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Circuits of adapters for f-m stereo multiplex reception, p 45
Designing wideband ommnidirectional antennas for K-band, p 54
How to use the Kerr cell in nanosecond photography. See p 56

A McGraw-Hill Publication 75 Cents

Air-traffic-control simulator = %
aids FAA’s attack on
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One problem in air traffic control studies is duplicating actual con-
ditions realistically. Air traffic simulation is used by FAA to

solve complex problems. See p 48 COVER

Metallic Vapor Plasma: Future propellant?

Successful Midwest Program Will Mean ‘Sky’s the Limit’ for
Educational Tv

DEFENSE BUYING: NEEDS NEW EVALUATION FAC-
TORS? Hazeltine’s board chairman, W. A. MacDonald, presents
his views

FAA Tests Moving-Target Radar Using Storage Tubes
Tape Controls Flame-Cutter. Machine cuts flat and complex parts

MULTIPLEX ADAPTERS FOR F-M STEREO RECEPTION.
Several approaches to adapter design. By L. Solomon

Air Traffic Control Simulator Generates Data for Computers. Aids
solution of complex control problems. By E. Boyle, Jr., R. Ed-
wards, Jr. and R. Nicht

OMNIDIRECTIONAL K-BAND ANTENNA Uses Slots, Probes
and Horns. Has 1.5 to 1 bandwidth, with less than 3:1 voltage
swr. By G. J. Monser and E. D. Botkin

Applying the Kerr Cell To Nanosecond Photography. High-speed
electronic camera shutter. By S. M. Hauser and H. Quan

Generating Random Forcing Functions for Control-System Simu-
lation. Circuit puts out periodically stepped voltage waveform
of a random nature but within a predetermined frequency spec-
trum. By N. D. Diamantides and C. E. McCray

Analog Computer Problem Employs Punched Card and Crossbar.
Requires no relays, contact mode directly. By L. J. Kamm

NARROW PASS-BAND AMPLIFIERS With Parallel-T Net-
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@CDF grade 160

wcw grade 2450P

.@CDF grade 522

three outstanding new laminates!

High legibility letters, numbers or
symbols can be stamped on this new
warm punch, paper phenolic grade in
the same die used for blanking and
piercing! No separate operation is
necessary . . . no registration prob-
lems. Markings are permanent and in
sharp contrast. Ideal for capacitor
caps, terminal boards, panels, spacers,
coil ends, socket bases. Meets NEMA
X and XP requirements.

These are the newest materials of CDF research and
engineering, developed to give you outstanding perform-
ance at minimum cost. Your inquiry is welcomed.

*Du Pont trademark

Economical paper phenolic grade
2450P can be punched warm and has
improved mechanical strength and
lower moisture absorption proper-
ties. It is designed especially for
mechanical and low voltage electrical
insulation applications such as con-
nector blocks, coil and bobbin ends,
washers, plug and socket bases. Meets
NEMA X and XP requirements.

A 4

Excellent wet electrical and other
improved properties make this new
copper-clad glass fabric Teflon*
laminate ideal for radar insulation,
missile antennas, critical computer
applications. Circuits based on this
grade will show minimum drift under
varying temperature and humidity.
Also available without copper for
such uses as high frequency insula-
tion in wave guides.

CONTINENTAL-DIAMOND FIBRE

CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ¢ A SUBSIDIARY OF THE #widd COMPANY
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As succeeding generations of missiles
penetrate the curtain of space that
separates Earth from other planets,
the importance of electronic guidance,
control and airborne telemetry systems
becomes obvious. For, without new en-
gineering design techniques to provide
reliable communication and control, the
most advanced missile is but a bird in
a gilded and very expensive cage.

As typical examples of what can be
accomplished to insure maximum per-
formance in missile telemetering, com-
munication, data processing and other
applications, Burnell & Co. has
developed two new filters—a miniature
3 ke crystal filter and, employing mod-
ern synthesis techniques, a miniature
500 ke LC toroidal filter possessing low
transient distortion characteristics.

COPYRIGNT BURNELL & C€O., INC. 1963
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TECHNICAL DATA
3 ke Crystal Filter

Attenuation—3 db B/W—2 cps

Shape Factor—30/3—5:1
Impedance—500K in and out

Temp. Coeff.—.021 ¢cps °C

Size—3% x 2% x 1%«

Insertion Loss—3% db

Also available in any impedance from
500 ohms to 500K
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Only a Bird in a Gilded Cage 1 ,4«

TECHNICAL DATA
500 ke LC Toroidal Filter

Attenuation—B/W 40 k¢ at 3 db
-—200 ke at 50 db
Impedance—50 ohms in and out
Insertion Loss—4.5 db
Over and undershoot—
(for a step modulated
500 ke carrier) —less than 1%
Size—% x3x1%

Other Burnell filters are available in
frequencies up to 30 mcs over a wide
range of impedances.

Write for new catalog.
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CROSSTALK

K-BAND ANTENNA. Accompanying
illustration is a conceptual drawing
of a pseudoisotropic source that is
responsive to both vertical and hori-
zontal waves and provides omnidi-
rectional coverage in the horizontal
plane. It is the basis for the K-band
antenna in this issue by G. J. Mon-
ser and E. D. Botkin of American

Electronic Laboratories in Lans- N

dale, Pa. Their article begins on I

p 54. :
Incidentally, if particularly con-

cerned with designing low-fre-

quency and very-low-frequency an-

tennas, then you will want to refer

to Monser’s earlier articles in ELEC-

TRONICS. These have dealt with

pickup devices (p 68, April 14,
1961), design charts for 1-f anten-
nas (p 90, April 7, 1961 and p 86,
March 18, 1960), and designing an-
tennas for maximum l-f radiation
(p 84, June 3, 1960, coauthored
with W. D. Sabin of Motorola).

d

NS

DEFENSE BUYINC. The day of looking at military procurement problems
and saying, as people do about the weather, “Everyone talks about it
but no one does anything,” is outdated. Present world conditions are too
serious to let supposedly witty verbal lines stand in for national defense
lines.

Hazeltine Corp.’s chairman of the board, W. A. MacDonald, believes the
time has come for constructive suggestions for defense procurement. He
thinks the low bidder should not always get the contract. He says other
factors should be considered. A company’s past quality, past deliveries
and present capabilities always should be weighed, he says (His block
diagram on p 28 suggests that Company B, although high bidder, should
get a contract because its “effective price” is lower than Company A’s.)

Executive MacDonald also thinks our country needs electronic systems
developed and produced “at the most economical cost over the useful life
of each system”. What are your views? And what are your suggestions?

Coming In Our August 25 Issue

MEDICAL ELECTRONICS. Use of electronics as a weapon against disease,
illness and infirmity is receiving world-wide attention. Speakers from
15 countries presented 299 papers on this subject at the joint convention
of the 4th International Conference on Medical Electronics and the 14th
Annual Conference on Electrical Techniques in Medicine and Biology
in New York City recently. Associate Editor Bushor, who attended the
five-day meeting, brings you the highlights in his article next week.
You’ll read about computer diagnosis, instrumentation for measuring
circulatory parameters, various kinds of cardiac instrumentation, the
infrared microscope, and electronic techniques in gastroenterology.

electronics




Proven ultra-high-speed transistors

by SPRAGUE

TYPE

N301A

the reliable switching characteristics of the field-proven 2N501A
are now available in the T0-9 case to meet equipment needs

e The well known slim-line Type 2N501A Micro-
Alloy Diffused-base Transistor, extensively used in
critical military, industrial, and commercial applica-
tions, is now joined by the 2N1500, in its low-height
TO-9 case.

. The electrical characteristics of the 2N1500 are
identical with those of the 2N501A. Both of these
ultra-high-speed switching transistors will operate
reliably at speeds up to 20 megacycles. They feature
excellent high frequency response at very low collector
voltages, a characteristic made possible by the place-
ment of the collector in the diffused region of the base.
» A precise, controlled-etching process makes it pos-
sible to maintain high frequency characteristics down
to saturation voltage. Therefore, you can realize all

SPRAGUE COMPONENTS

the advantages of direct-coupled circuitry with no
loss in switching speed.

o Sprague MADT* Transistors are now manufactured
with cadmium junctions, providing an extra safety
margin. Effects of high temperature, the major destruc-
tive factor with transistors, are minimized by the super-
conductivity of cadmium, assuring cooler operation
and greater reliability.

o For prompt application engineering assistance, write
Commercial Engineering Section, Sprague Electric Co.
Concord, N.H.

@ For complete engineering data sheets, write Technical
Literature Section, Sprague Electric Co., 35 Marshall
St., North Adams, Mass.

*Trademark of Philco Corporation

TRANSISTORS INTERFERENCE FILTERS

CAPACITORS PULSE TRANSFORMERS
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS
RESISTORS PULSE-FORMING NETWORKS

August 18, 1961

HIGH TEMPERATURE MAGNET WIRE
CERAMIC-BASE PRINTED NETWORKS
PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co.
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POWER,
CONTROL,
SIGNAL
CIRCUITS...

... all in one
ROYAL
CABLE!

| ROYAL MULTI-CON-
@ DUCTOR CABLES are

‘ designed, manufactured and
quality-controlled to your exact specifica-
tions . . . for a myriad of uses . . . for
simple or complex applications. Cable
elements and materials may be combined
to include signal, control and power cir-
cuits into one construction and within
one jacket. Royal is

EEEE  equipped and experi-
enced to provide a fin-
ROYAL“‘" ished cable that will

B assure predictable,
A dependable on-the-job
performance. And

remember, Royal is

e e ready .. .to quote ...
to supply . .. to satisfy.

Write for new Catalog No. 4C-61 . . .
(includes charts on Royal RG and special
application cables, physical characteristics,
test procedures, engineering tables, etc.)

ROYAL ELECTRIC CORPORATION
301 Saratoga Ave., Pawtucket, R. I.

In Canada: Royal Electric Company
(Quebec) Ltd., Pointe Claire, Quebec

ROYAL.
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COMMENT

Revamping Patent Procedures

Regarding the “Washington Out-
look” story on revamping U.S.
Patent procedures in the July 14
issue, much more detail is re-
quired for clarification.

Does “patent applications would
be published shortly after they
were filed—" mean that this would
be done without the customary
search and prosecution procedures?

Also, when would the 17-year
patent life begin? If it starts with
actual use of the patent this Dutch
system would be welcomed by many
inventors because a great many
patented inventions never get into
use until they expire into the public
domain.

BENJAMIN F. MIESSNER
MIESSNER INVENTIONS, INC.
MIAMI SHORES, FLA.

The whole idea of this plan 18
to avotd unnecessary work on the
part of the U.S. Patent Office so
it can more quickly process useful
inventions. Therefore, publishing
of information on inventions would
be done before search and prosecu-
tion by the Office. By releasing in-
formation in this way, the need
for the patent in industry could
be more easily ascertained. The in-
ventor is proteced by his filing date,
80 that once a need is ascertained,
the search and prosecution can pro-
ceed to verify the validity of the
invention, including the application
filing date. The 17-year patent life
would begin with the date of filing
as indicated by the story wording:
“ . .. actual issuing of a patent
on the filing ..."”

Rocket Antenna Breakdown

In your issue of June 9, 1961
under Electronics Newsletter, page
9, there is a paragraph entitled
“Rocket Antenna Breakdown In-
vestigated by Air Force.”

This difficulty of antenna break-
down at high altitudes was expe-
rienced by the Martin Company,
Denver Division, in 1956, and in
January 1958 a contract was signed
with the Purdue Research Founda-
tion to make the necessary investi-
gation. This investigation covered
the determination of the actual

breakdown electric field intensity of
ionized air over a pressure range
from 760 mm H, to 10®* mm H,
and over a frequency range from
zero to 10,000 megacycles.

The final report, dated Apr. 30,
1959, was entitled “Voltage Break-
down in Ionized Air at Frequencies
from Zero to 10,000 Megacycles”,
by W. H. Hayt Jr., R. H. George,
and H. J. Heim. This report con-
tains a theoretical investigation and
all experimental data in curve form
so as to make it most useful to
designing engineers.

I believe that a copy of the final
report may be obtained from the
Air Force or the Martin Company,
but if not, the Purdue Research
Foundation could probably supply
it.

H. J. HEIM
PURDUE UNIVERSITY

Discriminator Without Coupling

I am writing this letter in the
hope that it may be useful to
reader Shaphira (Comment, June
2) who looks for diseriminators
without magnetic coupling. Apart
from that one discussed in the
April 1 issue of ELECTRONICS (p
63), there are at least four more
that were published in American
books:

1. The “Weiss” on pages 302-
308 of Volume 16 of the “Radiation
Laboratory Series”.

2. The *“Peak Reading” pages
35-38 of Volume 23 of the same
series.

3. The wide-bandwidth discrimi-
nator of fig. 17-11 page 452 of the
same Volume 23.

4. The “Grandlund” detector in
the article “Sky Wave F.M. Re-
ceiver” published in ELECTRONICS
on December 1, 1949 (page 101).

I am very grateful to reader
Shaphira, for his letter drew my
attention to a kind of discriminator
I completely overlooked in spite of
being very interested in them.

It is very curious how things
happen. Perhaps reader Shaphira
will know a little more about dis-
criminators by getting answers
from New York via Barcelona as I
did with his letter from Tel-Aviv.

ADRIAN GIBERT
CosM0 CORP
BARCELONA, SPAIN

electronics
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10MC COUNTER/TIMER/FREQUENCY METER
Here is economy without compromise.

The Model 8375-R has every one of the unique performance and relia-
bility features to be found in the two-channel Model 365-R and the
three-channel Model 365-RP. Only the functions associated with the
second and third channels have been eliminated — at a very substan-
tial reduction in price.

Every basic function is provided : counting, timing, period, and fre-
quency measurement are fully implemented. Frequency measurement
may be extended up to 220MC with the Model 420 solid-state frequency
converter.

The Model 375 is one of 17 cool-running, compact, fully-transistor-
ized, proven-reliable digital instruments with the TSI touch. That
means NOR-logic, for simplicity and economy ; the exclusive TSI “level-
sampling” amplifier, for optimum gain-bandwidth product and freedom
from duty-cycle anomaly; crystal-plus-oven stability of 5 parts in 108
per week ; hard-headed derating of every component.

It will pay you to consult TSI when you need digital instrumentation

in the real-time domain.
220 MC Frequency

Extender, Model 420,

Sensitivity, 2MV; !nput 10MC Counter/Timer/Frequency Meter, 10MC; Period, 0.1 usec to 100 sec.; Self-Test;
Frequency Ronge, 10 to Model 375-R 5Y," panel height. 7-Nixie  Frequency Stondord, 10MC to 0.1 cps. Also
220MC. in-line readout. Functions: Frequency, 0.1 cps- avoiloble in bench cobinet style.

TRANSISTOR SPECIALTIES

I NCORPORATED

Sophisticated Digital Instrumentation

TERMINAL DRIVE, PLAINVIEW, NEW YORK « WELLS 5-8700
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HURRICANE DONNA
OM A RAYTHEON RADAR

Accurate and flexible enough to use as a scientific instrument,
yet rugged and reliable for everyday use,

SELENIA WEATHER RADAR

is the choice of many European weather services.
Write today for
the New Selenia Weather Radar Catalogue.

MANAGED BY

CIRCLE 8 ON READER SERVICE CARD
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ROME - ITALY P.0. BOX 7083

HELP AIRCRAFT
AVOID STORMS, TURBULENCE
AND HEADWINDS

Selenia high-power, low-cost weather radar detects

storm formations at great distances.

The combination of the Pencil-Beam antenns,

flexible scanning modes and calibrated iso-echo gain control
quickly determines the altitude and extent

of the zones of dangerous precipitation and turbulence.
Up-to-the-minute en route weather information

can thus be forwarded to pilots in the area.

Inexpensive weather balloons can be automatically tracked
with Fire-Control accuracy

to determine wind speed and direction at various altitudes.
The most economical cruising altitude

is readily determined for all routes.

electronics



ELECTRONICS NEWSLETTER

Superconductor Electrons Travel Only In Pairs?

SOME ANSWERS to the mysteries of superconductivity, superfluidity
and related oddities of super-cooled materials have been provided
by recent research work at Stanford University.

Described in a late issue of
Physical Review Letters, the in-
vestigations suggest that the rea-
son a superconductor will accept
current only in discrete quantities
of predictable sizes is that elec-
trons in a superconductor move
only in pairs and in unison, and
that injection of less than the re-
quired amount of current throws
the electrons out of step.

These ‘“quantized” amounts of
current, the investigators maintain,
are inversely proportional to the
size of the combined charge of two
electrons, and can be predetermined
by the formula hc/2e where h is
Planck’s constant, ¢ is the velocity
of light, and e the charge of an
electron.

Since random movement of elec-
trons is believed to be the reason
for electrical resistance, the concept
of unified, marching movement of
electrons, as contrasted with the
chaotic motion at normal tempera-
tures, is a likely answer to why
superconductors offer no resistance
to current flow.

The Stanford researchers used a
tin-plated copper wire. Current,
induced in the tin by electric coils,
was measured by moving the super-
conductor rapidly up and down
inside dewar flasks filled with
liquid helium while observing the
resultant magnetic field variations.
Still being sought is the answer to
why normally good conductors make
poor superconductors, and con-
versely.

New Solar Unit’s Power
Improved By Factor of 6

A SUN-TRACKING solar-cell power
unit, reportedly improving power
capability of flat stationary cells by
a factor of six, is announced this
week by Hoffman Electronics.
Using 36 standard solar cells and
measuring 12 by 24 inches, the
power section is capable of 12 watt
hours per average day. Sun-track-
ing portion of the unit uses two

August 18, 1961

banks of nine cells each mounted at
opposite ends of a cross bar, a
simple bridge circuit, and a 10
milliwatt motor.

When the device is pointed di-
rectly at the sun, power output
from these two banks is equal.
When a power differential exists,
the motor turns in either forward
or reverse direction until the main
power bank is again in optimum
position. Among applications sug-
gested by Hoffman are power
sources for harbor buoys, and bat-
tery charges for any use where
remote automatic operation is in-
volved. To be introduced next
week at WESCON, the device is
expected to sell for approximately
$150.

Self-Organizing Data
Processor Gets Chore

SELF-ORGANIZING data processor de-
veloped by Raytheon incorporates
rudimentary learning character-
istics, and is working on military

New Radar Generator

A GENERATING UNIT described
as a major breakthrough in
radar was announced by the
Army last week.

The new generator will en-
able radar to pinpoint targets
with 10 times the precision
now available in comparable
equipment, the Advanced Re-
search Projects Agency said.

The generator, developed by
Alco Produets Co., Auburn,
N. Y., and Westinghouse, will
be used this summer to ob-
serve intercontinental bal-
listic missiles fired over the
Pacific as targets for the
Nike-Zeus antimissile missile.

problems for the Department of
Defense.

Called the Cybertron, the ma-
chine duplicates human learning
processes of experience, trial and
error, correlation of new facts
with experience, instead of attempt-
ing to duplicate neural networks
of the brain by electronics. As the
first model works on military prob-
lems, larger Cybertron is being
developed for speech compression,
synthesis projects. First model has
worked successfully on analysis of
cardiograms, discrimination of ra-
dar and sonar echoes.

Extensive applications of ad-
vanced learning machines are seen
in weather forecasting, language
translation, analysis, sorting of
industrial or agricultural products,
and design of components for more
highly diseriminatory radars.

Three British Firms
Planning Big Merger

LONDON—Three British firms—the
Plessey Company Ltd., Automatic
Telephone and Electric Company
Ltd., and Eriesson Telephones Ltd.
—Ilast week announced plans to
merge into a new group with assets
of over $126 million and a market
capitilization of $210 million.

Aim of the merger is to avoid
duplication of effort in the com-
munications field and to promote
more intensive and efficient use of
research and production facilities.
Both A.T.E. and Ericsson are to
remain independent firms with
their own boards and representa-
tives on the main board of the new
group.

Advanced Electronics Lags
In Midwest, Survey Reports

CHICAGO—Area electronics firms
lag behind east and west coast
rivals in exploring advanced fields
such as solid state, computers,
microwaves, weapons systems,
command and control systems or
sophisticated instrumentation—ac-
cording to preliminary results of
survey initiated by IRE Profes-
sional Group on Engineering Man-
agement, sponsored by National
Electronics Conference and sup-
ported by grants from more than
25 Chicago electronics compa-
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nies. Despite some optimism during
past vear, situation hasn’t changed
noticeably, reports survey’s direc-
tor, Albert H. Rubenstein, indus-
trial engineering professor at
Northwestern University.

Survey findings (to be announced
at NEC Oct. 9-11) indicate the area
has less than a dozen new research-
based enterprises.

The Chicago area also has poor
success in recruiting and holding
outstanding researchers, compared
with other electronics centers, sur-
vey shows—adding that part of the
difficulty comes from local manu-
facturers’ reliance on production
and sales dominance, instead of
on research and development ad-
vances.

Manufacturers’ attitude is also
reflected in poor relations with
local universities, report concludes.
Most Chicago electronics companies
are “low level” in sponsorship of
advanced degrees, cooperative re-
search projects or research semi-
nars, says the report, adding that
company support of such activities
is completely lacking for a large
percent of Chicago area firms.

Counters Trending
Towards Solid State

INSTRUMENTS for frequency and
time interval counting are trending
towards solid state, according to
displays in the new Electronic En-
gineering Representatives Road
Show.

The new counters, with ultra-
high-speed switching transisters af-
fording wider frequency counting
ranges and increased reliability, are
also smaller and more portable than
previous models. Low power con-
sumption and corresponding mini-
mal heat generation are other fea-
tures.

All told, over 400 electronic in-
struments made by 60 manufac-
turers will be displayed in three
eastern states by the EER travel-
ing exhibit, which opens Sept. 7
at Ossining, N. Y.

Radiation-Checking Unit
Now Size of .22 Shell

TINY radiation-measuring devices
no bigger than a .22 shell and a
wedding ring are now possible be-

10

cause of instrumentation research
at the Atomic Energy Commission’s
plant in Richland, Wash.

These and other-sized ionization
chambers are coupled with an ioni-
zation chamber pulse reader to
furnish sensitive and accurate
measurements of radiation doses.

A typical ionization chamber is
an air-filled tube with a wire elec-
trode in the center carrying an
electrical charge. High quality in-
sulators separate the tube and wire
electrode. Radiation streaming
throuch the chamber converts some
of the air molecules to electrically
charged ions that reduce the charge
on the electrode.

The pulse reader measures the
amount of current required to re-
charge the electrode. From this
measurement. the amount of radia-
tion that passed through the cham-
ber can be determined.

Tests Computer Memories
Before They're Installed

AN ELECTRONIC “‘exerciser” that
tests core memory units before in-
stallation in computers has been
developed by RCA.

The Core Memory Exerciser
functions by setting up a pattern
for writing digital information into
the memory unit and reading it
back. firm says. A comparator cir-
cuit determines whether the read-
out corresponds precisely with the
initial input. When an error occurs,
the location of the trouble is pin-
pointed electronically on a display
panel.

Japanese Tv Chassis
Sales to U.S. on Rise

TOKYO—Japanese tv manufacturers
think they have growing opportuni-
ties for competing in the U. S. tele-
vision market—by exporting tv
chassis. As a matter of fact, what
went to the U. S. last year were
mostly chassis and most of this
year’s tv exports to the U.S. are
also chassis.

Japan’s tv exports to the U. S.
during the first six months of this
year were 6,705 units worth $401,-
401 as compared with 72 units
worth only 87,774 during the same
period last year.

In Brief . . .

SCIENTISTS reported last week that
radio signals from Transit IV-A
satellite are so accurate that
navigators could use them to set
their clocks.

THE 1961 German Radio and Tele-
vision Exhibition will be held
from next Friday to Sept. 3 in
Berlin—for the first time after
an interval of 22 years.

AUTOMATIC stabilization equipment
for Navy’s first hydrofoil anti-
submarine patrol boat will be
built by Hamilton Standard, di-
vision of United Aircraft, under
a contract with Boeing.

COMMERCIAL PRODUCTION of a ther-
moelement in 16 varieties by
so'dering perforated plates was
started last week by Japan Ther-
mo-Element in Tokyo.

BENDIX SYSTEMS division gets an
$8-million Air Force contract for
work on a rocket-borne commu-
nications system.

A FOUR-COMPUTER seat reservation
system has been ordered by Brit-
ish European Airways from
Standard Telephones and Cables
Ltd., London. Total cost: $13
million.

TWO NEW bibliographies listing gov-
ernment research reports, trans-
lations, and other technical docu-
ments on infrared light are avail-
able (10 cents each) from the
Office of Technical Services, De-
partment of Commerce, Wash.
25, D. C. Order: SB-466, SB-467.

INSTALLATION of secondary surveil-
lance radar transponders in all
civil aircraft flving above 25,000
feet above Britain will be com-
pulsory within about a year, the
Ministry of Aviation announced
in London last week.

A $10-to-$12-million order for air-
borne radar antennas to be pro-
duced for governments of four
European countries has been re-
ceived by Dalmo Victor division
of Textron Inc. The countries
are Belgium, Italy, the Nether-
lands and West Germany.
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Metallized Ceramic

Tubes_

=

from Centralab

for component hermetic sealing

Capacitors, resistors, transistors, diodes, coils, and other
components will more readily meet MIL specifications for
temperature, humidity, and vibration when hermetically
sealed in CENTRALAB metallized tubes.

Metallized tubes of steatite or high alumina ceramic are
available from CENTRALAB in a comprehensive range of
standard sizes—many of which can be delivered in 48 hours.
Tubes of other dimensions, including smaller sizes, can also
be supplied, with initial delivery in 5 to 6 weeks, repeat
orders in 3 to 4 weeks.

Centralab Canada Limited

These tubes are internally metallized on both ends and will
generally meet MIL specifications for thermal cycling from
—65°C. to +-125°C. Technical assistance for production seal-
ing is provided by the CENTRALAB Engineering Department.

The standard sizes are listed in CENTRALAB Engineering
Bulletin EP-978, available free on request.

STANDARD SIZE RANGES
Inner Diameters Outer Diameters
105" to .300" 156" to .395"

Lengths
250" to 2.250"

The Electronics Division of Globe-Union Inec.
S00A East Keefe Avenue

Milwaukee 1, Wisconsin

Ajax, Ontario

X—6114

ELECTRONIC SWITCHES  VARIABLE RESISTORS « CERAMIC CAPACITORS o PACKAGED ELECTRONIC CIRCUITS o ENGINEERED CERAMICS

August 18, 1961
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SEMICONDUCTOR NEWS: FROM WESTINGHOUSE AT YOUNGWOOD
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Westinghouse announces
new 7/0-amp ratings

in “Rock-Top” Trinistor’
controlled rectifiers

Highest rated flag type in the industry. Type 809 Trinistor
controlled rectifier series, in both flag terminal and flexible lead
types, now immediately available in production quantities at
70-amp ratings! Exclusive Westinghouse ‘‘Rock-Top’’ construc-
tion offers superior electrical and mechanical characteristics for
greater performance reliability under all operating conditions.
Provides positive protection against arcing at highest voltages.
Exclusive new flag terminal design has lower weight . . . requires
less headroom. Outstanding parameters include: = 600 nano-
second switching time w efficiencies in excess of 98% s minimum
noise level m peak reverse voltages to 480 volts m ideal param-
eters for high-speed static switch functions.

Industrial, commercial, and military applications include: high-
frequency power generation; variable frequency controls; pulse
generation; ignitron firing; welding control.Trinistors also replace
thyratrons, contactors, magnetic amplifiers, relays.

For more information, or technical assistance, contact your
nearest Westinghouse representative, or write: Westinghouse
Electric Corporation, Semiconductor Department, Youngwood,
Penna. You can be sure...if it's Westinghouse. SC-1046

For Immediate *‘Off-The-Shelf'* Delivery, Order From These Westinghouse Distributors:

EASTERM HALLMARK INSTRUMENTS CORP.

ACK SEMICONDUCTOR INC. Dallas, Texas/R! 7-8933
Birmingham 5, Ala./FA 2-0588 INTER-STATE RADIO & SUPPLY CO.

CAMERAD!O Pittsburgh, Pa./EX 1-4000 Denver 4, Colo./TA 5-8257

CRAMER ELECTRONICS, INC.
Boston, Mass./CO 7-4700
ELECTRONIC WHOLESALERS, INC.
Melbourne, Florida/PA 3-1441
GENERAL RADIO SUPPLY CO., INC.
Camden, N. J./WOQ 4-8560
GENESEE RADIO PARTS CO. Bulfalo, N. Y./TR 3-9661
KANN-ELLERT ELECTRONICS, INC.
Baltimore, Md./TU 9.4242
MILGRAY ELECTRONICS New York, N. Y./RE 2-4400
RADIO & ELECTRONIC PARTS CORP.
Cleveland, Ohio/UT 1-6060
SCHWEBER ELECTRONICS
Long 1sland, N. Y./Pl 6-6520
Silver Spring, Md./JU 5-7023
MIDWESTERN
E.C.I. SEMICONDUCTORS, INC.
Kansas City, Mo./WE 1-0829
ELECTRONIC COMPONENTS FOR INDUSTRY CO.
St. Louis, Mo./W0 2-9916

LENERT CO. Houston, Texas/CA 4-2663

MIDLAND SPECIALTY CO. El Paso, Texas/KE 3-9555

Phoenix, Anz./AL 8-8254

Albuquerque, N. M./CH 7.0236

RADIO DISTRIB. CO. Indianapolis, Ind./ME 7-5571
SEMICONDUCTOR SPEC., INC.

Chicago, I11./NA 2.8860

Detroit, Mich./BR 3-2900

Cincinnati, Ohio/MA 1-6530

S. STERLING CO.
UNITED RADIO, INC.

WESTERN
ALMAC ELECTRONICS CORP.

Seattie, Wash./PA 37310
ELMAR ELECTRONICS Qakland, Cal./TE 4-3311
HAMILTON ELECTRO SLS.
Los Angeles, Cal./BR 2-9154
Palo Atto, Cal./DA 1-7541
NEWARK ELECTRONICS, CO.
Inglewood, Cal./OR 4-8440
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JEHHULD

Very narrow to very wide
sweep widths in one

sweep SIGNAL generator
$1880.00

Unusual stability in sweep widths from
10 ke to 400 mc. Frequency range 500
ke to 1200 mc, Built-in crystal-controlled
harmonic markers, direct coupled scope
pre-omplifier, and aftenuators. The ulti-
mate instrument for your IF-VHF-UHF
requirements.

Wlde band sweep generator

$1260.00

Center frequency: VHF, 0.5 to 400 mc;

UHF, 275 to 1000 mc. Sweep widths from

100 ke up to 400 mc. Flatness: 0.5 db
over widest sweep.

seas 4

L
: »
Lididin

Uhra-flat sweep generator
$795.00
Featuring +5/100 db flatness; plug-in
oscillator heads*; variable sweep rates
from 1/min. to 60/sec.; all electronic
sweep fundamental frequencies; sweep
width min, of 1% to 120% of C.F.

*Heads availoble within the spectrum 2 to 265
me. Norrow-band heads on request.

For bulletin and pl cata-
log Ilndudtng wide-band comparators, pre-
cision att s and ies), write:

JERROLD mcmmcs CORPORATION
ladustrial Products Divisiea, Bept. ITE- 107
The Jerrold Building, Philadeiphia 32, Pa.

Jorroid Electronics (Canada) Ltd., Toroato
Export Representative: Rocke Iaternational, N. Y. 16, N.V.
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WASHINGTON OUTLOOK

STRONG OPPOSITION is mounting over the administration-backed plan to
limit ownership of a communication satellite system to international
carriers. The latest bloc to attack the ownership proposal comes from
powerful Democratic congressmen led by Rep. Emanuel Celler (D.-
N.Y.), chairman of the House Judiciary Committee; Senator Hubert H.
Humphrey (D-Minn.); and Senator Estes Kefauver (D.-Tenn.), chair-
man of the Senate Antitrust Subcommittee.

The legislators, reportedly, will press hard to get the ownership ex-
tended to equipment makers such as General Electric, Lockheed Aircraft,
etc. There has been mounting concern about the way the administration
proposes to limit ownership of the system. The Department of Justice
has always supported an ownership plan that would encompass inter-
national carriers, domestic carriers and equipment makers. The Federal
Communications Commission, however, has overruled the Justice stand
and come out in favor of limiting the ownership to the 10 international
carriers.

Some legislators have come out in favor of the government retaining
ownership of the system with industry operating it. As it stands, the
FCC has asked the international carriers to submit an ownership pro-
posal by Oct. 13.

CONGRESS has voted some $2.7 billion for space research in fiscal 1962.
A large chunk of this will go to the electronics industry. Of the total,
the military will receive $1 billion and the National Aeronautics and Space
Administration $1.7 billion. Congress, however, cut some $112.5 million
from the administration’s request for the space agency funds. Some $75.5
million was trimmed from R&D spending with the balance coming out of
salaries and expenses and construction.

The legislators left the job of deciding which specific programs that will
be cut to NASA, however. At the same time, Congress added $85 million
to the $100 million requested by the Administration for the Air Force’s
Dyna-Soar program that is designed to extend manned aircraft flight to
the edge of space as a follow-on to the X-15 experiment. Estimates are
that this will enable first flights to be made around 1965, some two years
ahead of the previous schedule.

A NEW ASSISTANT Patent Office Commissioner will be appointed to direct
the agency’s research and development program. Patent Commissioner
David L. Ladd says he is looking for a qualified person to fill the post now.
Need for the appointment stems from a series of reports the Patent Office
has made over the past few years to find a way to clear the log jam of
patent applications.

The latest report made a few weeks back by Dr. Allen Astin, Director
of the Bureau of Standards and John G. Green, Director of the Office of
Technical Services of the Commerce Department, estimates that it will
cost around $3 million a year over the next several years before full
mechanization of the Patent Office search system can be achieved. Cur-
rently, only some $580,000 is budgeted for the program in fiscal 1962.

THE AIR FORCE has started a plant management survey of North American
Aviation’s Autonetics div. at Downey and Anaheim, Calif. A special team
of procurement, production and auditing experts is checking the division’s
subcontracting practices, cost estimates, manufacturing operations, qual-
ity control policies and other management practices.

The Autonetics survey is the second Air Force survey of its kind. Late
last year, a similar check was made at the Martin Co.’s Denver plant. It
went on for two months. As a result, the company was reportedly ordered
to expand competition for subcontracts, tighten up management of sub-
contractors and improve spare parts provisioning schedules.
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match
system sensitivity

fo your
recording
application

When your recording application calls for 6 or 8 direct writing,
general purpose channels with identical sensitivity and input
electronics, Sanborn '‘950" design provides a highly useful,
economical answer in the precise sensitivity range you need.
Choices include systems with :

1 HIGH GAIN AMPLIFICATION . .. 6 or 8 transistorized
channeis with fioating and guarded inputs, 100,000 ohms
resistance on all ranges, 10 to 2000 uv/div sensitivity.
System response DC to 100 cps within 3 db at 10 div
peak-to-peak amplitude. Common mode performance
=200 volts, max., rejection 140 db min. at DC. High gain
stability, max. non-linearity 0.5%, low noise and drift.
All channels have range, gain, function, position and
galvanometer frequency compensation controls.

2 MEDIUM GAIN AMPLIFICATION ... 6 or 8 transistorized
channels with floating and guarded inputs; 2 meg.
resistance on mv ranges, 1 meg. on volt ranges; sensi-
tivity 0.5 to 20 mv/div and volts /10 div. System response
DC to 150 cps within 3 db at 10 div peak-to-peak ampli-
tude. Common mode voltage ==500 volts, max., rejection
140 db min. at DC. Same controls as High Gain amplifier.

3 LOW GAIN AMPLIFICATION . . . 6 or 8 channels, bal-
anced to ground inputs 5 meg. each side; tube and
transistor circuitry; sensitivity 10 to 500 mv,/div and
1 to 10 voits/div. System response same as Medium
Gain system. Common mode performance £2.5 volts
and 34 db min. rejection on most sensitive range. Amplifier
available with or without Calibrated Zero Suppression.

All 950" systems have 350-style 6- or 8-channel flush-front,
heated stylus recorder, using Sanborn rectangular-coordinate
Permapaper.® Nine chart speeds, timer/marker stylus, built-in
paper take-up. Systems housed in 63%” high mobile cabinets;
amplifier and recorder occupy only 24%2" of panel space. For
complete descriptive literature and application assistance, call your
Sanborn Industrial Sales-Engineering Representative; offices
throughout the U. S., Canada and foreign countries.

®
SANBORN  “950" SYSTEMS .
Dynamic demonstrations of 950 Systems and other Sanborn oscillographic NEVSSN L OISO
recording equipment at WESCON, Aug. 22-25 Booths 2014-2016 @a@ s A N B o R N
: COMVMPANY

175 Wyman St., Waltham 54, Mass.
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Almost all military forces count their strength in

. AIR FORCE



systems using Sperry electronic tubes

ELECTRONIC
TUBE
DIVISION

SPERRY RAND CORPORATION
GAINESVILLE, FLA.
GREAT NECK, N. Y.




To Contractors and Subcontractors on U. S. Government Projects

Western Electric
offers the high reliability
JAN 2N1195 Transistor

The JAN 2N1195 is a diffused base germanium mesa transistor for video, radio frequency, and switching
applications.This transistor is not selected from a broad distribution of electrical values. Laureldale’s con-
trolled manufacturing conditions assure the circuit designer of uniform lot-to-lot transistor characteristies.

MAXIMUM RATINGS AT 25°C TYPICAL ELECTRICAL CHARACTERISTICS
Power dissipation in free air ..o 225 MW* FD e et st s s .760 MC
Collector hreakdown voltage .............c.cccornvivnenne 30 Volts Rghije (250 MC) ..ot 55 Ohms
Emitter breakdown voltage ...........cccccceviverivcccnce. LVOIt € (dep) «reeeermmeemsemsssmssssssusmemsenssnissssssssssssscnensssscnec 12 upf
Maximum junction temperature .............ccceccvnee 100°C e (1000 CP8) .ococorncencienmrisiniinsinsnsererassanasasscasonsiassoansins 98

sConservative —300 MW capability has been established

400
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a8 1 | =N Insertion voltage gain of 8-stage amplifier
e | using two JAN 2N1195's as output transistors.
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RELIABILITY

Lot-by-lot life tests have established a fafture rete of less than 0.1% for AS™ A A

1000 hours at 100" C.

This chart illustrates results obtained at high storage temperatures and

demonstrates the inherent reliability of the JAN 2N1195 transistor. 20 40 60 80 100 120 140 160 180
n-sec

HIGH SPEED SWITCHING
Output of 160 MC multiplexer using JAN 2N1195 transistors.

The JAN 2N1195 transistor can be purchased in quantity from Western Electric’s Laureldale Plant.
For technical information, price, and delivery, please address your request to Sales Department, Room 102,
Western Electric Company, Incorporated, Laureldale Plant, Laureldale, Pa. Telephone — Area Code
215 — WAlker 9-9411.

MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM
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—power

for control

—power

for computers

—power

for communications

—power

If it’s regulated dc power you need (for almost
any application), Raytheon’s new “RD” line of
Basic Power Packages is worth investigating.
Available in 132 ratings from 3 to 1,000 volts at
50 to 3,000 watts, these compact supplies are fully
magnetic in design.

for data processing

Result: surprisingly low cost and an extra measure
of reliability.

Write today for catalog data including a selection
chart listing all available models. Raytheon Com-
pany, Power Supply and Voltage Regulator Op-
erations, Keeler Avenue, South Norwalk, Conn.

RAYTHEON COMPANY

POWER SUPPLY AND VOLTAGE REGULATOR OPERATIONS

August 18, 1961
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A COMPLETE LINE OF DEPENDABLE
ENCAPSULATED RESISTORS

Permaseal resistors are designed for ex-
treme stability and long life in military and
commercial applications requiring highly
accurate resistance values in small physical
sizes. To achieve this, winding forms, re-
sistance wire and embedding materials are
carefully matched. The completed resistors
are then aged by a special Sprague process
for long-term stability.

They’re plastic embedded for mechanical
protection and humidity resistance, meeting
exacting requirements of MIL-R-93B and
MIL-R-944 4A (USAF).

Permaseal Resistors are available in close
resistance tolerances down to 0.05%. Per-
manent identification marking is available
to withstand all environmental conditions,
Write For Engineering Bulletins 7500 and
7501 to: Technical Literature Section,
Sprague Electric Company, 35 Marshall
Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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Metallic Vapor

GROUNDWORK for future plasma
pulsed propulsion systems is being
readied at Electro-Optical Systems,
Inc. (Pasadena, Calif.). Being per-
formed for the Office of Aerospace
Research, the work so far has con-
sisted of preliminary experiments
producing relatively large amounts
of metallic vapor plasma by electri-
cally exploding metallic wires and
thin metallic films. High tempera-
ture expansion of the plasma has
resulted in measurable thrust that
may have future propulsion appli-
cations.

However, before determining
propulsive properties, more knowl-
edge must be uncovered on the pro-
perties of the exploding wire and
film and that of the plasma.

How much overheating can be
placed in a film or wire as a fune-
tion of material, size, configuration
and power level while the material
is still in a compact state? What
about the dynamics of the expan-
sion process: does the metallic
vapor plasma expand with a high
degree of directness or not and with
what velocity? What is the temper-
ature, radiation and state of the
expanded plasma?

A simple model of the exploding
film has been advanced by Francis
H. Webb, who is heading the re-
search. He likens the plasma expan-
sion to that of a uniformly and in-
stantaneously heated slab of gas
confined on one side so that it would
expand mainly in one direction.

He says that it is important to
place the thermal energy into the
system before it has expanded ap-

Plasma: Future

preciably since any further heating
would only go into random thermal
motion. Heating of the film, there-
fore, should be uniform. At low
to intermediate power levels, hot
spots and nonuniform conduction
have been observed in wires and
especially in wide exploding films.
It must be determined if areas of
uniform or near-uniform heating
exist as a function of dimensions,
material and specific power level.

These problems may be reduced
in the confining arrangement he has
used, says Webb. In this system,
the film is either mechanically
backed or backstrapped on one side
before being electrically heated to
a high temperature.

Although, much less data is pres-
ently available for rapidly exploded
films than for rapidly exploded wire,
films would appear to be more suit-
able for propulsion because greater
directionality would be anticipated,
says Webb.

Also, required heating time is
probably shorter than in wire of the
same mass per unit length. This
was indicated by current and volt-
age waveform data on an exploded
aluminum film 8,000 angstroms
thick by 2 mm wide by 0.1 inch long,
and by similar data on a one-mil
aluminum wire one cm long.

As exemplified by the diagrams,
the exploding phenomena can be
subdivided into three phases or re-
gions which may be distinct or over-
lapping. The first region is the ini-
tial conduction region where the
material heats up and explodes. The
second region is the dwell phase

- VOLTAGE
-=-== CURRENT

VOLTAGE {KV}

0 100 200
TIME {mgS)

6,000
5,000

4,000
8,000

=46,000

I-AMPS

3,000

CURRENT {AMPS)
V-VOLTS

2,000
*14,000

1,000 2,000

0 v
10 30 50 ‘g0

TIME (nS})

Voltage and current waveforms used in exploding aluminum wire, left, and

aluminum film, right
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Propellant?

where the vaporized material forms
a low-conductivity plasma. The
third region is where a resurge of
current called post-dwell conduction
occurs in the plasma. The time be-
fore the post-dwell phase is reduced
if the voltage is increased, and. at
sufficiently high voltages, the post-
dwell and initial conduction phases
merge.

A luminous front velocity of 2
cm per psec was observed 100 nsec
after current initiation in the ex-
plosion of the 8,000-angstrom-thick
aluminum film. This would corres-
pond to a thrust of 40 millipounds
per pulse.

In the work on wires it was found
that some type of relaxation process
appears to take place at the onset of
vaporization. This seems due to
overheating in air. Overheating of
above 20 ev per atom has been ob-
served and higher values appear at-
tainable by using smaller wires and
by going to faster circuits and
higher voltages. Thus, large
amounts of energy up to many
times that of vaporization energy
can be placed in the wire during
the initial conduction phase. In
fact. at high power levels it was
seen that several times the vapor-
ization energy is obtained in the
first phase, whereas at low power
levels only energy content corres-
ponding to about the onset vapor-
ization is obtained in the initial con-
duction phase.

Resistivity was measured as
function of apparent specific energy
content for different specific power
levels. Apparent resistivity was
seen to increase rapidly at low
power levels with increasing
energy. But this is reduced at
higher power levels.

79 Radio Stations Going
To Stereo F-m This Year

F-M STEREO radio poll of 600 sta-
tions by National Association of
Broadcasters shows this week that
79 stations will go to stereo by
year’s end and 123 by the end of
1962.
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THESE SNAP-IN CONTACTS
—
~ OF CEC’s 500C CONNECTORS
ASSURE AN AVERAGE VOLTAGE DROP

OF LESS THAN 3 MV AT 5 AMPERES

Low contact resistance makes
CEC’s line of 500C miniature
electrical connectors ideal for dry
circuit applications. These rect-
angular connectors are designed
to exceed the requirements of
MIL-C-8384A.

The series is available in a range
of 14 to 104 contacts with mount-
ing hardware for flush or surface
installation, straight or right-
angle cable entrance and guide-
pin or jackscrew mating. The size
20 contacts of the line accommo-
date AWG wire sizes 20 thru 26.

Write for Bulletin CEC 4004-X6.

Data Recorders Division ‘ R

CONSOLIDATED ELECTRODYNAMICS / pasadena, california

A sussipiary oF Bell & Howell . FNER PRODUCTS THROUGH IMAGINATION
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“NO POTS AT ALL" STABILITY of the NLS V44 digital voltmeter is checked
by the “boil in oil”" test at 158 F. This design feature eliminates all
trimming of decade and amplifier circuits,

PLUG-IN OIL-BATH STEPPING SWITCHES in Series 30 instruments outlast
dry switches by a factor of five ... completely eliminate periodic dis-
assembly for manual lubrication of switches and permit replacing
switches in several minutes for fast troubleshooting and repair,

22

NOVA

SNAP-OUT READOUT, exclusive on all NLS digital instruments, permits 20-
second bulb replacement through the front panel without tools. Precisely
engraved readout numerals can be read all day from close up or far away
without eye fatigue,

Ea

99°% PLUG-IN MODULAR DESIGN provides easy access to all camponeats,
simplifies servicing with plug-in parts replacement, drastical'y reduces
maintenance costs, keeps instruments on the job,

W ’
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LOW-COST DIGITAL VOLTMETERS with quality features such as plug-in stepping
switches (above) were introduced by NLS. Today, NLS provides a complete
line of low-cost industrial instruments including digital voltmeters, ohm-
meters, a digital millivoltmeter with =0.01% precision, and low-cost models
with printout.

electronics
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“NO-NEEDLESS-NINES" LOGIC in Series 30 eliminates unnecessary, time-
consuming, wear-producing cycling of stepping switches through their
9's and 0's positions. In the typical sample above, the NLS instrument
with ““No-Needless-Nines” logic makes the reading change in 13 stepping
switch steps compared to 43 steps for meters with older-type logic.
The new logic also permits fast measurement of varying voltages.

FULLY AUTOMATIC OPERATIONM, pioneered by NLS, includes automatic
selection and indication of range and polarity. Human error is virtually
eliminated.

important difference

“Is there a significant difference in digital
voltmeters?”

Definitely — these eight design and construc-
tion features show some of the important
differences between NLS instruments and those
of other manufacturers. These are the engineering
innovations that assure accuracy and reliability
...that minimize maintenance and downtime...
that add greater long-term usefulness.

MERCURY-WETTED RELAYS AND TRANSISTORIZED CIRCUITRY are combined
for ultra-reliable operation of NLS Series 20 instruments. Mercury-wetted
relays, used for switching operations in Series 20 DVMs, make contact
through a pool of liquid mercury and have a life expectancy of 57 years
operating continuously at full instrument speed,

)

| voltmeters!

4

f

in digit:

The fact that NLS originated the digital volt-
meter and continues to introduce the major inno-
vations is another sign of superiority in digital
voltmeters.

Call your NLS office or rep for a demonstration
of the instrument of your choice or write today
for the informative NLS catalog that describes
the world’s most complete line of digital volt-
meters...by purpose...by price.

Visit Us At WESCON (Booths 1518-1520) And At The Los Angeles ISA SHOW (Booth 105)

/
" DEL MAR, CALIFORNIA

August 18, 1961

A ,"'f; I'IOI'I-liI'Iear systems, inC. Originator of the Digital Voltmeter
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When you receive a Giannini Controls instrument or system, there’s a string

attached. It's follow-up by qualified men who stand by to integrate the product
smoothly into your system. Example: after delivering the Titan project's 3-axis rate gyro
package, Giannini Controls follow-up disclosed a coming need for a system concept
change: addition of built-in self-checking features. When the Martin Company later
asked for those features, prototype work had already been done and delivery

(Giannini l Controls Corporation 1600 South Mountain Avenue, Duarte, California

A NAME TO PLAN WITH

SERVO COMPONENTS & SYSTEMS « AIR DATA INSTRUMENTS & SYSTEMS « INERTIAL INSTRUMENTS & SYSTEMS

Plant locations: Duarte, Pasadena, Glendora and Glendale, California ¢ Caldwell, New Jersey ® Centerbrook, Connecticut ¢ Berwyn, Pa. ccc 110
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Signals from airplane flying
cover 800-to-400-mile circle

Flying television station carries six tons of telecasting equipment. Facili-
ties installed by Westinghousge include master control panel, two video tape
recorders, two high-powered transmitters and a vidicon camera to transmit
announcements and station identification
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How antenna stabilization works. Continuons feedback keeps antenna
within +2 degrees of true vertical
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Midwest Plan

EDUCATIONAL TV adds a “blue sky”
dimension to its potential next
month when Midwest Program for
Airborne Television Instruction
launches its first full academic year
-—broadcasting 17 half-hour ele-
mentary, high school and college
courses from a four-engine DC6
orbiting 28,000 feet above Mont-
pelier, Ind., with identically-equip-
ped transmitter plane on standby.

Aiming to reach two million of
five million potential students with-
in 127,000 square mile six-state re-
ception circle by June ’62 close of
academic year, MPATI participat-
ing schools during coming months
will require an additional million
dollars worth of receivers, antennas
and distribution systems. Success
will open up possibility for a nation-
wide net of regional airborne sys-
tems providing communication not
only from air to ground but also
from ground to air with eventual
applications all over the world.

Electronic “fallout” from MPATI
includes a special computer, devel-
oped by Westinghouse to accept sig-
nals from standard navigation
TACAN or VORTAC receivers
within 100-mile range, then report
position instantaneously while ship
follows a figure eight pattern with-
in a ten mile orbit.

Transmitting plane must main-
tain its altitude and position within
fairly narrow limits for optimum
design of school receiving antennas.
Special navigation system main-
tains position accurately, even when
ground is obscured by clouds.

ITT Federal interrogator meas-
ures distance to Fort Wayne VOR-
TAC station (or any other within
radio range). Unit measures time
interval between transmitted pulse
and answer from ground station to
give slant range.

Direction to same station is meas-
ured using VOR, standard equip-
ment for DC6’s, with Collins navi-
gation receiver. Range and angle
outputs are adapted and fed into a
special Westinghouse navigation
computer.

Pilot feeds N-S and E-W offset
distances from VORTAC station to
center of desired orbiting into com-
puter which then generates elec-

electronics
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May Mean ‘Sky’s the Limit’ for Class Tv

tronic display on crt’s of Westing-
house navigation indicators.

Unique gyro system senses de-
gree of bank along flight path, re-
fers to pendulum during level flight
portions of figure eight pattern—
feeds correction signals to servos
operating hydraulic hookup which
keeps 24-foot antenna vertical for
optimum radiation pattern.

High gain antenna requires sta-
bilization in roll and pitch axes
within very narrow limits to keep
adequate power on receivers within
two hundred miles of aircraft. Sup-
port gimbals permit antenna to
move in all three axes. Yaw is self
aligning while for roll and pitch,
vertical gyro, electronic control sys-
tem and hydraulic power provide
stabilization.

Two hydraulic systems are pro-
vided. Main system operating from
engine-driven pump may be used
to: 1) lower and retract and 2)
vertically stabilize antenna.

Automatic roll and pitch axes
position feedback controls vertical
stabilization (drawing). Electronic
sensing and amplification of error
is followed by hydraulic power am-
plification and positioning of an-
tenna gimbal structure relative to
airframe.

Vertical gyro in figure measures
aircraft roll and pitch angles with
respect to vertical and provides syn-
chro output signals which are elec-
trical reference signals (inputs) to
roll and pitch control transformers.
Transformer shafts are mechani-
cally positioned to measure antenna-
to-aircraft roll and pitch angles.
Resultant outputs of control trans-
formers are electrical error signals
from antenna with respect to verti-
cal. Error signals, electronically
amplified, control hydraulic valves
regulating flow of oil to actuators
properly positioning antenna. Con-
tinuous feedback keeps antenna
within plus or minus two degrees
of true vertical. System operates
for plus or minus 20 degree roll
angle and for 9 degrees of down-
ward pitch.

Aboard transmitting plane, pair
of Ampex video tape recorders or
vidicon camera chain feeds through
control console to conventional

August 18, 1961

driver circuit‘ry. Aural -carrier,
one-tenth visual peak power, is
combined in Adler exciters feeding
10 kw uhf transmitter using new
Varian 833 C klystron and weigh-
ing less than 2,000 lb.

Use of single 10 kw amplifier for
both picture and sound is believed
to be unique in tv except for emer-
gency service. Vestigial sideband
filter operates at very low power
levels instead of following main
amplifier as in most tv stations.

Another unique application is use
of single antenna for broadcasting
sound and picture for both chan-
nels. Diplexing filter prevents in-
teraction between channel 72 and
76 transmitters coupled’ to 11-ft
slotted cylinder coaxial antenna
mounted on 24-ft mast radiating 50
kilowatts effective over 200-mile
circle. Selection of high end of
frequency band permits smaller
antenna with greater gain to de-
liver satisfactory signal up to 215
miles.

Streamlined mast, designed and

wind tunnel tested by Douglas,
equipped with pneumatic deicing
boot and supported by massive gim-
bal structure, carries radiating ele-
ment—12-ft section of 33-inch dia-
meter aluminum coaxial line.
" Additional 12-ft section of line
is used to stand radiating section
off from plane structure, providing
overall length of 24 feet.

Horizontally polarized antenna
has gain of nearly 10 db. Standing
wave ratio is less than 1.80 for fre-
quency range of 815 to 850 mec
(channels 72 and 76).

Vertical beamwidth is approxi-
mately 9 degrees. Stabilization of
plus or minus two degrees is neces-
sary for the system which handles
power output of both 10 kw trans-
mitters.

Elimination of critically adjusted
and expensive tracking equipment
—including airlifted parlabolas to
keep broadcast signal “on nose” of
plane moving at 290 mph.—elimi-
nated live broadcasts from ground
during planning stage of project.
Narrow band 3 mec experimental
broadcasts are continuing from
specially equipped standby plane
on limited basis to five! specially

equipped schools. MPATI plans
full-dress test of 3 mc system—
which promises to double capacity
of existing tv channels—during
holidays. Application, calling for
changes in driver units, is not likely
before September, 1963, at earliest.

Importance of good antenna,
well located, is biggest educational
challenge reported by MPATI spe-
cialists. “We’re delivering ade-
quate signals wherever antennas
are adequate,” they say, “except
where we’re directly blocked by a
mountain or by buildings”. Un-
necessarily high antennas aggra-
vate fading. Antenna manufac-
turers are now designing improved
antennas with beam restricted in
the horizontal plane but compressed
vertically for maximum gain.

Specification manual developed
for guidance of local technicians
installing MPATI receiving equip-
ment in schools notes that in many
cases antenna must be experiment-
ally moved vertically and laterally
several times to locate point of
optimum reception.

Growing acceptance and use of
MPATI throughout six state region
is expected to result in demand for
at least 2,000 new receivers and
other equipment for schools during
coming year. Nine major manu-
facturers have spent total of $100,-
000 equipping 31 elementary and
secondary schools with master an-
tennas, distribution systems, dozen
23 inch receivers per school. Cost
of five-room system averages about
$500 per room, runs from $3,500
to $5,500 per school.

Long run annual cost of program
will be in neighborhood of $3 to
$5 million a year with share per
student depending on participation.
With expected two million sharing
program by next spring, added cost
would range with price of one new
textbook, for adding new dimen-
sions to existing system of educa-
tion now costing about $350 per
pupil. Equivalent coverage using
ground transmitters has been esti-
mated to require 14 stations, cost
three times as much, depending on
location and height. Movies would
be many orders of magnitude more
expensive.
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DEFENSE BUYING: Needs New Evaluation

By W. A. MACDONALD

Chairman of the Board
Hazeltine Corporation
Little Neck, N. Y.

MUCH HAS BEEN SAID in recent
months about the high cost of de-
fense electronics. It seems to me
that most comments have merely
been critical of industry and/or the
defense department, without mak-
ing any sound recommendations
for solving the complex problems
which beset defense procurement.

Many suggestions which have
been offered would destroy indus-
try’s incentive for government con-
tract work and render impossible
the efficient operation of the De-
fense Department.

What we need are recommenda-
tions directed toward the develop-
ment and production of the su-
perior systems we need for our
nation’s defense at the most eco-
nomical cost over the useful life of
each system.

Bulletin
WE REGRET to report that Mr. Mac-
Donald, the author, died last Fri-
day. This article, then, is his final
message to our industry—an in-
dustry he loved and worked for 45

years.
The Editors

First of all, let us recognize that
Government contracting officers are
capable people, who are doing an
admirable job under tremendous
pressure from many sources. By

COMPANY A

;'A‘«ST

QUALITY

PAST
DELIVERIES
80%

85%

AVERAGE

INDEX
85%

BID

91,000

COMPANY 8

PAST

DELIVERIES CAPABILITY

Under Hazeltine’s suggested plan, Company B, although high bidder,
would be awarded the contract because factors other than initial bid result

tn a lower effective price

the same token, most companies
involved in government electronics
projects are good, corporate citi-
zens.

But remember, they too are
hampered by various pressures in
their activities.

Both are confronted by a serious
problem: we must achieve a better
ratio of initial cost to maintenance
cost by reducing the exorbitant ex-
penses of maintaining equipment.

Only 25 percent of the govern-
ment budget allocation for elec-
tronics goes into new weapons sys-
tems, and the annual maintenance
costs of electronic weapons systems
is about 60 percent of their initial
cost (many times greater than the
maintenance expense for home or
industrial equipment).

To reach a solution, it is es-
sential to establish empirical
criteria for contractor evaluation.

Hazeltine has developed a system
which, with some modifications,
would seem quite appropriate for
the government.

The purpose of the system is to
arrive at the true cost of a con-
tractor’s performance of an order,
and thereby permit an accurate
evaluation of the risk involved in
placing any future procurement
with that company.

A computation of the three prin-
cipal factors of

(a) quality

(b) delivery, and

(c) potential performance
produces a final single figure of
merit in percent. This figure is di-
vided into the quoted bid price. The
result is an effective price, which is
indicative of what it will cost to do
business with the particular sup-
plier (block diagram).

By enabling a contracting officer

ABOUT THE AUTHOR

W. A. MACDONALD, chairman of the
board of Hazeltine Corp., Little
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with problems of defense procure-
ment since the beginning of World
War II when his company first be-
came a supplier of defense elec-
tronic systems. For his contribu-
tions to electronics during the war,
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Industry Advisory Committee on
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ment of Defense Advisory Group
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of the Electronic Industries Asso-
ciation.
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Factors Now?

to consider capability, quality and
delivery performance, as well as
price, such a procedure could ob-
viate much of the pressure which
now hinders government procure-
ment.

To anticipate technological
changes and provided for their use,
it is suggested that a continuing
product improvement and modern-
ization clause be incorporated into
selected electronic systems pro-
curements. Since such contracts
run for several years after the
initial design is submitted, periodic
progress reports would recommend
beneficial changes and indicate im-
provements made.

Such a procedure would meas-
urably reduce maintenance costs,
extend the useful life of each sys-
tem and improve its operational
capabilities.

While certain government agen-
cies have adopted contractor evalua-
tion procedures, and some have em-
ployed product improvement clauses
in a few of their contracts, these
concepts are used to only a minor
extent.

In many cases, philosophies con-
concerning the important task of
defense contracting should be re-
considered.

We in electronics can play a vital
role in achieving the objective by
virtue of our technical experience
and our positions in both industry
and government. It seems to me
that we should discuss these ideas,
and the basic philosophies, and
make constructive recommenda-
tions to the Defense Department.

erica, and is a licensed professional
engineer with 110 U. S. and foreign
patents to his credit. During World
War I, as a Signal Corps officer, he
worked with Capt. E. H. Arm-
strong on the first superheterodyne
receiver. Many years later, he be-
came a founding member of the
Armstrong Research Foundation.
Recently, he was elected a director
of The Western Union Tele-
graph Co.
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the first complete line of

TRANSISTOR

ALL-TRANSISTOR MIL TRVMs

e miniature, panel-mounting, for build-in applications
o power supplies included—no battery replacement or checks needed

o isolated inputs

e |ow power consumption

o compact (as small as 2.85” diameter by 6" deep including terminais)

e lightweight e longer life
Model Meter Description Price

301-1 AC TRVM | 312" zero-left, from 10MV range $250.00

302-1 AC TRVM | 31~ zero-center, phase sensitive, 275.00
from + 10MV

303-1 AC TRVM | 2%~ 50% less panel area than 275.00
Mode! 301-1

304-1 AC TRVM | 2%~ zero-center, phase sensitive, 300.00
from = 10MV

305-1 DC TRVM | 3%~ zero-center, no zero-set, 225.00
=+ 100MV range

3052 DC TRVM | 3%~ zero-left version of 305-1, 225.00
250MV range

Note: Due to heavy demand, present delivery of mbst models
is 6-8 weeks. For complete literature, write to Dept. E-8.

| © 1960, Trio Laboratories, Inc.

.. when ordinary instruments are too big or inadequate.

@ JRIO LABORATORIES, INC.

Plainview, Long Island, New York
OVerbrook 1-0400 « TWX HKVL 1166

See TRIO at WESCON Booth 917
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ENGINEERING

ON BENDIX COMPONENTS

Now available in production volume:

BENDIX AUTOSYN® SYNCHROS AND
SYSTEMS with 30-SECOND ACCURACY

The Bendix two-speed Autosyn
synchro was developed to meet
the need for accurate data trans-
mission with maximum system
simplicity. Two electrical out-
puts are produced from the
Autosyn single shaft, eliminat-
ing both inaccuracies of two-
speed gearing and the installa-
tion and maintenance costs of
an additional unit.

Autosyn units can be supplied

with leads or terminal boards.
Units can be used back-to-back
or can be coupled with mechani-
cal two-speed transmitters or
control transformers. They
measure only 2.34” in length
by 1.75” in diameter.

Other features: Accuracy unaf-
fected by thermal or mechanical
stress—Adaptability to gyro pick-
off—Elimination of gear error of
mechanical two-speed system—
High signal-to-null ratio.

Write for details.

COARSE SPEED

FINE SPEED

158"

L 180°

270°)

SHAFT ROTATION
EXAMPLES OF APPLICATIONS: Fire Control Systems—Navigation
Computers—Inertial Guidance Systems—Radar Antenna Tracking

Eclipse-Pioneer Division [y. 2

Teterboro, N. J.

COMPORATION

District Offices: Burbank, and San Francisca, Calif.; Seattle, Wash.; Daytan, Ohio; and Washingtan, D, C.
Expart Sales & Service: Bendix Internatianal, 205 E. 42nd St., New Yark 17, N. Y.
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Moving-Target

DOUBLE-CANCELLATION moving-tar-
get indicator (mti) system of
French design incorporating two
storage tubes as memory devices
is undergoing evaluation by the
Federal Aviation Administration in
Atlantic City.

Intercontinental Electronies
Corp., U.S. affiliate of the French
company, CFS, says the system
called MA-372 has been operational
for 740 hours without requiring
adjustment to correct for varia-
tions in pulse repetition frequency.
INTEC is handling the engineering
and installation of systems in this
country.

The two-tube system has been
operational for six months in a
dual-diversity radar system at
Orly Airport near Paris.

The system eliminates fixed-tar-
get signals from the ppi presenta-
tion of radars having a 30-Mc inter-
mediate frequency at ranges from
0 to 62 miles.

The memory-tube cancellation
circuits are claimed to follow wide
variations in pulse repetition fre-
quency so that it is no longer neces-
sary to maintain close tolerances
of prf and magnetron firing time.

Toleration of wide prf variation
enables the system to eliminate
radar susceptibility to blind ve-
locities, says INTEC. This is done
through wobbulation of the trigger
frequency. Wobbulation is a con-
tinuous oscillation of prf around a
nominal frequency. It is claimed
that a 10-percent prf wobbulation
can almost completely eliminate
blind velocities. A blind velocity

Electron spot sweeps across target
in synchronism with radar pulses

electronics



Radar Using Storage Tubes

is a target speed so related to radar
prf that the target return is elimi-
nated from the radar display.

As with other mti systems, the
MA-372 is driven by radar trigger
pulses generated by the magnetron,
and also has an internal trigger for
synchronizing the cancellation proc-
ess. Similarly, it uses the radar
i-f signal to obtain exclusive mov-
ing target information and to pro-
vide a servo pulse for its coherent
oscillator, which provides the ref-
erence signal for distinguishing
stationary or moving targets.

The mti doppler technique using
the coherent oscillator reference
signal is used to obtain from a
phase detector (see block diagram)
an amplitude-varying signal rep-
resenting moving targets and con-
stant amplitude signal representing
fixed targets. The first memory
tube eliminates the main-lobe
fixed-target signals, while the sec-
ond memory tube eliminates side-
lobe modulations from fixed echoes.
Anti-window  circuits eliminate
clutter due to slowly moving objects.

Here’s how fixed echoes are can-
celled in the TCM-13X memory
tubes: an electron spot sweeps
the tube target element in syn-
chronism with a radar pulse as
shown in the diagram. When no

signal is aplied to the tube, all the
points on the spiral sweep are
charged to equilibrium potential,
V, and a constant current of sec-
ondary electrons appears on the
tube’s collector. If, at a given time,
a signal of, for example, +8 volts,
is applied to the target, the whole
surface of the target is brought
to a potential of V48 volts. At
the point where the sweep is located
when this signal is applied, the
ratio of secondary omission be-
comes less than one, and the point
returns to potential V. When the
applied signal disappears, the
whole target surface returns to po-
tential V except the point in ques-
tion, which will be at potential V-8
volts.

During the following sweep, if
the same signal of +8 volts again
appears at the same point, this
point is raised to original potential
V, so that the rate of secondary
omission during the sweeps re-
mains constant. Thus, all fixed-
echo (fixed-amplitude) signals dis-
appear, and only signals of
changing amplitude — moving
echoes—remain. The tube collec-
tor therefore picks up signals pro-
portional to the amplitude differ-
ence between successive signals
applied to the tube target element.

{=F AMPL
8 LIMITER

RADAR |-F ————&—

SPIRAL
SWEEP
GENERATOR

RADAR TRIGGER INTERNAL
g3 CENERATOR CEyreeTy
TRIGGER

COHERENT ANTIWINDOW
DSCILLATOR CIRCUITS

PHASE DETEC-
TOR 8 FIRST
WRITE AMPL

SECOND WRITE
> AMPLIFIER

OUTPUT AMPL
8 DOUBLE
DETECTOR

MIXED NORMAL

NORMAL T0
—— VIDEO RADAR
AND MTI VIDEQ

PP
DISPLAY

NORMAL VIDEO
FROM RADAR

Simplified functional block diagram shows memory-cancellation function
performed by storage tubes in mti system
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ENGINEERING

ON OTHER BENDIX
COMPONENT PACKAGES

NEW 2-SPEED
“PANCAKE"” SYNCHRO
TRANSMITTER

Resists stresses and
temperature extremes

This compact, two-speed ‘“‘pan-
cake” synchro transmitter con-
sistently exhibits an accuracy
within thirty seconds of arc
under dimensional stresses and
wide temperature variations.
The same order of accuracy is
maintained when the transmit-
ter is used back-to-back with a
conventional two-speed control
transformer. The synchros are
operable from —55°C. to
+200°C. They are logical re-
placements for existing mechani-
cal two-speed transmitters. Their
bantam weight (5 o0z.) and small
size (2.685" O0.D. x 1.002” I.D.
x 0.562” thick) suits them ideally
to vertical gyro gimbals and
other assemblies where size and
weight are critical factors. Write
for complete information.

Manufacturers of
GYROS e ROTATING COMPONENTS
RADAR DEVICES ¢« INSTRUMENTATION
PACKAGED COMPONENTS

Eclipse-Pioneer Division

THE
CORPORATION

Teterboro, N. J.
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TELEMETRY BY

TELE-DYNAMICS

Voitage Controlled
Oscillator

Positive, reliable oscillator performance is
essential to your aerospace telemetry needs.
AndTele-Dynamic’snewest—the Type1270A
Voltage-Controlled Oscillator is representa-
tive of Tele-Dynamic's creative effort in the
complete telemetry field.

Characterized by excellent overall specifica-
tions, this new oscillator is high in electrical
performance and environmental character-
istics. Input 0 to 5 volts or & 2.5 volts,
linearity == 0.25% best straight line . . . a
power requirement of 28 volts at 9 milliamps
maximum. Distortion is 195 and amplitude
modulation 10%;.

Environmental characteristics include ther-
mal stability of &= 1.5% design bandwidth
from —20°C to +85°C, unlimited altitude,
30G random vibration and 100G acceleration
and shock. The 1270A weighs less than two
ounces and has a volume of two cubic inches.

For detailed technical bulletins, call the
American Bosch Arma marketing offices in
Washington, Dayton or Los Angeles. Or
write or call Tele-Dynamics Division, Amer-
ican Bosch Arma Corporation, 5000 Park-
side Avenue, Philadelphia 31, Pa. Tele-
phone TRinity 8-3000.

8411

TELE-DYNAMICS

DIVISION

AMERICAN BOSCHN ARMA
CORPORATION
5000 Parkside Ave., Philadelphia 31, Pa.
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Under digital control, four torches slice into steel plates

Tape Controls Flame-Cutter

SHIPYARDS, manufacturers of earth-
moving equipment, railway cars
and other heavy steel plate fabrica-
tors are the anticipated market for
a new, huge, numerically controlled
flame-cutting machine. It will cut
complex flat and beveled parts from
plate of any length, up to six inches
thick and 22 feet wide. Air Reduc-
tion Sales Company unveiled the
machine at its plant in Union, N. J.,
last week.

Controls are a modified General
Electric Mark Century solid-state
digital control unit. Punched-tape
programs are prepared from part
dimensions, with instructions added
for auxiliary cutting functions.
Machine motions to produce con-
tours and adjustments in cutting
head positions to compensate for
kerfs and beveling are automatically
computed. These computations,
simplifying programming, are han-
dled by an all-NOR logic section in
the control unit.

Cost of the machine is well over
$100,000, several times the price of
conventional template-following or
tracer-controlled machines. Airco
believes the additional cost for
digital control is justified by elimi-
nation of full-scale templates or pat-
terns and improved speed and ac-
curacy. In addition, it permits the
use of general-purpose computers
to prepare programs directly from
engineering sketches and to de-
termine nesting of parts for mini-
mum scrap.

The machine also has a variable-
speed servo drive control. The sig-

nal from cutting-head position
monitors gates silicon controlled
rectifiers to control acceleration.
deceleration and running speed of
the cutting-head drive motors.
Other control modifications direct
gas and oxygen flow, preheat, pierce
and additional flame-cutting opera-
tions.

Space Blood Recorder
Going to Hospitals

A PROJECT MERCURY completely
automatic electronic blood pressure
recording system is being made
available to hospitals and physi-
cians by its developer, The Garrett
Corp.’s AiResearch Manufacturing
Co. of Los Angeles.

The system consists of a sensing
device, the familiar cloth occluding
cuff, an electronic transducer, and
an oxyvgen cylinder which inflates
the cuff to 220 millimeters in 30-
second cycles.

The sensing device placed over a
convenient artery is supposedly
sensitive enough to record through
an overcoat. During deflation of
the cuff, the sensor picks up all
cardiovascular sounds and feeds the
resulting signal to the transducer,
which filters out non-cardiovascular
sounds and also cardiovascular
sounds not clearly identified with
systolic and diastolic levels. The
filtered signal is amplified and re-
corded on tape to permit fewer
visits by patients whose blood pres-
sure must be checked constantly.

electronics



G-E LEXAN" POLYCARBONATE RESIN
GOOD DIELECTRIC—AND MUCH MORE!

STABLE ELECTRICALS Binding posts
made of LEXAN resin retain electricals
even under moist, hot conditions. They do
not loosen, are molded in six attractive
LEXAN colors for coding. Other features
are: low loss and power factor, low dielec-
tric constant, high voltage insulation,
non-sink surfaces. (Superior Electric)

DIMENSIONAL STABILITY Card guide
for business machines is molded to close
tolerances . . . must undergo minimum
change in dimensions during service.
Parts show excellent dimensional stabil-
ity under moist and high temperature
conditions. LEXAN resin meets self-
extinguishing requirement. (IBM)
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HEAT RESISTANCE Beautiful handles
of LEXAN polycarbonate resin are used
in rugged service on soldering irons.They
resist the impact, heat and abrasion of
daily bench work. The hard, glossy han-
dles are light in weight. Molded in three
pastel colors, they provide toughness
and sales appeal. {(Ungar Electric Tools)

STRENGTH These coil forms can take

temperatures above 200°F without
deforming, despite stresses exerted by
tightly wound wire. LEXAN resin is non-
corrosive even when used with very fine
Class F magnet wire. Coil forms have
structural strength and stability . .. high
oxidation resistance...stable electricals.

A - |
SELF-EXTINGUISHING The self-
extinguishing characteristic of LEXAN
resin (ASTM-D635) is just one of several
indispensable properties in this unique
connector. Other important features are
high dielectric strength, dimensional sta-
bility, moidability, good appearance, high
impact strength. (Camblock Corp.)

HIGH-PERFORMANCE DESIGNS

START WITH LEXAN THERMOPLASTIC
LEXAN resin is a stable and beauti-
ful design material. It provides an
outstanding variety of top qualities
— from good electricals to the high-
est impact strength of any plastic.
It has excellent high-temperature
properties, including a high heat
distortion point under heavy loads.
The material is naturally transpar-
ent . . . has often been likened to a
transparent metal. In fact, it offers
the production advantages of both
thermoplastics and non-ferrous
metals. Its other advantages ave too
numerous to describe here: we urge
vou to refer to G-E’s extensive
literature on LEXAN resin. Send
for details on price, properties,
applications and G-E’s technical
assistance program today! General
Electric, Chemical Materials Depart-
ment, Section E-41, Pittsfield, Mass.

LEXAN

Polycarbonate Resin

GENERAL D ELECTRIC
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‘ MEETINGS AHEAD

]
Aug. 22-25: WESCON, L. A. &

S. F. Sections of IRE, WEMA;
Cow Palace, San Francisco.

Aug. 23-Sept. 2: National Radio &
TV Exhibition, 1961 British
Radio Show; Earls Court, Lon-
don.

Aug. 23-25: Gas Dynamics Sym-

I posium, ARS, Northwestern
Univ.; Evanston, IlL
’ Aug. 28-Sept. 1: Heat Transfer

Conf., International; Univ. of
Colorado, Boulder, Colorado.

ENTRANCE

Aug. 30-Sept. 1: Semiconductor
Conf., AIME; Ambassador Hotel,
Los Angeles.

INSULATORS

Sept. 4-9: Analog Computation,
International Conf., International
Assoe. for Analog Comp., and
Yugoslav Nat. Somm. for ETAN;
Belgrade, Yugoslavia.

Sept. 6-18: Computing Machinery,
National Conf., ACM; Statler-
Hilton Hotel, Los Angeles.

. . . moderate

and heavy duty types

) .
k‘ ... low voltage and apparatus types | Sept. 6-8: Nuclear Instrumentation
1 ' Symposium, PGNA of IRE,

A design which uses air as major insulation, with leakage path AIEE, ISA; N. C. State College,
é lengthened by forming porcelain into a bowl, eliminates losses Raleigh, N.C.
which occur in ordinary types of bushings at radio frequency. Sept. 6-8: Space Elec. & Telemetry,
Lapp moderate duty insulators, suitable for a variety of low PGSET of IRE; Univ. of New
or medium voltage applications, are the standard type bowls for Mexico, Albuquerque, N.M.

carrying leads through shields, equipment cases, walls, etc., and 1 . . !
i - 12 - ’ ’ Sept. 6-13: Electrical Engineering
practically any indoor use where duty is not too severe. .
Outdoor units are designed with corrugated surfaces which Bcuessian, I tegts Cllm
: - e : ASEE, AIEE, PGE, of IRE;
provide extra leakage distance for use in contaminated atmos-
. : Sagamore Conf. Center, Syracuse
phere. Corrosion-resistant hardware. . 7 .
) ) r b . ' Univ., Adirondack, N.Y.
A wide variety of types of these insulators is now available
as catalog items . . . or where
requirements necessitate, on special
design—for which Lapp cngineering
and production facilities are
excellently qualified. Write for
complete descriptive data and
specifications. Lapp Insulator
Co., Inc., Radio Specialties
Division, 182 Sumner
Street, Le Roy, N. Y.

Sept. 8-10: High-Fidelity and Home
Entertainment Show, Chicago;
Crystal Ballroom, Palmer House,
Chicago.

| Sept 11-15: Instrument-Automa-
tion Conf. and Exhibit, ISA;
Sports Arena, Los Angeles.

| Sept. 14-15: Technical-Scientific
Communications, PGEWS of
IRE; Bellevue Stratford Hotel,
Philadelphia.

Sept. 14-15: Engineering Manage-
ment Conf., IRE; Hotel Roose-
velt, N. Y. C.

Oct. 9-11: National Electronics

Conf.,, IRE, AIEE, EIA, SMPTE;
Int. Amphitheatre, Chicago.

' Nov. 14-16: Northeast Research &

Engineering Meeting; NEREM;

l Commonwealth  Armory and

Somerset Hotel, Boston.
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THE NEW HONEYWELL

IRON VANE AC

PANEL METERS—

%0 109

\\\\\\unhml,,,”

§2N-AC 2 5"

A.C.

/5"
AMPERES

833N-4C
CrwRteu 3 A anctaven wi

ikl
e il
53SN-AC 315"

J

Here are the AC counterparts of
Honeywell's popular DC panel meters.
Iron Vane AC Meters are perfectly
matched to the DC range and are avail-
able in both the Medalist and ‘‘standard"’
case styles. This means a minimum of
trouble and expense in mounting. And you
are assured of harmonious styling in every detail.

Iron Vane AC Meters are designed for a wide variety of
commercial applications — including portable equipment, testers, power
supplies, generator equipment and medical equipment. The improved moving
iron mechanism features magnetic damping, impregnated field coils, and selected
fixed and moving iron material to provide long, trouble-free operation.

These meters are available in a wide selection of case styles and colors. Dials can be
custom designed with your company name, trade-mark or other data. For full information,
contact our representative in your area — he's listed in your classified

telephone directory. Or us: Precision Meter Division,

Minneapolis-Honeywell Regulator Co.,Manchester,N.H.,U.S. A, H()lleywell

In Canada, Honeywell Controls Limited, Toronto 17, Ontario

and around the world: HONEYWELL INTERNATIONAL — P/mew/ma?/w-

Sales and service offices in all principal cities of the world.
See you at the WESCON SHOW — we're at booth 3501
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NEW DIMENSIONS IN RELIABILITY .

Over a billion solderless wrapped connections
without a reported failure

Gardner-Denver has added new dimensions to the reliability of
electrical connections with a complete line of equipment for
making solderless wrapped connections.

Proved superior by leading manufacturers of communication
and computing equipment, these connections are easy and fast
to make—take only three seconds. They are lastingly secure,
conquer vibration failure and corrosion. Further proof of su-
periority: over a billion connections without a reported failure.

Included in the Gardner-Denver line of equipment are both
air- and electric-powered ‘*Wire-Wrap”® tools, and custom-
designed, automatic **Wire-Wrap’’ machines for wiring modular
boards. For details, contact your Gardner-Denver air tool
specialist or write for bulletins.

EQUIPMENT TODAY FOR THE

GARDNER

In Canada:

= > e =2

RELATIVELY

SOFT wm:‘[

COMPRESSION

NOTE TWIST

TENSION IN TERMINAL

INDENTATIONS CAUSED BY
CONCENTRATED CONTACT FORCE

Sectional drawing of solderless wrapped con-
nection. Indentations indicate clean, freshly ex-
posed metal for permanent, air-tight, gas-tight
connections which permit solid-state diffusion.

CHALLENGE OF TOMORROW

- DENVER

Gardner-Denver Company, Quincy, lincis—Offices in principal U.S., Canadian and Mexican cities
Gardner-Denver Company (Canada), Ltd.,

14 Curity Ave., Toronto 16, Ontario

International: Gardner-Denver International Division, 233 Broadway, New York 7, N.Y.

International Offices:

Buenos Aires, Argentina; Artarmon, N.S.W. Australia; Brussels, Belgium; Rio de Janeiro, Brazil;

Santiago, Chile; Barranquilla, Colombia; Lima, Peru; Ndola, N. Rhodesia; Sakisbury, S. Rhodesia; Johannesburg, Transvaal
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This X-Y Plotter, designed and built by Radiation for
Kirtland AFB, plots five variables graphically against a
selectable fifth variable from magnetic tapes generated by
digital computer. It also provides identifying notations
and text in alpha-numeric characters—at a speed of 50 data
points per second.

Radiation engineers achieved a number of technological
advances with the Plotter. For example: this highly auto-
mated equipment provides quick selection, independent
scaling and zero-shifting for each variable. It can repro-
duce an unlimitcd number of report-quality copies of the
plot. Advantages of the system are inherent digital accu-
racy, savings in time and labor, and simplified analysis of
significant data.

The X-Y Plotter illustrates Radiation’s ability to design,
engineer and build advanced electronic systems for defense
and industry. Perhaps you can take advantage of this un-
usual capability. We’ll gladly send more information and a
copy of our “Capabilities Report.” Radiation Incorporated,
Dept. AW-7. Melbourne. Florida.

All qualified applicants will receive consideration for employment
without regard to race, creed, color, or national origin.

@

| o € RADIATION

INCORPORATED

MAKE A NOTE TO VISIT RADIATION’S DISPLAYS AT WESCON

August 18, 1961
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after routing,
clip and save

A.C. ripple current rating of an electrolytic capacitor is
one of the important factors in filter applications. Excessive
ripple current can cause excessive temperature rise and can
shorten life. This is why it is desirable to understand the
facts concerning the effect of ripple currents before speci-
fying electrolytic capacitors for filters.

A typical filter-capacitor application is shown in Figure 1
(a), where a singlephase, full wave bridge rectifier is supplied
from a 60 cycle, sinusoidal input. If the switch to the re-
sistive load is open, the capacitor will be charged to peak
voltage during the first 1/240 second and will hold its
charge, maintaining a constant D.C. voltage across its
terminals. There will be no significant A.C. voltage ripple
under these conditions, as shown in Figure 1 (b).

7,
/
'/ \‘|
" ‘\
', “
'I “
“‘ /' “‘.
Fi g“rE 1 (a) 17540 sec |7nlm 1708 eet, » voc.
Figure 1 (b)

Figure 1—Typical full wave, singlephase bridge recti-
fier circuit operating on 60 cycle input is shown in 1 (a).
Rectified voltage wave shown in 1 (b) is a constant
D.C. voltage so long as load switch remains open.

However, conditions change when the load switch of Figure
1 is closed. The capacitor will be charged to peak voltage
during the first 1/240 second as before, but after rectifier
voltage reaches peak and begins to decrease, capacitor
voltage remains higher than rectifier voltage. The capacitor
must now supply load voltage and current until rectifier
voltage is again equal to or greater than capacitor voltage.
How rapidly capacitor voltage drops during intervals when
it is supplying the load is governed by size of load and,
hence, rate of discharge of the capacitor. Total drop AE,
shown in Figure 2, is proportional to load current. These
drops are what produce the ripple voltage. Ripple voltage
is decreased when the filter capacitor is increased in capacity.

AE is the total peak-to-peak ripple voltage and is a complex
wave containing harmonics of the fundamental ripple fre-
quency. Exact heating effect calculations on the capacitor
would involve determining the effective voltage for each
harmonic, determining the rms current from known total
impedance of the capacitor at this frequency, and calculating
the watts loss from the known resistive component of the
capacitor at this frequency. Total loss would be the sum
of these individual harmonic contributions. This is a most
complicated procedure since harmonic contents vary with
application and complete impedance and resistance data
versus frequency is not readily available for each capacitor
design.

It is well to keep in mind that suppliers’ ripple ratings are
most usually based on tests conducted using 120 cps gi-
nusoidal currents. Even though the true rms current in a
practical situation is equal to the suppliers’ rating, it does
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Ripple Current in D.C.
Filter Capacitor Applications

Figure 2—When load switch of
Figure 1 is closed, capacitor
supplies load voltage and cur-
rent between successive rectifier
input peaks. As capacitor dis-
charges, its terminal voltage
drops by amount AE, creating
ripple voltage.

\V3 K
i

1000 soc. 17100 wec. 1190 nor.  1/60 sec.

Figure 2

not mean that the heating effect will be the same as that
obtained on the suppliers’ test. This is due to the different
wave forms involved and the harmonic current components
mentioned above. However, an accurate rms current
measurement is a very close approximation and is a practical
first approach.

One method of making this measurement is to insert a low
impedance thermal ammeter in series with the negative
lead of the capacitor. The impedance of this meter must be
small compared to the capacitor impedance or the ripple
current will be altered. Large errors can be produced by
this method, especially if a large low impedance capacitor
is being tested. A thermal type ammeter is recommended
for this test since a true rms reading can be obtained from
a complex wave and the impedance of this type of meter
is very low.

Another approximate measurement can be obtained by
inserting a low value resistor or shunt in series with the ca-
pacitor and reading the voltage drop with a vacuum tube
voltmeter. An additional error is encountered in this method
unless the voltmeter used is a special type which reads
true rms voltage.

A third method is to estimate, calculate, or measure the
ripple voltage and divide by the capacitor impedance. The
same errors exist here as mentioned above.

The zbove methods have been used very satisfactorily;
however, when there is doubt or if complicated duty cycles
are involved, the most satisfactory answer is obtained by
measuring the capacitor case temperature rise by inserting
a thermocouple between the insulating sleeve and aluminum
can midway between top and bottom. If the ambient
temperature is also measured at the same time, temperature
rise of the capacitor above ambient can be determined.

Equipment should be operated in this test at maximum
load for approximately 2 hours or until two successive
measurements, taken 15 minutes apart, show no change in
capacitor or ambient temperature. A Sangamo DCM capac-
itor is safely loaded if temperature rise is not more than
8°C. for 65°C. ambient or 12°C. for 40°C. ambient.

ECoH1-5

SANGAMO ELECTRIC COMPANY, Springfield, Illinois

— designing toward the promise of tomorrow

electronics



New Tunnel Diodes from General Electric

SMALLER, FASTER, CONSUME LESS POWER

4 new Microwave Tunnel Diodes in the new microwave

N package replace high priced traveling wave amplifiers. masers.
: @ and parametric amplifiers, with truly important reductions in
{I size and power consumption. This new miniature germanium

tunnel diode is designed for microwave communications, radar.

| - very high frequency amplifiers. oscillators, and other VHF,
- . B Y oy UHF, and “S™ band applications.
by < -
' S 3 new Microminiature Tunnel Diodes in the new micro-

miniature package (.0030” thick x .055” wide x 1.40” long)
have the lowest case inductance available today. Hermetically

d sealed, the units are designed for low level switching and small
signal applications at very high frequencies. These three new
microminiature germanium tunnel diodes offer peak current
of 1.0, 2.2 and 4.7 ma.

11 new Computer “BACK" Diodes in General Electric’s
new axial package offer smaller size for higher component
density, low case inductance less than 1.5 nh. and low case
capacitance down to 0.3 pf. They fit within standard glass
diode dimensions. Advantages over conventional diodes in-
clude low, well controlled conducting voltage. stable re-
verse and forward voltage with temperature. low leakage
current at high temperature. and extremely fast recovery
time ideally suited for ultra-high speed computer switch-
ing circuits.

General Purpose Computer Tunnel Diodes also avail-
able in the new axial package. This field-proved line now
offers size and performance advantages previously unknown
in low level switching applications.

reak 3 Resistive
TUNNEL DIODES Coral Point Capaci- cNedgu:lve Cutoff
(—55 ': rf 1000C) Current Current tance (°"h ")c ‘{"ée tance Frequency
Use (ma) (ma) Ip {ma) Iv (pf) C 0 (nh) L (KMC) o
Low Level TD-1 5 1.0 +10% 0.13 5 8 x 10— 1.5 2.3
Switching TD-2 10 2.2 +10% 0.29 8 16 x 103 1.5 255
Axial Package TD-3 25 4.7 +10% 0.60 15 30 x 103 1.5 2.6
("’A’ versions also available TD-4 50 10.0 +10% 1.3 30 60 x 102 15 253)
with lp + 2.5% TD-5 100 22 +10% 2.9 60 120 x 10—~ 15 2.0
High Speed MTD-1 5 1.0 +10% 0.13 5 8 x 10— 0.25 2.3
Switches MTD-2 10 2.2 +10% 0.29 B 16 x 10—1 C.25 125
g\iclr‘ominiutun MTD-3 25 4.7 +10% 0.60 15 30x 102 0.25 2.6
ackage
Microwave IN3218 5 1.0 +10% 0.13 7 9 x 10— 0.3
Communication TN3218A 5 1.0 +-109% 0.13 4 ?x 101 0.3 8
IN3219 5 2.2 +10% 28 14 1B x 10— 0.3
IN3219A 5 2.2 +10% 28 7 18 x 10— 0.3 3.6
Forward Reverse fForward Reverse
BACK DIODES Type Current Peak Point Re;pvery v Type Current Peak Point
No. Ve 90 mv f.'urr)e;\t nls’:: e No. Vi 200 mv f.'urr)ent
Use £ 10 mv ma) lp =20 mv ma) I,
Germanium High BD-1 10 ma 1 max. 1.0 Gallivm BD-501 10 ma 1 max.
Speed Switches BD.-2 5 ma S max. 0.7 Arsenide BD-502 5 ma .S max.
BD-3 2 ma .2 max. 0.5 High Speed BD-503 2 ma .2 max.
BD-4 1 ma .1 max. 0.4 Switches BD-504 1 ma .1 max.
BD-5 .5 ma .05 max. 0.4
BD-6 ; .02 max. 0.4
- .01 max. 0.4

For complete technical information. see your Semiconductor Products District Sales
Manager. or write Semiconductor Products Department, Section 25H104, General Elec-
tric Company. Electronics Park. Svracuse. New York.

FOR G-E TUNNEL DIODES AND BACK DIODES AT FACTORY-LOW PRICES, CALL 5 el

YOUR AUTHORIZED G-E SEMICONDUCTOR DISTRIBUTOR

GENERAL @B ELECTRIC
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THE RAW MATERIALS OF PROGRESS

New 3M Fluorochemicals Plant!
New KEL-F° 81 Brand Plastic!

New plant and plastic will provide quality uniformity with
volume . ..many advantages for processors and users

The New Product

® KEL-F 81 Plastic . . . retains the excellent end-
properties of the original, but offers completely new
processing advantages made possible by new manu-
facturing techniques and facilities.

® KEL-F 81 Plastic features exceptional consistency
and uniformity . . . not only within each lot, but from
lot to lot as well.

® Molecular weight of KEL-F 81 Plastic is carefully

controlled by today’s most modern quality control
methods and machinery.

® Consistency in processing conditions provides a fur-
ther uniformity standard for KEL-F 81 Plastic.

® KEL-F 81 Plastic is available in several forms to
provide highest adaptability to customers’ processing.

40

The New Plant

® Now on stream at Decatur, Alabama . . . newest,
most modern chemical plant devoted exclusively to
the production of quality fluorochemicals.

® Latest processing and quality control equipment,
designed by one of the pioneers in fluorochemistry and
fluorochemicals production.

® Production versatility that can move swiftly from
pilot stage to full production of products adaptable to
a wide range of customers’ needs.

® Entire operation specifically designed to ensure
highest uniformity in 3M Fluorocarbon chemicals.

® An integrated system of rail, truck and waterway
transportation will provide fast delivery for your
fluorochemical needs.

electronics



The big new 3M plant along-
side the Tennessee River is
now on stream with high-
volume quality production of
3M Fluorochemicals to meet
the expanding demands of in-
dustry. Featured are . . .

New Processing
Advantages

One of the major products to
be produced by the new plant
is “KEL-F 81 Plastic” . . .
chemically similar to previous
KEL-F products, but now
available with substantial re-
visions in processing advan-
tages . . . for use in many in-
dustrial applications . . . espe-
cially in electrical, electronic,
aero-space, and many chemical
processing plants as a resilient,
dense thermoplastic molding
material, with product im-
provements you will welcome.
For example . . .

Assured Uniformity!

In 3M’s new Decatur plant,
every precautionhasbeen taken
to ensure the highest uniform-
ity of quality for KEL-F 81
Plastic production . . . both
within a lot and from one lot
to another.

Qualified processors will be
offering KEL-F 81 Plastic in
avariety of physical forms, each
tailored to specialty require-
ments of product or process.
They will meet exceptional de-
grees of resistance to chemical
attack, heat, cold, moisture,
dielectric properties, etc.

Stepped-up
Fluorochemicals
Production

3M —Decatur not only will
manufacture KEL-F 81 Plastic
.. . it will produce the full line
of chemical products carrying
the KEL-F brand name . . .
plastics, elastomers, dispersion
coatings, greases, oils and
waxes.

Accelerated Delivery!

A completely integrated net-
work of transportation will
serve the Decatur plant, help-

*KEL-F'* is a reg. TM of 3M Co.

August 18, 1961

ing 3M give industry fast de-
livery of KEL-F Plastic and
other products in the fluoro-
chemical family. Railroad lead
tracks and newly constructed
highway arteries, with automat-
ic loading facilities will speed
these products to customers.

Technical Help!

3M technicians as well as a
technically oriented sales force
stand ready to provide prac-
tical technical help to manu-
facturers seeking to apply the
advantages of KEL-F Halo-
fluorocarbon Products to their
applications. Their services
(based on extensive field and
laboratory tests) as well as 3M
lab facilities and services of
qualified processors will be
available for help in overcom-
ing problems involving the use
of any of these products.

Production
Assistance!

3M sales and lab representa-
tives offer a wealth of exper-
ience with fluorochemicals, to
assist qualified processors in
setting up efficient production
procedures to better serve your
needs.

New Technical
Brochure!

Just off the press—a brand
new brochure giving complete
technical data on KEL-F 81
Plastic. It contains complete
laboratory and test data on the
chemical and physical proper-
ties of KEL-F 81 Plastic, (also
processing details) together
with much practical data on
its use in compression, injec-
tion, transfer, and extrusion
molding. Please write on your
company letterhead, indicating
the nature of your interest.
Write: 3M Chemical Division,

KELFS1| Miimnsess

Minnesota
Mining and

Manufacturing
BRAND Company, St.
PLASTIC Paul 6, Minn.

Properties Profile

on

KELB;EEBI PLASTIC

KEL-F 81 Plastic is a fluorocarbon plastic, a thermo-
plastic resin formed by the homo-polymerization of
chlorotrifluoroethylene. The high degree of fluor-
ination of KEL-F 81 Plastic is responsible for its
chemical inertness and thermal stability. The inclu-
sion of chloring in an otherwise carbon-fluorine
molecule results in exceptional moldability and
mechanical toughness.

Crystallinity. KEL-F 81 Plastic is crystallizable, but
not necessarily crystalline, the degree and kind of
crystallinity in a given sample being a function of
its thermal history. The “quick quenched” resin is
spoken of as amorphous, and the “slow-cooled”
resin as crystalline. When crystalline, KEL-F 81
Plastic is a denser, more transfucent material with
higher tensile modulus, lower elongation, and
greater resistance to the penetration of liquids and
vapors. The amorphous plastic is less dense, more
elastic, with greater optical clarity and toughness.

Physical Properties. The physical properties of
KEL-F 81 Plastic combine mechanical, chemical,
electrical, and optical advantages. And the most
useful applications center around combinations of
the following properties:

1. Useful temperature range: from -400°F. to
+400°F.

. Resistance to deformation and flow at high
temperatures, pressures

3. Zero moisture absorption
4. Abrasion resistance

5. Radiation resistance

6. Chemical resistance
7
8
9

(2%

. Electrical properties

. Infra-red transmission

. Inert to liquid oxygen

. Flexible in contact with cryogenic fuels

Processing. KEL-F 81 Plastic can be processed in
the same manner as other thermoplastic resins.
Parts of KEL-F 81 Plastic may be specified in any
form. However, because of time and temperature
limitations, compression molding is the ideal
method for retaining all of the desirable mechan-
ical properties originally built into the basic polymer.
Other processing methods, such as injection mold-
ing and extruding can be used to achieve the same
degree of quality, but special attention to processing
techniques is required to avoid excessive degrada-
tion.

Detailed discussion of these various processing
methods, as well as the finishing of parts is con-
tained in the free brochure, offered in the adjoin-
ing column—write for it!

CHEMICAL DIVISION
MM inunesora I\Iinine anp ]\/[ANUFACTURING coMPANY

+«.WHERE RESEARCH IS THE KEY TO TOMORROW

LEEI™

L“
(3M )

SSSSirec
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RAYTHEON COMPANY

A Style to satisfy your

specific need! Grayhill
Series 29

Binding Pos

—screw type or spring loaded—
with solder terminal, or banana
plug—alsc twin-mount with ba-
nana plug. Nickel plated brass
metal parts—molded thermoset-
ting plastic per MIL-M-14 insulat- |
ing parts.
Features: Non-turn ''D" Style in-
sulating washers—non-cut flushi
cross-hole—captive head.

Gold Finish Available o

REQUEST CURRENT
GRAYHILL CATALOG
—for complete details
on these and other
miniature and sub-

/\ miniature components. |
49 ‘ .I/ Phone:
/ol * 4 4 Fleetwood
X ' = c

ey 4-1040

““PIONEERS IN MINIATURIZATION"" ’ i

High Speed e High Resolution .
High Sensitivity Spectrum Analysis Fast, positive

WIth-/?ayspa/Z_ Test connections
SPECTRUM ANALYZER | EEeeas

ing transistors, resistors,

NEW
Grayhill

2usuPOST|

capacitors and other pigtail

Raytheon Rayspan Spectrum Analyzers, through a components. They extend

unique application of multiple filters, can analyze only 7/8" above mounting

entire spectrums as wide as 33 kc at scanning rates board. Any panel thickness

as high as 200 times per second with excellent reso- 1/16” to 1/4”. Metal parts—

lution and a dynamic range of 40 db. Frequencies as nickel plated brass. Buttons— Sf:r:;:r‘d

thermoplastic. Washers — elec-

. P4
trical grade phenclic. Special Bandho Flug

low as 8 cps can be identified. Resolution for two

equal-amplitude signals is approximately 0.7% or button caps and washers avail- 29-100
3‘7¢dof the analgsns band depending on the Rayspan able to withstand tempera- JSLAHAA Nea
model employe 0 tures to 400° F. Button colors, 11/64” Mounting

Any model can be adapted for use with high speed, red and black standard— Hole

helix recorders to provide permanent records of other colors on CURRENT

frequency versus real time. A built-in timing pulse special e

generator allows scan-by-scan synchronization of Regier. Molded Waoshers ON <

Rayspan with an oscilloscope. #2181 - o REQUEST

For complete technical data please write to: Raytheon, é\ “N. Gineer"’

Industrial Components Di- g ‘ ./I Phone:

vision, 55 Chapel Street, ’ay Y 4 Fleetwood
s 4-1040

Newton 58, Massachusetts.
523 Hillgrove Avenue, LoGrange, Hlinois

INDUSTRIAL COMPONENTS DIVISION l

42

“*PIONEERS IN MINIATURIZATION" 4
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NEW BORG MICROPOT
ssis POTENTIOMETERS

|- :,, ‘N , # % 100 Ohms to 200K Ohms Resistance . . .
\ E ¥ % Meet Full Range of Military Specifications . . .
\\

3” Dia.
2490 Series

A \ 4 NEW SINGLE-TURNS

Feel the fine construction by turning the shaft . . . action
is smooth, continuous . . . a feel of jeweled precision. See
the extra strong design in the one-piece aluminum housing
and front bearing mount. Note the rear covers fit precisely
into machined shoulders to seal out dirt, vapors, corrosive
atmospheres according to applicable mil specs.
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COMMUNICATIONS-DESIGNED
fransistors are / WAYS BE" ER

than conventional communications- adapted

PHILCO COMMUNICATIONS TRANSISTORS
FOR EVERY FREQUENCY:

IN1788 I.F., R.F., Converter service to 10 mc. Typical noise figure under 3 db
2N1789 > at 1 mc. 55 db max. gain (over 40 db usable gain). 1.5 pf
2N1790 J typical Cob.
2N1866  R.F.mixer and converter service to 30 me. 25 db min. gain at 10.7 mc,
Typical noise figure under 4 db at 10 mc.
2N499  H.F. Amplifier and osciltator. 22 db gain at 25 mc.
Meets all requirements of MiL-S-19500,/72A (S1G C).
2N5024  R.F. Amplifier and oscillator. 12 db gain at 200 mc. 6 db noise
figure at 200 mc. 30 volt rating. 75 mw power dissipation.
Meets all requirements of MI1L-S-19500/112 (S1G C).
2N11588  Medium power oscillator. 35 mw output at 200 mc, and 50 mw at
100 mc. Meets all requirements of MIL-S-19500/113 (SIG C).
2N1742
VHF Amplifier | 14 db min. gain at 200 mc. 14 db min. conversion gain at 200 mc.
2N1743 \ 5 db max. noise figure at 200 mc. 12 db max. conversion noise
VHF Mixer ( figure at 200 mc. 1.5 mw guaranteed oscillator output in single-
2N1744 | tuned oscillator.
VHF Oscillator
2N1745  |.F. applications from 30 to 60 mc. 21 db min. gain at 45 mc, Typicai
noise figure under 4 db at 45 me.
T2028
Amplifier | VHF and UHF. 16 db min. gain at 200 mc. 4.5 db max. noise figure
T2029 > at 200 mc. 16 db min. conversion gain. 9 db max. conversion
Mixer [ noise figure at 200 mc. 6 db typical noise figure at 450 mc. 13 db
T2030 | typical gain at 450 mc. Typical noise figure under 3 db at 60 mc.
Oscillator
T2351  UHF amplifier, oscillator, and mixer service. 8 db min. gain at
1 kmc. 8.5 db typical noise figure at 1 kmc. Coaxial package
impedance-matched for 50 ohm insertion.
2N1434  Wideband video amplifier service to 20 mc. 400 mw rating. 220
me min. fr.
2N1748A  Wideband video amplifier service to 10 me. 100 mc min. fr. 50 to
150 hte. 25 volt rating.
T2352  Low level wideband video amplifier service to 100 mc. 300 mc
min. f. Controlled 20 to 60 hte.

FUTURE TYPES FOR FUTURE DESIGNS:

APPLICATION NEW CAPABILITY
UHF AMPLIFIER Maximum Noise Figure of 5 db @ 420 mc
RADAR LF. Maximum Noise Figure of 3 db @ 60 mc

HIGH VOLTAGE VIDEO AMPLIFIER  Delivers 120 volts of video in wideband
amplification to 5 m¢

A solid-state video amplifier for wideband
systems to 200 mc

VHF VIDEO AMPLIFIER

Philco
Communications
Transistors are
immediately
available in
quantities 1-999

Philco Industrial
Semiconductor
Distributor

PHILCO

from your %mow/oer@%&?(/wﬂ@wr
LANSDALE DIVISION, LANSDALE, PENNSYLVANIA

transistors:

1. MORE db PER DOLLAR...

2. INDUSTRY’S LOWEST NOISE FIGURES...

3. INDUSTRY’S MOST USABLE A.G.C.
CHARACTERISTICS...

4. ONLY COMMUNICATIONS TRANSISTORS
SPECIFIED TO GUARANTEE PERFORMANCE IN
PRACGTICAL CIRCUITS...

5. ONLY PHILCO GUARANTEES BANDWIDTH
SPECIFICATIONS...

6. ALL TRANSISTOR ELEMENTS ARE ISOLATED
FROM CASE...

1. PROVEN MADT# RELIABILITY,

*Micro-Alloy Diffused-base Transistor.

For every communications transistor requirement—
both today’s and tomorrow’s—consult Philco. For
further information and application assistance, write
Dept. E81861.
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FIG. 1—Spectrum of
f-m stereo broadcasting
system composite modu-
lation, showing the
modulation frequencies
involved.
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MODULATING FREQUENCY IN KC

Multiplex Adaptors for Compatible
F-M Stereo Reception

By LESLIE SOLOMON

Associate Editor

WHEN AN F-M BROADCASTING station
is transmitting a compatible stereo-
phonic signal, in accordance with
the FCC adopted method, the com-
posite signal at the output of the
f-m detector (before deemphasis)
appears as shown in Fig. 1. The
total signal is composed of L. + R,
which is the compatible signal used
by unmodified receivers. a 19 Ke
=+ 2 cps pilot subcarrier that modu-
lates the main carrier between 8
and 10 percent, and the L. — R dou-
ble sideband suppressed carrier
a-m signal that is the second har-
monic of the pilot carrier and
crosses the time axis with a positive
slope simultaneously with each
crossing of the time axis by the
pilot subcarrier.

The advantage of sum and differ-
ence matrixing in conjunction with
the a-m suppressed carrier sub-
channel is the interleaving effect.
This allows a maximum of 90 per-
cent modulation of the main carrier
either by the L. + R audio or the
L — R suppressed carrier sub-
channel.

It is possible that an SCA (Sub-
sidiary Communications Authoriza-
tion) background music channel
may be at approximately 67 Ke.
This subcarrier can modulate the
main carrier up to 10 percent and
carries sidebands of approximately
8 Kc each side. Crosstalk from this
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channel into either audio channel
must be 60 db down from 100 per-
cent modulation.

The frequency response of the
L — R channel is identical to the
main L + R channel within 0.3 db
over the audio range (including
preemphasis) and the phase re-
sponse is identical to within +3
degrees, resulting in approximately
30-db separation over the range 50
cps to 15 Ke.

There are several approaches to
the design of a multiplex adapter.
The post-detection method, shown
in Fig. 2, separates the subcarrier
information with a 38-Kc bandpass
filter, demodulates it and by sub-
traction and addition of L. + R and
L — R, obtains separate L and R.
Time delays introduced by the 15-
Ke and 38-Ke filters must be com-
pensated for.

A unit in which the detection
process and matrixing are accom-
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F-M DISC ISKPC WL y
LOW PASS F— DELAY
COMPOSITE
SRt FILTER

38KC SUBCARRIER

TI—LEFT

STEREQ

38KC
bo| BANDPASS [—e ,.SYB- MATRIX
FILTER CARRIER
DEMOD
1 5
19KC P REF i
ke PIQT CARRIER DELAY
GEN

=R

FI1G. 2—Demodulator with post-
detection matrizing

plished in one stage is shown in
Fig. 3A. This Zenith Radio Corp.
circuit is an electronic switch,
which is on for 50 percent of the
time and off for the other 50 per-
cent at the subcarrier rate. If two
switches are used with opposite
phase relationship, one switch out-
put will produce mainly right and
some left signal, while the other
switch will produce mainly left with
some right signal. Subtraction of
some L. + R signal will produce the
correct signal. In Fig. 3A, the sig-
nal from the f-m diseriminator is
passed through a 67-Kc rejection
filter to the control grid of the
6AR8A switch tube, while a high-
amplitude 38-Kc sine wave is ap-
plied to its deflection plates. The
6AR8A then functions as an elec-
tronic switch with outputs taken
from the plate circuits. Matrixing
is accomplished by mixing the plate
output signal with the cathode sig-
nal. If only audio components are
taken into account, one of the plates
will produce mainly the left signal
and a ljttle right while the other
plate will produce mainly the right
signal and a little left. The cathode
produces a balanced L. + R signal.

A circuit in which matrixing is
completely accomplished before de-
tection is shown in Fig. 3B. If the
amount of subearrier information
is raised by a special circuit, com-
plete detection can be achieved. The
circuit shown in Fig. 3B can be
substituted for the 67-Ke rejection
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FIG. 4—GE synchronous oscillator circuit

filter shown in Fig. 3A. Deempha-
gis is accomplished in this circuit.

As shown in Fig. 8A, the pentode
portion of the 6AUS8 accepts the
19-Kc pilot signal and doubles it
to 38 Kc in the plate load, and this
signal is applied to the 6AR8A de-
flection plates. This is one varia-
tion of the locked oscillator tech-
nique. Another variation is the
GE circuit shown in Fig. 4. Here
the composite signal is amplified in
the first triode and the amplified
gignal is applied, by an amplitude
separation control and a delay net-
work, to the output matrix. The
output of the first triode is also ap-
plied by a bandpass filter to the
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detector. The filter is tuned to pro-
vide a bandpass between 23 and
53 Kc with the series arm display-
ing an antiresonance at SCA fre-
quency (61 Kc). If this antireso-
nance is not designed into the
circuit, an annoying whistle may re-
sult from mixing between the SCA
and the stereo subcarrier.

The output signal of the first tri-
ode is also coupled to the pilot fre-
quency filter. This filter is coupled
to the second triode which operates
as a synchronized oscillator. The
oscillator output tank circuit is
tuned to double the pilot frequency
(38 Ke¢) and applied through a cou-
pling coil to the detector. The de-

tector consists of a pair of rectifiers
connected to the input with opposite
polarities as shown in Fig. 4.
Filter capacitors and resistors are
connected between the detector out-
puts and ground. Stereo separa-
tion is dependent on the degree of
balance of the output resistance
bridge. This device has a high out-
put impedance and the insertion
loss ranges between 6 and 10 db.
In this circuit, the phase reinserted
subcarrier can shift up to =35 de-
grees from correct insertion before
stereo separation is reduced to 20
db. If the subcarrier is incorrectly
inserted to the sidebands, the L —
R detected signal decreases with ac-
companying distortion, with any
distortion being dependent on the
reinserted subcarrier - to - sideband
amplitude ratio.

Carrier generation by an auto-
matic phase correction (apc) loop
is also being tried. The operation
of this circuit is similar to that
used for subcarrier generation in a
color tv set but is simpler because
the pilot carrier is present at all
times rather than in gated bursts.

For high-quality stereo reception,
the f-m tuner used should have low
distortion; otherwise components
of distortion caused by frequencies
between 6 and 15 Kc can fall into
the pilot or L. — R subchannel] re-
sulting in spurious signals.

This nonlinear distortion can be
either inherent in the receiver or
the result of improper tuning. In-
herent distortion is related to the
phase characteristics of the r-f and
i-f section of the tuner and the
linearity of the discriminator. It is
important that the i-f section have,
and be able to maintain, a flat
linear phase characteristic within
the passband. This can be done by
a better designed and tuned or a

electronics



broader response i-f section. A
wide-band discriminator should pro-
vide the necessary linearity.

Of equal importance is the need
for flat discriminator output volt-
age versus frequency characteris-
tiecs (=3 db to 60 Ke). Variations
from a flat response may adversely
affect separation and distortion.
Separation is affected because the
energy level of the subcarrier is
usually reduced and proper matrix-
ing is precluded. This can be solved
by an L. + R level adjustment that
need be set only when the adapter
is first connected to the tuner.

Distortion may also be introduced
by a falling discriminator output
characteristic because unequal a-m
sidebands may result. A falling dis-
criminator output characteristic
can be considered as an equivalent
deemphasis network and a time
constant can be computed. A pre-
emphasis network with an equiva-
lent time constant could be intro-
duced in the stereo adapter, so as
to produce an overall characteristic
that is essentially flat both in am-
plitude and phase versus frequency.
This could be made adjustable and
would also simultaneously produce
proper separation.

Vector analysis of an f-m tuner
exhibiting an equivalent 5 psec de-
emphasis in its output voltage ver-
sus frequency characteristic shows
that a major cause of poor stereo
performance is related to the level
difference between the L + R and
L — R channels. Some adjustment
device should be included.

In the center of the audio spec-
trum, around 1 Ke, channel gain
difference may be the determining
factor whereas at the band ends,
phase differences may become the
determining factor. Transmitters
will be kept so that channel gain
will not vary more than 3% percent
of unity between 40 cps and 15 Kc
and phase differences will be main-
tained within 3 degrees within this
audio band. At present however,
there are no standards for multi-
plex adapters.

Using a method developed by the
Radio Receiver department of Gen-
eral Electric, it is possible to accu-
rately judge not only transmitter
performance, but also special test
signal generators used to produce
the composite stereo signal used in
receiver and adapter design. It is
important that the discriminator
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output voltage versus modulating
frequency characteristics of the re-
ceiver be flat within 3 db to 60 Ke.
In this discussion, the 19-Kec pilot
signal will be omitted.

When L + R audio is added to
the L. — R 38-Kc sidebands signal,
a composite produced at the dis-
criminator output appears as shown
in Fig. 5A. The axis is flat and
linear if the L + R and L — R
channel gains and phase shifts are
equal to each other at the audio
frequency in question. A phase or
gain difference between channels is
easily recognized on the composite
signal.

Figure 5B shows the composite
signal with an incorrect amplitude
relation between L + R audio and
L — R sidebands signal. For this
illustration, the L. + R audio and
L — R sideband envelope have co-
incident zero points. Figure 5C
shows a composite signal with cor-
rect amplitude relation but incor-
rect zero axis crossings of the L +
R and L — R sideband envelope.

A detailed examination of the ef-
fects of a 10-degree phase differ-
ence is shown in Fig. 5D. Vector 1
and the sine curve represent the
audio frequency through the L + R
channel. Vectors 2 and 3 and the
sine curves represent hypothetical
vectors that describe the envelope
of the sidebands signal. The dia-
grams of Fig. 5D show that the
sideband envelope lags the audio

AUDIO = IKC, LEFT ONLY, WITHOUT PILOT

—ar-

CORRECT RELATIDN BETWEEN

zero crossing by 10 degrees.

If curve 1 is added to curve 2,
the upper envelope of the composite
signal is described. Similarly, if
curve 3 is added to curve 1, the base
line of the composite signal is de-
scribed.

Height 2 of crossing point X of
the envelope curves can be used to
determine the difference in zero
crossings of the L + Rand L — R
sidebands in degrees.

Ordinate h of the zero crossing
of the sideband envelope is estab-
lished by the value of sine wave 1
as h = A sin ot where ot = ¢ = 10
degrees, therefore 2 = A sin 10 de-
grees.

Since the height of the composite
is normally twice the height of sine
wave 1, it is necessary to multiply
h by 2 when comparing the com-
posite signal. Therefore ¢ = sin™
(h/2a).

As the angular difference be-
tween L + R and L — R sideband
envelope approaches zero, C ap-
proaches 2a¢ and the method be-
comes exact. This method has been
used successfully in transmitter and
signal generator alignment.
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Air Traffic Control

Federal Aviation Agency 18 using simula-
tor to test traffic control procedures. Oper-
ators “fly” airplanes from take-off to land-
ing, follow a flight plan and execute
maneuvers on command of control tower
operators. Complex traffic control problems
can thus be studied in real time, with a

Target generator has controls for speed, altitude and
heading. The display serves as a ground reference and

also indicates target location

ELECTRONIC AIR TRAFFIC CONTROL
SIMULATOR, installed at the Na-
tional Aviation Facility Experi-
mental Center near Atlantic City,
New Jersey, simulates aircraft tar-
gets for large-scale tests of air
traffic control methods. Put into
operation in the spring of 1960, the
simulator has been used to solve
procedure problems for enroute and
terminal-area traffic.

The simulator has sufficient real-
ism to simulate accurately air traf-
fic control functions, starting with
pretakeoff contact with the local
control center and continuing
through enroute control, terminal
area control, and approach and
landing at the destination. A prob-
lem area 200 miles square is pro-
vided, with scales for increased ac-
curacy in selected portions. The
simulator allows realistic, full-scale
tests of Air Traffic Control (ATC)
equipment.

The system was designed to sim-
ulate air traffic control problems
using present manual ATC equip-
ment; and to provide inputs to semi-
automatic ATC equipment now
being developed.
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Four functions are performed by
the air traffic control simulator.
First, aircraft coordinates are gen-
erated under the control of pilot
operators. Second, radar simula-
tors provide video outputs that are
equivalent to the radar outputs ob-

SIMULATOR

PILOTS
MAP

SUPERVISORS

DISPLAY

(48 EACH)

———

MANUAL
CONTROL
INPUTS

WiND

high degree of realism

By EDWARD B. BOYKE, Jr.,
ROY L. EDWARDS, JR.

ROLAND E. NICHT
Aircraft Armaments, Inc., Cockeysville, Maryland

tained from real aircraft at the
same coordinates in space. Third,
air-to-ground, ground-to-air and
ground-to-ground ATC communica-
tion channels are simulated by tele-
phones. The fourth function is
assembly and reduction of data re-

TO ADDITIONAL CONTROLLER'S
COMPUTING POSITIONS
EQUIPMENT

FOR ANALYSIS

VIDEO
MAPPERS

VIDEO
4 RADAR

SIMULATOR

PLAY- |STATIS-

DATA
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ETTTR CONTROLLes
SYNC RADAR

SIMULATORS  pyumsmremy Aoy 5

RECORDERS
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RED‘NDION LINE DATA
ver REDUCTION PRELIMINARY
0ATA
——— ANALYSIS

FIG. 1—As many as 48 aircraft radar targets can be generated with air
traffic simulator. Controller’s radar display provides a realistic simulation
of what a control-tower operator would see.
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Simulator Tests Flight Procedures

quired for evaluating ATC proced-
ures. The data collection and re-
duction system can play back prob-
lems for reexamination.

Major components of the simula-
tor are shown in Fig. 1. Each of
the 48 target generators is manned
by a pilot operator who uses man-
ual inputs to control speed, altitude
and heading in accordance with his
flight plan and instructions from
air traffic controllers. An additional
input to the target generator is
wind information, which adds real-
ism. The outputs of the target gen-
erator are space coordinates and
altitude (X, Y, and Z) analogs, and
digital control signals. In the radar
simulators the analog information
from the target generators is con-
verted to spherical coordinates, and
video information is generated. The
radar simulators can act with a live
radar to combine real and simulated
targets. Each of the three search
radar simulators can simulate three
types of current Federal Aviation
Agency air traffic control radars;
the fourth radar simulator acts
as a ground-controlled-approach
(GCA) radar.

The data collection and reduction
system (DCRS) uses a large spe-
cial-purpose digital computer. In-
puts to the DCRS, defining all im-

400 CPS

ASSIGNED

EXCITATION SPEED SET
ACCELERATE !
! _SET
SERVO
= INTEGRATOR
400 CPS
EXCITATION

DECELERATE
S

T- ASSIGNED HEADING SET—

TURN RATE
“SET HEADING
SERVO

INTEGRATOR

400 CPS EXCITATION

portant simulator parameters, are
provided by the 48 target gen-
erators and the communications
system.

The DCRS performs three basic
functions. First, data essential for
preliminary analysis of a simulated
problem is computed and printed
out during the problem. This in-
cludes information on aircraft in
conflict, ATC sector where each
aircraft is, aircraft identity, the
time and other information on air-
craft passing over ATC fixes, mile-
age flown, time in holding patterns
and other data.

Second, all problem parameters
are recorded on magnetic tape in
IBM 709 computer format for off-
line detailed analysis.

Third, voice communications,
problem time, aircraft coordinates
and target generator control sig-
nals are recorded on magnetic tape.
This data is later fed back to the
target generators to position X, Y
and Z-coordinate digital servos.
The X, Y, and Z servos provide data
to reproduce a previously recorded
problem.

The target generator shown in
the photograph provides control of
those portions of the air target’s
characteristics that must be simu-
lated. The front panel provides
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WIND INPUT
INPUT

Y WIND INPUTS SLEW INPUT

Vy

_.CLIMB RATE SET
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400 CPS ALTITUDE
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DESCENT | ERROR SIGNALS
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FIG. 2—Simplified block diagram of a target gemerator. Voltage analogs
of a target in a 3-coordinate system are developed. Slew inputs are used

in getting up a problem
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control of speed, altitude and head-
ing. Each of these controls can be
changed in position by the deriva-
tive of the controlled quantity. For
the speed control, separate accelera-
tion and deceleration inputs are
provided. For altitude control,
climb and dive rates can be intro-
duced. For heading, selectable turn
rates are provided. For each of
these inputs it is possible to pre-
select the speed, altitude or heading
at which the rate control should
stop; thus the pilot operator can
respond to the controller’s direc-
tions for a descent to an assigned
altitude or a turn to an assigned
heading. Pushbuttons enable the
pilot operator to insert such infor-
mation as time in holding patterns
or runway occupancy time into the
data collection equipment.

Controls are also provided on
each target generator for selecting
the map origin and scale for the
pilot’s display. As shown in the
photograph, a display at the top
of the target generator indicates
the target’s present position.
Throughout a problem the pilot op-
erator refers to the display to mon-
itor progress, report arrival at fix
points, and for all required visual
reference to earth.

The target generator circuit, il-
lustrated in the block diagram of
Fig. 2, uses double integration to
obtain the X and Y outputs from
the accelerate/decelerate and turn
rate inputs. The result of the first
integration is target speed and
heading which is applied to the
heading resolver. The X and Y
components of target velocity are
derived from the resolver and again
integrated to produce the position
outputs. Climb and descent rates
are handled in the same manner
and are integrated once to provide
the altitude output.

All integration is done by electro-
mechanical assemblies, using a 400-
cps rate servo similar to that shown
for the X-integrating servo. A
hybrid tube-and-transistor ampli-
fier drives the servo motor and
tachometer; tachometer output is
fed back to the amplifier input,
thus controlling motor speed. Inte-
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precision radar (GCA radar) simu-
lator

gration error is approximately 0.6
percent.

Dials driven by the integrating
servos show the pilot operator the
speed, heading and altitude of the
simulated aircraft. The X and Y
positions are indicated less directly
by the light spot on the pilot’s
display. To permit rapid setup of
a problem, slew motors are pro-
vided on the servos.

The X and Y analog voltages are
produced in a coarse/fine system
for increased analog accuracy. The
search radar simulators use the
coarse analog, and the precision
radar simulator uses the fine an-
alog. Some items, such as the pilot’s
display, are switched from coarse

to fine as necessary.

The simplified block diagram of
a search radar simulator is shown
in Fig. 8. The search radar simu-
lators accept target position infor-
mation from the target generators
as X, Y, and Z analog voltages. The
X and Y voltages are applied to
range-scaling isolation amplifiers
and then combined to give ground
range of the target. Combining is
performed with a vector solver that
positions a resolver, giving ground
range and angle as outputs. The
altitude analog voltage is shifted
90 degrees and added to target
ground range. This vector sum is
a voltage proportional to the slant
range of the target. It is then rec-
tified and filtered to provide a
smooth negative d-c¢ voltage propor-
tional in amplitude to the slant
range of the target.

A central prf generator is used
in the search radar simulator to
produce a pulse train equivalent to
that of the set being simulated.
The prf generator synchronizes a
linear sawtooth generator whose
amplitude determines the voltage-
to-time conversion for video pulse
delay corresponding to target range.
Target range voltage and the saw-
tooth are applied to a diode pick-off
circuit, which produces a target
video pulse at the correct range. A

—— e

modulating voltage is generated
that combines the effect of target
size, the antenna beam shaping
voltage and the elevation beam pat-
tern. The output video pulse is
mixed with the outputs of all other
target channels and applied to a
video generator, which uses the
modulating voltage and yields the
pulsewidth and amplitude for the
radar output. This mixed video sig-
nal is then combined with noise
and video mapper signals and sent
to the radar displays.

Antenna gating is performed by
gated-synchro null comparison. The
shape of this null closely corre-
sponds to the main lobe of a radar
antenna pattern. When the posi-
tion of the antenna and the target
coincide, synchro output approaches
a null. This null voltage is rectified
and filtered in the target size cir-
cuit to provide a d-c gating voltage
that controls the amplitude of any
range pulses generated. Whenever
the target is not within the antenna
pattern, the gating circuit cuts off
the target video, and no target is
presented. The antenna simulator
consists of a servo that drives syn-
chros and resolvers at rates that
simulate the antenna’s character-
istics. The output synchro of the
antenna simulator drives the gat-
ing synchro on each of the vector

electronics



solver servos. The antenna simu-
lator servo runs as a rate servo
when the simulator is not connected
with an operational radar; when it
is connected with an operational
radar, the servo will follow the
radar antenna position.

A precision simulator was devel-
oped for GCA radars PAR-1 and
FPN-16. The two radars require
identical electrical analog antenna
positional data; basic system differ-
ences are the mode of data trans-
mission and display.

The GCA radars have separate
azimuth and elevation antennas
that alternately scan a narrow sec-
tor over the runway; elevation an-
tenna limits are —1 to +6 degrees
and azimuth limits are —5 to +15
degrees, referred to the runway
bearing. Radar returns are dis-
plaved alternately on the radar
crt. The elevation antenna scans
vertically and can be slewed in azi-
muth within the limits of the azi-
muth sector; the azimuth antenna
scans horizontally and can be
slewed vertically within the limits
of the elevation sector.

Motions of the GCA antennas are
translated into four d-c analogs:
azimuth and elevation scan angles,
and azimuth and elevation slew po-
sitions. Data is also transmitted
for a video display of antenna beam
dimensions in the slew directions.

The antenna simulator of the
pe XA J

SIN AZIMUTH

SCAN—s4 T XY

ANGLE |- SERYQ

ELEVA N
SCAN

SCAN—»f
SERVO

ANGLE

AzimuTH_ SRR
SLEW EWES
SERVD
ELEVATION E‘L TN
SLEW  BERSTAN

I8 RESOLVER N

precision radar simulator uses a
precision sine-cosine potentiometer
driven at 60 rpm to produce simu-
lated azimuth and elevation scan-
angle voltages simultaneously, as
illustrated in Fig. 4. Unblanking
and other data are generated by a
precision commutator and cam-
operated switches, also driven at
60 rpm. The time between unblank-
ing signals is sufliciently long to
allow switching transients to decay
completely before video display.

Simulated radar targets for the
azimuth beam are generated by a
syvstem using resolved range sweeps,
pickoffs and beam gates, illustrated
in Fig. 5. The resolved sweeps and
pickoffs perform rectangular to
polar coordinate conversion, pro-
ducing target range and bearing
data compatible with GCA radar
systems. Rotation of the azimuth
sweep resolver with a servo follow-
ing azimuth scan angle produces
sine-cosine range-sweep compo-
nents suitable for comparison with
X-Y target position data. The com-
parison yields a video pulse at tar-
get range when antenna angle and
target bearing coincide.

The elevation scanning function
is produced similarly. A linear
potentiometer is rotated, with a
sector-scanning servo following ele-
vation scan angle, to produce an
elevation-scanning vector that may
be compared directly with target

ELEVATION
COMPARATOR
e 1 =)
AZ/EL. . ¢ AL/EL

TRANSFER
RELAY

gencrator altitude voltage.

Simulated antenna slewing com-
plements the scanning functions.
A sweep-resolver produces the
bearing data pertaining to the ele-
vation scan antenna; a linear po-
tentiometer supplies the elevation
data pertaining to the slew position
of the azimuth antenna.

Optimum system accuracy is
maintained by an X-Y coordinate-
rotating circuit. The ambiguous
90-degree resolver shaft angle con-
ditions, producing a zero X or Y
component of sweep output, are
avoided by converting target ana-
log (X-Y) data. The block dia-
gram of Fig. 6 shows the co-
ordinate-rotating approach. Target
coordinates are rotated counter-
clockwise in 30 degree increments
by summing coefficients of angles in
operational amplifiers. Optimum
operating conditions for the system
of range sweeps and pickoffs re-
quire a runway true bearing of
about 250 degrees (third quad-
rant) ; both the X and Y sweep
components are then negative and
have about the same amplitude.
Addition of the coordinate-rotating
system between the target genera-
tor and the X-Y pickoffs permits
target simulation within 30 degrees
of the optimum bearing. A runway
bearing of 190 degrees true bear-
ing, for example, would require a ro-
tation angle of 360 — (250 — 190)

AZ—EL

RELAY RELAY ;
SWITCH SWITCH

ROTATED XT

TARGET
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GATE
™
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FIG. 5—Precision radar simulator generates the same type of signals as a GCA radar
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FIG. 6—Accuracy of the GCA radar simulator is increased by coordinate

rotation

= 300 degrees.

Referring again to Fig. 5, op-
timized X,-Y,” analog target volt-
ages are fed continuously to the
target X-Y pickoffs, which alter-
nately compare analog X,-Y, d-c
against the X-Y sweep waveforms
that represent azimuth scan and
elevation slew (in azimuth) posi-
tions. Pickoff outputs are distrib-
uted through an azimuth-elevation
(AZ-EL) time-sharing relay.

Coincidence of azimuth scan, X,
Y pulses occurs at the range and
bearing of the simulated target but
cannot be displaved as video: pick-
off pulse width required to simulate
target size does not realistically
simulate target shape.

A satisfactory target video dis-
play is simulated by gating a range
pulse instead of the X, Y coinci-
dence pulses. The range pulse is
generated continuously at precise
target range by a pulse discrim-
inator and feedback amplifier. Fig-
ure 5 diagrams the operations of
pulse error correction.

Summing amplifier A,, Fig. 5,
produces the first approximation of
target range by summing X-Y ana-
logs. Differential summing ampli-
fier A, receives an error voltage

from the pulse discriminator to
correct the range d-c into the range
pickoff and reduce the timing error
between X-Y coincidence and the
range pulse.

The azimuth X-Y coincidences
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MULTIPLEXER - e
AND GE
AD CONVERTERS TRACK
ARITHMETIC
o UNIT
DIGITAL INPUTS

DIGITAL
INBUT.AND
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STORAGESAND :
CONTROLS
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{PLAYBACK ONLY)

FIX; CONFLICT
AND FLIGHT
ANALYSIS
ARITHMETIC

COMMUNICATIONS UNITS
STATISTICAL DATA

FORMAT:

RECOROER
CONTROL LDGIC

COMMUNICATION

RECORDER

now trigger the target gate, which
controls the display time of the
range pulse according to the simu-
lated antenna beamwidth. A modu-
lation waveform is derived from
the target gate square-wave output,
with an integrating network, to
smooth the target video envelope.

Triggering of the target gate
with X-Y coincidences produces un-
symmetrical video displays because
of the bidirectional scanning opera-
tion of GCA radars. The X-Y co-
incidences define the center of a
target that appears to increase in
size with range. But since a target
on a real radar gets smaller as the
range increases, the target gate
pulse width must decrease similarly
if realism is to be preserved.

A logarithmic increase in the
length of the X-Y coincidence en-
velope results from the requirement
for constant target size on the dis-
play. Compensation for this in-
crease is obtained by delay of the
target gate pulse, at the cost of a
nonoverlapping video display. Over-
lapping displays are secured by
fixed phase-lead networks in the
scan servo amplifier inputs, per-
mitting superimposition of suec-
ceeding distant targets. A mono-
stable delay multivibrator, whose
delay increases logarithmically with
decreasing control voltage, was de-
veloped to delay the target gate
pulse and permit symmetrically
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FIG. 7—Data collection and reduction system. Problem parameters are
recorded on tape and problems can be replayed
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overlapping video displays.

The simulated antenna slewing
functions are treated somewhat dif-
ferently: gating pulses generated
from X, Y and Z pickoff slew data
pulses are compared with the scan-
ning pickoff pulses. Target X, Y
azimuth scan pulses must coincide
within the limits of the elevation
slew gate pulse to produce an azi-
muth target pulse.

Target elevation (Z) scan pulses
must coincide with range pulses
within the limits determined by the
azimuth X, Y slew gate positions
to produce elevation target pulses.

A simplified block diagram of the
data collection and reduction sys-
tem (DCRS) is shown in Fig. 7.
Inputs are analog and digital sig-
nals from the target generators,
voice and digital data from the
communications system. The ana-
log signals are target generator X,
Y and Z coordinate data and target
velocity. Target generator digital
signals are target identity, ATC
sector containing the target, con-
tact closures defining time in hold-
ing patterns, time at undesired alti-
tude, number of times in holding
patterns, number of undesired alti-
tude changes and number of un-
desired speed changes. Communi-
cations data consist of 500 contact
closures that indicate the status of
various communication lines. These
contacts define all data needed for

statistical analysis of the communi-
cations system:.

The five major sections of the
DCRS are: system timing and con-
trol; magnetic-drum memory; dig-
ital and analog input and output
equipment ; 3 special-purpose arith-
metic units; and readout and re-
cording equipment.

The system timing and control
section controls overall system op-
eration and contains the system
timing generator. Clock frequency
is 213 Kc. The basic computer word
contains 16 bits, of which 15 bits
are used for instructions or data
and the 16th for timing and control
functions. The timing generator
provides signals to all other sec-
tions and controls the real-time
clock.

The system memory is a 10-inch
magnetic drum operating at 4,000
rpm. The drum contains 64 tracks
including one engraved timing
track; each track contains 200 16-
bit words, with a density of 102 bits
per inch,

The digital portion of the input-
output equipment uses conventional
diode logic to sample the state of
contacts in the target generators
and communications system, plus
six 50-bit flip-flop registers to pro-
vide six control signals to each of
the 48 target generators during
playback. The analog section con-
sists of a multiplexer, A/D con-

INPUTS FROM OTHER SERVOS

verters and the associated target
track updating arithmetic unit. In-
cremental techniques are used in
converting analog data to digital
form and for storing the results.

The A/D conversion accuracy is
0.025 percent. One A/D converter
per target generator plus two
spares are provided; each converter
contains a d-c amplifier, digital at-
tenuator and comparator. Con-
verter control logic is time-shared
by all 50 channels.

In the record mode, the X, Y, and
Z servos in the target generators
operate as conventional analog in-
tegrating servos. In the playback
mode they operate as digital or
bang-bang servos under control of
the DCRS system.

A simplified block diagram of an
X-coordinate playback mode servo
loop is shown in Fig. 8. During the
record mode each time an A/D con-
version is made (every 60 msec),
an incremental X bit and four
servo mode control bits are re-
corded on tape. Once each three
seconds the full X coordinate value
is also recorded.

During playback the full 15-
bit X value is read onto the mag-
netic drum each three seconds.
Recording the full value allows the
system to be easily slewed to an
intermediate point and also reduces
system errors due to random bit
dropout.
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FIG. 8—Simplified block diagram of an X-coordinate playback-mode servo loop. The Y-coordinate playback servo is

identical, the Z-coordinate one i similar
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Omnidirectional
K-Band
Antenna

Uses Slots,
Probes and
Horns

e AT Bl ol BloTfi g Lot Blododut Bl dust Bttt

By GEORGE J. MONSER
EDGAR D. BOTKIN
American Electronic Laboratories, Inc.,
Lansdale, Penn.

A NOVEL K-BAND omnidirectional
antenna was developed for coverage
in all directions in a horizontal
plane with a nominal 30-degree ele-
vation beamwidth centered on the
horizon, operation from 10 Gc to
15 Ge with a voltage standing-wave
ratio less than 3 to 1, and reception
of both vertical and horizontal
waves. Figure 1 shows the com-
pleted antenna.

It was necessary to consider
array requirements for omnidirec-
tional coverage, slot radiators, and
propagation mode bandwidth. A
pseudoisotropic source, see Fig.
2A, is responsive to both vertical
and horizontal waves, and gives
omnidirectional coverage in the
horizontal plane. Although Silver
reports that at least six longi-
tudinal slots are needed (same fre-
quency and size of circular guide),
by summing source radiations vec-
torially it can be shown that eight
slots are needed to meet the stated
requirements. Small conical horns
were added for greater directivity;
and to improve coupling from the
slots, short radial probes were used.
The resonant frequency of the slot-
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FIG. 1—Different versions of the mew antenna for different frequency
bands are shown in (A), the 10-to-15-Gec version is at far right; its indi-

(B)

vidual components are shown at (B)

probe pair was staggered for better
coupling over the bandwidth.
Figure 2B shows the complete as-
sembly mounted on the rectangular
waveguide. The propagation mode
used in the rectangular guide was
TE.. In the circular guide, the
TM.. mode was used. Both modes
have a bandwidth greater than 50

2N

“RADIAL PROBES

LENGTHR +
SECTION A-A
SLOT PERIMETER
45° % Ag )
A A

4

(A)<—1nm2,

FIG. 2—Slot array with radial
probes for the antenna core, (A);
method of matching antenna to a
rectangular waveguide, (B)

1,7 12.5 KMC

percent, measured as a ratio of sim-
ilar mode cut off frequencies.
Degree of match was measured
over the frequency band for no
radome over the slots, a 20-mil
polystyrene window and a 20-mil
Rexolite window. Addition of the
protective cover affected mismatch
loss slightly over a narrow band.
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FIG. 3—Measured azimuth patterns at 8 = 90 degrees are shown in (A), with 10 Ge vertical polarization in solid
line and horizontal polarization in dashed line. Same pattern for 12.5 Ge is plotted in (B), and for 15 Ge in (C). Ele-
vation patterns for 6 = 0 degrees are shown for 12.5 Ge in (D) and for 6 = 90 degrees for 12.5 Ge in (E)

Figure 3, A to C, shows azimuth
coverage from 10 Ge to 15 Ge for
both vertical and horizontal waves.
As may be observed, coverage was
360 degrees.

Figures 3D and E show typical
elevation coverage for both vertical
and horizontal waves. Elevation
patterns of both polarizations were
recorded for two vertical cuts over
the 1.5 to 1 bandwidth. From these
patterns, it was observed that the
half-power beamwidths ranged
from 30 to 50 degrees; the energy
maximum was close to the horizon
and spurious lobes were all below
the main beam maximum.
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FIG. 4—Vertical and horizontal
plane wave polarization is plotted
against frequency in Ge

August 18, 196"

In Fig. 4 the relative response
of the antenna to vertical and hori-
zontal waves has been plotted. At
each frequency constant incident
signal power was maintained and
the ratio of response measured.

Figure 5 illustrates measured
gain by comparison with a gain-
standard horn and computed direc-
tivity plotted as a function of fre-
quency. Because of approximations
used in the computation of direc-

tivity’, and system linearity, which
was about +=1 db over 20 db range,
the displayed curves are indicative
of performance.

A complete set of units up to 36
Gc were built and tested over their
respective 1.5 to 1 frequency bands.
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Applying the Kerr Cell To Nanosecond

Kerr cell must operate at high voltage with low time-jitter, low r-f noise and high rates of
current rise. Hydrogen thyratrons and low-inductance circuits permit 5-nsec exposures

INTEREST in light or optical modu-
lators is high because of recent
successes with optical wavelengths
for information handling, optical
radar, optical communications and,
most recently, lasers. One versatile
optical modulator is the electro-
optical Kerr-cell shutter that has
previously been used as a high-
speed electronic camera shutter.
The high angular resolution capa-
bility of modern optics and the
modulation frequency bandwidth
capability of the Kerr cell, extend-
ing from low audio frequencies up
into the hundred-megacycle fre-
quency range, are useful for studies
and applications involving the
transmission of modulated light
beams over long distances. To date,
the Kerr cell has been used as a
modulator in an experimental op-
tical communication system' as
well as in laser studies.

In its use as high-speed elec-
tronic camera shutter, the Kerr cell
and its modulation circuits have

been highly developed. High-speed
photography is itself a complex
technology whose forefront lies in
the submicrosecond exposure-time
range and in the frame-rate range
of 10° frames per second and
higher. The Kerr cell is a member
of a family of high-speed shutters
that includes the image converter
and the rotating-mirror framing
camera. Each of these devices has
characteristics that makes it well
suited to specific experimental
situations. For those situations
that require high optical resolu-
tion with exposure time down to
5 nanoseconds and trouble-free op-
eration in the presence of high
transient electromagnetic fields,
the Kerr-cell shutter gives satis-
factory performance. While it is
primarily a single-exposure device
at these brief exposure times, tech-
niques are available by which mul-
tiple Kerr-cell frames at rates near
10° per second can be achieved.

In principle, Kerr-cell operation

.

Complete Kerr-cell system, with control unit and power supply in a single

cabinet (rear). The Kerr cell is mounted on the remote high-voltage pulser
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is straightforward (Fig. 1A). The
ordinary Kerr cell is composed of
two flat plates or electrodes im-
mersed in a fluid which becomes
birefringent upon the application
of an electric field. When such a
cell is oriented between two polar-
izers crossed for minimum trans-
mission, the arrangement consti-
tutes an optical shutter. With no
voltage applied, light cannot be
transmitted because of the crossed
polarizers. A voltage applied to
the electrodes alters the state of
polarization of the light. Trans-
mission through the second polar-
izer is thus accomplished. Conse-
quently, the ‘duration of the
transmitting period or exposure
time is related to the duration of
the applied voltage pulse. The lower
limit to exposure times is given by
the molecular relaxation times of
the working cells fluids. For nitro-
benzene this time is about 50 psec,
80 exposure times as low as 107
second are feasible.

The relation between Kerr-cell
transmission and applied voltage is
given by*: T = T, sin®* [(#/2)
(V/V,)?], where V, is the so-called
full-open voltage, so that the actual
curve of transmission against volt-
age is nonlinear (Fig. 1B). Con-
sequently, for brief exposures,
where the voltage pulses are more
likely to be bell-shaped than square,
the effective exposure time can be
less than the voltage-pulse dura-
tion, as shown in Fig. 1C and 1D.
The effects of ringing on the trail-
ing edge of the pulse, if no greater
than 40 percent of the main pulse,
are negligible.

Thus the primary problems in a
Kerr-cell system are electrical
rather than optical. The principal
requirements for such a circuit are:
(1) it must produce pulses of high
voltage corresponding to gradients
of about 18 Kv per em of aperture

electronics




Photography

By S. M. HAUSER, and H. QUAN,

Chief Engineer-Manager Staff Engineer
Electro-Optical Instruments, Inc.,
Pasadena, Calif.

and of brief duration (about 10-®
second and less); (2) it must be
capable of synchronization with
the phenomenon being studied
(about 10° second or less); and
(3) pulse durations must be readily
changeable and cover a wide range.

Kerr-cell pulsing circuits con-
sist of a high-voltage switch, pulse-
forming network and the Kerr cell
as a load. These circuits resemble
radar pulser circuits and many
techniques have been taken from
radar technology.

The selection and use of a switch
that will provide capability for
both high voltage operation and
low time jitter is a problem. For
laboratory use, the switching cir-
cuits should also provide low r-f
noise generation and high current
rates of rise at the required switch-
ing speed. Excessive r-f noise on
switching can make it difficult to
obtain other related electrical data
from the experiment. For the Kerr-
cell shutter system described, the
driving or full-open voltage is 85
Kv, corresponding to an aperture
of 0.8 X 1.5 inch. The correspond-
ing electrical capacitance is ap-
proximately 50 pf. Consequently,
for switching times of about 5 X
10~° second, the switch must handle
currents of about I =~ C-AV/At =

350 amp.
Two types of high-voltage
switches were considered: trig-

gered spark gaps, hydrogen thyra-
trons and combinations of these.
Although spark gaps can provide
switching times as low as 10~ sec-
ond, there are at least three dis-
advantages attendant with their
use here. First, switching jitter
cannot ideally be reduced to 10~ or
even 10 second with simple tech-
niques. Second, the switching time
is characterized by the generation
of large r-f noise fields. Third,
even pressurized spark-gaps tend
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FIG’ 2—Pulse-formmy networks and potted hydrogen thymtron (left) and enclo;ure and Kerr eell (right)

to become erratic in triggering
after a small number of break-
downs, and require critical adjust-
ment.

Thyratrons, on the other hand,
can provide anode current rates of
rise or switching times of about
5 to 10 nanoseconds® and, in addi-
tion, can be triggered with a time
jitter of less than 10~

The circuit of the Kerr-cell
pulser uses type 6587 hydrogen
thyratrons exclusively. The re-
quirement for brief operation has
been partly met by the design of a
low-inductance circuit and partly
by operating the hydrogen thyra-
tron at increased gas pressure for
higher rates of anode-current rise.
Since gas pressure can be con-
trolled by the voltage applied to
an internal voltage-sensitive hydro-
gen reservoir, a separate lead from
the reservoir is brought out on
a separate tube pin to vary the
reservoir voltage from a panel
control.

The requirement for a high-
voltage pulse has been met in part
by aging and packaging of the
thyratron for the elevated voltages,
and in part by a pulse-forming
network (pfn) shown in Fig. 1E
and 1F. The normally grounded
side of the line is charged up to
supply voltage, E,, through charg-
ing resistor R. When the switch is
closed, a voltage pulse of duration
2 and magnitude —E,/2 appears
across characteristic impedance Z,,
where r is the one-way electrical
length of the line. A pulse of am-
plitude —E. and duration = appears
across the end of the line to which
the Kerr cell is attached.

The most persistent problem

N

during development and refinement
of this pulser was in the packaging
of the.thyratron and pfn for reli-
able operation at the 35-Kv plate
voltage and in the restricted geom-
etry required for the minimum
inductance configuration. The an-
ode of the thyratron is potted in a
convoluted flexible plastic which, in
spite of the small volume of insula-
tion, permits operation of the thy-
ratron at voltages as high as 50
Kv. Details of the pulse-forming
network and thyratron packaging
are illustrated in Fig. 2A. The
anode cap of the thyratron plugs
into the pfn line connection with
a minimum of connector length.
Solid metal bars along two sides
of the upper surface of the pfn
constitute a low-inductance ground
connection, while one plate of the
Kerr cell plugs almost directly into
the h-v output pulse connector of

geometry, networks have been fab-
ricated that cover the exposure
time range from 5 nsec to 10 usec.

A complete camera system with
this Kerr cell and modular pulse
generator is shown in Fig. 3 and
the head photograph. The remain-
der of the system consists of a
control unit and power supply
chassis containing the thyratron
fixed filament and variable reser-
voir voltage supplies and the high-
voltage power supply.

Applications are generally of
two types. The first are high energy
density experiments, such as ex-
ploding wires," constrained chan-
nel arc breakdown and single-
crystal explosive detonations, in
which the phenomena are small in
size, highly self-luminous, and have
time durations much less than one
microsecond. The second type of
experiment involves lower energy

the pfn. Within this restricted densities by several orders of mag-
oy sk
ey PULSER
_ POWER a
SUPPLY Som 0DULE
EXTERNAL 3
TRIGGER +10KV p—
faa ~———a-——=; CELL
]
I' | exposure
| | TIME
i | coNTROL
| |Pew
I 32 =
EXT L-_—-_-.__..J
PULSE = 1
(il
#:1 PULSE |__To
Zo INVERTING FILAMENT
= = Foen CONTROL
= FORMER o ol
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SUPPLY
TO PHENOMENA UNDER STUDY

FIG. 3—Simplified diagram of Kerr-cell camera 8ystem showing high-
voltage Kerr-cell pulser and parallel triggering synchronization
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nitude and is proportionately less
self-luminous. The phenomena un-
der study include experiments in
plasma and magnetohydrodynamic
physics, and in high-mach-number
low-gas-density aerodynamic flow,
and can last between several micro-
seconds and several milliseconds.

For the latter case, triggering re-
quirements are modest since trig-
gering jitter and delay are rela-
tively unimportant. For example, a
300-volt trigger pulse with a 0.1-
psec rise time applied to the thyra-
tron pulser grid will give a switch-
ing delay on the order of 0.1 usec
and with a jitter in firing between
0.01 and 0.025 gsec. The variation
is due largely to the age and condi-
tion of the thyratron.

For high-energy density experi-
ments, such jitter in triggering can
render the advantages of 5-nsec
exposure capability useless, while
the triggering delay can make it
difficult if not impossible to obtain
photographs in early stages of the

phenomenon, particularly if the
phenomenon itself triggers the
Kerr-cell shutter action. Experi-

ence has shown® that triggering de-
lays can be reduced to 0.05 usec and
triggering jitter can be reduced
below 0.001 usec by using trigger
pulse voltages above 2.5 Kv from
low inductance and impedance lines.
To benefit from such jitter-free op-
eration, coaxial cables provide de-
lays in the initiation of the Kerr
cell shuttering action without seri-
ous degradation of these large trig-
ger-pulse amplitudes.

The Kerr cell used with this cam-
era system is shown in Fig. 2B,
with the enclosure containing polar-
izer and analyzer removed. It
incorporates a canted electrode de-
sign to allow a versatility in opera-
tion with a minimum of optical
vignetting. The smaller or entrance
aperture is 0.8 X 1.5 inches and the
exit or larger aperture is 1.2 x 1.5
inches. The cell is hermetically
sealed and provided with an inte-
gral expansion bellows to allow for
variations in liquid volume with
ambient temperature. Optical reso-
lution through the Kerr-cell shutter
is 1:10,000 which corresponds ap-
proximately to 70 line pairs per mm
in the focal plane of a 6-inch lens.

The spectral transmission of
standard nitrobenzene-filled Kerr
cells extends from 4,200 A on the
short wavelength end, where the
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cell is totally absoirbing, to approxi-
mately 2 microns. When used with
dichroic Polaroid polarizers, the
open transmission ranges from 12
to 25 percent and the closed trans-
mission from 10 to 10~, depending
on the materials used. By going to
crystal polarizers such as Glan-
Thompson prisms, the open trans-
mission in the passband will exceed
40 percent.

Of considerable interest in high-
speed photography is the recent de-
termination® of liquids that extend
the open transmission bandwidth

Shock front generated by break-
doum of a coaxial sparkgap (12 Kv,
30 uf) in 100 microns of air. The
front i shown at 60 c¢m down-
stream from the gun, taken at var-
ious exposure times: 1 usec, with a
20-psec delay at station 1;

500 nsec, with a 21.5-usec delay;

and 100 nsec, with a 25-usec delay.

Speed of front, Mach 100; tube
diameter, 8 inches; discharge at
125,000 amperes. Pictures taken on
shock tube built under direction of
Hans Liepmann, Dept. of Aero
Eng.. Calif. Inst. of Techmnology,
using a KSC-51 Kerr-cell camera

down to optical wavelengths as
short as 2,400 A and also provide
useful apertures at available pulse
voltages. By combining Kerr cells
filled with such liquids with recent
pulsing techniques described, a
whole new spectrum of phenomena
can be studied by means of nano-
second high resolution photography.
An example of where this added
capability is rapidly finding appli-
cation is that of transient spectro-
graphic studies with nanosecond
time resolution. With the higher
electron temperatures being reached
in controlled thermonuclear reac-
tion studies, the near-ultraviolet
Kerr cell will also prove a useful
and versatile tool for examining
plasma instability kinetics. The
relative immunity of the Kerr-cell
triggering and pulsing circuits
from spurious triggering due to
the extreme r-f fields developed
during the megampere currents
flowing in the plasma circuits is
an added asset in such studies. The
Kerr cell is also finding application
as a sharp cutoff optical impulse
generator for studyving photo-
induced minority carrier lifetimes
in solid state and phosphorescence
and fluorescence decays in organic
chemical systems.

Versatility can be extended by
multiple framing techniques, and at
least two groups have taken Kerr-
cell photographs at frame rates of
10* per second. Zarem and Associ-
ates’ used a number of separate
Kerr-cell shutters and a single re-
cording camera with electronic de-
lays for achieving the required
framing rates. More recently, Goss®
used a single Kerr-cell shutter and
recording camera in conjunction
with a series of optical delay lines
for achieving at least six frames at
about 10° per second.
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Generating Random Forcing Functions

Statistically random functions are produced within a
predetermined frequency spectrum using a gas-dis-
charge tube and analog computer arrangement

By N. D. DIAMANTIDES and C. E. McCRAY

Goodyear Aircraft, Akron, Ohio

CONVENTIONAL designs of networks,
control loops and communication
systems are usually tailored to yield
satisfactory response to signals
fabricated by the designer rather
than signals encountered in a nat-
ural environment. Such artificial
signals are either sinusoidal, or
simple aperiodic waveforms like
impulse and step functions. In ap-
plications, forcing signals are only
statistically describable; therefore,
the output can be predicted only in
statistical terms.

In the airborne guidance field,
the signals are random functions
that can be defined only by their
probability distributions. An an-
alytical expression for this distri-
bution is generally required for the
computation of the power spectrum
of the signal. On the basis of this
expression, design of optimum con-
trols and compensators can be un-
dertaken. Often the power spec-
trum of the environmental disturb-
ances for a system is known; an
example is the effect of wind gusts

on the flight path of an airplane.
Therefore, it is useful to have an
electrical input signal of the same
power spectrum as the problem
spectrum if the loop optimization
problem is to be attacked by simula-
tion. This is particularly true when
the system includes nonlinearities
that render the analytical approach
difficult.

Precisely known forcing func-
tions are also indispensable in hu-
man psychomotor response studies,
where predictability of the signal
should be ruled out and use of sinu-
soidal inputs is therefore imprac-
tical. The signal source for human
psychomotor studies must have an
exact power spectral density, and
the source should be stationary so
that once the statistics are selected
they will not vary with time.

Present electronic function gen-
erators usually depend on either the
random component of current
emitted from an incandescent cath-
ode or the random atomic particles
emitted during the decay of a radio-

+200V
56K élOOK éiOOK
9 < 0.01 TO
{ &—— COMPUTER
0_.91 CIRCUIT
PERMANENT ]_ =
MAGNET ™ 0.01
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——. me— 250K
2021 12 AX7
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GRID-CONTROLLED AMPLIFIER

6AS- DISCHARGE TUBE

FIG. 1—Source circuit for the random signal. Signals originate in grid-

eontrolled gas discharge tube at left

active substance. Although the
probability distributions in these
random processes are known from
theoretical considerations, the gen-
erators suffer from uncertainty
caused by component changes with
time.

The random function generator
described eliminates these problems
by providing a reliable source of
random signals within the desired
spectrum.

The random signals that are used
as system-forcing functions origi-
nate at a grid-controlled gas-dis-
charge tube as shown in Fig. 1 and
arise from fluctuations in the dense
layer of positive ions near the cath-
ode. The bursts and drops of cur-
rent superimposed on the average
plate current have amplitude varia-
tions that are distributed according
to the gaussian density function.
This analytical form, however, is
immaterial to the immediate prob-
lem. The frequency beyond which
the noise energy begins to fall off
varies inversely with the atomic
weight of the gas. A magnetic field
must be applied transversely to the
current between the vacuum tube
elements to suppress natural pre-
ferred oscillation frequencies of the
ions. The noise component of the
gas tube plate voltage is fed
through a capacitor to the computer
circuit shown in Fig. 2 to produce
the periodically stepped voltage
wave of Fig. 3. This transforma-
tion is essential for securing
spectrum invariance as analyzed

QUARTER-SQUARE MULTIPLIER,
NETWORK ACCURACY

ein(v) eexp(P) en(v)
0 0.0 0.0
7 1.1 1.0
12 3 2.9
18 6.5 6.5
25 12.4 12.5
35 24.5 24.5
45 40.7 10.5
47 4.1 14.2
50 50.0 50.0
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For Control-System Simulation

at the right of this page.

In accordance with Eq. 21, such
an invariance requires fulfilling two
necessary and sufficient conditions:
the raw signal must be sampled
periodically at constant time inter-
vals, 7,; and the standard deviation,
o, of the signal after sampling
must be monitored and kept con-
stant.

The required units include: a
threshold unit that will clip the
raw noise signal and subtract from
it the portion necessary to main-
tain the standard deviation of the
stepped voltage wave constant; a
sampling unit that will generate
the stepped wave V(¢) and also
measure the magnitude of its
jumps; a squaring and averaging
unit that will compute the average
value of the jumps squared, o°; and
a feedback arrangement which will
continuously compare this value o
to a constant reference v and lower
or raise the threshold setting to
keep the (¢° — v) equal to zero.
The implementation of these opera-
tions using the operational ampli-
fiers of an analog computer is shown
in Fig. 2.

Raw noise from the gas tube cir-
cuit is amplified in amplifier 10 and
fed into the threshold circuit that
includes diodes D,, D. at the input
of amplifier 9 and the diode biasing
arrangement made up of two po-
tentiometers fed by amplifiers 7
and 8. Bias voltages =FE are set by
a constant voltage input to amplifier
7 (4200 v) and by the control com-
ponent that represents the differ-
ence (¢° — v) from amplifier 6.
Thus, only the part of the raw sig-
nal that exceeds the +E threshold
level appears at the output of am-
plifier 9 and is presented to the
sampling unit.

This unit in turn generates not
only V(t) but also the magnitude
of its successive jumps. A constant-
speed d-c motor drives the drum of
a commutator that periodically and
alternately closes two sets of con-
tacts, C, and C.. When C, is closed,
operational amplifier 1 is connected
as a time-delay element with a
short time constant and as such
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TRANSFORMATION FOR SPECTRUM INVARIANCE

Design of the present spectrum-invariant random function gemerator is
made possible by the tramsformation of the gas tube current into the
stepped voltage waveform of Fig. 3. Advantage is taken of the analytical
equivalence between power spectrum and autocorrelation function. The
autocorrelation function of the stepped signal V(t) yields the corresponding
power spectrum.

The function V(t) is first written

V) =V + Vi) (15)
where V,(t) i the variable part of V(t) about its mean value V. Therefore,
T
== B4 ]
Vo) = rll,ma, 7 '[ Volt) = 0 (16)

Since the autocorrelation function of V(t) is R(r) = V(t)V(t + 7) amd for
the forcing function generator, V(t) = 0

R(r) = V.(OV.(t + 7) 7)
Asgsume that V(t) is obtained by perodically sampling the gas tube plate
voltage; the sampling period being ., and that sampling is performed in
a linear manner during a short portion of the period (0.047.).
If a, is the magnitude of a particular step of V.(t), then V.(t) = a., from
t=mnrotot = (n 4+ 1)r. The magnitude of these steps has some probability
distribution p(V.), which means that the probability that a. lies between
Veand V, + dV, is

P(V.<a, < V.4+dV,) = p(V)dV, (18)
In terms of the second probability distribution, the autocorrelogram is
«© @©
R(r) = f f VaCrepe(Vati; Vi,)dVadV . (19)
— @ — ®

where po(Voiyti; Vogt:)dV . dV,e 18 the probability that V.(t) lies between
Vaand Vo 4 dVa at the instant t,, and between V.. and V.o + dV.. at the
instant t. (or at a distance v from t,).

Sinee the amplitude variations of the raw noige from the gus tube are much
faster than the sampling frequency, V.(t.) is completely indeperdent of
V.(t:). This is a sufficient condition for the second probability distribution
to be equal to the product of the first distribution by itself. When this is
true the integral of Eq. 19 defining the autocorrelation function yields

a'?(l - ITi—) for || S 7.
R(r) = 3 2 (20)

0, for |7| > 7,
The power density spectrum corresponding to this correlation function is

(w) = f°° R(7) cos wrdr

-
To
= 20° f (1 - LTI) cos wr dr
0 To
- 2
8in 2 To
¢(w) = otr,| ——— 21)

This power density spectrum has the property that the only source of
variation possible, o, appears as multiplication factor that is easily moni-
tored and taken into account. This is true regardless of any variations
in the gas tube circuit due to aging, supply variations, mechanical vibra-
tions or temperature effects
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FIG. 8—Computer oircuit with feedback arrangement produces periodically stepped voltage waves

samples the noise voltage. This
sampling takes place during the
short portion of the sampling cycle,
r., during which contacts C, are
bridged by the commutator short-
ing bar. When C, is interrupted,
the amplifier becomes an integrator,
keeping the sampled voltage value
stored. Amplifier 2 is connected
identically to amplifier 1 except that
sampling through switch C., is per-
formed halfway between the sam-
plings through C,. Thus amplifier 1
generates the present step, a., of
V(t) while amplifier 2 holds the
value of the preceding step, a....
The absolute difference between
the successive steps of V (¢) is then
computed by the operational recti-
fier implemented by amplifiers 3
and 4. The circuit of this unit,
shown in Fig. 2, is a conventional
analog computer arrangement.
This difference, in turn, provides
the input to the quarter-square mui-
tiplier represented by amplifier 5.
For economy, the multiplier was
arranged to accept only a positive
polarity signal, like the output of
the absolute value unit, and de-
signed to perform the operation

€ = kotin? =Ko |Gy —@uaa @ (1)

The multiplier is equivalent to a
deterministic function generator
receiving an input voltage and giv-
ing out the square of this voltage.
The input range was selected as

0 £ & < 50 volts 2)
and that e(50) = 50 volts, which

immediately establishes k., = 0.02.
The squaring function of Eq. 1
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was approximated by seven straight-
line segments with end points at
ew = 0, 5, 10, 15, 20, 30, 40, 50 v,
and slopes of 0.10, 0.30, 0.50, 0.70,
1.00, 1.40 and 180, plotted in Fig.
3B. This was accomplished through
a group of input diodes in series
with input resistors, R,, and biased
by a constant voltage, E,, as shown
in Fig. 4A for one segment only.
On the basis of the input-output
relationships shown in Fig. 4 A and
B, and the parameter values in Fig.
3B plus the condition E, = —50 v,
these settings of voltage dividers
were calculated
R:/R, =
0.10, 0.20, 0.30, 0.40, 0.60, 0.80 (3)
corresponding to the last six seg-
ments in ascending order. On the
basis of these values and the value
of the feedback resistor selected
at R, = 0.75 megohm, the various
input resistors in the same ascend-

vit)

o

(A)

ing order were

R. = 3.401, 3.125, 2.885, 1.442,

1.172, 1.042 megohms 4)
The final circuit is shown in Fig.
4C. The degree of accuracy ob-
tained through this setup is shown
in the table. Following the squar-
ing operation only time averaging
of the signal of Eq. 1 is required to
obtain the variance ¢°. This func-
tion is assigned to the integrator
amplifier 6 which, if fed by the
multiplier output only, would have
yielded an output

t
e = k; [ l& = a.‘_gr dt (5)

where the factor % is the contribu-
tion of the feedback capacitor to
the gain of the integrator. For
t = T, this will result in

l—-

=T ‘h_!.nr (e ©
50
4o
g st
=
& 20
10}
4 i Kb !
0 10 20 30 4 50
(B) e IN VOLTS

FIG. 3—Stepped voltage wave, output of circuit in Fig. 2, is shown in
(A); approximated squaring function for input range 0-50 volts 18

plotted in (B)
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FIG. 4—Basic element of the squaring circuit, (A); input-output relation-
ship for element, (B); diagram of quarter-wave multiplier network, (C)

Thus, the output of the integrator
provides a continuous check of the
standard deviation ¢ of the signal
steps. Speed of the sampling motor
and the gear train was selected to
produce a sampling period of r. =
0.07 sec with sampling duration
equal to 0.04 -, At the output of
the rectifier, the emerging voltage
was 2.50 |a, — a..,|; therefore, after
squaring according to Eq. 1.

e =0.125 |a, — @, I? )
Combining Eq. 5 and 7 gives

e=!-fr
8 J,

hence

An — Qn) dt (8)

o= 45 To* )
Voltage |a. — a..,|* is opposed at the
integrator input by a voltage v.
The net input will be

1 -
V=e-—~6§[ vadl

v
—G—EET (lO)

where the factor 1/R represents
the integrator gain associated with
the input ». Hence, from Eq. 9
and 10,

1 v
8 T~ %R
This voltage is fed back to the
threshold unit to change the aver-
age squared value of (a, — a,.,) in
such a way as to pull V toward
zero. Thus, v establishes the vari-
ance as

V= T (11)

o* = 8o/R (12)
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FIG. 5—Raw moise at the output
of amplifier No. 9 in Fig. 2, for ex-
treme settings of threshold control,
B = 0.08 in. (A) and 0.80 in. (B)

SMM = 10V (A)

3IN, = 0075 SEC

FIG. 6—Signal after being passed through the low-pass filter, with filter

transfer function of Eq. 14

For v = 200 v and R = 35 megohms
o = 6.76v (13)
Performance of the spectrum-
controlled random function gener-
ator is demonstrated by recordings
of the signals that appear around
the control loop. Figure 5 shows
the raw noise component at the out-
put of amplifier 9 for two extreme
settings of the threshold control,
B = 0.08 and B8 = 0.80, at the same
'scope gain where B8 is the common
setting of the potentiometers fol-
lowing amplifier 10. In Fig. 6 the
step-like signal is shown, after hav-
ing been subjected to a low-pass
filter, the filter transfer function
being

Y() =15/(3s + 1) (14)

The analysis and experimental
results show that the design objec-
tives of the spectrum-controlled
random function generator are

attainable as described.

The signal obtained will suffer
from some attenuation of its lower
frequencies because of the feedback
branch between the variance moni-
tor and the threshold units. How-
ever, proper selection of the inte-
grator time constants and loop par-
ameters will make this attenuation
insignificant within the bandpass of
interest for a particular application.
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Analog Computer Problem Connector

Matriz for analog computer problems uses punched cards and

air pressure to establish contacts directly. No relays or other

magnetically operated switches are meeded. Special electrical

networks used with the comnector include digital potentiometer

v
AN
VWA

L
AMPL IAMPLI 2

PROBLEMS in analog computers are
now connected with hand-wired
patch boards. Since such boards
are expensive and bulky, many ef-
forts have been made to develop
systems using tape or cards as the
memory.

One class of such systems ener-
gizes relays by the tape or cards
and connects the problem by the re-
lay contacts. Although feasible,
such systems are expensive and re-
quire long runs of wire. The wires
have high capacitance to ground.

A second kind of punched-card
connector is the crossbar matrix
shown in Fig. 1A. Certain com-
puter conductors are connected to
the first grid of parallel buses, and
other conductors are connected to
the second grid overlying the first
grid at right angles. At each cross-
over, means are provided for con-
necting the first grid bus to the
second grid bus.!

The difficulty with the crossbar
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matrix is the numbers of contacts.
Automatic problem connection is
valuable chiefly for large problems
in large computers where cost is
high for either storage or repatch-
ing. Here the number of crossover
points in the matrix is large. A 42-
amplifier computer needs 50,000
points even after intensive matrix
arrangement design. A crossbar
matrix is practical only if it can be
built at low installed cost per con-
nection point. This has been
achieved in the matrix connector
shown in Fig. 1B.

In this matrix, the crossbars are
printed-circuit conductors. The as-
sembly is a sandwich consisting of
a printed circuit, a punched card
and another printed circuit. Con-
tacts are made through holes in the
punched card when air pressure is
applied to press the sandwich to-
gether. No relays are used. The
manufacturing techniques used
make possible low cost per contact.

(B)

FIG. 1—Crossbar matriz for comnecting computer problems (A) uses matriz connector cardset shown open in (B)

Digital potentiometers and other
special networks have been devel-
oped to take advantage of the con-
nector.

The matrix in Fig. 1B contains
72 buses in one grid and 74 buses
in the crossing grid. The crossovers
are on {5 inch centers, so the work-
ing area is about 14 inches square
and contains slightly over 5,000
connection points.

Each grid of buses is a printed
circuit with a substrate of 0.005-in.
epoxy fiber glass, and is flexible.
The buses are printed-circuit con-
ductors. The contacts are electro-
plated onto the buses.

The printed circuits are sup-
ported by aluminum plates to which
they are bonded along the edges.
The plates are bolted together,
with spacers to make room for the
card. Bolts and spacers are omitted
from one edge to provide a card ac-
cess slot; the spacers on the other
three edges provide a card-posi-
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Employs Punched Card and Crossbar

By LAWRENCE J. KAM:M, Design Specialist,
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FIG. 2—Contact operation with air
pressure off (A) and on (B)

tioning nest. The card, a sheet of
Mylar, is inserted between the cir-
cuits as shown in Fig. 2A. Air pres-
sure is applied between the alumi-
num plates and the fiber-glass
printed circuits. This pressure
tightly sandwiches the card between
the flexible circuit boards. Wher-
ever there is a hole in the card, the
corresponding contacts on the
boards are pressed together; else-
where they remain insulated from
each other (Fig. 2B).

The contacts are electroplated
disks half the thickness of the
0.005-in. card. When the surfaces
of two contacts touch through a
card hole, their buses are flush
with the surface of the card and
there is no bending of the backing
insulation. When a pair of contacts
are held apart by the card, the
backing insulation sheets bend
away from the card to accommodate
the thickness of the contacts.

The buses are stripes ¥ in. wide

August 18, 1961

General Dynamics/Astronautics,
San Diego, Calif.

&N

T

FIRST DECIMAL PLACE

> >

14

IM

=

MV~

SECOND DECIMAL PLACE

39S 2g 3 Ig 1K
0.99M

FOUTH DECIMAL PLACE

> > _l—
39S 3¢S 245 g 11K 2 ")
0.9M IM A
AAA ANN———
THIRD DECIMAL PLACE 9 = IpMHO
_i- > o] >
~ = 025, 2159999

10052
0.999M

%

M

FI1G. 8s—Coefficient pad provides increments of 0.0001

on 1k in. centers. The contacts are
75 in. diameter, 0.0025 in. thick, and
have either gold or rhodium sur-
faces. The punched hole in the card
is #z in. diameter so that there is
sz in. of card material between ad-
jacent holes.

Using 100 psi air, there is ap-
proximately 33 pounds of force for
each contact. If half this force is
supported by the edge of the
punched hole and the remaining
half is applied to the contact it-
self, contact force is 11 pounds or
approximately 800 grams. Contact
forces in relays are usually on the
order of 10 grams.

The total force produced by the
air pressure in the deck is 30,000
pounds. Calculations and tests
have demonstrated that § in. thick
aluminum backing plates bolted
along three edges and supported
along the top edge by steel rein-
forcing bars withstand this load.
The same force is applied to the

printed circuits and punched card,
but since it is a squeezing force
against their thickness, there is no
damaging effect.

If a matrix were established
merely by connecting each wire
now going to a plugboard to one X
bus and also to one Y bus, then
any wire might be connected to any
other wire at one of the X, Y cross-
overs. However, for a 1,000-wire
computer a 1,000 x 1,000 matrix
would be needed and 10° connection
points would be costly and cumber-
some. A study has reduced the
number of crossovers by about two
orders of magnitude.

To produce practical computer
circuits it is often nccessary to di-
vide the full length of a bus into
several short buses, end to end,
with a separate electrical connec-
tion to each. Consequently a large
number of connections may be made
to a single bus deck. There is no
room for all of these connections to
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FIG. 4—Digital potentiometer has constant total resistanee of 10,000 ohms

be extended to connectors at the
edge of the printed circuit. There-
fore connections are provided
through the backing metal plate
and through the under surface of
the printed circuit substrate to the
bus segments. Terminals for these
connections are shown in Fig. 2.

The assembly of two sheets
each bearing 5,000 contacts, two
backing plates each having dozens
of terminals and a card having
5,000 hole positions is manufac-
tured so that each contact is pre-
cisely aligned with its mating ter-
minal, contact and card hole. The
assembly can be made inexpen-
sively by methods to be described
in a future article.*

The digital coefficent pad devel-
oped for use with the connector is
an improvement over the digital co-
efficient potentiometer. The pad
provides any coefficient between
0.0000 and 15.9999 in increments of
0.0001 with no changes in amplifier
gains. In comparison, the slide-wire
potentiometer has a range of 0.0000
to 1.0000.

Figure 3 shows the network. Five
parallel paths, one for each decimal
digit, exist between e,, and the
summing junction. This arrange-
ment has binary coded decimal
switching. However, the first path
is shown coded in pure binary to ex-
tend the range from 9.9999 to
15.9999.

Associated with each resistor of
the pad are two connections. Value
of each digit is set up by punching
card holes for the upper connec-
tions. For each resistor not having
the upper connection hole punched,
the lower hole is punched. Thus
for each resistor only one card hole
is made.

Consider the portion of the net-
work for the first decimal digit.
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Sum of all the conductances extend-
ing from the common node of all
the resistorsis3 +3 + 2+ 1+ 1
= 10 where the fifth conductance
is that of the 1-megohm resistor
fixed to the summing junction
which is at ground potential. Let
G be the total conductance con-
nected to e,, that is, the value of
the first decimal digit. Then the
voltage at the node (e.) is

eu-Ge'm

Current into the summing june-
tion from this network path is

G

Oin
o X

A B
1M 1M

This is the current that should
flow into the summing junction
when the first decimal digit is G.

The second, third and fourth
decimal digit paths are similar to
the first path, except that the 1-
megohm resistor to the summing
junction is replaced by a T net-
work. This T network looks to the
node like a 1-megohm resistor to
ground, but the T divides its input
current between ground and sum-
ming junction. This division is 10
to 1 for the second digit, 100 to 1
for the third and 1000 to 1 for the
fourth. These circuits achieve their
effect without any resistors larger
than 1 megohm.

The four resistors that corres-
pond to the digits to the left of the
decimal point each contribute their
corresponding currents directly to
the summing junction.

No unusual tolerances are re-
quired of the network resistors. An
error analysis indicates that many
of them may have broad tolerances
and may be film type instead of
wire wound.

This coefficient pad has a high
input impedance. The worst case

is when all four decimal digits are
zero; then the input impedance is
25,000 ohms as compared to 10,000
ohms for a slide-wire potentiom-
eter. If any digit is not zero, the
input impedance is even higher.

For certain applications a true
potentiometer is needed. This is
obtained as shown in Fig. 4. There
are two 10,000-ohm resistor chains
in series, with means to short out
each individual resistor. The po-
tentiometer arm is the node be-
tween the chains. For each resistor
shorted out in one chain, the cor-
responding resistor in the other
chain is not shorted out, so the
total resistance is always 10,000
ohms. Two holes are used to short
out each resistor so that the re-
sistor need be wired to only one
grid.

Other networks include a diode
function generator, improved feed-
back selection scheme for opera-
tional amplifiers and guard circuit
to prevent starting the computer
unless all cards are in their proper
slots.

Digital networks led to the pack-
aging of these networks’ fixed re-
sistors, capacitors and diodes di-
rectly adjacent to their matrix
connector contacts. Such packaging
eliminates much of the cabling ex-
tending to the patch board and re-
duces both capacitance and cost.

REFERENCES

(1) Dynamic System _Synthesizer,
WADC Technical Report 56-22, Astia
Document AD 110687,

(2) To be published in ELBCTRONICS
Aug. 25, 1961.
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internal and external, formed in one operation to close tolerances in

NEW SHAPES NOW PRACTICAL

Technical ceramic parts formerly impos-
sible or available only by expensive
machining and grinding are now prac-
tical and can be produced in volume to
close tolerances and with great uniform-
ity. They include complex and compound
curves, thin walls and other difficult
design features. This injection molding
process is particularly suited to volume
production which readily permits amor-
tization of initial tooling costs.

MATERIALS

AlSiMag 614 (High Alumina) and
AlSiMag 704 (Porous and Leachable)

A Subsidiary of
Minnesota Mining and " %
Manufacturing Company &<

have found widest use. Other AlSiMag
ceramic compositions are available. See
Property Chart, sent on request.

APPLICATIONS
include but are not limited to:

Electronic and Electrical, such as conical
micro-wave tube windows, envelopes,
complex internal insulators, cups, en-
capsulating devices, semi-conductor as-
sembly boats and plugs.

High Temperature, Mechanical and Heat
Shock uses such as welding nozzles.

Precision Investment Casting cores of
great dimensional accuracy.

Guides for wire and textile machinery.

The use of these AlSiMag ceramics is
indicated when high frequencies, high
temperatures, heat shock, chemical at-
tack or mechanical wear are involved.

EXPERIENCE

More than two years of steadily in-
creased production from this equipment
has given us practical experience which
enables us to promptly and accurately
answer most inquiries involving complex
and difficult shapes. Send blue prints or
sketches. Chances are that your “‘im-
possible’’ designs are now practical in
AlSiMag ceramics.




Narrow Pass-Band Amplifier
With Parallel-T Network

A +45Y
Cp *Cp=C3/2 s
47K Q 28-32v
S ZENER
»
00K o$ ¢, 135K $50K 390K
5 02 (___ 9 =3
C3
OUTPUT
Q 270K 270K
' AL%\ SISTORS
3 TRANS!
weut —(—¢ 2N1420
50K
L
Ak __L—l gs.ax
(A)
al 1.0
= w
sl 2 0.8f-
g S ane28
g Qo.s -
z -
w 10 £ 0.4}
g . =
§ 10 F ] 0.2|-
& lo" 4 i fo. A ] 0 [ 3 ] L 1
2 o 10 1,000 100,000 0.9 1.0 Lt
100 10,000 RATIO : FREQUENCY
FREQUENCY IN CPS * CENTER FREQUENCY
(B) (C)

Parallel T metwork provides selective feedback (A) to give frequency
responge (B) that has the peaked characteristic (C)

Frequency range i8 1 cps to 10 Ke. Amplifier
was designed for frequency-dependent noise
measurements, with constant @ value of 28

By R. E. HOBSON
L. CALCAGNO,

Rheem Semiconductor Corporation,
Mountain View, California

CHARACTERISTICS OF the parallel-T
R-C network for band-rejection
filters are well known', but little
hardware exists using this princi-
ple in a negative feedback loop to
obtain a pass-band response.

The amplifier described employs
the parallel-T to provide a nearly-

constant Q at all frequencies. It
permits closer examination of lower
frequencies than high-pass/low-
pass networks, or heterodyne
methods allow.

Battery power eliminates line
hum and permits portability and
complete shielding. Transistors
eliminate microphonics and allow
compactness with low battery drain.
Silicon diffused mesa transistors
are specified for their high gain
and low leakage, permitting high
impedances where required and

providing operating point stability.

The circuit is shown in A. In-
terstage direct coupling allows op-
eration to below 1 cps.

A symmetrical parallel-T R-C re-
jection filter is the heart of the am-
plifier. The passband is obtained
by placing the network in the nega-
tive feedback loop of the amplifier.
Symmetrical response is main-
tained by matching source and load
impedances to the network accord-
ing to the equation Z,Z, = R*/2
where Z, is the source impedance,
Z, is the load impedance and R is
the series resistance.

Input to the filter is from the col-
lector of Q.; the filter source im-
pedance is therefore the collector
load of Q,.

The load impedance of the filter
must be high. This condition is
satisfied by the base impedance of
Q. being multiplied by emitter fol-
lower Q,, thus completing the feed-
baek loop.

Transistor Q, provides high in-
put impedance and isolates the
input from the feedback loop.
Transistor Q, isolates the output
from the feedback stage, and pro-
vides gain if desired. A zener diode
stabilizes the battery voltage, as
variations will influence the shape
of the passband.

The network capacitors must be
selected so that C, = C. = C,/2
within 1 percent®. Values of these
capacitors determine the pass fre-
quency, as shown in B. The net-
work resistors must also be selected
for 1-percent accuracy.

Normalized response of the am-
plifier is shown in C. The effective
Q is nearly constant at about 28,
the gain at center frequency is
about 5, and maximum output is
about 5 v rms. The useful frequency
range of the amplifier is approxi-
mately 1 eps to 10 Ke.

REFERENCES

(1) Laurence G. Cowles, The Parallel-T
Resistance Capacitance Network, Proc.
IRE. 40, p 1712, Dec. 1952,

(2) “Reference Data For Engineers”
Fourth Edition, p 270.
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At WESCON you are invited to see an
outstanding demonstration of extended

bandwidth and improved predetection
recording...the MINCOM Series CM-100

Instrumentation Recorder/Reproducer

At 120 ips the Mincom Series CM-100 now delivers 1.5 mc* —and also makes possible predetection
recording/reproducing with dropouts virtually reduced to zero. This superb improvement in predetection
performance is accomplished by redundant data recording. The two carrier tracks are fed through a
new and exclusive Tracklok® to eliminate skew, and thence as a single track into a demodulator to
recover the original information. It's well worth seeing, especially if you need reliable operational pre-
detection at your facility—and need it in FM/FM modulation, PCM and PCM/FM.

*Optional

MINCOM
SERIES
CM-100

megacycles”
...at 120 ips

Frequency response of 1.5 mc is obtained
in the single-rack CM-100. A second
auxiliary rack houses a demodulator, an

oscilloscope monitor unit, and Mincom’s
new and exclusive Tracklok.

AAA>>*(“‘L
. WHERE RESEARCH 1S
THE KEY TO TOMORROW

MINC O M bivision VI iNNesora M vinG ano T\ ANUFACTURING comPaNy

2049 SO. BARRINGTON AVE., LOS ANGELES 25, CALIFORNIA + 529 PENN BLDG., 425 13th ST. N.W., WASHINGTON 4, D.C.
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RESEARCH AND DEVELOPMENT

Ultrasonic Transducer Design Cuts Losses

By HARVEY L. MORGAN,
Consulting Engineer, Phoenix. Arizona
UNUSUAL design is used in magneto-
strictive transducer to reduce eddy
current and conductor losses. The
basic principle can be used in sev-
eral variations of the transducer,
and an unusual approach to cooling
high-power units seems feasible.
The conventional magnetostric-
tive transducer at the top of Fig. 1
provides useful output from the
logarithmically tapered mechanical
transformer attached to one end.
The transformer, usually mounted
a quarter wavelength from the
junction with the transducer, in-
creases output amplitude and
matches load and transducer imped-
ances. Transducer output is some-
what reduced because the ends are
not excited, although excitation
nearer the center is more impor-
tant. Restricted winding space
makes large currents necessary,
and copper losses are substantial
Cooling of high-power units is in-
convenient because of the winding.

MAGNETOSTRICTVE
TAPE

70

The transducer at the bottom of
Fig. 1 consists of magnetostrictive
tape (vanadium permadur with
positive magnetostrictive coeffi-
cient) and insulating material
wound into a cylinder. The tape
functions as part of both the elec-
trical and the magnetic circuit.
Maximum magnetostrictive effect
in perpendicular to the rolling di-
rection.

Cross sectional area of T7-mil
tape 3 inches wide is about 30 times
that of #18 wire, and the lower
conductivity of vanadium perma-
dur cuts copper losses by a factor
of about 6 for the same number of
turns. All of the magnetostrictive
material is excited, compared to
about 70 percent in the transducer
at the top of the figure. Turns are
added to increase power output but
the increased inductance tends to
keep current constant.

The tape can probably be much
thicker at a given frequency than
laminations of a conventional trans-
ducer. Decreasing lamination thick-

ROD MAGNETIC MAGNETIC PATH
TRANSOUCER RETURN
\ PATH

-
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TRANSDUCER
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FIG. 2-—Solid cylinder at left or

hollow cyl nder at right provide the

same relationship of current and

magnetic field

FI1G. 1—Eddy current and con-

ductor losses of conventional trans-
ducer at top are greatly reduced in

magnetostrictive transducer below

WELD LINE

o

v/

FIG. 8—Welded strips form tubing
that could be cooled by liquid in
high-power transducers

ness cuts eddy current losses, the
conditions for eddy currents are
different in the new transducer.
Although there is some fringing
at the ends, the magnetic field is
always radially symmetrical, so
that there are no axial components
of eddy current. Also, because ad-
jacent turns are insulated, there
can be no circulating eddy currents
in the plane perpendicular to the
transducer axis.

The induced emf associated with
this conductive shielding opposes
generator emf, The net effect is an
increase in effective resistance over
d-c resistance, since generator cur-
rent is distributed unequally over
the length of the transducer with a
peak at the middle. The fringing
effect can be greatly alleviated by
providing a low-permeability re-
turn path for the magnetic fields,
greatly reducing the radial com-
ponent. With this structure, cir-
culating currents would be induced
in a conductive mechanical trans-
former that was not laminated par-
allel to its axis.

Some of the high-permeability
ferrites appear suitable structurally
for use in the transducers. They
can be obtained with practically no
eddy current or hysteresis loss be-
low 100 Ke. The magnetic return
path could be a ferrite cylinder or
magnetic metal laminations paral-
lel to the transducer axis. An air
gap would be required at the free
end to prevent mechanical damping.
Magnetic bias could also be pro-

electronics
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| MADE POSSIBLE BY FAIRGHILD PLANAR PROGCESS

SILIGON
PLANAR
2N1709

| 2N70

VERY HIGH SPEED NPN SILICON PLANAR TRANSISTOR
ULTRA-FAST SWITCHING APPLICATIONS

JEDEC T0-18 PACKAGE
300 mW POWER DISSIPATION AT 25°C. FREE AIR TEMPERATURE

ULTRA-FAST SPEED |

100-200 mc saturated switching circuits are
now made possible and practical because
of: typical fT of 800 mc, average DC propa-
gation delay time of 3 nsec. (6 nsec. max.),
3 pf Cop (max.) and 2 pf CTE (max.).

Cob

Cre

fr

Ts <
hFE 20
BVCBO 12v
'cBo

————

2N709 CHARACTERISTICS

Typ. Max. Condition
3.0pf  WNog=5.0V; I =0mA)
2.0 pf Vg=05V;lg  =0mA)
800 mc Vg=40V;Ilc =5.0mA)
30ns  60ns lg=Ig=Iig  =5.0mA)
120 (lc =10 mA; VCE =05V)
(ic=10uA; | =0)
100meA  Vog=5.0V; | =0)

LOW LEAKAGE

With the 2N709 you can design micropower
high speed satellite circuits with minimum
allowances for leakage. Provides the param-
eter stability and uniformity characteristic
of Fairchild’s silicon Planar devices.

LOW COST |

2N709 is on distributor shelves, ready for
immediate delivery. You can have this ultra-
fast, guaranteed, high-performance device
at prices practical for the “breadboard”
budget as well as quantity production.

Contact your Fairchild Distributor or Field Office. Or write for complete specifications and pricing information.

-—
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See us at WESCON Booth No. 814-16

FAIRCHILD
e IS

SEMICONDUCTOR

545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.- YORKSHIRE 8-8161 - TWX: MN YW CAL 853 !
A DIVISION OF FAIRCHILO CAMERA ANO INSTAUMENT CORPORATION !
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i u"tl LAYER*

clad metals give you the design freedom

‘_- you want without compromising.

7 Pick your engineering properties. ..

Corrosion
resistance

Thermal
conductivity

Coefficient
of expansion

Fine surface
finish

Resistanceé

to abrasion

*Trademark of Metals & Controls Inc.

... we'll put them together for you

When you are choosing materials for new designs, or
when conducting value analysis on existing products, don’t
compromise on the qualities the parts must have. If you are
now using single metals or alloys, chances are you're
compromising.

For example, if you need thermal and electrical con-
ductivity, and springiness, no one metal can give you the
optimum in all three requirements.

That’s where MULGLAYER clad metals fit into the
picture. We will give you a spring steel base material with
a layer of copper clad to it and will weld and coin a gold

o009 &= & L. =
BALL WELDED THERMOSTAT  NAME

TUBING WIRE STRIP  STAMPINGS ASSEMBLIES CONTACTS METALS T
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~ Electrical
A e
conductivity

Resistance to
chemical reaction

contact ball onto the blade for electrical conductivity.
Besides giving you more beneficial engineering properties,
MULHtLAYER will probably save you money because
you will nced less precious metal.

MULtLAYER, with its hundreds of possible combina-
tions, gives you another modern material. Take advantage
of it. WRITE for our general catalog, GP-1B, which
describes this material in more =
detail and illustrates many
thought-provoking applications.

METALS & CONTROLS INC.

1308 FOREST STREET + ATTLEBORO, MASS.
A CORUPORATE DI VIS I ON o F

TEXAS @w INSTRUMENTS

‘® INCORPORATED
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Get Optimum

e thermal conductivity

e electrical conductivity
sealing ability
expansion compatibility
processing qualities

(4 *
i ‘"'tl LAYER
clad wire

*Trademark of Me% Contrals, Inc.

#446 STAINLESS CLAD COPPER
GLASS SEALING WIRE

Through the material matching
magic of MULtLAYER clad
metals you can now have a glass
sealing wire which has a copper
core for conductivity and a stain-
less steel jacket for thermal ex-
pansion properties approximat-
ing that of glass. This means a
perfect combination for glass-to-
metal seal material for terminals,
hermetic seal headers, switches,
relays, coils, capacitors, rectifiers,
transformers, potentiometers, etc.

The clad bond between the
oxygen free high conductivity
copper and the #446 stainless
steel is an absolutely sound, met-
allurgical bond with no interliner,
solder, or brazing alloy — con-
tinuous, complete, and gas tight.

WRITE or cail Marketing
Manager, Clad Wire depart-
ment for FREE LITERATURE
which gives physical and
mechanical properties of this
wire and other specifications
such as co-efficients of ex-
pansion, temper, forms and
sizes, and weights.

METALS & CONTROLS INC.,
1308 Forest Street, Attleboro, Mass.
A CORPORATE DIVISION OF

TEXAS INSTRUMENTS

% INCORPORATED
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vided by a ferrite rod permanent
magnet oriented coaxially with the
hollow cylinder transducer.

A solid cylinder of electrically
conductive magnetostrictive mate-
rial in the variation of the trans-
ducer at the left in Fig. 2 again
provides both the electrical and the
magnetic path. Current is induced
in the cylinder from a winding of
many turns of ordinary insulated
wire. This configuration should
make possible a high Q resonator.
If the cylinder were hollow, as at
the right in Fig. 2, it would become
a transformer secondary. It would
be coupled to a separate winding by
a magnetic core. This variation has
advantages of high Q and ease of
fabrication.

To cool high-power transducers,
two tapes might be welded together
at the edges as in Fig. 8 and then
inflated by gas or liquid pressure to
form a tube. The tube would be
wound to form a transducer cylin-
der and coolant circulated through
the tube opening. A loosely wound
cylinder might also be inflated after
winding. This technique has been
used with other materials.

In the prototype, nickel sheet was
cut and soldered to form a strip,
which was wound with thin insula-
tion into a hollow cylinder. The
transducer was fastened to a me-
chanical transformer with an in-
sulating cement. The prototype was
substantially more efficient than
several transducers that had been
fabricated using conventional de-
sign. Output was greater for a
given input, eddy current and con-
ductor losses were reduced and a
much higher Q was obtained.

In addition to the conventional
mounting at the left in Fig. 4, sev-
eral alternate arrangements are
possible with the new transducer.
One reason for making conventional
transducers a half wavelength long,
to increase the ratio of winding
space to transducer size, is unneces-
sary in the new transducer. At low
frequencies and power levels, the
quarter wavelength transducer at
the right in Fig. 4 provides reduc-
tions in length, weight and cost.

The transformer-coupled hollow
cylinder can also be a quarter wave-
length and mounted at the end that
is attached to the mechanical trans-
former. Although it could be
mounted at one end and attached to
the mechanical transformer, me-

MAGNETIC
e TRANS — 1|l ReTuRN
) b L PATH
I8 = | TRANS-
oy MAGNETIC {I, Ducer
™0 RETURN e -—
PATH T rsuppom
4
- —— ~ !
7 T e
A SUPPORT
4
h 4
MECHANICAL
MECHANICAL TRANSFORMER
TRANSFORMER

FIG. j—Conventional mounting at
left or mounting for quarter wave-
length transducer at right can be
used

chanical loading would reduce me-
chanical Q so much that no advan-
tage would be obtained from
resonance.

The author acknowledges the
cooperation of Elmer Bomar, Phoe-
nix, Arizona, a manufacturers rep-
resentative and amateur lapidary
who developed the transducer for
ultrasonic gem cutting,

Function Generator Solves
Nonlinear Equations

NONLINEAR equations can be solved
by a device developed to simulate
the performance of jet engines un-
varying operating conditions. It is
now in the operational prototype
state and a patent is being sought
for the development.

The new device is called a three-
dimensional function generator. I
was developed at the Transport di-
vision of Boeing Airplane Co.

The reason given for developing
the three-dimensional function gen-
erator is that existing simulators
lacked the required accuracy to deal
with such variables as air tempera-
ture and pressure, the rate of fuel
consumption and operating speed,
all of which affect performance of
the jet engine. Several of the three-
dimensional function generators
can be used simultaneously as com-
ponents in a simulator system.

In operation, each variable of the
particular problem is represented
by an analogous voltage. When two
of these analog voltage signals are
fed to the function generator, it
selects electronically a mathemati-
cally related output, such as thrust,
from information previously set up
in a storage system.
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COMPONENTS AND MATERIALS

Catastrophic Relay Failures

THE CAUSE: DISCHARGE TRANSIENTS

By CHARLES P. NUNN
REINHOLD HOLBECK,
Filtors, Inc., Port Washington, N. Y.

MICROMINIATURE RELAYS are de-
signed and tested to withstand at
least 1,000 volts between contacts
and case. Yet when many of these
relays are grounded in many types
of circuits, and are used to switch
a-c power loads as low as 50 volts,
a breakdown occurs within 2,000
operations, destroying the units.

The cause and prevention of this
phenomenon were the subjects of a
study undertaken by Filtors, Inec.*

It has always been good design to
place grounded-case relays after
the load to reduce the potential on
the contacts to the lowest pos-
sible level. Experience has shown
that relays actually explode while
switching power loads. The explo-
sion was attributed to glow dis-
charge. However, the design engi-
neer cannot always place relays on
the low side of the load.

The Military Electronics Divi-
sion of Motorola, in Scottsdale,
Arizona, has records of eight sys-
tem failures attributed to a dis-
charge transient while switching
a-c power loads and having the re-
lay cases at ground potential. This
led to the investigation of the mal-
function by Motorola.> This de-
tailed investigation by D. Saewert
may have been responsible for es-
tablishing that this type of relay
malfunction was a design limita-
tion for many of the sealed min-
iature and crystal case relays on
the market today. Saewert’s find-
ings indicated that this type of dis-
charge could be predicted. And cir-
cuit designers were supplied with
reliable figures for the maximum
permissible limits of voltage and
current. With this background,
supplied by Saewert, Filtors insti-
tuted a program on the cause and
cure of catastrophic relay failures.

After a preliminary investiga-
tion, it was realized that the nature
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An example of the destruction caused by an arc discharge between the
relay contacts and the header. Notice that one fixed contact has actually

vaporized.

of this phenomenon affects the re-
liability of many types of power
switching circuits where a poten-
tial difference is encountered be-
tween relay contacts and case.

A uniform testing procedure was
established to determine the point
at which various relays failed. The
procedure cycled relays in the test
circuits shown in Fig. 1. The ma-
jority of the relays tested at room
ambient were in the sealed condi-
tion to assure uniformity of atmos-
phere and to minimize the effects
of atmospheric contaminants. Since
the current in the grounding cir-
cuit was monitored with an oscillo-
scope, the current peaks could be
determined. When relays were used
to switch 2-ampere loads (2 am-
peres at 26.5 volts or 115 v a-c),
discharge transients reaching peak
values of 160 amperes for periods
as long as 50 milliseconds were ob-
served. This type of discharged
transient completely destroys the
relay (see photo).

Since no attempt was made to
synchronize the peak a-¢ current
with the relay operation, the range

ONTACTS
UNDER TEST
RELAY CASE

Ac e

SOURCE oy| Fuse

@Peo oR o

400

cPS
> [fesciiod

R R °"“§ SCOPE

FIG. 1—Test circuit employed for
determining relay performance lim-
itations switching one and two am-
pere loads at 115-v rms, a-c

of operations before breakdown
varied. On any of the 15 different
types of miniature or crystal-case
relays tested, no unit was capable
of operation more than 2,000 times
without a discharge occurring. This
survey represented tests on over
100 different relays. The speed at
which the relays were cycled did
not appear to have a marked effect
on the occurrence of the arc dis-
charge transient. Operating rates
from 10 to above 400 operations

electronics



EX-CELL-O
Contour Projector
Used To Aid
Nuclear Research

Engineers for the Enrico Fermi Atomic Power
Plant used an Ex-Cell-O Model 30 Contour
Projector to determine the maximum load
that could be applied to a “dimple”!

The uranium rods comprising the fuel ele-
ments in a reactor core are held vertically in
‘“‘egg crate™ assemblies. Each strip contains
precision stamped “‘dimples” to provide neces-
sary support and accurate alignment.

The problem was how to determine the
maxinuan load that could be applied to
these *‘dimples™ before permanent set
took place.

Simple with an Ex-Cell-O Model 30 Contour
Projector! The workpieces were mounted in a
holding fixture and stress applied in increments
of one pound. Under 100X magnification the
deflection in movements of .0001 inch or less
was easily seen on the projector screen! With
the highly accurate vertical measuring microm-
eter and dial indicator, standard on the Ex-
Cell-O Model 30 Contour Projector, the actual
deflection was measured and recorded with great
precision! Successive readings were plotted up
to and including the yield point.

This is not an unusual inspection application
for Ex-Cell-O Contour Projectors. They are
helping in hundreds of different ways to speed
production and bring about greater accuracy
in the fields of electronics, nuclear research,
and travel in space!

If you have similar difficult inspection prob-
lems . . . if your inspection is taking too much

Stainless steel “egg crate” assembly built up

time . . . or if you need greater accuracy . . . an from 26 in}erlo;:ki;')g S(;“PS and designed to
Optical Gaging Products man can help you. <y l.x.rarpun':’ ety v forma-

ol booklet “43 tion. "*Dime” shows relative size. The
We will gladly send you our new boo et “4 Model 30 Ex-Cell-O Contour Projector
Reasons Why Ex-Cell-O Contour Projectors above shows inspection of “dimple” on
are the First Choice of Industry.” single strip at right.

Manufactured by EX-CELL-O Corporation at Detroit, Mich.
SOLD AND SERVICED BY

OPTICAL GAGING PRODUCTS, INC. |

26 FORBES STREET ROCHESTER 11, N. Y.
Subsidiary of !X-C!‘l-ﬂ; Corporation
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Gertsch announces:

the CRB line of
complex ratio bridges

Ideal for voltage and phase comparison.

Measures complex voltage ratios — both in- phase
and quadrature — with high accuracy.

These Gertsch CRB instruments are designed for testing
3- or 4-terminal networks, including transformers, syn-
chros, resolvers, gyros, and transducers. The Gertsch
line includes:

SOLID STATE BRIDGE—Model CRB-4. Instrument is fully
transistorized . . . highly accurate. A self-contained,
phase-sensitive null indicator permits rapid measure-
ments. R« + R, voltage ratios are read from concentric
switch dials. Battery or line operation . . . case or rack
mounting. Operating frequency range: 380-420 cps.
Weight 20 pounds.

COMPLEX RATIO BRIDGE—Models CRB-1B and CRB-2B.
In these units, quadrature component reading is indicated
either as rectangular coordinate, tan 4, or 4 directly in
degrees. Useful for measuring angles as small as .001°.
Six-place resolution, with high accuracy. Cabinet or rack

mounting.
CRB-1B 30-1,000 cps 2.5 f or 200 V max.
CRB-2B 50-3,000 cps .35 f or 200 V max.

AUTOMATIC COMPLEX RATIO BRIDGE—Model CRB-3. A
self-nulling AC bridge with digital readout of both
in-phase and quadrature voltage ratios. Excellent for
production testing.

Accuracy of bridge is .002% max. Five-place resolution,
with automatic quadrant indication. Unit is self-
contained, requiring no external calibration sources, and
is equipped for external printer readout.

Complete literature on all units sent on request. Bulletin CRB.

—Lherisch =

GERTSCH PRODUCTS, INC.

3211 S. La Cienega Blvd., Los Angeles 16, Calif. - UPton 0-2761 « VErmont 9-2201
See us at Wescon Show booth No. 1602-04
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per minute were tried.

By reducing the voltage and cur-
rent that the contact switched, a
correlation between the load param-
eters and the arc discharge tran-
sient to the case was determined.
This threshold point (below which
no discharge transient was encoun-
tered) was empirically determined
to be (on the majority of relays
tested) close to the minimum arc
current and voltage values of the
contact materials. The values
ranged from 0.25 to 0.5 ampere
and 30 to 50 volts rms. Figure 2
depicts the conditions under which
arcing will and will not occur; the
marginal region is the area where
some relays, because of their con-
figuration and contact material,
will are. The conditions under
which a particular relay will are
can be established within very nar-
row limits. For example, no arc
to the relay case was encountered
with 0.25 ampere 115 v rms, or 2
amperes and 30° rms. Both the
current and voltage parameters had
to be satisfied at the same time.
To emphasize this point, the cur-
rent had to exceed a point in the
range of 0.2 to 0.5 amp and the
circuit voltage also had to exceed
a point in the range of 30 to 50
vV rms.

Tests were also conducted switch-
ing d-c loads. These test results
were fairly consistent with the a-c
load tests. The d-c tests showed
that the life of the arc between
separating contacts had to be
greater than 0.5 millisecond for the
discharge to take place.

It is evident that the breakdown
mechanism is not due to field emis-

2.0

&
T
|

CONTACT CURRENT IN AMPERES
>
i

051
MARGINAL REGION

DISCHARGE REGION 3
SAFE REGION

1l | 1 | 1

40 80 120
CONTACT VOLTAGE (VRMS)
FIG. 2—Conditions under which
arcing will occur between relay con-~
tacts and case
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sion of electrons between the relay
contacts and case because: the ma-
jority of relays tested can with-
stand potential differences of 1,000
volts rms between contact and case
for over one minute, when the con-
tacts are not switching a load; and
and a rough calculation of the aver-
age electric field strength indicates
values of 3,000 volts/rm.° Field
emission is usually noted to take
place in electrostatic fields of the
order of 10° to 107 volts/cm. This
is probably well above the maxi-
mum encountered in the non-uni-
form electric fields found in relays.

Basically, the breakdown is simi-
lar to that encountered in common
discharge tubes, such as microwave
tr tubes with keep-alive.* The arc
is assumed to be acting as the cath-
ode and the relay case as the anode.
The arc is a source of metallic vapor
and electrons and ions. The metallic
vapor emitted into the surround-
ing atmosphere due to the heat
generated by the arc and can
greatly reduce the ionization poten-
tial between the relay contacts and
the case.

The region surrounding the arc
is composed of ionized gases, metal-
lic vapor, and electrons. By lateral
diffusion® of electrons and ions
from the are, it is possible for
some high-energy ions or electrons
(as can be expected from a Max-
wellian distribution of energy) to
cause further ionization of the sur-
rounding atmosphere. These elec-
trons and ions obtain their energies
from various arcing phenomena
such as high pressures, thermal
and potential gradients, and elastic
and inelastic collisions. As de-
scribed by J. C. Devins and A. H.
Sharbaugh,” an electron avalanche
can occur. Once an avalanche of
electrons has occurred the dis-
charge can become self sustained.®
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FORMANGE OUTWE!

AWH

235 NORTH ELM STREET, WATERBURY 20, CONNECTICUT

SOME TIMERS DO ALL
THEY ARE DESIGNED
FOR—AND MORE. Others
Just make claims. A. W.
Haydon’s record speaks
for itself. Behind each:
101 “pros’’ pooling their
timing technology...so-
phisticated test labs to
assure peak performance
... built-in reliability re-
flecting years of expe-
rience. MA.W. Haydon
makes them all: timing
motors, time delay relays,
elapsed time indicators
and the like—electronic
marvels from Gulver City,
electromechanical won-
ders from Waterbury.
Shown: microminiature
ETl—actual size. Litera-
ture on request. W If you
need a reliable timing
device—miniature for
aircraft or micromini-
ature for rocketry— re-
member, A. W. Haydon
timers meet or exceed
all MIL specs. When it’s
a matter of time, choose
A.W. Haydon reliability.

cHS CLAIMS

AYDON

GCOMPANY
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PRODUCTION +ECHNIQUES

Portion of progressive harnessing line

= MARKING — PACKING
STORAGE e AND
CUTTING
< Parts [T T
l STORAGE |
PRE- } :
RA
STORAGE SOLDER P> REWORK
'ﬂ
STATION | ¥
'3 2 L2 L]
POTTING
[ N N O O ¢
STATION 2
4 | mwspection
STATION 3
HARNESSING Slelelels 2 MISC
\ - } | AssemsLy

Simplified diagram of harnessing area layout

Conveyor Line Speeds Harness Assembly

PRODUCTION AREA specifically de-
signed to turn out wiring harnesses
in short order has recently been in-
stalled at Rohr Aircraft Company’s
plant in Chula Vista, Calif, It is
engineered for a progressive as-
sembly system.

Among the uncommon features is
a series of monorail conveyors,
from which boards are hung during
harnessing. Women harnessers,
with a gentle push, can move cum-
bersome boards—eight or 16 feet
long—along the line. Harness
boards ride the conveyors in a full
circuit (see sketch), carrying parts
and materials from one station to
the next. The conveyor can be auto-
mated by addition of motors and
controls.

The main conveyor divides into a
series of parallel lines. Work is
assigned each line according to the
time required to produce the har-
ness. Line 1, for example, handles
harnesses requiring two to five
hours; line 2, harnesses requiring
five to eight hours, etc. Each line
has three stations, for the following
general operations: routing and
lacing, a hold station, and soldering.
The board is then passed on to in-
spection, potting or rework if
needed, and board removal and
packaging.

78

All subsidiary operations, such
as wire preparation, presoldering,
ultrasonic cleaning of plugs, junc-
tion box assembly, analyzer assem-
bly, inspection, rework, potting,
packaging and personnel instruc-
tion, are grouped at locations con-
venient to the conveyor line. The
sketch shows these schematically,
not in detail.

Harness components are Kkitted,
numbered and placed in baskets in
the parts storage section in the cir-

cuit. The baskets ride on the boards.
Heavy parts and production aids
are also numbered and routed along
with the boards, on carts.

Boards are fitted with steel straps
formed into a hook at the upper
end. The straps are hung on pipes.
The pipes are hung from swivel
rollers, which ride on the round
tube forming the conveyor track.
Transfer junctions, curved tube
sections which rotate 180 degrees to
switch conveyor lines, are located

Two conveyors meet at transfer
Junction

Harness and conveyor hangers.
Board storage is in background

electronics



You wire this new General Electric
Silicon Controlled Rectifier as easily
as a resistor! /

.
1) ¥

3

IN LOW POWER SWITCHING AND CONTROL APPLICATIONS REQUIRING
BLOCKING VOLTAGES UP TO 200 VOLTS AND DC LOAD CURRENTS UP TO .| AMPS

’ The unique double-ended mechanical design of the
new General Electric 2N1929-1933 low current

I SCR’s now gives you the advantage of point-to-point

| wiring flexibility in circuit layout design . . . and

| you don’t need any external heat sink whatsoever

| even for relatively high current loads! Other important

i advantages: transient PRV ratings up to 300 volts;

3 maximum gate current to fire, 15 ma at 25°C.
& For complete technical information on this new SCR,
call your Semiconductor Products District Sales

Manager or write Rectifier Components Department,

Section 25H27, General Electric Company, Auburn,

New York. In Canada: Canadian General Electric,

189 Dufferin Street, Toronto, Ontario.

Export: International General Electric, 150 E. 42nd
Street, New York 17, New York.

FOR FAST DELIVERY OF GERMANIUM, SELENIUM AND
SILICON RECTIFIERS, CALL YOUR AUTHORIZED G-E SEMICONDUCTOR DISTRIBUTOR

Frogress Is Ouvr Most Important Product

GENERAL @3 ELECTRIC
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A BASIC GUIDE TO
PRECISION POTENTIOMETERS

The Raytron Catalog of Precision Potentiometers
describes, illustrates and provides electrical,
mechanical and general specifications on most of
our standard units. Drawings, temperature rating
curves and general engineering data are also
included to enable rapid, accurate selection of
potentiometers which will meet all requirements,
normal or special.

Whatever your specifications in single-turn,
linear and non-linear units, the name Raytron
guarantees high-precision, exact performance and
environmental compliance...at minimum cost.

WRITE FOR YOUR PERSONAL CATALOG OF RAYTRON
PRECISION POTENTIOMETERS.

', GEORGE RATTRAY & COMPANY

a subsidiary of £ T:g
INSTRUMENTS FOR INDUSTRY, INC. e

101 NEW SOUTH ROAD, HICKSVILLE, L. I, N. Y.
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at conveyor divider points.

The conveyor track is supported
by C-shaped bracket holders. The
holders fit into slotted unistrut sec-
tions which are fastened to the
building I-beams. The holders
clamp into the unistrut sections un-
der spring tension, so they can be
removed readily. The entire con-
veyor can be dismantled and relo-
cated in hours.

While assemblers are working on
the harnesses, boards are steadied
by adjustable stanchions. Large
boards are made maneuverable by

One of the subassembly areas
(wires to plugs)

dividing them into standard sec-
tions eight feet long, connected by
butt hinges reworked to permit
quick release. The hinge pin is
ground down and notched. A
groove is milled in the pin retainer
and a spring is inserted. The spring
lifts out the pin when turned.

The harnessing area is air condi-
tioned to prevent dust and corro-
gion. All parts carriers are covered
with plastic free of sulfur contami-
nants. Harnesses are checked for
wiring faults and leakage resist-
ance by circuit analyzers made by
Rohr.

electronics



Ultrasonic Cleaner
Recondense Solvents

AUTOMATIC ULTRASONIC cleaning
machine recently introduced by
Autosonics, Inc., Philadelphia, Pa.,
uses a series of wheels to move
parts through wash, rinse and dry
cycles. The solvent used (Freon,
du Pont) is conserved by conden-
sation.

In the machine heated air is cir-
culated counter-current to the mov-
ing parts. The air absorbs evapo-
rating solvent and carries it through
chilled coils, which condense the
solvent and return it to a rinse
sump. The sump overflows into the
immersion tank. Contaminated sol-
vent in the immersion tank is
periodically replaced and may be
cleaned by distillation. The ma-
chine can be integrated with parts
fabrication machines, it is re-
ported.

Stainless Steel Atop
Epoxy Stops Corrosion

Stainless steel jacket over epoxy
encapsulant provides low-cost cor-
rosion resistance equivalent to an
all-stainless shell. To encapsulate
motors, Epoxylite Corp. forms two-
mil foil shell slightly larger than
product ad pours resin between the
two. A temporary wmold prevents
weight of the liquid resin from rup-
turing the foil
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Important facts to know about laminated plastics

A few Taylor composite laminates (left to right): copper-clad section; sandwiched cop-
per component; Taylorite vulcanized fibre-clad part; laminated tube, copper inserts.

Composite Laminates Open Up New Design Opportunities

While the great variety of commer-
cially available laminated plastics
satisfy most electrical and mechan-
ical requirements, there are applica-
tions that can benefit from the com-
bination of properties provided by
composite laminates. Recent ad-
vances in bonding techniques have
made it possible to bond virtually
any compatible material with a lam-
inate. These can be supplied as clad
or as sandwiched materials. And
they can be molded into many shapes
to fit design requirements. Taylor is
presently supplying to order the fol-
lowing composite laminates:

¢ Copper and laminated piastics.
Clad for printed circuits and formed
shapes. Sandwiched for special ap-
plications.

e Taylorite® vuicanized fibre-clad
laminates. These combine the
high strength of laminated plastics
with the superior hot-arc-resistance
of vulcanized fibre. They are being
used in both high and low-voltage
switchgear applications. Also in ap-
plications where the high impact
strength of vulcanized fibre may be
advantageous.

e Rubber-clad laminates. Almost
any type of natural or synthetic
rubber may be used as the cladding
material. These laminates are widely
used for condenser tops in wet con-
densers to protect the laminate
against highly alkaline electrolytes.
They also have application in any
part where sealing or chemical re-
sistance is needed.

e Asbestos-clad laminates. For
applications where high heat- and
arc-resistance are required.

e Laminate-clad lead. Lead sheets
sandwiched between Grade XX pa-

per-base laminates have been used
for X-ray shields. The laminate
provides strength and contributes
to the high shielding properties of
the lead.

e Aluminum-clad laminates. These
have been used extensively for en-
graving stock. They also offer pos-
sibilities as printed-circuit material
and as plate holders for X-ray
machines.

e Beryllium copper-clad loaminates.
Beryllium copper is nonmagnetic
and a good conductor—properties
that give these laminates possibil-
ities in many applications.

e Stainless steel-clad laminates.
Applications where nonmagnetic
properties are required. Also in cer-
tain corrosive environments where
the resistance of stainless steel to
attack is an asset.

e Magnesium-clad laminates.
These laminates have been pro-
duced in 108-in.-long sheets for use
as screens for X-ray operators.
Weight was a factor.

Our design and production engineers
are constantly developing new ma-
terials, new applications, and new
procedures for fabricating laminated
plastics. Our experience is yours for
the asking. And if you have a prob-
lem requiring assistance or more in-
formation on composite laminates,
write us. Also ask for your copy of
Taylor's new guide to simplified
selection of laminated plastics.
Taylor Fibre Co., Norristown 40, Pa.

ay/or

LAMINATED PLASTICS VULCANIZED FI8RE
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New On The Market

Automatic Oscilloscope
WITH DIGITAL READOUT

SOLID-STATE, 10 Mc oscilloscope au-
tomatically displays sized and posi-
tioned picture of waveform regard-
less of input voltage magnitude,
frequency or d-c offset. Vertical
sensitivity, horizontal sweep d-c
offset are presented digitally. Fea-

Photoconductive Cell
HUMAN EYE RESPONSE

MINIATURE photoconductive cell that
approximates the human eye is an-
nounced by Clairex Corp., 8 West
30th St.,, N. Y, N. Y. Cadmium sul-
phide cell measures tungsten or
daylight over a wide range of color
temperatures. Series will contain
six types for various impedances,
in both side and end-view versions.
Applications include picture bright-
ness and contrast control, photo-
graphic exposure meters, street-
light switches.

CIRCLE 302 ON READER SERVICE CARD
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tures include automatic triggering
and provision for external synec.
Price is approximately $1,500, de-
livery in 30 days, from California
Instruments Corp., 8511 Midway
Dr., San Diego 10, Calif.

CIRCLE 307 ON READER SERVICE CARD

TV Camera For Dark
LOW LIGHT LEVELS

TRANSISTORIZED camera for battle-
field surveillance is announced by
Admiral Corp., 3800 Cortland St.,
Chicago 47, Ill. With low light level
tube, the camera can observe ob-
jects several hundred yards away in
virtually total darkness. The pic-
ture is observed on a standard tv
monitor set. Image orthicon camera
can also be used for plant, base and
battlefield security in conjunction
with portable radar set.

CIRCLE 303 ON READER SERVICE CARD

Small Generator
WEIGHS ONE GRAM

TYPE 201 is a size 2 (0.25 inch di-
ameter) solid state generator whose
output voltage is a sine function of
the angular position of its shaft.
The device can be used as an error
sensor, function generator, tachom-

eter, modulator. Max speed is
greater than 10,000 rpm, frequency
range is d-c to 50 Kc. Type 501 is a
size 5 version. Delivery is two
weeks, from The Omnite Co., P. O.
Box 491, Westminster, Calif.
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Miniature Recorder
SEVERAL VERSIONS

RECORDER is a rugged unit that can
be used as a portable device or
built-in component. It is suitable
for recording voltage, current, pH,
temperature, pressure and other
variables. Two basic meter move-
ments measure a wide range of d-¢
and a-c without amplification.
Pressure-sensitive paper feeds at

up to 15 inches per hour. Manufac-
turer is Amprobe Instrument, 630

Merrick Rd, Lynbrook, N. Y.
CIRCLE 305 ON READER SERVICE CARD

Direct-Reading Wavemeter
HIGH ACCURACY

DIRECT-READING wavemeter provides

readout to = 0.05 percent, without

correction tables or charts. The
frequency scale is a slightly sloping

line on a long tape, which moves
behind a curved index line. Model

electronics
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ELECTRONIC
TUBE

DIVISION

Announcing 30-Day Delivery on U Band,
Two - Cavity Oscillators
For Parametric Amplifier Pumping

Sperry Electronic Tube Division, Gainesville, Florida,
announces an immediate solution to the drive source prob-
lems which have plagued developers of parametric ampli-
fiers for some time. Now Sperry can deliver a U band,
two-cavity Klystron oscillator in just 30 days.

Fast delivery is possible because development work
is completed on all tubes within the frequency and power
output parameters described below. Soundness of the de-
velopment work is already proved, since tubes of this
type have been operating in several systems for some time.

Sperry has developed a whole family of these osci-
llators. They cover the entire U band, and deliver output

powers from 200 mW to 1.5 W.

i

e e ———————— — =

APPLICATIONS

All tubes in the new Sperry family
operate with a characteristic flat-
top mode. This constant relation-
ship between beam voltage and out-
put power makes tubes in the series
particularly suited for driving para-
metric amplifiers, and for use in
doppler radars and FM communi-
cation systems.

One important benefit of the
flat-top mode characteristic is the
availability of frequency modulation
with very low incidental amplitude
modulation. This inherent amplitude
stability, together with high power
output levels, makes the new oscil-
lator family particularly useful for
parametric amplifier applications.
The same characteristics contribute
to the desirability of these tubes for
use in doppler radars and FM
communication systems.
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Power Output
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Beam VYollage

Typical mode shapes of two-cavity oscillator.

RATINGS

Two-cavity oscillators in the Sperry
series completely blanket the 12.5
to 18 kMc frequency range covered
by the U band. The “family” of
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tubes is divided into two branches,
one ranging from 12.5 to 15.5 kMc,
and the other covering the 15.5 to
18 kMc arca.

Output power ranges from 200
mW to 1.5 W in the lower frequency
group, and from 200 mW to 1 W at
the higher frequencies.

If optimum tuned, rather than
flat-top mode operation is desired,
power output may be increased
25%.
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A typical main mode, adjusted for optimum flat.

top operation.

INHERENT BENEFITS

Tubes in the new Sperry family
enjoy all the inherent benefits of
two-cavity klystron design. These

include precision tuning, high sta-
bility, amazing ruggedness and un-
usual stability at high output levels.

The series incorporates two
design features which result in
significant size and weight savings.

1. Electrostatic focusing, elemi-
nating the heavy focusing magnets
required in many designs.

2. A unique fixed-tuned design,
in which the cavities are pressed
into a configuration which delivers
the customer’s specified frequency.

All the tubes in this series
show efficiencies in the area of
3.4% with the flat-top mode, and
all have low levels of vibration-
induced AM and FM noise.

PRICE AND AVAILABILITY

At power output levels from 0.2 to
0.5 watts, tubes in the new Sper
family are priced at $2,295 each.
With output from .5 to 1.5 watts,
the price is $2,795 each. Tubes will
be tuned to your specified center
frequency, and they will deliver
your specified power output level.
All oscillators in this U band series
will be shipped within thirty days
of receipt of order.

contact:

WRITE FOR SPERRY'S NEW BROCHURE
which describes the new U band oscillator
family in greater detail. For the brochure,
or for application assistance and quotation,

R. F. Forlaw, Section 301
Sperry Electronic Tube Division

Sperry Rand Corporation , Gainesville, Fla.

SPERRY ELECTRONIC TUBE DIVISION
GAINESVILLE, FLORIDA ¢ GREAT NECK, N, Y,

SPERRY

ELECTRONIC
TUBE
DIVISION

CIRCLE 83 ON READE® SERVICE CARD 83



"
.

3102 covers 900 to 2,100 Mc; model
3108, will cover 2,350 to 3,750 Mec.
Manufacturer is General Communi-

cation Co., 677 Beacon St., Boston

15, Mass.
CIRCLE 306 ON READER SERVICE CARD

Semi-Digital Volt-Ohmmeter
DIGITAL PLUS ANALOG

TYPE 21A solid-state volt-ohmmeter
combines analog and digital read-
out. Left hand meter is digital in-
dicator, calibrated in 32 steps;
right hand analog meter has 100
parts to one step of the digital me-
ter. Readout gives two figures from

P

Capacitors
HIGH-VOLTAGE

DEARBORN ELECTRONIC LABORATO-
RIES, INC., P. O. Box 3400, Orlando,
Fla. The Hi-Var h-v capacitors
feature low space saving terminal
height with long, heavy, horizontal
creepage path minimizing corona
yet permitting h-v ratings in very
small compact circuitry. Units are
ideal for potted and oil-immersed
circuitry from sea level to 100,000
ft. Capacitance values range from
0.1 pf to 15.0 of with tolerances as
low as = 5 percent in voltages from
400 to 12,500 v d-c.
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left and two from right indicator.
Color coded lights indicate voltage
polarity. Price is $650, delivery
from stock, from J-Omega Co., Los
Altos, Calif.
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3-Phase Transformers
VOLUME OF 0.53 IN®

SMALL, 38-phase transformers by
Titan Transformer Co., 229 Binney
Street, Cambridge, Mass., are one
by one by 4% inch, for a volume of
0.53 cubic inches. Series SX sub-
miniatures are hermetically sealed,
manufactured to MIL-T-27 A,
Grade 5, Class R; primary windings
to 200 v at 400 cps; secondaries up
to 200 v at 2 watts output.
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Line Equalizers
DELAY DISTORTIONLESS

SEG ELECTRONICS CO. INC., 12 Hins-
dale St., Brooklyn 7, N. Y. The

TEM series of delay distortionless
line equalizers use new techniques
for equalizing for both amplitude
and delay in a single unit. The com-
pact units (a few cubic inches) are
adjustable for any desired length
of transmission line up to 25 miles.
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Digital Computer
FLEXIBLE, SMALL

MNEMOTRON CORP., 47 S. Main St.,
Pearl River, N. Y., announces the
CAT digital computer for the study
of on-line calculation of four dif-
ferent variables, simultaneously.
It may be used for many purposes
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by the biological scientist—calcula-
ting brain response, nerve poten-
tials, retinograms, cardiological
data, phono cardiograms, auto-
nomic functions, pupil responses,
and other biological variables.
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Logic Modules
THREE SERIES

COMPUTER TECHNIQUES INC., 3300
Northern Blvd., L. 1. C. 1, N. Y. En-
capsulated logic modules in col-
lector gated 1200 series, general
purpose 2100 series, and NOR/AND
3000 series are available. Features
are the wide temperature range
(—54 C to 85 C) of the 1200 series,
load handling ability of the 2100
series, and ability of the 3000 series
to optimize many parallel type digi-
tal systems. Frequency range is

electronics
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solid-state
power supplies meet
critical requirements

-

Custom-designed and
standard EIC solid-state
power supplies meet
your most demanding
requirements for frequency
and voltage regulation, size, and
performance. Prototypes can often
be delivered within two weeks, and production
runs in any quantity can follow immediately.

Standard models include a broad range from
subminiature static units to kilowatt supplies for
ground support equipment and automatic con-
trols. Prices are very competitive. Write for data
on standard models, or describe your require-
ments. We welcome an opportunity to serve you.
ELECTRODYNAMIC INSTRUMENT CORPORATION

Subsidiary of Reed Roller Bit Company
1841 Old Spanish Trail Houston 25, Texas
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Seen
the new

IDEA
INDEX

IN EBG?

The INDEX to the editorial articles in electronics magazine,
previously published annually in a December issue, now ap-
pears ONLY in the EBG. Another original EBG idea that
saves time and trouble for users! Keep your EBG copy on
your desk!

EXTRA!

Also in the EBG are condensed ABSTRACTS of all the edi-
torial feature articles which have appeared to date in 1961.
Another reason why EBG is used more by all four — men in
research, design, production and management.

@ McGraw-Hill Publication, (.

..... 330 West 42nd St:, New York 36, N. Y.
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PLUS REDUCED
SIZE AND
WEIGHT

ACTUAL
SIZE

(versus ordinary commercial servo-type motor)

60 CYCLE
MINIATURE

- SERVOMOTORS

Design instant response into your recording instru-
ments and, at the same time, miniaturize your
“package” with substantial cost-reductions. EAD
60 cycle, size 15 miniature servomotors are engi-
neered for RESPONSE-ability .. .the ability to
produce rapid acceleration and reversing without
over-power and over-size.

These 60 cycle, size 15 servomotors, now available
for commercial applications, have the same preci-
sion RESPONSE-ability as EAD’s military ver-
sions . .. your assurance of high performance and

rehablllty.

TYPICAL PERFORMANCE DATA

[ MODEL “S2HBZ7-* ~ SZHAXT-*

[ Voltage 115volts | 115 volts
Frequency 60 cycles 60 cycles
| Stall Power/Phase 6.0 watts 6.0 watts
Stall Current/Phase 70 MA 70 MA
Tlme Constant .0052 Sec. .00915 Sec.
| Reversing Time .0089 Sec. .0155 Sec.
Rotor Inertia 4.0 gm cm? 3.3 gm cm?

| No Load Speed 1500 RPM 3000 RPM
stall Torque | 1.7o0zin 1.6 oz-in

*Basic models. Mechanical modifications available to customer requirements.

If your responsibility is improved recorder design,
look first to EAD for the servomotor line that
meets all your RESPONSE-ability requirements,
Call your nearest EAD representative or write
about your specific needs.

Rotation Is A Science At

EASTERN AIR DEVICES, Inc.
A SUBSIDIARY OF NORBUTE CORPORATION
397 Central Ave., Dover, New Hampshire
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General
Electric
Silicone

drelectric
grease

An
excellent
electrical
insulating
compound that’s
easily applied J
and stays
in place. 4 Water repellency
£ protects terminals,
/ connections from
failure due to
moisture.

iy

Good heat transfer for
)\ transistor applications.

-

~
.

Maintains protection
from —65°F to 400°F;
won't solidify

or evaporate.

Chemically inert.

Protects copper,
other metals
against corrosion.

For full information on G-E silicone
dielectric grease, plus a free 2 oz.
sample tube, write on your com-
pany stationery to: General Electric
Company, Silicone Products
Department, Section 11
Waterford, New York.

ssnznu@mcmlc

88
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200 Kc for the 1200 and 2100 and
100 Kc for the 3000.
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Transformers
UL APPROVED

OHMITE MFG. CO., 3682 Howard St.,
Skokie, Ill. Series VT4 and VT8
variable transformers are UL ap-
proved. The VT4’s are rated 3.5
amp nominal with overvoltage fea-
ture; 4.75 amp without overvolt-
age. The VT&'s are rated 7.5 amp
nominal with overvoltage; 10.00
amp without overvoltage.
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Solid State Relay

AUTRONICS CORP., 180 N. Vinedo
Ave., Pasadena, Calif. Static relay
latches in either position and holds
“on” position when contact load is
lost.
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Ceramic Coil Form
VERTICALLY-MOUNTED

CAMBRIDGE THERMIONIC CORP., 445
Concord Ave., Cambridge 38, Mass.
Ceramic coil form, No. 2501, is for
p-¢c work and other space-saving
applications. It is silicone-impreg-
nated and internally threaded for
tuning cores. Coil form is available

NEED AC-OPERATED
MILITARY RELAYS?

Relay shown
actual size

Rectifier circuits . . . full-wave bridge
and half-wave . . . use highest guality
miniature silicon diodes. Note potted
construction.

For reliable switching
... try “Diamond H"
Series RA and SA

relays with a-c coils

These relays for 400 cps and 60 cps
operation are identical in size and
weight to Hart’s widely specified
Series R and S d-c relays and meet
the same specifications*. They pro-
vide the same shock resistance (to
50G), the same vibration resistance
(to 20G-2000 cps), and the same
performance under temperatures
ranging from —65°C to +125°C.
Contact ratings from dry circuit to
10 amps, 115 volts a-c resistive and
30 volts d-c resistive.

The “Diamond H’’ line includes
hundreds of standard models and
special variations are possible. Ask
for literature and specification list.

*Like the R and S series, they meet the

requirements of MIL-R-5757C. Models

are also available to fill the require-
ments of MIL-{-6181.

<
“HHAR

MANUFACTURING COMPANY
202 Bartholomew Avenue
Hartford 2, Conn.

Phone Jackson 5-3491
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with four different powdered iron
tuning cores having overlapping
frequency ranges that cover a to-
tal range from 0.2 Mc to 150 Mec.
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VTVM

B & K MANUFACTURING CO., 1801 W.
Belle Plaine Ave. Chicago 13, Il
Automatic vacuum-tube voltmeter
has direct reading scales, includes
d-c current ranges.
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Level Meters
MINIATURIZED

THE MURA CORP., T77 Northern
Blvd., Great Neck, N. Y., announces
a line of miniature level meters and
tuning eyes for use in tape record-
ers and stereo equipment. Meter
movements range from 100 pa to 1
ma with zero left or zero center.
Sizes range from 1 in., 1} in., and
2 in. with compact construction be-
hind panel taking up only % cu in.
Mounting is accomplished by use of
slip-on metal grip and/or screws.
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Fixed Attenuator
HIGH POWER

RLC ELECTRONICS, INC., 805 Mama-
roneck Ave., Mamaroneck, N.Y.
Model A-500 can be supplied in at-
tenuation values from 0 to 20 db.
Attenuator accuracy is 3 db. Vswr
with type N connectors is 1.2 maxi-
mum from d-c¢ to 1 Ge. Power rat-
ing is 50 w average, 50 Kw peak.
Units are calibrated at 0.95 Gc;
can be supplied with type N, C or
HN connectors.
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NO MORE COMPROMISE

gef the best features of both
mechanical and solid state

choppers in one miniature package

ALPHA-TRONICS
SOLID STATE CHOPPER

No external circuitry required

Offset: less than 50 microvolts
over temperature
and source impedance variation.
RMS Noise: 50 Microvolts at 1 ke.
Frequency: dc to 10 ke
Signal source impedance: 0 to 10K ohms.
Weight: 6.5 grams.

Size: .25 cubic inches.

- ALPHA-TRONICS CORP

1033 ENGRACIA TORRANCE. CALIF.

"
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PRODUCT BRIEFS l

PULSE HEIGHT ANALYZER multi-
channel. Radiation Counter Labora-
tories, Inc., 5121 W. Grove St.,
Skokie, I11. (319)

DELAY LINE magnetostrictive. Con-
trol Electronics Co., Inc., 10 Stepar
Place, Huntington Station, L. I.,
N. Y. (320)

LASER STIMULATOR high energy.
Edgerton, Germeshausen & Grier,

TITREEM

PURE FUSED QUARTZ

IDEAL FOR ALL SEMI-CONDUCTOR METALS
Our unique process enables us to
supply semi-conductor quality
VITREOSIL to close tolerances in
crucibles and special fabricated
shapes. Now available Quartz to
Metal Seals. Write us about your re-
quirements. See our ad in Chemical
Engineering, Electronic Engineers
Master and Electronic Designers’
Catalogues.

SPECTROSIL’

FOR HYPER-PURITY IN
SEMI-CONDUCTOR WORK

PURITY — purest form of fused silica

TRANSPARENCY — unique optical properties

HOMOGENEITY — completely homogeneous
and free from granularity

AVAILABILITY — block material for lenses,
prisms, etc; rod, fiber, wool; hollow
ware as tubing, crucibles, and special
apparatus.

Write for complete, illustrated catalog.

X2 Eo
£ ¥\

w

THERMAL AMERICAN

| FUSED QUARTZ CO., INC.
4 18-20 Salem St., Dover, N. J

L1 S

(2 wrreosiL
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Inc., Boston, Mass. (321)

SYNCHRO operates without slip
rings. Harowe Servo Controls Inc.,
Mount Road, Lenni Mills, Pa. (322)

SILICON PLANAR TRANSISTORS high
reliability. General Instrument

Semiconductor Division, 65 Gouver-

neur St., Newark 4, N. J. (323)

MINIATURE CHOPPER 83 deg nominal
phase-lag. The Bristol Co., Water-
bury 20, Conn. (324)

ULTRASTABLE CRYSTAL for fre-
quency standard use. James
Knights Co., Sandwich, Ill. (325)

VERSATILE SCOPE DOLLY low cost.
Metal Dynamics Corp., 9430 State
Road, Philadelphia 14, Pa. (326)

NONMAGNETIC CONNECTOR for space
instrumentation. Hermetic Seal
Corp., Pasadena, Calif. (327)

MATCHED SSB FILTERS less than 3 db
ripple. Systems, Inc., 2400 Diversi-
fied Way, Orlando, Fla. (328)

WIRE-WOUND RESISTORS for p-c ap-
plications. Reon Resistor Corp.,
155 Saw Mill River Road, Yonkers,
N. Y. (329)

TEMPERATURE DETECTOR ribbon-
type. Control Indicating Corp.,
Bradley Field, Windsor Locks,
Conn. (330)

TUNNEL DIODE AMPLIFIERS gallium
antimonide. Micro State Elec-
tronies Corp., 152 Floral Ave., Mur-
ray Hill, N. J. (331)

GLASS SEAL CONNECTORS uniform
impedance. General RF Fittings,
Inc., 702 Beacon St., Boston 15,
Mass. (332)

CIRCULATOR SWITCHES at L-band.
Hyletronics Corp., 185 Cambridge
St., Burlington, Mass. (333)

11
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MANUFACTURED
TO YOUR
SPECIFICATIONS

One of a kind, or millions of parts
...you get the closest tolerances
from GARNER —tolerances which
have led the field in the redrawn
glass industry since 1953.

Large stocks of many different glass
types and sizes—including the unusual.
Available for immediate redraw.

Customer minded— We constantly up-
grade equipment and techniques to keep
ahead of your needs. You’ll find us espe-
cially helpful on difficult requirements.
On-time deliveries—GARNER is geared
for volume production to tight specifica-
tions —on a day-to-day basis. You get the
parts you need...when you need them.

i Send for complete data.

| T. H. GARNER
| COMPANY

177 S. Indian Hill Blvd.
Claremont, Calif.- NAtional 6-3526

2 )
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Literature of the Week

D-C AMPLIFIER & POWER BOOSTER
Ridgefield Instrument Group, P. O.
Box 337, Ridgefield, Conn., is offer-
ing technical literature on its all
solid state differential operational
amplifier model A-2 and power
booster model G-2. (334)

PRECISION POT George Rattray &
Co., 101 New South Road, Hicks-
ville, L. I., N. Y. A catalog sheet
illustrates and describes model 200
CEUS, a 2 in. precision pot suitable
for the simulator field. (335)

MINIATURE PUSH BUTTONS Gen-
eral Electric Co., Schenectady 5,
N. Y. Bulletin GEA-T127A in-
cludes new forms added to a com-
plete line of industrial, miniature,
oil-tight push buttons. (336)

GLASS-EPOXY LAMINATES Tavlor
Fibre Co., Norristown, Pa. Fireban
600, a flame-retardant glass-base,
epoxy-resin laminated plastic, and
Fireban 600E, the copper-clad ver-
sion, are described respectively in
bulletins 51.5.20 and 51.5.21. (337)

D-C POWER SUPPLY Magnetic Re-
search Corp., 3160 W. El Segundo
Blvd., Hawthorne, Calif. A 2-page
bulletin describes a d-c power sup-
plv designed for solid state com-
puter and other digital system ap-
plications. (338)

SERVO REPEATER Datex Corp,
1307 S. Myrtle Ave., Monrovia,
Calif. Bulletin DPS/A6 describes
the SR-112 servo repeater which,
used with an appropriate synchro-
transmitting unit, indicates in digi-
tal form the angular position of a
remote shaft. (339)

CURRENT PROBE SYSTEMS  Tek-
tronix, Inc., P. O. Box 500, Beaver-
ton, Ore. Specification sheet de-
tails characteristics of two sys-
tems for observation and measure-
ment of current waveforms. (340)

MOTOR-DAMPING GENERATOR Kear-
fott Division, General Precision,
Inc., Little Falls, N. J. Reference
sheet P820-001 describes a size 10
short length motor-damping gener-
ator combination. (341)

TESTER-CALIBRATOR Consolidated
Airborne Systems, Inc., 900 Third
Ave.,, New Hyde Park, L. I., N. Y.
Specification sheet TF 20-461
covers an instrument that permits
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testing and calibration of liquid
quantity systems and components,
in-place or on bench. (342)

TIMER Technology Instrument
Corp., Space Instrumentation Divi-
sion, 533 Main St., Acton, Mass. A
brochure entitled ‘“Micro-Adjust-
able Timing” covers the model 4-23
sequence timer. (343)

H-V COMPONENTS & EQUIPMENT
Universal Voltronics Corp., 17 S.
Lexington Ave., White Plains, N. Y.,
has published a catalog describing

high voltage components and
equipment. (344)
TRANSISTOR HEAT SINKS Invar

Electronics Corp., 1723 Cloverfield
Blvd., Santa Monica, Calif. Tech-
nical bulletin 202 describes tran-
sistor heat sinks based on the
Invar HS 229 extrusion. (345)

WIRE-WOUND RESISTORS Reon Re-
sistor Corp.. 155 Saw Mill River
Road, Yonkers, N. Y. Bulletin des-
cribes a line of ultraminiature en-
capsulated wire-wound resistors for
microminiature circuitry in indus-
try and the military. (346)

RECTIFIER HOUSINGS Advanced
Vacuum Products, Inc., 430 Fair-
field Ave., Stamford, Conn. Techni-
cal bulletin AV-100 describes ce-
ramic-to-metal housings for high-
power high-current semiconductor
rectifiers. (347)

PANEL METER  Helipot Division of
Beckman Instruments, Inc., 2500
Fullerton Road, Fullerton, Calif,
has released a data sheet covering
the style 42 (4} in. rectangular)
panel meter. (348)

TERMINALS & SPLICES AMP Inc,
Eisenhower Blvd., Harrisburg, Pa.
Catalog enables user to select pro-
per terminal or splice by computing
circular mil area of wire. (349)

TRANSISTORS  Electronic Transis-
tors Corp., 9226 Hudson Blvd,,
North Bergen, N. J. An eight-page
catalog contains detailed specifica-
tions of 452 types of germanium
transistors. (350)

BELLOWS Avica Corp., Box 180,
Newport, R. I. Bulletin 611-B illus-
trates and describes bellows for
pressure seals, flexible joints and
vibration dampers. (351)

An important

NEW GUIDE t
ELECTRONIC
CHEMICALS

of high defined purity

@ ...may we send
‘ Q"' you your
_Su?g- complimentary

copy? Mail
coupon below,

More than 40 electronic chemicals of
exceptional purity appear in this handy
new reference guide. You will find, for
example, high purity ‘Baker Analyzed’
Reagents for semi-conductors...vacuum
tubes...ferrites...thermistors.

Do you know that every ‘Baker
Analyzed’ Reagent electronic chemical
is labeled with an Actual Lot Analysis
that defines the degree of purity to the
decimal? And that many are labeled
with an Actual Lot Assay as still a
further proof of purity? Do you know
that in many of these chemicals copper,
nickel and other critical impurities are
defined at levels of .1 and .2 parts per
million? And that several important
solvents are now controlled to meet
stringent resistivity specifications?

SEND FOR YOUR FREE GUIDE TODAY.

It lists J. T. Baker electronic chemicals
controlled to extremely low limits of critical
impurities, and includes specxflcatxon
sheets that prove the superi-

ority of ‘Baker Analyzed’

Reagents for clectronic speci- J.T.Baker
fications. Fill in coupon now. e/
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J.T.Baker Chemica! Co.

Phillipsburg. New Jersey Dept. CE-8

Gentlemen: Please send me my copy of
*J. T. Baker Electranic Chemicals.”

: |
I [
! !
! I
l Name. |
i [
I |
i |
I |

|

Title__
Company.
Street Address
City Zone. State.
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PEOPLE AND PLANTS
