for LEM and the
command module will be for
equipment common to both. Only
20 percent will be spent on special-
ized gear peculiar to the needs of
one or the other.
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Tested 200% plus! Production line machines automatically classify
every Stackpole resistor to insure that specified resistance and tol-
erance are unerringly met. Then, just before packaging, resistors are
again tested individually as the final step in a series of critical inspec-
tions that start even before production begins.

Effect-of-soldering test! Samples from Stackpole resistor runs are lab-

oratory tested regularly to make certain that soldering heat will have

negligible atfect on performance. Equally rigid tests at every important
stage of production assure quality second to none in every Stackpoie
COLDITE 70+ resistor you specify.

Some Stackpole resistors are not for you

Stackpole COLDITE 70+® Fixed Composition Resis-
tors roll down our line, and out to customers, by the
tens of thousands every day.

But does this mean sheer volume at the sacri-
fice of quality?

On the contrary!

It calls for one of the most rigid, comprehen-
sive testing and quality control programs in the resis-
tor industry . .. just to spot the one Stackpole resistor
that is not for you (or any other Stackpole customer),
Two of the tests are shown above,

This is why you can specify COLDITE 70+
resistors without a second thought about their solder-

STACKPOLE

ability, load life, humidity and temperature char-
acteristics. And why they exceed every important
MIL-R-11 requirement.

If you're ever in our area, drop in and say,
“Hello!” We'll be glad to chat about your design prob-
lem. Meantime, buzz your Stackpole distributor and
prove our polnt: you get more out of Stackpole re-
sistors because we put more in them. Or write:
Electronic Components Division, Stackpole Carbon
Company, St. Marys, Pennsylvania,

CARBON COMPANY, Electronic Components Division

St, Marys, Pennsylivanla
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ECLIPSE

Experimenters converge
on path of totality
from Alaska to Maine

By THOMAS MAGUIRE
New England Editor

ELECTRONIC INSTRUMENTA-
TION on the ground, in jet air-
craft and aboard rockets will be
probing the ionosphere and “lis-
tening in” on the sun and moon to-
morrow (July 20) during one of
nature’s rare spectacles—a total
eclipse of the sun.

Besides information on the
structure and processes of the
ionosphere, the eclipse is expected
to yield data on the solar corona

NIKE-APACHE sounding rockets, to
be fired into the ionosphere from Fort
Churchill, tomorrow, surround Leslie
G. Smith of Geophysics Corp. of
America, project director. He holds
X-ray Geiger counter (top) and Ly-
man-Alpha proton counter instruments
to be used on the rockets

TO BARE

and chromosphere, airglow, sky
brightness, and the exact size and
shape of the moon. Some scien-
tists will be using radiometric
techniques in an attempt to get a
millimeter-wave “picture” of the
solar limb; and others will be
checking once again Einstein’s
prediction that light waves pass-
ing near the sun are bent by its
gravitational pull.

In all parts of the North Ameri-
can continent, a partial eclipse
will be observable. The total
eclipse will be seen in a path from
Alaska through Canada and cen-
tral Maine. An estimated half-
million professional scientists,
amateurs and tourists will crowd
into the most heavily populated
section of the path of totality—a
55-mile-wide strip across Maine
from Jackman to Bar Harbor. In
this path, the totality will last
about one minute.

This eclipse has attracted un-
usual attention because of accessi-
bility of the path of totality and
its nearness to existing stations,
approach of the International
Quiet Sun Year, and relatively
high angle of elevation of the sun
and moon to stations on the North
American continent.

AIR FORCE — Cambridge Re-
search Laboratories in Bedford,
Mass., will concentrate heavily on
this eclipse because of the prox-
imity of the path to several of its
highly instrumented field sites.
Additional equipment has been set
up in the Bangor, Me. area.

At AFCRL’s Sagamore Hill Ra-
dio Astronomy Observatory in
Hamilton, Mass., the 84-foot radio
telescope will be used in a moon-
bounce program in cooperation
with the Army Signal Corps, the
University of Illinois and Stanford
University. Signals at 25, 50 and
150 Mc will be bounced off the
moon before, during and after the
eclipse. Receiving stations will
measure Faraday rotation of elec-
trons in the ionosphere and also
total electron density changes.
Measurements of ionospheric
changes during a period of chang-

IONOSPHERE’'S SECRETS

ing solar radiation constitute one
of the most important observa-
tions to be made tomorrow.

The new 150-foot dish at Saga-
more Hill will be trained on the
radio star Cassiopeia for scintilla-
tion studies as the ionosphere
changes during the eclipse.

CANADIAN ROCKET — From
Fort Churchill, Canada, AFCRL
will fire a Black Brant rocket car-
rying instrumentation for measur-
ing variations in the D and E lay-
ers of the ionosphere during the
eclipse.

To measure changes in the
D-layer, broad-band riometers lo-
cated in Maine will receive Loran-
C signals transmitted from a Coast
Guard station on Nantuckett
Island.

Effects on the D layer will also
be measured by an instrumented
KC-135 aircraft which will meet
the eclipse over Fort Churchill,
Canada.

Also racing the moon’s shadow
will be Charles H. Smiley of
Brown University, who will be ob-
serving from an F-104 jet plane
which may be able to keep him in
the shadow for five or six minutes
as the dark image races eastward
at about 3,300 mph. National Geo-
graphic Society and Douglas Air-
craft are sponsoring a jet flight
over the Canadian Northwest.

NASA PARTICIPATION—Rocket
firings will be made from Fort
Churchill to probe the ionosphere
as part of a NASA contract. The
experiments, conducted by Geo-
physics Corp. of America, will si-
multaneously measure electron
density and u-v and x-ray radia-
tion under conditions of varying
solar radiation. Hopefully, the ex-
periments will provide a new in-
sight into the precise effects of
solar radiation on molecular par-
ticles and the temperature in the
upper regions of the atmosphere.
It is also hoped they will prove or
disprove theories concerning the
role of the sun’s corona in generat-
ing the ionizing radiation that
creates the atmosphere.
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SPEED + POWER = MOTOROLA'S 2N2832-34

NOW. .. Motorola Engineers Have Broken the Barrier
Between Transistor Speed and Transistor Power!

For the first time, the epitaxial concept has been applied
to a power transistor to improve switching characteristics,
to lower saturation voltage, and to increase gain. The re-
sult is the new Motorola high-frequency, high-current
2N2832-34 series germanium PNP device with collector-
emitter voltage ratings of up to 160 volts, and 0.5 volt
Ve (saty at 20 amps. This TO-3 packaged transistor will
£l1 applications in television flyback circuits, inverters and
converters, class C power amplifiers, ultrasonic generator
circuits, and core drivers.

Industrial and military designers of cathode ray tube
deflection circuits will find that this new transistor excels in
frequency, saturation voltage, transconductance, power, and
switching time characteristics. For television fiyback appli-
cations, a fall time of 0.7 usec at 8 amperes of collector
current is typical with this new device,

BOX 955 ¢ PHOENIX 1, ARIZONA

electronics o July 19, 1963

The ring-emitter construction, very narrow base width,
and conservative 20-ampere maximum current rating sug-
gest applications in high-frequency inverter and converter
circuits where there is a need to reduce transformer size and
weight.

" ELECTRICAL CHARACTERISTICS

Type | (rypical r S
} Number BVceo_[ BViso Ic [Fae@ 1 zdc  exs
P2N2832 50v ] 2V_ 20A 100 —T@ Ves = 100V. .. 20 mA
l 2?!2833 75V { ris 20A 100 @ Vee = 140V... 20 mA

o283 | 100v | v [20a| 100 | @ ver=160v... 20ma

—t

The 2N2832-34 power transistors are immediately avail-
able from your local Motorola Semiconductor Distributor or
District Office. For complete technical information, write:
Technical Information Center, Motorola Semiconductor
Products Inc., P. O. Box 955, Phoenix 1, Arizona.

“your most complete power transistor source™

MOTOROLA Semiconductor Products Inc.

A SUBSIDIARY OF MOTOROLA INC.
0-63-048
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leads to another at Speer

(Thanks to a Multi-Million Dollar Research and Development Program)

At our R&D Center in Niagara Falls we are constantly developing new types of electronic components and
improving the performance characteristics of our present types. We are also continually improving our produc-
tion and quality control facilities throughout our various divisions. If you have a circuit design problem and want
the cooperation of a modern, progressive company employing over 2000 people in the design and production of
high quality components, call on a Speer representative. The broad line of electronic components manufactured
by Jeffers Electronics and Speer Resistor Divisions includes: 1. Speer 1 Watt body tape-packaged resistors;
2. Jeffers phenolic coated PAC’s; 3. Jeffers clear-coated PAC’s; 4. Speer special leadless

resistors; 5. Speer 2 Watt carbon composition resistors; 6. Jeffers Types 09, 15, 19, 22, 24, SP[EH

28 and 30 molded inductors; 7. Speer ¥4 Watt carbon composition resistors; 8. Jeffers special
coils; 9. Jeffers JM 110 and 160 capacitors.

nictroNcs
Dept. 427, St. Marys, Pennsylvania
Speer Carbon Co. Is A Division Of Air Reduction Company, Inc. .

electronics o July 19, 1963 CIRCLE 29 ON READER SERVICE CARD 29



OPERATION FROM SPACECRAFT ON-BOARD POWER |[POWER—PACK OPERATION

CONTROLS

SI.IF?PLY SUPPLY

\ : @

|
|
|
POWER | Power
l
I
|
|

l

INVERTER |

IH:')/?.OBV A-C

|
SYSTEM WEIGHT |
APPROX 310L8B |

|

(A)

CONTROLS

SYSTEM WEIGHT
APPROX 250 LB

CONTROLS

POWER INVERTER

PACK

SYSTEM WEIGHT
APPROX 350 LB

OPERATIONAL MODES (4) of prototype electron-beam welding system (B)

SPACECRAFT ON-BOARD SUPPLIES

28v|D~C 115/208V A-C
: o8
: : '__ = S =
] ] | FULL - WAVE
] i RECTIFIER
: I AND
' | | FILTER
}
| Al
| 1
| : RECTIFIER
| 2 AND
| | FILTER
| 1
s I
l ]
!_ i == et HIGH
INVERTER | | ’ L2
4] TRANS
—- ——— |
] FILAMENT
MAIN
l BATTERY | TRANS
'| 28vD-C v )
S “HIGH VOLTAGE
(B) Power Pack POWER SUPPLY

Construction of Electron-Beam Space

Prototype tests in
simulated environment
to begin next summer

PHASE II of a three-phase Air
Force program to investigate join-
ing materials in space by electron-
beam welding techniques is now
underway. Sponsored by the Aero-
nautical Systems Division Manu-
facturing Technology Division at
Wright-Patterson AFB, the work

is being carried out by Hamilton
Standard div. of United Aircraft
Corp. Objective of this phase of
the program is to develop a proto-
type welding system—a project
that will probably take a year to
complete (ELECTRONICS, p 12, May
31). After that, in Phase III, the
prototype system will undergo a
geries of operational tests in a
simulated space vacuum environ-
ment.

Initial phase of the program,
which has just been completed, was

Lighting Systems To Use Inverters

SILICON-CONTROLLED rectifi-
ers, already cutting a wide swath
in industrial applications such as
motor control and switchgear,
may soon move into factories and
offices.

Static solid-state inverters us-
ing these components may make
possible a radical departure from
conventional 60-cycle lighting sys-
tems. The units generate 3,000-
cps power although frequencies
from 400 to 10,000 cps could be
used. According to J. L. Fink of
GE’s Switchgear and Control di-
vision, this development could set

off a new trend in low-voltage
power distribution.

The lighting systems are useful
in office buildings, convention halls,
airplane hangars and factories.
They would use silicon rectifiers
to produce d-c power from a-c
mains and electronic switches us-
ing silicon-controlled rectifiers to
convert this d-¢ power to high-
frequency a-c for lighting use.

The advantages include economy
due to smaller, lighter ballasts in
simpler, less expensive fixtures.
Also, there is a big reduction in air-
conditioning requirements.

aimed at defining the nature of the
electron-beam system to be de-
veloped. The joining tasks that
would be required in space were de-
fined, the methods for using elec-
tron-beam welding in those tasks
and the means of obtaining operat-
ing power were studied.

APPLICATIONS—The Phase 1
study indicated that the main use
of welding equipment in space will
be to seal manned spacecraft struc-
tures to reduce losses of the vital
on-board air supply (particularly
on large, self-erecting space sta-
tions).

Besides this, a fabrication and
repair capability will also be needed
in space for such things as me-
teoroid damages, docking and land-
ing mishaps, station alterations,
and rendezvous assembly opera-
tions.

To handle such eventualities, the
gystem was designed for mobility
within the spacecraft while still be-
ing accessible to the power supply.

Heart of the welder is a compact
high-voltage welding gun column
approximately 9 inches in diameter
and 18 inches long. Power is fed to
the welding gun through a flexible
length of shielded high-voltage
cable from a modular power supply
and control package. Depending
upon the nature of the power
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Welder Begins

source, the system is designed to
operate in several modes, as shown
in Fig. A. Complete independence
from spacecraft power is possible
for short durations by use of a re-
chargeable storage battery when op-
erated in the “power pack” mode.

SYSTEM SPECS—The welding
system concept is shown schemati-
cally in Fig. B, In addition to the
welding gun and its cable, the pack-
aged power system (when operated
in the power pack mode) will con-
sist of a controls module, a high-
voltage power supply module and
a power pack which contains bat-
tery and inverter modules that can
be removed to convert the system
to other operational modes. The
power system ultimately will fit into
a package approximately 1 x 2 X
3 ft, and the entire system will
weigh about 350 1b.

The electron-beam gun will nor-
mally be operated at 80 Kv and
draw around 500 watts. But to pro-
vide adequate power for the variety
of welding tasks that may be en-
countered in space, the system is
being designed to operate at 80 Kv
and 12.5 ma. The peak accelerating
potential of 80 Kv results from a
compromise among gun column size
(and weight), weld penetration re-
quirements, and the efficiency of the
use of available power.

electronics e July 19, 1963

Spectra-Physics LASERS

within a millionth of an inch of perfection

The difference between an ordinary monochromatic gas laser
beam (left, above) and one with complete spatial coherence
in a single phase wavefront (right) is very largely in the preci-
sion of the optics. The reflectors and Brewster’'s-angle windows
in a continuous-wave gas laser, to qualify it as a precision
laboratory instrument, require an optical finish of a very small
fraction of a wavelength.

You will find this precision in all Spectra-Physics CW gas
lasers, a result not only of meticulous care in the preparation
of the optics, but also of the practiced skill with which they are
integrated into the instrument.

The quality of a Spectra-Physics laser becomes immediately
apparent when you turn on the power and observe the uni-
phase, truly coherent quality of its output. All its power is thus
available for insertion into the diffraction limit of an optical
system, with the important benefits of better collimation,
greater intensity, and sharper focus.

An impressive proportion of all significant laser work now
underway is being conducted with equipment produced by
Spectra-Physics. Among the many advantages now offered is
complete assurance of reliability of operation, backed by a
full year’s warranty which includes even the plasma tube.

Write for information on our Model 115, the higher-powered
Model 112, and related accessories. We will also send you
Laser Technical Bulletin #2, ‘‘Properties of laser resonators
giving uniphase wave fronts!” Address your inquiry to 1255
Terra Bella Avenue, Mountain
View 3, California (or call E;Spectra-Physics
collect (415) 968-4467),

CIRCLE 31 ON READER SERVICE CARD

3



INDUSTRIAL
ol

ARISTOCRAT OF THIEVES

PART II

He trades in ideas
but is less clever
than you would expect

By DAN SMITH, Assistant Editer

AS WE LEARNED from talking
to experts at Norman Jaspan As-
sociates, a management engineer-
ing firm that uses undercover
agents to investigate the opera-
tions of client companies, the
amount of industrial espionage in
the electronics field should be a
cause for alarm. In the past year,
Norman Jaspan itself filed $1 mil-
lion in claims to cover losses in-
curred by electronics firms from
the theft of company secrets, and
the total for the industry is un-
doubtedly much higher. How
much, no one knows.

Neither is it known how fast in-
dustrial spying is spreading—there
simply aren’t any reliable overall
figures on the subject—but more
general statistics indicate the ac-
tivity is on the increase. So-called
white-collar thievery was once a
rarity; now it is the most common
crime in the United States.

“Compared to dishonest employ-
ees, the professional criminal is
an amateur,” the Jaspan firm says.
“Recent Federal Bureau of Inves-
tigation figures indicate that the
nation’s armed robbers, burglars
and auto thieves manage to steal
about $500 million each year.
White collar employees—rank and
file, supervisory and executive—
are stealing more than $4 million
each working day in cash and

property from their employers.”

The industrial spy is undoubt-
edly the aristocrat of white collar
thieves, dealing as he does with
the most esoteric material—ideas
—and it is surprising to find how
little ingenuity his modern brand
of piracy requires. As with the re-
search director who simply
shipped out his company’s secrets
under the label of “Reprints,”
other wrongdoers described by
Norman Jaspan seemingly needed
little more to commit their lar-
cenies than the desire to be dis-
honest.

HIS OWN BOSS—One case in-
volved a man who tried to destroy
a company in revenge for what he
considered a damaged ego. As
added retaliation he walked off
with the profits. Mr. X, principal
of an electronics firm, sold the com-
pany to a larger organization with
the stipulation that he would be
appointed vice president in charge
of electronics research. In time,
however, he became disenchanted
with the arrangement. He wanted
to be his own boss, and he resented
having to report to a professional
manager who had no electronics
background.

To “get even” with his new as-
sociates for the situation he him-
self had arranged, he injected a
critical modification into the pro-
totype of an electromechanical
itemn afier it had proved out satis-
factorily in the lab. The item,
which had large market potential,
was scuttled. Mr. X resigned, ob-
tained financial backing, and on
his own produced a commercial
version of the item. It took the
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You may be in for a surprise!
Users report considerably lower

| reject rates. The reason? Close

control over manufacturing, typi-
cal of all Ohmite components.

| Price and delivery? Competitive!

Why not try these superior

. diodes? Available from factory
| stock and electronic distributors.
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Stock Price List (No. SR819)
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OHMITE

MANUFACTURING COMPANY
3610 Howard Street, Skokie, lllinois

Phone: (312) ORchard 5-2800
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All These Relays and
Hundreds More From Ohmite’s 12 Basic Models

USED THROUGHOUT INDUSTRY: General purpose, industrial controls, mobile equipment,
aircraft systems, commercial devices, and military equipment requiring 1 to 25-amp contacts.

MANY cHoicEs: High quality types, good economy units, unenclosed, plug-in, transparent enclo-
sures, removable enclosures, dust-tight enclosures, hermetically sealed, miniature, sensitive, latch-
ing, indicator (light), U.L. approved, thyratron plate circuit models, and many special designs.

FULL SELECTION OF TERMINALS: Quick-connect (push on), octal plug, screw type, solder,
binding post, Jones plug, and banana plug.

338 TYPES CARRIED IN 8TOCK: Units stocked fall in the 5 to 25-amp contact range, and
include latching types with transparent enclosures, U.L. approved models, hermetically sealed
units, and thyratron plate circuit relays.

o | D H M |TE
Be sure to get a copy of relay Catalog 700

MANUFACTURING COMPANY

RHEOSTATS « POWER RESISTORS » PRECISION RESISTORS ¢ VARIABLE TRANSFORMERS 3610 Howard Street, Skokie, lllinois
TANTALUM CAPACITORS » TAP SWITCHES » RELAYS ¢ R.F.CHOKES » SEMICONDUCTOR DIODES Phone: (312) ORchard 5-2600
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PROGHISS W BICINNAE COMPONINTIS

this is the new 23227 light
activated controlled recti-
fier (it offers optional gate
triggering—from eitheran
isolated light source or
direct electrical supply)

kT CIRCLE 34 ON READER SERVICE CARD

this is a Controlled Ava-
lanche Rectifier (it protects
itself against destructive
voltage transients... we
have four different current
ratings)

-
x
-
-
=
P
=
=
e
=
- =

this 200 volt C20B is the indus-
try's first $2.00 Silicon Con-
trolled Rectifier for low-cost,
highvolume applications (press
fit C22B sells for even less)
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this is the doubie-diffused
100 amp 1200 voit flag type
ATO(IN3289-IN3296 series)
high current rectifier (it can
replacethree 400voltdiodes
with a 35%, cost saving)

Y

this is the versatile 20 amp 50
voit A40F medium current rec-
tifier that sells for 79¢ (we also
have a press fit version that
sells for less)

What do these five rectifiers have in common?

Each of these G-E developed devices can significantly improve existing circuit designs,
or can open entirely new application areas.

Our Application Engineering Center is always ready to show you how they can
be used in your circuits. Just call your G-E Semiconductor Products District Sales
Manager, or write Section 16G112, Rectifier Components Department, General Electric
Company, Auburn, New York. In Canada: Canadian General Electric, 189 Dufferin
Street, Toronto, Ont. Export : International General Electric, 159 Madison Ave., N.Y.
16, N.Y. AVAILABLE THROUGH YOUR G-E SEMICONDUCTOR DISTRIBUTOR

GENERAL @3 ELECTRIC
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ULTRA HIGH

RELIABILITY

tubular
capacitors

WITH
A NEW DEGREE OF
PRECISION

SOUTHERN ELECTRONICS CORP. has
long been a leader in the design and
manufacture of high-precision tubular
capacitors, and has pioneered in sup-
plying them for critical applications
in computers, missiles, communications
and other high-grade military and com-
mercial equipment. They are made to
the same standards as our high pre-
cision polystrene capacitors so widely
accepted for military applications. g

SEC tubular capacitors are manufac-
tured under unusually critical quality
control standards, resulting in toler-
ances as low as 0.5% in most values,
and hermetic sealing guarantees accu-
racy over wide environmental changes.

SEC tubulars are available in a wide
range of tolerances to meet your needs,
from 100 mmfd. to any higher value, in
olystrene, mylar, metallized mylar, tef-
on and dual-dielectrics.

All SEC tubular capacitors meet or
exceed the most rigid MIL-SPECS.

In addition, we manufacture a com-
plete line of tubular capacitors for
commercial applications, Let us know
your requirements,

Write today for de-
tailed technical data
and general catalog.

1 N

POLYCON

SOUTHERN
“"ELECTRONICS
%(/l/w-i aleore

150 West Cypress Ave., Burbank, California
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company more than 18 months to
unravel the cause of the proto-
type’s failure.

A BOYHOOD FRIEND—A Euro-
pean scienttst who had helped his
firm develop an electronic measur-
ing instrument bumped into a
boyhood friend at a trade show
where a rudimentary model of the
instrument was on display. The
friend, whom the scientist had not
seen in years, was now an execu-
tive of a competitive firm. The two
men reminisced about their youth
and eventually the executive made
an offer to the scientist. If the
scientist would join forces with
the executive, bringing along the
secrets needed to manufacture the
new instrument, he would be
given a 50 percent interest in the
executive’s company. The scien-
tist was receiving a substantial
salary at his present company, in
which he had previously been
awarded a 10 percent interest.
He, nevertheless, accepted his
friend’s offer. Within a short time,
he and his new associates were
giving his old firm considerable
competition on the new instru-
ment.

MAINTENANCE COSTS — An
East Coast electronics firm con-
centrated on turning out products

that were the outgrowth of sci-
entific breakthroughs, enjoying
lead times of several months to a
year over most of its rivals. There
was one competitor, however, that
consistently reduced these leads
—=s80 sharply that the firm becan.e
suspicious. It investigated and
found that the head of its main-
tenance department was selling to
the competitor the plans for pro-
duction machinery, most of which
had been specially designed and
built by the firm’s engineers.

COMMON ELEMENT—Is there a
common element in these cases?
The Norman Jaspan organization
thinks so. “This is basically a
good management problem,” we
were told. “The best way for a
company to prevent espionage is
to run a good ship.”

Partly, this means laying down
rules which will tell employees
clearly what they can and can’t
do and adopting policies and tech-
niques that will keep temptations to
the minimum. But rules, locks,
guards and classified files—which
most firms have anyhow—don’t go
far. Norman Jaspan says: “In the
final analysis, effective control
hinges upon management’s knowl-
edge of what is actually taking
place within the organization. It is
& problem in communication, and

TWO-WAY

RADIOS
FOR ARMY

ARMY ELECTRONIC Material
Agency is buying 10,944 portable two-
way transceivers from RCA under a
$9 million contract. Known as PRC-
25, the unit weighs 17 lb. and has
five-mile range under combat condi-
tions. It operates in 920 crystal-con-
troled channels of 50-Kc¢ separation
in the 80- to 76-Mc range
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proven techniques are available to
alert executives who understand
the need for them.”

The Jaspan people also stress
the importance of a company’s at-
titude toward engineers and scien-
tists, criticizing many firms for
coddling them as “creative, highly
emotional types” who shouldn’t be
subjected to the usual employee
regulations. Jaspan also blasts
firms on the opposite end of the
spectrum: those that do not have
the proper respect for the engi-
neer and scientist and saddle him
with make-work and other endeav-
ors that rob him of his status as
a professional.

ULTIMATE PREVENTATIVE—
Eventually even the shrewd, hard-
headed men who run Norman Jas-
pan must talk more abstractly,
and it is then, of course, that the
trouble begins. No matter what
safeguards are taken, no security
program will succeed without the
cooperation of the employees, and
more than anything else, the moral
atmosphere exuded by a corpora-
tion will influence the amount of
cooperation received. Some people
will be honest or dishonest no
matter what, but the largest num-
ber will be affected by what they
see going on around them. If man-
agement winks at executives who
pad their expense accounts or jug-
gle their inventories and efficiency
ratings to make themselves look
better, then it should not act sur-
prised when workmen walk off
with some of the tools and materi-
als they handle or engineers and
scientists sell to the highest bid-
der their knowhow.

Ethical conduct will for the
most part beget ethical conduct.
although when it doesn’t, the ex-
perience is likely to be a bitter
one. It is up to individual man-
agements to make sure companies
are run on a high moral plane
and, while help may be obtained
from the outside, no outside con-
science can ensure this. We
would have to get even more airy
if we were to pursue this subject
much further. A discussion of the
imperfectibility of the human
race would probably come next—
and that lies outside our scope
here.
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Clean waveforms with TI Model 7505
variable rise/fall time pulse unit

Clean waveforms are characteristic of TI pulse generators. The Model
7505 provides coincident positive and negative 10 volt pulses into 50
ohms with unlimited duty cycle . . . and both pulses can be simul-
taneously controlled in width, rise time, fall time and delay. Amplitudes
are independently variable and outputs are short-proof, with overload
indicators and reset buttons. Specifications, briefly . . . rise/fall times
from less than 20 to 500 nanoseconds; width 40 nanoseconds to 1 milli-
second; delay 90 nanoseconds to 1 millisecond; repetition rates to 25
megacycles. Like all Texas Instruments pulse generators, the Model 7505
is compact, lightweight and portable, extremely convenient to use. Cir-
cuitry is all solid-state.

Write for complete information.

TEXAS INSTRUMENTS

INDUSTRIAL
A INCORPORATED
P. O BOX 88027 HOUSTON 8. TEXAS
BENSING -. RECORDING - TESTING . DIGITIZING INSTRUMENTS
THE INSTRUMENTS oF TEXAS INSTRUMENTS

so2
CIRCLE 37 ON READER SERVICE CARD

Your electronics BUYERS’
GUIDE should be kept in
your office at all times—as
accessible as your tele-
phone book.




SILICONE NEWS from Dow Corning

New silicone dielectrics

New heat sink compound dissipates heat
faster;improves performance, reliability

Diodes, transistors, rectifiers . . . and light bulbs, too . . . operate cooler
when Dow Corning 310 silicone heat sink compound is used. With triple
the thermal conductivity of other materials, this new compound carries
heat to the heat sink faster . . . devices operate longer, more efficiently,
and with increased reliability.

Formulated of heat stable silicones and thermally conductive fillers, this
heat sink compound lowers equilibrium temperatures and assures reliable
device performance.

Dow Corning 340 silicone heat sink compound is a greaselike
material that fills all tiny air spaces, maintaining a positive seal between
component and heat sink or chassis. This total contact means faster heat
transfer, a uniform heat transfer path,

Increased reliability is assured because this new silicone heat sink com-
pound does not dry out, harden, gum or melt, even after long exposure to
temperatures up to 200 C. Milk-white in color, it is chemically inert, won’t
attack or react with other materials, has low loss factor, low power factor,
and excellent arc resistance.

Optimum conductivity of the compound is demonstrated above.
Dow Corning 340 silicone heat sink compound carries heat from base of
bulb at right to heat sink faster . . . bulb base is 75 F cooler than bulb
without heat sink compound. |

TypicAL PROPERTIES

Dow Corning 340
silicone heat sink compound

Color.......cuvvuee... White, opaque
Consistency

Penetration, worked and measured

within one minute after working

(ASTMD217) ....vviiinennnn . 290
Bleed, percent after 24 hours at 200 C . . 0.6
Evaporation, percent after

2thoursat200C .......... ceesa. 1.0
Specific Gravity . ..... 00000000004 2.85
Thermal Conductivity, K Factor

0.0015gm /cal /sec/cm*/degrees C/cm
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Dow Corning
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preserve design integrit

New compound for transistor potting

Dow Corning 18 semiconductor potting compound keeps
junction temperatures at a minimum. cushions against
shock, and absorbs moisture from within the cap to act as
a moisture getter. These advantages . . . plus high centrifuge
stability . . . combine to assure consistency and reliability
of transistors, diodes, rectifiers, and other solid state devices.

Supplied in sealed containers, this silicone-based, grease-like
material combines high purity, low moisture content, high
thermal conductivity, good dielectric properties, oxidation

and evaporation resistance. These capabilities are main-
tained from —40 C to 400 C.

CIRCLE 290 ON READER SERVICE CARD

New resins protect device junctions

Exceptionally high purity standards characterize three new
Dow Corning transistor junction coating resins. Applied
with a dropper or brush, they cure to form a tough protec-
tive film that seals out contaminants; assure junction integ-
rity. Cure time is adjustable from 30 minutes at 250 C to
16 hours at 150 C, depending upon processing requirements
and device heat limitations. Typical properties: viscosity,
from 75 to 80 centistokes; specific gravity, 1.008; dielectric
constant at 25 C, 10* cycles per second, 2.23 to 3.22; dielec-
tric strength, 2225 to 2380 volts per mil; volume resistivity,
1.0 x 10" to 5.27 x 10'%; surface resistivity, 1.38 x 103 to
9.33 x 1013,
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New fluid non-congealing at -110 F'.

Higher pumping rates, rapid heat transfer, and smaller,
lighter pumps are among the design advantages made prac-
tical with Dow Corning 331 fluid coolant. This silicone
fluid flows freely when other coolants are frozen solid, fea-
tures an operating temperature range of from —130F to
400F, —90C to 204 C. Other features: viscosity of 10
centistokes; low volatility; flash point of 420 F, 216 C, in
a closed cup. Designed to meet MIL-S-27875, this new
fluid also provides high dielectric strength. stable electric
properties, high specific heat, hydrolytic stability, inertness,
excellent thermal stability and oxidation resistance.
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For information on these and other silicone materials, write Dept. 3931,
Electronic Products Division, Dow Corning Corporation, Midland, Michigan.
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HOW WE

SHHINK

TEFLON

Why Gudebrod’s Gommon Sense
Approach to Lacing Problems
Pays Dividends for Customers!

Some years ago motor manufacturers had a problem! They required a high
temperature lacing tape that would not deteriorate during the baking
process of motor manufacture and would be practical in its application.

Teflon offered the most practical solution to the problem since it provides
a temperature range from —100°F to S500°F. We took teflon and flat braided
it—we originated the process—but what about shrinkage? When teflon is
baked it shrinks . . . it would cut thru fine motor wires!

To meet this problem, we developed an exclusive pre-shrunk process for
teflon. This patented process pre-shrinks teflon so that the maximum shrink-
age is less than 3% after 16 hours at 425°F. We call this lacing tape Pre-
Shrunk TEMP-LACE. Motor manufacturers use it in great quantities.

Pre-shrinking teflon is but one of the many processes we have developed to
meet the needs of customers. Whatever your lacing needs—nylon, glass,
dacront, fungus proofing, color coding—Gudebrod’s common sense ap-
proach to the problem will pay dividends for you because

1. Gudebrod lacing tape increases production!

2. Gudebrod lacing tape reduces labor costs!

3. Gudebrod lacing tape means minimal maintenance after installation!

4. Gudebrod is quality—our standards for lacing tape are more exacting than
those required for compliance with MIL-T!

Write today for our Technical Products Data Book which explains the many
advantages of Gudebrod lacing tape for both civilian and military use.

*Du Pont registered trademark for its TFE-fiuorecarbon fiber, 10u Pont trade name for its polyester fiber.

EUDEBROD BROS. SILK CO,, INC.

FOUNDED IN 1870

TR, W

12 SOUTH 12th STREET, PHILADELPHIA 7,
Visit Gudebrod Booth #921 at the Wescon Show

PENNA.
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MEETINGS AHEAD

MEDICAL ELECTRONICS INTERNATIONAL
CONFERENCE, IFME, University of
Liege, Liege, Belgium, July 22-26.

ELECTROMAGNETIC MEASUREMENTS &
STANDARDS SEMINAR, National Bu-
reau of Standards; NBS Labora-
tory, Boulder, Colo., July 22-Aug. 9.

AEROSPACE SUPPORT INTERNATIONAL
CONFERENCE & EXHIBIT, IEEE, ASME;
Sheraton-Park Hotel, Washington,
D. C., Aug. 4-9.

INTERNATIONAL ELECTRONICS CIRCUIT
PACKING SYMPoSIUM, University of
Colorado, et al; at the University,
Boulder, Colo., Aug. 14-16.

WESTERN ELECTRONICS SHOW AND CON-
FERENCE, WEMA, IEEE; Cow Palace
San Francisco, Calif., August 20-23.

DATA PROCESSING NATIONAL CONFER-
ENCE & EXHIBITION, Association for
Computing Machinery; Denver Hil-
ton Hotel, Denver, Colo., Aug. 27-30.

AUTOMATIC CONTROL INTERNATIONAL
CONGRESS, International Federation
of Automatic Control; Basle, Swit-
zerland, Aug. 27-Sept. 4.

MILITARY ELECTRONICS NATIONAL CON-
FERENCE, IEEE-PTGMIL; Shoreham
Hotel, Washington, D. C., Sept. 9-11.

ELECTRICAL INSULATION CONFERENCE,
IEEE, NEMA; Conrad-Hilton Hotel,
Chicago, Sept. 10-14.

JOINT ENGINEERING MANAGEMENT CON-
FERENCE, IEEE, ASME, et al; Biltmore
Hotel, Los Angeles, Sept. 12-13.

INTERNATIONAL ASSOCIATION FOR ANA-
LOG COMPUTING, AICA; Brighton Col-
lege of Technology, Lewes Rd.,
Brighton, England, Sept. 14-18.

INDUSTRIAL ELECTRONICS ANNUAL CON-
FERENCE, IEEE, ISA; Michigan State
University, East Lansing, Mich,,
Sept. 18-19.

PHYSICS OF FAILURE IN ELECTRONICS
SYMPOSIUM, Armour Research Foun-
dation and Rome Air Development
Center, Illinois Institute of Tech-
nology, Chicago, Sept. 25-26.

ADVANCE REPORT

AEROSPACR ELECTRO-TECHNOLOGY INTER-
NATIONAL CONFERENCE, IEEE, et al; Phoe-
nir, Ariz., April 19-25. 1964. Aug. 19
is the deadline for submitting a 250-
word abstract to: Arnold A. Sorcnsen,
Technical Program Chairman, Mail 3016,
The Martin Company, Baltimore 3. Md.
PPapers representing original contribu-
tions in the following fields of aerospace
technology are invited: electrical sys-
tems (including mechanical and packag-
ing design) ; electronics systems (includ-
iny integrated electronics) . ecnergy
conversion (including cryogenics and
superconductivity) thermoelectricity
(including device construction and per-
formance).
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FREQUENCY STANDARD®
_—r

MTBF > 10,000 Hours

That’s the kind of reliability you
can expect from this new Borg Fre-
quency Standard. What’s more . . .
IT'S MODULAR — You can easily plug
in extra modules, multipliers up to
100 mc or dividers down to 1 pulse
per second *.

IT'S COMPACT—2 units fit 54" panel
space.

IT'S STABLE—Down to 5x10-12 for
short term (see specs below for
long and short term stability).

And it is designed to meet
MIL-E-16400D.

Fully transistorized, 1560 Series
offers the highest demonstrated re-
liability of any commercially avail-
able frequency standard. Stability?
Dual ovens hold the 5mc overtone
crystal temperature to within
+0.005°C. All semiconductors are
silicon or tetrode type.

Rechargeable standby battery
(good for +10 hrs) lets you carry

unit to remote project sites or air-
ship it anywhere without shut-
down.

Oven and oscillator available as a
separate module for your system.

If you need precision timing —for
communications or weapons sys-
tems, navigation, radar, laboratory,
or commercial use—you’re a post-
age stamp away from the best
source. Borg Equipment is the
world’s largest manufacturer of pre-,
cision frequency standards.

7\ BORG EQUIPMENT DIVISION

BORG

Amphenol-Borg Electronics Corporation,
Janesville, Wisconsin

SPECIFICATIONS: Transistorized Frequency Standard, Borg 1560 Series

FREQUENCY STABILITY
long Term: 5x10-° per day after 21 days
operation
Short Term: 5x10-'2 rms average of 1 second
counts

OUTPUT FREQUENCY

Smc plus options {1 pps to 100mc)
HARMONIC DISTORTION

—40db

FREQUENCY ADJUSTMENT
Fine 1x10-7 digital dial, 1 count equals 1x
1071 Coorse 1x10-¢

METERING

12 selected circuits
TEMPERATURE RANGE

—20°C to +50°C (—4°F to 122°F)
POWER CONSUMPTION

14 watts from 60 volt line

DELIVERY in 30-60 days

*Some budget-minded project engineers, finding o gop.*
ing hole in their oppropriotions, hove ordered Borg
Frequency Stondords, knowing thot they con get plug-in
multipliers, dividers, power supplies, ond bottery pocks
later.
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Print top and side
together at
3200/hour

cut your

Print 1500 hard-to-hold
items per hour with
complete uniformity —
change to new imprint
in seconds

like these

Save purchase, inventory and
obsolescence costs by making your
own labels exactly as needed

M|

Identify products with inks
that meet government
specs

identification costs
with modern methods

Color-band and/or

print economically by
machine — in sample
lots or up to 6000/hour

Get sharp, durable imprints on
extremely irregular shapes
or rough surfaces

Looking for faster identification . . . imprints that meet
government specs . . . flexibility to meet changing requirements
.. a practical way to mark prototype or sample lots ? Would
direct printing or making your own labels cut costs, give
higher print quality ? Ask Markem to analyze your identifica-

New 12-page Catalog describes Electrical/Electronic
Identification Methods and Equipment. Copy on request.

42 CIRCLE 42 ON READER SERVICE CARD

tion needs now — without obligation — and show you how
and where you can save money. Frequently, a Markem in-plant
identification system pays for itself in a few months. Contact
the Markem Technical Representative near you, or write
Markem Machine Co., Keene 5, New Hampshire.

MARKEM

TECHNICAL ASSISTANCE AND INDUSTRY-PROVEN EQUIPMENT
WORLDWIDE. .. TO HELP YOUR PRODUCT SPEAK FOR ITSELF
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VARIAN KLYSTRON

LOGS 42,000
HOURS SERVICE

A Varian VA-220E klystron, Serial No. 39366, was installed in August, 1957, in a television
repeater transmitter on Spruce Mountain near Wells, Nevada. Still operating after 37,000
hours, the tube was removed from service in November, 1961. Television Microwave, Inc.,
operators of the four-channel, three-repeater TV relay system, later installed this tube in its
Wells transmitter, and obtained 3,000 more hours of unattended service. The tube is still
good. m Long-life performance is quite usual for Varian tubes; Television Microwave, Inc.,
reports that its Varian tubes are seldom replaced before 30,000 hours of operation. m For
assured long tube life, you can depend on Varian.

ASSOCIATES MICROWAVE TUBE GROUP: PALO ALTO TUBE DIVISION * BOMAC
A VAR |AN TUBE DIVISION DIVISION « S-F-D LABORATORIES, INC. » SEMICON OF CALIFORNIA, INC.
Palo Alto 1, Calif. | VARIAN ASSOCIATES OF CANADA, LTD. * SEMICON ASSOCIATES, INC,
EUROPEAN SALES HEADQUARTERS: VARIAN A.G., ZUG, SWITZERLAND
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AND ENGINEERS:

SCIENTISTS
From undersea navigation equipment for test on the research
vessel Trieste to the development of non-inertial systems -
for deep space rendezvous, Motorola performance spans the -
broad spectrum of environments in advanced systems. '
include: advanced %3

current programs
jons and side Jooking radar sur-

random access communicat! )
yeillance systems for the Army. . .air-to-air missile guidance ]
nd systems for the Navy. ..data transfer

for the Air Force... 1

and digital comma
printing systems
rumentation for NAS:;

and high speed tele
satellite tracking, telemetry and inst
and extensive company funded R&D projects. @ Scientis
and engineers interested in joining an electronics compan
unbounded by narrow specializat

In the area between,

with versatile interests
write today describing your background and training in:
TO INFINITY 4
L
Systems Design ® operational and functional mission 1
analysis, optimum time Jbandwidth utilization, redundant systéﬂ
organization for reliability, phased arrays, digital and voice
communications, and A-J secure communications.
Equipment Design ® solid state receivers, transmitters
and transponders, distributed parameter microwave equipmenb;i
digital Modems, controls and displays, low-level switching .
circuits, and digital data processing circuitry.
Familiarity with State-of-the-Art e spread spectrum tecln
niques, visual spectrum intelligence transmission, statistical thed
of communication, integrated circuit applications, multiple logic
element techniques, organiZation of digital data handling system]
correlation and phase-lock techniques, and coding and modulation:
We are pa!'ticularly interested in programs on which your
experience was obtained and the extent of your technical =
responsibility- Please address this information to our Manager
of Engineering for jmmediate and confidential attention.
.
MOTOROLA £
An equal opportunity employer g

cs Division

# o Military Electroni
= i 13 P



Leach Balanced Armature Relays are the smallest relays on the market
today that solve your really difficult application problems. For example,
this relay (actually only 1.8 inches high) withstands 2000 foot Ibs. of
shock loading and vibration of 30 G's to 2000 cps to meet Mil-S-901B
for equipment-mounted components.

Maximum benefits in minimum packaging! No smaller relays answer
all these demands: radiation resistance, perfect performance at
extreme altitudes, reliable contact switching, three phase rating, mini-
mum voltage spike generation, high terminal strength, minimum cur-
rent capability, no maintaining power required, grounded AC ratings
or gold alloy contacts for dry circuit applications. Whatever your speci-
fications, there’s a Leach Balanced Armature Relay to meet your
requirements. If size is really the problem, ask about our subminiature
relays.

That's why we urge you to look to Leach. You name your problem.

We'll take it from there. EEA@H CORPORATION

405 Huntington Drive, San Marino, California e Export: Leach International S. A.
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ELECTRON-BEAM gun—extending below vacuum chamber—is part of equipment used in mi-
cropower technology. Equipment at left has pattern monitoring screen

MICROPOWER
CIRCUITS

NEW FRONTIER IN SOLID STATE

Micropower circuits combining thin-film and diffusion technology

are now limited to operating below 1-Mc, but higher speeds appear
feasible with further size reduction. Circuit design for micropower—
both analog and digital—promises to be on a par with conventional design

By W. W. GAERTNER and M. SCHULLER, cBS Laboratories. Stamford. Conn.

BY BRINGING power consump-
tion of individual circuit compo-
nents down to microwatts, packag-
ing densities of one million
components per cubic inch become
feasible since the heat generated is
small and the circuits operate
nearly at ambient temperature.
Space electronics with a density of
} million components per cubic foot
have already been delivered to

electronics o July 19, 1963

NASA and much greater size re-
duction is possible.

The technique developed to pro-
duce microwatt circuits integrates
planar diffusion technology and de-
posited thin-film technology on the
same silicon wafer. Microwatt
power does not represent a lower
limit for the process and even nano-
watt power appears feasible. Nano-
watt operation would bring micro-

electronic circuits into the range of
power of biological systems.

TECHNOLOGY — Integration of
planar diffused technology and de-
posited thin-film technology on the
same silicon wafer is indicated in
Fig. 1. All the conventional proc-
esses of epitaxial growth, diffusion
and alloying are performed first
and then the grown silicon oxide on

a7
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PLANAR DIFFUSED technology is combined with thin-film techniques
to give microwatt circuits. The depogited surface-passivation layer allows

a large reduction in volume—F'ig. 1

the wafer surface is used as a sub-
strate for depositing thin-film com-
ponents. Finally, an inert passiva-
tion layer is deposited over the
thin-film components to protect
them from mechanical and chemi-
cal damage. The result is a fully
passivated function block, as in
conventional microelectronics, but
with thin-film components included.

The photograph on the cover of
this issue shows such a surface-pas-
sivated thin-film semiconductor cir-
cuit wafer being subjected to a hot
dichromic acid test. The circuit is
unaffected. Thus the surface-passi-
vation technique is an important
step towards eliminating the pres-
ent bulky package around the small
semiconductor wafer. This increase
in allowable packing density is not
accompanied by a destructive tem-
perature rise.

The new technology brings sev-
eral additional degrees of freedom
to the microelectronics field and of-
fers some distinct advantages.

e High Resistor Values—Micro-
power operation requires resist-
ances of the order of megohms.

With a sheet resistance of only 400
ohms per square and a line width of
1 mil, a 1-megohm resistor covers
an area of approximately 70 x 70
mils. A diffused 1-megohm resistor
would take up twice this area.

e Low RC Time Constants—All
microelectronics is plagued by
stray capacitance between the
closely spaced circuit elements and
the bulk of the wafer, resulting in
undesirable coupling, spurious os-
cillations and R-C time delays that
slow down the circuit significantly
at all power and impedance levels.
It is particularly noticeable, how-
ever, in low power, high resistance
circuits. The capacitance of silicon
p-n junctions, which separate dif-
fused resistors from the bulk and
from other circuit elements, is
typically about 0.2 pf per sq mil
But the capacitance across a 1-
micron thick layer of grown sili-
con oxide that separates a deposited
metal-film resistor from the sub-
strate is only 0.024 pf per sq mil.
Thus the time constant associated
with a thin-film resistor of the same
value and size as a diffused resistor

is almost 10 times lower.

In addition, the size of the depos-
ited resistor itself will usually be at
least 50 percent smaller. Further-
more, the silicon-oxide layer can
still be made substantially thicker
whereas there is a natural limita-
tion to the thickness of a p-n junc-
tion depletion layer. Therefore the
combination thin-film semiconduc-
tor technology can produce faster
microcircuits at all powerlevels and
not only in the microwatt range.
Thin film resistors deposited on sili-
con oxide over silicon compare even
favorably in response time with
those deposited on ceramic sub-
strates because the latter often
have high dielectric constants
which lead to high coupling capaci-
tance between the closely spaced re-
sistor lines.

eComponent Independence—
Since the fabrication of transistors
and resistors—and sometimes of
capacitors — occurs at different
times, their characteristics are
largely independent and each can
be changed and optimized without
affecting the others.

o Versatility—A direct result of
the complete independence of tran-
gistor and resistor characteristics
is design versatility. A number of
universally useful transistors can
be diffused into a silicon wafer and
then ‘various resistor and intercon-
nection patterns can be added to
produce a variety of different cir-
cuits for different speed and power
ranges. When the transistors are
fabricated it is not necessary to
know whether a digital or analog
circuit is to be built, or which pack-
age leads will be used for which
purpose. Figure 2 shows six differ-
ent resistor and interconnection
patterns added to a basic transistor
pair to form a variety of medium-
power analog and digital circuits.

Another example is given in Fig.

48
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8, where several different NOR gates
and a pair of emitter-followers
have been evaporated onto the same
transistor pattern. This not only
aids efficient production but also
allows quick reaction during circuit
development. If a fast mask-mak-
ing facility is available, a new cir-
cuit design can be ready for testing
in microelectronic form in one day.
New resistor and interconnection
patterns are evaporated onto an ex-
isting universal transistor wafer,
then tested after being scribed,
mounted and bonded.
® Tight Tolerances—In some ap-
plications tight tolerances on com-
ponents must be achieved. Resistor
tolerances are a function of line
width and sheet resistance. Tight
tolerances are achieved by monitor-
ing the sheet resistance of a thin-
film resistor during deposition and
stopping the evaporation as close as
ossible to the desired value, as
well as by being able to predict the
small resistance changes which oc-
cur during high-temperature sta-
bilization. Readily achievable tol-
erances range at the present time
from =5 percent with a line width
of 1.5 mils and a sheet resistance
of 400 ohms per square to fractions
of 1 percent with a line width of 5
mils and a sheet resistance of 100
ohms per square. These tolerances
are continuously being improved.
Since there is a direct relationship
between component tolerances and
speed and power consumption of a
system, performance superior to
systems produced with diffused
components alone is expected. The
accuracy of resistors evaporated on
the same substrate is within a few
tenths of one percent. Figure 4
shows a high precision resistor lad-
der network for microelectronic
analog-to-digital converters.
® Temperature Stability—In ap-
plications such as f-m telemetry,
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temperature stability of compo-
nents is an absolute necessity. In
other applications it is desirable
because it increases the speed and
decreases the power consumption of
the entire system. Figure 5 shows
the temperature variation of a pas-
sivated thin-film resistor deposited
on silicon oxide over silicon. Its
temperature coefficient is 10 to 100
times better than diffused semi-
conductor resistors.

® Resistor Materials—Any resis-
tor material that can be evaporated
or sputtered can be used in the
thin-film semiconductor technol-
ogy: the choice depends on sheet
resistance, temperature coefficient
or other property desired. Ni-
chrome, chrome and tantalum are
useful for many applications.

® Scaling—Many circuits depend
on the ratios of resistances rather
than on their absolute values. The
speed, power consumption and fan-
out capabilities of a thin-film semi-
conductor microcircuit can be
changed over wide ranges by de-
positing different amounts of re-
sistor materials onto the same pat-
tern.

® No High-Temperature Leakage
—Unlike diffused semiconductor
resistors, thin-film resistors on sili-
con oxide over silicon show no leak-
age currents between the resistor
and the bulk of the wafer even at
high temperatures and with large
resistor areas.

® Heat Conduction of Substrate
—The high heat conductivity of the
silicon substrate as compared to
ceramic substrates equalizes hot
spots in the microcircuit much bet-
ter, so permissible power dissipa-
tion for a resistor covering a given
area is much higher. Figure 6
shows the long term stability of
these resistors under loading at ele-
vated temperatures.

o Extremely Pure Substrate—

CONTROL DESK with optical bench
in which pattern slide is sensed by a
Rying-spot scanner

The extreme chemical purity of the
grown silicon oxide substrate is
considered a favorable factor for
the long-range high-temperature
stability of the thin film resistors.

® Low Operating Temperature—
In microwatt operation and at
packing densities dictated by pres-
ent packaging and interconnection
schemes, the microelectronic func-
tion block remains at ambient tem-
perature rather than experiencing
the significant temperature rise
typical in systems consisting of un-
cooled tightly packed conventional
microelectronic packages. This low
operating temperature is expected
to contribute greatly to reliability.

® Packing Density—Since one
million transistor stages operating
at one microwatt each will dissipate
only 1 watt, micropower circuits
alone will allow the size reductions
previously predicted on the basis of
size alone, Already delivered to
NASA is microelectronic space
hardware with a packing density of
3 million components per cubic
foot, and an increase of many or-
ders of magnitude is still feasible.

® Secondary Advantages—Indi-
rect benefits derive from micro-

WAFER with two transistors
(far left) can be made into a
variety of circuits by deposit-
ing different thin-film patterns.
Circuit development can be
rapid if mask-making equip-
ment i8 available—Fig, 2
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BASIC transistor wafer applied to various cir

APPLYING MICROPOWER

Microwatt and nanowatt circuits should go a long way toward
freeing the circuit designer from the problems of heat dissipo-
tion and circuit volume, at least so far as the signal processing
and computing part of the circuit is concerned. One result is
that highly sophisticated techniques can be developed fer mili-
tary and space applications—and eventually for more prosaic

uses

power operation of systems. The
cost, size and weight of the power
supply — storage batteries, solar
panels—can be reduced sometimes
by as much as 100. In air and
spaceborne systems this results in
a saving in transportation costs or
in greatly improved capability for
a given transportation cost.

PROBLEMS—Whereas the desir-
ability of very low power operation
and of complete integration of thin-
film and semiconductor techniques
is almost self-evident, the techno-
logical problems in the practical
realization of these concepts have
not been trivial.

o Transistor Quality—To achieve
microwatt operation the microelec-
tronic function block must contain
transistors with high current gain
at an emitter current of 1 micro-
ampere and a collector voltage of
less than 1 volt. Such transistors,
with high capacitances, are now

A L TR S ol L |

HIGH PRECISION ladder network
has 19 thin-film resistors accurate (o
0.3 percent—Fig. 4

commercially available but are not
necessary for and are not used in
conventional milliwatt microelec-
tronics.

Since high-quality performance
is required of adjacent transistors
on the same function block, the
overall yield of the microwatt tran-
sistor production process must be
high. Furthermore, in the interest
of speed the high gain at low cur-
rent must be combined with low
junction capacitance. Since de-
creasing size increases the surface-
to-volume ratio of the junctions,
resulting usually in lower current
gain at low currents because of sur-
face recombination at the junction,
high precision in mask line-up and
photoresist processing is required.
The transistors shown in Fig. 2 and
8 have betas as high as 80 at one
microampere collector current and
junction capacitance of 5 pf at zero
volts.

e Substrate and Resistor Quality
—1In ordinary planar and microelec-
tronic technology occasional pin-
holes and oxide flaws are not imme-
diately harmful except near the
junctions and may only later result
in poor reliability. In the thin-film
semiconductor technology, however,
the oxide layer covering the silicon
wafer is the substrate for the thin-
film components and must be per-
fect and uniform over large areas,
especially for resistors with long
narrow lines closely spaced and
for large capacitors. For resistors
an irregularity may cause an im-

cuit designs. A few basic transistor chips can be applied to many circuils

mediate break in a line, or a weak
spot which opens up under high
load and temperature. Or, the re-
sistor may have leakage or a short
to the substrate. In capacitors, im-
perfections cause leakage and low
breakdown voltage.

Equally important to the quality
of the silicon substrate are the con-
trols on thin-film deposition. Since
the substrate wafer contains tran-
sistors and diodes worth thousands
of dollars, the yield of the deposi-
tion process must be near 100 per-
cent. Subsequent trimming of re-
sistors by abrasion, customary with
some conventional thin-film resis-
tors, is impossible and all compo-
nents must be deposited within
tolerances, and subsequent acceler-
ated aging must not bring them
outside tolerance.

o Compatibility of Technologies
—Thin-film deposition requires
cleaning the substrate with highly
reactive chemicals and heating it
to high temperature for a prolonged
time. Cleaning, however, must
have no ill effects on the transistors
and diodes in the substrate. For
micropower operation the transis-
tors must maintain their high cur-
rent gain throughout the treat-
ment. Thin-film components must
withstand thermocompression
bonding temperature. Both these
steps present difficulties.

e Effect on Cost—Several factors
contribute to the present high cost
of micropower microelectronics:
the quality of the components re-
quired; the extra fabrication steps
required by the addition of the thin
films; the size of the megohm-
range resistors which allows only
a relatively small number of cir-
cuits on one wafer. With improved
understanding and automation of
all processes, however, and control
of higher and higher sheet resist-
ances, the cost of micropower mi-
croelectronics will come down close
to that of conventional milliwatt

July 19, 1963 e electronics




because of component independence—Fig. 8

electronic circuits.

® Reliability—This is one of the
main reasons for using microelec-
tronic building blocks. Thin-film
semiconductor microelectronic tech-
nology is at this point too new for
extensive reliability data and the
technology itself still changes rap-
idly to take advantage of possible
improvements. An unusually high
degree of reliability is expected,
however. It is well established that
an increase in operating tempera-
ture causes a decrease in reliabil-
ity, and since micropower micro-
electronic blocks operate virtually
at ambient, they should eventually
have the highest reliability possible
at a given ambient—higher than
any type of circuit that raises its
operating temperature significantly
due to heat dissipation.

The main source of reliability is
in the fabrication processes, Al-
though these are proprietary a few
general rules can be mentioned. All
work must be performed in white
rooms with humidity, dust and tem-
perature control; all fabrication
should be carried out at the highest
possible temperature to eliminate
subsequent changes of component
values in the operating range; the
entire circuit is covered by a tough
passivation layer such as silicon
oxide, which allows the circuit to
be submerged in hot dichromic acid
(H.S0.+H.0+Na.,Cr,0;) for al-
most an hour without damage to
the thin-film components (see
cover); each circuit chip can be
monitored through all fabrication
steps into final packaging. The let-
ters and numbers on the circuit
chips in Fig. 2 and 3 identify the
location of the chip on a wafer,
which may contain 40 to 1,000 cir-
cuits. These tight controls lead to
high yield, which is another pre-
requisite for high reliability.

NANOWATTS—Microwatt oper-
ation is not a limit dictated by

o

semiconductor physics and a reduc-
tion of supply power by several or-
ders of magnitude into the nano-
watt range appears feasible. This
would bring microelectronics down
into the biological-supply power
range. Several research projects
are presently underway to pene-
trate the nanowatt range, with em-
phasis on the following.

e Improved control on diffusion
processes to achieve a high yield of
transistors with sufficient current
gain at emitter currents of 1 na

e The exploration of stable thin-
film resistors with a sheet resist-
ance of many thousands of ohms
per square

¢ The replacement of visible light
by electron and ion beams as the
major technological tools to produce
the minute geometries necessary
for high speed at very low power.
Transistors with a maximum area
of 3 X 8 microns are forecast whose
details could not even be observed
under an optical microscope. Ex-
perimental electron and ion beam
systems for such purposes are
shown in the photographs.

SYSTEMS — Micropower micro-
electronics has been applied to sev-
eral subsystems of moderate com-
plexity, some already delivered for
operational systems use; one appli-
cation involves over 300 transistors
and 600 resistors and capacitors,
all on micropower function blocks.
The applications have led to some

general design rules and pro-
cedures.
e Micropower microelectronics

lends itself to all types of analog
and digital circuits. Transformers
and inductances must be designed
out of the circuits. Field-effect
transistors and active R-C filters
may sometimes be used.

e The large resistance values re-
quired, together with the p-n junc-
tion and stray capacitances in the
circuit, limit the operating fre-
quency to below 1 Me. This limi-
tation will be lifted as the size of
the microcircuits decreases. Higher
power circuits close to the fre-
quency response of the transistors
can be built.

® Interfaces between micropower
microelectronics and conventional-

MONO-ENERGETIC ion beam emerges from slit in top
plate. Oven for gemerating meutral atomic beams is at
lower right; evaporation well i3 under screw cap on top

of oven




component or microelectronic cir-
cuits operating at milliwatt level
present no problem. Micropower
function blocks can readily be
driven by milliwatt circuitry and
interface amplifiers (emitter-fol-
lowers, see Fig. 3) can be provided
wherever a micropower circuit
must drive a milliwatt circuit.
These amplifiers typically consume
more power than all the microwatt
circuits preceding; thus it is desir-
able to use microwatt circuits in as
much of the system as possible.

e Power consumption in each cir-
cuit of a system should be mini-
mized to provide only the speed and
fan-out required and not more.
Thus in a typical system the resist-
ance values and power consumption
of circuit blocks of the same type
may vary by more than a factor of
ten. In a binary counter chain, for
example, the power consumption of
each successive stage can be re-
duced by 2 because less speed is re-
quired. In many systems most cir-
cuits require only a fan-out of about
4 and these circuits can be designed
for much lower power consumption
than the few high fan-out circuits.
By changing the amount of metal
deposited on the resistor pattern,
and thus changing the sheet resist-
ance and the resistance value, or by
adding a different resistor pattern
to the basic transistor pattern,
speed, fan-out and power consump-
tion can be varied continuously
over 4 orders of magnitude. The ex-
act minimum power circuit desired
can thus be realized.

e Micropower circuits can be
used today where the reduced
power and increased reliability
justify present high prices.

At the present time, with micro-
power components not yet gener-
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THIN-FILM resgistor (nichrome on
gilicon dioxide) with average value
of 240,000 ohms is highly stable
with temperature—Fig. 5

ally available, circuit design should
be done in collaboration with a fab-
ricator of micropower circuits. The
first step is to build a systems
breadboard with conventional com-
ponents but using the identical
transistors that will later be used
in the microelectronic function
block, thus avoiding discrepancies
in temperature, voltage and bias-
current dependence of parameters.
Next, the conventional resistors
and capacitors are replaced by indi-
vidual diffused and thin-film re-
gistors and capacitors on a silicon
substrate. This is the first step to-
wards taking stray capacitance
into account.

Adjustments are made in the
breadboard using conventional
components for trimming. Then
partial integration is accomplished
by putting five to ten active and
passive elements on the same sili-
con chip. Taps are provided on the
resistors and capacitors and test
points are brought outside the
package in addition to the input,
output, power supply and ground
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PERMANENT CHANGES in thin-film resistors after

1,000 hours at 125 C—Fig. 6

connections. Again conventional
components or individual microelec-
tronic components on silicon chips
can be used for trimming. When
the circuit design is frozen the cir-
cuit is fully integrated on a single
silicon chip.

Engineering samples of various
micropower logic and analog stages
will soon be available for systems
design and will provide short cuts
in circuit development.

Experience in designing micro-
power systems accumulates rap-
idly; within a year circuit design
will probably be no more difficult
than with conventional components.

C. Heizman, J. Kostelec, C. Levy,
E. Littau, W. Meyer and M. Urban
have been instrumental in the de-
sign and fabrication of the micro-
watt function blocks.

The electron-beam system and
the ion gun have been designed and
constructed by A. Andrews and
F. Cook respectively, under spon-
sorship of the U.S. Naval Avionics
Facility in Indianapolis and the
U.S. Army Research and Develop-
ment Laboratory, Fort Monmouth,
New Jersey.

Most of the other work has been
sponsored by the National Aero-
nautics and Space Administration
and the U. S. Air Force. .
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ANOTHER NEW
COMPONENT

HOT CARRIER
DIODES Switch

in Picoseconds

Metal-semiconductor diodes increase
switching speed now limited in p-n
Junctions by minority-carrier
storage. Devices need very pure
materials and improved epitaxy

By S. M. KRAKAUER, Applications Engineer
S. W. SOSH EA, Project Leader
HP Associates, Palo Alto, California

EPITAXIAL SILICON hot carrier diodes were in-
troduced by HP Associates only recently, but many
of the principles of rectifying metal contacts have
been known for decades. The great advances in ger-
manium and silicon p-n junction devices in the last
15 years have tended to obscure the potential of
metal-semiconductor contacts. The p-n junction di-
odes are, however, approaching the limit of their

electronics o July 19, 1963

HOT CARRIER DIODE WAFER undergoing evaluation
of leakage current by project engineer Bill Baker

high-frequency performance, because of storage of
minority carriers. Since minority carrier storage is
virtually eliminated, metal-semiconductor diodes
show renewed usefulness. The development of the
modern hot carrier diode was made possible by the
availability of very pure semiconductors, by im-
proved techniques of surface cleaning and passiva-
tion, and by the epitaxial construction method.

A hot carrier diode can be made in a variety of
ways. A typical epitaxial type is shown in Fig. 1.
Experimental models have been made on silicon using
evaporated gold, platinum, palladium, silver and many
other metals. Both hot electron (on n-type silicon)
and hot hole (on p-type silicon) forms are possible,
but the hot electron type is generally preferable be-
cause the higher electron mobility gives better high
frequency performance,

OPERATION—Hot carrier diode operation and the
distinction between it and a p-n junction can be un-
derstood most clearly by means of the appropriate
electron energy diagrams, Figure 2A shows the elec-
tron energy diagram of a hot electron diode with a
Schottky-type barrier, and Fig. 2B shows the corre-
sponding diagram for an abrupt p-» junction diode
with the n-type region more heavily doped than the
p-type region. When the hot carrier diode is forward
biased, the electrons in the =n-type semiconductor
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of hot hole where substrate would be p-plus material and
epitaxial layer p-type silicon—F1ig. 1

diffuse over the barrier and are injected into the
metal.

The injected hot electrons interact with the lattice
and the electrons of the metal and when the diode
is reverse biased, these hot electrons are unable to
surmount the barrier, so they do not contribute to
the stored charge. When, however, the p-n junction
is forward biased, the electrons diffuse into the
p-type region and build up to a concentration that is
limited by the rate of carrier recombination, as de-
picted in Fig. 2B. When the p-n junction is reverse
biased, the stored electrons (minority carriers) flow
back into the n-type region, thus lowering the rectifi-
cation efficiency if the diode is used as a detector, or
increasing the reverse recovery time if it is used
as a switching diode.

The current-voltage characteristics of hot carrier
diodes can be described very closely by the ideal diode
equation

I, = 1, [exp(qV/kT) — 1]
in which the saturation current I, is proportional to
exp(—qV./kT). The type of metal can be conven-
iently selected to have an internal barrier V, from
0.3 to 0.8 volt, corresponding to a saturation current,
for a typical diode size (about 6 x 10 cm’), from
10 to 10~ amp. The junction capacitance of the hot
carrier diode varies as the inverse square root of volt-
age and is only slightly dependent on V.. This combi-
nation of characteristics is analogous to a family of
p-n junctions of incrementally varying energy band
gap and provides the circuit designer with an added
degree of freedom that was not previously available.
The reverse characteristics of hot carrier diodes ap-
pear very similar to those of p-n junction diodes. The

WHAT'S A HOT CARRIER?

Nothing radioactivel In rectifying metal-semiconduc-
tor contacts, current flow is predominantly by majority
carriers. When such a diode is forward biased, these
majority carriers are injected into the metal and have
much greater velocity than the thermal electrons—
hence the name hot-carrier diodes. With minority car-
rier storage virtually eliminated, these diodes surpass
conventional p-n junction types at high frequencies

CHARACTERISTICS OF HOT-CARRIER DIODES

HPA-2001 HPA-2101
Min Typ Max Min Typ Max
Forward Current Iy inma 20 30 20 30
(at Ve = 1vV)
Forward Current Irinua 0.5 1.0 2,000 4,000
(at Ve = 0.4V)
Capacitance C, in pf 0.8 1.0 0.95 1.1
(nt Va = 0)
Breakdown Voltage Vginv 15 25 15 25
(at Ig = 10 uﬂ)
Lenkage Current I, in na 1 10 30 100

(at Vg =3v)

reverse leakage current increases with reverse volt-
age gradually, owing to the internal Schottky effect,
until the avalanche multiplication voltage is reached.
Hot carrier diodes are similar in concept and in
operation to the ideal point-contact diode in which
the contact is neither formed, alloyed nor bonded.
Both the hot carrier diode and the ideal point contact
diode employ a Schottky barrier, but there are many
notable differences. Being of much larger area, the
hot carrier diode has larger capacitance than the
point contact, but it can handle greater power and
is less sensitive to current transients than is the ideal
point contact. The hot carrier diode, furthermore,
is more stable mechanically and has more nearly
ideal and reproducible electrical characteristics.

PERFORMANCE—Recovery time as a function of
minority carrier lifetime for these diodes is difficult
to measure. The lifetime is so low that its influence
is readily obscured by diode and circuit impedances
and by transient response anomalies in the associated
instrumentation. It has been found best to charac-
terize the recovery time for these diodes relative to
a sinusoidal excitation’. The circuit is shown in
Fig. 3, the resulting oscilloscope patterns in Fig. 4.
The effective minority carrier storage can be re-
lated to the amplitude of the negative spike. Diode
capacitance causes the baseline to tilt, and so capac-
itive conduction can be separated from storage con-
duction by measuring the spike amplitude from this
tilted reference line, as shown in upper Fig. 4.
Measurement using this technique is not completely
quantitative, but it gives a convenient index of the
diode recovery that corresponds to most applications.
If, for example, the signal generator and amplifier
are adjusted to 53 mc with sufficient output to
produce a peak forward current flow of 20 ma and
scope gain set to give a 5-cm deflection for the
positive peak, then the amplitude of the negative
spike (read as shown) will be related to lifetime as
+ = 500 ps/per cm for deflections less than 1.5 cm.
This value is an effective rather than a true minority
carrier lifetime. It is essentially the product of true
minority carrier lifetime by the ratio of minority to
majority carriers that is associated with forward
conduction. This ratio is made smaller with reduced
barrier height and reduced substrate resistivity. Cur-
rently available diodes have effective lifetimes below
the resolution capability of this measurement (<50
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ENERGY LEVELS in metal-semiconductor junction (A) and p-n junction of normal silicon diode (B)—Fig. 2

ps). Sufficiently high values of forward current
can cause minority carrier injection, and storage.

Hot carrier diodes now available are listed in the
table. The static characteristics of these diodes, both
in forward and reverse, are similar to conventional
p-n junction diodes. The type 2001 resembles a con-
ventional silicon p-n junction diode, and the type 2101
resembles germanium, as shown in Fig. 5.

To take full advantage of their fast response capa-
bility, care is necessary in mounting these diodes.
Minimum possible lead length will reduce to a min-
imum performance degradation owing to shunt ca-
pacitance and series inductance. The self-inductance
of the present package is approximately 3 nh. A
lower inductance package is under development.

In general the same considerations that apply to
the application of conventional p-n junction diodes
will apply to the hot carrier diode. The differences
between them is confined to the lower storage and
wider choice of barrier height that is associated with
the hot carrier diode. Accordingly, hot, carrier diodes
might be substituted in many existing circuits with-
out design modifications being required, and with a
substantial gain in performance.

NO DELAYS—Minority carrier storage in the hot
carrier diode is so low that the turn-on and turn-off
delays that are present in conventional p-n junction
diodes will be essentially eliminated. Accordingly,
hot carrier diodes can be used effectively in those
pulse and high frequency applications where lag-free
response is required, such as detection, mixing and
limiting at microwave and high frequencies. Within
fractional nanosecond limits they can be used for
clamping and gating rapidly.

Preedom of choice in barrier height leads to appli-
cations that may or may not also require low storage.
Low barrier, low storage diodes permit an approach
to ideality for detection sensitivity, mixing efficiency,
and harmonic generating capability because of the
improved impedance matches. Also, tunnel diode logic
circuits which require very low turn-on voltage for
the associated diode may become possible.

REFERENCE
(1) 8. M. Krakauer, Harmonic Generation, Rectification, and

Lifetime Evaluation with the Step Recovery Diode, Proc. IRE,
p 1665, July 1962.
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50-0HM PROBE

EFFECTIVE LIFETIME MEASUREMENT of diode
i8 made with this equipment setup—Fig. 8

TILT OWING
TO DIODE
CAPACITANCE

HIGH-SPEED SWITCHING DIODE (top) compared
with hot carrier diode. Sweep speed iz 10 nsec per cm,
vertical gensitivity is 20 ma per cm. Applied gignal is a
30-Mc¢ sine wave—Fig. 4

STATIC CHARACTERISTICS of type 2101 (left) and
type 2001 show that the former starts conduction at about
0.3 v and latter around 0.5 v. Vertical calibration is 2 ma
per division and horizontal ig 0.2 v per division—Fig. §



FIELD-STRENGTH-PROBE uses tunnel-diode frequency-modulated oscillator. Underwater testing requires the probe

be potted. Antenna and coils occupy the most space

LATEST FIELD-MAPPING IMPROVEMENT

Leadless Transceiver

MEASURING the field pattern of an antenna is
often difficult because the field-mapping probe dis-
turbs the field being measured. Even if the probe is
small, its connecting leads may upset field distribu-
tion. The problem is especially difficult in measuring
the field distribution of parabolic disk antennas,
microwave lenses, and many other fields that do not
permit image-plane measuring methods.

The need for lead wires to a probe for measuring
the electromagnetic field may be eliminated with a

BUILDING BETTER ANTENNAS

Communications is an ever-expanding industry in-
volving greater precision in circuit design and more
efficient techniques for getting the transmitted energy
exactly where it is needed. Fundamental laws for
some radiating bodies are not fully understood
and techniques for verifying theories often lack ac-
curacy because the process of measuring disturbs the
field being measured. This new field mapping tech-
nique gets close to using no instrumentation at all

miniature f-m wireless probe that has been built with
readily available components. It can be used under
water as well as in free space. Despite simple con-
struction, the operation was satisfactory.

Figure 1 shows the test setup, with the antenna
operating at 114 Mc and using 1,000-cycle amplitude
modulation. The probe detects the 114-Mc¢ energy
and uses it to frequency-modulate a 7-Mc tunnel-
diode oscillator. Rebroadcast energy from the probe
is picked up by the telemetering antenna and fed
through a lock-in amplifier. Subsequent instrumen-
tation extracts field intensity values from the fre-
quency-deviation of the 7-Mc signal.

TRANSCEIVER DESIGN — Overall size of the
transceiver must be small to prevent the probe dis-
turbing the original field, yet it should be stable and
temperature insensitive. Figure 2 shows a circuit
diagram of the transceiver tuned for a 114-Mc a-m
input signal and a 7-Mc¢ f-m output. A TD-2 tunnel
diode (subminiature axial package) provided dual
functions of 7-Mc r-f oscillator and frequency mod-
ulator, while a BD-7 backward diode detected the
114-Mc¢ a-m signal. Tunnel diodes were selected be-
cause they are small, compact and relatively insensi-
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By KEIGO IIZUKA 14 McA
Harvard University, AM GEN
Cambridge, Mass,

114Mc

1 000 c/s /

AMPLITUDE-MODULATED 11:-
Mc field is detected by probe, con-
veited to frequency-modulated 7-Mc
signal by tunncl-diode oscillator,
then rebroadcast to receiver for cx-
tracting field-intensity values—
Fig. 1

A

AUDIO J
MODULATOR
(1000¢ss)

“AHWAA- 114Mc(AM)
NTEMNA =27 _—
NDER TEST

7Mc/s(FM)

FM TRANSCEIVER PROBE

3

FIELD
INTENSITY

RECEIVING ANTENNAK

PREAMP FM DETECTOR

LOCK-IN AMP|__ 11,000 c/s (:)
TMck 1,000cA &OOOCM DETECTOR

}

Miniature probe senses field intensity, converts it to reradiated 7-Mc f-m

signal. Frequency-deviation of reradiated signal gives stremgth of field;

method eliminates leads, preventing interference with field pattern

Probe Works Underwater

tive to the adverse effects of temperature changes.

The upper part of Fig. 2 is a detector stage for
the 114-Mc a-m signal from the short dipole an-
tenna. The tank circuit tuned at 114-Mc consists of
8 turns of No. 18 tinned copper wire with a length
of 1 in. and diameter of s: in. (50 nh) and a 39 pf
mica capacitor. The mica capacitor was preferred
for its low loss tangent and temperature insensi-
tivity, even though it is much larger than the smallest
ceramic capacitors available. A backward diode BD-7
(having the advantage of low forward voltage drop
and low stray capacitance) was connected to the tap
at 17 turns of the coil, L,. The detected 1,000 cycle
signal was then fed to the bias point of TD-2 oscil-
lator through a 67-ohm coupling resistor. The re-
sistor was used as a coupler instead of a capacitor
because of the limited space, but a 25-uf capacitor
would be preferable if space were available. The
tank circuit, C, L, in the lower part (tuned to 7 Mec)
is effectively a short circuit at 114 Me, and, con-
versely, the tank circuit, C,, L, in the upper part
(which is tuned to 114 Mec) is effectively a short
circuit at 7 Mc. Thus, the two-tank circuit staggered
and loaded with a short dipole antenna form a du-
plexer for receiving 114 Mc and transmitting 7 Me.

electronics o July 19, 1963

The lower part of the circuit diagram in Fig. 2 is
the 7-Mc tunnel-diode series-parallel sinewave oscil-
lator.” Choice of tunnel diode is important if satis-
factory results are to be obtained. Maximum power
available from the tunnel diode can be estimated by

= Up—1) 1 Ay
P 3 n 804 (1)
where I, and I. are the peak and valley point cur-
rents, and g, is the magnitude of the tunnel diode’s
negative conductance. As a rough approximation,
the relation

Iv = Vyg4q (2)
where V. is the valley point voltage, may be used.
Introducing Eq. (2), Eq. (1) becomes

2
Pose = Y284 @)

The value of V. is nearly the same for all types of
tunnel diode, lying in the range 200 to 350 mv. From
the viewpoint of available power, it is preferable to
choose a tunnel diode with a large negative conduct-
ance, but g, must not be too large because the max-
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LOADING COILS enable dipole antenna to receive at 114
Mc and reradiate at 7 Mc; backward diode makes a low-
loss demodulator for low-level incoming signal—Fig. 8

imum frequency of oscillation, f.., is related by gs by

g 1
fn-z—f;’vl' R_m—l (‘)

For f.. to be real, it is necessary that

Rrga <1 (5)
The smaller R.g, the greater the oscillator stability.
The value of g, must not be chosen too large, or the
value of R, will become too small for the restricted
d-¢ power drain from an RM675 miniature mercury
cell. Hence, it is necessary to choose a diode with
g« near a middle value that satisfies both require-
ments. The TD-2 tunnel diode with the parameters
ge¢ = 16 millimho and V, = 350 mv was selected and
gave about 250 microwatts r-f power. Efforts were
made to reduce the number of elements as much as
possible. Frequency modulation was accomplished by
the 1,000-cycle signal through R,, Fig. 2, which varied
the operating point of the diode and modulated the
value of g.,, which in turn modulated the oscillator
frequency f..

1 1 _ gd'
foo = ﬁ\/l,(c oy GC+0) ®

The value of R, is critical. When it is too large, the
waveform of the 7-Mc signal is distorted and the
output is decreased; when .t is too small, the devia-
tion of the frequency modulation is not enough. A
compromise has to be found by cut-and-try methods.
The d-c current drain during the operation was about

4 to 5 ma and the lifetime of the stable operation of
the probe with an RM675 mercury cell was about
15 to 20 hours.

PROBE LENGTH—Since limited r-f power is avail-
able from the transceiver and one short dipole probe
antenna is to be used both for receiving 114-Mc and
sending 7-Mec, a careful design of the probe antenna
is necessary. The driving-point impedance of such
2 short dipole is predominantly capacitive and its
radiation resistance is small. The driving-point im-
pedance Z, of a short antenna‘ is

Z.Ve = 183 B — 3960

[1 — 0.383 £*At) @
where 8 = Ve (27/A), A = the wavelength in free
space, b = the half-length of the dipole = 3.5 cm, and
¢, = the relative dielectric constant = 1.

Equation 7 gives Z,=0.485 X 10— —j 7.71 X 10? (for 7 Mc) (8)
Z,=128X%10"2—;0.473 X 10? (for 114 Mc) (9)

To achieve better matching to the antenna circuit,
this large capacitive component has to be neutral-
ized with a series inductor L, = 175 ph for the 7-Mec
signal, and by L, = 0.66 pxh for the 114-Mc signal.
These values give the same positive reactance. When
the probe is to be operated in water of low loss
tangent (e, = 78), the reactive component is re-

duced by 1/\/e! (from Eq. 7). The values of the
inductors needed then become Ly, = 254 nh for 7 Mc
and Ly, = 0.957 nk for 114 Mc.

The value of the loading inductor was chosen to
meet the matching condition of the antenna for 7 Mc
in water, rather than for 114 Mc, since the radiation
resistance of the dipole increases with the square of
the frequency, Eq. 7. The loading coil Lw,/2 was
made of 4 turns of No. 18 tinned copper wire with
the length of % in. and diameter of % in.

The 7 Mc was chosen as the frequency of the oscil-
lator because the matching condition of the short
dipole for 7 Mc was not extremely different from that
for 114 Mec, yet the two frequencies were separated
far enough to ensure proper functioning of the
duplexer.

COMPONENT LAYOUT—Special care has to be
taken with the layout of the components, since at
vhf their physical positions are important. Com-
ponents are mounted on a s%-in. thick polysty-
rene H-shaped panel of 13-in. long, #-in. high, and
3-in. wide; they are self-supported by their own
short-cut leads which pass through holes in the panel.
The mercury cell and the biasing circuits were
grouped above the panel; the oscillator and modu-
lator circuits under the panel.

Interaction between the H-field and the two load-
ing coils located at the upper and lower parts of
Fig. 2 may introduce errors in the measurement of
the E-field. This can be suppressed by winding the
two loading coils in opposite sense. The two coils
were placed symmetrically about the center of the
probe and separated to avoid coupling between them.
Absence of interaction was checked by measuring the
same field first with the probe’s panel wrapped in a
thin sheet of aluminum foil, then with it unwrapped.
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This arrangement reduced the interaction.

MEASURED RESULTS—A near-zone field polar-
ization pattern of a half-wave dipole immersed in a
water solution of sodium chloride was measured with
the wireless probe. The electric field in the imme-
diate vicinity of the dipole is elliptically polarized.
The measurement of the polarization pattern was
performed by rotating the probe 360 degrees in the
plane of the dipole at the position of k, = 2005 Ky =
0.7 in the conducting solution with the properties of
e, = 78, tan 8§ = 0.71. Coordinates k., k. specify lo-
cation with respect to dipole® position.

Agreement between the results measured with the
wireless probe and with a conventional thin elec-
trically short dipole antenna supported by % inch
brass tubing is excellent. In a highly conducting solu-
tion the reflection of electromagnetic waves from
the brass tubing which supports it is minimized, and
the conventional dipole probe behaves like an isolated
dipole. Consequently a comparison of the results
measured by the wireless probe and by a conventional
dipole probe was made with a conducting medium.
No explanation is given for differences between
measured and theoretical values near the minor axis®,

To demonstrate the superior characteristics of the
wireless probe as compared with the conventional
probe, the outside of the hollow polystyrene tubing
support of the wireless probe was covered by an
aluminum cylinder of various diameters to simulate
4 conventional dipole probe with a metal support
(or lead wire). The polarization pattern set up by
an electrically short dipole antenna in air was meas-
ured by the wireless probe with and without this
aluminum cylinder. The results and the related elec-
trical parameters are shown in Fig. 3. The waves
scattered from the cylinder create a pair of extra
ears in the direction of the minor axis as well as a
distortion of the shape of the polarization pattern.
When the cylinder becomes large in diameter, the
antisymmetry of the pattern with respect to the
center of the probe becomes more prominent. This
is due to the scattered field components E.' and E.;,
which are associated with the induced circulating
current i, on the surface of the aluminum cylinder
and are antisymmetric with respect to probe center.

In free space the probe was operated up to 30 feet
from the receiver. Underwater range is shorter.

The author thanks Professor R. W. P. King at
Harvard University and Stephane Prévot.
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ALUMINUM cylinders around probe (A) produce dif-
ferent degrees of field disturbance depending on cylinder

size (B)—Fig. 8
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Solving the AGC Dilemma
SERVO SYSTEM USES ATTENUATOR

Transistor fed with d-c control signal operates as attenuator

in input circuit of amplifier. Technique is useful up to 150 Mc

By FRED SUSI, Sylvania Electrie Products, Inc., Sylvania Electronic S8ystems, Needham, Mass.

AUTOMATIC GAIN CONTROL is
extensively used in receivers to
prevent variations in the audio out-
put signal amplitude with changes
in r-f input signal strength. To
compensate for these fluctuations in
signal strength, the gain of the i-f
stages is usually varied either by
continuously varying the collector
voltage or emitter current, or both,
of the transistors used in the i-f
stages. In these forward and re-
verse agc methods, serious conces-
gsions in bandwidth, and shifts in
center frequency of the i-f stages
are usually made, owing to sig-
nificant fluctuations in the transis-
tor parameters with changes in
quiescent conditions." One solution
is to use buffering between the
transistors and the tuned output,
as in the cascode configuration.*®
Another agc technique is the servo
type system shown in Fig. 1A. This
system uses an attenuator stage, an
N stage amplifier in the transmis-
sion loop, and a feedback loop. This
servo method, with emphasis on the
attenuator stage, is described here.

In the system of Fig. 1A, con-
gsider a sudden error signal AE
developing at the input terminal,
where AFE is expressed in db above

E.. Since the attenuation stage
() at this time is not activated by
any new level of control current,
the same AE appears at the input
of the transmission amplifier, Ar.
Assuming linear amplification in
the transmission amplifier, Ars +
AE,, appears at the system’s output
and, therefore, at the input of the
feedback amplifier B. Again, as-
suming linear amplification in B,
AE. + Ara + Ba will be impressed
at the input of the detecting circuit.
If the proportional direct control
current produced at the output of
the detector is sufficient to cause
an attenuation of almost AFE,,
that is (AEs — 8a), then 3, of
error signal will be seen at the sys-
tem’s output at steady state condi-
tions. A change in input signal of
AE,,, therefore, causes a 8,, change
in output signal. This reasoning is
also applicable when input error
AE is below E,,.

The compression or flatness fac-
tor m* is defined as the ratio of
change in input signal in db to a
corresponding change in output
signal in db at steady state; that
is, m = AE/$ for a final error &
appearing at the system’s output
for a corresponding AE at the in-

GAINING GROUND

Automatic gain control using vacuum tubes is relatively easy to
accomplish because with variable-mu tubes you merely make
the grid negative and the stage-gain is reduced.

It's not so simple with transistors. Although changing the bias
level does alter the stage gain, the conditions under which this
occurs are not always beneficial and the result is often insta-
bility, reduced bandwidth, or increased distortion

put. The amount of error presented
to the transmission amplifier for a
given change in input signal de-
termines the compression ratio of
the system. If an m value of 40 is
gpecified for a 40 db change in sig-
nal at the system’s input, then only
1 db change can be presented finally
at the input of the amplifier.

ATTENUATOR STAGE — Diode
attenuators have been discussed ex-
tensively in current literature,” and
depending upon the application,
have been successfully used up to
frequencies of 70 mc. These at-
tenuators, however, have serious
limitations which can make the
closed-loop system unwieldy. Such
limitations include relatively low
signal handling capabilities, large
changes in attenuation with small
fluctuations in control current, and
high sensitivity to changes in tem-
perature, A transistor attenuator,
which overcomes these disadvan-
tages, will be discussed in some de-
tail.

The transistor attenuator used in
Fig. 1A is a grounded emitter stage
whose collector is d-c isolated as
shown in Fig. 1B. Figure 1C de-
picts the equivalent circuit of this
attenuator, where the isolating ca-
pacitors C, and C, are made large
enough to be disregarded at the
operating frequencies. Also, from
Fig. 1C, note that at relatively low
frequencies (f < 2Mc) the tran-
sistor’s collector-to-emitter voltage
isV.. = R., E./(R, + R.,), where
R., is the shunt resistance of the
attenuator for a given I, R, is a
series dropping resistor, and C, is
the shunt capacitance over the en-
tire operating frequency range. C,
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is approximately constant at 5pf in
the high frequency units.

Typically, R., changes exponen-
tially from approximately 4,000 to
20 ohms for a 1.0-ma change in
control current, or for a 200 pw
change in controi power. At rela-
tively low frequencies, where the
reactance of the shunt capacitance
C, is negligible, this change in R,,
represents a 45-db range of useful
control. For higher frequencies
where f > 2Mec, the reactance of
C, in quadrature with R,, governs
the upper end (where R,, is large)
of the control range. Consequently,
at frequencies above 150 Mec, the
high frequency transistors tested
lost their usefulness as attenuators.

Figure 2A is a plot of attenua-
tion, o« versus control voltage V,.,
and control current, I,_., for the type
2N94 germanium alloy npn tran-
sistor. The a versus V,, curve is
linear in the operating range, while
the a versus I.., or P,_, is logarith-
mic in nature (see Fig. 2B) and
follows the form « = K, log P,., +
K,) where K, and K, are constants.

Solving for these constants from
the plot of a versus P,_, on semilog
paper (Fig. 2B), the following re-
lationship is obtained

ap = 2 Pd-c
@= [log<Pm“/Pmu) ]' = ( P.,.i.)
+ (a1 = as)

where a, = the « intercept (inser-
tion loss of the attenuator in db),
a, = the P,_, intercept, « = attenu-
ation in db as a function of con-
trol power using o, as the refer-
ence, P,, = control power, P,.. =
control power at P,_, intercept, and
P... = control power at the « in-
tercept.

The left hand curves inset in Fig,
2A represent the V-I characteristics
of a typical transistor used in the
attenuator stage of Fig. 1A. The
family of constant I, or constant
I... curves crowd together at the
high values of base drive and
spreads at the low values. The end
result of this phenomenon is shown
in the graph of « versus I,, in
Fig. 2A. That is, the maximum rate
of change of R,, with I,., occurs at
the lower base drives. In this range,
however, the greatest distortion is
found. This distortion can be at-
tributed mainly to the relatively
large non-linearity of the constant
I, curves in this range. Also the
constant I, curves are not coincident
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at the origin, but meet at a rela-
tively small offset voltage and cur-
rent.® At different base drives,
a corresponding V-I characteristic
curve is traversed resulting in a
marked change in collector - to -
emitier impedance. Since the coi-
lector of the transistor attenuator
is d-c isolated, its quiescent point
shifts as indicated in the left-hand
curves inset in Fig. 2A.

In the attenuation stage for Fig.
2C, an R, of 10,000 ohm was used
as the series dropping resistor. In-
puts of 100 mw or less caused only
slight distortion at near zero con-
trol currents. The distortion is
mainly in the form of a large sec-
ond harmonic, 90 degrees out of
phase with the fundamental. A plot

of the total harmonic content of
the output signal versus control
current is shown in Fig. 2C. As one
might expect, the total harmonic
distortion increases with decreas-
ing I, and increasing V,.. There-
fore, the distortion probiem can be
circumvented by increasing the
quiescent control current slightly
or by increasing the series drop-
ping resistor, R,. However, a trade
is made between insertion loss and
increasing R,. For the transistors
used in the attenuator stage, where
e versus I,, curves are shown in
Fig. 2B, between 8 and 11 db in-
sertion loss was realized.

TEMPERATURE EFFECT — The
curve of attenuation versus control

+ I +
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SEPARATE attenuator controlled by feedback signal adjusts amplitude
of amplifier input (A). Rectified output from feedback amplifier sets
attenuator impedance (B), attenuator equivalent circuit (C)—Fig. 1
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voltage shown in Fig. 2D for both
the germanium and silicon units
bear out the effect of decreasing
V,s with increasing temperature.
In closed loop operation, decreas-
ing V., decreases the delay of the
agc. One way of compensating for
this effect is to introduce a well
by-passed resistor in the emitter
circuit of the attenuator-transistor.
In effect, this makes the input re-
gistance of the stage more constant
with the temperature. Also note
from Fig. 2D that although the in-
gertion loss of the silicon units is
negligibly affected by large tem-
perature changes, the germanium
units are greatly affected. This is
attributed to the low value of tem-
perature-induced leakage current
for the silicon units and a corre-
spondingly high value for the ger-
manium units. Increasing the tem-
perature has relatively little effect
on the value of I,_., since I of the
gilicon units is negligible.

H-F OPERATION—Assuming that
the series dropping resistor of the
attenuator is predominately re-
gistive at high frequencies (L, and

C, of the resistor are small), the
high frequency equivalent circuit of
the attenuator stage shown in Fig.
1C is valid. The C, of the transistor
attenuator remains fairly constant
(approximately 5 pf for a 2N781)
over a wide control range, There-
fore, when the system is used at a
single frequency, as is the case in
an i-f strip, C, can be tuned out.
The range of agc in the transistor
is extended by tuning out the C,.
The 2N781 can be useful as an at-
tenuator at frequencies up to 150
Me.

AGC AMPLIFIER—The AGC sys-
tem shown in Fig. 3A uses a low
noise, wide-band general purpose
amplifier in the transmission loop,”
and a direct-coupled grounded-
emitter amplifier driving a detector
circuit in the feedback loop. The
power gain of the system with zero
control current (the insertion loss
of the attenuator stages included)
is 28 db, while the conversion trans-
conductance of the feedback loop is
31ua/mv. The conversion transcon-
ductance is defined as the corres-
ponding change of direct control

current for a change of signal volt-
age at the input of the feedback
loop.

Figure 3B is a plot of E,.. versus
E,. for a 0 db/mw to 60 db/mw
range of input signal at a typical
i-f frequency of 4565 Kc. The com-
pression ratio exceeds 60 in the
~ontrol range.
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432-C

255-A ‘I

1025-A

935-B

432-C
® o

Swept, Marked, Logged, Calibrated ... by M AW

A sharp filter, swept and marked in frequency (fixed and variable)
by 935-B and 990-A on the log amplitude display of the 1025-A, with
calibrated level line set by the 432-C, switched in by the 255-A,

935-B Sweeping Oscillator

50 cps to 220 me
Audio Video, VHF

Price: $1295.00

990-A CW Oscillator 1025-A Log Amplifier

4.5 to 220 me 200 kc to 220 me
1.0V rms, AGC'd 80 db Dynamic Range

Price: $373.00 Price: $795.00
———---—-——--——..—.—.-—-—.—__l_

Write for complete catalog information

KAv 255-A Coaxial Electronic Switch
DC to 500 mc
ELECTRIC COMPANY 70 db “off" at. 200 mc
Maple Ave, Pine Brook, Morris County, New Jersey Price: $295.00

Dept. g-7 « CApital 6-4000

432-C Attenuator

DC to 500 me
0Oto 101 db in 1-db steps

Price: $110.00
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MULTI-STAGE BLOWER THIS SMAL!

New Globe multi-stage blowers drive cooling air against the
extreme pressure resistance you encounter in heat exchangers,

-
(-

tightly packed black boxes, and crammed transistor circuitry. They
deliver 45 cfm against 14” H.0 back pressure! (65 cfm free air.)
With STAX-3-FC blowers you can design right past costly devices and
heavy centrifugal air “pumps” (that use Y4 hp or more for comparable
[4] 1

3040 50 60 70 80 volume/pressure). And you can keep the whole package small.
L R With a low specific speed (Ns = 15,000) STAX blowers perform far
past the stall regions of other axial blowers. Unique dynamically
balanced rotor design permits the use of one, two or three stages in
the same size package. Motor operates on 200 v.a.c,, or 115 va.c,
400 cycle, one or three phase power. Can also be designed for d.c.
operation. Units are designed to meet applicable MIL specs; nominal
f—3—] L_3,3A_.| continuous life is 1000 hours. Weight: 29 oz. (3-stage). Production
tooling keeps the price within reason. If you need more performance,
different power, etc., Globe will design the exact multi-stage

blower you require.

The powerful STAX is one of hundreds of miniature blowers made by
Globe and engineered for your application. Request Bulletin STX,

or call direct: Area Code 513 222-3741.

Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio.

STAT. PRES. (IN. H,0)
& 0o .':;
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Checking your components in braille?

While other methods of non-destructive test-
ing may indicate discontinuity or tiny imper-
fections, nothing brings proof to your eyes
like a radiograph on Ansco Superay® ‘H-D’
Industrial X-ray film.

This ultra fine grain Class I film makes
you Ansco-sure of sending only faultless
components to customers.

For the ultimate in image sharpness and
high contrast throughout the widest range

electronics o July 19, 1963

of X-radiation, use Ansco Superay ‘H-D’.
Available in economical bulk packaging. Ask
your Ansco Representative for technical lit-
erature, or write Ansco X-ray Sales, General
Aniline & Film Corp., Binghamton, N. Y.

seflAnsco

X-RAY PRODUCTS
GENERAL ANILINE & FILM CORPORATION
BINGHAMTON. NEW YORK
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NEW MODEL 430A POWER SUPPLY

—a “first” for FLUKE in the high voltage field!

10.00-30.22KV

Line regulation, 0.005%
Load regulation, 0.01%
Stability, 0.005%
Precision calibrated

» - e —-

Model 430A fulfills exacting requirements for

Electrostatic focusing in mass spectrometry

Acceleration and focusing in high resolution cathode ray tubes
Calibration of electrostatic voltmeters and high voltage dividers
Pressurized ionization chamber experimentation

High voltage research

Charging high voltage capacitor banks

Model 430A delivers calibrated DC from 10 kilovolts through 30.22
kilovolts, with an output current capability from 0 to 10 milliamperes.
The supply may be operated with either a positive or negative output,
with one side always grounded to the chassis. Polarity is easily changed
by reversing a front panel polarity plug, which is interlocked for safety.

No oil-filled tanks and associated heaters and thermostats are used.
The sampling string features stress-free encapsulation, reed relay switch-
ing and 100 millivolt resolution at any output voltage.

The high voltage output is developed from a conventional 50-60
cycle voltage doubler, free of interference associated with RF type
supplies. Approximately 60 seconds after line power is switched on,
the high voltage circuitry is armed, and the 430A is ready for use.

Models 430A, 413C and 413D may be used over a
wide range of environmental conditions

OPERATING TEMPERATURE RANGE

0 C to 50°C

TEMPERATURE COEFFICIENT, 10 C to 40°C =0.002%/°C

STORAGE TEMPERATURE RANGE

HUMIDITY
ALTITUOE

—20°C to +60°C

0 to 80%
0 to 10,000 feet

JOHN FLUKE MFG. CO., INC. Box 7428, Seattle 33, Wash,
PR 6-1171 « TWX-206-879-1864 « TLX-852

- — ]  Other new Fluke power supplies:
BRIEF SPECIFICATIONS - s
430A 413c, 413D . : T
OUTPUT VOLTAGE 10 KV-30.22 KV 0-3111 VDC ‘ - - @
OUTPUT CURRENT 0-10 ma 0-20 ma -
LINE REGULATION,
for 10% line change 0.005% 0.001% +1 mv
LOAD REGULATION,
for full load change 0.01% 0.001% +2 mv
STABILITY
i Per hour =+0.005% *0.005%
| Per day after warmup  =*0.03% *0.03%

RESOLUTION, full range 100 mv 2 mv MODEL 413C, shown above, offers 0-3111 VDC;
RIPPLE 5 mv RMS 150 uv RMS =0.001% line and loa ion: ari
CALIBRATION ACCURACY =0.25% +0.25% -_— 2 d load regulation; front .panel po'l nt)f
SIZE 28" high x 19" wide 19" wide x 5%~ high switch; virtually complete z.lbsenc? of noise; low npp]e,

x 18" deep X 16" deep no voltage overshoot, and high resistance to mechanical
WEIGHT 260 Ibs. 50 Ibs. shock and vibration. S ificati lv to Model
PRICE $3900.00 $695.00—413C shock and vibration. Same specifications apply to ode

$595.00—413D 413D (with front panel polarity plug; without meters).

Before specifying any type of power supply, check
the full range of Fluke models. Write for new Catalog
Digest 3-63 showing complete line of Fluke test and
measurement instruments, or ask your Fluke sales rep-
resentative for complete technical data or demonstration.

FLUKE




Single Place Gyrocopter by Bensen Aircratt Corp.

The Richmond-Petersburg-Hopewell-Colonial
Heights area of Virginia is much more than a
strategic rail, highway, air and deep-water trans-
portation center. It is also the seat of one of the
nation's soundest state governments.

From industry’s viewpoint, this represents
long-range advantages that far outweigh any
temporary plant location ‘‘gimmicks.” They're
2nduring advantages such as freedom from state
debt, freedom from overlapping taxes, outstand-

<-CIRCLE 66 ON READER SERVICE CARD

From industry's viewpoint,
sound, thrifty government
1s a capital asset in
Virginia's Capital Area.

L~

ing labor legislation, and clean-cut, central ad-
ministration of industrial water use and waste
disposal privileges.

For available site data, and a complete eco-
nomic study of this key area, write, wire or phone,

VIRGINIA ELECTRIC and POWER COMPANY 4@9

J. Randolph Perrow, Manager—Area Development

Electric Building. Richmond 9, Virginia » Milton 9-1411
Serving the Top-of-the-South with 2,540,000 kilowatts—due to
reach 3.500.000 kilowatts by 1965.
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RESEAKCH AND DEVELOPMENT

What Happens to Dielectrics in Space?

New power systems,
radiation resistances
point way to space

USE OF DIELECTRICS in space,
a growing field of research in
laboratories across the country,
was discussed at the Dielectrics in
Space symposium held in Pitts-
burgh under joint sponsorship of
Westinghouse and NASA,

New information about the be-
havior of existing dielectrics in
space environments of tempera-
ture, vacuum and radiation ex-
tremes points the way to develop-
ment of new power systems,
improved equipment operation and
better space-vehicle propulsion
systems—such was the consensus
of the meeting.

The behavior of plasma as a di-
electric, studied by Boeing Re-
search Lab, was reported on by
M. J. Kofoid. The study, connected
with project Dynasoar, attempts
to determine possible hazards dur-
ing reentry due to abrupt changes
in dielectric properties of the low-

'_; 3

REACTOR ASSEMBLY can test
space components’ registance to cu-
mulative dosage of 10" neutrons
per square cm, built by Atomics In-
ternational. Control actuators are
directly on reactor, top—Fig. 1
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ABSORBED DOSE, ERGS/GRAM

RADIATION DOSE thresholds for different types of materials show the
amount of radiation absorbed before functional impairment. From paper
by K. H. Sun, Westinghouse Research Laboratories

pressure plasma surrounding a
space vehicle. For example, the
Dynasoar vehicle may have ex-
posed electric terminals on its
skin where it was separated from
its booster; in a reentry plasma
a breakdown might occur between
an exposed terminal and the

== SET 1, 3-4, 600°F
—~— SET |, 08-09, 550°F

=)

100

INSULATION RESISTANCE IN MEGOHMS

10!
0 15 20
TIME N QAYS

RESISTANCE VS IRRADIA-
TION in a $0-day test by Atomics
International on a Westinghouse
aircraft motor, shows gradual in-
sulation failure as accumulated
dosage increases—Fig. £

vehicle skin. The study determined
that breakdown is much less likely
to occur if the exposed terminal
has negative polarity with respect
to the vehicle skin; also deter-
mined the optimum amount of re-
cessing for the terminal as one
diameter.

A study of the effects of a simu-
lated space environment on a large
variety of dielectrics was sum-
marized by L. J. Frisco of Johns
Hopkins University. The NASA-
sponsored project determined the
properties of materials when sub-
jected to vacuums of 10 Torr, 50-
Kv X-ray radiation, and ultra-
violet irradiation, with respect to
flashover, a-c and d-c losses, di-
electric strength, at a variety of
frequencies to 18 megacycles.

NEW POWER SYSTEM—A new
type of power system suitable for
space applications was described by
B. H. Beam of NASA’s Moffett
Field, California. The system
(ELECTRONICS Newsletter, July 5)
is based on building a series of
thin-film capacitors into the skin
of a satellite. The capacitors are
charged by radiation, and dis-
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SANBORN® DC DATA AMPLIFIERS

For precise control of low level signals from
thermocouples, strain gages and resistance
bridges, other millivolt-output transducers

Low noise and drift, high linearity and freedom from ground
loop problems are a few of many distinct advantages these
stable, all-solid-state Sanborn amplifiers offer your low-level
DC signal instrumentation. Typical inputs include millivolt
signals from thermocouples and strain gages. Amplifier out-
puts can be connected to scopes, meters, magnetic tape, oscil-

DC-100 cps

lographs, computers, and for high current output models, high
frequency optical galvanometers. This c/oice from Sanborn
lets you select the performance characteristics you need in
your data acquisition system — you pay for only what you
need. And the specs hold true in practice as well as on paper.
8 Consult Sanborn on your instrumentation requirements —
your local Sanborn Sales-Engineering Representative will be
glad to work out the details with you . . . and a phone call
will get immediate action. Offices throughout the U.S.,
Canada and foreign countries.

Bandwidth
Linearity
Gain

“FIFO" 860-4000
within 3 db

+0.1% of 10 V1.5. at DC

1000, 500, 200,100, 50. Smooth gain
control covers intermediate ranges

Overload Recovery

Drift

Noise

input

Output

Common Mode

Charagteristics

Price (F.0.B.
Waltham, Mass.)

For20v, 1 ms lcﬁ% of l:;ulpu(

=2 uvr_el. to input. =0.01% of f.s.
at output at constant ambient for
40 hours

S uv rms, DC-10 KC (ref. to input
at gain of 1000)

Isolated from gnd. and output. Im-

pedance 100 meg. min. at DC in

parallel with 0.001 mid.

Isolated from input and ground.
=10 V at 10 ma. (—-4000P has
grounded output, =10V at 100 ma.)

120 db rejection at 60 cps, 160 db re-
jection at DC (1000 ohms in either
input lead). Tolerance =300V DC
or peak AC.

$825
(860-4000P: $900)

WIDEBAND 860-4200

DC — 50 KC within 3 db
=0.01% of 10 V .s. at DC

1000, 500, 200, 100, 50, 20, 10, Does

not phase invert

#0.02% of ts. at constant ambient
for 40 hours

7 uv rms, DC-50 KC (ref. to input)

Impedance 100 meg. at DC in parallel

with 0.001 mfd.

=10 V at =100 ma. Sustained short
across output will not cause damage
to amplifier.

Amplifier floats with respect to
chassis. Isolation impedance is
greater than 3000 megohms in
parallel with 5 pfd.

$650
(including internal power supply)

NARROW BAND 860-4300

DC — 100 cps within 3 db
=0.03% of 5 V f.5. at DC

1000, 500, 200, 100, 50, 20, 10.{Gain
of 10 to 20,000 in 12 fixed steps
available on special order)

For =10 v, 200 ms to within 25 my
of original output

=2 uv ref. to input. 0.1 mv. ref. to
output for constant ambient for
40 hours

1 uv p-p, DC-20 cps (ref. to input,
at gain of 1000)

Isolated from gnd. and output. Im-.
pedance 500K

Isolated from input and ground =5V
at =2.5 ma. Part or all of internal 2K
in parallel with 25 mfd. may be re-
moved, connected externaMly.

130 db rejection at 60 cps, 160 db re-
jection at DC (1000 ohms in either
input lead). Tolerance =300 V DC
or peak AC

$425

8-Unit
17 high module

Portable Case

\_]

-

2-Unit
3% 7 high

INDUSTRIAL DIVISIDN
: g " "- N
» ]~, Yin
WALTHAM 54, MASS.
A Subsidiary of Hewlett-Packard Co.

£
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Cost Factors?
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Then D YNA SE R Tc:mponent inserting

machine may be your way out. This is automated,
high-speed inserting at its best: up to 10 times
faster than costly hand methods. And savings add
up and up: users find that their savings in direct
labor costs and production time easily pay for a
Dynasert installation in less than a year. Dynasert
delivers product uniformity. Greater efficiency.
Superior quality. 1t automatically feeds, cuts and
bends leads, inserts and clinches all types of axial
lead components. Virtually no operator training
required. Changes made from one board or com-
ponent type in seconds. Interested? Send for a
free copy of : Dynasert — Production Equipment
for Electronics. Dynasert Dept., United Shoe
Machinery Corporation, Boston, Massachusetts.

)

United Shoe Machinery

BOSTON.MASSACHUSETTS

menta. ciieiectric solar conversion
system is a cylindrical power supply
using a polyethylene terephthalate
dielectric film, has an area of 200
square feet. Designed to rotate in
space at 2 revolutions per second,
the system will develop a continuous
30 watts. Weight of the i-mil di-
electric film is 3 1b, of the entire
power system 7 lbs. While the over-
all efficiency is low (0.63 percent)
the system is not easily damaged by
dust and meteorites as are solar-
cell conversion units.

B. H. Beam said the system effi-

raisea; .1€ indica.ec tia,; ine soiu-
tion of the problem of lighter,
sturdier power systems for space
probably lies in the dielectric film
field.

RADIATION SIMULATION — A
reactor assembly to simulate the
radiation conditions encountered in
space was described by O. P. Steele
of Atomics International, as part
of a program of space-testing in-
organic insulation. Shown in Fig.
1, the reactor assembly enables
neutron fluxes of 10* to 10 neu-

Fresnel Reflector to Orbit This Year

"

AT WRIGHT-PATTERSON AFB, experimental reflector sets wooden
board afire by light from a three-kilowatt searchlight in demonstration of

project EROS’ capability

FOUR-FOOT diameter Fresnel
solar reflector will orbit the earth
later this year in project EROS
(Experimental Reflector Orbital
Shot) to prove feasibility of using
focussed sun’s rays to run space
equipment.

The reflector has been delivered
to Air Force’s System Command,
Aeronautical Systems Division. It
was developed and built under
$500,000-contract by GM’s Alli-
son Division.

The flat-plate electroformed
nickel reflector with aluminized

surface will unfold in orbit to fo-
cus sunlight into a radiometer for
measurement. It will orbit for
thirty days, aligning with sun for
about one minute each orbit.
Energy conversion will not be tried,
but officials predict the mirror could
produce 100 to 500 watts.

Larger reflector projects rang-
ing up to 30 kilowatts are under
study. Additional ASD solar en-
ergy collection programs are be-
ing established to simultaneously
place two ten-foot reflectors in or-
bit for more than 90 days.



trons per square cm over a one-
year testing period. The results of
a 2,500-hour test on an aircraft
motor winding are plotted in Fig. 2.

New Types of Learning
Machines Proposed

NO COMPREHENSIVE theory of the
learning machine has been de-
veloped to date, analogous to the
von Neumann theory of the digital
computer, pointed out Dr. Julius T.
Tou at the Computer and Infor-
mation Sciences Symposium at
Evanston, Ill. “This is a new sci-
ence, and it has a real literature
problem; we don’t even have a
textbook”, Tou said and indicated
that most of the available literature
is in the collated papers of the
COINS symposia,

There are many schools of
thought on the basis of adaptive
systems. Some scientists still favor
the conversion of conventional
computers to pattern recognition
tasks by increasing their capacity
and coming up with more sophis-
ticated programming. Others, and
increasing majority, believe that
an entirely fresh approach is
needed.

“A primitive, elementary adap-
tive system is still at least three
to five years away,” stated Dr.
Tou, who intimated that it would
be many years after that before a
usable “next generation” computer
would be on the market. He agreed
that Stanford’s Madaline and
Cornell’s Perceptron, both capable
of primitive, single-parameter rec-
ognition, are probably on the right
track toward development of an
adaptive system.

ASSOCIATIVE—So-called learn-
ing machines would differ from
computers in that they would
possess  purely associative-type
memories and would be continually
programmed on the basis of human
or environmental feedback. An as-
sociative memory would permit a
learning machine equipped with
photo-input, for instance, to rec-
ognize a given letter of the alpha-
bet even though it had never seen
the letter in precisely that form
before—as handwritten or scrawled
as opposed to printed.

By continually correcting the ma-
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Sales Engineer, North Atlantic Industries

how North Atlantic’s
Phase Angle Voltmeters solve
tough ac measurement problems
...in the lab or in the field.

Designed for critical tasks in circuit development, production and testing, North
Atlantic’s Phase Angle Voltmeters provide direct reading of phase angle, nulls, total,
quadrature and in-phase voltages —with proven dependability even under field
conditions. Your North Atlantic engineering representative can quickly demonstrate
how they simplify ac measurement jobs from missile checkout to alignment of
analog computers—from phasing servo motors to zeroing precision synchros and
transducers.

Shown below are condensed specifications for single-frequency Model VM-202,,
Other models include high sensitivity, three-frequency and broadband types.

Voitage Range
Voltage Accuracy.
Phase Accuracy
Signal Frequency.
Input Impedance
Reference Input
Meter scale

1 mv to 300 v f.s., 12 ranges
*+2% f.s.

dial: +1°; meter: 3% of F.S. degrees
1Freq., 30 cps—10 ke

10 megohms

100 K, 0.25 v min,

3-0-3, 10-0-10 linear

4 scales, 90° (elec.) apart

2 microvolts (phase sensitive)
55db (with filters)
5%"h.x19"w, x 7%"d,

Nulling Sensitivity.
Harmonic Rejection
Dimensions

The North Atlantic man in your area has full data on standard and special models

for laboratory, production and ground support. Call today for his

name, or request Bulletin VM-202. — 2
rademark

NORTH ATILANTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, L. l., NEW YORK e OVerbrook 1.8600
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NOW from DEI

Versatile ... Proven ... Modular

VHF/UHF Telemetry Receiver

e Video Amplifier Response DC to 1 mc with
Impedences Selectable 75 or 600 ohms

® AFC Optional on all RF Heads

e Multiple Bandwidth Front Panel Switchable
IF Amplifiers

® Multi-Range Deviation Meter Calibrated
Directly in KC

immediately available from Defense Electronics, Inc. is the versatile field-
proven, completely-modular TMR-5A telemetry receiver.

This reliable unit will currently accept 14 plug-in tuning heads... 14
plug-in IF strips and six demodulators . . . any one of which can be easily
removed from the receiver in seconds. Additional heads, demodulators
and IF amplifiers are available upon request.

Plug-in RF heads can be instantly installed or removed from the receiver
to provide the required frequency range by merely using the “single-
action” pull out handle.

The video drawer also can be speedily converted by the various plug-in
IF strips, ranging from 3 KC to 2.4 MC, and plug-in demodulators for FM,
AM, PM and FM phase-lock applications.

This unit is particularly suitable for conical scan’antenna tracking, dual
diversity combining and predetection record/playback applications.

Write for DEI bulletin TMR-5A . .. or call:

l Defense Electronics, Inc.
Main Officer

5455 Randolph Rd.
SERVING Rockville, "I}a.
GOVERNMENT

CIRCLE 72 ON READER SERVICE CARD

Phone« WH 6-2600
TWX: 301-949-6788

AND INDUSTRY Regional Office: Sherman Oaks, Calif. Phone: 8734322

chine a human operator could, in
effect, cause it to learn when to
produce a desired response from
input; technically the machine’s
response under such conditions
would be based on probability
rather than certainty that the sus-
pected input was received, since
each input would be somewhat dif-
ferent from all previous ones. In
this way, the machine’s learning
process would approach man’s.

Hungarians Develop
3-D X-ray Equipment

VIENNA—Use of two X-ray tubes
arranged to penetrate a human body
from two different directions and
thus produce a *“plastic image” on
a screen has been reported by Dr.
Sandor Dekany, in Budapest. Special
equipment senses differences be-
tween the two projections and lo-
cates targets exactly in three-di-
mensional manner, according to the
inventor.

Reported exposure time is one-
fifth of a second; clear pictures can
be obtained even of moving objects.
The system is the subject of a patent
application in several countries.

High Intensity Gun
Simulates Nuclear Blast

PHYSICIST checks alignment as
x-ray gun is fitted to specimen~
chamber porthole

HIGH-INTENSITY X-RAY GUN simu-
lates the gamma-ray emission given
off by a one-megaton nuclear blast
2 miles away, to test effects of nu-
clear explosion radiation on elec-
tronics equipment for 0.1 usec.
The unit, installed in General
Precision’s new Aerospace Research
Center in Little Falls, New

July 19, 1963 o electronics



ELECTRONIC PRODUCTS NEWS

NEWS

Thermistors?—Nobody makes a
wider variety than Carborundum.

Carborundum is turning out thermis-
tors in varieties undreamed of a
short time ago—from sub miniature
discs to complete assemblies.

Special assemblies can be manufac-
tured to fit chassis and operating re-
quirements. You can specify your
electrical and dimensional needs and
we'll design the assemblies to meet

electronics o July 19, 1963

them. They meet precise toler-
ances for temperature coefficient,
dissipation constant and resist-
ance at reference temperature.
Can be potted in epoxy. Provide
long-term stability.

Discs and washers are available in
sizes from 1/10” to1” in diameter.
We supply them soldered to
mounting plates or with special
terminals to solve assembly prob-
lems. They're made of high-stabil-
ity compositions. Beta values
range from 2700 to 4800.

Rods can be purchased from Car-
borundum in the widest range of
body sizes and temperature co-
efficients available to industry—in
lengths from 1/4" to 12" and
diameters from .05” to 1”. Beta
values from 1100 to 4600.

PTC Thermistors are new, posi-
tive-temperature-coefficient units
with high sensitivity. Sensitivities
as high as 12 percent per °C can
be achieved. Use PTC’s in combi-
nation with NTC's (negative co-
efficient units) and with linear
resistors to construct an astonish-
ing variety of temperature com-
pensation curves for your circuits.
We also manufacture PTC assem-
blies and probes for special needs.

r . e S S ——
000

| PTG THERMISTORS [ |
A R WITH RESPECT TO.R .|| 1
AT ROOM TEMPERATURE

| S URU S S Sy S e e .
P H-B 05 28D E DS IDIS

The graph shows resistance of three
different PTC thermistors over a
range of temperatures as a multiple
of resistance at room temperature.

For more information on this com-
plete thermistor line, write to: Elec-
tronics Division, Globar Plant, Dept.
ED-6T, Niagara Falls, N. Y.

Magnesium oxide
crushable preforms now
in longer lengths

High-purity (99.4%} MgO tubing is
now available in lengths up to six
inches. This is double the previous
size available. Now you can produce
swaged, high-precision thermo-
couple assemblies faster. Cut costs
at the same time.

These ceramic preforms are avail-
able in 27, 4” and 6” lengths depend-
ing upon O. D. size. In addition, O.D.,
hole size, and camber tolerances
have been tightened. They have an
AQL (acceptable quality level) of
2.5% for O. D., hole size and camber.
Using the longer lengths, you can
produce thermocouples with fewer
air gaps, better resistivity and lower
fatigue factor. They're just what you
need wherever rigidity, resistance to
vibration and high reliability are a
must. For our new literature on
ceramic insulating tubing, write to:
Electronics Division, Latrobe Plant,
Dept. EL-7, Latrobe, Pa.

®
CARBORUNDUM
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| Jersey, generates x-rays with a
| 600,000-volt, 1,500-ampere tube,
producing an intense gamma-ray
pulse 0.1 microseconds in duration,
directed at a radiation and r-f
shielded specimen chamber. Effect
on circuits is observed by high-
speed oscilloscope and camera.
Purpose is to study the tem-
porary effects of blasts on mHitary
electronic equipment in space and
at high altitudes. At sea level, the
gamma radiation is not harmful be-
cause of atmosphere absorption.

NOW-PRECISION VOLTAGE | 105 oo o Recket
AND PHASE COMPARISONS
AUTOMATICALLY-WITH A

- GERTSCH |
COMPLEX RATIO BRIDGE

This self-nulling AC bridge displays both in-phase and quadra-
ture ratios on a 5-place Nixie readout. You get fast, accurate meas-
urements without the need for a skilled operator. In-phase ratio
accuracy is better than .005% of range — quadrature accuracy:
better than .05% of range, plus calibration. Average nulling time
is less than 10 seconds. Instrument is ideal for production testing

of transformers, tachometers, rate gyros, all types of transducers, L%?T;I:UI%EE‘EE,DM:\I ?jﬁ‘;ﬁgf

AC amplifiers, AC networks, and AC systems. Cone has two loop antennas and a
4-foot probe at tip

Measures step-up ratios as high as 1:6 to 3-, 4-, or b-place resolution.

. . J———— IONOSPHERE STUDIES, with a view to
Automatic quadrant selection and indication. eventual control of ionosphere for

long-distance radio communication,

Choice of operating frequencies. Either 400 or 800 cps models avail- | are being conducted by University
able. Other frequencies furnished on request. | of Illinois with an instrumented
Aerobee 150 rocket.

Completely self-contained—requires no external calibration The rocket’s transmitter will
sources. Output provided for printer. Both cabinet and rack-mounted | heat the electrons of the upper at-
models are available. mosphere; the resulting glow will

| be observed by photocells in the
rocket. The effect of this on po-
larization or direction of radio
wave propagation through the ion-

——1 f j — osphere will be then determined.
g/’ (90 Special interest is the cross-
GERTSCH PRODUCTS, INC. modulation effect of the heated

3211 S. La Cienega Blvd., Los Angeles 16, Calif. < UPton 0-2761 - VErmont 9-2201 ionosphere; this causes intermodu-
lation between radio signals of dif-

I | fcrent frequencies.
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{wiLL SELL
\T CHEAPER
THAN THAT

WAIT TILL
YOU SEE

Want to talk to a salesman who says,

"My Company Makes it Better--to Save You Money”

The woods are full of hermetic terminal manu-
facturers selling price. Exactly how many no
one knows. They come and go too fast to
keep track of.

We won’t pretend that Fusite is invulnerable
against their allure for some of our customers.

But nearly always, a manufacturer learns the
hard way that the most expensive terminal he
can use is a cheap one that fails on the job.
The very best Fusite Terminal you can use is

[J The Fusite catalog

Name

THE FUSITE corPORATION

DEPT. J2, 6000 FERNVIEW AVE., CINCINNATI 12, OHIO

a small fraction of the total cost of your
assembled product.

In the 20 years since Fusite pioneered in its
field we’ve watched the “‘price sellers” come
and go, while we continued to make the best
terminals we know how.

If you want the least expensive terminals you
can buy we’d like to do business with you now.
If you're looking for the cheapest price—we’ll
still be around later. We hope you will.

Gentlemen: Please send me, without obllgation, the Items checked below.
[J An enlargement of this cartoon, with-

O A sales representative

Title

[0 A sample terminalof ________ type

MY PRICE

7

» TERMINALS &

- PROTECT PROOUCT -
Company

PERFORMANCE -
-

Address

|
|
|
|
|
|
Il out advertising, suitable for framing,
|
|
|
|
|
|

T — |

.'0-\'
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STC LOW

NOISE

TRAVELLING
WAVE TUBES
EXTEND RADAR

- RANGE!

STC offers two tubes of eminently
suitable design for use in /S band

TYPE W9/2E FOR BROADBAND COVERAGE

with a gain of 40 dB and
noise factor of about
85 dB. It is intended
for operation over the
whole frequency range
2.5 to 4.1 Ge/s with
fixed voltages. An
aluminium foil mount

Is available with coaxial
r.f. connectors.

76 CIRCLE 76 ON READER SERVICE CARD

TYPE W10/3E FOR NARROW BAND OPERATION

with about 23 dB gain and 6-5 dB noise factor with the
grid voltages set for optimum noise factor at

the appropriate centre frequency. m W10/3E has a
frequency range 2-7 to 3:3 Gc¢/s in solenoid circuit
495— LV A —003 with waveguide r.f. connectors or
frequency range 2-8 to 3-8 Gc/s in solenoid circuit
495— LV A—006 with coaxial r.f. connectors.

COMPONENTS GROUP

VALVE DIVISION

—
Srandard Telephones and Cables Limired
FOOTSCRAY SIDCUP KENT

USA enquiries to
ITT COMPONENTS DIVISION - P.O. BOX 412 - CLIFTON N.J.
July 19, 1963 o electronics




*WITH MIRROR SCALE

Series 4M

$50.95

WITH STANDARD 260
SCALE Series 4...Still Onty
$48.95

with 6 new features

Now the world-famous 260® volt- New Self-Shielded Movement
ohm-milliammeter is a better buy New Higher Accuracy: 2% DC, 3% AC

than ever before. Call your distrib- New Ruggedness From Spring-Backed Jewels
utor now for immediate delivery on a ter R tabilit

either of these two new 260’s, or on e eeea ability .
any of the other 50 Simpson testers Increased Linearity and Stability

—the world’s largest selection. ® *Mirror Scale (260, Series 4M)

SIMPS ON INSTRUMENTS STAY ACCURATE

-~ . : | . L, - e -
Both new 260’s can be used with Simpson's J -' § 390 ; ; 4 ' .f ; v ’
Popular “Add-A-Tester” adapters. N d B V. B FAN 4 B :
Write for Revised Stock Catalog 2064A. ' . {* L9 4
SIMPSON ELECTRIC COMPANY 5203 West Kinzle Street, Chicago 44, Ili, Phone: (312) EStebrook 9-1121
in Canada: Bach-Simpson Lta.,
Representatives in Principal Clties ...See Telephone Yellow Pages 4 . ) a ~ London, Ontario
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WHAT MAKES AN INSTRUMENTATION GABLE FAIL?

1t can pass inspection perfectly one minute
and fail miserably the next. Simply manu-
facturing it to spec isn’t good enough.
Insurance against failure must be built into
the cable at every step from diagram to
installation.

Where can it go wrong? At almost
any point not adequately safeguarded.
Here are four of the most common trou-
ble spots:

(1) Incompatible Plasticizers
(2) Filler Material

(3) Component lay-factors
(4) Shielding

INCOMPATIBLE PLASTICIZERS A unique
form of chemical warfare within cable
materials has fouled more than one mis-
sile program. Plasticizer materials have
to be added to compounds to obtain the
required flexibility. These additives are
seldom compatible with each other.
Incompatible plasticizers used in sys-
tems in contact with each other without
control may attack each other with dis-
astrous effects. (As a prime example,
additives in low temperature neoprene
jackets are not always compatible with
the insulating materials.)

Manufacturers can control plasticizer
migration problems by selecting proper
materials and by using suitable barriers
between components. Many specifica-
tions make the use of barrier material
optional and a manufacturer whose
only concern is price will leave it out.

Rome-Alcoa, as a result of its wide
experience with materials, always uses
barriers where migration could be a
problem.

FILLER MATERIALS When spurious signals
arrive at your display, recording or con-
trol panel, the fault could be in the
improper selection of filler material.
Compatibility between insulations and
filler materials is of prime importance.

In the case of some plastics or rub-
bers, the material’s “memory” can cause
it to shrink disproportionately, creating
undue stresses internally in the cable.
This can cause kinking of the insulated
conductors; electrical failures follow.

Only experience can tell a cable man-
ufacturer how to compensate for “‘mem-
ory” and how to control compatibility
in filler materials. Experience in areas
such as this has given Rome-Alcoa its
remarkable record of instrumentation
cable reliability.
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COMPONENT LAY-FACTORS Conductor
kinking can also be a result of mistakes
in the twisting of component conduc-
tors. Inconsistent tensions and improper
sequence of lay-up can create uneven
tensions in the assembled conductors.

In such cases, individual conductors
may actually push through their insula-
tions, causing electrical failures.

Obviously, these mistakes should be
avoided during cabling. At this stage in
cable construction careful, experienced
workmanship can provide safeguards
against possible trouble later on. Such
careful craftsmanship sometimes costs
a little more, but it can make the differ-
ence between success and failure.

SHIELDING Constructed of many ends of
fine strands, shielding braids are prone
to having broken and loose ends. These
can break through insulations and short
out component conductors. Improperly
treated, they are the most common
cause of shielding failures.

It’s cheaper to let such loose ends re-
main in the braid—but it can also be dis-
astrous. Experience on thousands of
such shieldings has taught Rome-Alcoa
the exact tensions which must be main-
tained, as well as methods of protecting
and treating loose ends.

HOW TO AVOID FAILURES No manufac-
turer can promise you 100% reliability
at every development stage. But it’s
only logical that the one way to be sure
of maximum reliability is to have your
cable planned and manufactured by a
company with depth of experience and
a record of reliability in the field.

Rome-Alcoa is, frankly, one of the
few companies that qualify. We’ve been
designing and constructing these cables
since their first conception—long enough
to know what can cause a cable failure,
and how to avoid it. If you're planning
to design or install instrumentation
cable soon, call us.

As a starter, send for our 24-page
booklet titled “Instrumentation Cables,
Cable Assemblies and Hook-up Wires.”
In it, we describe instrumentation cable
constructions, production, military
specifications and our qualifications.
For your copy, write Rome Cable Divi-
sion of Alcoa, Dept.27-73,Rome, N.Y.
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10.0 Amperes

DOLLAR
SAVINGS—

19 Basic Ratings—
Wider Selection

Industry’s Most
Complete Line

LONGER LIFE—

30-100%, Greater
Overload Capability

SPACE SAVINGS—

Up to 33% Greater
Over-all Capacity
in Same

Physical Size

You benefit three big ways with General Electric’'s new
volt-pac variable transformer line.

First, G.E.'s wider selection offers big dollar savings.
You can choose from nineteen basic G-E 120- and 240-
volt, single-core ratings—more than ever before—to
more precisely meet your applications. By making smaller
jumps between ratings, you save the difference in dollars.
And G.E.'s 2-65 amp single-core current range, 15 amps
more than previously available, means one volt-pac unit can
replace two stacked
units in these higher
ratings. You lower
costs and space
requirements too!

Second, you get
longer life—the re-
sult of three exclu-

sive volt-pac features. General Electric's @) new unique
heat-sink ring*located beneath the gold-plated brush track
quickly dissipates heat from the hot spot. The solid-
carbon, grain-oriented brush and the o quick-transfer
current collector* provide more reliable operation. Total
effect: up to 100 % greater overload capability than previ-
ously available.

Third, you get up to 33% more over-all capacity—in
existing core sizes. And in the popular sizes through 10
amps, G-E units are directly interchangeable with your
present mounting arrangements.

For the full story on G.E.'s manual and motor-operated
volt-pac lines, and the automatic line with solid-state
SCR control, see your G-E Sales Engineer or authorized
G-E Electronics Distributor. Or write for Bulletin GEA-7751
to Section M458-02, General Electric Company, Schenec-
tady 5, New York. *Patent Pending

Frogress [s OQur Most Important Product
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COMPONENTS AND MATERIALS

How Ceramic Benders Control Light Rays

Here’s piezoelectricity
with a new twist. Ceramic
acts as light shutter

By F. W. KANTOR,

Consultant
Silver Spring. Maryland

WHEN VOLTAGE is applied to
two different thin strips of piezo-
electric materials, bonded together,
one strip increases in length and
the other becomes shorter. The
composite element curls, according
to the polarity of the applied volt-
age. Considerable mechanical travel
can be produced. For example, the
Clevite bimorph bender 1.75-in.
long X 0.125-in. wide x 0.0021-in.
thick bends about 0.07-in. at 150 v.

This curling motion can control
the passage of light from light
source(s) to photoconductor(s).
With the ceramic element deflected
in an open position, relays can be
constructed, driven by 10 to 100
nanowatts and capable of control-
ling several watts.

If the bender is initially mounted
in the open position, and bent
closed, normally-closed switching
operation is obtained. Figure 1A
shows a possible arrangement for a
single-pole single-throw normally-
open relay.
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CURL of ceramic reed controls light. Author suggests four ways of doing
this. Ceramic blocks light (A); bender moves light pipe to different photo-
conductors (B); bender lifts light-absorber pad from total internal reflect-
ing surface (C); and optical lever works with mirror on bender element (D)

The input resistance of the ce-
ramic bender element is greater
than 10" ohms. Capacitance is less
than 0.005 xF. Benders operate
with stored energy less than 50 mi-
crojoules.

The output characteristics de-
pend mostly on the photoconductor.
This permits construction of relays
with widely-varying contact char-
acteristics in the same unit.

Photoconductive switching pro-
vides very low noise operation for

PIEZOELECTRIC WITHOUT SPARK

Past attempts to construct relays with piezoelectric drives have
foundered because, with no snap action available, there has
been prolonged sparking, with heating and oxidation.

Author now suggests piezoelectric principle for a new family

of switches.

Mechanical curl of ceramic element controls the

transfer of light from an internal light source to a photoconduc-
tor. The photoconductor, in the load circuit, takes the place

of mechanical contacts.

Uses are legion: general switching,

signaling voltages of low-current power supplies, radiation
monitors, simple timers, polarity sensors, and small motor controls

small-signal switching, and does
not require spark suppression when
handling moderate loads. With
present photoconductors, maximum
output can be as high as 25 w, but
is more typically 0.25 to 2 watts.
The operating time depends prima-
rily on the rise and fall time of the
photoconductors, and is in the or-
der of 10 to 20 ms, depending on
the design. With any design, the
lamp serves as a control element,
providing two isolated inputs.

THE DESIGNS—Bender elements
can be arranged to move a fiber
light pipe to different photoconduc-
tors, Fig. 1B. Such a device makes
a small, low-output multiple-throw
switch for polarity sensing.

In another design, light from the
lamp is reflected on a surface—to
the photoconductor, Fig. 1C. The
bender carries a light absorber
which conforms to the reflecting
surface. When voltage is applied
to the bender, the total internal re-
flection is destroyed. When the ab-
sorber moves a few wavelengths of
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BOTH THESE MAGNETIC TAPES HAVE A POLYESTER BASE
...BUT ONLY ONE IS MYLAR' (8 YEARS PROVEN)

Eight years ago instrumentation tape of Du Pont
MYLAR* polyester film appeared on the scene and
set new standards of reliability. Naturally enough,
people whose needs called for a magnetic tape of
highest performance couldn't risk a tape other
than myLar. ® Now, other polyester films are be-
ginningtoappear.They are not allthe same: myLAR
1s a polyester film, but other polyester films are

*Du Pont's registered trademark for its polyester film.

Ate.u s pat OFF

BETTER THINGS FOR BETTER UVING ... THROUGH CHEMISTRY

electronics o July 19, 1963

not mytar. In the past you could safely assume
you were getting myLar when you specified *poly-
ester base’'. Today you cannot. mThere's only one
way to be sure you're getting the myLAR you've
used and trusted for magnetic tapes of proven
reliability: specify mytar by name. E. |. du Pont
de Nemours & Co. (Inc.), 10452 Nemours Bldg.,
Wilmington 98, Delaware.

only DU PONT makes

POLYESTER FILM
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INSTANT
INSULATION

for

¢ development

® production
line

® maintenance

TV102-WHITE

RTV

ADHE.SIVE
SEALANT

SILICONE RUBBE?

Fill voids

Bond silicone
rubber tapes

Pot connectors
Secure wiring
against vibration
Insulate wiring
and terminals
Laminate sheet
insulation nents

Repair damaged And 1,001 other
insulation uses

Assemble insu-
lating compo-

Ready-to-use liquid silicone rubber for
potting, encapsulating, sealing, bonding
and void-filling. No pre-mixing or prim-
ing. RTV-102 silicone rubber adheres
to almost anything — glass, metal, plas-
tics, most insulating materials, silicone
rubber. Sets in minutes, cures in a few
hours, forms a resilient rubber that
never dries out, cakes or cracks. Has
excellent electrical properties. Resists
moisture, weathering, and temperatures
from —75° to +500°F.

For free evaluation samples plus
technical data, write on your letterhead
describing your application to Section
N792, Silicone Products Department,
General Electric Co., Waterford, N. Y.

GENERAL B ELECTRIC
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light away from the surface, reflec-
tion is restored. The short travel
gives great sensitivity. The on
state is sensitive to mechanical
shock and vibration, and the off
state does not have a high resist-
ance, due to slight surface irregu-
larities in the absorber.

The large area available for re-
flection permits great efficiency in
transferring light from the lamp to
the photoconductor, and makes uni-
form illumination easier. The in-
creased capacity of recent photo-
conductors (ELECTRONICS, Apr. 12,
p 100) can control small lamps, mo-
tors, and heavy relays.

OPTICAL LEVER — A mirror,
mounted on the end of the bender,
can be made for 10-v spacing be-
tween photoconductors, Fig. 1D.
Photoconductors, facing a cali-
brated screen, act as an relay with
adjustable trip points.

In principle, it is possible to
mount a resistor-photoconductor-
conductor sandwich in place of dis-
crete photoconductors. Thus, con-
tinuous output can operate as an
electrometer amplifier.

With all designs, the output
photoconductor can be removed and
light can be used as a visual readout
for human consumption.

CIVIL DEFENSE—High input re-
sistance of this proposed family of

photoconductive switches can make
them useful in RC time-delay cir-
cuits, for monitoring inputs which
are integrated by a capacitor, as
short-term radiation-dosage meters
and controls, or in RC running in-
tegral circuits used in radiation-
level monitors. One configuration
could greatly simplify mass-pro-
duced radiation monitors, because
it can operate without amplification
from the output of a geiger tube.

When combined with a small rec-
tifier to prolong discharge of their
internal capacitance, such relays
can be operated by a single pulse
in the microsecond range in a type
of latching mode, freeing control-
switching circuits. Relays can be
held closed for up to 15 minutes.

The high power gain and small
differential make feedback opera-
tion attractive: 70 to 90 db overall
gain can be obtained.

Aging effects occur in the lamp,
the photoconductor, and the bender
elements. Lamps with life of one
million hours are available. Photo-
conductor aging does not particu-
larly affect the performance. Of
more significance is the aging of
the bender, which requires 10 to 15
percent more voltage for the same
travel after 2 to 3 years. This effect
is well behaved, however, and as
such does not effect reliability. Pre-
aging of bender elements can re-
duce the voltage effect considerably.

Easy Way to Test Accelerometers

Flapper circuits are
simple. Just energize
and monitor system

By H. W. HOSSFELD,

McDonnell Aircraft Corp.
St. Louis, Mo.

A DESIGN modification has been
developed to provide a self-test
feature for accelerometers. The
circuit allows the accelerometer to
be tested for proper operation
without removal from its mount
and was developed for accelerom-
eters used in the autopilot for
F4B and F4C aircraft.

Two basic types of accelerom-
eters are used in the aircraft auto-
pilot. The G limit and trim cutout
accelerometers are essentially G
sensitive switches. Switch action
occurs at the limit acceleration
values. The lateral accelerometer
includes an inductive pickoff and
provides an output signal propor-
tional to applied acceleration.

The self test assembly can be
applied to both the switch types
and proportional type. Construc-
tion of the accelerometers is very
similar, the only difference being
in the type of output pickoff.

In the trim cut out accelerom-
eters, the sensing mass rotates
about a pivot point just under the
mounting flange. Movement of the
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BIDIRECTIONAL flapper is

shown mounted on G-limit acceler-
ometer—Fig. 1

+G
\Q/
28vDC SELF ®5
TEST
SWITCH

SIMPLE hookup deflects sensing
mass when coils are deenergized
—Fig. 2

mass carries the extension arm
which supports the switch wiper.
The switch is designed for a G
range of =% G. Beyond this range,
the wiper moves off the conductive
material and the circuit is broken.
Operation of the limit accelerom-
eter is similar, except that the cir-
cuit is maintained for a range
from —1 to 4 G.

The lateral accelerometer has
an E core pickoff to give a propor-
tional output. The center coil is
excited with a 400 cycle voltage
and the signa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>