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Transient malfunctions are induced in electronic circuits by
gamma radiation from this electron linear accelerator as 1
designers study how to cope with nuclear environments. See p 62
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Highly accurate,

direct reading
wide band

FREQUEN
COMPLETE 2 e

METERS
FREQUENCY 3.95 to 40 KMC!
COVERAGE |

SPECIFICATIONS

Now & offers you high quality, moderately priced Overall 0ial Calib. | Calibration | Max. Temp
| i . . Model | Accuracy Frequency Accuracy | Increment | Coefficient
precision Frequency Meters covering eight impor- No. (%) | Range KMC (%) MC) | % pereC| Price
tant microwave bands. G532A | 0.065 | 3.95- 585 0.033 1 0.0012 | $325.00
i : X J532A 0.065 5.30- 8.20* 0.033 2 0.0012 300.00
Frequency is read directly in KMC on the large,  wsia | oors | 7.00. 100 0.040 2 0.0015 | 250.00
y
precisely calibrated spiral scale. No charts or inter- X538 | 000 | 8.20-124 | o050 X acag | 17500
. ] L Ms32A | 0.085 | 10.0 -15.0 0.053 5 0.0012 275.00
polation are required. Accuracy is high—upt00.06%  pssza | o100 | 124 . 180 | 0.068 5 0.0012 | 21000
including 0 to 100% relative humidity change, 20° C ~ ks32a ggz :";’ . 25-: g:;; 20 gxi: ;zggg
ol o g R532A . 6.5 - 40. 2 10 . N
temperature variation and dial accuracy (See Speci-
fications). ’lésgrzugcRabnadn%g;ggélsr:::él:at?dglylth circular flange adapters; specify
. - *' .
Mogel! 532 Frequency Meters comprise a special remonance s areen.5;3 to 7.5 KMC, or 5.7 to 8.2 KMC, single mode
waveguide section mou nting a hlgh Q resonant cav- Data subject to change without notice. Prices f.0.b. factory.

ity tuned by a choke plunger. A 1 db or greater dip
in output indicates resonance. There are no spuri-
ous modes or resonances. Tuning is by a precision

lead screw, spring loaded to eliminate backlash. HEWLETT-PACKARD COMPANY

For complete details, call your & representative or write direct

1052A Page Mill Road Palo Alto, California, U.S.A.
Minimum calibration spacing is 1/32" to provide Cable “HEWPACK™ DAvenport 6-7000
., Sales repr tatives in oll principal areas
good resolution. HEWLETT-PACKARD S.A.
Rue du Vieux Billard No. 1 Geneva, Switzerland
Cable “HEWPACKSA" Tel. No. (022) 26. 43. 36

complete instrumentation for microwave measurements
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NOW... ¢
AVAILABLE OFF

THE SHELF AT YOUR
LOCAL DISTRIBUTOR'S

Delco Radio’s complete line of semiconductors is now available at your local distributor’s. You
can get fast off-the-shelf service on military and industrial transistors for high and low voltage
switching and power supplies, for low-leakage DC amplifiers and for audio DELCO
amplification. Your distributor has Delco silicon power rectifiers, too. The

distributor nearest you has a complete catalog of application-proved semi- RADIO
conductors.

Division of General Motors « Kokomo, Indiana

New York: Chicago: Detroit:
HARVEY RADIO CO., INC. MERQUIP ELECTRONICS, INC. GLENDALE ELECTRONIC SUPPLY COMPANY
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Philadelphia, Pennsylvania Baltimore, Maryland Los Angeles 15, California San Jose 13, California
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for fast, visual
reflectometer tests
ranges from 2 to 40 KMC

Another breakthrough in measuring convenience has been
achieved by the newly expanded FXR family of self-contained,
direct reading sweep signal sources. Coverage is now provided
as high as 40 KMC. Each unit utilizes a permanent magnet
BWO as the tunable RF source.

Output power can be equalized at any detection point relative
to the response of the detection element through use of FXR’s
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X775A

DELIVERY FROM STOCK

Direct Reading Frequency Dials for Setting
Upper and Lower Band Ends

Integral AGC Circuit Keeps Output Flat to
*0.5 db

AGC Provision Eliminaies Need for Slow
Response Ratiometer Set-uwms
Convenient, Portable, Versatile

exclusive built-in AGC circuit. This circuit provides a flat (+0.5
db leve!l) on modulated signal throughout the swept frequency
range when used with matched bolometers and directional
couplers. This AGC provision eliminates the need for using
slow response ratiometers, and allows for visual VSWR or
Reflection Coefficient tests.

FXR FAMILY OF ALL ELECTRONIC SWEEP SIGNAL SOURCES

PRECISION MICROWAVE EQUIPMENT >

CEEH ke Ask about the new FXR
= Sweep Signal Sources
8ot at the 1961
C775A \ = - I.R.E. Show
gt
| e =

Frequency{ Approx. OUTPUT

Model Range Minimum [Waveguide

Number (KMC) Power Out. Type Connector Price
S775A 2.0-4.0 70 mw (%" Coax Type N) $2750.
C775A 4.0-8.0 20 mw (3" Coax Type N) $2800.
X775A 8.2-12.4 20 mw WR-90 UG-39/U $2900.
Y775A 12.4-18.0 10 mw WR-62 UG-419/U $3300.
K775A 18.0-27.0 5 mw WR-42 UG-595/U $3700.
U775A 27.0-40.0 5 mw WR-28 UG-599/U $4300.

Characteristics and prices subject to change without notice.

e

GENERAL SPECIFICATIONS

SWEEP RATE (Resolution): 0.3 tc 300 KMC/sec linear with time
SWEEP WIOTH: approximately 200 KC to full frequency range
OUTPUT SIGNAL: CW, square wave (internal 809 to 1200 cps)
FREQUENCY DIAL ACCURACY: +1% for fixed frequency operation
+2% for sweep frequency operation
POWER REQUIREMENTS: 115/230 v., 50/60 cycles, 200 w.
DIMENSIONS: 12%' high x 2134” wide x 187 deep
WEIGHT: 78 Ibs.

——

HIGH-POWER PULSE MODULATORS
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FXR OFFICES IN NEW YORK » BOSTON = LOS ANGELES
REPRESENTATIVES IN ALL MAJOR CITIES THROUGHOUT THE wOoRrLD

Jesign « Development « Manufacture

25-26 50th STREET RA. 1-9000
WOODSIDE 77, N. Y. TWX: NY 43745

HIGH-VOLTAGE POWER SUPPLIES L
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CROSSTALK

BRITISH SHOW. “Even by British standards, the Exhibition of the
Institute of Physics and the Physical Society held here late last month
was singularly noncommercial.” This is the way Editor W. W. Mac-
Donald begins his exclusive story in this week’s issue (p 24).

He points out that solid-state was the theme of the event. Most instru-
ments on display were electronic. Many used transistors. Devices on
exhibit included S-band maser, parametric amplifiers, new high-tempera-
ture ceramics and magnetic-film memory. MacDonald’s interesting story
also touches on booth chairs (lack of) and technical papers (depth of).

TUNNEL DIODES. Wen-Hsiung Ko’s informative article on designing
tunnel diode oscillators (p 68) is another in a growing list of features
aimed at keeping you up to date on tunnel diode circuit techniques. Our
first tunnel diode feature (p 54, Nov. 6, 1959) described the diode’s action
and properties. Since then we have carried several circuit articles includ-
ing: p 60, Nov. 27, 1959; p 110, May 27, 1960; p 82, June 3, 1960; p 103,
June 24, 1960; p 93, Nov. 18, 1960; and p 124, Nov. 25, 1960.

AIR COLLISIONS. Manufacturers in the field will be interested in
knowing the Federal Aviation Agency may write specifications for air-
collision avoidance equipment soon. FAA is now investigating a num-
ber of techniques and collecting basic data. Flight tests on two techniques
are scheduled to begin this month and continue into April.

The FAA thinks the ultimate approach to the midair collision problem
is positive ground control. Thus the flights of all aircraft would be con-
tinuously under surveillance by ground control centers. But a complete
system for the nation’s airways is some time away. Collision avoidance
gear, when available, will back up positive ground control and perhaps
assist it. But if the scheduled tests are successful, such equipment might
be put to use within four years. See Associate Editor Flynn’s story on
p 26.

Coming In Our February 17 Issue

TUNNEL DIODE R-F AMPLIFIER. Another tunnel diode design
article features the combination of stripline filters and a tunnel-diode
amplifier to provide a selective r-f amplifier. In our next issue E. D.
Long and C. P. Womack of Wilcox Electric Co. in Kansas City, describe
the design of such an amplifier having a stable insertion gain of 25 db
and a theoretical noise figure of 2.7.

IN ADDITION. Interesting feature material to appear next week in-
cludes: a self-adaptive filter by C. V. Jakowatz and G. M. White of General
Electric; combined display of radar surveillance signals by G. E. Martin
of Westinghouse Electric; domain behavior in thin magnetic films by
J. W. Hart of Burroughs; and root-mean-square sensors for voltage
regulators by R. L. Frank of Sperry Gyroscope.
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RAYTHEON FILTE

R ARRAYS
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More Rugged...Weigh Less
Take Less Space...More Precise .

Wherever you have an application involving multiple
narrow-band filter channels, you’ll find Raytheon
Magnetostriction Filters will meet your most exacting
requirements. They are ideul for Shock, Vibration, and
Test Equipment, Spectrum Analyzers, Underwater
Sound Analysis Equipment, Telemetering Equipment,
Oscillators and Wireless Paging Systems.

Features of the Raytheon Magnetostriction Bandpass
Filter Arrays include:

Unlimited combinations can be arrayed at accurately
spaced frequency intervals—At 50 kc., center frequency
can be adjusted within 0.3 cps.

More economical for arrays in 30 kc to 400 kc range
—Priced from $12 to $35 per filter.

Arrays are smaller and lighter—A bank of ten filters

SEE PAGE 20 FOR RAYTHEON DISTRIBUTORS IN YOUR AREA.

oy

can be mounted on a 134" x 3" panel—total assembly
weighs only ten ounces.

Higher Q and higher frequencies than conventional
coils — Q from 2,000 to 15,000. Resonant frequencies
from 30 to 400 kc.

Wide dynamic range—40 to 55 db.

Withstands shock and vibration—Complies with JPL
vibration specification No. 14803A.

Ideal impeduances for transistor circuits—Single filter
input and output standard from 15 to 2,000 ohms.

For additional data on Raytheon Magnetostriction
Filters pleasc write to: Raythcon, Industrial Compo-
nents Division, 55 Chapel Street. Newton 58, Mass.

Stock Filters with Fixed Center Frequency Available
from Local Franchised Raytheon Distributors.

RAYTHEON COMPANY

INDUSTRIAL

COMPONENTS DIVISION




Adds to Its Ever
Growing Family of

MICROWAVE
CRYSTAL
SWITCHES

BROADBANB\
WAVEGUIDE
CRYSTAL
SWITCHES

Recent additions to AEL’s line of coaxial
crystal switches presently covering the
spectrum from 10 mcs to 12 kmcs are
Broadband Waveguide Microwave Crystal
Switches operating over wide portions
of the spectrum from 7 to 15 kme, with
isolations as high as 43 db. and inser-
tion losses as low as 1.0 db. (as low as
0.3 db. at single frequencies).

e

Waveguide Filters
Band Pass and
High Pass » 8.2

kmc to 40 kme

Coaxial erystal detec-
tor mounts e 50 me
to 12 kme

o

Microwave

Crystal
Switches o
10meto |

FJ . Horn Antennas
m Llne’arly or Cilrcltjlarly
polarized e 1 kme
14 kme ’ to 40 kme

AMER. ELECT. LABS,, INC.
121 N. 7TH ST., PHILADELPHIA 6, PA,

In Canada contact: Conway Electronic
Enterprises Regd. Toronto, Canada
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COMMENT

A Better Term

Truly, is not transistorized a
cumbersome and unpleasant-sound-
ing word?

Do vou not agree that it had its
period of usefulness and signifi-
cance during the conversion to
transistorized circuitry? This
period is past. Things today are
designed directly to use either
tubes or transistors.

Are not today’s devices using
transistors better described as
“transistor oscillators,” “transistor
amplifiers,” and so forth? The
term has a parallel in “vacuum-
tube oscillators,” “vacuum-tube am-
plifiers,” and so forth. The word
is easier to say, write and read,
and would appear to be considerably
more suitable for the present and
future descriptions of transistor
electronics.

If you agree, I know of no better
influence for the adoption of the
term than the pages of your ex-
cellent publication.

JoHN T. MULLIN
MINNESOTA MINING &
MANUFACTURING Co.
Los ANGELES

We do agree with reader Mullin;
in general, we speak of a transis-
tor circuit when the circuit has
been designed from the ground up
using transistors. We have been
attempting to foster this usage
for some time now.

A Misplaced Solar Event

I note that in the Jan. 6 issue of
ELECTRONICS, under Research &
Development on p 128 with the
title “Solar-Radio Event Not Ex-
plained by Theories,” there appears
in the first paragraph a statement
that there was a severe communica-
tions blackout on June 16, 1959.

Our records show no evidence of
a blackout on June 16, 1959. In
fact, we enjoyed perfect signals for
the entire week of June 14 to 20.

The records do show, however,
a solar flare type of blackout that
lasted for 55 minutes on June 9.
Except for this 55-minute black-
out, signals were perfect for the

entire week of June 7 to 13.

The blackout on June 9 is re-
corded as beginning at 1640 UT
and ending at 1735 UT, and affected
signals from Europe, Africa and
South America. The fadeout was
gradual, whereas normally the fade-
out from a flare would be abrupt.

It appears from the foregoing
that an error has been made in the
date given in your magazine.

J. H. NELSON
RCA COMMUNICATIONS INC.
NEW YOrk

An error was indeed made; one
of our typists apparently expe-
rienced a blackout not explained
by any known theory, and trans-
cribed what was a “9” in the origi-
nal copy as a “16.” Reader Nelson,
as propagation analyst for RCA
Communications, knows every be-
havior anomaly in transatlantic
communications by its first name.

Antisub Flop?

I was reading your “Navy Test-
ing Antisub Alarms (p 26, Jan. 13)
at the precise time that our Navy
and others were trving to find the
good ship Santa Maria. My reaction
to the story was a horse-laugh:
here we see the Navy filling the
ocean with equipment, playing a
cloak-and-dagger game with code
names and coining new words like
lofar and sofar; the result is sup-
posed to be a system or systems to
locate and track intruding subma-
rines—and a crude comic-opera pi-
racy leaves them helpless. If all
our talents couldn’t serve to locate
a great big cruise ship, how will
we ever expect to find a silent deep-
sounding submarine?

A. E. LANDER
WASHINGTON, D C.

We're fairly certain that “all our
talents” weren’t brought to bear on
the Santa Maria; Task Group Alfa,
for instance, wasn’t in on the game,
and that group is our best tactical
antisubmarine force. But even 3o,
reader Lander merely points up
what we've suggested before: that
the antisubmarine effort needs a
great deal more attention from
the electronics technology than
we’ve heretofore given it.

electronics



SPACE SAVING SOCKETS FOR

CLEVITE

SPACESAVER TRANSISTORS

O
=i
. . .
Features: it
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Small as transistor
One screw mounting
Floating action contacts

Weighs under 3 grams

JETTRON

HIGH RELIABILITY

TRANSISTOR SOCKETS

When space and weight are vital considerations, rugged JETTRON
Transistor Sockets offer a ready solution to design problems.
Made especially for use with both amplifying and switching types
of Clevite Spacesaver Transistors, these new JETTRON Sockets
function at maximum voltages and high temperatures. Ruggedized
construction resists shock and vibration. Sockets feature brass,
silver-plated contacts with floating action that assures proper
alignment with transistor leads. Precision-built and extremely
light in weight.

Request new Jettron Bulletin A for com-

/ plete information and detailed specifications.

(/ezﬁom PRODUCTS + INC

I SALES ENGINEERS IN PRINCIPAL CITIES
% 56 ROUTE 10, HANOVER, NEW JERSEY
v Telephones: TUcker 7-0571, 0572

SOCKETS, CONNECTORS, CABLE ASSEMBLIES, MICROMODULAR AND
SPECIAL COMPONENTS FOR COMMERCIAL AND MILITARY ELECTRONICS
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New broad range!

TEST TRANSISTOR BETA
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No leads to unsolder
Four overlapping Beta Ranges

High meter resolution

Direct reading with test circuit power off SPECIFICATIONS
New Sierra 219B 4-range Transistor Tester reads Beta directly in the Test ranges "
circuit; also measures lco, Beta out of circuit. Sl oo oot
Less downtime and less danger of damage to transistors under test L 1a Clos - A——
with this new Sierra instrument—battery-operated, light weight, port- N R .y o |
able, easy to use. ) g(;(l)oczvhrsr})sd gﬁ:?slfa readings
Maintenance, quality control, incoming inspection and production poSRgit: +10%
testing are just a few of the applications where you save time and O nC.catoa s, o0 el s
money by testing transistors, even complete assemblies, without un- % Meereer, - 3
soldering leads. Model 219B reads Beta in the circuit, 1 to 120. lco Operating

Temperature: 32 to 149° F

is measured on a straightforward basis; collector potentials of 3, 6 Size: 9” high, 756" wide, 612~
or 12 vdc may be selected. All controls are on the front panel . . . an e teris:
instrument of convenience, speed, accuracy. Price: $275.00
. . , , *Bet dings to 300
Wiite or phone today for information and demonstration. spproximated. o 08

approximated.

SIerra SsiERRA ELECTRONIC CORPORATION
A Divisian of Philco Corporation
6919A BOHANNON DRIVE . DAvenport 6-2060 -+ MENLO PARK, CALIF,, US.A.
Sales representatives in all principal areas.
Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver.

Export: Frazar & Hansen, Ltd., San Francisco. 6919
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ELECTRONICS NEWSLETTER

Gas Maser Operates
In Near Infrared

CONTINUOUS-WAVE maser operating
in the near-infrared was demon-
strated last week by scientists from
Bell Telephone Laboratories. De-
vice is a gaseous-discharge maser,
thus differing from previously re-
ported optical masers which use
solid state phenomena (ELEC-
TRONICS, p 43 July 22 ’60 and p 11,
Dec. 23, ’60).

The Bell optical maser operates
when a low-powered electrical dis-
charge—of the order of tens of
watts—is induced through external
electrodes in a tube filled with a
neon-helium mixture. Energy radi-
ated, on demand, by the stimulated
neon atoms has been observed in
present laboratory model as a co-
herent stream of ir at five wave-
lengths between 11,180 and 12,070
angstroms. Strongest oscillation oc-
curs at 11,530 A with an output
power of 15 milliwatts. Lines
measure between ten and eighty
kilocveles wide. and the angular
spread of the beam is less than
one minute of arc.

Bell scientists have been experi-
menting with several methods of
modulation. They demonstrated
the impression of a telephone con-
versation by using a Kerr cell
modulator. Broadband modulation
has been accomplished at frequen-
cies up to 60 Ke. Effort over the
next few years will be aimed at
developing efficient and economical
modulation schemes for operation
in the gigacycle range.

Air Force Will Get
Big Special-Purpose Computer

GIANT SPECIAL-PURPOSE digital data-
processing system is being deliv-
ered by Melpar to the Air Force.
The system is called Finder, oc-
cupies some 7,000 sq ft, employs
about 70,000 transistors.

A Burroughs 220 computer is
incorporated into Finder, as well
as buffer storage units from Ampex
Computer Produets and an Anelex
high-speed printer. Data in either
analog or digital form come in on
tape, are translated to computer

February 10, 1961

language. Drum memory of 31.5
million bits (on seven drums) holds
input and stored correlation data.
Two arithmetic units operate on
300-Kc and 500-Ke clocks. A plot-
ting board is included among out-
put units.

Air Force is thought to be
using Finder as a countermeasures
analyzer.

1960 Worst Year
For British Tv Sales

TELEVISION SALES in Britain fell
further in December to make 1960
the worst vear for tv in the records
of the Radio-Tv Retailers Associa-
tion. Sales were 9.5 sets per shop
in December. compared against 10
in November and 15.8 in Decem-
ber ’59. Radio sales meanwhile rose
from 12.7 sets per shop in Novem-
ber to 17.4 in December; year-ago
figure was 22.3 sets.

Physicists Hear Reports
On Ion Pulses, Plasma

CONCLAVE of the American Physical
Society held last week in New York
heard reports on many physical
phenomena of interest to elec-
tronics. Among them:

A research technique for timing
and studyving atomic events on a
nanosecond scale which uses a
pulsed ion linear accelerator. The
device, built by High Voltage En-
gineering, consists of a 3-Mev Van
de Graaff positive-ion accelerator
equipped with a preacceleration
pulsing syvstem capable of produc-
ing 10-nanosec bursts, and a post-
acceleration Mobley magnet which
concentrates the ion burst into less
than a nanosecond. Preliminary
considerations suggest that. with
suitable changes, useful compres-
sion could be achieved at energies
in the 10-12-Mev range, so that the
Mobley magnet might be a useful
accessory for a tandem accelerator.

General Electric has used hot
ionized gas passing through a mag-
netic field of 2,300 gauss at a shock
velocity of Mach 30 to produce an
open-circuit voltage across termi-
nal electrodes of 236 v. Maximum

current obtained from the plasma
was 115 amp lasting for a few
microseconds ; maximum power out-
put was 7.8 Kw.

Possibility of a magneto-triode—
a two-element device that uses a
magnetic field to serve the func-
tion of a control grid—was also
discussed at sessions dealing with
tunneling in superconductors.

Develop Low-Current
Peltier Cooling Device

RECENTLY DEVELOPED thermoelectric
heating-cooling device, reportedly
requiring a tenth the current of
previous Peltier units, has been re-
vealed by Hughes Aircraft. Op-
erating on 2 amp of current, the
device can freeze or boil a drop of
water depending on current direc-
tion. A three-stage cascade can
produce temperatures of -100 C
and is currently being evaluated in
an infrared detector application.

Prime applications, Hughes pre-
dicts. will be for maintaining even
temperatures aboard spacecraft
and serving as an instant-defrost-
ing refrigerator. Spot cooling of
critical electronic components with
the Peltier unit may increase re-
liability by as much as 500 percent,
Hughes thinks. Extremely low
power requirement of the device,
which is smaller than a paper clip,
is due to a novel technique for fab-
ricating the thermoelectric ma-
terial.

Alloy Remains Superconductive
In 88,000-Gauss Field

RESEARCHERS at Bell Telephone
Labs report having observed su-
perconductivity in the unusual
allov niobium-three-tin at average
current densities of 100 kilamps per
sq cm in magnetic fields as large
as 88 kilogauss., with indications
that superconductivity persists at
still higher field strengths.
Observations suggest feasibility
of constructing superconducting
solenoid magnets capable of produc-
ing fields approaching 100 kilogauss
with very small expenditures of
electrical current. Such fields would
be useful in lab work and for con-
taining thermonuclear plasmas.
High transition temperature of
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Nb,Sn had previously been pre-
dicted by Bell scientists. The ma-
terial is normally brittle and thus
difficult to draw into magnet wire.
To solve the problem, tubes of nio-
bium 0.6 ¢cm o.d. and 0.3 c¢m i.d.
were packed with a mixture of pow-
dered Nb.Sn plus a 10-percent-by-
weight excess of powdered tin (or
similar mixtures of unreacted tin
and niobium). Ends of the tubes
were closed with niobium plugs;
the tubes were then mechanically
reduced to 0.038 em o.d. and heated
to between 970 C and 1,400 C for
periods up to 24 hours.

Soviets Report
Space-Flight Bio Effects

COMMENTING on the Mercury test
that lofted a chimpanzee down the
Atlantic Missile Range recently,
Soviet academicians commented
that flights below the Van Allen
belts don’t cause “major disturb-
ances of physiological functions,”
went on to say:

Successful use of telemetry and
television has made possible the
comparison of life processes in
spaceflight and on earth. Cellular
fission is speeded up under space-
flight conditions in the case of pea,
corn and wheat seeds. Definite
modifications were noticed in cel-
lular mitosis of mouse marrow.
Soviet scientists ascribe the stimu-
lating-—and perhaps harmful—ef-
fects to “a whole complex of fac-
tors,” according to Tass, which did
not list the factors.

Japan Exports to U.S.
Reported Leveling Off

BUSINESS & DEFENSE SERVICES Ad-
ministration reported last week
that Japanese exports of electronic
products to the U. S. totaled $24.3-
million for the third quarter of
1960, up only slightly from the
$24.1 million of third-quarter 1959.

Imports of sound recorders and
reproducers increased fivefold; re-
ceiving-tube shipments increased
more than 50 percent; radiophono-
graph imports doubled; tube-type
radio impcrts trebled. Quotas on
shipments of transistors, and on
radios with three or more transis-
tors, were responsible for cutting
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sales of transistor radios by a third
and transistors by two thirds.
Items in which shipments increased
are not subject to quotas.

Tv exports to the U. S. were not
significant (2,555 units valued at
$124,000 in third-quarter 1960).
However, indications are strong
that Japan may be trying to open
a market for tv sets in Canada.
One Japanese manufacturer has
asked to have an 8-in. portable tv
approved by the Canadian Stand-
ards Association. Entertainment-
type tubes of Japanese manufac-
ture have been embargoed out of
Canadian markets since late last
year; transistor-radio quotas for
1961 are now being negotiated.

Air Force Testing
Nuclear Thermoelectric Unit

LIGHTWEIGHT NUCLEAR GENERATOR
that converts heat directly into
electrical power is undergoing per-
formance test at USAF’s special
weapons center in New Mexico.
Unit weighs less than 40 1b, was
designed by Westinghouse. Air
Force hopes to use it for powering
unmanned surface radio beacons
and weather stations.

Generator produces 150 w, can
work for a year. Curium-242 and
similar radioisotopes serve as heat
source; 144 semiconductors convert
the 1,000-F heat into power.

Finned heat exchangers will be
used to keep external element tem-
peratures at 300 F. [

Space Agency Will Launch
Ionosphere Beacon Satellite

FORTHCOMING launch of a Juno II
from Cape Canaveral—which will
be assigned an Explorer-sequence
number of successful—will attempt
to gain more knowledge of the iono-
sphere. Payload satellite is tempo-
rarily designated S-45, resembles
Explorers VII and VIII, has a 6-ft
loop antenna around its waist for
transmitting low-frequency signals.

The 74-1b satellite will be aimed
into a fairly low 2-hour orbit, will
transmit signals on six frequencies
at various power levels.

Various ground stations will an-
alyze the signals for changes in
polarization or doppler shift to ex-

plore ionospheric topography and
density.

Suggest Balloon Relay
For Communications Use

RADIO PROPAGATION DIVISION of Ja-
pan’s Communications Laboratory
(part of the Postal Ministry) told
ELECTRONICS last week that a com-
bination of kite and balloon—a ky-
toon, as the lab is calling it—is be-
ing considered as a stratospheric
relay for communications use.

Kytoons would float about 12
miles up, be fairly well fixed in
position. RPD chief Sukemoto
Kawazu figures that 10 of the re-
lay stations could reach the U. S.
from Japan running along the
Aleutians; he also estimates that,
skipping via India, 20 could reach
London. Cost to cover the Northern
Pacific route would be about $8.3
million. Use of frequencies ahove
10 Gc would eliminate fading, the
RPD chief says.

European Firm Resists
Soviet Trade Pressure

CHIEF EDITOR W. W. MacDonald of
ELECTRONICS, currently working
his way across Europe, cables that
at least one of the major manufac-
turers on the continent has firmly
resisted a suggestion from his own
country’s Foreign Office to ship
electronic goods to the USSR.

Compatriot companies have ac-
cepted shipbuilding and other busi-
ness from behind the Iron Curtain;
the company in question objects as
a matter of principle to what comes
back in return—exported political
propaganda. The firm sells nothing
knowingly in either the USSR or
‘Communist China.

Space Surveillance Station
To Close Mid-Continent Gap

PRESENT GAP in the transcontinen-
tal fence of space surveillance sta-
tions will be closed this spring
when a 560-Kw transmitter is com-
pleted near Archer City, Tex.

RCA is building the transmitter
gear for the Navy. The mile-long
surveillance antenna is being built
by Antenna Systems of Hingham,
Mass.
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¢ SELECTIVE ERASURE * WRITE-THROUGH
* DARK TRACE DISPLAY

NOW POSSIBLE IN ONE TUBE. ONLY WITH THE ALL-NEW
HUGHES BIC®* DIRECT-VIEW STORAGE TUBE!

SELECTIVE ERASURE

NON-STORING DYNAMIC CURSOR DARK TRACE WRITING

With this unique Hughes BIC*

Storage Tube you can now:

8 Maintain continuous opti-
mum display brightness

8 Present dynamic cursors
on stored displays

8 Produce dark trace line
or half-tone images

8 Selectively eliminate
screen clutter

& Obtain much higher res-
olution on all displays

February 10, 1961

The new Hughes BIC* Storage Tube retains all of the characteristics of
the TONOTRON** storage tube — controllable persistence, high picture bright-
ness, full half-tone (grey) scale—~and gives you the added advantages of
selective erasure, simultaneous presentation of stored and non-stored infor-
mation and high resolution dark trace writing.

For full information on the new Hughes BIC* Storage Tube, write or wire today:
HUGHES, Vacuum Tube Products Division, 2020 Short Street, Oceanside, Calif.

For export information, write: Hughes International, Culver City, California.
* Bombardment Induced Conductivity ** Trademark Hughes Aircraft Company

Creating a new world with ELECTRONICS

HUGHES AIRCRAPT COMPANY

VACUUM TUBE PRODUCTS DIVISION
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Only EX-CELL-O Contour
Projectors Give You ALL!

————

LARGEST WORK AREA—Constant eight
inches of work space from lens to
focal plane regardless of magnification. Plenty
of room for large objects.

UNSURPASSED ACCURACY—-Famed
Kodak Ektar® lenses guarantee re-
liable measurements with clear accurate images
over entire screen.

BRILLIANT SURFACE ILLUMINATION-
Original design, “direct-on” built-in
surface illuminator gives extra bright image and
full work clearance at all magnifications.

ERECT ~UNREVERSED IMAGE—-Correct,
normal appearing images at all mag-
nifications, eliminate confusion, simplify opera-
tion and save time.

COATED LENSES AND MIRRORS—Pro-
duce clear sharp images characteristic
of Ex-Cell-O Contour Projectors. Have been
standard on all models for many years.

BRIGHT, GLARE-FREE SCREEN-The
“Fresnel” lens is exclusive with Ex-
Cell-O, permits operator to see entire screen
evenly illuminated from normal position. No
“hot spots”.

TRUE MEASURING PRECISION-AI
Ex-Cell-O Contour Projectors not
only read to tenths—they measure to tenths.

26 FORBES STREET

CHECK THESE FEATURES /!

FINGERTIP CONTROLS —Ex-Cell-O
Contour Projectors are designed for
maximum convenience and comfortable all day
operation. Easy-to-reach controls.

RUGGED CONSTRUCTION-The long
established reputation of Ex-Cell-O
for precision and quality assures years of trou-
ble free operation.

YOUR OGP REPRESENTATIVE-Will
help you make sure you get the right
Ex-Cell-O Contour Projector to fit your optical
gaging requirements. Call him today!

Write for new edition of
EX-CELL-O Contour Projector
Booklet—Available Now!

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

OPTIGAL GAGING PRODUCTS, INC. _

ROCHESTER 11, N. Y.

(A subsidiary of EX-CELL-O Corporation)
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13 MOVES
TO RELIABLE
TRIMMING

SPECTROL'S FULL LINE of trimming potentiometers

features 10 of the smallest square trimmers ever made,

plus the only transistor-size units for solid state circuitry,

This selection covers almost every conceivable
application—a sure way to avoid checkmate when
you need reliable trimmers.

SQUARE TRIMMER DATA. Models 50 and 60
measure 38 “ and V2 ” square respectively ® humidity
proofing a standard feature © available in resistances

to 100K ® greater surface contact between mandrel and

aluminum case for better heat dissipation, no external
heat sinks needed © dual wiper for positive contact
under all conditions of shock and vibration.

SINGLE TURN TRIMMER DATA. Model 80 built

into TO-9 transistor type case ® measures less than 13"

in diameter, weighs 1 gram —smallest trimmer on the
market ® completely sealed against moisture and

humidity ® resistance element twice as long as ordinary
trimmers ® designed for complete package encapsulation

with other printed circuit components ® available in
3 case styles with resistance range to 20K.

IMMEDIATE DELIVERY. Your nearby Spectrol
distributor stocks standard models of trimmers and

miniature potentiometers as well as other standard Spectrol

precision potentiometers and turns indicating dials.
Prices are $6 to $8 in quantities of 1-9 for
most styles and resistances.

MORE DATA AVAILABLE. Contact your Spectrol

engineering representative or drop us a line at the factory.

Please address Dept. 42,

ELECTRONICS CORPORATION

‘1704 South Del Mar Avenue * San Gabriel, California
Phone: ATlantic 7-9761

Adams Court » Plainview, L.1.,, New York
Phone: WEIIs 8-4000

ALL TRIMMERS SHOWN ACTUAL SIZE

See the complete Spectrol line at I.R.E. Show — Booth 1907-09

WOGEL 60

Printed circuit pins. top adjust

MODEL 60

Teflon insulated leads

MODEL 80

Transistor size case,
bushing mount

MODEL 60

Printed circuit pins, side adjust

MODEL 50

Printed ctrcust pins, top adjust

MODEL 50

MODEL 50

Teflon insulated leads

MODEL 80

Transistor size case

MODEL 50

O

Printed circuit pins from bas

N ODEL 50

Bushing pane! mount

MODEL 80

Transistor size threaded casi

%.0DEL 60

s

Printed circuit pins frevo bes

MODEL 60

Bushing panel mount



BARNSTEAD
ENGINEERED

TRANSISTOR
WASHER

WITH GREATER CAPACITY
for
WASHING and RINSING

e TRANSISTORS

e DIODES

o MISSILE PARTS

e LARGE POWER TUBES
e ELECTRONIC PARTS

The new Barnstead Model TW-50X
Transistor Washer, completely enclosed
in stainless steel cabinet, was engineered
for washing and rinsing transistors,
diodes, missile parts, large power tubes
and other electronic parts in hot, ultra
pure water with continuous repurifica-
tion. It produces best results with faster
rinsing and fewer rejects.

The purification system continuously
repurifies the water by (1). removal of
organic impurities, (2) demineralization
and (3) filtration of submicroscopic par-
ticles to 0.45 microns. RESULT: Ultra-
pure final rinse water which is not only of
high electrical resistance, (15,000,000 to
18,000,000 ohms @ 18° C., but also
free of organic impurities and minute
particulate matter which often interfere
with thorough cleaning.

A minimum amount of heat is required
since the system contains its own regen-
erative heat exchanger. The water is
continuously recirculated and repurified,
thus saving thousands of gallons of pure
water daily, and eliminating the need for
a larger capacity purification system.

Reduce your costs . . . cut down on
rejects . . . write Barnstead for literature
on the Transistor Washer Model TW-50X.

HBarnstead

STILL AND STERILIZER CO.
84 Lanesville Terrace, Boston 31, Mass.

FIRST IN PURE WATER
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WASHINGTON OUTLOOK

NEW ADMINISTRATION is speeding up Navy’s Polaris program and pro-
duction of transport.aircraft. Contracts for at least five Polaris ' sub-
marines and close to 100 additional missiles will be awarded by June,
some nine months earlier than called for in original schedules.

Six Polaris-type subs have already been launched; eight others are in
various stages of construction and will be ready at intervals between now
and early 1963; the new orders will affect the 15th through 19th vessels.
Navy’s objective is a Polaris fleet of 45 submarines, originally scheduled
at the rate of five new starts a year. The speedup doubles the number
of starts for this year.

It’s still unclear how much transport aircraft production will be stepped
up. The Air Force has $310.7 million this year for airlift modernization.
It will now be authorized to award the contracts faster. Next year’s
budget proposal, as it now stands, earmarks only $194 million for trans-
port-craft procurement.

INTENSIVE REAPPRAISAL of the nation’s defense is now underway; it is
aimed at reshaping basic defense policies in line with a reassessment of
the military threat and a different evaluation of how to meet it.

The Pentagon has set up four task forces to make inquiries into stra-
tegic weapons systems, U. S. military commitments and limited-war
requirements, over-all weapons development, and base requirements.
The results will show up in amendments to ex-President Eisenhower’s
budget for fiscal 1962, and will provide the framework for longer-range
strategic planning.

Besides adding about $1.5 billion to the $42-billion military appropria-
tion request submitted by the outgoing administration, the reevaluation
of defense policies will probably cause a reshuffling of funds for indi-
vidual projects. The mood of the new administration has changed from
its preelection feverishness; as one top-level Kennedy official puts it, it
now seems that “There’s much more to be gained by spending $42 billion
or so more nearly correctly than by simply adding billions to the budget.”

By ordering a speedup in defense spending during the current fiscal
year, President Kennedy faces the possibility that he may need to go
before Congress for supplemental appropriation requests before July 1.

NATIONAL AERONAUTICS & SPACE ADMINISTRATION has earmarked $35.8-
millien in the fiscal 1962 budget for its project Relay, the active com-
munications satellite for which it asked bids last week (ELECTRONICS
Newsletter, p 10, Feb. 3). NASA also expects industry to contribute
$10 million or so in joint work on the system.

Appointment of James E. Webb to head NASA indicates cooperation
between the agency and the Senate. Webb is an associate of Sen. R. S.
XKerr (D., Okla.), Vice President Johnson’s right hand man for space
matters. Hugh Dryden continues as deputy administrator of NASA.

Meanwhile, the Federal Communications Commission has cleared the
way for AT&T to proceed with experimental work on the company’s plan
to develop its own satellite communications system. The company hopes
to launch its first satellite within a year, ultimately plans to have a Sys-
tem of 50 satellites and 18 ground terminal stations.

ALPHANUMERIC PAGE-READER for use in commercial data-processing sys-
tems is now in production. The solid-state device was developed by
Intelligent Machines Research subsidiary of Farrington Manufacturing.

The page-reader scans a page at a time, then translates the informa-
tion to paper tape at a rate of 240 characters a second. Unconfirmed
reports suggest that Western Union has contracted for two machines
for use in over-the-phone telegrams. Telephone operators would type
incoming messages, then merely put the typewritten message in the
scanner for processing and transmission.
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Performance is the test of Space Technology Leadership

The experience and creativity of Space Technology Laboratories in the field of space systems — both military and civilian — are
documented in this record of accomplishment: Responsibility since 1954 for the over.all systems engineering and technical
direction for the Atlas, Thor, Titan, and Minuteman elements of the U. S. Air Force ballistic missile program, and in such advanced
space projects as Score, Tiros |, Transit 18, and Mercury. Conduct of vehicle re-entry projects and the Pioneer |, Explorer VI, and
Pioneer V advanced space probes on behalf of the Air Force, Advanced Research Projects Agency, and National Aeronautics and
Space Administration. Contributions to these projects included design, fabrication, and instrumentation of spacecraft; over-all
systems engineering and technical direction; direction of launch and tracking; and data reduction and analysis ® This perform-
ance demonstrates the STL creative flexibility to anticipate and initiate responses to the space challenge. To discharge its growing
responsibility in Space Technology Leadership, STL is now broadening the scope of its activities. Resumes and inquiries concern-
ing opportunities with STL are invited from outstanding scientists and engineers, and will receive meticulous attention.

SPACE TECHNOLOGY LABORATORIES, INC. r.o.80x95005J, LOS ANGELES 45, CALIFORNIA

a subsidiary of Thompson Ramo Wooldridge Inc.

El Segundo * Santa Maria ¢ Edwards Rocket Base ¢ Canoga Park J Cape Canaveral * Manchester, England e Singapore ¢ Hawaii
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ree from Thermal Fatigue-the

Welded tube seol pro-
tects against the possi-
bility of leaks

One piece terminol for
dependable installation

Hermetic gloss to metol seols
on top tube and main hous.
ing attachment stand up
against thermal shock, cy-
cling; provide low leakage
current by eliminating elec-
trical instability due to leaks

Molecular sieve is a
“‘getter’’ for long term
stability

Silicon pellet . . . highly effi-
cient junction design pro-
vides extremely law forward
voltage drop

Hard solder joints
eliminate thermal fatigue
failures

Welded main seal
eliminates housing
leaks

Thermal fatigue of internal soft solder joints has
long been a major pitfall in rectifier design. Now,
General Electric medium current silicon rectifiers
beat the heat and highly cyclical loads with high
melting point, hard solder joints that make ther-
mal fatigue failures a thing of the past.

The test units shown (minus housing and top
lead) were set up to reach 180°C and drop to
40°C during 3-minute “on” and l-minute “off”
cycles. After 900 thermal cycles the soft solder
junction temperature rose to 191°C while the
hard solder junction temperature peak remained
at 180°C. At 1150 cycles the soft solder junction

temperature reached 201°C, and by 1155 cycles it
had skyrocketed to 240°C where the soft solder
melted and the junction sandwich separated from
the copper stud.

In contrast, the hard solder junction tempera-
ture peaks remained constant, unaffected by the
highly cyclical load. In fact, General Electric
hard solder junction silicon rectifiers have been
tested to 70,000 temperature cycles from 35°C to
200°C with absolutely no trace of thermal resist-
ance deterioration. And hard solder joints are
only one part of the inside story of G-E medium
current silicon rectifiers.

The two test units ore shawn here. Before the test they were identicol in
every respect, except thot the unit on the left uses conventionol tin-leod
soft solder, while the unit on the right uses exclusive G-E hard solder joints.
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Inside Story of General Electric

Medium Current Silicon Rectifiers

Medium Current Silicon Rectifier Cells

DESIGNED FOR THE 2 TO 30 AMPERE RANGE.-. JEDEC & Max Ioc Max. Rev. | Max. Full
. . . 4 GE Type @ 145°C Cur. (Full | Load Volt-
General Electric medium current silicon rectifiers Number Stud Single | Cycle Av. @| age Drop
Phase Full Load)
offer important extra advantages for your circuit @Js0°C | @Jsooc
tu tu
designs: INI341A 6A 3.0 ma .64V
1N1342A 6A 2.5 ma 64V
. h 1N1343A 6A 2.25 ma .64V
1 1 1 init - 1N1344A 6A 2.0 ma 64V
Ig.h current operation with minimum space re LA ir S A
quirements 1N1346A 6A 1.5 ma .64V
IN1347A 6A 1.25 ma .64V
1N1348A 6A 1.0 ma .64V
H H H d 1IN1199A 12A 3.0 ma .55V
® high junction temperature rating and extremely - e 122 et o
o IN1201A 12A 2.25 ma .55V
low voltage drop and thermal impedance Ly A zEm y
1N1203A 12A 1.75 ma 55V
. . o 3 n 1N1204A 12A 1.5 ma .55V
® available with negative polarity (stud is anode) IN1205A 12A 125ma | .55V
1N1206A 12A 1.0 ma 55V
. 1N248 10A 50 215;\$"TJ
. : |- e :
transient PRV ratings mean safer application 545 ok o o
1N250 10A 5.0 ma 1.5v*
. P TN248A 20A 5.0 ma 1.5V**
® may be mounted directly to chassis or fin, or IN249A¢ 20A 50 ma 1.5vA*
. . . 1N250AT 20A 5.0 ma 1. 5NaAA
may be elecfrlccTIy insulated from heat sink @ 1459C
. : . B 3 Stud
using mica washer insulating kit provided 1N2154 100 | 25A 50ma | 06V
1N2155 200 25A 4.5 ma 0.6V
}N2|56 350 25A 4.0 ma 0.6V
H q H ' sl N2157 450 25A 3.5ma 0.6V
® conservative ratings for maximum reliability Miz1 5617 e BEa Some | 3oy
; " 1N2159 700 25A 2.5 ma 0.6V
under all operating conditions bt -4 - A ] ([

200°
200°
200°
200°
200°
200°
200°
200°
200°
200°
200°
200°
200°
200°
200°
200°

1752
175°
175°
1752
175°
175°

200°
200°
200°
200°
200°
200°
200°

1B types available as SIGNAL CORPS approved units.

® dall of these same rectifiers are available in a Signal Corps approved units available as USA 1N2135A.

wide range of rugged stack assemblies com-
plete with cooling fins, connection terminals
and mounting brackets.

For complete information on General Electric thermal-fatigue free medium
and high current silicon rectifiers, see your G-E Semiconductor District
Sales Manager. For additional technical data, write Section 25B2,
Rectifier Components Department, General Electric Company, Auburn,
New York. In Canada: Canadian General Electric Company, 189 Dufferin
St., Toronto, Ontario. Export: International General Electric Company,
150 East 42nd Street, New York, N. Y.

For fast delivery at factory-low prices in quantities up to 999, see your local G-E Distributor

Progress Is Ovr Most Important FProduct

GENERAL @3 ELECTRIC
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ALL UNITS ACTUAL SIZE

L
—

INSULATED SHELL
PUWEI}LRESISTURS

Sprague’s Koolohm Resistors are de-
signed to meet military and industrial
requirements for insulated power
wirewound resistors that will per-
form dependably.

New axial-lead Koolohm con-
struction features include welded
leads and winding terminations. Ex-
clusive Ceron® ceramic-insulated re-
sistance wire, wound on special ce-
ramic core makes possible multilayer
non-inductive windings and extra-
high-resistance-value conventional
windings. Dense, non-porous ceram-
ic outer shells provide both humidity
and mechanical protection for resist-
ance elements. All resistors are aged-
on-load to stabilize resistance value.

The advanced construction of
these improved Koolohm Resistors
allows them to operate at “hottest
spot” temperatures up to 350°C.
You can depend upon them to carry
maximum rated load for any given
physical size.

SendforEngineering Bulletin7300A
for complete technical data.

SPRAGUE ELECTRIC COMPANY

35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY
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MARKETING

R&D Tab May Hit $16 Billion In '62

THIS YEAR’S R&D expenditures will
run to about $14 billion and may
hit $16 billion by 1962 according
to L. A. DuBridge, president of
California Institute of Technology.

These forecasts and others came
out of a recent Business Outlook
Conference sponsored by the Los
Angeles Chamber of Commerce.

DuBridge said today’s growth
rate of 10 to 15 percent for re-
search and development should
continue through the year. He
added that southern California’s
share of such spending should in-
crease.

The highest growth rate in
southern California’s economy is in
industrial electronics according to
J. H. Richardson, vice president of
marketing at Hughes Aircraft. In-
dustrial electronics, largely com-
posed of computers and measure-
ment and control devices, should
expand 15 percent a year during
the next decade according to Rich-
ardson. The industrial sales out-
look this vear is for a ten-percent
gain; consumer products may see a
two-percent rise. Defense activity
will increase four percent.

W. J. Pattison, Garrett Corp.
vice president of sales, said defense
spending was between $40 and $42
million for the period 1956 to 1960.
He anticipates that 1961 will see
the total swell to $43.5 and con-
tinue to about $55 million by 1970.
Expenditures by National Aero-
nautics and Space Administration
will grow from the $500-million
level in 1960, hit just under $1 bil-
lion in 1961 and amount to $2.2 bil-
lion by 1970.

Air Force spending is expected
to near $19 billion during this fiscal
vear of which $5 billion will go for
aircraft procurement, $3 billion
will go for missiles and astro-
nautics and $1 billion for other
weapons. By 1970, the $19-billion
figure is expected to rise to $23
billion. Pattison sees these figures
as pointing up the continued im-
portance of manned aircraft, adds
that Minuteman will be the largest
single AF project in fiscal 1962 and

is expected to absorb $800 million.

Navy expenditures are expected
to total $13 billion next year, rise
to $16 billion in 1970. The budget
for Navy’s biggest project, Polaris,
came to $1.234 billion this year
with an equal amount requested for
1962. Total bill for the missile, sub-
marines and associated equipment
is expected to hit $8 to $10 billion
in 1966.

If the cold war continues, said
Pattison, the Army budget of $12
billion for fiscal 1962 will rise to
between $14 and $15 billion for di-
rect procurement of aircraft and
missiles. He added that funding
for Nike-Zeus may be reduced from
1960’s $500 billion to $300 billion
this year.

U. 8. IMPORTS of Japanese tran-
sistor radio batteries will rise 255
percent this year according to
predictions by Battery Informa-

tion Committee of the National
Electrical Manufacturers Asso-
ciation.

Chairman of BIC, L. Schub,
president of Acme Battery Corp.,
reports that last year 42 percent
of the transistor radio batteries
sold in this country were Japanese
made, more than double the 1959
figure. The Committee forecasts
a rise to 55 percent in 1961.

Based on Bureau of Census fig-
ures for battery imports from
Japan in 1960, BIC says 8% million
Japanese transistor radio bat-
teries entered the country last
vear. Prediction for this yvear is
that the count will rise to near
20 million, about half of total Jap-
anese production. This figure does
not include batteries prepacked in
radio sets, 3! million of which
were imported in the U.S. from
Japan last yvear.

NOVEMBER was the best month in
1960 for sales of monaural phono-
graphs, with factory sales up by
34,626 sets over the October total
and retail sales up 47,994 accord-
ing to the Marketing Data Depart-
ment of the Electronic Industries

electronics



Association. Sales of stereophonic
phonographs, however, were under
the October total by 48,815 sets.
Retailers sold 8,919 fewer stereos
in November than in the previous
month.

Total year’s sales of monaural
phonos for 1959 were 1,113,207 for
factory. For 1960: 1,059,617.

Stereo fared better in both
years with 1959 factory sales of
2,628,092 rising to 3,044,702 in
1960.

The corresponding retail sales
figures are: monaural 1960-995,-
784, 1959-1,423,148; stereo 1960-
2,663,330; 1959-2,151,948.

NEW PROGRAM for compiling sales
data on industrial electronic
equipment has been established
by EIA’s Marketing Data Com-
mittee.

Under the group’s proposed re-
porting format, manufacturers
participating in the program will
be asked to give sales figures in
such categories as testing and
measuring gear, computing and
processing equipment, communica-
tions and navigational aids. Also
glated for attention are medical
electronics equipment and power
supplies as well as other devices.

Data will be collected initially
in broad product categories. As
participation grows, however, the
group hopes to refine the informa-
tion. Plans are to compile and
distribute the data quarterly.

FIGURES OF THE WEEK

Production
Week of 1-20

'\. SOURCE E1A

N

Thousands
of
Units

Radio Sets Tol0| m o e
= TV Sets

Auto Se“m
{

450

400

350

300

250

200

150

100

50

0|

JEMAMI ) ASOND

o—— 1960————— >« 1961—»|

JAN

(Advertisement)

'New Extended-Life

Electrolytics
in Miniature
Tubular Case
Styles

i

—

7/ SPRAGUE

A new line of extended-life elec-
trolytic capacitors in miniature
tubular case styles has just been
announced by the Sprague Electric
Company. Designed to give more
than 10 years service under normal
operating conditions, these capaci-
tors are similar to Sprague’s famous
extended-life telephone and com-
munications electrolytics. The low
temperature characteristics of the
new Type 40D capacitors givethem
broad industrial and military appli-
cation.

Construction of these capacitors
assures freedom from open circuits
even after extended periods of oper-
ation in the millivolt signal range.
Ultra-low leakage currents are the
result of special design and process-
ing techniques based on the use of

‘ the highest purity anode and cath-
| ode foils.

For complete technical data, write
for Bulletin 3205 to Technical Lit-
erature Section, Sprague Electric
Company, 35 Marshall Street,
North Adams, Massachusetts.

;
|
!

|
|
|

MINIATURE
PROKAR™ ‘D’
MOLDED
CAPACITORS

—with a new 125 C dual
dielectric and improved
moisture resistance

Sprague's improved PROKAR 'D’
Capacitors meet the need for
smaller tubular capacitors capa-
ble of withstanding 125 C oper-
ation in military, commercial and
industrial electronics.

Key to the improved design is
a new processing technique for
better humidity resistance and a
new dual dielectric which com-
bines the dielectric strength of
the highest grade capacitor tissue
with the effective moisture pro-
tection of plastic film, giving
these miniature units high insu-
lation resistance plus extended
life at 125 C. The new Type 150P
Capacitors are impregnated with
the same exclusive high temper-
ature organic material used in
the original Prokar series which
marked a milestone in molded
capacitor development. Capaci-
tors may be operated at tempera-
tures up to 125 C without voltage
derating.

For complete specifications on
Type 150P Prokar 'D’ Molded
Capacitors, write for Bulletin
2300 to Technical Literature Sec-
tion, Sprague Electric Co., 35

Marshall St., North Adams, Mass.

SPRAGUE"|

THE MARK OF RELIABILITY

¢ =
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RAYTHEON DISTRIBUTORS

in 4 cities offer immediate delivery of
RAYTHEON MAGNETOSTRICTION FILTERS

with Fixed Center Frequency

-« . @t no penalty in price

ALABAMA
Birmingham
Forbes Dlstrlbutmg Company
AL 1
MG Electrlcal Equipment Company
FAirfax 2-0449
Mobile

HE 2-7661

ARIZONA

Phoenix
Radio Specialties & Appl. Corp.
AL 8-6121

Tucson
Standard Radio Parts, Inc.
MA 3-4326

CALIFORNIA

Burbank
Valley Electronic Supply Co.
Victoria 9-3944

Glendale
R. V. Weatherford Co.
Victoria 9-2471

Hollywood

HO 4-8321
Inglewood

Newark Electronics Company
ORchard 7-1127

Los Angeles
Federated Purchaser
BRadshaw 2-8771
Graybar Electric Company
ANgelus 3-7282
Kizrultf Electronics, Inc.
Richmond 8-2444

Oakland
Bri!l Electronlcs
TE 2-610
Elmar Electronlcs
TEmplar 4-3311
Palo Alto
Zack Electronics
DA 6-5432
San Diego
Radio Parts Company
BE 9-9361
San Francisco
Fortune Electronics
UN 1-243
Santa Ana
Airtonic Sales, Inc.
Kimberly 5-9441
Santa Monica
Santa Monica Radio Parts Corp.
EXbrook 3-8231

Forbes Electronic Distributors, inc.

Hollywood Radio & Electronics, Inc.

COLORADO
Denver
Ward Terry Company
AMherst 6-3181
CONNECTICUT
East Haven
J. V. Electronics
HObart 9-1310
DISTRICT OF COLUMBIA
Electronic Industrial Sales, Inc.
HUdson 3-5200
FLORIDA
Miami

East Coast Radio & Television Co.

FRanklin 1-4636
Electronic Equipment Co.,
NEwton 5-0421

West Palm Beach
Goddard Distributors, Inc.
TEmple 3-5701

ILLINOIS

Chicago
Allied Radio Corporation
HAymarket 1-6800
Newark Electronics Corp.
STate 2-2944

INDIANA

Indianapolis
Graham Electronics Supply Inc.
MElrose 4-8486

LOUISIANA

New Orleans
Columbia Radlo and Supply Co.
TW 7-0111

MARYLAND

Baltimore
Wholesale Radio Parts Co.,
MuUlberry 5-2134

MASSACHUSETTS

Boston
Cramer Electronics, Inc.
COpley 7-4700
DeMambro Radlo Supply Co.,
AL 4-900
Graybar Electrlc Co.
HUbbard 2-9320
Lafayette Radio Corp. of Mass.
HUbbard 2-7850

MICHIGAN

Ann Arbor

Wedemeyer Electronic Supply Co.

NOrmandy 2-4457
Detroit

Ferguson Electronics, Inc.
UN 1-6700

MISSISSIPPI

Jackson
Ellington Radio, Inc.
FL 3-2769

MISSOURI
Kansas City
Burnstein-Applebee Company
BAltimore 1-1155
St. Louis
Graybar Electric Company
JEfferson 1-4700
NEW HAMPSHIRE
Concord
Evans Radio
CApital 5-3358
NEW JERSEY
Camden
General Radio Supply Co.
WO 4-8560 (in Phila.: WA 2-7037)
NEW YORK
Binghamton

Stack industrial Electronics, Inc.

RA 36326

Buffalo
Genesee Radio & Parts Co., Inc.
DElaware 9661
Wehle Electronics Inc.
TL 4-3270

Elmira
Stack Industrial Electronics, Inc.
RE 3-6513

Ithaca
Stack Industrial Electronics, Inc.
IThaca 2-3221

Mineola, Long Island
Arrow Electronics, Inc.
Ploneer 6-8686

New York City
H. L. Dalis, Inc.
EMpire 1-1100
Milo Electronics Corporation
BEekman 3-2980
Sun Radio & Electronrcs Co.,
ORegon 5-8600
Terminal Electronics, Inc.
CHelsea 3-5200

OHIQ

Cincinnati
United Radio Inc.
Cherry 1-6530

Cleveland
Main Line Cleveland, Inc
EXpress 1-4944
Pioneer Electronic Supply Co.
SUperior 1-9411

Cotumbus
Buckeye Electronic Distributors, Inc.
CA 8-3265

Dayton
Srepco, Inc.
BAldwin 4-3871

OKLAHOMA

Tulsa
S & S Radio Supply
LU 2-7173

OREGON

Portland
Lou Johnson Company, Inc.
CApital 2-9551

PENNSYLVANIA

Philadelphia
Aimo Radio Company
WAInut 2-5918
Radio Electric Service Co.
WAInut 5-5840

Pittsburgh
Marks Parts Company
FAirfax 1-3700

Reading
The George D. Barbey Co.,
FR 6-745

TENNESSEE

Knoxville
Bondurant Brothers Company
3-914

TEXAS

Datlas
Graybar Electric Company
Riverside 2-6451

Houston
Busacker Electronic Equipment Co.
JAckson 6-4661
Harrison Equipment Company
CApitol 4-9131

UTAH

Salt Lake City
Standard Supply Company
EL 5-2971

VIRGINIA

Norfolk
Priest Electronlcs
MA 7-4534

WASHINGTON

Seattle
Western Electromc Company
AT 4-020

WEST VIRGINIA

Bluefield
Meyers Electronics, Inc.
DAvenport 5-9151

SEE PAGE 5 FOR FURTHER INFORMATION.

RAYTHEON DISTRIBUTOR PRODUCTS DIVISION .

411 PROVIDENCE TURNPIKE

RAYTHEON COMPANY

DISTRIBUTOR

20 CIRCLE 20 ON READER SERVICE CARD

PRODUCTS
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e WESTWOOD, MASS.
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NEW BENDIX c(ERAMETER)M;s offered as a

CERAMIC-METAL TERMINAL

superior solution to glass terminal problems confronting
manufacturers of military electronics gear, transtormers,
condenser banks, relays, transistors and similar equipment.

Mg;"fg,’,’gﬁﬁ,w / TRUE HERMETIC SEAL
PIN WITH ‘A
SINTERED COPPER
N V4
I 7 7Y 777777 7L L L,
4_/‘7
Aleggl.ﬁf/vgézvy/ FLATTENED AND

Now in production—this new and better terminal with 8 big
advantages: 1 Developed especially for super-reliability on
high-performance applications involving shock and high
temperatures. 2 Vacuum-tight seal. 3 Will withstand
brazing temperatures at 1500'F. 4 Tested to 11,000 psi
shear stress without failure. 5Ideal for encapsulated de-
vices. 6 For both replacement and original equipment
use. Extreme resistance to cracking under mechanical
or thermal stresses. 8Variety of configurations. Send for

fu].]. details. ELECTRON TUBE PRODUCTS
' Red Bank Division R 27

EATONTOWN, N, J. CORPORATION

Development of this new and better
miniature metal-ceramic terminal was
made possible by our extensive ex- r' ————————————————————————————
perience in producing vacuum-tight,
miniature ceramic stems for the Bendix
line of metal-ceramic receiving tubes. 1 B

Electron Tubes Dept. C2-10

The Bendix Corporation

Eatontown, New Jersey
Gentlemen: Please send me complete
details on your new Bendix CERAMETERM.

| have in mind the following applications

NAME. TITLE

COMPANY

ADDRESS
CITY. Aol N -3 .Y | S —
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/ \ D / \Y- s« &« or more words than

are teletyped every day by every wire service in the U. S.

This gives you some idea of the capacity of the new
500-pound Courier teletype satellite now orbiting the earth
14 times a day, 600 miles up.

Heart of the U. S. Army Courier system is a cluster of
five five-pound magnetic tape recorder/reproducers made
by Consolidated Electrodynamics. Four of them store and
transmit teletyped messages. The other carries analog or
voice messages.

Each CEC unit is programmed separately and has the
capacity to record 55,000 data-bits per second, for five
minutes on one channel, at a tape speed of 30 inches per
second. After recording, the tape drive is reversed by com-
mand from the ground to reproduce the signal backwards.

The Courier satellite project is obviously
important to our current defense effort.
Less obvious, yet more important to us
and our children, is its far-reaching
implication of world-wide ground-
space-ground communications. When
a phone call to Antarctica will be as simple as one to your
next door neighbor.

Why did the Department of Defense choose CEC for
this delicate and far-reaching assignment? Experience,
mostly. And imagination. They didn’t ask “‘Can it be
done?’’ They said, ‘“Do it.”’

And the company that (1) records 90% of all Atlantic-
range missile-test flights, (2) went down with the Nautilus
using mass spectrometers to test air contaminants, (3) went
up with the B-58 to flight test the world’s fastest bomber,
(4) went higher with a satellite-carrying spectrometer
to measure radiation, (5)
designed ‘‘Micro-plant’’ —
first unattended petroleum
pilot plant, and (6) moni-
tors, measures, analyses,
controls and records almost
anything for industry and
defense did it.

CONSOLIDATED ELECTRODYNAMICS / pasadena, california
DATA RECORDERS DIVISION + DATALAB DIVISION « TRANSDUCER DIVISION

ANALYTICAL & CONTROL DIVISION - CONSOLIOATED SYSTEMS CORPORATION
CONSOLIDATED VACUUM CORPORATION

& sussioiARy of Belle-Howell . FINER PRODUCTS THROUGH IMAGINATION

CIRCLE 23 ON READER SERVICE CARD



SOLID-STATE IS

Devices shown include magnetic-film memory. S-band
maser, parametric amplifiers and new high-temperature
ceramics. Majority of the instruments on display were

electronic and many used transistors

By W. w. MACDONALD, =®ditor
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Packaged S-band maser by Mullurd Thin-film memory by International Computers and Tabulators

British physics exhibition is short on creature comforts, long on technical information
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THEME OF BRITISH PHYSICS SHOW

LONDON—EVEN BY BRITISH stand-
ards, the Exhibition of the Insti-
tute of Physics and the Physical
Society held here late last month
was singularly noncommercial. The
146 booths emphasized equipment,
were otherwise unadorned, even for
chairs. But engineers were in at-
tendance at the booths and techni-
cal information in depth was read-
ily available. There were only three
technical papers. They were pre-
sented in the evening and were out-
standing.

Here are a few high points of the
exhibition.

A new principle in quadrature
modulation for single-sideband
operation was announced by Associ-
ated Electrical Industries. The sig-
nal is split by two phase-shift net-
works into quadrature components
S, and S.. The carrier is split into
quadrature components C, and C..
These are combined and signals
(S, + C.) and (S. + C,) are ap-
plied to the input ports of a mul-
tiplier. The output signal is then
(S.C. + S.C.) + (SS. + CC)).
The first term is the desired single-
sideband output. The second term
is unwanted but easy to suppress.
The term C.C. represents twice the
carrier frequency and none of the
components of S.S. is above twice
the highest speech frequency.

An experimental magnetic-film
memory by International Com-
puters and Tabulators stores fifty
50-bit words. The film matrix ex-
ploits a coherent rotational switch-
ing mode. Cycle time is a fraction
of a microsecond. The memory
consists of two aluminum plates
covered with magnetic film, and
the selection wires.

An instrument by the Royal Ra-
dar Establishment puts out pulses
each separately variable in delay,
width and amplitude. The equip-
ment is made up of a square-wave
generator, one or more triggered
delayed-pulse generators and one
or more output units. Each of four
outputs from the square-wave gen-
erator can drive a triggered de-
layed-pulse generator. Each de-
layed-pulse generator can feed one
or more output units. Output

February 10, 1961

pulses can be on different lines or
on one common line. System can
deliver sharp 5-nsec pulses into
50-ohm cable. The system uses
transistors good to 300 Mec.

An ultrahigh-frequency para-
metric amplifier by Marconi is con-
tained in a single length of X-band
waveguide. The uhf signal is con-
verted to X-band. The amplifying
element is a varactor diode. Pump
frequency is 9 Ge. The X-band
amplified output is reconverted to
uhf by a conventional mixer crys-
tal.

A radar beam position indicator
by Elliott Brothers tells accurately
and continuously the direction of a
scanning radar at any time. Mi-
crowave phase sampled at two
points in the near field of the beam
is used to compute the angle of
scan.

A swept-frequency X-band oscil-
lator by Decca Radar has a ferrite
rod in the rear cavity of a klystron.
The tube is swept several mega-
cycles in frequency by varying cur-
rent in a coil around the rod. The
oscillator is useful in automatic-
frequency-control systems and
broadband spectrum analyzers.

High-temperature ceramics by
British Ceramic Research Associa-
tion now being produced in pilot-
plant quantities use boron nitride,
silicon nitride and self-bonded sili-
con carbide.

Solid tantalum capacitors by
Standard Telephone use a sintered
porous tantalum body on which an
oxide layer has been formed. Con-
tact is made by a manganese-diox-
ide semiconductor.

Electroluminescent panels placed
beneath maps and charts in air-
planes make the maps and charts
readily readable (Thorn Electri-
cal).

Special resistors shown by Ed-
ward High Vacuum are made by
depositing thin films of chromium
or nickel-chromium alloy on glass.

Eye-movement measuring appa-
ratus (ELECTRONICS, p 67, Sept.
25, 1959) made by EMI is now fully
transistorized.

Mullard displayed a package
S-Band cavity maser; Texas In-

struments showed solid semicon-
ductor networks of the type re-
cently shown in the U. S.

Twin Planar Transistor
Eases Matching Problems

TWIN TRANSISTOR—made up of two
planar silicon units sharing a com-
mon collector—is being produced by
RCA. The device eases problems
involving the close matching of
characteristics, normally done by
selecting and testing for identity,
the company claims.

“The twins are united in pro-
duction and undergo almost identi-
cal stress, temperature, environ-
ment and other conditions critical
in manufacture,” says RCA’s C. N.
Lane.

“When completed and packaged
as a single unit, he adds, they are
similar “in electrical and thermal
problems . . . and maintain the
match over a wide range of opera-
ting points and temperatures.”

African Site Readied
For Space Tracking

JOHANNESBURG—Equipment is ar-
riving at an isolated farim 20 miles
from Krugersdorp in the western
Transvaal, where the latest link in
a space tracking network is going
up.

Technicians from Patrick Air
Force Base are assembling the 85-ft
antenna that will track orbiting
satellites. The tripod-mounted unit
will weigh 120 tons. The station
will also be able to pick up cosmic
noises.

The South African installation
will complete National Aeronauti-
cal & Space Administration’s deep
space network consisting of three
identical radiotelescopes. The other
two are at Goldstone, Calif., and
Woomera, Australia.

The Krugersdorp station cost
more than $6 million and will be
linked to the United States by telex.
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Air-Collision Avoidance Tests Begin

Federal Aviation Agency is checking several techniques, may write specs this year

FLIGHT TESTS of two midair colli-
sion avoidance techniques have
started and are to continue into
April. The tests, by the Federal
Aviation Agency, are feasibility
and system studies, not tests of
hardware or prototype equipment.

The former Civil Aeronautics
Authority (superseded in 1958 by
FAA) started a test program in
1948 to determine the ability of
pilots to detect another plane on a
collision course. Results, published
in May 1957, indicated that pilots
need to be told when and where to
look if they arec to avoid another
aircraft. Information of this kind
is necessary even in good weather.

The planes were DC-3’s, flown in
clear weather at 140 mph by air-
line pilots. Two types of flights
were made: in one case the pilot
did not know he was flying a col-

x
. {HEAD ON)
COLLISION S o
POINT <
DISTANCE
BETWEEN
PLANES—] HEADING 3
A JLE &

lision course; in the other test he
knew he was on a collision course
but did not know the angle of ap-
proach. There was little difference
in performance between the two
types of tests. The threshold value
(see figure) was established by a
CAA observer who knew where and
when to look.

Forty seconds, including air-
plane response time are usually re-
quired before an evasive maneuver
can be effective. For two jets ap-
proaching head-on at 500 mph, de-
cision must occur 11 miles before
point of impact. The figure shows
that for the average case, detec-
tion distance for zero heading is a
little less than 4 miles.

That more collisions have not
occurred is because planes must
fly in assigned corridors and at as-
signed altitudes. Nevertheless, in

2
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8
DETECTION DISTANCE IN MILES

80
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40
TIME TO COLLISION iN SECONDS {BOTH PLANES AT 140 MPH )

Difference in sighting distance for a pilot who knows he is on a collision
course and one who does not is minor, according to tests. Heading angles

used were 0, 30, 60, and 100 degrees
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1959 there were 1,112 reports of
near misses. Of these, planes came
within 500 feet (defined as a near
miss) in 425 cases and within 100
feet in 170 cases. In 75 percent of
the near misses, visibility was 5
miles or better, and in half there
was no time for evasive action.

The FAA believes the primary
solution is positive ground control,
with the flight of all aircraft con-
tinuously under surveillance by
ground control centers. While posi-
tive ground control is several years
away, collision avoidance equipment
might be put to use within four
years.

There are two approaches to air-
borne equipment for avoiding ecol-
lisions. The first is CAS (Collision
Avoidance System). It is a com-
plete system that evaluates any col-
lision threat and then either tells
the pilot how and when to ma-
neuver or performs the maneuver
through the autopilot. It performs
computation.

The other system is PWI (Pilot
Warning Instrument) ; it furnishes
the pilot -with range, bearing and
other flight parameters, but does
not calculate the evasive maneuver,
The pilot is the computer.

Two types of cooperative equip-
ment that enables two planes on a
collision course to exchange infor-
mation and coordinate evasive ma-
neuver are now being considered by
FAA: one uses a transponder on
each plane. In the other type, a se-
ries of pulses is sent out continu-
ally every five or ten seconds.

A CAS system proposed by Ben-
dix Radio division, Towson, Md.,
is to be evaluated in flight tests.
All aircraft transmit pulses that
are spaced to provide altitude in-
formation. A listening aircraft re-
ceives a direct pulse and an echo
pulse bounced from the ground. If
the altitudes of the two planes pro-
vide safety, no further action _is
taken; if the altitudes are in the
danger zone, collision threat is
evaluated. Each aircraft, knowing
its own altitude, the altitude of the
intruder, and the time difference
between the direct and first echo

electronics



pulse, computes the distance to the
intruder. Successive pulses are in-
terpreted and the rate at which the
range is changing is determined.
The CAS calculates the time re-
maining before a plane must exe-
cute its escape maneuver. At a
preselected time the listening plane
makes a change in altitude, upward
if it is above the intruder, down-
ward if it is below.

Preliminary flight tests were
made in Dec. 1960. A complete sys-
tem is soon to be delivered to FAA
and will undergo approximately 80
hours of flight time over 2 months.

Another cooperative CAS tech-
nique, proposed by Sperry Gyro-
scope Co., requires a transponder,
flush-mounted Luneberg antenna,
and computing circuits. The tech-
nique would also develop PWI in-
formation and might have advan-
tages in congested terminal areas.

These two CAS systems will be
tested to determine technique feasi-
bility. But there are other active
projects. A system by Motorola,
is to be used to determine the in-
formation and accuracy a pilot
needs from a PWI system.

A simulator study at NAFEC at
Pleasantville, N. J. uses a cockpit
mockup to study pilot reactions to
collision threats. Initial studies are
to find what information is needed
in good weather, which exists dur-
ing 80 percent of flights. Additional
studies will be for night flights.

Tests have been conducted at
NOTS, China Lake, Calif. using
infrared techniques. ‘Preliminary
tests using aircraft engines as the
ir source were not promising, but
tests using the anticollision beacon
on aireraft stabilizers showed air-
craft could be detected ten miles
away. Further tests using ir are
to be conducted this June.

A number of other projects in
being or proposed include: high in-
tensity and fluorescent paint to im-
prove aircraft spotting; artificial
contrail techniques; psychological
studies of visual factors; modifica-
tion of airborne weather radar to
include PWI information; analysis
of advanced communication coding
and data smoothing; exterior air-
craft lighting for both day and
night; and other activities and
studies in altitude measuring
equipment, air-traffic models, and
effectiveness and feasibility of vari-
ous aircraft escape maneuvers.
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Y-ClRCULATOR? For a wide variety of rea-
sons. ..because, first of all, it is broad band. ..
because it is compact and lightweight... because

of its extremely high isolation and low insertion

loss. These Y-Circulators were specifically de-

signed for use in duplexing systems as well as

with masers and parametric amplifiers. Because
they are adaptable. .. by terminating one arm in
a dummy load, this device can be used as a broad
band isolator. With other modifications it can be
utilized as a switch, variable attenuator or ampli-
tude modulator. Finally (and certainly something

on which you can rely), because it's from Rantec.

€s-902 |
| (iustrated) |  CXB%03 | €590
Frequency Range | 2.7-3.3KMC | 5.46.7KMC | 2.2:2.4KMC |

— -

Isolation 20db 2000 | 186 |
Insertion Loss 0.4dd 0.4db Min. 0.4db Max.
VSWR 1.3:1 Max. | 1.3:1Max. | 1.3:1Max. |
SKW Peak SKW Peak 5KWPeak | g 27 29 31 33 Mk
fawer HEndiie 5 Watts Avg. ! 5 Watts Avg. | 5 Watts Avg. |

INSERTION LOSS v

For complete specifications, write Rantec ... they'll tell you YA

- PL t e_,C RANTEC CORPORATION

CALABASAS, CALIFORNIA

also from rantec: ferrite devices, wave guide components, r-f telemetry components,

electronic components, microwave sub-systems and antennas
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U.S. ARMY PHOTO

........ Rugged pre-molded flame-
® resistant outer case assures
standard wall thickness, guar-
anteeing environmental im-
3 .. munity and absolute product
Micro-miniature uniformity. Square modular
shape affords highest capac-
ity per usable volume.

........ Epoxy potting solidly an-
chors, hermetically seals ca-
pacitor within case; increases
mechanical strength and elim-
inates humidity leaks around
leads.

CERAMIC
CAPACITORS

Meets MIL-C-11015/18 and 19 (USAF)

J

........ Resilient, moisture-proof
plastic sheathing protects unit
during assembly and absorbs
thermal shock at extremes of
temperature cycling.

’ . $¥oooand Uniformly exact dielectric
margins around electrodes
eliminate short circuiting and
breakdown across edges un-
der surge voltages through
400% of rating. Single stand-
ard 0.2" lead dimension for
all values simplifies circuit
design.

Jitnam™

INCORPORATED
Box 544, Bridgeport 1, Conn.

UNCASED CASED 7

47-10,000 mmf
=55°C to 150°C
200 vdc rating

Small case size:

.2 x .2 x .1 through 1000 mm¢f

-3 x .3 x .1 through 10,000 mm¢

¢ Also available uncased

for complete assembly
encapsulation. i

® Vitramon Inc. ﬂ
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NASA to Build Active Communications Satellite

SEVERAL ELECTRONICS firms will
submit bid proposals to the Na-
tional Aeronautics and Space Ad-
ministration on March 6 for the
agency’s first active communica-
tions relay satellite system.

NASA recently described the re-
quirements of Project Relay to
representatives from 41 firms at a
two-day briefing at the Goddard
Space Flight Center, Greenbelt, Md.

NASA wants an 85-b active re-
lay satellite to be launched from
Cape Canaveral, Fla. by a Delta
rocket into an elliptical orbit (apo-
gee—2,800 to 3,400 statute miles;
perigee—650 to 1,600 mi) with an
orbital period of 180 minutes.

Wide-band communication sig-
nals covering the range of tv, multi-
channel telegraphy and data han-
dling will be transmitted between
the east coast of the U. S. and West-
ern Europe.

The payload will also carry in-
struments to detect radiation dam-
age and other environmental effects
on critical components, such as
solar cells, as the satellite passes
through the radiation belts.

Though money for this specific
project was not announced, it is
known that NASA’s supplemental
budget request for active and pas-
sive satellites (these latter are to
be heavier and sturdier than Echo)
for fiscal year 1961 was $24 mil-
lion. R&D funds requested for
1962 was $44 million.

Project Relay, NASA says, in no
way cancels out its offer of last
October to launch and evaluate at
cost promising spacecraft de-
veloped and built by industry.
Companies who have expressed in-
terest include: AT&T, Hughes,
ITT, Philco, RCA and GE.

NASA’s Chief of Communica-
tions Satellite Programs, Leonard
Jaffe, set forth his views on com-
munications satellites at the re-
cent annual meeting of the Insti-
tute of Aerospace Sciences in New
York. He described advantages,
disadvantages and problems in-
volved in three categories of satel-
lites: (1) synchronous orbit (high
altitude) active repeater, (2) non-
synchronous orbit (low altitude)
active repeater, and (3) nonsyn-
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chronous passive satellites.

“Conspicuously absent” from the
list, Jaffe pointed out, were delayed
repeaters, like Army’s Courier, and
chaff systems. As for the delayed
repeater—‘even  for telegraphy
there is the desire for instantane-
ous communications,” Jaffe said.
“And chaff systems would be in-
herently of limited capacity. Too
little is known of the behavior or
desirability of chaff in space today.”

(1) Synchronous orbit active
satellites (22,300 mi altitude)—
only three would be needed to cover
the world, except for the polar re-
gions; fixed ground antennas would
be inexpensive.

Needed in the satellite, however,
are: earth oriented antenna sys-
tem; attitude stabilizer; and capa-
bility of adjusting velocity to re-
position the satellite. Both latter
controls, at present, require the use
of a propellant supply abroad—
thus weakening the system from
a reliability standpoint. Cold gas
and wheel systems have an esti-
mated life of one year. Should
either attitude or velocity controls
fail, the system is lost.

Time delay caused by the long
propagation path makes a two-way
telephone almost a push-to-talk sys-
tem. Time required to get a re-
sponse is 0.6 sec using one satellite
and 1.02 sec using two satellites.
Besides this delay there are still
echo suppression problems.

Time delay is not a problem for
data transmission and tv purposes.

Control for Delta Rocket
” : '“

Three 14-ounce gyros (Minneapolis-
Honeywell) sensed attitude change
in Tiros 1I's Delta flight control

In fact, constancy of the delay
makes the high-altitude satellite
desirable for these purposes.

Launching the stationary satel-
lite “is perhaps the most difficult
mission currently contemplated.”
This will have to await the Centaur
vehicle, operational in late 1963,
costing $10 million each.

(2) A nonsynchronous active
satellite orbiting at from 3,000 to
6,000 mi shows promise of pro-
viding longer life much sooner than
the synchronous orbit satellite,
Jaffe said. Requirements: large
number of small and simple satel-
lites, reasonable power require-
ments aboard satellite, absence of
attitude or position controls.

Considerable work needs to be
done on solar cells, Jaffe said. Pres-
ent solar cells are damaged by high
energy protons, trapped in the
radiation belts. A more basic un-
derstanding of the damage proc-
esses and knowledge of the spectral
distribution of particles in space
are required for the development of
new materials and for a prediction
of an actual operating lifetime.

An alternative to improved com-
ponents is to operate at higher alti-
tudes, above the radiation belts.
This, however, ups power require-
ments, satellite size and costs. The
same vehicle that places a satellite
in a high orbit can place a number
of satellites in a lower orbit.

Disadvantages to the low-altitude
system are more complex and costly
ground facilities: tracking and
switching are necessary for satel-
lites as they move in and out of the
area of mutual visibility; the prop-
agation time delay, although short,
is variable and hard to deal with.

Passive systems need high power
transmitters and large transmit-
ting antennas for high capacity
communications; also, orbital per-
turbations are difficult to predict.

An advantage is long life—10
to 20 years can be achieved. Also,
cost of ground gear is based on
individual user requirements: for
tv, 85-ft antennas and 50-Kw trans-
mitters may be required while a
user needing only teletypewriter
channels can get by with 20-ft an-
tennas and a few kilowatts.
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See Firm Tv Sales for 1961

Color tv still in running, prices shift on B&W sets

PREDICTION that more than 50,000
color tv sets will have been sold in
the four-month period ending 18
days from now will soon be put to
the test.

Check by ELECTRONICS with
RCA, whose chairman, David Sar-
noff made the prediction early in
January, elicited the comment that
“things are going nicely” but no
details.

Observers note that color televi-
sion did not sustain any significant
losses during 1960 and expects to
hold its own or advance during
1961. Considerable thrust is ex-
pected from a series of colorcasts
built around Walt Disney presen-
tations. Negotiations between
color-championing NBC and Disney
are now at the high end of the
countdown with RCA ready to join
in on the corporate level.

Most of the publicly voiced op-
timism continues to come from
RCA’s Chairman Sarnoff and Presi-
dent John Burns along the lines
that within three yvears every ma-
jor set manufacturer will be driven
into color tv by popular pressure.
Those currently known to be pro-
ducing color tv sets include Ad-
miral, Motorola, and Packard Bell
with frequent industry guesses
that Zenith will rejoin the ranks.
RCA'’s current estimate of color tv
is that it is a $100 million dollar
industry.

In black-and-white tv, pricing
and picture tube size appear to
dominate most 1961 discussions.
General Electric has introduced
19-in.  transformer-powered re-
ceiver at a list price of $159.95. A
similar sized Philco portable sells
for $10 higher.

Some softening in prices is indi-
cated by models shown at last
month’s Home Furnishings Show
in Chicago. Motorola, for example
displayed a 23-in. monochrome set
at $199.95, a drop of about $20
from earlier models the same size.
A Sylvania 19-in. receiver at the
low end of the price list is being
tagged about $10 below last year’s
comparable model which was
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selling for the price of $199.95.

There is still no unanimity of in-
dustry opinion on the reasons for
last November’s decline in volume
as compared with November of
1959. November figures slumped
about 12 percent going from 560,-
770 sets in 1959 to 429,757 for
1960.

Magnavox president Frank Frie-
man has blamed the drop on the
controversy between square cor-
ners and rounded corners, and dis-
persed attention brought on by too
many screen sizes. “In my opinion,
the industry’s shrinkage in sales
and profits last year was partly at-
tributable to the all-out promotion
of the 28-inch square cornered
sets,” he said. He added that manu-
facturer promotion convinced the
public that 17 and 21-in sets were
obsolete with the result that half
these sets were sold at liquidation,
and sales in general suffered for the
year.

One major eastern manufacturer
says part of the trouble is that too
much was being said about too
many different set sizes and noth-
ing had a chance to really take
hold.

Other spokesmen say part of the
decline came about as a result of
the controversy over bonded and
nonbonded picture tubes. “Buyers
had too many decisions to make,
and often decided to let the old set
do for another year.”

Most manufacturers interviewed
by ELECTRONICS are optimistic
about 1961 and are relying on de-
sign changes, new sales approaches
and new warranty policies to stim-
ulate buyer interest.

Zenith, for example has intro-
duced a neutralized frame grid
triode tuner that eliminates the
need for conventional fine tuning.
Mounted at the front of the set, the
tuner includes a gear to tune the
oscillator slug for each channel
strip without disturbing the align-
ment of other channel strips. The
assembly is designed for field con-
version to uhf.

Magnavox has come out with an

automatic light meter using a light
sensitive camera-type resistor.
Connected to the cathode-ray tube,
the device automatically adjusts
brightness or contrast in accord-
ance with ambient light conditions.

In new sales approaches, Wes-
tinghouse allows set purchasers to
get free decorating help for the
room that will house the tv set.
Through the dealer, the customer
obtains a packet based on the room
description. The kit includes
swatches of fabrics, floor plan sug-
gestions.

British Phone Line
Handles 100 Calls

DOLLIS HILL—British researchers
here announce a technique allowing
one phone line to carry 100 voice
conversations simultaneously with-
out crosstalk or interference.

Workers at the Post Office Re-
search Station say spoken words
are sampled and converted into a
spectrographic representation. At
line’s receiving end the word incre-
ments are resynthesized into a con-
tinuous speech pattern.

Increments move in pulse form
at a 10-kc frequency in groups of
100. Each 100th is a sample of the
speech transmission. Synchroniz-
ing equipment at each end of the
phone line assures that only one of
the 100 channels is in use between
the two conversing parties.

Designed by Computer

First computer designed by an-
other computer (Bell Labs) will
be used with Nike-Zeus radar at
Ascension Island
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A SUMMIT

in storage tube development

Latest additions to the ever-increasing line of ITT
Iatron storage tubes are several new models in which
both the writing and the flooding guns are symmetrically
disposed about the axis of the cathode-ray display tube.
This imaginative solution to a difficult packaging prob-
lem in radar indicator design eliminates at the same
time all possibility of trapezoidal distortion.

Added to the full line of ITT Iatrons with the more
conventional off-axis writing gun arrangement, the new
coaxial gun models make it possible to specify an ITT
Write for information on the complete line

of ITT latrons. Application assistance
ig available, for your specific requirements.

o 1 hiw

Iatron for virtually any storage tube application—in any
diameter from 2% to 7 inches, to satisfy any require-
ment with regard to weight, size and desired brilliance
under high ambient light conditions,

New and further improved ITT Iatrons, in an even wider
range of types, are scheduled for release in the near
future. ITT’s unlimited access to world-wide research,
development and production facilities turns a new design
concept into a production model at record pace—in
Iatrons as well as other electron tube types.

ITT IATRON STORAGE TUBES

[ BIAMETER (in.)[ SPECIAL FEATURES
[ 5 | Coaxiatgun |
5 Coaxial gun

ELECTRON TUBE DEPARTMENT m COMPONENTS DIVISION

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY

ITT COMPONENTS DIVISION PRODUCTS: POWER TUBES

IATRON STORAGE TUBES . HYDROGEN THYRATRONS

TRAVELING WAVE TUBES . SELENIUM RECTIFIERS + SILICON DIODES AND RECTIFIERS » TANTALUM CAPACITORS




New operational
amplifier

200 KC

gain-bandwidth
product

from unity to open loop

COMPACT . . . ALL SOLID STATE
FULL DIFFERENTIAL

RIG's new, transistorized Operational
Amplifier Model A-2 is now your one-
best DC amplifier choice: as a minija-
ture, completely reliable instrument pre-
amplifier . . . for versatile, multiple-unit
use in complex data-handling and proc-
ess control systems . . . and for custom-
ary analog computing applications.
Check and compare the A-2’s un-
matched combination of electrical,
mechanical, and cost specifications:

OPEN LOOP GAIN — 100,000

RISE TIME — Less than 10 micro-
seconds at unity gain, and at gain of ten;
less than 100 microseconds at gain of
one hundred.

DRIFT (referred to input) — Less than
two millivolts over 75°F to 120°F
change of ambicent; less than 100 micro-
volts over eight-hour period at constant
temperature.

COMMON-MODE REJECTION
RATIO — Up to 500,000 to one at
open loop.

OUTPUT LOADING CAPABILITY
10K at = 10 volts.

LINEARITY — Within 0.1 in output
swing of = 10 volts.

SIZE — 5'4” x 2V4" x 14"

WEIGHT — 12 0z. COST — $195.00

Request RIG-AMP Technical Bulletin
for complere details.

ALSO AVAILABLE. Companion, plug-in Power
Booster for use with Amplitier A-2 in driving

heavy instrument systems, rotary
Qb RIDGEFIELD

amplifiers, and small DC servos.
INSTRUMENT GROUP
a Schlumberger division
Ridgefield, Conn., P.O. Box 337, IDlewood 8-6571

SPECIAL-PURPOSE ANALOG COMPUTERS FOR DATA
HANDLING AND CONTROL, ELECTRONIC COMPONENTS,
NMR AND ESR SPECTROMETERS, MAGNETIC
RESONANCE ANALYTICAL SERVICES
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Harvard Studying U.S. Weapons Spending

DOES THE GOVERNMENT presently
have the in-house capability for
timely, efficient development and
purchase of advanced weapons sys-
tems costing some $12 billion per
vear?

This is only one of the critical
problem areas tackled in a nearly-
completed study by a team from the
Harvard Business School. The re-
search in the area of advanced
weapons acquisition, conceived at
Harvard, is supported by a $265,-
000 grant from the Ford Founda-
tion. It is the first study of its
kind since the Robertson Report
on manned aircraft in 1957.

The first volume, to be published
this Fall, will deal with the eco-
nomics of weapons systems, par-
ticularly the economic environment
in which systems are purchased.

Second part of the report will
deal with the administrative struc-
ture under which weapons are
bought—technical and administra-
tive management in the govern-
ment and in industrial contractors.
Third section will recommend
changes in government or business
policy aimed at improvements in
the weapons acquisition process. It
is also hoped to publish individual
case studies.

Project director is Harvard
Prof. Paul W. Cherington. The
impartial study was not financially
supported by either government or
industry, but the research team
got the cooperation of the Depart-
ment of Defense and many con-
tractors. They also met with some
resistance from contractors.

Exploratory work was begun in
the Summer of 1958. And in 1959,
the group examined the develop-
ment and acquisition of 12 systems,
primarily missiles and planes: At-
las, Polaris. Jupiter, Sparrow III,
Nike-Ajax, Nike-Hercules, Talos,
the F4-H, B-58. F-105, Bomare and
Zeus. Case studies also included
some subsystems. The L-systems
for command-control were not in-
cluded. It is estimated that elec-
tronics accounts for about 30 per-
cent of the cost of weapons systems.

In addition to the government’s
own in-house capability, the team
looked into criteria for selection of

contractors, citing overall system
management capability as the pri-
mary norm; regardless of whether
the bidder is in aviation, electronics
or metal bending.

Unattended Stations
To Record Weather

SAN FRANCISCO—In the near future
the Bonneville Power Administra-
tion will set up seven unattended
batterv-powered digital-data col-
lection stations with equipment to
read meteorological instruments.
Data, stored on paper tape, will be
used to draw correlations between
weather conditions and vr-f inter-
ference emitted by power lines.

At the heart of the system pur-
chased by BPA is a shaft-position
digitizer that reads the position of
the pointer on a dial and a shaft-
velocity digitizer that translates
the rotating action of an indicator
into an rpm, mph or related dis-
crete figures. Both instruments
and the system were developed by
Advanced Instrument Corp, Em-
ervville, Calif.

The instruments will read gages
denoting wind direction, wind ve-

Fly-Speck Size Bearing

~

A microminiature bearing with
possible applications in analog com-
puters has been developed by GM’s

New Departure division. Inside
diometer is 0.01 in., outside di-
ameter 0.047 in. Eight 0.01 in.-
diameter balls are used

electronics



locity, temperature, barometric
pressure, moisture content and
rainfall. These factors will later

be correlated with r-f noise as de-
noted by the output of a milliam-
meter, also read automatically.

Shaft position digitizer mounts
over a pointer-type instrument,
three inches in diameter or larger,
whose needle has been fitted with
a tiny mirror. Four signal wires
and a common return connect each
digitizer to a central logic unit. On
a —12-v d-c interrogate command,
a motor-driven arm sweeps the
path of the dial pointer. It carries
a lamp and photoelectric cell, along
with contact wipers that ride on a
stationary commutator disk. When
a contact reaches the zero refer-
ence point in the disk, it gives the
start counting signal. As the arm
continues to rotate, the contact
sweeps a series of conducting seg-
ments corresponding to dial divi-
sions. Each segment completes a
circuit that provides an informa-
tion pulse. When the rotating arm
reaches the mirror-carrying dial
pointer, reflected light from the
lamp activates the photocell, send-
ing a stop-counting pulse to central
logic.

In the shaft velocity digitizer
works, the photocell remains sta-
tionary while a disk holding sev-
eral equally spaced mirror seg-
ments is mounted on the rotating
shaft. An information pulse is gen-
erated at every pass of a mirror
segment, which occurs within a
precisely timed interval. The num-
ber of pulses counted is made to
correspond directly with the mph,
rpm or other velocity figure.

Air Agency to Discuss
Two Electronic Systems

FEDERAL AVIATION AGENCY has
called two industry-Agency confer-
ences of interest to the electronics
technology. They are scheduled for
March 7-8 and March 22, to dis-
cuss respectively: the need for all
large aircraft to carry flight re-
corders; and the need for distance-
measuring equipment on all high-
speed aircraft operating in areas of
high traffic density and, ultimately,
on all aircraft operating under in-
strument-flight rules. Manufac-
turers are invited to express views.
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FIRM FOOTING FOR TRANSISTORS

Transipads put a little
extra security into printed-circuit assemblies. For a cost you
count in pennies. A Transipad mounting is rock solid. It elim-
inates strain on delicate leads, provides vibration-proof separa-
tion between them. It isolates the transistor case from contact
with printed conductors. And, perhaps most important, it pro-
vides a built-in air space to dissipate the heat of soldering (how
many transistors have you lost lately through heat shock?).
Transipads come in sizes and styles to fit most transistor types,
some will convert lead arrangements from in-line
to pin-circle, or vice-versa; others will widen lead

spacing. Samples and drawings are yours for the

asking. A note or a phone call will bring them.

THE MILTON ROSS COMPAN

238 Jacksonville Road, Hatboro, Pa. Phone: OSborne 2-0551

M
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QUALITY
WITHOUT COMPROMISE

mm Hg
in 43 sec.

20,

4" VACUUM SYSTEMS
and COMPONENTS

VEECO's 4” high vacuum systems and com-
ponents provide new freedom in vacuum |
engineering. Modular engineering of the |
*“400™ series permits you to purchase any of
VEECO’s matching components, individually
or in groups, to form a vacuum system
specifically suited to your needs.

VEECO manufactures a complete line of high
vacuum equipment...Components, Leak
Detectors, Evaporators, -
Systems . . . accepted as the |
quality line foroveradecade.

EQUIPMENT

For “400” Brochure or §.. &
Complete Catalog, write
Department 9 vV

HIGH VACUUM

ceco

VACUUM-ELECTRONICS CORP. |

Terminal Drive. Plainview, L.I.. N. Y.

HIGH VACUUM & LEAK DETECTION EQUIPMENT I
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Japan Develops Color Tv Tape Recorder

Monochrome television tape recorder will soon be marketed from Japan at

prices 20 percent below present figures

TOKYO—New product unveiled last
week by Tokyo Shibaura’s Matsuda
laboratory is a color television tape
recorder in the prototype stage.
Developers describe the device as
an experimental adaptation of the
single-head, single-track mono-
chrome unit which, they say, was
previously designed by Toshiba.

The new color equipment con-
sists of the same basic circuits
used by the black and white re-
corder but incorporates additional
circuits for color. Tokyo reports
the black and white units will soon
be appearing on the market at
prices 20 percent lower than im-
ported models.

Thermoelectric Generator
To Use Waste Chimney Heat

NORTHERN ILLINOIS GAS Company
is using a 100-watt Westinghouse
thermoelectric generator to conduct
tests on the feasibility of using the
waste heat in the flues of gas-fired
furnaces to produce enough power
to run the furnace control system
and, in addition, other electrical
equipment.

NIG feels that, with efficiencies
presently hovering around 6 per-
cent and cost-per-watt still up
around $50, thermoelectric power
seems worthwhile only where waste
heat is available. Fuel cells of 70-
percent efficiency or better are still
at least five years away, company
researchers report.

Thermoelectric generators are
being used for cathodic protection
of pipelines. The generators take
fuel from the protected pipeline,
convert it into a current to oppose
electricity generated by under-

ground corrosion to supplement the
98-percent protection provided by
pipe coatings. NIG has been using
10- and 20-watt units from Minne-
sota Mining & Manufacturing for
the last year to serve in this ca-
pacity.

Computer Plans
London Bus Schedules

LONDON—Bus line operators here
are using a computer to compile
schedules. The computer, an EMI-
DEC 1100, recently cut the time
needed to compose a schedule on a
simple bus route from an hour to 30
seconds.

Complete scheduling programs,
including statistics, time cards and
inspector’s time books, will be pro-
duced electronically. It’s also ex-
pected the computer will help as-
sess public transit needs more
accurately.

CIRCLE 35 ON READER SERVICE CARD—



NOW!... i
A ONE WATT
IENER

VOLTAGE / .
REGULATO

IN THE SMALLEST POSSIBLE PACKAGE!

(corzamuc case)

Saratoga Semiconductor Division introduces the first one (1) Watt Silicon Zener
Regulator in a ceramic case.* It combines high power with low weight; rugged
construction in the smallest possible package; requires less than one fifth (1/5)
the space of equivalent units.

The power rating is one watt at 25°C air ambient — derate 8 milliwatts per
degree centigrade above 50°C. Ratings from 9.1 volts to 200 volts are available
in =10% or *5% tolerances.

Send for our technical data sheet 10-223 for complete details and specifications.

SARATOGA SEMICONDUCTOR DIVISION, Saratoga Springs, N.Y.

ESPEY MFG. & ELECTRONICS CORP. « Meets all requirements of MILE-1 and MiLs-195008




| MEETINGS AHEAD

Feb. 13-16: Information Storage

for the first time...

and Retrieval Machine Indexing;
American Univ.,, Washington,
IDL offers =

“STANDARD” TELEMETERING COMMUTATORS = Feb- 13-15: Better Writing for

Science & Industry, American

o Industrial Writing Institute;
which can Statler-Hilton Hotel, Los

. o/ % Angeles.
SatISfy 98/) Of Feb. 14-16: Nondestructive Test-
PAM and PDM ing of Aircraft & Missile Compo-

nents, Southwest Research In-

stitute, South Texas Section of

SyStem the Society for Nondestructive

i Testing Inc.; Gunter Hotel, San
ReqUIrements Antonio, Tex.

Feb. 15-17: Solid State Circuit
X Conf.; International, PGCT of
v} IRE, AIEE; Univ. of Penn. &
' Sheraton Hotel, Philadelphia.

Feb. 17-21: Electronic Compo-
| nents Exposition, International,
’,E French Federation of Electronic
Industries, Port de Versailles,
, Paris.
| Feb. 20-25: Semiconductor Ex-

position, International, Societe

y Francaise des Electroniciens et

! Des Radio-Electriciens; Maison
de L’Unesco, Paris.

Feb. 26-Mar. 1: Pacific Electronic

Trade Show; Great Western Ex-

hibit Center, Los Angeles.
Within these two case configurations, IDL will provide Mag(;at:rg. Ti?ﬁ{?ﬂmOfStXim?
sampling rates, channel density, low noise level operations Conx'qd:Hilton Hotel, Chicago '
and motor characteristics specified by RIG requirements : ' '
in telemetering systems. The possible combinations offered
by this production plan are so numerous that most tele-
metering requirements can be met.

T

Mar. 9-10: Engineering Aspects
of Magnetohydrodynamics,
PGNS of IRE, AIEE, IAS; Uni-
versity of Penn., Philadelphia.

Mar. 11: Quality Control, Ameri-
can Society for; Hart House,

- Uniform installation requirements Univ. of Toronto, Ontario.

. Shorter delivery schedules R
Uniform quality and workmanship Mar. el ngh-Eldellty Show,

Long, service-free unattended life Magnetic Recording Industry

Assoc.; Cow Palace, San Fran-

To the systems designer, these “Standard” Telemetering
Commutators offer tremendous advantages:

NownswN =~

Missile reliability .
. Uniform pricing LASCe
Unlimited production capacity for follow-on Mar. 20-23: Institute of Radio En-

gineers, International Conven-

*We try, but we can't satisfy everybody. tion, All PG’s: Colisenm & Wal.

For complete information, write for IDL brochure “New dorf-Astoria Hotel, New York
‘Standard’ Telemetering Commutators”. City.
Mar. 21-22: Institute of Printed

- — S—— Circuits, Annual; New York
City.

Mar. 28: Rochester Soc. of Qual-
ity Control, ASQC; Univ. of
Rochester, Rochester, N. Y.

INSTRUMENT DEVELOPMENT LABORATORIES, INC.
Subsidiary of Royal McBee Corporation

51 MECHANIC STREET, ATTLEBORO, MASSACHUSETTS, U.S.A.
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ACTUAL SIZE

BORG'S New
2100 Series
Miniature
Multiturn MODEL 2131S MODEL 2101B
. Three-Turn Servo Mount Ten-Turn Bushing Mount
Micropot®

'/ Aluminum Housings for Maximum Heat Dissipation
/ Color-Coded Terminals to ldentify Slider and Rotation

It’s true. Borg’s new 2100 Series
ORG Miniature Micropot is only 74”

B
ta from
Reference-Achon Date in diameter. It is wirewound,
multiturn and linear. End caps
cTER\ST\CS : and hous?glgs lz:re a(lil‘xm.mutr.n for
CHARAMIE — [ - best possible heat dissipation.
v 3T g 4o VBB Color-coded terminals identify
s — | /’/\X’ 0 1o —"20, 000 °‘V iffﬁ’, °/c function and are gold plated
j ///“;: R — % 5 /‘, /'/V nc to “: \257> for perfect solderability. Military
" Resistanc® Re */v e -~ '\ﬁ/’ z \/01, - specifications for vibration,
e . 1} o .
S‘andard/\_-f_e..a i : /x 5/5 - 7 ”/s - shock, temperature, humidity,
\ -’Xe;\pemur_eﬂ" — B /4 = sand and dust are met. Contact
. we'u;“; 7/5 v your nearest Borg technical
\ - / — q30 i representative or distributor now.
Diamet™ 00
— 0000
\x Housing \'f‘:g“\ \ +3 /n.
— ations) A 10 100,000 8™ WRITE FOR COMPLETE
[ e I 0 = SPECIFICATIONS AND
toler® /e INFORMATION
*\0 to :’)g ::\ 000 ohms +5%
100!

BORG EQUIPMENT DIVISION

Amphenol-Borg Electronics Corporation
Janesvllle, Wisconsin ¢ Phone Pleasant 4-6616

Micropot Potentiometers ®  Turns-Counting Microdials ¢ Sub-Fractional Horsepower Motors  *  Frequency and Time Standards
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here today:

Eimac 1K 20 Series Eimac X778 TWT Eimac X-747 Voltage-

Reflex Klystrons Frequency: 5.0 to 11.0 kMc Tunable Magnetron

Tuning Range: 8.5 to 11.5 kMe Small Signal Gain: 60db Tuning Range: 400 to 1200 Mc
Typical Output: 75 mW Minimum Power Output: 1 watt Nominal Power Output: 100 mW

here tomorrow:

New Eimac X- and K-band one New Eimac higher powered New Eimac S-band Voltage-
watt reflex klystrons with TWT’s to meet the requirements Tunable Magnetrons retaining
excellent stability and low- of commercial and military desirable L-band linearity
noise characteristics. applications. and long life.

And there’s more to come! Behind the scenes a fully staffed Eimac Microwave Laboratory
offers the broadest possible capabilities for new tube development. You’ll
find the most advanced answers to your microwave needs in Eimac . r
world leader in negative grid tubes, microwave tubes, amplifier klystrons.
Write: Microwave Products, Eitel-McCullough, Inc., San Carlos, California.
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Encapsulated units provide practically any combination of nor-
mally-open (Form A) and normally-closed (Form B) contact
arrangements,

' Mount in any position.

Contacts completely unaffected by atmospheric contamination.

BREAK-MAKE ACTION can be furnished to insure non-overlap-
ping of contact closures.

Multi-coil arrangements for logic elements available.

B Write for Dunco Reed Relay Bulletin,

DUNCO DRY REED RELAYS provide economical and excep-
tionally fast low level and light load switching for computer and
data handling applications. Life is on the order of hundreds of

‘ million operations. From one to 20 switches with surrounding
magnetizing coil are encapsulated to form a relay unit. The Dry
Reed Switch is rated 15 watts for resistance loads at maximums
of 250 volts or 1 ampere; 50 milliohms maximum contact
resistance; 500 V. a-c minimum breakdown voltage; and 500,000
megohms minimum insulation resistance.

=\ STRUTHERS-DUNN

Sales Engimeering offices in: Atlanta » Boston » Buffalo ¢ Charlotte  Chicago o Cincinnati » Cleveland « Dallas « Dayton « Denver
Member National Association Detroit « High Point  Kansas City » Los Angeles » Montreal » New York o Orlando « Pittsburgh « St. Louis « San Carlos » Seattle » Toronto
of Relay Manufacturers €xport: Langguth-Olson Co., New York

The Dunco
Dry Reed
Switch
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THERE'S NOTHING INTANGIBLE ABOUT THIS MEASURE OF TRANSFORMER'RELIABILITV

o+ 100000000 4

Extraordinarily high reliability is
the essential element in the Air
Force Minuteman Intercontinen-
tal Ballistic Missile program. For
example, the transformers used in
Minuteman must be of such qual-
ity and reliability that they will
be able to survive repeated
checkout testing and have a fail-
ure rate of only 0.001 per cent
per 1,000 hours . . . or, to put it
another way, one failure per
100,000,000 part hours.

These stringent requirements are
demanded by the fact that Min-
uteman will be left unattended
in underground silos for months,
or even years, and yet must be
ready for instant launching and
assure pinpoint target accuracy.

Wheeler Electronic Corp. is proud
to have been chosen by Auto-
netics to develop a program which
will result in a continuous supply
of transformers that will meet the
objective failure rate. As with all
electromagnetic products, Wheeler
will engineer and design these
transformers under the “Systems
Concept” . . . as integral parts of
the missile’s inertial guidance and
flight control equipment.

40 CIRCLE 40 ON READER SERVICE CARD

| Rate:

If you need high reliability elec-
tromagnetic products, let Wheeler
show you how their “Systems Con-
cept” can help you. You will find
that Wheeler's team of exception-
ally well-qualified engineers can
skillfully interpret and develop
your specifications, and will trans-

late your specia! needs into effi-
" cient production methods con-
stantly keeping in mind the vital
part each component will play in
the system.

Transformers — Power Supplies — Cur-
rent Regulators — Magnetic Amplifiers
— Voltage Regulators — Communica-
| tions Equipment, both VHF and UHF
— Special Test and Checkout Equip-
ment — Approved Environmental Test
Facilities Available.

~ CORm

:LECTRONIC

Subsidiary of Sperry Rand Corporation

150 East Aurora Street, Waterbury 20,
Connecticut ¢ Telephone: Plaza 4-519)

Western Sales Office: 2200 East Imperial
Highway, El Segundo, California
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A three year test proves that our
ultra long life NIXIE® tubes have
100* times longer life than any
other electronic readout.

Consider this, then add the tactors
of lowest cost, smallest size, lightest
weight, lowest power, most readable,

and we feel you will agree NIXIE
tubes are, beyond the shadow of a
doubt, the finest in-line readouts
ever made. s T B R

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

ELECTRONIC TUBE DIVISION
Plainfield, New Jersey



after routing,
clip and save

a continuing series on technical topics

of specific interest to engineers
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Defining “Loss” in Wave-Filter Specifications

—

There are two kinds of power-loss meas-
/ urements of primary concern in filter
work. These are called Transducer Loss

\ S/ and Insertion Loss. Because of their sim-
ﬂ\" ilarity, they are often used indiscrim-

inately with the result that filter-design

specifications are sometimes ambiguous. Much of this con-
fusion can be eliminated when exact meanings of these two
terms and differences between them are understood clearly.
It is the purpose of this article to tie down meanings of the
terms Transducer Loss and Insertion Loss.

Filters Are Transducers

A transducer is, by definition, any device that can receive
energy from one system or systems and deliver it to another
system or systems. A wave-filter is a transducer in the field
of inductive components since it is capable of being actuated
by waves from one or more transmission systems and of
supplying related waves to one or more other transmission
systems.

Text and derivations that follow make reference to an
ideal transducer. While, of course, there is no such thing as
an ideal or theoretically perfect transducer, concept of such
a device is most useful. An ideal transducer is defined as one
that transfers the maximum possible power from source to
load without dissipation of power.

Such a hypothetical ideal transducer: (a) dissipates no
energy; and (b) when connected between source and load pre-
sents to each its conjugate impedance. Conjugate impedances
occur when two connected networks have equal resistive com-
ponents, and reactive components are equal in magnitude but
opposite in sign (Ry =R, and X = —X,).

Transducer Loss

Transducer Loss is the ratio of power which an ideal trans-
ducer would deliver to a specified load from a specified source
to the power delivered from the same source to the same load
by the actual transducer.

Transducer loss is determined as follows. Power relation-

ships are derived from the elementary circuit diagrams of
Figs. 1(a) and 1(b).

h = Iy >
"' deol
2 Trontducer % 5 Actuot

Perfect Impedonce s Teonsducer 7
T 2 maeh o= |20 Being '
& No Power E 7)) Maorured l
4 L o A5 I

(o) ®)
Fig. 1

Transducer Loss in db

(I,)* Rg
=10 log l:m] Q)
and, since Z; and Z; are conjugate by definition and Rs=R,,
E, E,
I,= TRS' and I, = Z

Substituting and clearing,

Transducer Loss in db
- (E,)Z,?
=10 log §4(E,)2RLRS 2)

This article considers only the majority of cases where Zg
and Z, are purely resistive. Substituting, in such cases, R,
for its equal, 3, in equation (2) gives

Transducer Loss in db

(E,))°R,
=10 log ETWTs 3
Equation (3) is correct even if reactance is present in the load

impedance Z,, provided that R, represents the equivalent
parallel resistance of Z,.
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Insertion Loss

Insertion loss resulting from connecting a transducer into
a transmission system is the ratio of power delivered to that
part of the system following the transducer, before insertion
of the transducer, to power delivered to that same part of the
system after insertion of the transducer.

Power relationships for determination of insertion loss are
derived from the elementary circuit diagrams of Fig. 2.

b~

= =3
Inserted
Tronducer £ X
Being
€ Mearured
L. -

&)

Fig. 2
Ingertion Loss in db

I)?
=10log [( i

(1,7 R, @
Or, since E, and E, are proportional to I, and I, respectively,
equation (4) becomes
Insertion Loss in db
2
=101log Dg—:;, =20 log ':%:] o)
Circuit impedances do not enter into the expression even
though they obviously affect the quantities involved and,

hence, the numerical result. However, equations do represent
a true power ratio under all conditions.

Comparison Between Transducer And Insertion Losses

It is obvious that Transducer Loss and Insertion Loss are
not the same. Both ratios use power delivered to the load
through the actual transducer as denominators of the expres-
sions but numerators differ. Transducer Loss compares power
delivered to the load th rough an ideal transducer with power
delivered to the load through the actual transducer. Insertion
Loss compares power delivered to the load with the trans-
ducer omitted completely from the circuit with power deliv-
ered to the load through the actual transducer.

Special note should be made that the value of E, in equa-
tion (3) and E, in equation(5)are NOT equal. With this fact
in mind, the two equations can be defined in the same terms
by writing E, in equation (5) in terms of E, in equation (3).
This yields the following expression of Insertion Loss in terms
of Transducer Loss:

Insertion Loss = R, 2 R,
Transducer Loss + 10 log I:Rx, e RS] 10 logl;m;l (6)
It is now obvious what results from indiscriminate use of
the term Transducer Loss and Insertion Loss. If a filter is
required with an insertion loss of 7.5 db but transducer loss
is specified, the filter is manufactured with a T. L. of 75 db.
When measured hy the customer it exhibits an insertion loss

R, 2 R,
of 7.5 db plus a factor of 10log RLTR;' 10 log ER;]
which puts it out of specification.

It is the purpose of this article to emphasize the fact that
Insertion Loss and Transducer Loss are different. The only
time they can be considered to have the same value is the
condition under which R, = Rg. That this is true can readily
be seen if the reader will refer to equation (6) and observe
that the last two terms cancel out. This is the only time
Insertion Loss Equals Transducer Loss.

Reference: IRE Stondords on Audio Systems ond Components, 56IRE3.SI.
SC 60-10A

SANGAMO ELECTRIC COMPANY, Springfield, Hlinois

— designing toward the promise of tomorrow
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and cost
tolerand

es SP

too‘.\“g
modest

This Folder describes our distinctive
Service in Stampings. It is published to
help you get better Service in Stampings
faster and at less cost. Send for it...
no obligation.

THE LAMINATED SHIM COMPANY, INC.
4602 Union St., Glenbrook, Conn.



Highly Reliable
HITACHI "*SEMI-CONDUCTORS”’

For Industrial Use

Switching Transistors and Diodes

25A18
2SA41
2SA472
2SA86
2SA208
2SA2089
2SA21¢0
2SB66
2SB67

e

Hitachi semi-conductors provide the
basis for the excellent capacity
of the Hitachi Electronic Computer
HITAC 103.

Py \*ﬂ”""v : ] ’-; 4

!

Cable Address “"HITACHY" TOKYO
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NEW WESTON SENSITROL...
FIRST LONG-SCALE

—_——

METER RELAY
WITH FRONT RESET

Another Exclusive in
Measurement and Control

Now you can take advantage of a single instrument which combines
the function of high-accuracy measurement with a quick-release
latching relay! Weston Model 1071 SENSITROL® is the first long-
scale, meter-type relay to provide a manual reset button on the front
of the meter case. It can also be reset remotely. Low and high set-points
are fully adjustable to any position along the 3.86, 100° scales.

Steel cases provide magnetic shielding . . . may be nmounted near other
instruments. Units are styled to match the broad line of

Weston 1751 Panel Meters.

High reliability and low cost of the SENSITROL makes it ideal
¢ for such uses as switching of automatic control equipment,
| independent on-off controllers, alarm control for any preselected
value. and for “go-no-go” production test equipment. Instruments may
be calibrated in any desired units for your special application.

Weston Pow-R-Pak units, specially designed for SENSITROL
Meter Relays, may be plugged into the back of the instruments or
mounted remote from the meter relays. The Pow-R-Pak

can be connected directly to the de signal source, the

circuit requiring control, and a 120-volt, 60-cycle line.

Load rating is up to 5 amperes at 220 volts ac.

Ask your local Weston representative for complete information

on the new, low-cost SENSITROL Meter Relays, or write for
Catalog . . . Daystrom, Incorporated, Weston Instruments Division,
Newark 12, New Jersey.

a

International Sales Division: 100 Empire Street,
Newark 12, N. J. In Canada: Daystrom Ltd.,
1480 Dundas Highway East, Cooksville, Ontario.

1

1 '\ e /,.
. "‘\ o] &

&

e,
DAYSTROM sINCORPORATED

o e sTON INSTRUMENTS DIVISION

(Re&o.btﬂdg b%.rDeA'gr\,
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Air Express has priority. .. in the air and on the ground

It doesn’t matter whether your product is large or small . .. travelling 300 miles or 3000. The moment
you call AIR EXPRESS (and one call is all it takes), the nation’s largest air-ground shipping service
is on your team. That means your shipment gets top priority on all 35 scheduleq U. S. airlines—first
on, first off. It's picked up and delivered—door-to-door—by a special fleet of 13,000 AIR EXPRESS
trucks, many radio-dispatched. And it always gets the
kid-glove handling it deserves, to 23,000 communities in
all 50 states. These are just some of the reasons why, more A’R EXPRESS
than ever, it pays to think fast, think AIR EXPRESS first. el

] CALL AIR EXPRESS DIVISION OF ReE<A EXPRESS . GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES




THE VITAL LINK
WITH MAN IN ORBIT

The Bendix Corporation, represented by Bendix-Pacific and Bendix Radio,
as a member of the Western Electric industrial team furnishing the
Ground Instrumentation and Tracking System for Project Mercury, has
designed and delivered telemetry receiving and data display equipment
for 18 Mercury tracking stations. Project Mercury is the National Aero-
nautics and Space Administration’s initial manned space flight program.

The purpose of Bendix-Pacific’s extremely reliable equipment at these
stations is to monitor the functions and the physiological reactions of the
astronaut which are telemetered from the manned spacecraft.

Customer confidence in Bendix-Pacific as the source for this vital link in
manned space flight is evidence of a highly developed system to sub-
systems capability.

We invite you to contact us regarding this systems capability in the areas
of Instrumentation, Missile Guidance, Sonar, Airborne Radar and
Hydraulics.

e eno/:)/ Bendix-Pacific Division

CORPORATION NORTH HOLLYWOOD. CALIFORNIA
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to help you
do your job
even better

These work-savers from Ozalid domore
than save you time, troubleand money.
They also give you an end result that’s
top quality by anyone’s standards.

For samples or a demonstration, get in
touch with your nearest Ozalid man,
or write Ozalid, Johnson City, N. Y.

Ozalid, A Division of General Aniline &
Film Corp., Johnson City, New York. In
Canada:Hughes-OwensCo., Ltd., Montreal

1000 feet on one filling. Grafika univer-
sal drafting pen, with unique capillary ink
control, gives long, even flow; no blotting
or line spread. Precise line-width settings.
With only 11 nibs, Grafika covers full
scope of ink drafting.

ERNEEC S LA

Tracing vellum for top results. Draftrace
stands up under erasures, rough handling,
aging. 100% rag content is permeated with
new water-clear resin, won’t yellow, won't
leak. Gives high repro speed, excellent
contrast, fine prints.

48 CIRCLE 48 ON READER SERVICE CARD

Trace at your drawing board. New Porta-
Trace is lightweight, illuminated. Less
than 2" thin, can be used with drafting
machine or under string-type parallel rule.
Ideal for inspection of textiles, papers,
films. Stores on end like a book. Five sizes.

.M

—— —

Wipe-clean drafting film. Duratrace,
made with Du Pont Mylar®, is also tear-
proof, erasable, dimensionally stable,
Velvet-smooth drafting surface. Perfect
master for design drafting, printing circuit
masters, comparators, map making, etc.

To simplify preparation of originals for
whiteprint repro, use Transalid Translu-
cent Master Sets. They combine Ozamaster
translucent bond and opaque carbon paper
in handy unit. Quick, clean, sure. You’ll
wonder how you got along without them.

Cut drafting time and work, maintain
perfect accuracy with a Nestler drafting
machine. No need to juggle T-squares,
triangles, scales, and protractor. Built-in
hatching. Adjustable zero point. Positive
scale locks. Seven different models.

Finest repro black carbon film. Dura-
trace® Carbon has highly opaque coat,
tough Du Pont Mylare base. Superb back-
ing for extra-clean, sharp, high-contrast
masters. Use also for mechanical negative
and overhead projection.

| Sy

For easy-read whiteprints, carbon-back
your originals with Ozalid opaque carbon
papers. Distinctive orange color prevents
light leaks. Gives you sharp, clear prints
with strong image-to-background con-
trasts . . . perfect copies every time!

electronics



Versatile Secondary-Emission Amplifier

v=3
Eee=150Y, €3 =63V
=1.0vp

Eep=-15Y

e FLAT to 180mc —ad

(=14b at 10ame with Rg=6000)
it
L New mass-produced version offers many
+ improvements
.L; o New long-life dynode surface ® Relaxed regulation requirements for
@ Exceptional stability under dynode heater voltage
'[ overload @ Tested for shock and vibration
il ® Relaxed ~restrictions on  dynode ® Coil heater and high-conductivity

voltage .
. gold-plated base pins
@ Lowered threshold voltage require- |
] ments ® Dual cathode leads for h-f operation

"1 @ Output normalized, in or out of phase @ Standard 9-pin miniature base

February 10, 1961

7548

SOLVES

CIRCUIT PROBLEMS
NO OTHER TUBE

CAN

Enthusiastic response to the CBS 7548
established two major facts:
1. Keen interest in a practical, versatile
secondary-emission tube.
2. Its limitless capabilities for simplifying and
solving a wide range of circuit problems . . .
from fast-rise-time pulse amplifiers and
generators to wideband distributed amplifiers.
This new mass-produced version of the
CBS 7548 easily outperforms conventional
tubes and transistors, incorporates many new
features and improvements based on cus-
tomer requirements. Check the facts. Better
still, order the CBS 7548 and Technical
Bulletin E-393A. Put this problem solver to
work in your problem circuits.

industrial
®tubes

CBS ELECTRON|CS, Danvers, Mass.

A Division of Columbia Broadcasting System, Inc.

Sales Offices: Danvers, Mass., 100 Endicott St., SPring 4-2360
Newark, N.J.,231 Johnson Ave., TAlbot 4-2450 + Melrose Park,
IN., 1990 N. Mannheim Rd., EStebrook 9-2100 < Los Angeles,
Calif., 2120 S. Garfield Ave., RAymond 3-9081 + Allanta, Ga.,
Cary Chapman & Co., 600 Trusco Way, 8. W., PLaza 8-4506
Minneapolis, Minn., The Heimanu Co., 1711 Hawthorne Ave,
FEderal 2-5457.
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the industry’s wid -
Stocked for rieetylir'ggd??o\:”in?rsrse\éai-
ate delivery through your
off-the-shelf delivery! Mg I I

tronic Parts Distributors.

o

r———— = e B e ——————|

UNSHIELDED AUDIO CABLE Each conductor tinned copper, SHIELDED MICROPHONE CABLE Each conductor_stranded
plastic insulation, color coded, conductors twisted. Available with tinned copper, color coded, braided tinned copper shield, insulation
or without plastic jacket in 2 or 3 conductors. Wire sizes 12-22, polyethylene or rubber, with either plastic or rubber jacket overall.
solid and stranded. Available from 1-6 conductors in wire sizes 18-26 stranded.

SHIELDED AUDIO CABLE Each conductor tinned copper, plas-

tic insulatior:{ color coded, conductors twisted, braided, tinned

SHIELDED MULTI-CONDUCTOR CABLE Each conductor
stranded tinned copper, rubber insulation, color coded, braided
tinned copper shield, cotton wrap, with either a rubber or a neo-
prene jacket. Available up to 10 conductors in wire sizes 18 and 20.

copper shield overall, Available with or without plastic jacket
in wire sizes 12-30.

T -
\ !
PLASTIC ANTERCOM CABLE cach conductor tinned comper, | chnort!! SiiEr oo ol Cogag! conductor stranded tinned
Plastic insulation, conductors color coded, twisted into pairs, gray ioned with cotton fillers, cotton wrap, tough black rubber jacket
?'&"x;rep's?ié'czz’aﬁgﬁﬁ g‘rlgi'tlr'aﬁ;:gab'e from one pair to 101 pairs overall. Available up to 10 conductors in wire size 20.
e Wr— e, P -
= " y -

\- SHIELDED PLASTIC JACKETED CABLE Each conductor
MULTI-CONDUCTOR AUDIO CABLE Each conductor tinned stranded tinned copper, plastic insulation, color coded, conductors
copper, plastic insulation, conductors color coded, twisted into twisted, spiral wrapped copper shield, gray vinyl plastic jacket
pairs, gray vinyl plastic jacket overall, or brown cotton braid. overall. Available from 1-4 conductors in wire sizes 16-22.

Available up to 20 conductors in wire sizes 20 and 22 stranded.

ALPHA WIRE CORPORATION Subsidiary of lORAl Elecironics Corp sration
200 Varick Street, New York 14, N. Y.
Pacific Division: 1871 So. Orange Dr., Los Angeles 19, Calif.

clectione

SEE US AT THE |.R.E:—~BOOTH 4103
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Application data on

€

DEKATRON GC10D ;

Cold cathode glow tube Thie .onI¥ handpook o countmg'tube‘

for totalizing, sortiqgi applications, circuitry and specifications.
g;‘r’,fgg{'i‘n’"'gﬁh:c"::{fol Top Isource for circuit and system designers
circuits. One of four ina i

SR ol e, in .l elegtromc, computer and contract l
in 25 models, engineering fields.

Write for your copy today. '

KYORITSU ELECTRICAL INST. WORKS, LTD.

No. 120, Nokone-cho, Meguro-ku, Tokyo, Jopon
Coble Address: "KYORITSUKEIKI TOKYO'"
Tel: (717) 0131~5

BAIRD -ATOM/IC L INC,
I3 untversily road - cambricge 38 mass, ‘

CIRCLE 202 ON READER SERVICE CARD
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Typical pages of Reference Section

Wy

Tt ¢

= N A ey

64-page reference section assures extra use

@ 21 years of publication plus annual verification of product list-
ings by the industry itself, give EBG accuracy, completeness and
authority second to none.

@ Simplified and complete cross-indexing gives user quick, easy
way to find your listings and advertising. You get more exposure.

@® A hard-selling follow-through for your advertising in the weekly
issues of electronics.

® Most reliable, most used directory in the industry. It's the 53rd
issue of electronics. You know what you get: circulation is audited
by ABC.

electronics buyers’ guide and reference issue The electronic engineer’s Basic Buying Book

@ A McGRAW-HILL PUBLICATION, 330 West 42nd Street, New York 36, N.Y.

CLOSING DATES FOR 1961 ISSUE: Published, July 20. Space Reservation, April 16. Copy to Set, April 23.
Complete Plates, May 1. Inserts at Binders, May 31. o.24
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for long-life operation
despite extreme tem peratures,

heavy shock, severe vibration

CLARE Type F |

subminiature crystal can i |

RELAY

This hermetically sealed relay —no bigger than a postage stamp—
is a precise component of unusual flexibility, capable of long-life
operation under a wide variety of contact loads.

The Clare Type F is extremely fast and more than moderately sensi-
tive. It is built to withstand temperature extremes, heavy shock and
extreme vibration. It has proved its usefulness to advanced circuit
designers. Contacts, rated at 3 amperes, are excellent for low-
level circuit applications. Terminal arra ngement is nicely suited to
2/10 inch grid spacing.

In a variety of terminal and mounting designs, the Clare Type F
Relay is of real value for both commercial and military applications.

for complete data on construction, circuitry,
performance characteristics and mountings
... write for Catalog 203




RED DOT wiring—
as viewed from
terminal end

RED DOT

For detailed information, ask your Clare Rep-
resentative for Catalog 203 ...or address
C. P. Clare & Co., 3101 Pratt Blvd., Chicago
45, lllinois. In Canada: C. P. Clare Canada
Ltd., 840 Caledonia Road, Toronto 19, Ont.
Cable address: CLARELAY,

¥

SPECIFICATIONS:

Ambient Temperatur
Shock.........
Vibration

Dielectric Strength. ......

Insulation Resistance.

Nominal Operating Power.
Total Pickup Time........

Total Dropout Time. ..
Contact Arrangement
Contact Rating

Contact Resistance.......
Contact Life....c.convevnns

Enclosure...c.veecevnenss

Mounting

Terminals. . cocvveequnes

..—65° C to +125° C.

.65 G's, 11 miliisecond duration.

5-75 cps at total excursion of %-inch, 75-2000
cps at 20 G's acceleration.

.Sea level—1000 volts rms between terminals
and frame, and between adjacent circuits;
600 volts rms between contacts of a set. At
80,000 ft., 350 voits rms.

4000 megohms minimum at 125° C.

Coils from 35 ohms to 10,000 ohms avallable
for a wide range of voltages or currents.
.250 milliwatts.

.5.0 milliseconds.
.5.0 milliseconds.

2 pdt (2 form C).

3 amps resistive at 28 vdc or 1 amp resistive
at 115 vac; also for low-level applications.
.0.050 ohm maximum.

.250,000 operations minimum at2 amps;
100,000 operations minimum at 3 amps.
.Hermetically sealed, filled with dry nitrogen
at 1 atmosphere pressure.

.All popular mounting arrangements avall-
able.

..Printed circuit; solder; plug-in (matching

socket available). Variations of printed-cir-
cuit termina! length on 2/10 inch grid spacing
available.




VERSATILE

Multi-channel—telegraph Al or telephone A3

STABLE

High stability (.003%) under normal operating conditions

Components conservatively rated. Completely tropicalized

Here’s the ideal general-purpose high frequency trans.
ot mitter! Model 446, suitable for point-to-point or ground-
‘ . . .
< to-air communication. Can be remotely located from
operating position. Coaxial fittings to accept frequency
shift signals.

This transmitter operates on 4 crystal-controlled
frequencies (plus 2 closely spaced frequencies) in the
band 2.5-24.0 Mes (1.6-2.5 Mcs available). Operates
on one frequency at a time; channeling time 2 seconds.
Carrier power 350 watts, Al or A3. Stability .003%.
Nominal 220 volt, 50/60 cycle supply. Conservatively
rated, sturdily constructed. Complete technical data
on request.

Now! Complete-package, 192 channel, H.F., 75 Ib.
airborne communications equipment by Aer-O-Com!
Write us today for details!

i A-131
3090 S.W.37th AVENUE MIAMI 33, FLORIDA
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PSI SILICON
MICRO-
TRANSISTORS

PSI silicon Micro-Transistors are fast be-
coming a major feature in the design of
miniaturized high capability computers.
A wide selection of Micro-Transistors is
available in production quantities. High
performance versions of many standard
transistor types are being introduced.

Great reduction in size— 1/50th the size of
usual computer transistors.

Off-the-shelf delivery —from PSI distributors
everywhere. Production quantities on fastdelivery
from factory.

TRIPLE DIFFUSED SILICON MESA MICRO-TRANSISTORS-FAST SWITCHING TYPES
PMT 118 and PMT 119 Low level, high beta versions of 2N696 and 2N697 switching transistors.

PMT 113 and PMT 114 Micro equivalents of popular 2N696, 2N697.
PMT 111 and PMT 112 Low saturation, extremely flat beta similar to 2N1409, 2N1410.

New high
performance,
high reliability
Micro-
Transistors
open way to
design of
computers well
beyond today’s
standards.
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New low prices— Micro-Transistor prices now
comparable to convention-size transistors.

Ease of assembly — Gold ribbon leads ideal
for all soldering and welding techniques.

Companion to Micro-Diode — Permits fullest
utilization of advanced micro - miniaturization
techniques.

Meets MIL-S-19500B requirements — PSI
Micro-Transistors are also given the following
Special 100% Processing:

I

High Thermal Shock Moisture Resistance
Temperature Aging ) -
200° to —65°C MIL-STD-202B
200 hrs. @ 200°C Three cycles Method 106A, 5 days

ACTSUIQE Ifyou are designing a new computer within rigid size

and performance specifications it will pay you to
talk it over with PSI...field offices are located n all
major electronic centers. Phone, wire or write Jor
Sfull details.

Pacific Semiconductors, Inc.

/.x A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC.
7 o—
12955 CHADRON AVE., HAWTHORNE, CALIFORNIA
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AMP PINBOARDS can do a host of dry circuit
switching or commoning functions . . . permit
numerous matrixes in one assembly. Complicated
switching functions can be accomplished by
simply inserting or removing a pin.

You can use these PINBOARDS as modular
building blocks for instrumentation applications,
: automated tooling, test equipment, data processing

. . . any variety of size and grid arrangements

in multiples of a basic 15 x 5 hole pattern.
PO I N T Contact springs can be bussed in any combination

desired. And for safety, there are no exposed

conducting surfaces on the rear side of the board.

The conducting area of the pin is safely inside
PROG RAM M l N G board before contact is made with mating springs.
AMP PINBOARDS are factory pre-wired to your
specifications . . . with standard or special silk
screen legends. Designed for simplicity . . ,

flexibility . . . reliability . . . with three
amperes continuous current rating.

Write for complete specifications.
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AMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

AMP products and engineering assist are avaifable through subsidiary panies in: Australia « Canada e England ¢ France o Holland o Italy o Japan  West Germany
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Automatic
Beacon Radar
Identifies
Aircraft

Beacon controller at radar display console. Box at left is used to preselect
code and interrogate aircraft. Light gun determines the code of a selected

target on the ppi

Interrogation system may be mext step to automatic air traffic control

By W. L. WOODSON,

Electronic Systems Division,
Telecomputing Corporation,
North Hollywood, California

INTRODUCTION OF HIGH-SPEED jet
aircraft has brought about an in-
creased necessity for fast, accurate
data acquisition in air traffic con-
trol. Until recently, communications
and primary radar were adequate
to this end. This article describes
an air traffic control beacon system
being used by the Federal Aviation
Agency for aircraft identification,
and expandable to the eventual
goal: automatic air traffic control.

The Air Traffic Control Beacon
Ground Station, ATCBGS, is the
ground equipment of the Air Traf-
fic Control Radar Beacon System,
ATCRBS. This equipment enables
rapid identification of high-speed
aircraft, and of aircraft in areas
of high aireraft density. The
ATCBGS interrogates a beacon
transponder aboard the aircraft,
receives a coded reply and gives the
air traffic controller a positive
identification on a radar screen.
This interrogation and identifica-
tion takes a fraction of a second
and requires no action by the air-
craft crew.
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Normally, ATCBGS equipment is
operated with a primary radar sys-
tem. It receives its trigger from
the radar, and its antenna is
mounted on top of the radar an-
tenna. ATCBGS equipment is di-
vided between the transmitter site
and the indicator site. The trans-
mitter site includes the transmit-
ter, receiver, sidelobe suppression
equipment, and defruiting equip-
ment. The indicator site includes
line-compensating filters, decoding
equipment and beacon control
boxes.

The station can interrogate air-
craft in four modes, each used to
obtain a different type of informa-
tion, such as identification, altitude,
speed and destination. To each of
these interrogations, consisting of
a pair of r-f pulses, the beacon
transponder replies with a coded
pulse train of up to 16 pulses.
Twelve of these pulses contain coded
information, providing 4,096 pos-
sible reply codes.

The transmitter site is controlled
remotely from the indicator site,
and the operator can transfer to a
standby channel without delay. The
two sites are separated; the trans-
mitter is placed for good radar
coverage, the indicator in the vi-
cinity of the air traffic controllers,

The sites can be connected by a land
line when the separation is not over
two miles, or by microwave link.

The air traffic controller observes
the aircraft in the area on the ppi
display. To identify aircraft, he op-
erates an interrogation switch. (See
photo.) The interrogation com-
mand is sent to the transmitter
site. On receipt of this command,
pulse pairs are generated and mod-
ulate the transmitter. The synchro-
nization with primary radar allows
for the delay time in the trans-
ponder in the aircraft and for the
decoding delay on the ground, so
that the decoded output of the bea-
con system is produced at the same
time as the radar output.

The radar transmission causes
the aircraft to return a normal skin
reflection. On receipt of the beacon
transmission, the transponder in
the aircraft replies with a coded
pulse train. The aircraft crew is
not aware of the interrogation; the
reply information has been previ-
ously dialed into the transponder.

When the radar reply reaches the
ground station, radar signal is
displayed. The beacon signal is com-
bined with synchronization trig-
gers, and transmitted to the indi-
cator site, where it is applied to the
decoder. The decoder processes the
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FIG. 2—Functional block diagram of beacon video decoding system. Common-system decoder is at top, noncommon
decoder at the bottom
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pulses according to the type of de-
coding called for by the air traffic
controller. The decoder output is
mixed with the radar video to ap-
pear on the ppi, or on a numerical
readout.

Figure 1 gives the block diagram
of the transmitter site and the in-
dicator site equipment.

When the controller commands an
interrogation, pulse pairs begin in
the pulse mode generator and are
used to key the transmitter modu-
lator. The unit is triggered by a
pretrigger pulse from the radar
system. An adjustable count-down
circuit ensures that the resulting
pulse rate of the pulse mode gen-
erator is always a submultiple of
the trigger, at a rate not over 425
pps. For independent operation, a
switch disables the radar trigger
and substitutes an internally gen-
erated trigger. Each trigger pulse
pair is programmed by a coding
delay line. The second pulse of each
pair bears a constant adjustable
time relation to each incoming ra-
dar trigger. The first pulse of the
pair comes 3, 5 or 8 psec ahead of
the second pulse for modes 1, 2 and
3. For mode 4, it is possible to have
a pulse spacing of 11, 17, 19, 21 or
25 pusec.

The transmitter unit consists of
a modulator, high-voltage power
supply and transmitter section. The
modulator receives coded pulse
pairs from the pulse mode genera-
tor. These are amplified, shaped
and applied as modulation. The
transmitter is crystal-controlled
and can deliver 1,500 watts of peak
power into a 50-ohm resistive load
at a high duty cycle. Its frequency
range is 1,015 to 1,045 Mc. A c-w
output at a frequency of 2% the
transmitted frequency is provided
for a sidelobe suppression trans-
mitter.

When a sidelobe suppression
transmitter is used, it transmits an
omnidirectional signal that is re-
ceived by the aircraft transponder
and compared in amplitude to the
interrogation signal. If the ampli-
tude of the omnidirectional signal
equals or exceeds the beacon inter-
rogation signal, the transponder is
receiving a sidelobe signal and no
reply is transmitted. If the beacon
signal is greater than that from
the omnidirectional antenna, the
beacon sends a reply.

The receiver is a ecrystal-con-
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trolled superheterodyne, with tan-
gential sensitivity of —87 dbm and
a noise figure less than 10 db. Band-
width is 9 Mc, and the center fre-
quency of the i-f strip is 59.5 Mec.
The receiver’s local oscillator can
be tuned to any frequency between
1,075 and 1,105 Mc. Provision
exists for local or remote manual
i-f gain control; sensitivity time
control circuits are used. The trig-
ger for the sensitivity time control
is derived from the second pulse of
the interrogation pulse pair from
the pulse mode generator. The i-f
amplifier output is detected and ap-
plies positive pulses to the video
amplifier. The video amplifier de-
sign minimizes pulse stretching
and recovery time to handle inter-
leaved reply pulse trains for maxi-
mum traffic capacity. Output video
signals, limited at a level adjustable
between 1 and 4 volts peak, are
available at the receiver output at
a 75-ohm level.

When several beacon ground sta-
tions are in the same general area,
each interrogator receives, in addi-
tion to the synchronous replies to
its own interrogations, asynchro-
nous replies resulting from interro-
gations of airborne transponders by
other ground stations. These asyn-
chronous replies interfere with nor-
mal decoding. The beacon video de-
fruiting equipment eliminates these
incoherent replies without deterio-
rating the coherent signals. This is
done by storing the video reply for
a time equal to one interrogation
period; stored video is then com-
pared with video from the next in-
terrogation. If they coincide, the
video is coherent; if not, the video
is incoherent. Undesirable signals
are thus rejected. This comparison
and acceptance or rejection of sig-
nals may take place once or twice.

The defruiter must be able to
operate in synchronism with the
radar, and the storage period for
signal rejection must match the
repetition period of the radar. The
defruiter storage channel includes
a variable video delay that provides
constant automatic adjustment of
the overall storage period, by com-
paring the time relationship be-
tween a current and a stored trig-
ger pulse from the primary radar.

Also at the transmitter site is
the interrogator monitor unit,
which measures the transmitted
power. Two interrogation monitors

function from individual inputs.
Either monitor will give local indi-
cation of malfunction, but concur-
rent indication must exist before
the malfunction is indicated to the
controller. The monitors indicate
an error whenever the power varies
more than 2 db from a preset level,
or whenever the beacon system
loses synchronization with the
radar.

The equipment at the indicator
site includes the line compensator
and trigger separator, control
boxes, light guns, and decoders. The
decoding equipment has two parts:
the common circuit decoder, which
contains all circuits common to all
decoding positions, and the non-
common decoders, which perform
logic in video processing as re-
quired by the individual decoding
positions of the controllers.

Video signals received are first
applied to the line compensator (see
Fig. 2) and trigger separator
circuits. The line compensator re-
moves the base-line integration in-
troduced by coaxial cable. The line-
compensating amplifier is tuned to
emphasize frequency components
from 2 to 5 Mc. This processing
decreases the rise and fall times
without overshoot or undershoot.
When the video is transmitted by
coaxial cable, mode trigger pairs
and beacon sync triggers are re-
ceived on the same cable at an am-
plitude about three times that of
the video. Code video is separated
from the triggers by base clipping.
The triggers are amplified and ap-
plied to a mode decoding delay line.
Taps of the line are aligned with
the zero-delay tap to derive, on one
of four wires, a single pulse for
each mode trigger pair received. A
mode 1 trigger will be derived for
a received trigger pair spaced by
three microseconds, a mode 2 for
5 microseconds. A beacon sync
trigger precedes the pulse pair and
triggers a long-recovery blocking
oscillator.

The four mode triggers, derived
through coincidence on the mode
decoding delay line, are combined
in an OR circuit and initiate a delay
gate, adjustable from 4 to 50 micro-
seconds, which triggers a blocking
oscillator to supply a display trig-
ger to a 75-ohm load. The four in-
dividual mode triggers trigger four
monostable multivibrator delay gen-
erators, adjustable from 30 to 100

59



CODE COMPARATOR CIRCUIT

Each noncommon decoder contains
ten channels of passive pulse de-
coding, that display a distinctive
marker on the radar ppi when a
coded video reply corresponding to
a preselected code is received. The
circuit shown in Fig. 8 compares
received code trains against one of
the ten preselected codes.

The received serial-form code
train is converted to parallel form
by a tapped delay line before enter-
ing the diode matrix. Thus the
start and stop pulses, always pres-
ent in the incoming code train,
appear simultaneously at their re-
spective inputs. In coincidence
with start and stop, the six possible
information pulses A1, A2, A4, B1,
B2 and B4 will appear at their
respective inputs if they were
present in the received signal.

A set of thumbwheel code selec-
tion switches on the beacon control
box determines the code is to
be recognized by the comparator.
If a code wire is at — 10 volts, the
corresponding code pulse is ex-
pected in incoming trains; =zero
volts indicates the pulse i8 not
expected.

Each information pulse input is

coupled, through a 0.1-microfarad
capacitor, to the junction of the
cathode and the anode of two di-
odes, designated coincidence and
kill, respectively. The diodes con-
nect to a kill bus and a coincidence
bus, as shown. Due to conduction
through R, and R. and the start
and stop coincidence diodes, the co-
incidence bus has a quiescent volt-
age of — 10 volts. Quiescent voltage
of the kill bus is zero. When a
code control wire is switched to
zero or — 10 volts, the junction of
the corresponding diode pair is
brought to that voltage. Switching
Al, for example, to — 10 volts, de-
noting pulse expected, brings the
A1l coincidence diode to the thresh-
old of conduction and back-biases
the A1l kill diode by 10 wolts.
Switching the control wvoltage to
zero volts, denoting pulse mot ex-
pected, brings the kill diode to the
threshold of conduction and back-
biases the coincidence diode. Thus
switching a code control for pulse
expected commects the correspond-
ing video input as an AND input to
the coincidence bus, and switching
the code control to pulse mot ex-
pected connects the video imput as
an OR input to the kill bus. When
pulses appear at start and stop and

at all inputs switched for pulse
expected, all coincidence diodes
open and allow the coincidence bus
to reach zero volts, producing on it
a pulse of the amplitude and dura-
tion of the individual input pulses.
Any pulse appearing at an input
switched for pulse mnot expected,
representing an extraneous pulse,
18 coupled to the kill bus.

A positive pulse on the coinci-
dence bus, indicating that all ex-
pected pulses are present, is cou-
pled to V., which operates as a
cathode follower, driving the cath-
ode of Vis. Unless there is a kill
pulse at its grid, Vi acts as a
grounded-grid amplifier and repro-
duces the coincidence signal at its
plate output. A kill pulse at the
grid of Vs indicates an extraneous
pulse in the signal; the kill pulse
will reverse the net grid-to-cathode
voltage swing and thus inhibit the
positive plate signal. Tube V, then
acts as a NOT circuit. A positive
pulse at the plate of V. indicates
that the received video code cor-
responds to the code to be recog-
nized.

This decode pulse is buffered by
cathode follower V. and initiates
the select decode pulse pair for
ppi display.

microseconds. The trailing edges
of pulses from these multivibrators
trigger four mode-enabling gate
generators corresponding to modes
1, 2, 3 and 4. These gates are ad-
justable from 300 to 2,500 micro-
seconds.

The decoder uses three primary
delay lines for serial-to-parallel
conversion of the received code
trains, degarbling and other func-
tions. The type of decoding is de-
termined by the air traffic con-
troller.

The controller can require any
of the following types of decoding:

(1) All aircraft: This indica-
tion on the ppi is a single blip,
coincident with the radar return,
that shows the aircraft interro-
gated has a beacon transponder.

(2) All common system: This
processing also places a single blip
coincident with the radar return on
the ppi and indicates to the opera-
tor that the aircraft is replying
with a code using framing pulses
spaced by 20.3 microseconds (the
common system).

(3) Select: Each control box has
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10 sets of thumbwheel switches on
which the controller can dial the
code of an aircraft he wishes to
identify. If he operates the select
switch by this code, the aircraft
replying with this code will show
as a double blip, the first pulse coin-
cident with radar return.

(4) Ident: This operates simi-
larly to Select except that the pilot
has pressed his Ident button to
place a heavy blip or blooming reply
coincident with the radar return on
the ppi.

(5) Emergency: If the aircraft
pilot has dialed the emergency code
into his coder, identification will
show as two heavy blips coincident
with the radar return. In addition,
there are audible and visual alarms.

(6) Rapid readout: If the con-
troller places his light-gun over a
radar target on his ppi, the reply
code for that target will be read
out on the control box numerical
display tubes.

(7) Raw video: If the operator
selects raw video, there is no de-
coding and the pulses in the train
are displayed as blips coincident

with the radar target return.

The 16-pulse code train proc-
essed by the decoder (the common
system) includes a start pulse, up
to 12 code pulses, a special pulse,
stop pulse and ident pulse. The
presence of the start pulse and stop
pulse determines that the trans-
ponder has replied with the common
system; the presence of these two
pulses is detected in the decoder
and is referred to as a bracket de-
code. A common-system reply is
processed through the first delay
line and a bracket decode signal is
sent to the all-common-system
channel and to the degarbling delay
line. The pulse train is sent to the
second delay line, and from the
taps of the first delay line a par-
allel-form output code is derived.
These pulses go to the noncommon
decoders, where they determine the
presence or absence of pulses in the
coded train according to the code
selected by the operator. A com-
mon-system reply in the second
delay line will produce a bracket
decode that will go to the degar-
bling delay line, and the tapped out-
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puts of the delay line will read out
in parallel for the pulses present;
these will be applied to the rapid
readout decode processing circuit.

This rapid readout circuit proc-
esses the received code to the non-
common decoders, if it is received
twice in succession and is preceded
by three bracket decodes. The de-
garbling delay line generates pulses
at 1.45-microsecond intervals, which
is the spacing of pulses in the nor-
mal common system reply code, each
time a bracket decode reaches it
through either the first or second
delay line. This degarbling delay
line inhibits the all-common-system
decode for pulse trains succeeding
the first train and following each
other with 4.35-microsecond spac-
ing and is used in deriving the all-
aircraft decode. This degarbling
input is also used with the rapid
readout decode processing circuit
to inhibit a decoded output if there
is any pulse in information pulse
positions of the pulse train due to
an interleaved train.

Degarbling is necessary, because
in high aircraft density areas there
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can be two or more replies inter-
leaved so that it is impossible to
tell whether a pulse belongs to the
train being decoded or to the inter-
leaved train. In this case the de-
coder outputs are inhibited to pre-
vent display of erroneous informa-
tion.

The noncommon decoders receive
processed parallel-form informa-
tion from the common decoders, de-
coding commands from the control
box and the target-designating
from the light gun. Within the non-
common decoder there are 10 com-
parator circuits (see Fig. 3) that
determine correspondence between
the code-received output from the
common decoder and the codes se-
lected on the control box. The non-
common decoder also contains cir-
cuits to energize the numerical
readout device on the control box
when the common decoder deter-
mines the code of a selected target
on the ppi. The decoded modes
from the common decoder are also
compared with the modes selected
on the control box to ensure that
no display exists unless the re-

FIG. 3—Code comparator
identifies the preselected code
pulse train,

rejects incorrect or

extraneous signals

ceived video is in the selected mode.
All the circuits to generate the dis-
plays superimposed on the ppi with
the radar target returns are con-
tained in the noncommon decoder.

The antenna transmits and re-
ceives vertically polarized waves in
the 1,015 to 1,105-Mc band and has
a horizontal beam width of 2.5 deg
between half-power points. Radio-
frequency energy reaches the an-
tenna from the transmitter through
a 50-ohm coaxial cable. An r-f filter
between this cable and the feeder
system attenuates received signals
between 1,280 and 11,000 Mec.

Stations are being installed at
major airports at intermediate
sites. Jet aircraft flying above
24,000 feet are now required to
have beacon transponders, and this
requirement may eventually apply
to all aircraft. At this time, only
the use of mode 3 has been estab-
lished, to interrogate aircraft for
an identification number.

The other three modes will event-
ually be used to obtain other infor-
mation such as altitude, speed and
destination.
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FIG. 1—Linear equivalent circuit of amplifier (A) is modified by nuclear radiation (B)

Transient malfunctions introduced into electronic equipment by muclear radiation

may cause mission failure. Here’s a design guide for the nuclear environment

What Designers Should Know About

By JOHN W. CLARK, THOMAS D. HANSCOME and HERBERT L. WISER, Nuclear Electronics Laboratory,

INCREASING USE of nuclear energy
in propulsion systems and weapons,
as well as the exposure of space sys-
tems to Van Allen and cosmic radia-
tion, is causing growing interest in
the effects of nuclear radiation on
complex electronic systems. One of
the more significant phenomena
that occur under high-level nuclear
radiation is the transient effect,
leading to circuit malfunction as op-
posed to permanent damage. This
article is a preliminary survey of
these radiation-induced transient
malfunctions.

The principal physical cause of
transient malfunctions in electronic
systems is the production by the nu-
clear radiation of current carriers:
ions or electron-hole pairs. The nu-
clear radiations of most interest are
penetrating, consisting of gamma
radiation and neutrons having en-
ergies usually greater than one
million electron volts. Thus, the
shields or protective covers that
surround typical electronic systems
are almost completely transparent
to these radiations. Therefore, the
components are filled with ions
upon exposure to a brief pulse of
radiation. Also, these shields or
other surrounding objects will alter
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incident radiation, usually to make
it more rather than less damaging.
It is therefore important to dupli-
cate accurately the surroundings in
which a circuit or subsystem will
be installed to obtain realistic ex-
perimental data.

The ions and other current car-
riers produced by nuclear radiation
will persist for a relatively long
time after the incident radiation
pulse has disappeared. Lifetimes
range from a fraction of a micro-
second to many milliseconds. The
voltages and currents that appear in
circuits usually persist for a still
longer time due to the circuit time
constants, which may range from
microseconds to seconds.

The effect of nuclear radiation
exposure is to produce additional

(A)

shunt resistors and transient cur-
rents (which appear to be produced
by virtual constant-current gener-
ators) at numerous points in the
circuit. These are superimposed
upon the circuit elements and may
have a severe effect upon circuit
performance. The virtual circuit
elements persist for a brief period
(this time is set by the relaxation
processes in the current carriers,
not by the duration of the nuclear
radiation pulse), and disappear ex-
ponentially with time. Some prog-
ress is being made towards develop-
ing analytical methods that will
result in the solution in closed
forms of circuit behavior under
transient radiation conditions.

As an illustration of the complex-
ity of this problem, Fig. 1A shows

(B)

FIG. 2—Output of low-level amplifier (A) 18 saturated by gamma radia-

tion of 1.4 X 10° r/sec (B)

electronics



THE FRONT COVER—Electrons are accelerated to a velocity equivalent
to 10 Mev in the accelerating tube of this gamma linac. Heavy metallic
target can be used to convert electrons to gamma radiation

Transient Radiation

Hughes Aircraft Co.. Los Angeles, California

the linear equivalent circuit of a
typical resistance-coupled amplifier.
Fig. 1B shows the same circuit
as modified by nuclear radiation.

An experimental example of a
malfunction produced by radiation
is shown in Fig. 2, where sweep
speed is 10 ms per cm and deflection
sensitivity is 10 v per cm. A low-
level amplifier was subjected to
8-microsecond gamma radiation
pulses. The amplifier was part of a
feedback loop and provided an error
signal for control. Figure 2A shows
the normal output of this amplifier
essentially undisturbed by peak
gamma radiation of 2.4 X 10°
roentgens per sec. In contrast, Fig.
2B shows the complete saturation of
the amplifier and the disappearance
of the normal slight variations in

RADIATION PULSE
//—RADIATION
EFFECT

s

INTENSITY ————»

TIME————

(A)

output voltage caused by gamma
radiation of 1.4 x 10° r per sec.
The disturbance shown in Fig. 2B
lasted about 50 milliseconds, al-
though the radiation pulse that
caused the disturbance lasted only
8 microseconds.

It is useful to distinguish be-
tween rate and dose phenomena.
This distinction can be made with-
out reference to physical mecha-
nisms. However the familiar dose
effects, which are often referred to
as radiation damage, are due to dif-
ferent physical mechanisms than
those discussed above. Permanent
radiation damage is caused primar-
ily by production of lattice defects
and similar physical degradation of
the structure of the material. These
effects are cumulative; pure dose

RADIATION PULSE
// _—— RADIATION
- & EFFECT

(8)

]NTENSITY——»
=

effects are independent of the rate
of application of nuclear radiation.

Figure 3 illustrates graphically
the difference between these effects.
Some measurable property of the
object under test is plotted; for ex-
ample its electrical resistance. For
a dose effect, this property changes
gradually during radiation expo-
sure and upon termination of the
radiation exposure retains its al-
tered value. On the other hand, a
rate, or transient, effect causes an
instantaneous parameter change
that persists as long as radiation
is applied and disappears as soon
as exposure is terminated. These
effects are seldom seen in a pure
state, but rather there is a com-
bination of both rate and dose ef-
fects, as illustrated in Fig. 3C.

Exposure for periods long com-
pared to the relaxation time results
in pure cumulative or dose effects.
Exposure for periods shorter than
the relaxation time results in pure
transient or rate effects. This em-
phasizes the importance of relaxa-
tion time in evaluating transient
radiation phenomena.

Techniques for designing radia-
tion-resistant systems are now
being developed; in the interim the
following design procedure may be
laid out. The procedure must be
empirical because design guidance
in some cases is qualitative. The de-
signer should proceed as follows:

(1) Determine the radiation en-
vironment in which the system
must perform. Radiation composi-
tion (gammas, neutrons, charged
particles), rates, and integrated
fluxes should be determined. Par-
ticular attention must be paid to
distinguishing between sustained
exposure (as near a nuclear re-
actor) and transient exposure (as
near a nuclear weapon).

(2) Classify the subsystems by
functions: amplifiers, power sup-
plies, computer circuits, electro-
mechanical circuits, sensors, de-

RADIATION PULSE
/ RADIATION
-L EFFECT

INTENSITY————»

FIG. 3—Idealized configurations of transient effects (A), dose effects (B) and combined effects (C)
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modulators and the like.

(3) Eliminate those subassem-
blies known to be impervious to
transient radiation effects. (Here it
is assumed that integrated flux is
small compared to that which pro-
duces permanent damage.)

(4) Provide, in the design of
sensitive circuits, for reliable per-
formance in the presence of inter-
ference by pulses introduced
throughout the circuit by the radi-
ation pulse. The designer should be
guided by the following principles.

Since the voltage induced by a
given amount of radiation-injected
charge is proportional to the circuit
impedance, the interfering signal
can be reduced by low-impedance
designs; hence, choose low-imped-
ance designs, trading increased I’R
loss for radiation hardness when
necessary.

In bistable circuits, design for ex-
tra margin of stability against ra-
diation pulse flipping. This may
require relatively insensitive bi-
naries and, thus, driving signals
larger than usual.

Avoid leakage paths that can con-
duct when local ionization is pro-
duced by the radiation. Judicious
use of potting materials minimizes
this interference.

Avoid unnecessarily sophisticated
circuits. The simpler and more di-
rect the circuit function, the easier
it is to provide radiation hardness.

Provide protection for circuit
components that could be damaged
by the release of stored energy in
the circuit. Power supplies, multi-
plexers, isolators, T-R and ATR de-
vices should be considered as pos-
sibly susceptible.

Avoid components known to be
particularly susceptible to tran-
sient radiation damage. Transis-
tors, optical and ir sensors and di-
odes should be selected on the basis
of radiation hardness in the appli-
cation.

(5) Breadboard models of the
subsystems (after test for func-
tional performance) are next sub-
mitted to radiation test in an
environment that simulates the ra-
diation environment to be encoun-
tered. Performance of each subsys-
tem is observed in the radiation
environment, and radiation effects
on the performance are reduced to
tolerable levels by empirical trouble
shooting; that is, by locating the
source of disturbance and minimiz-
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ing it by redesign or choice of al-
ternate components.

(6) After the hardening opera-
tion has been performed on the sub-
assemblies, the complete system is
tested. In the worst case, the sys-
tem function may depend on the
performance of a subassembly that
cannot be adequately hardened.
Here, overall design must be re-
examined and new trades made be-
tween performance and reliability.
In general, however, it will be found
that certain subassemblies must be
hardened further, and the design
process continues cyclically until
the whole system is resistant to ra-
diation pulses.

Unfortunately, there is no magic
or elegant solution to the problems
produced by radiation. The study of
transient radiation effects in elec-
tronics develops in the researcher
a variety of interdisciplinary tech-
niques which enable him to design
for the radiation environment. Con-
tinuing work will produce compo-
nent radiation ratings, deratings
and preferred circuits for radiation
applications.

Investigation of malfunctions in-
duced by nuclear transients, and
the evaluation of corrective meth-
ods, will be best accomplished with
realistic simulating equipment.

The criteria for evaluating a
weapon simulator are duration,
spectrum, and rate. Most important
is the duration, or pulse width, of
the radiation produced by the simu-
lator. Simulators of variable pulse
duration are valuable since the re-
laxation times of any item under
test can be measured with such
simulators. Knowledge of these
times is essential to interpreting
simulator data in terms of perform-
ance under actual field conditions.

The spectrum or energy distribu-
tion of the radiation produced by
a simulator is next in importance.
Although the phenomena that pro-
duce radiation-induced transients
are not strongly energy-dependent,
the detailed manner of energy depo-
sition within a system may have a
considerable bearing upon the mal-
functions produced. This energy
distribution is determined entirely
by the spectrum of the incident ra-
diation. Radiation low in energy
(as compared with the actual radia-
tion from a weapon) will be too
strongly absorbed by shields, cases,
and other surrounding equipment,
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and will deposit an inadequate
amount of energy within the sensi-
tive portions of the system. On the
other hand, if the energy is too
high, the entire system will be pen-
etrated by the radiation and rela-
tively little will be deposited to
cause malfunctions. In either case
a measurement of the incident ra-
diation intensity and a comparison
with calculated conditions in the
field may give misleading results.
It is essential to match the spec-
trum of the radiation simulator as
closely as possible to that of the ac-
tual weapon.

Third in importance is the radia-
tion rate or flux produced by the
simulator. This attribute can be
considered only if the simulator is
proper in pulse duration and energy
spectrum. After having satisfied
these criteria, it is not possible to
have too high a radiation rate in a
simulator. On the other hand, if
the radiation produced by a simu-
lator is sufficiently great as to cause
malfunctions or damage to typical

electronics



THE WEAPON ENVIRONMENT

Upon detonation of a nuclear
weapon, one creates in addition to
numerous other forms of energy a
large quantity of gamma radiation
and a correspondingly large num-
ber of fast neutrons. These are re-
ferred to, respectively, as prompt
gammas and prompt meutrons.
Prompt gammas propagate with
the speed of light, arriving at any
distant point simultaneously and
appearing as a short, intense
gamma spike. In the typical situa-
tion of interest where a guided
missile enroute to its target is ex-
posed to a brief burst of radiation
from a distant explosion, the neu-
trons which are created simultan-
eously with the gamma radiation
travel with a much lower velocity,
and hence arrive at an appreciably
later time. Furthermore, these
neutrons wvary considerably in
energy, having approximately the
energy distribution characteristic
of the fission process. The most
energetic (fastest) neutrons arrive
at the point of interest first, fol-
lowed in rapid succession by meu-
trons of decreasing energy, as well
ag by meutroms which are subject
to multiple scattering by the at-
mosphere and which travel by de-

vious routes. (See Fig. 4A.)
From these considerations one
can draw some fundamental con-
clusions. In the absence of atmos-
phere, the intensity of gamma
radiation varies imversely with the
square of the distance, since it is
produced by a source of essentially
point dimensions. The neutron flux
(maximum value of the meutron
rate curve in Fig. LA) varies as the
inverse cube of the distance, since
the width to half-flux points of the
neutron intensity curve wvaries in-
versely as the distance. Accord-
ingly, the neutron flux decreases
much more rapidly with distance
than does the gamma flux, leading
to the conclusion that mneutron
phenomena are important only at
relatively short distances and that
the range of gamma phenomena
tends to be considerably greater
than that of nmeutromn phenomena.
These relations are indicated in Fig.
4B which ghows the effect of veloc-
ity dispersion on the peak intensity
of meutrons as compared with that
of gamma rays. Normalized co-
ordinates are used, indicating that
beyond some range R, meutron
effects decrease with distance more
rapidly than oamma effects.
Within the atmosphere, the geo-

metrical attenuations discussed are
further increased by scattering and
absorption. This has a far greater
effect upon the meutron component
of the radiation than upon the
gamma component, resulting in a
further reduction in the relative
importance of mneutrons as com-
pared to gammas. Fig. 4C shows
qualitatively the relation between
peak gamma rate at sea level and
at a sufficiently high altitude as to
be free of atmospheric absorption
as a function of weapon yield. For
comparison, this figure also shows
the variation with weapon yield of
thermal radiation and blast. The
values chosen for illustration are
typical of thresholds within which
serious malfunction or permanent
damage may be produced by the
several phenomena noted. The
most significant conclusion to be
drawn from Fig. 4C is that outside
the atmosphere the range of radia-
tion-induced malfunctions 18 much
greater than that of other weapon
phenomena. Within the atmos-
phere, the range of gamma-induced
malfunctions is comparable with
those of the other weapon phe-
nomena. A detailed analysis must
of course be made for each individ-
ual system and tactical situation

electronic systems, this simulator
will have considerable practical
utility. It is not necessary, al-
though it is desirable, to be able
to simulate conditions equivalent to
those well within the lethal en-
velopes produced by thermal or
mechanical phenomena from the
weapon.

Consider the simulation of the
two major components of weapon
radiation. A gamma linac (micro-
wave linear electron accelerator),
when operated at a nominal electron
energy of 10 Mev, produces X-rays
whose spectral distribution is sur-
prisingly close to that of the fission
gamma rays of a nuclear explosion.
These machines can be constructed
with pulse widths variable from
about 0.01 to 10 microseconds, a
range more than adequate to
bracket the relaxation times of in-
terest. It is more important to
bracket a realistic range of relaxa-
tion times than merely to duplicate
exactly the detailed shape of the
gamma time history produced by a
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nuclear explosion. Gamma radia-

‘tion rates produced by peak beam

current of 1 ampere or more are
more than adequate to produce seri-
ous malfunctions in typical elec-
tronic circuits. Hence, the 10-Mev
gamma linac, shown in the photo-
graph, can be considered an ade-
quate simulator for the gamma
spike and a useful research instru-
ment.

The lesser range of neutron flux
from a weapon makes its simulation
of somewhat less importance. Nev-
ertheless, a complete evaluation of
the performance of any given elec-
tronic system should include an
evaluation of neutron phenomena.
For this purpose, the bare critical
assembly, or Godiva, is suitable.
The neutrons produced by this de-
vice have a degraded fission spec-
trum, as is to be expected since
they are produced by the fission
process. This is not unlike the spec-
trum produced by a weapon. The
duration of pulses produced by ma-
chines of this type may in principle

be varied over a range from roughly
40 to 100 microseconds. This also
is realistic as compared with the
duration of neutron pulses at a rea-
sonable distance from a nuclear ex-
plosion. Finally, numerous experi-
menters have demonstrated a great
variety of malfunctions with the
Godiva II, which is located at Los
Alamos Scientific Laboratory in
New Mexico, demonstrating that
the nuclear flux rates are adequate.

The fast neutrons produced by
fusion weapons are emitted in a
pulse whose duration is usually a
few microseconds; they can be
simulated by a 30-Mev linac which
uses the photofission process to pro-
duce neutrons from Bremsstrahl-
ung. A 30-Mev linac may be visual-
ized as three of the 10-Mev
accelerating sections shown in the
photograph placed in tandem. The
neutron linac is also a practical ex-
perimental tool and is valuable for
determining relaxation times of
malfunctions induced by neutron
transients.
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NEW KLYSTRON DESIGN FOR

Usable power at constant repeller voltage over a 10-percent band is available
from klystron with movable grid. Design principle requires careful choice of

tube dimensions but can be used over the complete klystron frequency range

Constant repeller-voltage klystron in
test setup

By P. M. LALLY
L. SANDSTROM

Sperry Electronic Tube Div.,
Gainesville, Fla.

REFLEX KLYSTRONS, widely used as
low-power oscillators in microwave
systems, are compact, operate at
low voltages, require no auxiliary
focusing and can easily be fre-
quency modulated. But the elec-
tronic tuning range of reflex tubes
is typically less than 1 percent of
center frequency; to cover any ap-
preciable band, mechanical tuning
of the resonant cavity (or a cavity
tightly coupled to it) is required.
It is also usually necessary to
change the repeller voltage. Thus,
two adjustments are needed to
change frequency.

When the klystron is tuned re-
motely, by a motor for example, a
potentiometer to control repeller
voltage is commonly ganged to the
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FIG. 1—Simplified schematic of reflex klystron (A ), mechanical structure
and critical dimensions (B), method of obtaining motion of grid 2 (C)

klystron tuner shaft. Since the re-
quired repeller voltage does not
vary linearly with frequency, and
cavity frequency is rarely a linear
function of tuner shaft rotation,
cams or non-linear precision po-
tentiometers are required. Further,
tube-to-tube variations may require
adjusting the tracking mechanism
when tubes are replaced.

A new variant of the reflex kly-
stron requires no change in repeller
voltage to tune over a band as wide
as 10 percent of the center fre-
quency. The tracking potentiometer
and its gearing can thus be elimi-
nated, reducing circuit cost and
weight, and increasing reliability.

The principal upon which the
new development is based is
straightforward."* In a reflex kly-
stron (Fig. 1A), electrons origi-
nate at the cathode, are accelerated
by the field between cathode and
cavity, and arrive at the gap at

uniform velocity. If there is an r-f
voltage across the gap, electrons
will be velocity modulated as they
enter the repeller space. The repel-
ler is negative with respect to the
cathode and no electrons can reach
it. The returning electron beam is
bunched by the action of the re-
peller field; electrons that leave the
gap when the field is changing from
accelerating to decelerating become
the center of the bunch. The bunch
should return when the field is at
its peak accelerating value (de-
celerating as far as the bunch is
concerned), which first occurs % of
an r-f cycle later. Proper phasing
is maintained if the bunch returns
N + i cycles later, where N is an
integer that identifies the mode. In
practical reflex tubes N is typically
3, 4 or 5.

The necessity for tracking the
repeller is now apparent. Since, for
the same mode, the number of

electronics



CONSTANT REPELLER VOLTAGE

cycles the electrons spend in the
repeller space must remain con-
stant, the electrons must return in
a shorter time at a higher fre-
quency than at a lower one. Hence
the repeller must be more negative
at the higher frequency.

Reflex klystron cavities may be
broadly divided into two classes:
fixed-gap and gap-tuned. In the
fixed-gap type, the resonant fre-
quency of the cavity can be changed
by an inductive slug in the cavity
wall, by a capacitive flag that ap-
proaches the gap, or by tuning an
auxiliary cavity that is tightly
coupled to the main cavity of the
tube. Gap-tuned klystrons vary the
spacing between grids and gap.
Increasing the separation of the
grids tunes the cavity to higher fre-
quencies. Gap-tuning offers the
possibility of nearly constant repel-
ler voltage.

If the repeller is fixed with
respect to grid 2 (holding dimen-
sion d constant in Fig. 1B), the
spacing from the center of the gap
to the repeller increases as the
cavity is tuned to higher frequen-
cies, and a change in repeller volt-
age larger than in the fixed-gap
case is required.

If, however, the repeller is fixed
with respect to grid 1 (holding
dimension b constant), the repeller-
to-cavity spacing decreases as the
tube is tuned to higher frequencies,
and the required change in repeller
voltage is decreased.

Repeller voltage required to stay
at the top of a mode is:

Ve =
(  adv, ] )—V,

(N+3/4)23.3VV,/f—5—2a
where V, is beam voltage, d is the
spacing from grid 2 to repeller in
thousandths of an inch, N is mode
number, f is frequency in Ge, 8 is
spacing between the r-f grids in
thousandths of an inch, and a is
the thickness of grid 2 in thou-
sandths of an inch.

The equation neglects the pres-
ence of space charge in the repeller
region and assumes a constant d-c
retarding field. It does not predict
repeller voltage with accuracy but
it does closely predict the required
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change in repeller voltage.

In the case of the constant re-
peller voltage (CRV) klystron un-
der discussion, d and 8§ both change

with f, and the change in the
numerator compensates for the
change in the denominator. With

gap tuning, resonant frequency of
the cavity is approximately f ~
f. \/8/8, where f, is the resonant
frequency at gap spacing §,. With
CRYV construction d = b — & where
b is the spacing from grid 1 to re-
peller. If these relations are sub-
stituted into the equation for repel-
ler voltage
V. ~
4[b — b0 (f/fa)1V, -

23.3(N+3/4) VV,/f— 8,(f/fo)*—2a

Since numerator and denomina-
tor do not vary in the same way,
repeller voltage cannot be made

completely independent of fre-
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FIG. 2—Usable power is obtained
over 1.6-Gc¢ band at constant re-
peller voltage with new design (A).
In (B) and (C), power output is
plotted against repeller voltage at
fixed frequencies

quency. However, by an appropri-
ate choice of dimensions, the
change in repeller voltage required
for a 10 percent frequency change
can be made less than the half-
power bandwidth (in voltage) of
the repeller mode. Operation at con-
stant repeller voltage is therefore
practical. But repeller voltage, and
b, cannot be made too small with-
out introducing hysteresis. Power,
half-power bandwidth, and modula-
tion sensitivity requirements may
dictate the choice of N.

A CRYV Kklystron still has all the
properties of a reflex klystron; it
has several modes of oscillation
with repeller voltage and can easily
be frequency modulated by varying
repeller voltage.

Figure 2A shows output power
versus frequency for a representa-
tive K, band CRV Kklystron and for
a tube with conventional repeller
structure, with both tubes op-
erating with repeller voltage held
constant. Figures 2B and 2C show
output power versus repeller volt-
age for the same two tubes at three
tuned settings.

Because the change in transit
angle in the repeller space for a
given change in repeller voltage is

- nearly independent of frequency,

the modulation sensitivity of the
CRV Kklystron varies with fre-
quency much less than does the
conventional gap-tuned or fixed-
tuned klystron, thus providing
nearly constant modulated output
without compensation or adjust-
ment. (Transit angle is the elec-
tron time in the repeller space mul-
tiplied by angular frequency.) The
principle described is applicable to
all frequency ranges in which gap-
tuned reflex klystrons are practical,
from several hundred Mc to at least
as high as 40 Ge.

The authors acknowledge the
contributions of J. H. Walters, N.
M. Banes, and A. S. Rhoads, Jr.,
all of the Sperry Electronic Tube
Division.
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DESIGNING TUNNEL

Tunnel diode relaxation oscillators are analyzed and the circuits

for frequency-stabilized sinusoidal and square-wave generators

are derived. Push-pull as well as cascade oscillator circuit design

raises output power levels

By WEN-HSIUNG KO,

Electrical Engineering Department and Engineering Design Center,

Case Institute of Technology, Cleveland. Ohio
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THE NEGATIVE CONDUCTANCE prop-
erty of a tunnel diode makes it a
convenient and desirable device for
oscillators. It may oscillate at all
frequencies up to a few thousand
megacycles. The simplest oscillator
circuit is shown in Fig. 1A, the a-c
equivalent cireuit (1B), the voltage
wave form (1C), and the current
wave form (1D). If —R, is the
negative resistance of tunnel diode
at the operating point, C, the diode
capacitance, L = (I 4+ L,) the
total inductance in the a-c circuit,
and R = (R’ + R.) the total re-
sistance in the oscillating loop, the
condition for oscillation is* ®
R.>R; L>C.R.R

During each cycle of oscillation
the current and voltage relation of
the diode traces the path (1-2-3-4-1)
along the tunnel diode character-
istic in Fig. 1E. If C, is small and
can be neglected at the oscillating
frequency, the line sections (1-2)
and (3-4) will be horizontal. The
time required to trace these sec-
tions can also be neglected as com-
pared to that for tracing sections
(2-3) and (4-1). Let ¢, and ¢, be the
time required to trace path sections
(4-1) and (2-3) respectively. The
instantaneous equivalent circuit of
tunnel diode during time ¢, or ¢,
may be represented by a voltage
source, K, in series with a positive
incremental resistance, R, The

electronics



DIODE OSCILLATORS

value of R, is obtained from the
reciprocal of the slope at the point
in question on the characteristic
curve, while E, is the intercept of
the 1/R, slope line with the V-axis.
The values of R, and E, are not con-
stant but are functions of the bias
voltage across the diode. The time
t. and ¢, may be found by solving
the nonlinear differential equation

E, — E.(v) = L(di/dt) + IR + Rs(w)}

= L(di/dt) + Rr(v)i (1)
if E,(v) and R,(v) are known. For
simplicity, straight line segments
are used to approximate the charac-
teristic of tunnel diodes as shown
in Fig. 1F, then R, and E, can be
considered as constants during the
operation over each line segment.
Therefore, the equivalent circuits
of this relaxation oscillator, in ¢, or
t,, is now the well known single
time constant (L-R) circuit. From
the equivalent circuit given in Fig.
2A;

L/Rpiln [(Ia — I)/(la — 1))

" Rmin (B E) B ED] @
where Ry = R + Ra, I, = E,/Rns
B, = E.Ray (R + Ray)
o = (L/Rp) In [(I, — Is)/( . — Ib)]
~ (LR 1o (B~ Ey (B~ E]  (3)

where Rr; = R+Ra, Io = (E.— Ea)/Rr,
( s < 0) and
Eb = E +(Ed2 Ec)[R R + Rd‘z)]

F=1YT=1(.+t) @

From Fig. 1F it can be seen that
the sectional straight line (4-1)
gives good approximation to the
actual characteristic, while the line
(2-3) is selected rather arbitrarily
and is not an accurate approxima-
tion of the characteristic. Further-
more, it is shown graphically that
1, is nearly equal to I,, while I, dif-
fers from I, by a considerable
amount. These observations ac-
count for the experimental facts
that Eq. (2) is more accurate than
Eq. (3) under varying circuit con-
ditions, and that for a given cir-
cuit configuration, ¢, can be varied
over a wide range by the bias volt-
age E, while t, will be varied over
a smaller range. Figure 2B repre-

Therefore,
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FIG. 2—Equivalent circuit of relaxzation oscillator (A) and observed data

from oscillator (B)

sents a set of the observed data
from the relaxation oscillator cir-
cuit shown in the same illustration.
The frequency drops off at both ex-
tremes of bias and has its maxi-
mum value near the bias that gives
t, = t,. In spite of the large fre-
quency variation (three to one)
with bias voltage, the amplitude
and the shape of the oscillating volt-
age in t, or ¢, remain substantially
constant.

This simple oscillator is not use-
ful for most practical purposes be-
cause of its large variation of fre-
quency with supply voltage and its
poor wave form which is neither
sinusoidal nor rectangular. The fol-
lowing parts of this article will dis-

cuss the methods to stabilize the
frequency and the circuits that will
generate sinusoidal voltage or rec-
tangular voltage.

To stabilize the frequency of tun-
nel diode oscillators, a resonant cir-
cuit may be incorporated in the
oscillator circuits. The resonant
circuit is excited by the tunnel di-
ode oscillation and oscillates at
nearly its resonant frequency which
in turn serves as a synchronizing
signal to the tunnel diode. The con-
dition for oscillation of a resonant
circuit coupled to a negative resist-
ance device requires that the total
shunt conductance, g,, of a parallel
resonant circuit or the total series
resistance, r,, of a series resonant
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FIG. $—Resonant-circuit stabilized tumnel diode oscillators where C.

and Cs are large

circuit be zero or negative. If we
retain the definition for Q@ = (1/r,)

VL/C = wL/r, for series resonance
and @ = «C/g, for parallel reso-
nance, then, », = 0 or g, = 0 means
Q@ is infinite and this may also be
specified as the condition for sus-
tained oscillation. Negative », or
g, will give negative Q which means
oscillations will grow until limited
by some nonlinearity which changes
the parameters of the negative re-
sistance until », = 0 or g, = 0.
Three of the possible circuits, using
parallel or series L C resonant cir-
cuits for stabilization, are shown
in Fig. 3. In Fig. 3A a parallel
resonant circuit is used in series
with the diode and the d-¢ supply.
In Fig. 3B the frequency determin-
ing circuit is in parallel with the
tunnel diode. Here the high fre-
quency choke L. and coupling con-
denser C. provide the isolation be-
tween a-c and d-¢ circuits. The
choke inductance L. is much greater
than L and should be large enough
to provide the isolation, while C,
should be so large that for any
oscillation associated with L, the
tunnel diode is effectively shunted
by C., to make L, < (C. + C,)
R.R. This is the condition for the
suppression of the unwanted mode.
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In Fig. 3C, C and L form a series
resonant circuit through the nega-
tive resistance of tunnel diode (the
inductance and capacitance of the
diode can be lumped into the C and

both shunt feed and isolation of d-c.
Resistance R, is used to stabilize
the loop with L, and diode in series.
A series R, may be used to replace
the L, and R. combination, if R/
will stabilize the d-c loop. The series
resonant circuit blocks d-e, there-
fore it cannot be used in series with
the tunnel diode without another
shunt element to supply the d-c bias.

For accurate frequency control a
crystal may be used to form part of
the resonant circuit. Figure 4
shows two of the circuits using
erystals to control the frequency™*.

These circuits provide reason-
able frequency stability (a few per-
cent change over the entire bias
range). If R,C, and L are adjusted
so the condition of instability is
just satisfied, then the oscillation
will be nearly sinusoidal. However,
in this case if there is any sizable
change of bias, load, or capacitance,
the oscillation will stop. This might
be useful for some purposes; it is
not desirable for most applications,

A stable sinusoidal oscillation
may be obtained from the follow-
ing reasoning. Let the instability
condition (L > C R.R) be satisfied
with considerable margin. The
oscillation will be stable but the

L). The inductance L, provides voltage wave form will be approxi-
AAA I ' ' I
R L I
an——T I =
R € L
8 d
R <Ry £ ¢ CR
(A)
1 1
L c . ~R, L c
T T
(B)
s =c' R ~Ra -Rn R L o=
R, >R R, > R

ASSUME RZ = LC R':

-R.R
RFR > 0. 0 > O NO SUSTAINED OSCILLATION POSSIBLE
n

(C)

FIG. 4—Crystal-stabilized tunnel diode oscillators showing eircuits (A),
equivalent circuit at series resonance of crystal (B) and equivalent circwit

at off-resonant frequency (C)
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FIG. 5—Circuits (A) and
output waveforms (B) of
square-wave oscillators

FOR Ga,
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€5 = 0.2 T0 0.28V
Eg = 015 TO 0.45V

L
98LFT OF

SUPERIMPOSED OUTPUT
WAVE FORMS AT 0.12,
0.18, AND 0.26V BIAS

mately of the shape shown in Fig.
1C. This wave consists of the de-
sired fundamental and many other
harmonics. The desired frequency
may be selected with filters or by
the simple circuits illustrated in
Figs. 6C and 6D.

In Fig. 6C, high impedance Z is
in series with the parallel resonant
circuit. For all harmonics, the volt-
age is taken up by the series Z,

0.8
0.6
g 0.4 /\/\
0.2
0 1 1 1 1
100 200 300
VIN mV
|
4 1}
et
b4
i}
(C)

HORIZONTAL SCALE?S
0.5 ps/CM.

(B)

while for the resonant frequency
the oscillating voltage is nearly all
dropped across the tank. In Fig.
6D, low impedance Z is in parallel
with the series-resonant circuit.
At the series-resonant frequency
nearly all the signal current passes
through the resonant circuit while
at other frequencies the turrent
passes through the shunt imped-
ance. Therefore, the voltage across

Le L
1004H 1004H
o 7y Co e
TI,OOODF y
2
0.8 /\__/\
0.6
o
Z 0.4
0.2
0 1 1 1 | -
100 200 300
V IN mV
(8) 2

Y

(D)

FIG. 6—Circuit (A) and frequency versus bias curves (B) of two relara-
tion oscillators. Principles of deriving sinusoidal output are shown at

(C) and (D)
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OUTPUT WAVE FORM AT
0.26V BIAS

the resonant capacitance will be
sinusoidal. Both circuits provide
little loss for the fundamental sig-
nal. Figure 6A represents the two
sine-wave oscillators  discussed
above; Fig. 6B shows the relation
between frequency and bias volt-
age. It should be noted that it is
also possible to use only a tapped
portion of a resonant circuit in the
tunnel diode oscillating loop. This
raises the output voltage and im-
pedance level, and may improve the
wave form across the total resonant
circuit.

When a short circuited coaxial
cable, transmission line or artificial
delay line is used instead of the
series inductance in the simple re-
laxation oscillator of Fig. 1, a good
square wave is generated with ex-
cellent frequency stalility over the
entire bias range.® The period of
the square wave closely approxi-
mates four times the period re-
quired for the electromagnetic wave
to travel the length of cable. The
rise and fall time of the square
wave is about 10 nsec with a ger-
manium tunnel diode and can be
improved by circuit arrangement.
The short-circuited coaxial cable
may be connected in series or in
parallel with the diode. A suitable
capacitor may be used in place of
the short-circuit of the cable. Fig-
ure 5 illustrates two of the square-
wave oscillator circuits and the out-
put waveform across the cable at

n
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FIG. ?—Push-pull oscillator circuits shown at (A) and (B). Cascade
oscillator circuit shown at (C) with equivalent shown in (D)

different values of bias. These
waveforms are superimposed to
show the constancy of the period.
Power output of the tunnel diode
is limited. For an oscillator using
a germanium tunnel diode with 10-
ma peak current the d-¢c power input
is about one milliwatt and the maxi-
mum sinusoidal output is about one-
half milliwatt, with a voltage swing
of about half a volt. To increase
the power or the voltage output,
the push-pull and the cascade cir-
cuit may be used. The push-pull
circuit and its stabilization is dis-
cussed in a paper by Hines®. The
circuits shown in Fig. 7TA and 7B
were tested with satisfactory re-
sults. In the circuit of Fig. 7B, the
resonant tank circuit is connected
in shunt with the tunnel diodes.
Figure 7C and 7D show the series
feed cascade oscillator. The differ-
ence between the cascade and the
push-pull circuit is in the method of

supplying d-¢ to the diodes. In the
cascade circuit the diodes are sup-
plied by two different d-c sources
in series, while for push-pull the
two diodes are supplied by the same
d-c source. The former gives better
efficiency when using a dry battery
as the power supply. Furthermore,
the scheme of cascade oscillator cir-
cuits can be used for more than two
diodes connected together.

Oseillation of the two diodes in
cascade may be in the cascade mode
or the common mode (unison
mode). In the former the a-c volt-
age of the two sections of tank cir-
cuit add to give twice the output
voltage across load R, as indicated
by the solid arrows. In the latter,
the voltages cancel across R, as
indicated by dotted arrows.

The a-c equivalent circuit of the
two modes and the stability eriteria
were analyzed and are illustrated
in Fig. 7D. If the circuit elements

UPPER TRACE IS e,

LOWER TRACE IS
VOLTAGE ACROSS Ds3.

THE HORIZONTAL
SCALE 1S 0.5us/CM;
VERTICAL SCALE 0.5
VOLT/CM.

BIAS OF EACH DIODE IS
0.25v.

Le
I00uH (A)

72

(B)

FIG. 8—Circuit (A) and waveform (B) of a three-diode cascade oscillator

are so selected that the unison mode
is suppressed and the cascade mode
is self starting, the oscillator will
give the same output as the push-
pull circuit.

Figure 8 shows a three-diode cas-
cade oscillation circuit and the
pertinent voltage wave forms across
the total tank as well as across
each diode.

Thus, frequency stabilized sinu-
soidal and square wave oscillators
are obtainable with simple circuits.
To increase the power or voltage
output, push-pull and cascade cir-
cuits may be used. The cascade cir-
cuit provides a more efficient way
of using the available d-c supply
and also permits the incorporation
of more than two diodes in an oscil-
lator.

Although sine- and square-wave
oscillators  maintain relatively
stable frequencies with respect to
change of bias, the amplitude of the
outputs does vary with bias. This
provides a simple method of modu-
lation.

The author thanks Dr. R. Plonsey
for his assistance in preparing this
manuscript and for helpful discus-
sions.
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FIG. 1—Basic phantastron has sweep duration controlled by adjustment of rundown starting voltage E. (A); plate
waveform (B); method of synchronizing free-running phantastron by closed-loop comparison of frequency with that

of received sync pulses (C)

PLATE VOLTAGE CONTROL OF

PHANTASTRON FREQUENCY

Two pentodes, each forming a phantastron circuit, are intercon-
nected so that both mark and space of their combined output
waveforms are controlled by linear rather than exponential sweeps.
Circuit jitter is less than 0.003 percent at 5 pps repetition rate

By W. C. WHITWORTH,

Design Engineer, Motorola Inc.,
Scottsdale, Arizona

A GROUND-BASED decoder in a data-
transmission link required ground
generated pulses that were syn-
chronized with the incoming video
data and required the train of
pulses to continue in synchronism
even when the received sync pulse
was missing, or when its amplitude
was below ambient noise level. This
required, among other circuits, a
free-running oscillator that could
be electronically corrected in both
phase and frequency until its gen-
erated pulse occurred at the same
time as the received sync pulse was
supposed to occur, whether the syne
pulse actually occurred or not.

Other circuit requirements called
for an additional pulse midway in
time between the received sync
pulses, regardless of the input fre-
quency.

A Dbasic voltage controlled phan-
tastron circuit is shown in Fig.
1A, and the plate waveform in
Fig. 1B. The timing equation is

t=RC(E, — Es) / (Ess + Ey) ¢))

February 10, 1961

where E, is the starting voltage of
the plate ramp, and E, and E,, are
the plate bottoming and initial step
voltages, respectively. They are ap-
proximately 3 and 6 volts for the
5725 tube.

The monostable circuit of Fig.
1 can be made astable by capacitive
rather than resistive feedback in
the suppressor circuit. However,
the resulting suppressor circuit
time constant is then an expo-
nential function, and thus possesses
more inherent jitter than the linear
Miller sweep of the monostable
phantastron. An additional disad-
vantage arises when, as in this
case, both on and off periods of the
circuit need to be varied by adjust-
ing the level of input control volt-
age. A block diagram of the local
oscillator control circuit Fig. 1C
shows how the phantastron is ad-
justed in frequency until it is syn-
chronized with the incoming low-
frequency data pulses. Both incom-
ing syvnc pulses and phantastron
output pulses are fed to the dis-
criminator circuit, which generates
an output ~proportional to the
phase difference between discrim-
inator and phantastron. The dis-

criminator’s output feeds a d-c
amplifier that in turn delivers the
control voltage shown as E, in Fig.
1A. The direction of change
of this control voltage is such that
it reduces the phantastron fre-
quency when it exceeds that of the
incoming sync pulses and raises
the frequency in the converse case.

Figure 2 is the oscillator whose
output is synchronized to the fre-
quency of incoming data pulses.
Two phantastrons (V, and V,) are
coupled screen-to-plate so that the
negative slope of the pulse from the
screen of one tube (at the end of
rundown) triggers the second tube
into 4ts rundown. Thus, phan-
tastrons V, and V, produce alter-
nate voltage ramps whose starting
level E, is controlled by the poten-
tial fed in from the discriminator
d-c amplifier. Variation of this d-c
voltage E, controls the period of
rundown, and hence the over-all
frequency of oscillation.

Diodes D. and D. act as switches,
disconnecting the plates from the
(opposite screen) trigger sources
whenever the plate voltage is less
positive than that trigger, which
has been referenced in turn to E,,

73



Es

%0¢
RI “Dl 5 14
22K $330K
4]
% T
120K
1 Vg
1/2 5814A ——
Cs =
l'?;?ﬁ —K:‘:‘l

= —
Vg Ce
5725

<

270kS
<

+150v

INPUTS
FROM
oy PHANTASTRON
INPUT SCREENS
J—L Dio Dis
———l »t ¢

$330k % 0Ou
<

B
s E, Q :
'D
Dg
9 = C7
2;330K 3,300

-300v L

FIG. 2—Pentodes V; and V, form a free-running twin
control voltage E.; this voltage comes from the freq
pulses to the phantastron whenever it fails to oscillate

the output of the d-c amplifier.

Capacitors C, and C; decrease the
fall time of the screen waveforms
for more rapid triggering of the
next stage.

Since the recovery period of the
plate ramp Fig. 1A is about the
same duration as the ramp itself,
the recovery action must be
speeded up. Otherwise timing ca-
pacitor C (C, in Fig. 2) will not be
fully charged by the time the plate
should begin its next rundown, the
plate potential will not have re-
turned to E,, and the resulting
pulse-width will be less than de-
sired width. To shorten this plate
rise-time, cathode followers V,, and
Ve give the capacitors low imped-
ance charge paths.

Cathode follower V, is a low-im-
pedance output stage and the net-
work R, and R, is a d-c level shifter
to zero-center the 15 v peak-to-peak
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output pulse for direct coupling to
the discriminator.

Both suppressors are clamped
by diodes D, and D, to a volt-
age divider, giving a flat top to
the pulses and overcoming any pos-
sible effects of secondary emission.
Thus by the proper choice of R, C
and E,, a free running oscillator of
any natural frequency f., and with
an extremely wide range of duty
cycles, can be designed from Eq.
Jo = 1/Ta = (Eyo + E)/[(ReCy

+ R:Co)(E, — Ep)] (2)

By rearranging and solving for
E,

E, = [T.(Es, + E\)/(RC1 + R:Co)] + E,
or, AE,= T\,(Ew + E1) /(RC1+ R:Ce) 3)
The required range of d-c amplifier
output voltages (E,) can be deter-
mined for the desired range of pe-
riods T. from Eq. 3 and the gain of
the d-c amplifier can next be deter-

START-SIGNAL OUTPUT
TO PHANTASTRON 0SC

1

OUTPUT
TRIGGER

ALL DIODES JAN IN458

K=X 1,000

-pha ntastron oscillator whose frequency is set by the level of
uency correcting circuit of Fig. 1C. Triode V: gates starting

mined. The transfer function K of
the oscillator can also be deter-
mined by rearranging Eq. 2

T./(E.—Ep) = (RsC: + R:Cs)/(Eys + E)
or K = AT,/AE, = (RC) + R:Co)/(Eps
+E) 4
Equation 4 demonstrates run-
down linearity for any given T,.
As long as the two R-C products
in the timing network of Fig. 2
are different, turning on the power
supply provides sufficient agitation
to start oscillation. However, as
the two R-C products approach
equality, application of power be-
comes a less-certain starting
method because the two capacitors
will acquire charge at equal rates.
Consequently a starter circuit, V.,
was added to the basic phantas-
tron; the starter becomes inactive
after oscillations begin, but works
immediately if oscillator stops.

electronics
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Heavy Duty—Ground Support Cable
Benseal® Missile Control Cable
Fabric Braided—Aircraft and Missite
Control Cable

Metal Braid—Aircraft Nacelle Cable
High Temperature—Radiation Resist-
ant Cable

High Temperature—Lightweight—
Missile Cable

“Wet Wing" Aircraft Fuel Cell Cable
Rewirable—Jet Engine Control Cable
High Temperature — 1500°F.—Ther-
mocouple Cable

Bendix cables—products of over a quarter-
century of design and manufacturing experience
—are proving their complete reliability in a
countless variety of applications involving critical
environmental conditions.

BENDIX CABLES BENDIX CONNECTORS
Designed together to work best together
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Scintilla Division . 2%/ g
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Measuring Dielectric Constant

Graphically

DIELECTRIC constants can be directly
measured by dielectrometers, but
due to their high cost, such dielec-
trometers are not readily available.
The graphical method to be shown
evaluates dielectric constants using
only a microwave signal generator,
a slotted-line and a standing-wave
indicator at X-band.

For any material’! C / —y¢ =
(tanh T / 7)/(T / ) where T /
r=y.d=ad+ jB. d. Assuming
a near lossless material, then «
0and C 4 —¢ = [tanh (G B d)/
[/ Bd] = [tan g d]/B d.

~

By RICHARD HEIMER, E

In addition, C / —¢ = [—j A,/
2 = d] [Z2(0)/Z,] where Z(0)/
Z, = (Eniw/E.x) —jtan [2 7 (d —
Y.)/A1/1 — j (BEaw/En:) tan [2 o
(d — Y,)/A,. If the line is shorted,
Emln/Emlx = 02

The equations can then be manip-
ulated to yield

(tan Bd)/Bd =
(=(1/Kid)][tan K, (d — Y2)] (1)

where K, = 2 =/\, when \, is con-
stant and B = B, = 8.

Since Bd = (27 d/\,) (Ve — (A/
M), it is possible to solve for e,

L. I

lectrical Engineer,
d Electronics Inc.,
. C., New York

the dielectric constant
e=K,B*+ K, 2)
If small losses are assumed in the

waveguide walls, then the loss tang-
ent is

tan 5 = (AW/ed) K, 3)

Equation 3 is valid for a sample
size equal to § A, = 2 percent. The
constants in Eq. 1, 2 and 8 can be
evaluated since K, = 2 =/),, K. =
(\o/2 7)°, Ky = (A\/\)* and K, =
(a/Ng) e

Since most American dial gages
are calibrated in inches and 9,375

{

RELATIVE DIELECTRIC CONSTANT €/,
w £ w
T T T

™~ 0350
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TANGENT MEASUREMENT
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-03 —0.2 =0.l

1 1
0 0. 0.2
NULL SHIFT Yg IN INCHES

0.3

04 05

FIG. 1—Dzielectric constant plotted against null shift in an X-band slotted line at 9,375 Mc
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BUT, OUR PENDULUMS AREN'T SIMPLE, SIGNOR GALILEO!

Since your time, Schuler has shown that a simple pendulum can be used for navigation here
on Earth if it has a period of 84.4 minutes. By your formula, Signor, the pendulum would be
3,959 miles long! We couldn’t keep it simple; we had to mechanize an artificial pendulum
with Schuler’s long period to inertially guide the Mace missile. If you, as an engineer,
would like to join us in compounding such new approaches from traditional science, and if
you have a BS, MS or PhD in Physics, ME, EE, or Math, please contact Mr. E. C. Allen,
Director of Scientific and Professional Employment, 7929 S. Howell, Milwaukee 1, Wisconsin.

AC SPARK PLUG %% THE ELECTRONICS DIVISION OF GENERAL MOTORS

¥
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FIG. 2—Relative dielectric constant plotted against unit tangent loss
to determine dielectric constant at X-band of any low-loss material

Mc (X-band) is used, these con-
stants are evaluated as K, = 8.5667,
K. = 0.04016, K, = 0.48922 and
K, = 0.54434.

With the constants known, Eq. 2
and 3 can be solved using d as a
parameter. Figures 1 and 2 show
the family of curves resulting from
repeated solutions to these equa-
tions. These graphs can be used
to determine the dielectric constant
at X-band of any low-loss material.

To use this method to determine
the dielectric constant, first accu-
rately measure thickness (d) of the
sample to be tested. Insert the ma-
terial in a sample holder and con-
nect a short across the holder. A
Hewlett-Packard X930A shorting
switch can be used as a sample
holder. Machine the dielectric to fit
into the X-band waveguide: spe-
cifically 0.900 by 0.400 by the thick-
ness (d) (all measurements in
inches). This should be a snug fit.

Assuming that d is known ap-
proximately to 1-digit accuracy. Let

the first thickness approximation be
d = % \,. Connect the circuit as
shown in Fig. 3. The standing-wave
pattern shown in Fig. 4 will exist
along the slotted line. The dial gage
can be used to measure Y,.

Locate the measured distance Y,
on the abscissa of Fig. 1. Locate the
intersection of Y, and the curve cor-
responding to the sample thickness
d previously measured. Projecting
this point horizontally to the ordi-
nate yields the required dielectric
constant e.

One of the conditions placed on
this solution is that for loss tangent
measurements d should be # A, in
the dielectric medium. If d == % i,
the intersection of Y, and d, (deter-
mined above) will not fall within
2-percent of the line labeled proper
sample size. The sample thickness
can be corrected by drawing a hori-
zontal line through the ¢ just deter-
mined until it intersects the proper
sample size line. Correct the size of
the sample in the holder and deter-

Definition of Terms

C £ — ¢ intermediate variable
T Zr intermediate variable
v2 propagation constant in die-
leetrie
attenuation constant in die-
lectric
phase constant in dicleetric =
B =B
impedance at boundary of
dielectric and space in wave-
guide
waveguide characteristic im-
pedance
Ag waveguide wavelength
d depth of sample
as defined in Fig. 4
A, free space wavelength
¢ dielectric constant relative to
free space
tan & loss tangent
AW  as defined in Fig. 4
Ac cutoff wavelength in wave-
guide

g
Be
Z(0)

ZO

mine the loss tangent’s value.

Measure A W (Fig. 4). The loss
tangent now can be determined us-
ing the value for ¢ determined from
Fig. 1.

Locate this value of ¢ on the
abscissa of Fig. 2, Read the value
of (tan 8/8 W). Multiplying A W
by the value obtained for (tan §/
A W) yields the loss tangent.

As an illustrative example, as-
sume a polystyrene sample with a d
of 0.5 inch and a Y, (measured) of
4.40 inch.

On Fig. 1, the resulting ¢ is 2.55;
the sample thickness is corrected to
0.67 inch; the Ao W is measured;
(tan 8/8 W) for an ¢ of 2.55 is
0.297 (as read from Fig. 2). Multi-
ply 0.297 by A W to get tan 8.

REFERENCE

(1) Arthur R. Von Hippel, “Dielec-
tric Materials and Applications”, Tech-
nology Press of M.I.T, and John Wiley
and Sons, Inc., New York, 1964.
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FIG. 83—Test circuit used in measurements

FIG. 4—Standing-wave pattern along slotted line
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MEETS YOUR

voue: LOW=-COST RAYTHEON
seomcanons  REGULATED DC
row o mon ~ POWER PACKAGES

STANDARD DESIGNS {

@Y THEON

SPECIFY A RAYTHEON
“RD” POWER SUPPLY AND ELIMINATE
POWER SUPPLY DESIGN HEADACHES

132 different ready-to-operate capacitive input filtering. Ripple is
models for standard 19-inch rack reduced to within 0.5 to 1.0%

installation, 3 to 1,000 volts, 50 to del;;:;ti;i l‘l’“a';fl’l‘ii’s- orompt delive
3,000 watts

These compact Raytheon “RD” ery of your selection from 132 dif-

. e th lote | ¢ sol ferent models in 20 voltage steps
units are the complete low-cost solu- and 7 power ratings, 3 to 1,000

tion to your power supply problems volts. 50 to 3,000 watts, all for 19-
without any sacrifice of the heavy- . . N mo’unting.

duty industrial performance your
specifications demand.

The new power packages utilize
ferroresonant (magnetic) voltage
regulation coupled with full-wave .
silicon diode rectification and

CHECK THESE BENEFITS
OF“RD"POWER SUPPLIES

Lowest cost consistent with heavy-duty
industrial ratings

® 132 models: 3 to 1,000 volts, 50 to
3,000 watts
o Self-protecting; extremely dependable
@ ® DC output filtered and isolated

® Improved load regulation

® 19” rack mounting; 6 sizes, panel
RAYT H E O N heights from 32" to 28"

) B_eggl‘;tion + 1% for line variation of
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)
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) Power Supply and Voltage Regulator Operations
Send coupon for free Keeler Avenue, South Norwalk, Connecticut
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Catalog of 2,020 | O Raytheon “RD" Product Selection Data #4-290
Standard Designs [} {1 Raytheon 2020 Regulator Selection Guide and
s Catalog #4-265
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RESEARCH AND DEVELOPMENT

Atomic Time Standards May Fill Future Needs

TIMING accuracies of at least one
part per billion will be required in
the future for satellite tracking,
long-range missile guidance, astro-
nomical observations and similar
scientific activities. Radio trans-
missions of standard frequencies
based on astronomical observations
related to rotations of the earth
cannot fulfill this need. Atomic
frequecy standards are potentially
three orders of magnitude more
precise for time-interval determina-
tion.” ** The National Bureau of
Standards is therefore investiga-
ting them to meet the expected re-
quirements.

Two dissimilar cesium-beam
atomic frequency standards were
constructed at the NBS Boulder
Laboratories. The devices were
tested independently, the pertinent
parameters measured and fre-
quency comparisons made. Rela-
tively short devices (55 ecm between
the oscillating fields for the shorter
apparatus) had precisions of +2
parts in 10® for measurement
periods from one to several hours.
Frequency difference between them
was 1 X 10 and has remained
within = 2 x 10™ for 9 months:
Accuracy at least an order of mag-
nitude greater should be attainable
with some improvements in the ap-
paratus.

Radio transmissions in which
frequency is controlled by master
quartz oscillators are being moni-
tored with the cesium-beam fre-
quency standards. Corrections for
the 60-Kc standard frequency
broadcasts from WWVB are being
made each week and are available
on request. Corrections for the
20-Kc¢ transmission from WWVL
will be available shortly.

In the past, the most uniform
time intervals available were those
derived from astronomical observa-
tions of the rotation of the earth
relative to the fixed stars corrected
to the orbital motion of the earth
about the sun, which is the basis
of Ephemeris Time. It has been
measured with a probable error of
2 parts in 10° in a period of three
years. Higher precision is expected
for longer measurement times.

In 1956, the second of Ephemeris
Time was adopted as the funda-
mental unit of time by the Inter-
national Committee of Weights and
Measures and confirmed by the
General Conference on Weights and
Measures in 1960. Steps were taken
by the Conference toward adopting
an atomic standard.

A time scale approximating
Ephemeris Time can be made avail-
able immediately using atomic
standards, quartz oscillators and
counters. In terms of the Ephe-
meris second, frequency of the
cesium transition is found experi-
mentally to be 9192631770 =20
cps. The probable error of =20
cps (2 parts in 10°) results from
limited precision of the astronomi-
cal measurements. The frequency
of the transition is assumed to be
exactly 9192631770 cps for the pur-
pose of maintaining constancy of
broadcast frequencies.

Measurement of a frequency or
time interval in terms of the cesium
transition can be made with a pre-
cision of +0.2 cps and is not limi-
ted by measurement instrument
difficulties like those encountered in
astronomical observations. How-
ever, it does not supplant the pres-
ent definition of a scale for time
based on the uniform apparent mo-
tion of the sun.

A standard based on a physical
process or experimental technique
provides the most uniform and the
most accessible interval. The pre-
cision of measurement for the
atomic standards is two orders of
magnitude better over a 2-minute

period than astronomical meas-
urements made over 3 years.
The cesium-beam frequency

standard is essentially an atomic
beam spectrometer that is excited
by a crystal oscillator driving a
frequency-multiplier chain. The
spectrometer provides a signal only
when the excited atoms go through
a quantum transition. The exciting
signal from the frequency-multi-
plier chain is designed to have a
frequency very nearly equal to the
transition frequency. If the spec-
trometer produces an output when
it is excited by the signal generator,

generator frequency is known to be
equal to transition frequency of
the cesium atom.

REFERENCES

(1) L. Zssen and J. V. L. Parry, The
Cesium Resonator As A Standard of Fre-
quency and Time, Phil Trans Roy Soc,
A250, 1957,

(2) J. Holloway, W, Mainberger, F. H.
Reder, G. M. R. Winkler, L. Essen and
J. V. L. Parry, Proc IRE, 47, 1959.

(3) R. E. Beehler, R. C. Mockler and
C. S. Snider, A Comparison of Atomic
Beam Frequency Standards, Nature, 187,
Aug. 20, 1960,

(4) W. Markowitz, R. G. Hall, L.
Es?ensand J. V. L. Parry, Phys Rev Let,
1, 1956.

Stepping Motor Provides
Acceleration Analog
By F. W. KEAR, Supervisor,

Research and Development Lab.,
Lytle Corp., Albuquerque, N. M.

ACCELEROMETER pulse outputs can
be converted into analogs by a spe-
cially designed stepping motor.
The simply constructed motor im-
proves reliability of inertial guid-

\

/

e~

[V ROTOR

)

STEPPING
coiL RESET
INPUT coi
L,

Precise control of angular displace-
ment and reliable stepping from a
wide variety of pulse inputs make
high-speed stepping motor a de-
pendable pulse to analog converter.
Reset coil with circuit at bottom
adds usable torque
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chooses Tung-Sol transistors
for automatic air traffic control vocal system

The Cook Electric Automatic Voice Relay is,an
integral part of a highly advanced system known
as Volscan which is designed to relieve the
hazards of air traffic congestion over modern
airports. The AV R automatically generates flight
path instructions vocally to pilots waiting to
land, on the basis of data submitted to it by
radar. A plane can be brought in every 30
seconds by the system.

Naturally, the highly critical nature of the
system’s function demanded that components
selected to operate in the system meet the highest
reliability standards. For this critical amplifica-
tion and detection circuits in the AVR, Cook
specified Tung-Sol transistors. More than 2000
Tung-Sol 2N461 germanium transistors were as-
signed to these significant tasks. Cook stipulated
the reasons for selecting Tung-Sol: “We found

that Tung-Sol transistors more than satisfied the
high reliability requirements for this operation.
Moreover, Tung-Sol was able to meet a rapid
delivery schedule.”

Why don’t you get the benefit of Tung-Sol
component knowledge and experience too? Tung-
Sol components — whether transistors, tubes or
silicon rectifiers — fill virtually every commercial
and military application with unexcelled de-
pendability. Tung-Sol applications engineers will
be glad to recommend the best components for
your design. Tung-Sol Electric Inc., Newark 4,
New Jersey. TWX:NK 193.

Technical assistance is available through the following
sales offices: Atlanta, Ga.; Columbus, Ohio; Culver City,
Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.;
Irvington, N. J.; Melrose Park, Ill; Newark, N. J;
Philadelphia, Pa.; Scattle. Wash. Canada: Toronto, Ont.

& TUNG-SOL
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YOU CAN MAKE TRANSMITTER
DESIGN EASIER

SPECIFY j{/t/ﬂ/%d
VACUUM CAPACITORS

HERE 1S WHY IT CAN BE DONE — Vacuum capacitors, due
to their high strength vacuum dielectric are much smaller physically
than air dielectric capacitors. For a given voltage rating they
therefore inherently have a lower minimum capacity and a higher
maximum to minimum ratio of capacitance change. Ratios actually
as high as 180 to 1. Small size also makes for less self inductance and
shorter lead lengths which reduces circuit stray inductance and
capacitance. All of this, plus the convenience of using small com-
ponent parts, greatly simplifies circuit design, especially in equipment
requiring wide frequency coverage.

In addition, vacuum capacitors enjoy unusually high radio frequency
current ratings because of the extremely low dielectric loss and heat
sink effect of the all copper construction.

Jennings Vacuum Capacitors are standard components in most of
the high powered transmitters and electronic heating equipment
being built today. They are used as blocking capacitors and to
bypass low inductance high current filaments; as pulse shaping
capacitors in the output of magnetrons; and in tank circuits and
harmonic filters.

We would be pleased to send you more detailed catalog literature
on request.

* Example shown: UCSL 20 to 2000 mmfd, peak test voltage — 3 kv, current
rating — 42 amps rms.

o
Reliability means Vacuum [ Vacuum means ﬁ””l/%

JENNINGS RAOIO MFG. CORP., 970 McLAUGHLIN AVE., P. 0. BOX 1278., SAN JOSE 8, CALIF.
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ance systems. The low inertia unit
provides high stepping speeds at
usable torque levels.

Flexibility and precision in an-
gular displacement per pulse and
reliable stepping from a wide
variety of pulse sources add to the
usefulness of the motor shown in
the figure. Magnetic iron is used
for the pole piece of the stepping
coil, for slugs mounted in the motor
case and for the rotor, which has
teeth spaced at predetermined in-
tervals.

The stepping coils are mounted
on a frame that ecan rotate within
predetermined limits about the
motor axis independently of the
rotor. When no energy is provided
to the coils, the frame is kept by
a helical spring at the position
shown by dashed lines in the figure.
Stops prevent further rotation. In
this de-energized condition, one
tooth on the rotor is more closely
aligned with the pole piece of the
coil than any other tooth.

When a pulse is provided to the
stepping coils, the resulting mag-
netic field pulls the nearest tooth
into alignment with the coil. Simul-
taneously, both the rotor tooth and
the coil are pulled into alignment
with the slugs inside the motor
case. Thus both the coil and the
rotor have been displaced from the
angular position shown in dashed
lines to that shown in solid lines
in the figure. A mechanical stop
prevents further rotation.

The stepping coil frame remains
in the new position for the dura-
tion of the pulse to the coils. When
energy is no longer supplied to the
coils, the stepping coil frame is re-
turned to its original position by
the helical spring, while the rotor
remains at the new position.

Angular displacement of the
drive shaft for each pulse is gov-
erned by the number of teeth on
the rotor and the angular displace-
ment between the two positions of
the stepping coil frame. Rotors
can be changed easily and quickly
to get a desired angular displace-
ment per pulse. Only one rotor is
used in each motor and replacement
presents no rotor orientation prob-
lems.

Removal of the face plate, which
is attached by four screws, permits
the drive shaft and rotor to be re-
moved from the motor case, The

electronics



rotor is attached to the drive shaft
by hexagonal set screws. The step-
ping coil frame can also be removed
from the motor case since it is held
in position by the rotor bearings.

Within the limits determined by
rotor tooth spacing, angular dis-
placement per pulse can be adjusted
by set screws accessible from out-
side the case. One set screw is pro-
vided for each direction of rota-
tion. Some models of the stepping
motor have been equipped with
ratchets to prevent rotation when
the coils are not energized.

In applications in which motor
torque must be conserved, a second
coil or set of coils can be provided
in place of the helical spring for
resetting the stepping coil frame.
The reset coils are shielded mag-
netically from the stepping coils
and the rotor. The transistor
switching circuit in the figure
keeps the reset coil energized at all
times when there is no input pulse
to the stepping coils.

Test Bench Aids Plasma
Stream Calibration

CONTROLLED experiments at ex-
tremely high temperatures may be
facilitated by a plasma jet calibra-
tion test stand. It is said to provide
a precise method for determining
specific enthalpy and total pressure.

Measurements of these quantities
have been made using laboratory
equipment assembled by the user.
The test stand designed for this
purpose by Plasmadyne Corp.. a
subsidiary of Giannini Scientific
Corp., is said to be simple to use
yet very precise.

The calibration stand comprises
a rigid plasma jet mounting stand
and a variable-position instrument
platform. Inserts permit mounting
of plasma jet units having different
diameters.

The platform accommodates both
measuring instruments and a ma-
terial sample holder. A heat flux
calorimeter and a total pressure
probe are presently available.

Positioning of the material sam-
ple relative to the plasma stream is
said to be quite precise despite sim-
plicity of the operation. The posi-
tioning mechanism allows longi-
tudinal movement of the sample
during the test.

Februory 10, 1961

HI FI
(FM) Tuner

HOT ROD
(turret-type)

SILVER SEALED
(switch-type)

Throughout the industry, the trouble-free TARZIAN
TUNERS are winning praise for meritorious achievement,

No other commercial unit possesses so many of the
desirable features found in the TARzIAN TUNER which is
recognized as “the world’s finest tuner for the

world’s finest sets.”

Today, TARZIAN is the only commercial manufacturer
offering the HoT Rop (turret-type) and SILVER

SEALED (switch-type) . . . as well as the Hi Fi FM Tuner.
All with built-in HIGH QUALITY . . . DEPENDABILITY « s o
and EXCELLENT PERFORMANCE at Low CosT,

For more information, write to: Sales Department, Tuner Division

SARKES TARZIAN INC

east hillside drive » bloomington, indiana

Manufacturers of TV and FM Tuners e Closed Circuit TV Systems
Broadcast Equipment e Air Trimmers ¢ Magnetic Tape o Semiconduclors
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COMPONENTS AND MATERIALS

Semiconductors Fused in Glass Ambient
SOLVE RELIABILITY, OVERLOAD AND HEAT PROBLEMS

UNTIL RECENTLY, the problem with
long-term reliability of glass and
top-hat diodes was two-fold:
surges, even though small, caused
catastrophic failures; and electri-
cal characteristics changed radi-
cally with aging or exposure to the
extremes of hostile environments.

The ohmic contact to the semi-
conductor has been an extremely
fragile whisker or spring which
may fail for mechanical or electri-
cal reasons. The mechanical vul-
nerability of a fine diameter wire
spring exposed to heat, vibration,
shock, or acceleration is unavoid-
able. Even more important is fail-
ure of the spring when exposed to
electrical overloads barely exceed-
ing the diode rating. Failure oc-
curs, usually, at the point where
the spring contacts the semicon-
ductor material, and is due to burn-
out caused by local heating which
melts contact alloys.

To solve this problem, Unitrode
Transistor Products, Inc., of Wal-
tham, Mass. has developed a new
technique of diode construction
that bonds the diffused silicon wa-
fer directly between terminal pins,
and fuses a hard glass sleeve con-
tinuously to all exposed silicon
surfaces and much of the terminal
pins.' Thus the whisker spring has
been eliminated, and by fusing
glass to the silicon surface, electri-
cal characteristics are permanently
stabilized. The Unitrode diode as-
sures long-term stability in severe
environments, even with extreme

-

Actual size of Unitrode, in black
(above) compared to top-hat diode.
Cut-away view of diode (right)
shows the high-dielectric glass
(cross-hatched area) fused to the
surface of both the silicon and
terminal pins. With all gas and
voids excluded from the package,
the diodes make 10,000-v piv's an
actuality

84

CHARACTERISTICS OF AVAILABLE GLASS-BONDED DIODES

Maximum Maximum
Reverse \verage
Unitrode Current  Maximum Forward Forward
Type EIA (JEDEC) @ P1v D-C \oltage @ Current
Nummrs Equivalents PIV @ 25 C Stated Current @ 25 C
UT211 to UT215 IN615 to IN649 225-600v 0.2 ua 400 ma @ v 750ma
UT221 to UT233 IN676 to IN6H9 100-600v 1 ua 200 ma @ lv 500 ma
400 ma @ v 750 ma

UTI111 to UT118 IN536  IN1096 50 600v 10 pa 500 ma @ lv 750 ma
UT21 to UT27 IN4382 to IN188 30-380v  0.25 ua 100 ma @ 1.lv 300 ma
UT1t to UT14 IN461 to IN161
UT15 to UTIS8 IN161A to IN461A  25-175v 0.5 pa 1to 100 ma @ 1lv 150 to 400 ma
UT241 to UT247 . .. 50-600v 10 ua 500 ma @ lv 1.500 ma
UT251 1o UT257 50-600v 10 pa 1,000 ma @ Iv 2,000 ma

Operating temp range: —100 C to 4250 C
Storage  temp range: —195 C to 4300 C

continuous overloads, provides sig-
nificantly higher power ratings and
temperature range, and is unaf-
fected by shock, vibration and aec-
celeration. The units are one-
fourth the size of conventional
glass diodes, 1/50th that of top-hat
rectifiers.

Within the glass envelope of con-
ventional diodes, the semiconductor
material is ordinarily left exposed
to gas or partial vacuum. The criti-
cal area is the section where the
pn junction extends through the
material. With normal power, ag-
ing, temperature change, and the
rest, it is impossible to prevent ad-
dition, subtraction, ionization or
migration of surface contamina-
tion. This problem is inherent in
all uses of hyperclean surfaces.
Such surfaces have widely varying
electrical characteristics with the
addition of only a few molecular
layers of nearly any type of ab-
sorbed ion and atom. Surface leak-

—0.075"—
-} 0.045" |«
SILICON HARD
WAFER GLASS
0.125"
SILVER
LEAD

age changes show up as increases
in diode leakage and a rounding of
the knee of the reverse voltage-cur-
rent curve,.

Surfaces of germanium or silicon
becomes coated with thin layers of
oxide upon exposure to air. In the
presence of only very minute quan-
tities of oxygen, at least a mono-
layer is formed. Thin layers of the
dioxides are extremely hygroscopic
exhibiting the same characteristics
as silica gel. The application of
organic varnishes and the con-
trolled oxidation of the silicon
surface have made possible the
relatively consistent reverse char-
acteristics of present-day diodes as
shipped from semiconductor plants,
but have not produced the stable
surfaces in the inert environments
which will yield unchanging char-
acteristics with age, overload and
exposure to thermal and mechani-
cal extremes.

The Unitrode packaging concept
places the only exposed surface of
the silicon in an ambient of inert
hard glass, permitting continuous
overloads to a minimum of 10 watts
with no failure. The Unitrode can
be dip soldered and subjected to
thermal shocks between —195 C
and 300 C. In this construction,
leads, terminal pins, and the dif-
fused silicon wafer are bonded to-
gether into a single assembly. The
glass is in intimate contact with the
silicon and the pins, leaving no
voids in which gas, air, or other

electronics



BERAY /% 1j72 RANDOM NOISE GENERATORS

1 KC TO 26,500 MC

COAXIAL NOISE SOURCES
1 MC to 3000 MC . .. THE /qug.Nadg@’ 3000

The Mega-Node 3000 is a calibrated random noise source pro-
viding output over a wide frequency and power range. It em-
plays a coaxial type noise diode with a tungsten filament as o
temperature-limited noise generator.

e Noise figure, 0-20 db ® Output impedance, 50 ohms unbalanced
® Accuracy *+.25 db below 250 mc, +1.0 db below 2000 mc,

+ 1.5 db at 3000 MC. ...
Price $790.00, f.o.b. factory, ($869.00, F.A.S., New York)

1 KC to 1000 MC . . . THE Z’/terma-Nodt

(illustrated)

The Therma-Node is a basic noise source which provides extremely

high occurocy by utilizing o basic noise generation technique—

thermal noise from a heoted resistive element.

e Noise figure to 10 db ® Output impedance, 50 ohms unbalanced

e Accuracy *0.1 db @ Operates from line or 24 V dc...... Price
$550.00, f.o.b. factory, ($605.00, F.AS., New York), 2—1000
me (1 ke—300 mc, add $135.00), ($149.00, F.AS., New York)

3 MC to 500 MC . . . THE /l’fegﬂ-NOd€®4os-A

The Mega-Node 403-A is o calibrated random noise source provid-
ing precise operation over a more limited frequency range ot
proportionately fower cost.

e Noise figure, 0-19 db ® Output impedance, 50 ohms unbalanced

@ Accuracy 0.5 db. .. ... e
. .Price $375.00, f.o.b. factory, ($413.00, F.A.S., New York)

WAVEGUIDE NOISE SOURCES

1120 MC to 26,500 MC
THE

Microwave
Mega-Nodes

The Microwave Mega-Nodes are precision machined
and plated waveguide fixtures, utilizing argon,
fluorescent, or neon gas discharge tubes. Single
power supply operates all units. (Power Supply,
$125.00.)

e Noise output of 15.8 +.025 db for fluorescent
tubes, 15.45 +0.2 db for argon, 18.0 +0.2 db
for neon. Supplied with power cables and fittings.

| Waveguide
Frequency { Type Flange Catalog No.
mc | AN | AN Argon Fluor.  Neon Price*
1120-1700 | RG-68/U | UG-417/U = 312-A | ** 595.00
1200-1400 | RG-69/U | UG-417/U 311-A | 310-A | 313-A 395.00
1700-2600 | RG-104,U [ UG-435A°U | ** 870-A | ** 495.00
2200-3300 | RG-112U | UG-553/U [ = 880-A | ** $495.00
2600-3850 | RG-48/U UG-214/¥ | 261-A | 260-A | 262-A $175.00H+
3950-5850 | RG-49/U | UG-149A/U | 271-A | 270-A | 272-A $175.00
Write for Complete Catalog Information 5850-8200 | RG-50/U | UG-344/U 261-A | 280-A | 282-A | $175.00++
7050-10 000 | RG6-51/U | UG-51/V 291-A | 290-A | 292-A $175.00++
KAv 8200-12,400_|__ RG-52/U UG-39/U 301-A | 300-A | 302-A | $175.00++
EI-ECTIIIC co"pA“v 12,400-18,000 | RG-91/UY UG-419/U 521-A | ** 522-A 250.00
18,000-26,500 | RG-53/U UG-425/U 531-A | ** 532-A $250.00
Dept. E 2 Mcp::eAA'veruée,Ag(l)r:)e Brook, N. J. t1 Any three plus power supply: $620.00. Any in excess of three: $167.00 ea.
pital 6- ** None available. * Al prices f.o.b. factory, plus 10% for export.

VISIT KAY AT THE IRE SHOW—BOOTHS 3512-3518
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wnber-industry conference on

ORGANIC
SEMICONDUCTOR

April 18 and 19, 1961
The Morrison Hotel, Chacago, Illinoes

co-sponsored by
ARMOUR RESEARCH FOUNDATION

of Illinoss Institute of Technology

and electronics
a McGraw-Hill publication

Technical sessions of invited and contributed papers on the
present state and future potential of organic semiconductors
in the electronics, chemical, and semiconductor industries.

. lInvited papers will cover the following areas:

David Fox, State University of New York
Theoretical Aspects of Electrical Transport
‘R. G. Kepler, E. I. DuPont de Nemours and Company
Conductivity in Anthracene Single Crystals
Jan Kommandur, National Carbon Research Laboratories
Characteristics of Charge-Transfer Complexes
Oliver Le Blanc, General Electric Research Laboratories
Interpretation of Conductivity in Molecular Crystals
Herbert A. Pohl, Princeton University
Electrical Properties of Pyrolyzed Polymers
Marvin Silver, Office of Ordnance Research
~ Surfaces and Contacts in Organic Semiconductors

For further information contact James J. Brophy, Co-Chair-
man, Physics Division, Armour Research Foundation, Tech-
nology Center, Chicago 16, lllinois.

Photomicrograph showing silicon
dice bonded between terminal pins
and surrounded by the hard glass.
Center section, including the silicon
and half the pins, is magnified by
the glass

contaminants would accumulate.
The electrical characteristics of the
diode are fixed and independent
of overloads and environmental
changes.

A high power dissipation safety
factor is provided by the two ter-
minal pins which are fused to both
sides eof the silicon wafer., The
metal pins have the same diameter
as the wafer and therefore conduct
heat away from the silicon and the
silver leads at a rapid rate. This
is in contrast to conventional di-
odes where the whisker spring is
bonded to a small area on one side
of the wafer.

All materials, including the sili-
con and the bonds between ma-
terials, stand up well as 500 C,
compared with the 150-200 C top
temperature of other silicon diodes.

Since the glass and terminal pin
metal have been carefully matched
to the same thermal coefficient of
expansion as the silicon, fabrica-
tion of the diode produces an un-
stressed structure. Because this
common coefficient is low, no ill
effects are experienced in wide
temperature cycling, thermal shock
or other heat and cold testing. No
special precautions are necessary
for either iron or dip-soldering as-
sembly procedures. *

Although Unitrode is now devel-
oping may additional types of
diodes, rectifiers, and transistors
using the new construction, 40 gen-
eral purpose types of silicon diodes,
as listed in the table, are presently
in production at competitive prices.

Presently in final stages of de-
velopment is a line of single diodes

electronics



with piv’s up to 10,000 volts. These
diodes will be somewhat longer to
prevent voltage breakdown in the
atmosphere outside the package,
increasing the length of glass be-
tween the terminal pins.

REFERENCE
(1) Malcolm Hecht, Jr., Justice N. Car-
man, and George Berman, Unitrode Tran-

sistor Products, Inc., 214 Calvary Street,
Waltham ‘54, Mass.

Brushless D-¢ Motors
Find Missile Applications

FOLLOWING STORIES that have ap-
peared in this column (ELEC-
TRONICS, 22 April, 1960) that such
motors were possible, brushless,
d-c synchronous prototype motors
have been furnished to leading
manufacturers in the missile field.
A motor of this type, designed
primarily for missile applications
by Crosby Research Institute, Los
Angeles, delivers constant - speed
regardless of line voltage of load
variation. Weight is 6.8 oz., torque
delivered is 0.1 oz. inch at 3,000
rpm. Motor will run on battery
power for weeks.

Tunnel Diodes Up Computer
Speeds One Thousandfold

This tiny tunnel diode wafer, left,
is an integral part of basic circui-
try dcvised by Radio Corporation
of America as the first big step to-
ward an ultra swift electronic com-
puter for the U. S. Navy. Four of
the midget units will perform the
same job as the circuit board,
center, now used in business com-
puters—but 1,000 times faster.
The device permits electronic
switching at speeds approaching
186,300 miles per second, the speed
of light
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il Instidute of Technolony
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The Lincoln Laboratory, Massachusetts
Institute of Technology, announces a
major expansion in its program.

We urgently request the participation
of senior members of the scientific
community in our programs in:

RADIO PHYSICS and ASTRONOMY"
SYSTEMS:

Space Surveillance

Strategic Communications

Integrated Data Networks
NEW RADAR TECHNIQUES
SYSTEM ANALYSIS
COMMUNICATIONS:

Technilques

Psychology

Theory
INFORMATION PROCESSING
SOLID STATE Physics, Chemistry, and Metallurgy

A more complete description of the Laboratory’'s
work will be sent to you upon request.

Research and Development

LINCOLN LABORATORY
Massachusetts Institute of Technology
BOX 27

LEXINGTON 73, MASSACHUSETTS'
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PRODUCTION TECHNIQUES

Inspector uses comparison circuit tester to checl: dual
channel d-c amplifier (right) against a previously tested

amplifier (left)

STANDARD CABLE

test
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FIG. 2—Cable testing sctup. Resistance imbalance lo-
cates crossover between wires D and E of cable under

Comparator Trouble-Shoots Short Runs

By ERIK T. SOHLBERG,

Senior Test Equipment Engineer,
Sanborn Co.. Waltham, Mass.

COMPARISON CIRCUIT TESTER eco-
nomically checks and trouble-shoots
cables, amplifiers. power supplies
and other assemblies. Its simplicity
allows an inspector to do much of
the work normally assigned a more
highly-paid technician. Wiring er-
rors and faulty components are lo-
cated by the inspector. restricting
the technician’s problems on final
test to correction of a-c troubles
and calibration.

The tester was designed with
short production runs in mind.
Five, 10 or 100 assemblies can be
tested whether they are made in
monthly or annual runs. Engineer-
ing changes are easily accommo-
dated since a previously tested unit,
known to be good, is used as a com-
parison standard. A direct com-
parison is made of the resistance
between ground and every available
point such as each transfer or tube
socket pin, in the standard unit and
the unit under test.

Tests are made without energiz-
ing the equipment under test. Vis-
ual wiring inspection, except for
solder joints, is eliminated. The
method is superior to conventional
cable continuity checks. Open cir-
cuits, short circuits between wires

D-C POWER
SUPPLY

FIG. 1—Unbalance of bridge cir-
cuit indicates fault in circuit

and crossed connections are all lo-
cated in the same operation.

The tester is diagrammed in Fig.
1. S is a manual selector switch
which simultaneously selects the
same points in the standard and
test units. R, and R, are the re-
sistances between the selected point
and ground in the two units. The
bridge unbalance detector is a vac-
uum tube millivoltmeter with a zero
center pointer. The power supply
delivers constant d-c voltage.

The switch has a balance posi-
tion, for setting zero on the meter,
and a 10 percent unbalance position,
for setting vtvm sensitivity to an
appropriate deflection. A deflection
greater than the setting indicates
an error in the unit under test.

For example, if five percent toler-

ance resistors are used in the units,
a 10 percent difference between the
two units is acceptable. The sensi-
tivity is set for one major division
deflection of the meter pointer for
10 percent unbalance.

When a circuit assembly is to be
tested, the inspector is supplied a
set of cables to connect the tester,
a standard unit and the units to be
tested. The cables contain tube and
transistor socket plugs, input and
outpu plugs, power supply plugs,
etc. He is also given a tabulation of
connections corresponding to the
tester’s switch positions.

As the operator rotates the
switches, sequentially inserting
each of the connections into com-
plementary legs of the bridge, he
observes the meter. If meter deflec-
tion indicates a defect, the inspec-
tor notes the switch position. He
refers to the tabulation for the con-
nection point on the produet sche-
matic. Observation of the wiring

Rear of test setup for a-c/d-c pre-
amplifiers

electronics



Reliable
Performance

and

Stable
Settings

UNDER EXTREME
ENVIRONMENTAL
CONDITIONS

G
N

RS1020 &

In critical applications, Allen-Bradley Type R adjustable
fixed resistors are without equal. For example, in recent tests”
Type R resistors successfully withstood acceleration, shock,
and vibration five times better than the latest MIL Spec re-
quirements. Such wide margin of safety is your assurance of
complete reliability. Virtual indestructibility is obtamed
through an exclusive Allen-Bradley process in which the
solid resistance elements and the insulating mounting are hot
molded into one integral unit. The moving element is self-
locking for absolutely stable settings. Also, the Type R con-
trol allows “‘stepless’” adjustment of its resistance.

The molded case of the Type R control is watertight and
dust-tight. Rated 4 watt at 70°C, these Type R controls
are available in values from 100 ohms to 2.5 megohms.
®Test Report #71801, Sept. 1960, United States Testing Company, Inc.

NEW CUP GUARD Q
permits adjustment .-'?,_»
after encapsulation ' \rds
NEW PANEL 2
MOUNTING |
permits front of " =

panel adjustment

ALLEN-BRADLEY | ecronc

COMPONENTS
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TELREX LABORATORIES

%
3 p’
Designers and Manufacturers of

—— i
COMMERCIAL SERVICE 'Te"ﬂ is s
“BEAMED-POWER" ARRAYS equipped to design |
AND TWO-WAY SYSTEMS | Mdsuplto

our specifications
or yours, Broad- { |
band or single 1
frequency, fixed or |
rotary arrays for
communications,
FM, TV, scatter-

Model illustrates a wide-
spaced, 12 element circular
polarized optimum-tuned
skewed dipole "SPIRALRAY"
antenna. Provides unusually
high gain, even response, in
all polarization planes, verti-
cal, horizontal or oblique
with unusually high signal-
to-noise ratio.

NO OTHER CIRCULAR PO.

Mode! itlustrated:
No. SY 12-104-110

LARIZED ARRAY known 1o propagation, etc.

the art today can provide the Electrical Specifications—Model No. :

linear high gain and signal. $Y-12-104-110: Polarization, circular, o Consuitants !

to-noise ratio in all radiation linear within 12 db. Gain 13 db. F/B- .

e ) Ratio 30 db."¥/$/W/R (50" ohm and suppliers |
e ideal antenna for missile cable) 1.1/1. Beamwi at ha inat:

trackin, telemetering and  power poinis 33 degroes. Max. power :0 communication

no-fade response to mobile inpu W, with *‘Balun’’ supplied. ir H iti

(or moving) stations. Mechanical Specifications: Boom Ly Uﬂ'IVEI’SItleS, ’

Models available to (Stend diameter 27 0.0 x 25 ft. Al alumi- propagation i
e practical range of 2-Wa num boom and elements. Weight ap- :

Communication Systems. -~ Riox 25 Ibs. Rated wind-load %0 mph. laboratories and 1

0 ice {oa vailable for 120 mp
X e wind load. (Model No. MSY-104-110). the Armed Forces. i
$265.00

Model ;’Is%t.t%“m ANTENNAS Communication and TV Antennas

(f.a.b. Asbury y !
park, N. 1) re LABORATORIES
¥ o

ASBURY PARK 25, NEW JERSEY, U.S.A. ‘

- - -
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The worldwide success of Japan's
transistor radios is o fribute 1o their
highly efficient yet minute components,
of which the ultro-small Mitsumi FY
Poly-vori-con is typical. With other
superb Mitsumi ports, it is being ex-
tensively used by leoding rodio manu-
focturers.

1FT

Intermediate

POLY-VARI-CON

Variable
Frequency Copacitor
Transformer

Mitsumi Parts

MITSUMI ELECTRIC CO., LTD.
1056-1, Koadachi, Komae-cho, Kitatomo-gun, Tokyo, Jopan
TEL: (418) 2619 2692 2219
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and components between the indi-
cated point and ground on the unit
tested usually locates the trouble.

Although the inspector must be
able to read the schematic, he does
not need to know how the circuit op-
erates.

Diodes, transistors or large ca-
pacitors permanently wired in place
may have to be shorted out with
clip leads. Wide variations in diode
resistance can upset the bridge
balance. Transistor action may
cause an abnormal bridge current.

Black connectors contain cable-test-
ing resistors

Large capacitors will confuse the
operator by causing a large deflec-
tion, recovering to zero very slowly.
If the diodes or transistors are
plugged in, their sockets provide
additional test connection points or
are left open as the programmer
sees fit.

The only additional apparatus
needed to test complex cables are
Jigs made up with ordinary carbon
resistors. Similar mating connec-
tors are placed on the remote ends
of the standard and test cables. Re-
sistors of different values are con-
nected between each pin of the mat-
ing connectors and a common point
(Fig. 2).

Each point on the near end of
the standard and test cables are
compared simultaneously in the
bridge. Meter deflection again in-
dicates a wiring error. Unwanted
short circuits are revealed as con-
tinuity is checked. Checking for
shorts is often omitted during con-
ventional continuity checks because
of the time required to check each
pin against every other pin.

Crossover errors also show up as
an unbalance in the bridge. For
example, the crossover between
wires D and E of the cable under
test in Fig. 2 will cause unbalance
at the fourth and fifth position of

electronics



the manual selector switch.

Sanborn Company is currently
using two of these testers for in-
spection on the electronic equipment
production line and one in the cable
department. They cut the time for
continuity-testing batches of 50 of
a particular cabinet cable from 9
hours to a half hour and have dras-
tically reduced equipment final test
time.

Cable Analyzer Makes
Four-Way Wiring Tests

AUTOMATIC CIRCUIT and cable ana-
lyzer recently completed by Associ-
ated Research, Inc., Chicago, Il
checks up to 120 circuits for con-
tinuity, insulation resistance and
a-c or d-c voltage breakdown. It
will run unattended up to 25 hours.

Conductor resistance, within
limits of 0.5 to 200 ohms, is used to
measure continuity. Insulation re-
sistance is measured at 500 v within
limits of 1 megohm to 50,000 meg-
ohms.

Tape records test results

Breakdown test voltage is ad-
justed between zero and 5,000 v.
Leakage current for rejection can
be varied from 1 ua to 2.5 ma on
d-c, and from 0.5 ma to 3 amperes

FUNNEL FLANGE
EYELETS

Only the United Funnel
Flange Eyelet contributes that
greater mechanical strength,
improved reliability and uni-
form circuitry so necessary
for achieving a superior PW
or Etched Circuit Board. Wide
range of sizes and lengths
meet all board needs.

J Steps

TO EXCELLENCE
IN PW BOARDS

AUTOMATIC EYELETING
MACHINES

Only United offers such a
complete line of Eyelet Set-
ting Machines. These are
backed by more than 50
years® experience in the de-
sign and manufacture of pre-
cision production machinery
for industry. The United
Model G Eyeleting Machine
feeds eyelets automatically,
and is equipped to compen-
sate for variations in board
thicknesses for more depend-
able production.

COMPONENT INSERTING
MACHINES

Only from United can you get
a complete line of high preci-

-sion DYNASERT Component

Inserting Machines that cut
component inserting costs up
to 809%! If you insert only a
few hundred components a
week DYNASERT machines
should be considered.
DYNASERT Component in-
serting Machines automati-
cally feed, trim, bend leads,
insert components and clinch
with uniform results. Highly
engineered single or multi-
stage machines available.

on a-c. Test speeds are adjustable
from three seconds to four minutes,
for continuity, and from one second
to 15 minutes for other tests.

To shorten test time, tests may
be performed on groups of several
conductors at a time. If a failure
occurs in the group, the analyzer
will make a conductor-by-conductor
search for the faults.

These 3 Steps to Excellence’”” — Funnel Flange
Eyelets, Automatic Eyeleting Machine, and Com-
ponent Inserting Machines . . . can provide that
vital extra margin of dependability and value in
your PW or Etched Boards. And the investment is

surprisingly small. Call or write for complete details.

New Eyelet Selector—FREE
Simplify design, purchas-
ing, inventory, and pro-
duction. Decide the hole
gize and grip, and set the
calculator to find the exact
eyelet you need. Send for
your free copy today!

UNITED SHOE MACHINERY CORPORATION
140 Federal Street, Boston, Mass. * Liberty 2-9100
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New On The Market

BASE

MESA

COLLECTOR—=

BASE

EPITAXIAL

COLLECTOR

Epitaxial Transistor
26 nSEC SWITCHING

TWO ULTRA-FAST switching tran-
sistors made by the epitaxial manu-
facturing process are announced by
Texas Instruments Incorporated,
P. O. Box 312, Dallas 21, Texas.

The epitaxial TI 2N743 switch-
ing transistor will switch in 26
nsec total time at 10 ma, and 24
nsec at 100 ma. The 2N744 has
typical total switching times of 27
nsec at 10 ma, and 29 nsec at 100
ma.

Maximum switching times (all in
nsec) in saturated circuits for the
TO-18 packaged units are

at 10 ma 2N743 2NT744
tem 16 max 16 max
Torr 24 max 24 max
at 100 ma
t.n 12 max 12 max
torr 40 max 45 max
Storage time
constant 14 max 18 max

A significant characteristic of
the units is a saturation resistance
practically insensitive to tempera-
ture. Both types exhibit almost
negligible R.s change from —65 to

Noise Generator
SOLID STATE

SOLID STATE device, called a Soun-
vister, produces random noise
across a white noise spectrum. Ran-
dom noise can be produced in
selected frequency ranges known
as yellow and pink noise bands. A

92

EMITTER
CHARGE STORAGE

EMITTER

+175 C. In contrast to a 2N706
transistor which exhibits a typical
rise in Vg,.., at 100 ma from 2.2
volts at 25 C to 4 volts at 170 C,
maximum saturation voltage of the
TI 2N743 remains constant at 1
volt from —55 to +170 C. In addi-
tion, both new epitaxial transistors
have capacitance of 3.5 pf at 5 volts
and a typical f; of 400 Mc. The
transistors can be in use in NOR
logic circuitry without requiring
an I,, turn-off source.

The d-c forward current transfer
ratio, hs., for the 2N744 is 20 mini-
mum at 1 and 100 ma, and 40 min
to 120 max at 10 ma. The 2N743
has /.. specified at 10 min for 1
and 100 ma, and 20 min to 60 max
at 10 ma. All practical d-c design
parameters are guaranteed at 10
and 100 ma for —55, +25 and +170
(0%

The silicon epitaxial transistors
are priced competitively with con-
ventional silicon mesa and micro
alloy switching transistors and are
available for immediate delivery.

CIRCLE 301 ON READER SERVICE CARD
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white noise generator in which the
& inch unit has been used produces
up to 18 volts output. Further re-
search will attempt to extend the

random noise to higher frequencies.

The white noise producing unit is
expected to be of interest to indus-
trial and military scientists, espe-
cially those in sonar, radar and
microwaves. Another important ap-
plication is anesthesia, where white
noise has been used to deaden the
pain of dental drilling and extrac-
tion, and as a complete anesthetic
for operations. The noise gener-
ator is being manufactured by
Solitron Devices, Inc., Norwood,
N. J.
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Coax Connector
FOR RG-196/U CABLE

QUICK-DISCONNECT coaxial con-
nector is one of the smallest avail-
able; it measures ! X 1% inch and
its weight is 5 grams.

Named the Nu-Look, the con-
nector is typical of 1100 series, and
has been designed for use with 50

ohm RG-196/U coaxial cable. Its
captured bayonet locking mecha-
nism is positive acting and will
withstand extreme vibration with-
out damage or separation. When
mated, the subminiature connector
will resist a sustained force of over
45 pounds.

The connector is made by Nu-
Line Industries, Inc., 1015 South
Sixth Street, Minneapolis 4, Minn.

CIRCLE 303 ON READER SERVICE CARD

Hall Generators
METAL-DEPOSITED

GRH HALLTEST 0., 157 S. Morgan
Blvd., Valparaiso, Ind. Types SV230
and SV240 thin film metal-deposited
Hall generators, made out of in-

CIRCLE 93 ON READER SERVICE CARD—>



2N1069,70
2N1487,8,9,90

2N1050
2N1049 LS
2N1048 \\ L 2N1486
2N1047 \ o e, 2N1485
\ { 2N1484
2N1483

SILICON TRANSISTOR CORPORATION ALSO MANUFACTURES A COMPLETE LINE OF SILICON GLASS

DIODES INCLUDING JAN TYPES 1N457, 1N458, 1N459 AND SIG. C. TYPES 1N643 1N658, 1N661
& 1N663.

FOR IMMEDIATE DELIVERY, CONTACT THESE STC AUTHORIZED DISTRIBUTORS:

Ala: MG Electrical Equipment Co., Birmingham . Calif: Brill Semiconductor Corp., Oakland; Hollywood Radio
Supply, Inc., Hollywood; Peninsula Electronic Supply, San Jose; Shelly Radio Co., Inc., Los Angeles; Wesco
Electronics, Pasadena; Shanks & Wright, Inc., San Diego. Fla: Hammond Electronics, Inc., Orlando; Leader
Distributors, Inc., Tampa. Mass: Durrell Distributors, Inc., Waltham. Md: Valley Electronics, Inc., Towson.
New York: Arrow Electronics, Inc., Mineola, L. |.; Progress Electronics Co., Inc., New York City; Summit

Distributors, Inc., Buffalo. Penna: Philadelphia Electronics, Inc., Phila. Texas: Lenert Company, Houston;
Central Electronics, Dallas.

SILICON TRANSISTOR CORPORIF\TI(:]H // Now oK. v 20

IRE: BOOTH 1326




dium-arsenide, are available. De-
spite the lower electron mobility of
the deposited indium-arsenide, the
new probes are extremely sensitive
due to the thin film and the higher
specific current permissible therein.
The Hall output voltage exceeds 1 v

at 10 kilogauss. The four electrodes
are attached by p-c techniques, thus
making these probes considerably
less expensive than probes made out
of solid slabs.

CIRCLE 304 ON READER SERVICE CARD

FREQuing,y MESACYELES

Single-Sideband Transceiver
USES DIGITAL TUNING

SINGLE-SIDEBAND communications
equipment featuring digital tun-
ing, which locks on any one of 28,-
000 frequencies from 2.0 to 30.0
Mec, has been developed by the
Stromberg-Carlson Div. of General
Dynamies Corp., Rochester 3, N. Y.

The ssb transceiver, SC-901, is
the first item in a complete line of
digitally tuned ssb equipment to be
introduced within the next few

Magnetic Drum Check-out
RECORDS TIMING TRACKS

MODEL MD-100 magnetic drum
check-out system is a versatile and

94

months. Power output level ranges
from 100 watts to 1Kw (peak
envelope power).

Digital tuning consists of the
selection of each digit correspond-
ing to tens, units, tenths, hun-
dredths, and thousandths of Me.
Frequencies are stable to 1 part in
10" per week. Size is 14 by 17 by 17
inches overall; weight is 70 pounds.
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flexible piece of test equipment for
magnetic drum manufacturers and

users. The system has clock re-
cording, clock smoothing, origin
and word track recording, and test
pattern recording.

A clock track may be recorded
circumferentially around the drum
with up to 16,883 preselected bits.
Closure on this timing track may
be made better than 50 nsec. The
system will record in either non-
return-to-zero or Manchester
method.

In providing origin and word
track recording, a periodic pattern
of a selectable number of ZEROS fol-
lowed by a single ONE can be re-
corded. Since this pattern is select-
able, a single ONE may be recorded
on a track, resulting in an origin
track. If the periodic pattern is
set for the word length of a com-
puter, then the resulting recorded
track will be the word timing track.
Recording any of these tracks is in-
itiated at the same place on the
circumference; thus, all timing
marks will be in the same phase.

For test pattern applications, a
selectable test pattern of ONE's and
ZERO’S may be recorded on a track.
The magnetic drum check-out sys-
tem is manufactured by FMA Inc.,
142 Nevada St., El Segundo, Calif.
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Silicon Switch
CLOSE FIRING CONTROL

HIGH SENSITIVITY silicon controlled
switch series 2N884-2N889 offer
firing control within +0.08 v, firing
sensitivity of 20 pa, and surge rat-
ing to 10 amp.

Handling peak recurrent pulse
currents of 5 amperes, the devices
make possible miniaturization of
squib firing circuits with no sacri-
fice in design margin. In addition,
the 1 ma holding current makes
them useful in programming, con-
trol, and logic applications.

Available in miniature TO-18
size, the pmpn units meet Mil-S-
19500, and all are subjected to ex-
tensive temperature storage and
cycling as well as 100 percent ac-

electronics



What do these 24 Honeywell Precision Meters have in common?

They are various types and models, shapes and sizes. They perform a wide number of functions. Many different
companies confidently utilize these meters and depend on them. This confidence stems from two significant things
that all these instruments share — the unsurpassed quality that Honeywell builds into each of its products, and our
ability to design and manufacture to meet customer requirements.

Can a quality meter from Honeywell help you make a better product or do a better job? Just get in touch with our
representative listed in your classified telephone directory. Or with us: Precision Meter Division, Minneapolis-Honey-
well Regulator Co., Manchester, N. H., U.S.A. In Canada, Honeywell Controls Limited, Toronto 17, Ontario, and around
the world, HONEYWELL INTERNATIONAL Sales and Service Offices in all principal cities of the world.
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a spot isa spot
1s a high
resolution §POt
with

CELCO YOKES

® Celco YOKES

keep spots Smallest

® Celco YOKES

keep spots roundest

® Celco YOKES

keep spots sharpest

Use a CELCO DEFLECTION YOKE for
your high resolution applications.

In a DISPLAY SPOT? __call Qeleo?

>
elco
e i

Main Plant: MAHWAH, N. J. DAvis 71123
o Pacific Division - Cucamonga, Calif. - YUkon 2-2688
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new Keithley
megohm bridge

MODEL 515 measures 105 to 1015
ohms with accuracy of .05 to 1%

The new line-operated 515
Megohm Bridge answers the need
for a highly accurate, guarded
Wheatstone Bridge for standardi-
zation and calibration of resistors
in the ranges of 105 to 1015 ohms.
It is also ideal for measurement of
resistor voltage coefficient, leak-
age and insulation resistances.
Speed of calibration is greatly in-
creased over previously available
bridges by a semi-automatic
calibration feature. Subsequent
direct reading speeds operation.
Other features include shielded
measuring compartment, self-
contained bridge potential, a re-
mote test chamber, bench or rack
operation. $1,500.00

Shielded measuring compartment, easily
accessible in front panel, permits critical
measurements without stray pickup.

for details write

KEITHLEREY

INSTRUMENTS
——e————
12415 EUCLID AVENUE
CLEVELAND &6, OHIO
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ceptance testing.

The units are available from
stock, from Solid State Products
Inc., 1 Pingree St., Salem, Mass.
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Dollar Scanner
FOR VENDING

PATENTED device for electronically
scanning one-dollar bills is in pro-
duction by Planetronics, Inc.,
Easton, Pa. The device, measuring
165 X 6% X 113 accepts only genu-
ine one-dollar bills.

As a bill is inserted, face up only,
it is picked up by a belt and carried
past a photoelectric scanning eve,
then to weight and size gages. Gen-
uine bills drop into .a collector and
an electrical circuit is closed. Mod-
els without vend and return but-
tons are available.

The electrical circuit may be used
to energize all types of electrical
vending and change-making ma-
chines, and to operatc turnstiles,
doors, automatic bowling machines
and similar devices.
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Microwave Tuner

ROTARY TYPE
RADAR DESIGN CORP., Pickard Drive,
Syracuse 11, N. Y. Model 1140 is a
roving stub tuner whose stub posi-

electronics



tion is changea oy rotating a knob.
A second (concentric) knob adjusts
stub length. Therefore, any im-
pedance can be matched to its 50
ohm (type N) system in the 900
Mc-12,400 Mec range. Price and
delivery: $195—3 weeks.
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Servo Repeater
TWO-SPEED

DATEX CORP., 1307 S. Myrtle Ave.,
Monrovia, Calif., offers a two-speed
servo repeater system which, when
used with appropriate synchro-
transmitters, provides digital coded
contact closures corresponding to
the angular position of a remote
shaft. The SR-115 is designed as
an integral package and contains
two control transformers, a servo
motor, synchro switch, servo ampli-
fier, two Datex shaft position en-
coders, and interconnecting gear
trains. The coded output is suitable
for entry through storage and
translation circuitry to recording
devices such as printers, tape
punches, card punches, and lamp
banks.
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Trimmer Capacitor
TEMPERATURE VARIABLE

VARIABLE temperature coefficient
capacitor provides simple and pre-
cise compensation for variations of
circuit values caused by tempera-
ture changes. Model VCJ463 is
available in values from 2.0 to 12.0
pf and with temperature range
from —55 to 200 C. Capacitance
tolerance is 3 percent at 25 C.
The capacitors can be set to any
temperature coefficient from —500
ppm per degree C to + 500 ppm/C
by adjusting an invar piston. As
temperature changes, the piston
travels axially from its oviginal

February 10, 1961

TRIMMERS HAVE
ONE OR MORE
OF THESE
FEATURES

TRIMMERS

You get all the important
features in stock TIC Trimmers — you don’t pay
more for a lot of extras.

Every TIC trimmer is bubble tested at 90°C to be certain it is sealed, meeting
or exceeding MIL STD-202 for moisture resistance.

The inherent quality construction withstands temperatures to 225°C and shock
at 150 G’s for 11 milliseconds — vibration 5-3000 cps at 50 G’s. Resistances to
100 K ohms are provided without sacrificing reliability as the unique design of the
resistance element climinates the need for using extremely fine resistance wire.
Dual wipers on winding and take-ofl bar provide positive electrical contact and
maximum reliability.

A choice of four types of leads are available on all stock trimmers — flexible
insulated wire, printed circuit pins or solder lugs on end or bottom of housing.

These twenty-five turn precise trimmers offera// the plus features—not just a few.

Compare — features — price — reliability. Specify TIC Trimmers.

Available from stock for immediate delivery.

@ TECHNOLOGY INSTRUMENT CORPORATION

569 Main Street, Acton, Massathusetts « COlonial 3-7711

DISTRIBUTED NATIONALLY BY AVNEY CORPORATION
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Old Fashioned ?

See what @ does to

soldering tools next month!
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Machine for Rounding Heads of all sizes
Jfor Kegs and Barrels - E.& B. Holmes - Circa 1870

NEW IDEA

visit the

IRE SHOW

March 20-23, 1961 New York
Coliseum and Waldorf-Astoria Hotel

Members $1.00, Non-members $3.00 Age limit—over 18

CIRCLE 98 ON READER SERVICE CARD

preset position, thereby varying
capacitance.

The variable temperature coeffi-
cient capacitor can eliminate tem-
perature compensating circuits.
Other features include sealed in-
terior construction, quartz dielec-
tric for high Q, shock and vibra-
tion resistant construction. Price
is $5.00 each in production quanti-
ties; delivery in 4 to 5 weeks from
JFD Electronies Corp.. 6101 Six-
teenth Ave., Brooklyn 4, N. Y.
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High-Mu Triode
FOR TV & F-M TUNERS

RADIO CORP. OF AMERICA, Harrison,
N. J. The RCA-2CW4 thimble-size
Nuvistor, a high-mu triode, has a
2.1-v/450-ma heater with a con-
trolled warm-up time. Tube was de-
signed for use in grounded-cathode,
neutralized, r-f amplifier circuits of
vhf tv and f-m tuners employing
series heater-string arrangements.
When used in tv tuner circuits, it
enables improved reception in
fringe areas and other locations
where signal levels are extremely
weak. It has a metal envelope for
self shielding and includes index-
ing lugs to facilitate insertion in
a socket.
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INluminated Magnifier
INTERCHANGEABLE LENS

THE 0. C. WHITE C0., 15-21 Hermon
St., Worcester 8, Mass. Manual
and visual tasks requiring close-up
observation can now be performed
with greater speed, more precisely,
and with less eye fatigue and im-
pairment by means of Magni-Lite,
which both magnifies and illumi-
nates the point of work. A distor-
tion-free, color corrected 3-diopter
magnifying lens, 5 in, in diameter,
enlarges miniature objects to easy-

electronics



to-see, easy-to-handle proportions.
Also available with an added lens
that is snapped easily into position,
which doubles the magnifying
power of the standard unit. A cir-
cular 22-w fluorescent lamp sur-
rounds the magnifying lens to pro-
duce a restful, eye-strain reducing
halo. Price of the model 2MC-Mag
is $45.37 net complete with lamp.
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Two-Speed Indicator
SHOWS PRECISE ANGLE

KEARFOTT DIVISION, General Pre-
cision Inc., 1150 McBride Ave,
Little Falls, N. J. announces the
C02721027 high-accuracy precise
angle indicator. Unit provides
numerical indication of the angular
position of any mechanical device to
which remote two-speed (25:1)
dual transmitters can be coupled.
Utilization of double-speed trans-
mission reduces errors inherent in
synchros by a factor of 25, and this
instrument can be supplied having
dual-sensor speed ratios from 18:1
to 75:1. A remote control feature
enables this unit to be operated as
either a two speed or single-speed
device.
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High Current Chokes
FOIL WOUND

ATLAS TRANSFORMER cCo., 1839
Moore St., San Diego 1, Calif., an-
nounces a series of high current
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semiconductor

products news

B Silicon Performance
at Germanium Prices

General Electric unijunction transistors
have been simplifying circuits and pro-
viding significant savings in overall cir-
cuit costs for a couple of years now.
Because of their unique characteristics
(stable negative resistance, extremely low
trigger current, stable trigger voltage,
high pulse current capability), one uni-
junction transistor can often replace two
conventional transistors in a circuit. Again
keeping your pocketbook in mind, and
the reliability of your circuits, G-E has
added the 2N1671 Series to the line, giv-
ing you silicon performance at germanium
prices. And just take a look at the saving
possible in a couple of typical circuits.

Typical Circuit Comparisons
Transistor Time Delay Unijunction Circuit

Circuit Equivalent
3 tronsistors® 1 unijunction transistor
1 diode 1 Zener diode
1 Zener diode 1 reloy
1 relay 1 copocitor
2 copocitors 4 resistors
8 resistors

SAVINGS: 23.30 {*germonium transistors)

16.50 {*silicon tronsistors)
Unijunction Circuit
Equivalent
1 unijunction tronsistor
1 potentiometer
1 copocitor
3 resistors
$0.40 {*germanium transistors)
$9.20 (*silicon transistors)

Transistor Voltage
Detector

2 transistors®
1 potentiometer
2 capacitors
5 resistors
SAVINGS:

Incidentally, price reductions have also
been made on the standard unijunction
types 2N489 through 2N494. Your Semi-
conductor District Sales Manager has
complete information, or write to Section

25B88.

Are you one of the thousands who
read the print off the page any time
you get hold of information on the
Tunnel Diode? Well, with just a
little patience you can feast on the
most comprehensive reference work
available on Tunnel Diode theory
and applications. The G-E Tunnel
Diode Manual is coming soon. Watch
for it!

| How Stable Can a
PNP Low Be?

Series 2N1414 and 2N525 low-frequency
germanium alloy transistors are an inter-
esting example of the value of the exten-
sive life testing that General Electric has
conducted for years (we have test data
on every transistor we’ve made since
1954, and some even earlier). You know
they are the industry’s most stable be-
cause parameters are completely spelled

| 8™ percenTiE |

e
a™ remcentie |
300

G HGAS 10,580 ROURS
Npg OFERATING LIFE TEST (Q 200 uw six.

v

out, including “minimum?”, “typical”, and
“maximum’ values. And our reliability
story is impressive too, because it is
backed up by 10,000 hour life tests (to
date) on 138 units.

23'h perCERTILE
\ weonn

.

3 PERCENTILE |
o $G00 ROURS 70,000 HOURS
Tcq OPERATING LIFE TEST (© 200 MW WiK. (Vg -30V)

We continue the testing, too. In fact, 300
new units start life test each week. On an
average, more than 30,000 General Elec-
tric transistors are on cycled life-test
racks day in and day out. And it sure
pays off in reliability!

If you can’t wait for the new Tunnel
Diode Manual (and we can’t blame
you for that), how about the new
Fifth edition of the General Electric
Transistor Manual? It includes Tun-
nel Diode switching circuits and am-
plifiers, and much, much more in
320 tact-filled pages. Ask your G-E
Semiconductor Distributor.

§ Guaranteed High and Low
Temp. for JAN 2N526

Speaking of the value of 10,000 hour
tests (the only thing more valuable is
30,000 or 40,000 hour tests, and we do
that too), our JAN 2N526 transistor fea-
tures guaranteed maximum high tempera-
ture I¢cro and minimum low temperature
hre, backed up by tha stability proved by
the 10,000 hour life test charts shown.

i $q+200 mw 025°C
S Sampie*110 UNITS
< 951th Parcentile .
as L ———
A Madian
82 :—k :b
]
eosomirs  SPeCenT
o 1000 10,000
UFE TEST HOURS
5 120 951h Parcentite
; 90 i E Madian
reoop Sth Percentile
30 v
o 5 UNITS
04—
1,000 $,000 10,000

LIFE TEST HOURS

Semiconductor Products Dept., Electronics Park,
Syracuse, New York. In Canade: Canadion
General Electric Co., 189 Dufferin St., Toronto,
Ont. Export: International General Electric Co.,
150 East 42nd Street, New York, New York.

GENERAL
ELECTRIC
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measure
Quartz
Crystals

directly
MODEL 1207

RFL Crystal Impedance Meters

Developed under U. S. Signal Corps technical require-
ments for the national crystal testing standardization
program. They measure resonance and anti-resonance re-
sistance of quartz crystals, including those covered by
MIL-C-3098B, for determination of capacitance, induct-
ance and performance index (PI).

MODEL 1207 (AN/TSM-15) covers range of
75-200 mc for 10-125 ohm crystals. Crystal volt-
age at series resonance is measured within 10%,
effective resistance within =5 ohms, and the
power calculated. 18 Co cancellation inductances
and 6 variable resistors supplied; operates from
115/230v, 50-1000 cps line. Price $1295

MODEL 531 (TS-683/TSM) €rystal Impedance
Meter covers range of 10-140 mc for 10-150
ohm crystals. Twelve fixed calibrating resistors
of 10, 22, 30, 40, 51, 60, 68, 82, 91, 100, 120
and 150 ohms, plus a 100-ohm var. resistor for
determining crystal resistance. Anti-resonance
adapter also provided. Operates from 115/230v,
50-1000 cps source. Price $725

MODEL 541A (TS-710/TSM) for 10-1100 kc
range crystals with resistances from 200 ohms
to 0.5 megohms. An internal load capacitance
is calibrated from 15 to 105 mmf with accuracy
better than 0.5 mmf. Power dissipated in
crystal measured by built-in VITVM and ohm-
meter. For 115/230v, 50-1000 cps operation.
Price $950

MODEL 459A (Improved TS-330/TSM) covers
800 kc to 15 mc range; employs new 0.1 puuf
load capacitors for testing 0.002% crystals;
four resistance decades cover range of 0-9900
ohms. Operates from 115/230v, 500-1000 cps.
Price $1175

Performance of all models is rigidly guaran-
teed. Prices are net f.0.b, Boonton, N.J. and
subject to change without notice.

Radio Frequency

I.ABORATORIES, lNc&
Boonton, New jersey, U.S.

FOR
TECH.
DATA

additional informa-
:ioo'n, including a?phc:-r
vion data, wm; of
' phone DE 4-3100- Der
onstrations avmlc':
by local representotives.
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chokes for computer power sup-
plies. All units packaged in Mil-
T-20 case of AH type (118 by 11§
by 1%). Chokes range from 500 uh
at 5 amperes to 100 xh at 20 am-
peres, and are foil wound for best
current carrving capacity and min-
imum hot spot temperature.
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Pushbutton Switch
SMALL CASE DESIGN

CONTROL SWITCH DIVISION, Controls
Co. of America, Folcroft, Pa. The
WC1500 series pushbutton switch
is designed to MIL-S-6743. Avail-
able as either a dpdt or four circuit,
it features moistureproof construc-
tion, small cylindrical case design
and a life of 25,000 operations mini-
mum at rated load. Available with
or without indicator light, the
WC1500 is rated at 2 amperes in-
ductive or 4 amperes resistive, 28
v d-¢ and will fit { in. hole. This
series can be obtained with six
plunger cap colors.
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Trimmer Resistors
METAL-CERAMIC

CTS CORP., Elkhart, Ind., has added
a 42-turn } in. square trimmer re-
sistor (series 170) and a 25-turn
rectangular trimmer resistor (ser-
ies 180) to its metal-ceramic Cera-
Trols line. Reliability and high

electronics



safety factors at rated wattage are
achieved by using a CTS-developed
metal-ceramic element fired at
temperatures exceeding 600 C, re-
sulting in rugged, hard-surface,
low-contact-resistance element. Both
units have high resolution, resist-
ance range from 100 ohms through
1 megohm and stability under all
environmental conditions.
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Single Diode Switch
FOR K-BAND USES

THE BENDIX CORP., York Division,
York, Pa., announces a single diode
switch for K-band. This silicon
device is capable of switching
greater power than 0.2 w at speeds
of several nanoseconds. Total
modulation voltage needed is 1.0 v
peak. The on-off ratio is 20 Ib with
an insertion loss of 2 lb. If a
greater on-off ratio is required,
these units can be cascaded. A dual
unit is available with the same
dimensions (2} by 1% by & in.),
which has an on-off ratio of 40 db
with an insertion loss of only 4 db.
The use of a silicon junction device
allows the use of this equipment
under environmental conditions
usually associated with silicon semi-
conductors.
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Telemetry Multicoupler
EIGHT OUTPUTS

DEFENSE ELECTRONICS, INC., 5451-B
Randolph Road, Rockville, Md.
Model TMC-2 telemetry multi-
coupler provides for simultaneous
operation of as many as eight re-
ceivers from a single antenna or
preamplifier. Each receiver may be
tuned to any frequency from 225 to
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SIGMUND COHN MFG.

121 SOUTH COLUMBUS AVE.

Hundreds of standard

JONES
TERMINAL PANELS

Complete equipment for
SPECIALS

Several pages of Jones
Catalog No. 22 illustrate

Send your standard and special
specifications panels we are constantly
for prompt producing. Latest special |

equipment enables us
promptly to produce
practically any panel re-
quired. Send print or
description for prices,
without obligation. Hun- |
dreds of standard ter-
minal strips also listed.
Send for Catalog 22
with engineering draw-
ings and data.

JONES MEANS Proven QUALITY

Howarb B. JoNES Division

CINCH MANUFACTURING COMPANY
CHICAGO 24. 1LLINOIS
DIVISION OF UNITED.CARR PASTENER CORP
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MT. VERNON, N.Y.

CO,, IN
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ANYWHERE
IN THE
NATION

ELECTROLYTIC

PAPER TUBULAR
CONDENSERS

“35 YEARS OF PROVEN
DEPENDABILITY*

COSMIC CONDENSER CO.

853 WHITTIER STREET, BRONX, N. Y.
LUdlow 9-3360
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LOOKING
FOR
THE

IDEAL

TERMINAL
SETTER?

STOP. Yowve found it. A Black
& Webster Electropunch or full
automatic Electroset can solve your

terminal setting problems 00
— for as litile as $l 35

SHORT RUNS: Elecliopunch — sets fand fed
terminals twice as fast as conventional methods.

All electric. Foot switch operated.

LONG RUNS: Electroset — automatically
and sets terminals up to 3600 per hour.
electric. Customized to your needs.
WHAT'S YOUR PROBLEM ?
Black & Webster can help.
Send  sample terminal and

requirements.

Write today for free 12-page catalog describing
our complete line of production tools,

BLACK E WEBSTER. INC.

Dept. E, 570 Pleasant St.
Watertown 72, Mass.

JSeeds
All

104

256 Mc. It is unnecessary to termi-
nate unused outputs. A character-
istic is the high isolation (60 db
minimum) between receiver out-
'puts that minimizes interference
when one receiver is tuned close to
the local oscillator frequency of ,
another.
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Module Test Set
SELF CONTAINED

NAVIGATION COMPUTER CORP., 1621
Snyder Ave. Philadelphia 45, Pa.
Model 1300B universal module test |
set is a self-contained instrument
that provides standardized test l
signals for verifying correct opera-
tion of all NAVCOR transistorized
digital system modules. The test
set generates three standardized
waveforms for checking the mod-
ules, and provides all supply volt-
ages, variable loads, and controls
for sensitivity, margin, and fre-
quency checking. A single-pulse
generator and output monitor meter
eliminate the need for an oscillo-
scope during most checks, however,
a monitor output is provided for
rise-time measurements. The photo-
graph shows a model 312A indicat-

, ing decade counter under test.
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Load Box ]
MEDIUM POWER I
THE DAVEN Co., Livingston, N, J.

The Mho-Box is a flexible, medium
power load box for the testing of |
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% WILLIAM C. Dle

Hayes Furnace Division
Manager, explains . .,

WHY ELECTRONICS
TURN TO HAYES

Extremely Close Process Control is
vital in manufacturing semi-con-
ductors and other electronic parts.
Without this control, costs and
scrap rates go up, product perform-
ance becomes unpredictable, and
product life is drastically reduced.
The Trend Is To Hayes— More and
more electronic firms are looking
to Hayes for consulting assistance
and for equipment to solve complex
and exacting heat treat jobs. Here
are some “for instances” of the
advanced equipment Hayes is

offering:
C e

HAYES BA-19D DIFFUSION

FURNACE Highly precise

unit assures even diffusion 2

on silicon or germanijum @
wafers. Extremely critical

temp. control (reactor

type). Uniform *“flat” zone

in depositing chamber

totally free from temp.

“ripples’’. Engineered at-

mospheres and distribution. Built-in pro-
gram controller and instrument panel.
Silicon carbide heating elements — temps.
to 1350°C. Easy to maintain. Shipped
complete, ready to operate. Type LA-
19D furnace with nickel-chrome ele-
ments — temps. to 1000°C,

HAYES LAC-55M
ALLOYING FURNACE
Now used by many
major electronics firms
for alloying, metal
bonding, soldering,
other applications
requiring close temp.
control through 300°C
to 1100°C. Unusual flexibility. 5-zone
temp. control . . . maintain temps. within

Il
Ry

HAYES MS-31R RECIRCU-

Dryer complete with gas/
air recirculating unit, for
“dry box" atmospheres
for assembly of transist-
ors diodes, other elec-
tronic parts. Dew points

LATING DRYER Molecu-
to ~100°F or lower, Eco- <

nomical — replaces expensive tank nitro-
gen. Simple controls. Easy maintenance.
Standard units caps. to 16,000 CFH.
Higher caps. on special order.

Hayes equipment covers every elec-
tronics requirement: zone refining,
crystal growing, alloying, metal
bonding, glass (or ceramic)-to-
metal sealing, vacuum heat treating,
high temp. outgassing, air/gas dry-
ing, atmosphere generation (hydro-
gen, nitrogen, dissociated ammonia,
forming gas, endo and exo gases.)
With theoretical development work
in the lab backed-up by a double-
check on actual production-scale
equipment . . . Hayes can help you
improve quality, cut costs, increase
production. Write for Bulietin
5711C.

C. . HAYES, inc.

845 WELLINGTON AVE., CRANSTON 10, R.1,
Established 1905

IO & PPy

It pays o see Hayes for mesallurgical
guidance, lab. facilities, furnaces, atmos-
phere generators, gas and liquid dryers,
pHayes-Master (TM) control units.
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COMPACT
AiResearch
60 cycle
Actuators ror

ground use...

Inexpensive, lightweight
60 cycle motor driven actuators
with integral magnetic brakes* are
now being manufactured by
AiResearch for ground radar,
ground support and shipboard use.

Unequalled in 60 cycle perform-
ance, these extremely compact,
lightweight actuators range from
fractional hp motor size up to any
desired hp in single phase, two
phase and three phase design for a
wide variety of applications.

The above-pictured actuator is
used in a ground radar system. It
is driven by a single phase 60 cycle
ac fractional hp electric motor
and can be furnished with a feed-
back potentiometer for use in servo
applications, The entire unit weighs
only 214 1b. and is rated at 200 lb.
operating load.

OTHER ELECTROMECHANICAL
COMPONENTS AND SYSTEMS
A C and D C Motors, Generators and
Controls « Static Inverters and Con-
verters ¢ Linear and Rotary Actuators *
Power Servos * Hoists * Temperature
and Positioning Controls * Sensors *
Programmers * Missile Launchers »
Radar Positioners * Power Supplies °
Williamsgrip Connectors
Your inquiries ore invited.

* patented 60 cycle
operated magnetic brake

THE CORPORATION

AiResearch Manufacturing Division

Los Angeles 45, California
e——
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power supplies, power amplifiers
and other applications requiring an
accurate variable load conductance
capable of dissipating about 250 w.
Unit is a six dial conductance
decade and differs from an ordinary
resistance decade in that each dial
varies the total conductance appear-
ing between the connecting ter-
minals in accordance with the set-
ting of the dials. Setting all dials
to zero results in zero conductance
loading, that is, open circuit load-
ing for no load measurements.
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VHF Receiver
FIXED TUNED

ITI ELECTRONICS, INC., Clifton, N.J.
Designed particularly for airport
control or point-to-point applica-
tions, the type RV-9 vhf receiver is
capable of highly reliable perform-
ance in unattended remote control
voice circuits. The double super-
heterodyne design employs crystal
control for both local oscillators.
Normal tuning range is 108 to 152
Me, but any vhf a-m carrier fre-
quency can be furnished on special
order. Mil-Spec components are
used throughout, and electrolytic
capacitors are not employed.
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Silicon Diode

MICROMINIATURIZED
PACIFIC SEMICONDUCTORS, INC,
12955 Chadron Ave., Hawthorne,

Calif. Type PD400 core driver
Micro-Diode at 25 C is character-
ized by a stored charge of 25
micromicrocoulombs/ma; forward
voltage drop of 1.5 v at 3 ampere,
and 6 pusec recovery time. These
characteristics, coupled with the
micro configuration of the device,
permit the design of optimized
computer memory circuitry. Maxi-
mum stored charge has been speci-
fied to assure a small forward spike,
fast forward recovery and a very
low stored charge of shelf voltage.
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"IN LESS THAN )

—El—
— BT
—E=rs—

WITH THE REVOLUTIONARY
PRODUCTION AID TOOL!

L $5%....

4 @SECONDS

“PIG-TAILOR"®

S
) =3

Foo! operated
No accessoriss

3 minute set up 3125.00

‘*PIG-TAILORING"’

o revolutionary new mechanical process for
higher production at lower costs. Fastest
PREPARATION and ASSEMBLY of Resistors,
Capacitors, Diodes and ali other axial lead
components for TERMINAL BOARDS, PRINTED
CIRCUITS and MINIATURIZED ASSEMBLIES.

PIG-TAILORING eliminates: « Diagonal cutters
« Long nose pliers « Operator judgment « 90%
operator troining time « Broken components .
Broken leads « Short circuits from clippings «
65% chossis hondling « Excessive lead tavtness
« Hophazard assembly methods.
PIG-TAILORING provides: « Uniform component
position « Uniform marking exposure . Minio-
turization spacing control « *'S'' leads for termi-
nals « “*U'" leads for printed circuits « Individval
cut and bend lengths « Better time/rate analysis
« Closer cost control « Invaluable labor saving
¢ Immediote cost recovery.

Pays for itself in 2 weeks

HSPIN-PIN''®
Close-up views of
“‘SPIN-PIN'* illustrate
fast assembly of
tailored-100d wire to
terminal.

¢ No Training

¢ No Pliers

* No Clippings
¢ Uniform Crimps
® 22 Sizes

PAYS FOR ITSELF
‘THE FIRST DAYI

)

Write for illustroted book to Dept. E-2

BRUNO-NEW YORK INDUSTRIES CORP.

DESIGNERS & MANUFACTURERS OF ELECTRONIC EQUIPMENT

460 WEST 34th STREET <+  NEW YORK 1, N. Y.
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impedance
converter:

A CATHODE FOLLOWER I

FOR GROUNDED |
PIEZOELECTRIC PICKUPS | . i
NOW...you can buffer piezoelec- v v

tric transducers, other high
impedance signal sources from

] and other low Z devices.

PIEZOELECTRIC %Wzﬂg
TRANSDUCER ( super cathode
follower

Input impedance: 1,000 MQ.

Bandwldth: 1 cps to 100 ke.

Double isolation: 10,000 MQ,

4 upf.
CMR: 130 db to 100 cps.

such instruments as: recorders;
preamps; instrument amplifiers

AMPLIFIER RECORDER

Driven inner shield of triaxial
input allows fong input cables,

“The Source for Noise-free Instrumentation'

Write today
for our
Bulletin
SCE-1

©

COMPUTER ENGINEERING
ASSOCIATES, INCORPORATED

350 NORTH HALSTEAD
PASADENA, CALIFORNIA
ELGIN 8-7121
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You Get Things Done With |

Boardmaster Visual Control

Yr Gives Graphic Picture of Your Opera-
tions—Spotlighted by Color

¥ Facts at a glance — Saves Time, Saves
Money, Prevents Errors

Y¢ Simple to operate — Type or Write on
Cards, Snap in Grooves

¥ Ideal for Production, Traffic, Inventory,
Scheduling, Sales, Etc.

¢ Made of Metal. Compact and Attractive.
Over 500,000 in Use

Full price S4G50 wirh cards

24.p . C-40
F R E E ‘ ASVEithBo?J?l((DL:Jg::gn

Write for Your Copy Today

GRAPHIC SYSTEMS

Yanceyville, North Carolina

106

YOUR COMPONENT

Wite drawn to your specifi-
cations (down to .00025”) in
base and precious metals and
alloys . . . supplied bare, en-
ameled, ceramic insulated for
use at 1000° F., or electro-
plated . , .

to close tolerances.

Our research and development
staff is available to solve YOUR
wire problems.

Write for data on your specific needs.

ECON METALS CORP. sscou
1 Intervale St., White Plains, N.Y

WHite Plains 9-4757 '

”’See our booth No. 4052 at the I.R.E. Show”
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Literature of

BAND-PASS FILTERS John Gom-
bos Co., Webro Road, Clifton, N. J.
Data Sheet No. F-1 covers micro-
wave tunable band-pass filters for
laboratory use and systems applica-
tions.
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RIGID COAXIAL LINES Andrew
Corp., P. O. Box 807, Chicago 12,
Il. A 20-page catalog covering
rigid coaxial transmission lines and
associated equipment was recently
announced.
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PHOTOTUBES CBS Electronics,
Danvers, Mass. Bulletin, “Photo-
tubes in Industry”, describes high-
vacuum and gas phototubes, photo-
multiplier tubes, photocells and
photoresistive cells.
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FLEXIBLE ELECTRICAL IN-
SULATIONS Milam Electric Mfg.
Co., 1100 Elmwood Ave., Providence
7, R. 1., has prepared a comprehen-
sive catalog containing informa-
tion, data and suggestions on a wide
variety of flexible composite elec-
trical insulations.
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SIGNAL GENERATORS Hewlett-
Packard Co., 1501 Page Mill Road,
Palo Alto, Calif. Four page data
sheet covers frequency doubler sets
and signal generators.
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SINGLE CRYSTAL MATERIALS
Solid State Materials Corp., 5 Erie
Drive, East Natick, Mass. A four-
page brochure, “Single Crystal Ma-
terials for Solid State Electronics”,
is now available. It shows many of
the company’s research develop-
ment, and production facilities.
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RECTIFIERS International Recti-
fier Corp., El Segundo, Calif., has
issued a single page bulletin that
describes four rectifier models.
CIRCLE 333 ON READER SERVICE CARD

SPECIAL PURPOSE TUBES Nu-
clear Corp. of America, C. E. M.
Division, Denville, N. J. An 8-page
booklet, catalog 2250, contains quick

electronics



the Week

reference information on power and
pulse tubes, high voltage, high
vacuum diodes, gas noise tubes, TR
tubes, and ionization gage tubes.
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SILICON CONTROLLED RECTI-
FIER General Electric Co., Syra-
cuse 1, N. Y. Bulletin covers tech-
nical data on type C50 silicon
controlled rectifier. Symbols and
definitions of terms are included.
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FINE WIRE FOR ELECTRONICS
Consolidated Reactive Metals, Inc,
115 Hoyt Ave., Mamaroneck, N. Y.,
offers a bulletin containing impor-
tant data on fine wire for semicon-
ductors, resistors, potentiometers,
thermocouples, electronic tubes and
other electronic applications.
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VOLTAGE STANDARD Cohu
Electronics, Kintel Division, Box
623, San Diego 12, Calif. Data sheet
20-4 describes features of a-c¢ volt-
age standard model 601A.
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FAST PULSE TRANSMISSION
Electrical and Physical Instrument
Corp., 42-19 27th St., Long Island
City 1, N. Y. An extensive line of
fast pulse transmission equipment,
which is particularly useful with
nanosecond rise time square pulse
generators, and other fast pulse
sources, is described in a 5-page
bulletin.
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SOLENOIDS Artisan Electronics,
171 Ridgedale Ave., Morristown,
N. J. Bulletin provides technical
data on series DS solenoids for
automatic equipment requiring a
moderate power source.
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HOOK-UP WIRE Sequoia Wire and
Cable Co., a subsidiary of Anaconda
Wire and Cable Co., 2201 Bay Road,
Redwood City, Calif. A 2-color
booklet contains data on electronic
hook-up wire with various insula-
tions. Tri-tin conductors and Hy-
shrink tubing and sleeving are also
featured.
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new, proven advance

in high-capacitance
sub-miniature

CERAMIC

CAPACITORS
by STATNETICS

replaces plastic and paper with

all the known advantages
of ceramic capacitors

BRIEF SPECIFICATIONS

CAP. MFD. LENGTH in. WIDTH in. THICKNESS in.
001 thry .01 3 15 125
.025 .3 .18 18
.05 .52 .25 .20
.10 .52 3 3
.Tol. =GM *2 *+10%
i SR D%, ¢ For full specifica-
P.F. == 2% Mox. sions, pric‘e!s,t or
. - ° elivery ates,
Working Valtoge = 100 VDC te 125°C. please “write 1o

Series Resistonce < .25 ochms ot 8 to 10 mc. Statnetics Corp.,
leads oxiol #22 gouge 1%” long (fine silver) Department EL-1

STATNETICS (orporation

5121 WEEKS AVENUE, SAN DIEGO 10, CALIFORNIA
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inter-industry conference on

ORGANIC SEMICONDUCTORS

April 18 and 19, 1961, The Morrison Hotel, Chicago

co-sponsored by

ARMOUR RESEARCH FOUNDATION

of lllinois Institute of Technology

andelectronics a McGraw-Hill publication

Technical sessions on the present state and future potential of
organic semiconductors in the electronics, chemical, and semi-
conductor industries.

For further information contact:
James J. Brophy, Co-Chairman, Physics Division
Armour Research Foundation
Technology Center, Chicago 16, Illinois
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PEOPLE AND PLANTS

Pandapas: the $10 bill burns

“I DOUBLED MY STAFF by employing
another man.”

Speaking is George Pandapas,
president of Electro-Teec Corp., S.
Hackensack, N. J. He is describing
a period 16 years ago after he had
been in business for some time.
Pandapas has progressed. He now
employs more than 500. This month
in W. Caldwell, N. J., he will break
ground for a new 30,000-sq-ft plant
—to replace the present New Jersey
plant—one of three.

The corporation expects to do $10
million in fiseal ’61. (At one time in
1947 Pandapas had a net worth
of $1.12). The other plants are
in Blacksburg, Va. and Ormond
Beach, Fla. In all, the three plants
will occupy about 80,000 sq ft. The
company makes slip rings, relays
and switches.

George J. Pandapas isn’t a big
fellow (58" - 145). And he comes
from a small city, Peabody, Mass.
He is one of four children. At 13
he “started doing to learn.”

He borrowed parts to build radio
sets at night. Then when he knew
how to build them, he started fixing
them to earn extra money. Some
sets were so big he had to make
three trips to carry all the parts
to his house. (Today Pandapas
travels 100,000 miles per year.) In
1935 he graduated from high school
and into the depression. He did odd
jobs. In 1938 he made sound equip-
ment for orchestras, and at one
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point, outfitted a sound truck for
a Greater Boston politician. Even
then reliability was important. “I
rode in the truck to make sure the
gear ran,” says Pandapas. Side-
light: The candidate won and
George got a 10-year-old car . . .
his first . . . as a gift.

That same year, 1938, he became
an electrical technician for Hytron
Corp., in nearby Salem, Mass. The
pay was 40¢ an hour. He was
there three years and then moved
to management—at $20 a week.

“In addition to picking up the
technical aspects,” he says, “I
learned how much work it takes to
make a go of business.” In 1941
he moved to Wright Aeronautical
Corp. in Paterson, N. J.,, as a proc-
ess engineer.

“In 1944, T quit my job, withdrew
my life savings ($1,500) and
founded Electro-Tec in 450 sq ft of
a defunct bank in New Jersey.”

Two months later the war ended.
“I had a company and no business,”
he says. He decided to try to find
one. “I wasn’t trying to get the
cheese any more. I just wanted to
get out of the trap.” Translation:
Pandapas didn’t want profit, he just
wanted to keep working and protect
his investment. He spent five vears
on research for a slip ring produc-
tion process and was subsequently
granted a patent.

Pandapas telephones his execu-
tive vice president and general man-

ager, Arthur Asch, once a day, no
matter where he is. “I just want
to offer advice from my experience
—they don’t have to take it.”

Pandapas, 43, makes his home in
Ormond Beach, Fla. He is the
father of six children, and his
wife’s nickname is “Kelly”. He re-
laxes with “a little bridge, poker
and my family”. His parents live
next door. Part of his time is
devoted to improving industry reli-
ability standards and serving as a
director for several companies and
a bank. Some of his sayings:

“Frustration is the root of prog-
ress.”

“Whoever said that stuff about
a better mousetrap is crazy. You’ve
got to build a path to their door—
maybe they’ll walk it, maybe they
won’t.”

“I downplay yesterday—what’s
coming tomorrow is important.”

“The waste of anything, espe-
cially people’s talent, annoys me
most.”

His employees still talk about
the time Pandapas was walking
through a production area. He saw
an employee accidentally break a
wire. Without saying a word, he
took out a $10 bill, lit it, watched it
burn and then crushed the remains
in an ash tray.

Then, quietly, he said to the
worker: “I didn’t do anything dif-
ferent than when you broke that
wire.”

Last week, recalling the incident,
Pandapas smiled.

The ash trays were clean.

Calibration Standards
Names Executive V-P

JAMES L. FOUCH has been appointed
executive vice president of Calibra-

electronics



CAPILLARY
REDRAW

Friedrich & Dimmock glass cap-
illary tubing redraw for elec-
tronic components is available
in a range from 020" to .125”
0D in mill lengths up to approx.

imately 36" or cut to speci-
fication.

Can be made from S/F, N/C
Flint, KG-33, KG-12, and EN-1
Glasses. Also available in other
types of glass. Call or write for

FRIEDRICH & DIMMOCK, Incorporated

REDRAW DEPT. P.O. BOX 230
MILLVILLE, NEW JERSEY e Phone: TAylor 5-0305
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production

management

it's

read more
by all 4!

Get the technical facts in electronics, the magazine that
features the latest engineering developments and techni-
cally interprets markets, business statistics, trends. Special
issues on Electronic Markets and other reports you'll want
to file and keep. Mail the reader service card (postpaid)
and start your own subscription to electronics, the magazine
that helps you to know and therefore to grow! Rates: three
years for $12, one year for $6; Canadian, one year for $10;
foreign, one year for $20. Annual electronics BUYERS' GUIDE
(single issue price $3) included with every subscription.

subscribe today to electronics

February 10, 1961

MIXER-PREAMPLIFIERS

for Short Pulse,

High Resolution
SYSTEMS

ENGINEERING

The LEL MMX-5 matched microwave mixer
preamplifier provides design engineers with
a high quality X-band receiver tuning head:
Wide bandwidths needed for radio astronomy
systems and short pulse radars can be real-
ized with the MMX.5.

Featuring:

Noise Figure .. .....covocesnonsneeoces 11db typical
Overall Bandwidth ........ .100mc within 3 db
Minimum Frequency Range. ....o...... 8.5 to 9.6kmc
Low Power Requirements........ 115v at 45ma, 6.3v

at 0.6 amp

GAUD .eeeecssnsens -aesnsq.s 15db Microwave to IF

Send for comprebensive Microwave,
IF, RF Amplifier Catalog.

EX . AKRON STREET, COPIAGUE, N.Y.
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RCISe

Temperature
Control
PERATUR +15°F From
: -100°F to +500°F

ACCURATE TEMPERATURE
CONTROL, without overshoot
and without drift.

*

SAVES TIME by bringing the
environment to the engineer
instead of scheduling time in
060 large, slow chambers.
L ]

VERSATILE—test for high and
low temperatures in the same
chamber.

L]
AUTOMATIC CYCLING timer
is available as auxiliary

equipment,
L]

Other chamber sizes and
models are also available.
L]

A 3163 ADAMS AVENUE

DEI_TA DES'GN In( SAN DIEGO 16, CALIF.

ATwater 3-3193  TWX: SD 6488
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SERVOMOTOR
CATALOG

| S
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Here are sixteen standard
models of BECckMAN® Size
8 & 11 Servomotors...all '
precision built by Helipot.
You'll find complete me-
chanical and electrical specs
in the new 24 page catalog.
There are outline drawings,
and Torque-Speed curves
for every model...includ-
ing servomotors and motor
generators. For the theorist
there’s an added attraction;
a full discussion of Electro-
magnetic Damping, with
applicable transfer function
equations.

To get the complete
BECKMAN Size 8 & 11 Servo-
motor story at no cost, just
write to us.

Beckman/He"pot.

POTS : MOTORS : METERS
Helipot Division of
Beckman Instruments, Inc.
Fullerton, California

© 1961 8.1 61108
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tion Standards Corp., Alhambra,
Calif., a subsidiary of Royal Indus-
tries, Inc.

Fouch has had extensive experi-
ence in the electronics industry, in-
cluding 18 years with Universal
Microphone Co., Inglewood, where
he served as president and general
manager. In 1948 he was president
of the Western Electronic Manufac-
turers Association.

Ackerlind Joins
Lynceh R&D Staff

E. ACKERLIND has joined the re-
search and development staff of
Lynch Communication Systems
Inc., San Francisco, Calif. Since
1957 he has been an electronics con-
sultant for private industry.

Perkin Electronics
Adds Fourth Plant

A FOURTH PLANT has been added as
part of a general expansion pro-
gram by Perkin Electronics Corp.,
El Segundo, Calif. Company now
has a total of 42,000 sq ft of floor
space.

The new facility, situated behind
plants T and II, will enable Perkin
to expand its manufacturing and as-
sembly operations in d-c power sup-
plies for commercial and missile-
system applications.

Wilbur

Pritchard
Takes New Post

WILBUR L. PRITCHARD has been
named director of engineering for
Selenia SpA in Europe. Selenia,
one of the largest single electronics
companies in Italy, was formed last
year by Raytheon Co., “Finmec-
canica’” and “Societa Edison”.

Pritchard formerly served as

chief engineer for Raytheon Eu-
rope, one of the firm’s operating
divisions.

With Raytheon since 19486,
Pritchard is a past president of the
IRE national microwave group.

Dorne & Margolin
Hires Samuel Raber

SAMUEL RABER, a research develop-
ment specialist, has joined the en-
gineering staff of Dorne & Mar-
golin, Inc., Westbury, N. Y., de-
signer and maker of airborne an-
tennas and microwave components,
as section head of the circuit group.
He was formerly associated with
Fairchild Astrionics Division and
prior to that, with American Bosch
Arma Corp.

Eitel-McCullough
Promotes Caryotakis
GEORGE CARYOTAKIS has been ap-

pointed manager of the newly
formed high-power laboratory of
Eitel-McCullough, Inc., in Belmont,
Calif. He will direct Eimac’s re-
search and development activities
for amplifier klystrons and other
high-power microwave tubes.

Prior to his recent appointment,
Caryotakis was senior project en-
gineer in the company’s power kly-
stron division.

CBS Electronies
Expands R&D

CLARENCE H. HOPPER, president of
CBS Electronics, has announced the
launching of a greatly expanded
R&D program. He said that ini-
tially the emphasis will be on prom-
ising types of semiconductors and
microelectronic circuits. He stated
that the CBS Laboratories in Stam-

electronics



“The light touch .
in automation and control”

. the

CLAIREX
Photoconductor

lHlustrated; an
extremely sensi-
tive cadmium
selenide type
from the 2 watt
500 series.

A

Circuit
Component
Controlled by
LIGHT

For tabulated technical
dato on 25 different
Clairex Photoconductors
consult your new

® IRE Directory

© Electronic Buyers
Quide

o Eloctronic Design
Catalog

® Rodie Electronic
Master

CLAIREX

CORPORATION

19 W. 26 S$t., New York 10, N. Y.

MU 4-0940
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ford, Conn., will provide most, but
not all, of the additional research
and development requirements.

CBS Electronics maintains plants
at Danvers, Newburyport and Low-
ell, Mass., and in Windham, Maine.
Engineering activities associated
with product design and manufac-
turing will continue to be accom-
plished in these facilities.

Lockheed Electronics
Names Hance

HAROLD V. HANCE has joined the
systems research center of Lock-
heed Electronics Co. in Bedminster,
N. J. He will serve as both associ-
ate director of the center and as
a senior scientist.

Before coming to Lockheed Elec-
tronics, Hance worked in various
capacities for nine years at Hughes
Aircraft Co. in Culver City, Calif.
The last position he held there was
senior scientist in the research and
development laboratories.

Moore Associates
Gets Larger Plant

MOORE ASSOCIATES, INC., rccently
moved from Redwood City into a
larger plant in San Carlos, Calif.
Company manufactures Monitron
remote control and data processing
systems employing digital and solid
state techniques.

Butler Elected
To PPMA Board

GEORGE D. BUTLER, vice president of
marketing for International Resist-
ance Co., Philadelphia, Pa., has been
elected to the board of directors of
the Precision Potentiometer Manu-
facturers’ Association.

The newly-formed professional
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NEW!

Model 1060
Transporent
Polystyrene

Quality meters on the panel indicate quality
throughout—and HOYT Panel Meters are
quality in appearance and function . .
the complete Line of matching AC and DC
Meters for original equipment and replace-
ment applications. Get accuracy, read-
ability, and reliability; plus economy. Specify
HOYT Electrical Instruments — compatible
components for production, research, and
test requirements.

Model 647
Black Bokelite

Moving coil, rectifier, and repulsion types
available promptly in a wide assortment
of sizes, ranges,
cases, shapes, and
colors; some with
parallax-free mirror
scales — all with
standard mounting
dimensions. Or,
custom designed to
the most exacting
specifications.

Model 17/3
Send for latest fully Black Bokelite
illustrated brochure
with descriptions,

engineering data,

and moder-

ate prices. ‘ gsT
| ‘l
“Horf

Write: Export Man-
ager, regarding
world-wide availabil-
ity for Electronic, In-
dustrial and Automo-
tive applications.

ELECTRICAL
INSTRUMENTS

SINCE 1904

-~

BURTON-ROGERS COMPANY
Sales Division—Dept. E-2

42 Carleton St., Cambridge 42, Mass., U.S.A.
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reliability
...based

- on
experience

ultra-high
precision
capacitors

Southern Electronics high-precision
capacitors are demonstrating their proven
reliability today in twelve different

missiles, analog computers, and many radar
and communications applications.

SEC high-precision capacitors utitize
polystyrene, providing .01% tolerances, and
mylar and teflon to meet .5%

requirements. They show excellent stability
characteristics over an extended
temperature range, and tolerances are
unaffected even at extreme high altitudes.
The unusuval accuracy, stability and
reliability of SEC capacitors are the result of
engineering experience concentrated

on the design and manufacture of precision
capacitors only, plus rigid quality control
standards subjecting each capacitor

to seven inspections during manufacture,
plus final inspection.

Qur engineering experience enables us to
meet your size requirements, while

holding to exact capacitance and tolerance
specifications.

SEC capacitors are manufactured in a

wide range of capacitance to meet your |
needs from 100 mmfd. to any higher value,

and meet or exceed the most rigid MIL-SPECS,

See our new sub-minio'ure‘
polystyrene capacitar at the
IRE Shaw, Booth 2217, N. Y,
Coliseum, |

~ SOUTHERN'
ELECTRONICS!
oifrcratior v

150 WEST CYPRESS AVENUE
BURBANK, CALIFORNIA
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organization is expected to help es-
tablish standards for the entire pre-
cision potentiometer industry.

Helme Assumes
New Position

APPOINTMENT of Glenn H. Helme
as a senior engineer of Applied
Microwave Electronics, Inc., Bal-
timore, Md., is announced. He was
formerly a design engineer in the
antenna and microwave group of |
the Radio Division of the Bendix
Corp.

PEOPLE IN BRIEF

William H. Roberts of General
Electric to head development en-
gineering for the company’s ‘
electrolytic capacitor program. ,
Richard B. Bean, formerly of
Automatic Electric Co., appointed ’
program manager at Sylvania’s |
systems engineering and manage- ;
ment operation. Hector V. Slade
from Garrard Engineering and
Manufacturing appointed to the
board of Plessey International
Ltd. I G. Ennes ex-Lockheed
Electronics appointed sales mana-
ger of Frequency Standards Div.,
Harvard Industries. Kenneth E.
Mortenson, formerly of General
Electrie, to head active solid-state
devices group at Microwave Asso-
ciates. Hung-Chi Chang of West-
inghouse Research Labs takes post
as advisory physicist in the com-
pany’s semiconductor dept. Ralph
D. Bennett leaves General Electric
to join the Martin Co. as director
of research. Leroy J. Cook, CBS
Electronics, advanced to midwest
regional sales manager, industrial
products div. Mazhar Hasan, for-
merly Northern Illinois University
professor, joins Stromberg-Carl-
son Div. of General Dynamics
Corp. as senior physicist. Samuel
B. Fishbein named director of
customer relations, International
Electric Corp. Edward A. Talisse
promoted to production manager
by Communication Measurements
Labs. William Chainey from
Lynch Carrier Systems appointed
systems applications engineer at
Moore Associates. W. H. Schaum-
berg advances at Maico to director
of components sales.

|
|
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7 FASTENERS FRO
oEosT
ZINC ALLOY ZINC ALLOY

ROUND HEAD

THUMB NUTS

yy

\, OPEN END
CLOSED END

with EXCLUSIVE WIDE GRIP
GRC THUMB NUTS feature extra-

Thumb & :
large round theads with deep fluted
Wing Screws edges for firm, comfortable grip . . .
smooth, rustproof, corrosion resistant
MOLDED surfaces.  Smart design adds sales
' NYION &  appeal.
DELRIN Available with open and closed ends
S in a wide variety of sizes . . . Head
Screws Diameter: 14" to 115" . . . Thread
Sizes: #4 to 7/16".
GRC’s exclusive methods—die casting
| C DS zinc alloy or molding Nylon and Del-
Nan rin fasteners in one high speed auto-
Hex Nuts matic operation—assure high quality
at lowest possible cost.
. -
Write, wire,
Washers phone TODAY
for SAMPLES.
@ prices, your
copy of GRC’s
NEW INDUS-
1 TRIAL FAS-
Screw TENER CAT- %.
Insulators = ALOG

GRIES REP‘RODUCER CORP.

World’s Foremost Producer of Small Die Castings
151 Beechwood Ave. ® New Rochelle, N. Y.
Phone: NEw Rochelle 3-8600
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Are you selling the
whole buying team

Tough competition demands that the
electronics man be reached and sold
wherever you find him: Research,
Design, Production, and Manage-
ment. Only advertising in electronics
reaches all four...the same men your
salesmen call on. Put your advertis-
ing where it works hardest . . 5 o

in electronics

electronics



42A Whito St., New York (3,
—————————————————————————
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SPECIAL 2 for $1

SAVE TIME & EXPENSE
ON PURCHASING

1,200,000
RELAYS

in 20,000
DIFFERENT TYPES
MOST MAKES

e PRODUCTION QUANTITIES IN STOCK

e DELIVERY ON OFF-THE-SHELF ITEMS
WITHIN 48 HOURS. DELIVERY WITHIN
ONE WEEK ON RELAYS REQUIRING
ASSEMBLY AND/OR AOQJUSTMENT

WE DELIVER RELAYS
NOT PROMISES

SEND FOR CATALOG E
'
‘RELAY CORP.

N. Y. ® WAlker 5-9257

niversa

“TAR*
GENERAL PURPOSE 400 Piv at 250 Ma
25 for $10

==,@)_=..

SILICON *750 Ma DIODES

rmns/piv rma/piv | rma/pic l rims/pic
35/50 70/100 | 1307200 210/300
19¢ 29¢ 34¢ 43¢
rm;/{ri‘v’ N In;s./'biv y ‘r’n’u,’pil: ] 'I.n.u;/'p.lt.' .
280/400 | 350/500 420/600 | 480/700
55¢ | 70¢ $1.00 $1.25
’ rm.n/xm: ) " ) rms/plv ‘I .Ima/pitf " rma/piv
560/800 | 630/900 700/1000 770/1100
$1.50 $1.70 $2.00 $2.50

*Derate 20 % for capacitive input
$5 or more purchase of this item..we pay p.p./U.S.

T AIB" 111-EPB Liberty St., New York 6, N.Y.
REctor 2-6245
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BRAND NEW SURPLUS

TS-I5C/AP Fluxmeter ...........o0cee $79.50 ea.
Lots of 5. $65.00 ea.

Ball Disc Integrator—W. E. KS.892

(ldentical to Beckman Model BDI- l) 39.50
PRD 650B Power Bridge. .. 210.00
PRD 644 Thermistor Mount .~ 62.50
PRD 645 Thermistor Mount. 47.50
PRO 501 Heterodyne Freguency Meter. .. 550.00
Winslow Model 5G-1000 Megohmeter..... 129.50
AN/UPM.33 Spectrum Analyzer.......... 995.00
AN/UPM-I| Range Calibrator............ 1250.00
Phaostron Model 777 VTVM (leather case)  52.50
Homelite Generator output (15 VAC |

phase 400 cycle 39A—and 28 VOC 17.9A

3000 RPM Self-excited with control panel

and 3 groove pulley. ................. 165.00

IMMEDIATE DELIVERY FROM STOCK
Typical bargains from our regularly issued bultetins
BULLETINS FREE ON REQUEST

LECTRONIC
RESEARCH LABORATORIES, INC
715-E ARCH STREET @ PHILADELPHIA 6, PA.
PHONES — MArket 7-6771-2-3

SEARCHLIGHT SECTION

SPECIAL PURPOSE TUBES

BSS. ... !

1859 /R11308. SRAWGY 394A. ;
1863A...... .. 1 396A /2€51
Q1A . 398A/5603.
P25, . 401A/5590 .
2-01C. 403A 6AKS. . .
2AP1 403B/5591
28P1 404A/5847 . . .
2€39. 408A /6028 . |
2C39A 409A /6AS6. . ..
2€40.. 412A

2C42.. .. 415A. .
2€43.. .. 416B/6280. . . .
2€50. . 417A 75842 . .
2€51. .. 418A. . .
2€52. . 420A /5755
2021, 421A ‘5998
2021W. ... 4224 .. ...
2€22.. .. 423A/6140. ..
2624, .. ... 429A.

2E26. 450TH . .
2E30. 4507L. .
2)42. 575A

2J51 831-P1.... ..
2K25 673..

2K26 676.

2K29 677..

2K 30 714AY

2K34 715€

2K3s 719A.

2K41 7218

2K42 723A78.

2K43 7254

2K44 7268.

2K47 750TL. .

2K50. .. .. BL-800A
2X2A. ... .. 802..

3AP1

3824, ... ...

3824W

3825. .. ....

3828, !

3BPY.

3€22.

3¢23.

3C24/246

3€45......

3022

3E29.

321,

3331

3K21

3K22

3K23

3K27

3K 30

aKP1.

4.65A

4.125A

4.250A

4-400A

4-1000A.

4AP10 N
4B31. 1619, ...
4832 1620 ... ..
4C35 » ) 1624, ... ..
4E27. '7.50 | 339A 2050....... ...
4352, 25.00 | 347A.. 2051 ...

Prices are FOB
shipping point

348A.
349A. .
350A. .
350B. .. ..
352A. ..
354A. .
355A
393A.

4X1SOA . . ...

. 2.50
.. 2.00
.. 350
.. 3.50
. 6.50
10.00
10.00
.. 3.50
. 2.50
2.50
4.00
1.50
1.00

| 5740/FP-54..

..12.50
..30.00
. .40.00
5557 FG-17... 4.25
5558 /FG-32... 7.50
5559 /FG-57...10.00
5560/FG-95. . .12.50
.100.00
.. 8.50
s

SGS/1 AP 0o
5654 /6AKSW . .
5656.......... 3.50
5665/C16J. . ..
S670WA . ...

5678
5684/C3J/A
5686. .
5687.
5691.
5692.

S719A.

5720 /FG-33.
5721.

5725 /6AS6W. ..
5726 /6ALSW. ..
5727 ‘2D21W. ..
5728 FG-67

1.
17.00
125 00
1.25
.60
1.00
. 7.50
.50.00

5744.
5749 /6BAGW

5750 /6BE6W . .

575'I/'I2AX7W
5763..
5777..
5778..
5783..

5799 vX-21

5800 VX-41.
5801 VX-33A..
5802 VX-32B..
5803 /VX-55. ..
5814A. ;.
5824. ...
5828....
5829.......
6836........
5837. .. . 4 s
5839, i -
5840.. ..

5845....

5852. ...

5854....

5876..

5879

5881 ’6l6WGB
5886........
5894 .

5903
59 32/6L6WGA 2 50

5933/807W.. 2.50
5948/1754... 100.00
5963.......... 1.00
5964 §/5
5965 1.00
S/t o 1.00
5977 /6K4A. 1.25
5981 /5650. ....25.00
5992.. 2.00

4.00
6005/6A05W 1.25
6012 3.75
6021. 2.00
6032 .12.50

6045 25
6072. 1.75
6073, . . .80
6080. ... . 3.00
6080WA....... 4.00
6080WB. . 10.00
6082.... . 3.50
| 6087 /5Y3WGTB 3.00
L. .75
6100 /6CAWA . . 1.25
6101 /6J6WA ... 1.00
6111A. 2.00
6112..... 2.50
6115/QK-351. .40.00
6130/3C45 5.00
6136 /6AUSWA . 1.35
6137 /6SK7WA. 1.50
6146.. .. 3.50
6152.. .. 4.50
6186 /6AG5WA . 1.50
6189 /12AU7WA 1.50
6197. o
6198. ... .85.00
6201 "I2AT7WA 1.75
6202, 6X4WA .. 1.50
5
.. 2,50
.150.00

. 425
2.00
2.00

140.00

.10.00

..18.75

..10.00

.. 5.00
. 3.00

. 1.50

6550........
6626/OA2WA. .
6627 /OB2WA. .
665S. ..

ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED

western engineers

Orders for less than
$10 cannot be
processed

ELK GROVE, CALIFORNIA

SUPPLIERS OF ELECTRON TUBES SINCE 1932
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New

w/di
w5

2430

SUMMATION BRIDGE AN/URM-20

1000-4000Me.
Wheatstone bridge wattmeter.

w attmeter & M\ th)t»/I R\[ 20 Wave Guide Kit.
3 .§$195.00

STANDARD LAB RECEIVER APR-4

TS-146/UP
istor bridge & freq. meter.

TS.226A/AP Power meter for ;\PS-!S & 16.
xmtr of AN/APG-11. Measures 0-1,000 watts to
+ 2 db. Ruilt-in mlllmmnn 115v, 50-2400 ey.
Exeelleny .$29.95

Write for Bulletin 32—louds ol Burgums

measuring Bolometer

RF
e’o TR-731/URM

power

tuning units, 38-2200Me checked out $259.50
tuning units, 38-4000Mc checked out $389.50

“X'* band signal generator, RF nwrm-
Checked out....$39.5

R. W. Electronics

ﬁTube & Semiconductor @
Special

All new in original boxes

hone:

WAlker 5-6000

S. Michigan Ave. Chicago 16, I
CAlumet 5.1281

4X500A

Eim 0.00
MINIMUM ORDER SIOO

February 10,
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1961

CIRCLE 465 ON READER SERVICE CARD

IN263 Philco 7.20 :

N ICRNG | e
E 19.

2N263 7.1 12.00

2N334 T.1. 6.50

2N33 T, 0.00

guggs Tra.}\slltron 382 See pages 594, 595

2N389 T Freny of 1960 Electronics

2N196 Philco X Buyers' Guide for a

2N345C Transitron  19.00 QLRI CRINTTT

HA7552 Hughes 4.00

H D6094 Hughes 4.0

1264 T 3.50

Kiiie Oumont  225.00 LIBERTY
umen N

K 1420 Dumont  225.00 ELECTRONICS

IX7500F3 Elmac |5o.00 INC.

$82 BROADWAY
New York 12, N. Y.

CIRCLE 466 ON READER SERVICE CARD
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SEARCHLIGHT SECTION

GET IT from GOODHEART!

0.1% SORENSEN Line Voltage Regulator

#80008, Brand new at
low surplus price! Input
95-130 V., 1 ph,, with

taps for SO or 60 cy. Use
for any power up to S000
watts. Output adjustable
110-120 V and holds to
+0.19% at line frequency,
or to *0.259%, if line fre-
quency drifts 595. Regu-
lates against line changes
of 95.130V and against
load changes from 0 to S
KVA. Maximum harmonics
tess than 304! Recovery
time 0.15 seconds. luput
to the control section can
be moved to the
where you will
power, thus compensating
'm!'”hrtlo d’rol:‘. In rack
cabinet 28" 22” wd, 15”7 dp. Net wt 190 Ibs,
Shpg wt 285 Ibs FOB Utica, N. Y. In original factory
suitable for cxport, including SPARE PARTS
roup. Sorensen catalog net price 1s $695.00
ess spares. Our price. WITH SPARES . $349.50

Other Regulators at Close-Out Prices

Sola 30809: 1 kva: input 95.12% v, 60 ¢y, 1 ph.

Isolated output 115.0 v, =10%, 0.8. o

but unconditionally gua % TR SR o T
Wash. DC, only.... .. PR s eeean $69-50
Same, new, fob Pcnsacola, Fla...... ceeas $79,50
Sola 30811: 2 kva; same input, output, as above

except 0-17.4 amps.
ally guaranteed.
Wash, DC, only ..

Used, but uncondition-
Shpg wt 208 Ibs, fob $89 50

Sola 30710: 2 kva; inputs 95.125 or 190-250 v, 1
ph. 50/60 cy; 1sioated output 115 Vv “104 -I 9
0-17.4 amps. New, 260 Ibs fob Harrisburg $ 2 -so
Sola €CV1: 3 kva; inputs 95.130 or 190-260 v, 60 cy,
118 v +195 0-25.1 A, or 236 v +10

1 ph. Outputs
ntoe $129.50

0-12. Used but uncondifionally’
Superior Stabiline S$-416: Input 175.225 v,
50 60

guaranteed. 300 Ibs fob Brooklyn, N. Y.
3 ph
cy. Output 208 v <105 3 ph, 0.9 kva. Cabinet.
metered. 'Net 385 Ibs, gross 460 Ibs. Core 395.00
rectron 0.1 second/v.’ New, fob N.¥. Gity D o

Superior Stabiline EMT 6210Y: Samc as above except
input 195.255 v, 3 ph 50/60 cy and output 230 v
+195 0-10 kva Same welz ts. New. Catalog 495 oo
price $1055.00. FOB N.Y. City, only. $ .

Radio RCVR and/or Spectrum Analyzer
AN /APR.-4 Receiver Unit, ready to accept plugein tun-
ing units from 38 to 4000 mc. This s the 30 mc I.F.
ampl. with choice of 0.6 or 4 mc pass band, for com-
munications or for Noise & Spectrum analysis. Has
built-in 120 v. 60 cy power supply, Panadapter out.
put, Video output, Phones outputs, S-Meter, BFO, and
Volume control. DO NOT CONFUSE with the much
oag-er”mod‘:l ?PN-I;‘ this 13 APR-4! Certified OK
an aligne ess  tunin units, fob Los
Angetes 1oL e 9L N I 169,50
Add $20.00 cach for TN.16, 17, 18/APR-4,
tune 38-1000 me. TN-19 (1000.2250 me. . $59.50

Signal Sources You Will Enjoy Owning

All certified accurate and satisfaction guaranteed.

Hewlett.-Packard 100D Low-freq. standard...$349.50
Rutherford D2 calibrator, similar above . $249.50
Meas. 2798 Pulse Gen., 06-100 kc, new $97.50

1-208, FM. 1.9-45 mc, harm. to 180 mc. 549,
AN URM-258, .01-50 mc *1,2%0, xt!, usvoiter.$349.50
AN URM-25E, .01.50 mc *1 290, xt!. u.volter. 5399 .50
¥5-413A U, .075-40 mc +18,, xtl, u-volter.$349.50
TS-497A URR, 2:400 mc +12%, microvolter.$349.50
SR Federal 804, B:330 mc microvalter.

¥S.47, $00 mc “19%. harm. to 3 kmc $97.50
LAF-2, 90-600 mc *19% microvolter $89.50
LAE-2, 520-1300 mc 195 microvolter $119.50
Meas. Mod. 84, 300-1000 mc u-volter . $179.50
Kay Megamatch, 10-900 mc swept freq £379.50

MIT MODEL 9 PULSER
1 MEGAWATT-HARD TUBE

Output pulise power 25KV at 40 amp. Max duty
ratio: .002. Uses 6C21 puise tube. Puise duration
.25 to 2 microsec. Input 115 volts 60 cycls AC.
Includes power supply in separate cabinet and
driver. Fully guaranteed as new condition. Full
Desc. MIT. Rad. Lab. series ‘‘Pulse Generators.'
Vol. 5 pg. 152,

MIT MODEL 3 PULSER
Output: 144kw (12kv at 12 amp). Duty ratio: .001
max. Pulse duration: .5, | and 2 micro sec. Input:
115v 400 to 2000 cps and 24vdc. $325 ea. Full desc.
Vol. 5 MIT Rad. Lab. series pg. (40.

AN/AAS-6

complete. New $5500.

AN/TPS-1D RADAR

500 KW. 1220-1350 MCS. 160 nautical mile search
range P.P.l. and A Scopes. MTI. Thyratron Mod.
5)26 Magnetron. Like new. Complete system incl.
Spare parts and gas generator field supply.

Infrared Detection System. —l

550

RADIO RESEARCH Ll
INSTRUMENT CO.

JUDSON

TUBES OR COMPONENTS . . .
YOU MUST HAVE A COPY OF

THE NEW 1961
*'“GREENSHEET"

* A complete catalog of specialized industrial
electronics tubes and components . . . featur-
ing BARRY ELECTRONICS savings to industry.
Circle Reader Service Card #4460 . . . for
your copy.
We carry the largest, diversified stock

of unused tubes . . . in the country!

Authorized Factory Distributors For:

¢ WESTINGHOUSE + NATIONAL

ELECTRONICS » CBS * CORNELL-DUBILIER
HEVI-DUTY *« STANCOR
* TUBES * SEMICONDUCTORS -
CAPACITORS * TRANSFORMERS and METERS *
(Member of NEDA)

——Are you going to the IRE show March 20-237—
It you are plan to visit eur presmises for satue
real unadvertised bargalns'

Barry's Hours the WEEK of the IRE SHOW
Monday-Friday 9 am. to 6 pm
Saturday 10 a.m. to 4 p.m.
Directions trom the Coliseum
Subway BMT Bway Local Downtown to Prince 8t
Subway IRT Ler. Local Downtoen to Spring St
Bus Dotentown Broadway #6 to Spring st
Car 4 Blocks North I'ptewn of Canal St

80000000080 000800888808888888808800.

Tuning-Fork Low-Frequency Standards
400-A: 400 cy =
.0010% Am. Time
Prod. fork module
supplied by regulated
pwr sply and amoh.

various imped.’s thru
amplitude control.
Unit also provides fll.
tered DC and heater
AC handy for power-
ng other equipment
All controls & outputs
on front panel, 6"x9"
x14" dp. New, w
chematic.

24 1bs

fob Los Ang. $79.50

400 cy osc. module from above, includes the $125.00

fork! Needs 150 vdc & 6.3 vac Unused, $37 so
guaranteed, w/schem 2 Ibs fob Los Angeles -
Same but module partly cannibalized. Un-

used, guartd; 2 Ibs fob Los Angeles. ... . $9°9s
Varo 6228, 400 cy *0.19,. Complete osc. 1n H.S.
case; needs 28 vdc, 1.2A. New, with $27 so
schem. guartd; 2 Ibs fob Los Angeles .

Philamon Labs 400 cy osc. complete, +.0%59,. Necds
28 vdc. 180 ma. New, guaranteed wlth$29 50
schematic. 2 Ibs fob Los Angcles . .

Same as above except S00 cy +.059%, New,
guartd: w/schem. 2 1bs fob Los Ang. ‘N o $29-50

1000, S00. 250.0535

& 621 * ¢

7" x a'z'. 1 c plua-in R —
fork 2003, 7 12AT7's i F.

and 4 Walkirt plug-in
binary flip-flop count-
downs, each usable from
25 ke to O. NEW, Tes‘ed
and guaranteed, ready
to use. Requires exter.
nal 250-300 v.d.c., 3% N
ma., & 6.3 v.a.c., 2.1
a, both handy at front
panel of the :400-A de-
scribed  above,  With l

'l
i
—

\

]2

schematic and circurt

information. Shpa, wt

4 Ibs FOB

Los Angeles $79's° )

R. E. GOODHEART CO.

P. 0. Box 1220-E Beverly Hills, Cafif.

— HIGH QUALITY AT SENSIBLE PRICES —

m“f;?;?;’?;’]& H ﬂ
BAR
coaponurlousg

512 BROADWAY, NEW YORK 12, N. Y. 3
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TS117/AP FREQUENCY METER

10 cm, 2400 to 3300 mes calibrated Wavemeter
with crystal mount and resonance meter. Mfg.
Sperry. Ncw. $149.50 each.

CARCINOTRON

Type CM 706A Freg. 3000 to 4000 mcs.
CW output 200 watts mim. Factory New.

2C40 LIGHTHOUSE CAVITY

AN/APWI11A transmitter cavity for 2C40. Com
plete 8 band coverage at max. power. Temperature
compensated. New $77.50 ea.

AUTOMATIC TRACKING RADAR
SCR 584 is in like new condition, ready to go, and
in stock for immediate delivery. Fully Desc. MIT
Rad. Lab. Series. Vol. I, pp. 207-210, 238, 284.

ANTENNA PEDESTAL
SCR 584—MP 61B

Full azinuth and elevation sweeps. 360 degrees in
azimuth. 210 degrees in elevation. Accurate to |
mil. or better over system. Complete for full track-
ing response, Angle acceleration rate: AZ. 9 de-
grees per second squared EL.4 degrees per second
squared. Angle slewing rate: AZ 20 degrees per
sec. EL. 10 degrees per sec. Angle tracking rate:
10 degrees per sec. Quantity In stock for immediate
shipment.

Complete description in McGraw-Hitl Radiation
Laboratory Series, Volume |, page 284 and page
209, and Volume 26, page 233.

CIRCLE 468 ON READER $

Tor A Hat
SILICON v RECTIFIERS

FROM 250 MA TO 6-12-1B & 35 AMP
FACTORY DIRECT. Exciusive Distributors for Name
Brand. Immediate Delivery. All Type:

750 MA. RECTIFIERS GUAR.

Input Working Range RMS/ACVY Res. or Cap.
PISVO,'I;r;S PIV. . RMS PIV RMS PIV RMS

10070 200 140 300 210

.15 ea. .25 ea. .30 ea. -40 ea.
PIV RMS PIV RMS PIV RMS PIV RMS
400 280 $00.350 600’420 700 490
ea. .68 ea. .75 ca. 90 ea.
PIV/RMS PIV RMS PlvV RMS PIV RMS
800 'S60 8900 630 1000 700 1100 700
.98 ea. 1.15 «a. 1.885 ca. 1.78% ea.

Designed for Bridge or C.T. up to 75|0ml b.C.

SPECIAL!! All Purpose Rectificr 400 piv 250ma
s ea 25 tor $7.50
DISTRIBUTORS—OEM—EXPORTERS
WRITE QTY PRICES
1HW.1W-2W,

SPECIALS: 100 Difterent Pres. Res.
1205, 10, Tol, Only $1.707c.
+ 100 ASST. RADIO & TV KNQOBS Pushons $1.90 c.
e 100 MA Sclenium Rectifiers .39 ca.

All Material Guaranteed. $2.00 min, order.
F.0.8 YC Include check or money order.

CO.

wWo 2.8727

Orders
.0.8. Shpg
charges plus

WARREN DIST.

NYC 7, NY 87-89 Chambers St.

. orders 259, down,

CIRCLE 469 ON READER SERVICE CARD

lab grade TEST EQUIPMENT for sale

standard brands—military surplus
{new or professionally reconditioned)
experienced problem solvers and budget-
cutters

ENGINEERING ASSOCIATES
434 Patterson Road Dayton 19, Ohio

CIRCLE 470 ON READER SERVICE CARD

SEARCHLIGHT Equipment Locating Service

NO COS5ST OR OBLIGATION

This service i aimed at helping you, the reader of “SEARCHLIGIT,
and components not currently advertised.

new and usred electronic equipment
service is for TRER-BUYERS only )

How to use: Check the dealer ads to see if what you want is not currently advertised.
If not, send us the specificatiuns of the equipment wanted on the coupon below, or on your

own company letterhead to

Searchlight Equipment Locating Service
¢/o ELECTRONICS, P. O. Box 12, N. Y. 36, N. Y.

Your requirements will he brought promptly to the attention of the equipment dealer adver-
You will receive replies drectly from them.

tising in this section.

Searchlight Equipment Locating Service

c¢/o ELECTRONICS, P.O. Box 12, N. Y. 36, N. Y.
Please help us locate the following equipment components.

to locate Surplus
(This

CIRCLE 467 ON READER SERVICE CARD
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Completely self-con-
tained portable power
units for operating or
field testing 400 cycle
alrcraft electronic and
electrical equipment.

6.3 KVA, § KW, Model PU-
104/U, single or three phase,
120/208 volts, 400 cycles. Per-
manent magnet alternator,
made by Motoresearck Co.
Hercules model ZXB, four cylin-
der liquid cooled engine. Direct
coupled to generator. Operaiing
speed 1714 RPM. Crank start,
magneto ignition. Noise sup-
pressed.Instrumentpanel
equipped with A.C. voltmeter,
ammeter, frequency meter,
switches and controls. Dimen-
sions: 22" wide, 37” long, 317
high. Shipping weight 560 1lbs.
FOB Chicago. GOVT. SURPLUS

400 CYCLE PORTABLE ELECTRIC GENERATOR SETS

12.5 KW, single phase or three
phase, 400 cycle, 28 pole, 1714
RPM. Delta Connection: 120
volts, 3 wire, 3 phase, 12.5 KW,
75 amps., or 120 volts, 2 wire,
10 KW, 104 amps. per leq, 1
phase. Wye connection: 120/208
volts, 4 wire, 3 phase, 43 amps.
per leq. Gasoline driven, Willys
Jeep Engine, O‘'Keefe Merritt
type PM-15 Alternator. Shipping
weight 1220 1bs. FOB Chicago.
Used — serviceable condition.

No. AS911 Our price. $645-90

37.5 KVA, 30 KW @0.8 PF, 120/
208 or 240/416 volts, 3 phase,
400 cycle, 4 wire, 1714 RPM.

SEARCHLIGHT SECTION

Delco Alternator direct coupled
to Continental gasoline engine,
type M 330. Radiator cooled,
skid mounted, 24 volt battery
start, housed, with pre-heater
for cold weather starting. Com-
plete control panel has full en-
gine and generator instruments,
circuit breaker, voltage regula-
tor, etc. Dimensions: 95” long.
32” wide, 60” high. Shipping
weight 3500 lbs. FOB Chicago.
Used — serviceable condition.

No. AS912 Our price$1845-00

Write todoy for new 1961
CATALOG of equipment bor-
goins. Tremen-

dous sovings on

—New Condition. No.
Qur Price

AS910 Hercules Electric Machine &

Equipment Co., Model 30-W-400.

1139 S. WABASH AVE., DEPT. AS-2, CHICAGO 5, ILLINOIS WEbster 9-3793

hundreds of
items. FREE,

CIRCLE 471 ON READER SERVICE CARD
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ELECTRONIC PRODUCTION
PROGRAMMER

Programs Production Automatically!

Regulates and controls manufacture of
electronic components, packaging, boxing,
heat treating, encapsulating, baking and
wide range of industrial operations.
Controls a total of 14 ditferent functions—
six of which are recorded on Veeder Root
counters. Contains gear train with provi-
sion for easy variable ratio adjustment—
by hand—of both sequence and duration
of each function.

Compact aluminum box, 10" x 43,4 x
814", weighs only 1l lbs. By interlocked
system of cam and odometer operated
microswitches and relays, this program-
mer provides on-off control all 14 func-
tions up to a period of 7 days, depending
on preset adjustments. Operates on 6 vde.
Contains 10 rpm chronometer-type Hayden
Motor No. H5305 operating on cyclic sched-
ule, and Hayden Motor No. F5793 to drive
cams, microswitches and odometers.
Built for government use with Mil quality
materials and components. Complete
schematic and wiring information included.
Brand new with all connecting plugs.

taction guarantesd. F.0.B. sl 2 5_[]0
STANDARD ELECTRONICS, INC.

North Hollywood, Cal.
Dept. E

5205 Lankershim Blvd.
North Hollywood, Calif.

58

LICENSABLE PORTABLE
RADIOPHONE
AT A LOW SURPLUS PRICE!
TYPE-APPROVED BENDIX MRT-9A!

Bendix modified their FCC-approved MRT-9A
for Military remote control by altering cabinet,
controls, etc., but no changes in receiver or
transmitter. These are unused surplus changed
back te MRT-94 by 1st Class licensee. g0 specify
MRT-9A in veur license application. 138-174 me

FM ; deviation =15 ke max. at 100% mod. Revr
& xmtr each 1 freq., same or different. Shipped
ready to use with crystals and set peaked for
frequencies you specify. Net wt 10 Ibs. RF
emission 1 W min. Dual-conversion superhet
revr sensitivity 1 uV. Adjustable squelch and
volume. Has 6 V DC vibrapack: you can re-
place with 3 673 and 6 13 V dry cells. Please do
NOT circle Readers Service Card number ; either
order or ask specific questions. Thanks.

Each $-| 7950

only
FOB LOS ANGELES

R. E. GOODHEART CO.

P. O. Box 1220-E Beverly Hills, Calif.

IV
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$ 14 VOLT-DC POWER SUPPLY %

®BRAND NEW .. IN

INPUT:

115 Voits-60 Cycles
OUTPUT:

14 Volts @ 2 Amps
Filtered and
Completely Housed

6 West B'Way. e« New York 7, N.Y. e REctor 2.0270

ORIGINAL CASES®

FOR LEASE

Gettysburg, Penna.—Lease Modern offices &
showrooms, 23,000 sq. ft., all or part, will
alter, for particulars, contact Lee Hartmen,
Realtor,
ED 1-1713.

Hanover St., Gettysburg. Ph.

F.0.B.—N. Y,

Employment Opportunities

95
Complete 5" 4

vk STEPPING RELAYS 3%
Resertable 12 VDC coils, 3
féek. Itl'l uos.t w/add. 1A &

contact a
reset position 5895

ADVANCE ELECTRONICS

214

tronics.
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POSITION WANTED

German electronic Engineer 26, bachelor,
years development,
test at digital computer with vacuum-tube
but especially transistors.
Class. Adv. Div., P.O. Box 12, N. Y.
36, N. Y.

construction, end-

PW-6046, Elec-

15
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- TAPE CORES
TO MEET YOUR

~ TOUGHEST

SPECIFICATIONS

. Speed your specs to Dynacor |
. when you want square-loop tape |
cores to exact requirements—fast!

, Here you'll find a dependable |
r | combination of personnel, expe-
)

rience and facilities—the know-
i, how to deliver parameters to
:‘ your very tightest tolerance re-
' quirements for switching time,
flux, and noise.
‘ Dynacor Square-Loop Tape

l Cores are manufactured with the
! high permeability alloys—Grain-
i Oricnted 50-50 Nickel Iron, 4-79
I Molybdenum Permalloy, and

Grain-Oriented 3% Silicon Iron

. with fully guaranteed uni-
formity . . . under rigid standards
of control and inspection.

Look to Dynacor for reliable
production and swift delivery of
your tape core requirecments. For ‘
' your convenience a full linec of |
standard units are stocked for im- |
§ mediate off-the-shelf delivery— |
" Send for bulletins DN 2000, DN |
2001, DN 2002. \

-,

St =

0R/

DYNACOR, INC.

A SUBSIDIARY OF SPRAGUE ELECTRIC €O,
1006 Westmore Ave.
Rockville, Maryland

116

' SQUARE-LOOP |
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INDEX TO ADVERTISERS

fbp

Audited Paid Circulation

*AC Electronics Division, .......... 7
®*AMP. Inc. ...........cciivunnn. 56
Aeronautical Communications Equip-
ment Incorporated ............ 54
Air Express ..... e 46
Allen-Bradley Co. ....... ooy . oy 89
Alpha Wire Corp. . ..vvvvernne... 50
American Electronics Labs., Inc.... 6
Armour Research ............... 107
*Baird-Atomic, Imc. .............. 50

*Barnstead Still and Sterlizer Co..... 11

*Bendix Corporation

Bendix-Pacific Div. ............ 47
Red Bank Div. ............... 21
SSNtITaNDI VIR ¢ 5o m @ oo oxes 5
Black & Webster, Inc. ........... 104
*Borg Equipment Div, Amphenol-Borg
Electronics Corp. ............. 37
Bruno-New York Industries Corp.... 108
Burroughs Corp. ............... 41
Burton-Rogers Co. .............. 111
*CBS Electronics ................ 49
*Celco Constantine Engineering
Lahoratories Co. .............. 96
®*Clairex Corp. ........... hboITY < 111
Clare & Co., C.P.............. 52, 538
*Cohn Mfg. Co., Inc. Sigmund....... 103
Computer Engineering Associates,
Inc. ... . i i e . 106
Consolidated Electrodynamics 22, 23
*Consolidated Resistance Co. of
America .....cpc 000000 nnn 117
*Constantine Engineering Laboratories
Co. ...... v 00 olbs 20 do 0 96
*Cosmic Condenser Co. ...... ‘e 108
Delco Radio ....vveviersoenenns 2
*Delta Design .cceevivviivesessns 109
Dynacor. Inc.,, A Subsidiary of
Sprague Elec. Co...crvevev.eves 116

*Eitel-McCullough, Inc. .......... 38
Electronies ................ 107
Espey Mfg. & Electronics Corp. 35

*FXR.Inc, ..... 955000 oo 8 3
Friedrich & Dimmock, Inc......... 109
Garrett Corp. .............00.0... 105

*General Electric Co.
Rectifier Components Dept... .16, 17

Semiconductor Products Dept.... 99
Graphic Systems ............... 106
Gries Reproducer Co. ........... . 112
Hayes, C. I, Inc...... oo 8on it BANS 104
Helipot Div. of Beckman Instruments,

Incorporated ................. 110

*Hewlett-Packard Co. ........ 2nd Cover
Hitachic Ltd. .olcstmee:.. 8. . 11
*Hughes Aircraft Co. ............. 11
Institute of Radio Engineers...... 98
®*Instrument Development Laborato-

ries, Inc. ................... 36

®International Telephone & Telegraph

Corp., Components Div. ........ 31
*Jennings Radio Mfg. Corp.......... 82
®Jettron Products Inc. ............ 7
Jones, Howard B., Div. of Cinch Mfg.

GO biotoioii 5 e o ool mbi . oo n Bl 103

* See Advertisement in the July 20, 1960 issue
of Electronics Buyers’ Guide for complete line of

products or services.
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Just Flip the Pages

|
and site-see Minnesota from your '
desk! 144-page book describes in
detail latest industrial data on 198 ‘
Minncsota cities and towns. Avail-
able sites; local contacts; natural I
resources; local financing; trans-
portation and utilities; recreational
advantages—this book tellsyouall!
Write, onyour company letterhead. l

Dept. of Business Development,
302 State Capitol, St. Paul 1,

CIRCLE 216 ON READER SERVICE CARD

—8090— RESISTORS

FIXED o ADJUSTABLE
PRECISION ¢ ULTRA-PRECISION
Ultimate Reliability: Unparalleled no re-

jects” record since 1953

.01% resistors are made

to order in 24 hours.
Hundreds of standard

types and models. |

CRCA

!(E)auunm P
R-65

Immediate
Deliverahility:

Largest Selection:

PRODU
Rotohmeters*: Minute,
Ultra-Precision User
Adjusted Resistors

Sepai ety
Plug-Trims* Plug-in Re-
sistors and Socket Blocks
for Divider, Decade or

| Trimier Assemblies
Instruments:

.0002°¢ Voltage Dividers

.01% Wheatstone Bridges

.01% Resistance Decades

Banana-Plugs Resistors*: ""-"-""
Axial, Radial, & One Sided  lz=o R-44 |
Types, Also Jacks 0 ¢

" RStacks*: Multi-Tap,
Fixed and Adjustable $=E==) R-40 [
Resistors and Dividers

BAANAAL o e g T L L L L L] - |

Series “200's': Standard |

design Lug and Wire Lead jﬁ R-28

Resistors
*Patents Applied For
For abbreviated performance data see specs
below or EEM, 1960 edition, page 1263.
GENERAL RESISTOR SPECIFICATIONS

Type: Wire-wound, also carbon
and metal film.

Range: .01 ohms thru 20
Megohms

Absolute accuracy: 19, thru .005% (at 26°C)

Relative accuracy: thru .001%

Long term stability:  thru .001%

Temp. coefficient:
Power dissipation:

thru 2 ppm/°C.
thru 3 watts at 1256° V.

MIL. Specs: MIL-R-93A and
MIL-R-9444
(applicable sections)

DELIVERY: 4 weeks regular, 1 week

thru 24 hours—Special

CONSOLIDATED RESISTANCE COMPANY

OF AMERICA, INC. !
44 Prospect St., Yonkers, N.Y. Y0 3-5%00

CIRCLE 217 ON READER SERVICE CARD
February 10, 1961

*Kay Electric Co. ... ovvvcvreveans 85
Keithley Instruments............. 96

*Kintel,A Div. of Cohu Electronics,
Inc. =& RS PVd AW 1. & 3rd Cover

Kyoritsu Electrical Inst. Works, Ltd. 50

Minnedpolis-Honeywell Regulator Co.

Precision Meter Div. .. ......... 95
Minnesota, State of. ... .......... 117
Mitsumi Electric Co., Ltd......... 90
Optical Gaging Products, Inc....... 12

Ozalid. A Div. of General Aniline &

Film Corp. 48

Pacific Semiconductors, Inc. ¢ceccc BB

SR C A ..ovnernveesessesss AthCover
+Radio Frequency Laboratories, Inc.. . 100
Rantec COrp. . .. oo coveovonceenn 27
*Raytheon Company ......... 5, 20, 79
Ridgefield Instrument Group....... 32
Ross Company, Milton ........... 33
Sangamo Electric Company ....... 42
Sarkes Tarzian Inc. . ............ 83
*Secon Metals Corp. ......... ... 106
*Sierra Electronic Corp. ........ 3 8
#Silicon Transistor Corp. ......... 93
sSouthern Electronics Corp......... 112
Space Technology Lahs, Inc....... 15
Spectrol Electronics Corp. ..... 13
Sprague Electric Co. ..........18 19
Statnetics Corp. .........cc...0 107
Struthers-Dunn  .......cce000-0. 39

* See Advertisement in the July 20, 1960 issue
of Electronics Buyers’ Guide for complete line of

products or services,

WHAT
do

you need to know
about...

PURE
FERRIC
OXIDES

MAGNETIC
IRON
OXIDES

MAGNETIC
IRON

POWDERS

>

Since final quality of your production of
ferrites, electronic cores, and magnetic
recording media depends on proper use
of 3 specialized groups of magnetic
materials . . . you'll find it mighty helpful
to have all the latest, authoritative
technical data describing the physical
and chemical characteristics of each.
This information is available to you just
for the asking. Meanwhile, here are
highlights of each product group.

PURE FERRIC OXIDES—For the pro-
duction of ferrite bodies, we manufac-
ture a complete range of high purity
ferric oxide powders. These are available
in both the spheroidal and acicular
shapes, with average particle diameters
from 0.2 to 0.8 microns. Impurities such
as soluble salts, silica, alumina and
calcium are at a minimum,

MAGNETIC IRON OXIDES—For mag-
netic recording—audio, video, instru-
mentation etc.—we produce a group of
special magnetic oxides with a range of
controlled magnetic properties. Both the
black ferroso-ferric and brown gamma
ferric oxides are available.

MAGNETIC IRON POWDERS—For the
fabrication of magnetic cores in high-
frequency, lele-communication, and
other magnetic applications, we make a
series of high purity iron powders.

If you have problems involving any of
these materials, please let us go to work
for you. We maintain fully equipped
laboratories for the development of new
and better inorganic materials. Write . . .
stating your problem . . . to C. K. Williams
& Co., Dept. 25,640 N. 13th St., Easton,
Penna.

COLORS & PIGMENTS

C. K. WILLIAMS & CO.

EAST ST. LOUIS, ILL. <« EASTON, PA,
EMERYVILLE, CAL.

CIRCLE 117 ON READER SERVICE CARD M7
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IT'S READ MORE
BY ALL 4!

electronics magazine interprets elec-
tronics for electronics men every
week. The latest components, eco-
nomic trends, military applications.
Technical data you’ll want to file and
keep. Get the facts first with a per-
sonal subscription (don’t be low man
on. a routing slip). Mail the reader
service card (postpaid) to
electronics, the magazine that helps
you to know and to grow! Rates:
three years for $12, one year for $6;
Canadian, one year for $10; foreign,
one year for $20. Annual electronics
BUYERS’ GUIDE (single issue
price $3.00) included with every sub-
scription,

subscribe today to

electronics

118

*Technology Instrument Corp. ...... 97
Telrex Laboratories ......ece..... 90

*Tung-Sol Electric, Ince +.evevus.. 81

Ungar Electric Too! ...e0.0000sss 98

United Shoe Machinery Corp...... 91

Veeco Vacuum Electronics Corp.... 34

*Vitramon, Inc.

Weston Instruments .. .. ceeas 458
......... 40

*Williams & Co., C. K........,.... 117

*Wheeler Electronic Corp.

CLASSIFIED ADVERTISING
F. J. Eberle, Business Mgr.

EMPLOYMENT OPPORTUNITIES... 115

EQUIPMENT

(Used or Surplus New)

For Sale .............. seesesane...113-115

ADVERTISERS INDEX

Advance Electronics ................... 115
Barry Electronics Corp................. 114
Engineering Associates ................ 114
Goodheart Co.,, R. E.............. .14, 115
Groban Supply Co. ..................... 115
Lectronic Research Laboratories Inc.... 113
Liberty Electronics Inc. ............... 113
Radio Research Instrument Co........... 114
R W Electronics Inc................... 113
Standard Electronics Inc................ 115
Y Y o N SR S 113
Universal Relay Corp................... 113
Warren Dist. Co. .........covuu.n.... 114
Western Engineers .................... 113

This index and our Reader Service Numbers are pub-
lished as a service. Every precaution fs taken to make
but ELECTRONICS assumes no re.

sponsibilities for errors or omissions.

them accurate,

electronics

Audlt Bureau
of Circulations

By

Assoclated Business
Publications

Audited Paid Circulation

BRUCE A. WINNER,
Advertising Sales Manager

R. S. QUINT, Assistant Advertising Sales Man-
ager and Buyers’ Guide Manager; FRED
STEWART, Promotion Manager; RICHARD J.
TOMLINSON, Production Manager; GEORGE
E. POMEROY, Classified Manager; HUGH J.
QUINN, Circulation Manoger.

ADVERTISING REPRESENTATIVES: NEW YORK
Donald H. Miller, Henry M. Shaw, George F.
Werner; BOSTON William S. Hodgkinson,
Donald R. Furth; PITTSBURGH David M.
Watson; PHILADELPHIA Warren H. Gardner,
William J. Boyle; CHICAGO Harvey W.
Wernecke, Martin J. Gallay; CLEVELAND
P. T. Fegley; SAN FRANCISCO T. H. Carmody,
R. C. Alcorn; LOS ANGELES D. A. McMillan,
Marshall DENVER J.

Freeman; Patten;

ATLANTA M. Miller; DALLAS Robert T Wood;
LONDON Edward E. Schirmer; FRANKFURT
Stanley R. Kimes; GENEVA Michael R. Zeynel.

BRANCH OFFICES: National Press Bldg., Wash-
ington 4, D.C.; McGraw-Hill BIdg., Copley
Square, Boston 16; Four Gateway Center,
Pittsburgh 22; Six Penn Center Plaza, Phila-
delphia 3; 520 North Michigan Avenue, Chicago
11; 55 Public Square, Cleveland 13; 68 Post
Street, San Francisco 4; 1125 West Sixth St.,
Los Angeles 17; 1740 Broadway, Denver 2; 1301
Rhodes-Haverty Bldg., Atlanta 3; 901 Vaughn
Bldg., Dallas 1; McGraw-Hill Publishing Co.,
Ltd., 34 Dover Street, lLondon, England; 85
Westendstrasse; Frankfurt/Main; 2 Place de
Port, Geneva.

electronics
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Less than 2uv of drift for over 400 hours of contin-
uous operation! That’s just one of the many outstand-
ing features of KINTEL’S new 112A wideband DC
amplifier — the unit that is the successor to Kin TEL’S
111 series DC amplifiers. Frequency response is from
DC to beyond 40 ke, output capability up to 45
volts. It has an integral power supply, fits the same
cabinets and modules, and can be used to replace any
KiIN TEL Model 111 amplifier.

HIGH ACCURACY. The 112A amplifies microvolt-level
signals from DC to 2 ke with a gain accuracy of
+0.5% on any gain setting, better than +0.01% accu-
racy on individual gain settings by means of the
Micro-Gain adjustment.

RELIABILITY. Overall dissipation has been reduced and
reliability enhanced by replacing the tubes used in
the 111 amplifier power supply with silicon rectifiers

. . . . —
in the 112A. Special heat.conducting shields, heat Immediate delivery from stock in reasonable quantities.
sinks, and an improved mechanical layout further Representatives in all major cities.

5725 Kearny Villa Road, San Diego 11, California, Phone: BRowning 7-6700 ___ A~ DVSioN OF

196

AN

197 198 199 200 201 202 203 204 205 206 207 208

W 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338

349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364

375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390

401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416
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400 HOURS

OF

AMPLIFICATION!

improve cooling efficiency. Polystyrene capacitors
are used in all critical areas. Rugged, militarized
components are used wherever compatible with
required performance characteristics. Write

today for technical information or demonstration.

PRICES:

112A Amplifier with a 112A-A plug-in unit that
permits 10 gain steps from 20 to 1000 with 1
to 2 times vernier adjustment at each step... $625

112A Amplifier with a 112A-B plug-in unit that
converts the amplifier to a +1 unit having

an input impedance over 10,000 megohms, a gain
accuracy within £0.001%...$615

195 Single amplifier cabinet... $125
191A Single amplifer 19” rack module ... $150
190 Six amplifier 19” rack module. .. $295

ELECTRONICS, INC.
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¥
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RCA-6CW4 NS

For High-Fidelity FM Tuners. HARMAN-
KARDON, nationally recognized as a manu-
facturer of stereo and hi-fi components of the
highest quality, has designed the front end of its
Citation IIT FM Tuner to take advantage of the
exceptional performance capability of the RCA-
6CWd nuvistor triode. Why ? Because in the words
of Harman-Kardon, “The revolutionary nuvistor
furnishes the lowest noise figure and highest sen-
sftivity permitted by the present state of the art.”

TUNER TRIODE

“The lowest noise figure and highest sensitivity

permitted by the present state of the art” IRl kardon|

For Television Tuners. RCA-6CW4 nuvistor
triode in VHF TV Tuners makes possible satis-
factory reception in fringe areas and other loca-
tions where signal levels are extremely weak. This
tiny tube with giant performance gives RCA
Victor's New Vista tuner up to 45¢; more picture
pulling power in weak signal areas than the best
tuner previously available. It has proved so suc-
cessful that RCA Victor has introduced 12 new
color-TV receivers with the nuvistorized tuner.

Nuvistors can make extraordinary contributions to industrial and military as well as entertainment
electronics. Discuss them soon with your RCA Field Representative or write Commercial Engineering,

RCA Electron Tube Division, Harrison, N. J.

... The Most Trusted Name in Electronics
@ RADIO CORPORATION OF AMERICA
RCA FIELD OFFICES: ®

EAST: 744 Broad Street, Newark 2, New Jersey, HUmboldt 5-3900 - MIDWEST: Suite 1154, Merchandise Mart Plaza, Chicago 54, Illinois, WHitehall 4-2900 -
WEST: 6355 E. Washington Blvd., Los Angeles 22, California, RAymond 3-8361 - 1838 ElI Camino Real, Burlingame, California, OXford 7-1620.






