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Creative Microwave Technology

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 8

NEW RAYTHEON HEATERLESS AMPLITRONS EXCEED 1,000 HOURS AT RATED POWER OUTPUT

Two new 3-megawatt, S-band Amplitrons
have demonstrated an operating life of
more than 1,000 hours at rated power out-
put. The QK-622 covers the 2,900 to 3,100
Mc band; the QK-783, the 2,700 to 2,900
Mc band. Both tubes supply full power with
low phase pushing characteristics over
their entire operating bands at effici-
encies greater than 70%--making them un-
questionably the most highly efficient
microwave tubes thus far developed.

Tubes may be operated at reduced peak power
levels to serve as driver stages. High
efficiencies are retained at peak power
of 600 Kw and gain of 10 db.

Exceptionally long tube life is made pos-
sible by the fact that no cathode warmup
is required. Starting takes place when-
ever RF input is present prior to applica-
tion of modulating pulse. Heater supplies
maybe omitted entirely fromthe equipment.

Applications include power-amplifier
stages for long~range radars. The tube has
been used successfully as an RF power
source for linear accelerators.
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Typical Operating Characteristics
(QK622 and QK783 Amplitrons)

Peak Power Output (min.)............ 3 Mw
Average Power Qutput................ 15 Kw
Pulse Duration ..................... 10 sec
Band Width ......................... 200 Mc
DutyCyecle .......... ..., .005
Pulse Voltage ............covvuunn.. 50-55 Kv
Peak Anode Current .................. 65 amps
Efficiency........covviiinninnn... 70%

RFEInput ......covviiininiiinnannn.. 475 Kw

T 1T
+— /04» J—

—
2900 Mc
—e L

PULSE WID TH- 104-:!
Du=.005

F DRI VE— 4'80 kw
1

] 20 40 60 80 IOO 120140 160 180 200220240 260 280300320
ANODE CURRENT-MA

You can obtain detailed application information

Excellence in Electronics

and special development services by contacting:

Microwave and Power Tube Division, Raytheon

Company, Waltham 54, Massachusetts

/ A LEADER IN CREATIVE MICROWAVE TECHNOLOGY
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slide actuation
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In Canada: Honeywell Controls Limited, Toronto 17, Ontario

Honeywell

MICRO SWITCH Precision Switches

HONEYWELL

this small, dependable switch

A division of Honeywell

Here are ten “SM” subminiature switches equipped with ten different
integral and auxiliary actuators that contribute to the great versatility
of these dependable, small switches. For ten years MICRO SWITCH sub-
miniature switches have been the choice of designers who require switches
of high electrical capacity which can be mounted in small space.

For complete information on the MICRO swiTCH lines of subminiature
and sub-subminiature switches, we invite you to contact your nearby
MICRO SWITCH branch office, or send for Catalog 63.

MICRO SWITCH ... FREEPORT, ILLINOIS
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Lambda Power Supplies specified
for newest radar installation

“‘Off-the-shelf” Lambda power supplies
—modified only with special panels, MIL
meters and tubes—will be part of the
complex radar equipment housed in the
85-foot tower at Thomasville, Alabama,
one of four identical installations.

Meet MIL-E 4158 environmental test requirements

Sperry Gyroscope Co., operating under the technical guidance of the
Rome (N.Y.) Air Development Center, is producing the new SAGE
radar equipment (AN/FPS-35). The power supplies employed to
power transmitters and receivers must be able to pass stringent tests.

Sperry’s choice: Lambda’s COM-PAK? already widely used as a
component in many rocket and missile programs.

All Lambda stock industrial power supplies are made to MIL quality
and guaranteed for five years. They are pictured and described in
our 32-page catalog. Write for your copy.

LAMBDA ELECTRONICS CORP.

11-11 131 STREET o COLLEGE POINT 56, N. Y. ¢« INDEPENDENCE 1-8500
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SHOPTALK . . . editorial

FOREIGN COMPETITION. Increasing competition for leadership
in electronics, from beyond the borders of the U.S., is a fact of our
engineering and business life today.

e Japanese transistor imports are still under fire, but this week the
fire is being returned. Rising-Sun trade associations have filed a sharp
rebuttal to claims that the import level is endangering U.S. national
defense. Washington sources indicate the unlikelihood of additional
import curbs at this time.

* Canadian broadcasters are showing a keen interest in stereophonic
radio. Without benefit of complex committees, a Montreal station will
soon be on the air with a-m/a-m stereo for about two hours a day.
Plans are afoot to make a-m stereo receivers available in the near
future. Meanwhile, listeners will most likely use two separate sets
placed six or eight feet apart,

e European missilemakers may become prime suppliers of short-
range antitank wire-guided missiles for the U. S. Army and Marines.
This would represent a high-production business amounting to tens of
millions of dollars a year. We are currently buying a few French and
German antitank missiles for evaluation.

Growing concern of U.S. manufacturers regarding foreign competi-
tion can be healthy. Keys to the future include improvement in prod-
uct quality, reduction of engineering costs and elegant simplicity
rather than complexity of design.

Wl bt

Coming In Our January 22 Issue

CRYOGENICS. Research into the behavior of materials at low tem-
peratures is gathering momentum as more and more uses for eryogenic
devices arise. One area is the application to computers. Devices such
as the superconducting cryotron (ELECTRONICS, p 39, April 17, 1959)
give promise of increased speed and diminished size for digital com-
puters.

Properties of materials near absolute zero pose special problems in
circuit testing. Measurement of the critical current in superconduct-
ing contacts requires test equipment with fast response because of the
short periods such currents can be maintained. In our next issue, J. I.
Pankove and R. Drake of RCA Laboratories in Princeton, N. J. de-
scribe a system with the necessary response time for measuring cur-
rents at 4.2 K.

The tester was developed for a program of basic and applied re-
search in cryogenics, with which Pankove and Drake have heen associ-
ated during the past year. Pankove is responsible for several new cryo-
genic device concepts, Drake has an extensive background in test equip-
ment design. Prior to working in cryogenics, Pankove was active in
solid-state electronics, for which he received two research awards.
He holds 25 issued patents.

RADIATION MONITOR. Nuclear-powered ships require special
monitoring equipment to protect their personnel from radioactive
dust. Next week, H. E. Debolt of Fairchild Camera and Instruments
in Syosset, N. Y. describes a transistorized monitor that sounds an
alarm when alpha and beta radiation reach a preset level. Monitor
consists of a scintillation counter which feeds pulses to a computer-
indicator. Computer determines the pulse rate, which is directly pro-
portional to radioactivity.

JANUARY 15, 1960 « ELECTRONICS



SPRAGUE RELIABILITY
in these two dependable
wirewound resistors

MINIATURE

VITREOUS-ENAMEL POWER RESISTORS

Sprague’s new improved construction gives even
greater reliability and higher wattage ratings to fa-
mous Blue Jacket miniature axial lead resistors.
A look at the small acrial sizes illustrated, em-
phasizes how ideal they are for use in miniature

NEW SMALLER SIZE

KOOLOAM

INSULATED-SHELL POWER RESISTORS

New Koolohm construction features include welded
leads and winding terminations—Ceron ceramic-

2w

clectronic equipment with either conventional wir-
ing or printed wiring boards.

Get complete data on these dependable minified
resistors, write for Engineering Bulletin 7410,

TAB-TYPE BLUE JACKETS: For industrial applica-
tions, a wide sclection of wattage ratings from 5 to
218 watts are available in Spraguc’s famous Tab-
Type Blue Jacket close-tolerance, power-type wire-
wound resistors. Ideal for use in radio transmitters,
clectronic and industrial equipment, etc. For com-
plete data, send for Engincering Bulletin 7400A.

SPRAGUE ELECTRIC COMPANY

35 MARSHALL STREET + NORTH ADAMS, MASS

! ALL UNITS ACTUAL SIZE »

1AW

insulated resistance wire, wound on special ceramic
core—multi-layer non-inductive windings or high
resistance value conventional windings—sealed, in-
sulated, non-porous ceramic outer shells—aged-on-
load to stabilize resistance value.

You can depend upon them to carry maximum
rated load for any given physical size.
Send for Engincering Bulletin 7300 for complete

technical data.
SPRAGUE

THE MARK OF RELIABILITY

MAGNETIC COMPONENTS &  TRANSISTORS
PRINTED CIRCUITS

SPRAGUE COMPONENTS:
INTERFERENCE FILTERS @

RESISTORS o
PULSE NETWORKS e

CAPACITORS o
HIGH TEMPERATURE MAGNET WIRE e
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CIMIC

700 Series

the only major breakthrough
in counting, timing, and
frequency measuring
equipment in the

past ten years

Here is the first successful application of transistors
to high frequency counting and timing. Transistors
perform all the functions in CMC’s 700 series that
required 63 tubes in old style counting equipment.
These are the most reliable counters ever made.
This claim is not made lightly. CMC offers each
instrument with an unprecedented:
2-year service free warranty

and you can expect little or no maintenance for
5 years.

True Digital Logic Circuitry

By answering an obvious need for a completely
new, up-to-date approach to counting and timing
instrumentation, CMC has produced solid state
instruments with greatly simplified circuitry. The
digital computer designer has furnished the sound-
est solution of using solid state devices in high
speed switching circuits. He uses logic “and” and
“or” gates. And so does CMC.

Light and Small, Lower Power Drain

Each 700 series instrument weighs only 27 pounds,
measures 7 inches high, 17 inches wide, and 14
inches deep. Light enough for airborne operation
and small enough for standard explosion-proof
housing. Power consumption is a meager 35 watts,
1/10 the amount for vacuum tube models. Com-
ponents no longer suffer from the deleterious effects
of heat. All components arc derated.

Do All These Jobs

Measure frequency from dc to 10 mc, time interval
from 0.1 usec, ratio 1 cps to 1 mc and unlimited

. ALL SOLID
STATE!

multiple period selection. Frequency converters
available for higher frequencies. The counter also
generates time interval marker pulses from 1 usec
to 1 second. Data can be presented on standard
decades or inline Nixie tubes. The 700 series will
operate digital recording equipment, punches, in-
line readouts, and other data handling gear.

Unique High Frequency Switching

Gate selection and switching of control functions
is accomplished by simply applying —12 v dc sig-
nal into control input. High frequencies are not
cabled to switches. Control functions can be per-
formed remotely without special regard to cable
length or type, impedance matching, etc. All con-
trol functions are brought to rear panel plug. Similar
diode and transistor gating techniques are used for
high speed switching of input amplifiers and decade
counters.

These Features, Too

Decade count-down time base—frequency divider
circuits never need adjustment. Accuracy, +1 count
=+ oscillator stability. Sensitivity, 0.25 v rms; input
impedance, 25 k ohms/volt.

And The Price

Higher than vacuum tube models. But you can save
the difference on down time in the first year. Model
727A Universal Counter-Timer, $3,500; Model
707A Frequency Period-Meter, $2,700; Model
757A Time Interval Meter, $2,500. Rack mount
optional at no extra cost. All prices f.0.b. Sylmar,
California.
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2 -YEAR GUARANTEE

FUNCTION TRIGGER LEVEL s
E FINE COARSE START
(PEAIGD B +—— 9 9 9 9 9 9 9 - SLOPE + 8
8 8 3 . 3 8 8 8 !
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0 0 0 ¢ 0 0 0
INPY
| COMPUTER MEASUREMENTS COMPANY ’
| ODEL 727A UNIVERSAL COUNTER TIMER ¢ 4 {
“ ©®© -

Model 727A Universal Counter-Timer

More Information Available

Your nearby CMC engineering representative
will be happy to arrange a
demonstration and provide you with
complete technical information.
Or you may write Department 181

COMPUTER-MEASUREMENTS
COMPANY

12970 BRADLEY AVENUE + SYLMAR, CALIFORNIA
Phone: EMpire 7-2161
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new word for designers and producers...

GIRCUIT-PAK

»o il

v \J

« y a
-~ for the designer for the producer

1. Space — compact, encapsulated 1. Maintenance — input and output
subassemblies assure maximum are quickly checked; circuits may
space utilization. be readily replaced.

2. Insulation — better internal elec- 2. Inven'tory — ane ite'm t‘? buy and
trical insulation between circuit ele- stock instead of multiple items.
ments; better external insulation. 3. Assembly — just plug it in and
Corona is minimized. put it to work; many Circuit-Paks

re available from stock.

3. Matching — components may be g 2 . ' o
electrically matched, then as- 4. Design — save time with Circuit-
sembled or replaced as a single unit. Paks that meet your specifications;

they are ideal for applications such

4. Stability — temperature stability as comparators, bridges, choppers,
in critical circuits is improved. flip-flops.

5. Environment — greater mechani- 5. Testing — Raytheon Circuit-Paks

cal stability, resistance to shock,
vibration, and resonance.

are factory pre-tested — your test
requirements minimized.

SEMICONDUCTOR DIVISION

RAYTHEON COMPANY

SILICON AND GERMANIUM DIODES AND TRANSISTORS + SILICON RECTIFIERS
New York, Plaza 9-3900 « Boston, Hilicrest 4-6700 « Chicago, NAtional 5-4000 « Las Angeles, NOrmandy 5-4221 « Orlanda, GArden 3-1553
Syracuse, HOward 3-9141 « Baltimore, SOuthfield 1-0450+ Cleveland, Winton 1-7716 « Kansas City, Plaza 3-5330+ San Francisco, Flreside 1-7711
Canado: Waterloo, Ont,, SHerwood 5-6831 + Gavernment Relations: Washington, D. C., MEtropolitan 8-5205

CIRCUIT-PAKS
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Marvelous new “eyes” for
our defense...through
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Some dark night, America’s defense may well rest upon our ability w
to “see” what our enemies are up to. This is the urgent mission

of Electronic Reconnaissance—uncanny ‘‘eyes’” with which we

can detect enemy electronic signals, and determine exactly the loca-

tion, type and capability of the signal source.

Since 1952 Hallicrafters, through its Quick Reaction Capability
Program, has been instrumental in the rapid development and
continuous improvement of Electronic Reconnaissance systems.

Today Hallicrafters QRC is being applied effectively to an in-
creasingly broad area of military electronics, including airborne

ECM, communications, SAGE and missile systems. ENGINEERS: Join our rapidly expanding
Put this dynamic design and production force to work now. From QRC team now. For complete information
single circuit to complete system . . . for land, sea, air or space address inquiries to: William F. Frankart,
application . . . you’ll get reliable answers quickly and efficiently. Director of Engineering.

hallicrafters (}) company

MILITARY ELECTRONICS DIVISION CHICAGO 24, ILLINOIS

URGENT PROBULEMS RELIABLY S OLV ED
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BUSINESS THIS WEEK

ELECTRONICS NEWSLETTER

THERMOPLASTIC RECORDING development at GE just been introduced in Japan by Standard Wire-

has progressed beyond the implications of a tech-
nical article written more than a year ago and pub-
lished in December by the Jowurnal of Applied Phys-
tcs. The article described a permanent recording
device giving black-and-white and simultaneous
color. Last week ELECTRONICS learned that a new
tube has been developed for the system. The tube
can be used interchangeably for permanent record-
ing of black-and-white and simultaneous color.
Instead of using a gun with a splitter grid to pro-
duce the phase diffraction gratings on the thermo-
plastic surface, inventor W. E. Glenn discloses
that the new tube produces the gratings by ve-
locity modulation of the horizontal sweep with low-
amplitude r-f carriers. Glenn also reports that,
in terms of information storage capacity, the GE
thermoplastic tape is “several hundred times
denser than the best available magnetic tape,” is
also ‘“comparable to highest resolution photo-
graphic film.” For more on thermoplastic record-
ing, see p 46.

New Amperex magnetron which operates at 25 kw peak
power at 35-kme and provides a 0.02 millimicro-second
pulse widih is now operating in a Philips airport surface
detection radar set. The radar can distinguish between
objects four vards apart at a distance of 1.000 vards.

FEDERAL COMMUNICATIONS COMMISSION, in
yearend statement marking its 25th year of opera-
tion, reported 570,000 radio station licenses using
more than 1.7 million transmitters. F-m authoriza-
tions climbed from 690 to 825, with some 665 sta-
tions on the air compared with 570 a vear ago.
A-m gained about 100 authorizations and 150 op-
erating stations during the vear, bringing the 1959
figures to about 3,500 and 3,450 respectively. Tv
station figures did not change materially—672 hold
authorizations and more than 500 in operation
(including 76 uhf).

SOLID-STATE COMBUSTION CONTROL system
will be installed on a 2-zone slab heating furnace
at the plant of an eastern steel producer in mid-
1960. The system, to be supplied by Hagan Chem-
icals & Controls, Inc., Pittsburgh, will use mag-
netic amplifiers, and includes controls for zone
temperature, zone fuel/air ratio, furnace pressure,
recuperator temperature balance and air pressure,
along with panels and recording instruments.

All-weather radiometric sextant, miniaturized for submarine
installation and some five times as accurate as many
wmarine compasses now in use, will be designed by AC
Spark Plug under a Navy BuShips contract.

RADIOPHONOGRAPH which weighs 2.8 lb. and
operates as a 540 to 1,600-kc radio set with its
lid on, and as a phonograph with its lid off, has

ELECTRONICS - JANUARY 15, 1960

less Industry. The company expects to produce
10,000 units per month by April for export. Jap-
anese yen price is equivalent to $42. The unit uses
four dry batteries. seven transistors, two diodes
and a thermistor.

Antisubmarine warfare (ASW) program demands more

and niore electronic gear. A $4 million Navy contract was
recently awarded to Hazeltine for 32,000 sonobuoys aud
repair kits. Company is currently producing 12,000 of
the cxylindrical air-launched packages that detect and
transmit sub noises.

AIRBORNE EARLY WARNING blimps just deliv-

ered to the Navy by Goodyear Aircraft will carry
what the company describes as “the largest com-
plex of modern radar and electronic equipment to
be operational in a single aircraft.” The 400-ft.
13 million cu ft non-rigid airships designated the
ZPG-3W will perform patrol duty as part of the
North American Air Defense Command. Two
blimps have been delivered; two others are being
built. Goodvear says a transistorized intercom-
munications system with pushbuttons and flashing
call lights aids crew teamwork. System includes
an ecm radio control unit and a loudspeaker radio
monitor control unit, which permits the selection
of any one of 13 audio outputs to be monitored
over the local loudspeaker.

SOVIET AUTOMATIC CONTROL SYSTEM checks

the dimensions of mass-produced parts by using a
cathode-ray-tube to scan the contours of the part
under test and of a mask fixing the allowable
tolerances. A coarse scanning pattern is traced
out on the crt screen using a horizontal deflection
frequency of 1 cycle and a vertical deflection fre-
quency of 50 cycles. Two thin lines on a trans-
parent mask attached to the screen represent the
upper and lower limits of the parts being checked.
The production control device is described in the
Soviet journal “Priborostroienie,” No. 7. 1959.

Japanese yearend tv set buvers so swamped the market that

manufacturers couldn’t get enough glass tube envelopes
as 1959 ended. Six set makers are now turning out
500,000 sets a month. December demand was estimated
at 430,000 sets; 300,000 were sold in November. Buving
rush is attributed 1o extension of the goverunment tv net-
work 1o many outlving areas.

BRITISH TELEVISION and radio manufacturers

had a bumper year in 1959, and all sales records
have been smashed, according to estimates of the
authoritative Financial Times. Tv receiver output
was estimated at 2.8 million, 800,000 above 1958.
with retail sales totaling some $462 million. More
than 1.6 million radios were estimated to have been
produced and sold in ’59. Growing interest was
noted in stereo equipment.

1"



NOW -simple, accurate, direct

PEAK POWER May now be measured directly—with speed and
simplicity —using integrated Microlinc® equipment from
Sperry. Unlike other power measurement techniques which
require a wattmeter bridge or calorimetric load, plus an oscil-
loscope and synchroscope—just four additional components
are neccssary when using the Microline Model 630: a cross-
guide coupler, a termination, a barretter mount, and a
barretter.

oirecT REaDING—Pulsed microwave encrgy is coupled from
the system under test into the crossguide directional coupler,
and a high power termination connected to the coupler’s
primary output. The suitably attenuated energy is fed from
the secondary arm directly into a waveguide barretter mount.
The output from the barretter and barretter mount is fed
coaxially to the input of the Microline Model 630, and peak
power is read directly from the scale. The measurement is
simple, positive and precise.

Peak Power Meter

Microline Model 630

Barretter

Barretter Mount

System Cross Guide
Under Test Coupler

Woveguide
Termination

THE “630" METER consists of an active d#fercntiator, video
amplifier, peak reading voltmeter, and a calibration circuit
which ecliminates calibration down-time,

12 CIRCLE 12 ON READER SERVICE CARD

THE BARRETTER, in a suitable mount, is subjected to pulses of
microwave encrgy from the system under test. The barretter
is operated in a constant current circuit and its resistance
change is a function of temperature, which is determined
by total power. The voltage waveform out of the barretter
mount will be sawtooth with an essentially linear rise when
a pulse is applied and an exponential decay as a resistance
of the barretter returns toward normal after the pulse has
decayed. The slope of the waveform is a function of peak
power. The sawtooth waveform out of the barretter mount
is fed into the differentiator, the output of which is a video
pulse. This pulse is an accurate replica of the envelope of
the microwave pulse impinging on the barretter. The ampli-
tude of the vidco pulse is proportional to microwave peak
power.

DIFFERENTIATOR ouTPuT is amplified in the video amplifier
to provide sufficient signal amplitude to properly operate a
pcak reading voltmeter circuit. A portion of the output of
the video amplifier is brought out to a front panel jack to
provide a conncction for viewing the video pulse with an
cxternal oscilloscope, if desired.

THE PEAK READING VOLTMETER utilizes a novel amplifier
feedback circuit which provides a stable and accurate mcans
of measuring the pcak voltage of a vidco pulsc over a con-
sidcrable range of pulse width and repetition rates. The
output of the peak voltmeter circuit is a front panel meter
which has been calibrated in milliwatts.

Address inquiries to Manufacturers’ Representatives: Gerald
B. Miller Co., P. O. Box 1471, Hollywood 28, California;
Louis A. Garten & Associates, 645 Eagle Rock Ave., West
Orange, New Jersey, Technical Instruments, Inc., 90 Main
St., Reading, Mass.

SPERRY MICROWAVE ELECTRONICS COMPANY,
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MEASUREMENTS

BARRETTERS

Madel Naminal Resistance (ahms) Price
825 200 for Pcak Pawer Measurements $ 14
823 200 far Peak Pawer Measurements 14.
ATTENUATORS

Frequency Attenva-
Range- tian Waveguide

Madel Descriptian kme Range-db  Size  Fittings _ Price
134 Calibrated = .5db  8.5.9.6 2-45 1"x/2" UG-39/U  $220.
1524 Variable 8.1-12.4 0.5.20 1"x1/2" UG-39/U 45.
375A  Variable 12.4-18.0 1-15  0.702"x0.391”  UG-419/U 75.
374A  Variable 26.5-40 120 0.360"x0.220"  UG-599/U 60.

DIRECTIONAL COUPLERS
Frequency Attenua-

Madel Description Range  tian-db  Fittings _ Price
517 7%" Coaxial .240-.480 30 UG-46/U*  $150.
519 s Caoxial .480-.960 30 UG-46/U* 150.
467 75" Caaxial 1.99-4.0 20-30-40 UG-46/U* 150.
306 3"x1/2" Waveguide 2.6-4.0 30 UG-214/U 100.
544 3"x112"” Waveguide 2.6-4.0 40 UG-214/U 150.
545 3"x11%" Waveguide 2.6-4.0 50 uG-214/U 150
233 2"x1" Wavegvide 4.0-6.0 24 UG-149A/U 85
321 2"x1"” Wavegvide 4.0-6.0 30 UG-149A/U 125,
322 2"x1” Wavegvide 4.0-6.0 40 UG-149A/U 125
209 1/2"x34"” Waveguide 5.3-8.1 24 UG-344/U 75.
237 112"'x34"” Wavegvide 5.3-8.1 30 UG-344/U 85.
546 1Y4"x5%" Waveguide 7-10 30 UG-5t/U 85
547 1/4"x54%" Waveguide 7-10 40 uG-51/U 85.
235 1”x1>” Waveguide 8.1-12.4 20 uG-39/U 45
419 1”"x12” Waveguide 8.1-12.4 30 uG-39/U 65.
234 1”xY>" Waveguide 8.1-12.4 40 uG-39/U 65.
388 0.702"'x0.390” Waveguide 12.4-17.0 20 UG-419/U 65.
4134 1H"x)/" Waveguide 18.0-28.5 20 UG-595/U 65.
414A  12"x14" Waveguide 18.0-26.5 30 UG-595/U 45.
405A  0.360"x0.220” Waveguide 26.5-36.0 20 UG-599/U 80.

429A  0.360"x0.220" Waveguide 26.5-40.0 10 UG-599/U 8s.

*Input fitting. Main line output UG-45/U. Secondary line output, UG-46/U.
Adapters {Models 352A and 217) convert these wnits ta Type N.

BARRETTER MOUNTS

Barretter Frequency Max. Fittings
Madel Line Size Type* Range-kmc¢ VSWR Input Output Price

554 78" Coox. B118/550T .82:2.0 1.8/1.5 UG-46/U BNC $175.
8218 . .

245 2'x1” 3.7-4.5 135 UG-149A/U  UHF 35.
184 17xV/2" 8218 8.5:9.4 1.5 UG-39/U UHF 70.
423A 2"x1” 5437 5.0-59 1.5 UG-149/U BNC  135.
219C 17x12" =T 8.5:9.4 1.5 UG-39/U BNC  130.

*B-Barretter, T-Thermistar

HIGH-POWER WAVEGUIDE TERMINATIONS

Frequency _Power Capacity Max.

Madel  Size (km¢)  Av. (w)Peak (kw) VSWR Fittings  Price
563 x5 2.6-4.0 2200 2200 1215 UG-584/U $150.
564 2'x1” 3.95-6.0 1500 1500 115 UG-407 /U 140.
565 1" x%" 7.0-10.0 350 350 1.15 UG-138/U 100.
566 x14" 8.1-12.4 300 300 115 UG-135/U 8s.

LOW-POWER WAVEGUIDE TERMINATIONS

Frequency Pawer Max.

Madel  Size Range-kmc Capacity VSWR Fittings  Price
308 3"x1%" 2.6-4.0 1 1.04 uG-214/U $ 40.
370 0.702"x0.391" 12.4-18.0 0.5 1.05 UG-419/u 25.
418A 2" 'xVs" 18.0-26.5 0.5 1.07 UG-595/U 30.
369A 0.360"x0.220” 26.5-40.0 0.5 1.10 UG-599/U 35.
637 73" Caaxial 65-3.5 12 1.4 UG-46/U 85.

iff

CLEARWATER, FLORIDA « DIVISION OF SPERRY RAND CORPORATION
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WEINSCHEL WASHINGTON OUTLOOK

®

Writi for complete catalag,
WE i co specifying frequency range
of interest.

Weinschel Engineering

KENSINGTON, MARYLAND

14

FIXED COAXIAL
ATTENUATORS

110124 KMC

50 Ohms 1 to 20 db
Connectors: Type N, C, BNC, TNC
or S, Eath type with male/ l
female, double male or double
female connectors. Made with
Weinschel Film Resistors for maxi-
~mum stability.
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TWO0 ELECTRONICS CONTRACTORS for NASA have reported patentable inven-
tions on agency projects: Northrop Corp.’s Nortronics div.,, Hawthorne,
Cal., which has developed a new hypersonic flow -direction sensor, and
Aero-Geo-Astro Corp., Alexandria, Va., a radar tracking beacon.

In recent months, NASA’s patent policies have become the center of a
new Congressional ruckus, The Nortronics case demonstrates the differ-
ence between NASA and Defense Dept. patent policies and plays up what’s
at issue in the controversy.

Under military R&D contracts, the contractor keeps title to any inven-
tion developed and has the right to royalties on commercial production.
The military cvontracting agency gets only a royalty-free, non-exclusive
license to use the invention.

NASA’s policy falls between the Pentagon’s liberal system and AEC’s
restrictive patent scheme, under ‘which the agency acquires rights and
interests in all inventions of its contractors. NASA is required to take
title to the invention or waive all rights.

In the Aero-Geo-Astro case, NASA has taken title to the invention and
the contractor has not petitioned for a. waiver.

Nortronics, however, is fighting for its own. patent rights on the hyper-
sonic flow direction sensor. The company has challenged NASA’s right
to the invention on the grounds that the invention was made on a project
which began under a Defense Dept. contract. So far, no decision has been
made on the company’s claim,

® Over the past six years the split between: federal government and
private industry shares of the nation’s research and development
expenditures has shifted from 60 percent industry—40 percent gov-
ernment to a ratio of 60 percent government—40 percent industry.
The shift in R&D spending shows up in a new National Science
Foundation analysis of research and development expenditures.

NSF reports that total U.S. spending on R&D has burgeoned from
an annual total of $5.1 billion in 1953-54 to a total of at least $12
billion in 1959-60. During the period, the federal government has
almost tripled its R&D budget—from $2.7 billion to $7.7 billion.
Industry, meanwhile, has doubled the amount of its own money it
spends to sponsor R&D efforts—from $2.2 billion to $4.4 billion.

However, the government is turning more and more to industry
for the actual performance of the research and development work.
In the past six vears, the rate of R&D spending in industry facilities
has zoomed by almost 160 percent—from $3.6 billion in 1953-54 to
an estimated $9.4 billion in 1950-60.

Although the NSF report fails to detail how these expenditures
are being allocated by industry, government experts say the elec-
tronics industry is taking on a dominant role in the performance
of both industryv-sponsored and government-supported R&D.

@ The big news about Defense Dept. efforts in.computer application has
usually been the use of special-purpose machines geared to weapon
systems and supporting apparatus. But in the more mundane busi-
ness of supply management, the military services are also becoming
an ever-increasing market for commercial-type computers.

Latest figures show the services using 170 business-type computers
for supply management functions. The Pentagon’s rental bill will
run to $111 million this year, compared to $82 million in fiscal 1959,
and the outlook is for .continuing increases.

JANUARY 15, 1960 - ELECTRONICS
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CLEVITE’'S NEW

SPACESAVER
TRANSISTOR

THREE AMPERE SWITCHING TYPES

[

TESY SR S e 0 O s 1 1w i
_ Min BVcho @ 2 ma (volts) 40 60 80 100 B 40 so— 80 . 100 5’
Min BVceo @ 500 ma (volts) 25 40 55 65 25 40 55 65 o

;in BVces @ 300 ma (voits) 35 50 65 75 35 50 65 75 ¢
Max Icho @ 90°C @ Max Vch (ma) 10 10 10 10 10 10 10 10 ‘E
Max Icho @ 2 V (ua) 50 50 50 50 50 50 50 50 ©
. ®
D. C. Current Gain @ 0.5A 30-75 3075 30-75 3075 60-150 60-150 60-150 60-150 ‘E
Max Veb @ 3.0 A (voits) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 :E'
Tax Vce (sat) @ 3.0A,300 ma (volts) 1.0 1.0 1.0 1.0 0.8 0.8 0.8 0.8 EE
Min fae @ 3.0 A (kc) 20 20 20 20 15 15 15 15 EE
mMax Thermal Resistance (*c/w) 25 2.5 2,5 2.5 2.5 2.5 2.5 2.5 EE
[ ]

ADVISONIOE Phone lor data and prices.

CORATURATION

ELECTRONICS - JANUARY 15, 1960

Tel: TWinbrook 4-9330

Compared with present power transistors
of similar ratings, the new Clevite Space-
saver gives you important new advantages.

Better Switching — Its low base resist-
ance gives lower input impedance for the
same power gain and lower saturation
resistance, resulting in lower ‘‘switched
on” voltage drop. Its lower cut off current
means better temperature stability in
direct coupled circuits (such as regulated
power supplies) and a higher “switched
off”” impedance.

Better Amplifying — Improved fre-
quency response leads to higher audio
fidelity, faster switching and improved
performance in regulated power supply
applications.

Better Mounting — The Spacesaver’s
simple rectangular configuration and low
silhouette make it adaptable to a wide
variety of mounting requirements where
space is at a premium. In aircraft and
missile applications, its low mass (half
present type) improves shock and vibra-
tion resistance of lightweight assemblies.

CLEVITE TRANSISTOR

254 Crescent Street  Waltham 54, Mass.
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= How CDF Di-Clad’
can solve your
printed-circuit
problems

The CDF line of copper-clad laminates in all grades
is now known by a new name—Di-Clad. Di-Clad
grades meet the varying needs of design, production,
and operation of electronic equipment. Grades other
than those described are also available.

Di-Clad 2350, An economy paper-base phenolic grade
having good tensile, flexural, compressive, and
impact strength. Adequate for most non-critical
printed circuit applications. Can be cold punched and
sheared up to 5/64 of an inch in thickness.

Di-Clad 112T. A Teflon* glass-fabric laminate offer-
ing the best dielectric properties over a wide tem-
perature and frequency range.

Send us your requirements and let our engineers
help you select the right grade for your application.

*Du Pont trademark for its tetrafluoroethylene resin.

S

High strength-to-weight ratio. This printed wiring board for a phase failure A c 0 N TI N E N TA I-' D I A MON D FI BRE

relay (manufactured by Phase-Guard Co., Carnegie, Pa., and distributed by
Stradiey Engineering Co., Pittsburgh) was designed with CDF Di-Clad 28E
(epoxy resin laminated with medium weave glass cloth) for high mechanical
strength, very low moisture-absorption, and good insulation resistance.
Details upon reguest.

A SUBSIDIARY OF THE —fmafi/- COMPANY o NEWARK 16, DEL,
In Canada: 46 Hollinger Road, Toronto 16, Ont.

TYPICAL Di-Clad PROPERTY VALUES

Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 1127
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon*
BOND STRENGTH—0.0014" foil (Ibs, reqd. 6to 10 6to 10 6to 10 8to 12 4t08
to separate 1’’ width of foil from laminate)
MAXIMUM CONTINUOUS OPERATING 120 120 120 150 200
TEMPERATURE (Deg. C.) )
DIELECTRIC STRENGTH (Maximum voltage 800 900 850 650 700
per mil for 1/16” thickness)
INSULATION RESISTANCE (Meﬁohms 96 500 150,000 600,000 100,000 75,000
hrs. at 35°C. & 90% RH (ASTM D257, Fig. 3)
DIELECTRIC CONSTANT 10¢ Cycles 4.5 4.0 3.6 4.9 2.6
DISSIPATION FACTOR 10¢ Cycles 0.040 0.026 0.027 0.019 0.0015
ARC-RESISTANCE (Seconds) b] 10 10 130 180
TENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 23,000
FLEXURAL STRENGTH (psi.) 27,000 21,000 18,000 70,000 13,000
1ZOD IMPACT STRENGTH edgewise 0.80 0.4% 0.42 12.0 6.0
(ft. 1bs. per inch of notch)
COMPRESSIVE STRENGTH flatwise (psi.) 32,000 28,000 25,000 62,000 20,000
BASE MATERIAL OF.LAMINATE Paper Paper Paper Medium-weave, Fine-weave,
medium-weight medium-weight
glass cloth glass cloth
COLOR OF UNCLAD LAMINATE Natural Natu.tal} Natural Natural Natural
greenis:

All these standard grades are available with 0.0014” and 0.0028" or thicker electrolytic or rolled copper foil on one or both
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order.

*Du Pont Trademark

16 CIRCLE 16 ON READER SERVICE CARD
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12FR8 PENTODE-TRIODE-DIODE

Make Possible a Two-Tube

Circuit in conjunction
with a Driver and

an Output Transistor.



TUNG-SOL

12F X8 and 12FR8 provide new economies
in the design of automobile radios

Now designers of automobile radios and other hybrid mobile
electronic equipment can sharply slice their component requirements
to two tubes and two transistors, where previously four tubes and two
transistors were needed. That’s because Tung-Sol's multi-purpose
12FX8 and 12FR8 combination provides all the functions of the
original four tube complement with utmost reliability.

In addition to simplification of circuitry and obvious manufacturing
economies, the possibilities for space-saving and heat reduction
are indicated.

TYPE 12F X8

Coated Unipotential Cathodes—2

TYPE 12FR8

Coated Unipotential Cathodes

Qutiine drawing . ......... Bulb. .. . T-6% Outline drawing . ......... Bulb. .. .T-6'%

Bage Ieden i B0k, . N s care el Miniature button 9 pin Base: Jedee E7-1, . ... . v eermnvinsr Miniature button 9 pin
Maximum diameter. .. ....... ... % inches Maximum Diameter. . ... ... ... .... % inches

Maximum overall length. . ... ...... 2 7/16 inches Maximum overall length. ... ... .. 2 7/16 inches
Maximum seated height. .......... 2 3/16 inches Maximum seated height. .. ...... .. 2 3/16 inches

Base pin connections: Base pin connections:

Pin 1—Heptode grid =2 Pin 6—Triode grid Pin 1—Triode grid Pin 5—Heater, pentode
and grid =4 Pin 7—Heptode cathode Pin 2—Triode and diode cathode, pentode

Pin 2—Heptode grid 1 Shﬂald. Heptode : cathade rid #3, shield
(oscillator grid) grid #5 Pin 3—Pentode grid #1 Pin 6—Pentode grid 2

Pin 3—Heptode plate Pin 8—Tricde plate Pin 4—Heater Pin 7—Pentode plate

Pin 4—Heater Pin 9—Heptode grid #3 g 98—‘7"9? pists

Pin 5—Heater, triode (Signal grid) & EECS RIELE
cathode MOURYINE POSILION ... v o iieinieivaosesanenesioisisatioiioiolsts Any

Heater characteristics®
Heater voltage—nominal ..., .. ... T eress 12.6 Volts
Heater current—nominal . .. ... .. ... . ... ... 300 Amps.

Heater characteristics®

Heater voltage—nominal . T e X S YA 12.6 Volts
Heater current—nominal . ....... ... . ........ 0.32 Amp.

Ratings — Interpreted according to design center system

s — |
Ratings nterpreted according to design center system Pentode: Triode Diode

Maximum heater-cathode

Maximum heater—cathode voltage. ... .. . +16 Volts el = 416 —  volts
Maximum heptode plate voltage. .. ... . .. .., 16 Volts Maximum plate voltage. .. 16 16 — Volts
Maximum triode plate voltage. .. ... .. .. .. 16 Volts Maximum grids #2 & :
Maximum grids No. 2 and No. 4 voltage. ... 16 Volts M:’;i“m‘("’r:faﬁ? HALEIAN 16 — — Volts
Maximum grids No. 2 and No. 4 supply voltage 16 Volts =4 supgly voitage ... 16 = = Nl
Maximum negative DC grid No. 3 voltage. ... 16 Volts Maximum pentode grid
Maximum positive grid No. 3 voltage. .. ... 0 Voits circuit resistance ... 10 — — Megohms
Maxi id No. 3 circuit i 10 Megohms Maximum triode grid

aximumi g0, NS GIIcUIt resiancy.; €80 circuit resistance ... . — 10 — Megohms
Maximum triode grid circuit resistance . . . 10 Megohms Maximum plate current. .. — — 5 Ma.

“These tubes are intended to be used in automotive service from a nominal 12 volt battery source.

Earl The heater is therefore designed to operate over the 10.0 to 15.9 voltage range encountered in

y this service. The maximum ratings of the tube provide for an adequate safety factor such that
- = the tube will withstand the wide variation in supply voltages.

Engineering pply voTlag

Assistance

Consult Tung-Sol's applications
engineers while your equip-
ment is in the preliminary
layout stage. Contact any of
the Tung-Sol Sales Engineering
Offices listed opposite.

& TUNG-SOL

Newark Region: One Summer Avenue, Newark 4, New Jersey « Chicago Region: 1975 North
Hawthorne Ave., Melrose Park, lllinois « Columbus Region: 755 W. Goodale Blvd., Columbus 8,
Ohio « Detroit Region: Tung-Sol of Mich., Inc. (Rep.) 17500 W. 8 Mile Rd., Detroit 35, Michigan «
Dallas Region: 2334 Havenhurst Street, Dallas 34, Texas « Los Angeles Region: 8575 Washing-
ton Blvd., Culver City, California « Seattle Region: Ron Merritt Company (Rep.) 1320 Prospect
Street, Seattle 9, Washington
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SHIP WITHOUT AN OCEAN

How do you lay a cable on the ocean floor—a cable that
is connected to scores of large, heavy amplifiers? How do
you ‘““overboard” such a system in a continuous opcration,
without once halting the cable ship?

Bell Telephone Laboratories engineers must answer these
questions in order to lay a new deep-sea telephone system
designed to carry many more simultaneous conversations.
They’re experimenting on dry land because it is easier and
more economical than on a ship. ldeas that couldn’t even be
attempted at sea are safely tested and evaluated.

In one experiment, they use a mock-up of the storage
tank area of a cable ship (above). Here, they learn how
amplifiers (see photo right), too rigid and heavy to be stored
with the cable coils below decks, must be positioned on deck
for trouble-free handling and overboarding.

Elsewhere in the Laboratories, engineers learn how best
to grip the cable and control its speed, what happens as the
cable with its amplifiers falls through the sea, and how fast
it must be payed out to snugly fit the ocean floor. Ocean-
ographic studies reveal the hills and valleys which will be
encountered. Studies with naval architects show how the
findings can be best put to work in actual cable ships.

This work is typical of the research and development
effort that goes on at Bell Laboratories to bring you more
and better communications services.

ELECTRONICS + JANUARY 15, 1960
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Experimental amplifier about to be “launched’ from “cable
ship.”” Like a giant string of beads, amplifiers and connect-
ing cable must be overboarded without stopping the ship.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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How to put wings on o warehouse 4 | 4

Giving overseas air bases what amounts to local warehouse service on
important parts is an Air Force objective. Its present system has slashed
delivery schedules up to 20 times...saved taxpayers several b///ion-dollars
over the past decade. To improve it further, Douglas has been selected to
develop specifications for a comprehensive Material Handling Support
System involving better communications, control, cargo handling and
loading, packaging and air terminal design. Douglas is well qualified for
this program by its more than 20 years in all phases of cargo transport. Air
logistics is only one area of extensive Douglas operations in aircraft, missile
and space fields in which outstanding openings exist for qualified scientists
and engineers. Some are listed on the facing page.

Schuyler Kleinhans and Charles Glasgow, Chief Engineers of the Santa
Monica and Long Beach Divisions, go over air transport needs relating

to advanced cargo loading techniques with DOUGLAS
Donald W. Douglas, Jr., President of ‘

MISSILE AND SPACE SYSTEMS B MILITARY AIRCRAFT W DC-8 JETLINERS I CARGO TRANSPORTS W AIRCOMB B GROUND SUPPORT EQUIPMENT
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FINANCIAL ROUNDUP

Two Firms in Overseas Mergers

TwWO0 MERGERS involving overseas
companies are in the financial news
this week. Countries involved are
England and Italy.

e Acquisition of Adrema Ltd., a
leading United Kingdom manufac-
turer of business machines has
been announced by Farrington
Manufacturing Co., Needham
Heights, Mass. The acquisition is
a cash transaction for an undis-
closed sum. The move is expected
to strengthen Farrington’s posi-
tion in the data processing field by
expanding its range of business
machines. Farrington manufac-
tures scanners used to feed infor-
mation into computers and data
processing systems. Adrema has
sales operations in 55 countries
and operates subsidiaries in Can-
ada and India. This is Farring-
ton’s fourth acquisition since
March 1959.

e Hamilton Standard, division of
United Aircraft Corp., Windsor
Locks, Conn.. reports completion
of negotiations leading to the pur-
chase of a 50 percent interest in
Microtecnica, Turin, Italy. Finan-
cial terms of the agreement were
not disclosed. The Italian firm has
been in existence since 1928. Its
main products today are marine
and aviation navigation instru-
ments and servomechanisms. It is
expected that Hamilton Standard
will make use of its acquisition by
using Microtecnica facilities for
manufacturing items for jet air-
craft under license.

e Telecomputing Corp., Los An-
geles, has acquired the assets and
interests of PPhoenix Engineering
& Manufacturing Co.. Phoenix,
Ariz. The transaction did not in-
clude the issuance or exchange of
TC stock. Sales volume of Phoenix
is at an annual rate of $1 million,
with expectations that the $1¢
million mark may be reached in
the vear ahead. The firm makes
precision missile, aircraft and
electronic parts. The firm will be

ELECTRONICS - JANUARY 15, 1960

operated as a wholly owned sub-
sidiary with no changes in person-
nel now contemplated.

¢ Eitel-McCullough, Inc.. San
Carlos, Calif. has reached an
agreement with National Electron-
ics and Industrial Tubes Inc.. both
of Geneva, Ill. that will make both
firms wholly-owned subsidiaries
of the California company. The
two companies have a combined
sales volume of almost $3,000,000.
Both companies, which have J. W.
Hutchings as president, will turn:
over all their stock in return for
175,450 shares of Eimac securities,
(about 9 percent of total stock out-
standing). No cash will be involved
in the acquisition.

25 MOST ACTIVE STOCKS

WEEK ENDING DECEMBER 31

SHARES
(IN 100's) HIGH

LOW CLOSE
Ampex 1,524 1124 100 1074
Reeves Sndcrft 833 114 10 1078
El-Tronics 800 178 114 17
Gen Dynamics 793 48% 45% 47
Gen Electric 638 997  93%  99i%
Sperry Rand 595 26 25Ys 253
CoHins Radio 578 697% 61%2 68%
Gen Tel & Elec 494 85 813 841
Elec & Mus Ind 463 1134 113% 1138
RCA 462 692 67 6918
Univ Controls 458 185% 175% 17%
Lear inc 439 2058 18% 1958
Avco Corp 418 16 153% 153
Raytheon 403 53% 51 52
int’l Resistance 395 231, 20% 227
Muntz TV 375 612 544 6ls
Zenith Radio 375 1143 104 11014
Phitco Corp 366 ¥R 30% 3%
Int’f Tel & Tel 354 3834 38 3812
Litton Ind 286 67 63 65
Spartan Corp 278 8l 7% 83g
Burroughs Corp 258 36% BB 34
Beckman Inst 249 70 673 673
Nationa! Union 238 4Ys 3% 334

Amer Bosch Arma 226 3014 2855 29%
‘The above figures represent sales of electronics
stocks on the New York and American Stock
Exchanges. Listings are prepared exclusively for
ELEcTRONICS by Ira Haupt & Co., investment
bankers.

DIVIDEND ANNOUNCEMENTS

Amount Date

per Share Payable
Clarostat 3% Jan. 20
Daystront 30¢ Feb. 15
“Fischer & Portep 2% Jan. 13
High Vitg Eng 3% Jan. 21
Packard Bell 2% Jan, 25

oF1212¢
RCA 2% Feb. 1

Put wings on your
future, too.

DOUGLAS AIRCRAFT COMPANY
MISSILES AND SPACE SYSTEMS

has immediate openings
in the following fields—

Electrical and Plectronics:

Control System Analysis & Design
Antenna & Radome Design

Radar System Analysis and Design
Instrumentation

Equipment Installation

Test Procedures

Logic Design

Power System Design

Mechanical Engineering —
Analysis and Design of the following:
Servo Units
Hydraulic Power Systems
Air Conditioning Systems
Missile Launcher Systems
Propulsion Units and Systems
Auxiliary Power Supplies

Aeronautical Engineering:

Aerodynamic Design

Advanced Aerodynamic Study

Aerodynamic Heating

Structural Analysis

Strength Testing

Dynamic Analysis of Flutter
and Vibration

Aeroelasticity

Design of Complex Structure

Trajectory Analysis

Space Mechanics

Welding

Metallurgy

Physics and Mathematics:

Experimental Thermodynamics

General Advanced Analysis in
ail fields

Computer Application Analysis

Computer Programming and
Analysis

Mathematical Analysis

For full information

write to:

Mr. C. C. LaVene

Box F-620

Douglas Aircraft Company, Inc.
Santa Monica, Calif.
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2N1440 % Y. 5
series '
PNP | b £
silicon
alloy
transistor
news .

HIGHEST
JUNCTION
TEMPERATURE... //'

HIGHEST DEVICE
DISSIPATION!!
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DEVICE DISSIPATION (MILLIWATTS)
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. 2N327A Series
| 2N1228 Series

|
! ! Also available:
|
i

]

N
@

50 75 100 2% 150 175 200
AMBIENT TEMPERATURE (©C)

Surpassing all existing industry standards for PNP Silicon Alloy Transistors (JEDEC 80), the 2N1440 series extend
transistor performance to new, unequalled operating levels. Maximum storage and operating temperatures of 200°C
are now a reality. Over the entire temperature range these transistors attain the highest device dissipation—over
170 mw at 125°C in free air. Specifically designed for low level amplification, small signal and medium power appli-
cations, and direct coupled linear circuits, the 2N1440 series operate with guaranteed hge and Iceo at 150°C. Because
of inherent low noise and guaranteed g at low collector currents, they are ideally suited for front end usage.

For complete specifications and delivery dates write, wire or phone:
[ ]
% tlonal SEMICONDUCTOR CORPORATION e DANBURY, CONN:+ PIONEER 3.7624
2
4

WESTERN REGION OFFICE: 690 N. SEPULVEDA BLVD., EL SEGUNDO, CALIF. » OREGON 84161

Distributor: Milgray Electronics Inc. e 136 Liberty St., N. Y, N. Y. e REctor 2.4400 59.2
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All magnetic tape recorders consume magnetic tape. Most have a pro-
digious appetite. It is because they have to run very fast to capture a
broad frequency range. Running tape fast is the easy way to get wide
bandwidth. But vou pay for that bandwidth again and again with every
data run in every month of every vear yvou use the machine. You pay
in high tape consumption and high tape costs. The Ampex FR-600
achieves the same bandwidths at half the tape speed vou now need. At

half the tape cost therefore. At 60 ips the FR-600 has a 250 k¢ bandwidth.

At 30 it has 125 ke and so on. No matter what the bandwidth you can
now record it at half the speed, on half the tape. at half the cost on an
FR-600. The savings in just a short time can be astonishing. If you use 30
I4-inch reels of lI-inch, I-mil tape cach weck your weekly tape bill is
$5100 —minimum. An FR-600 can save half of that each week and liter-
ally buy itself in 15 weeks. In your particular case it might take more time

or less—but it's a fascinating reason for getting the full FR-600 story.
AMPEX DATA PRODUCTS CO,, 934 Charter St.. Redwood City, Calif.

This instrumentation recorder can buy itself in I5 weeks







and the ticking seconds

“Thinking"’ projects, surely. But also ‘‘doing’’ projects. And the time
is short, always, to continually equip our military with electronic
weapons that defend us successfully.

Electronic Defense Laboratories, Reconnaissance Systems
Laboratory, Special Tube Operations —these are some of the
elite, sophisticated, compact groups that form Sylvania MVO.

Mountain View Operations—40 minutes south of San Francisco,
in the Berkeley-Stanford scientific complex—professional
atmosphere for you, fortunate living for yours.

If your specialty appears below, Mr. Wayne Pearson would welcome
your confidential resumé or telephone call. Address him at Sylvania
MVO, (Dept. Al) Box 188, Mountain View, Calif.

Evaluation, Concept, Design of Systems, Circuits, Receivers, Transmitters...
Product and Mechanical Engineering...Digital Data Handling...Theoretical,

Experimental and Solid State Physics... Microwave Tube R&D, Production ...
Sales Engineering ...Engineering Writing

SYLVANIA
OUNTAIN VIEW
DPERATIONS

on the San Francisco Peninsula

ELECTRONIC SYSTEMS DIVISION

¥ SYLVANIA®

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS



ELECTRONIC
PRODUCTS, Inc.

CES LOGARITHMIC
ATTENUATORS

are non-linear attenuating
networks whose output
voltage amplitude is a lin-
ear function of the loga-
rithm of the input voltage
amplitude. Models with
ranges to 60 db are avail-
able. Price range $59.00
to $98.00.

CES TWIN-T
REJECTION FILTERS

consist of two parallel net-
works whose outputs add
out of phase to null a par-
ticular frequency. The ad-
vantage of this type net-
work is that there is a
common connection be-
tween input and output.
Special attention is paid to
temperature coefficients Q
of components to insure

stability over wide temper-

ature limits. CES Twin-T Filters can be
supplied in three models for any one
frequency between 15 and 1500 cps
with frequency tolerances of +29% or
+0.39%. Price range $15.00 to $36.00.

CES PLUG-IN
AMPLIFIERS

can be supplied for
both general and spe-
cial purpose applica-
tions. The Model
104B is a general pur-
pose low noise 60 db
gain Pre-Amplifier.
The Model 105B is a
Logarithmic Attenua- v
tor Driver Amplifier o

and finds wide appli-

cation wherever a relatively high output
is required. The Model 106B is a De-
tector Amplifier featuring low impedance
output. The Model 107B peaked ampli-
fier is a high gain, high Q amplifier which
acts as a high Q resonant circuit. Price
range $40.00 to $95.00.

CES ELECTRONIC PRODUCTS

also offers to the electronic industry a
complete Research, Development and
Production Sub-Contracting service. We
will be happy to furnish a copy of our
facilities brochure upon receipt of your
request on your company letterhead.

“ZARITHY
HIEAUATE

»
o
- ————

n

ELECTRONIC
PRODUCTS, Inc.

P.O. BOX 7504, SAN DIEGO 7, CALIF.
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MARKET RESEARCH

Instrument Sales Rise Fast

SALES of electronic test instru-
ments to both industry and the
armed forces, which are growing at
the rate of 15-20 percent per year,
will increase to at least $350 million
in 1960, predicts Albert T. Craig,
president of Technical Information
Corp. TIC is a New York consult-
ing group which prepares analyses
of available electronic test equip-
ment.

Reflecting the continued growth
in use of transistors, one fifth of
the test instrument industry’s 1960
sales gain will be in the area of
power supplies, Craig says. The
power supply market should in-
crease from $60 million in 1959 to
at least $70 million in 1960.

The introduction of high-speed
oscilloscopes was last vear’s out-
standing single development in the
instrument field, claims Craig.
Rapid growth in sales of these os-
cilloscopes can be expected in 1960.

Manufacturers of pulse genera-
tors have the opportunity in 1960 to
make significant new developments
in their product, according to Craig.
Pulse generators require faster rise
times for designing and testing new
computer circuits, he explains.

* Sales of electronic test, record-
ing and measuring instruments to
industry alone may reach $275
million, according to Glen An-
drews, industrial specialist with
Arthur D. Little, Inc., engineering
and management consultants. His
forecast is up 10 percent from es-
timated sales in 1959.

In addition to estimating total
industrial test instrument sales
for these two years, Andrews has
made the following estimates of
individual test instrument sales,
all in millions of dollars.

1959 1960
Oscilloscopes $10 $11
Oscillographs 15 16
Volt-ohmmeters 9 9
R,C,L measuring
equipment B 4
Analyzers for engine
testing 25 25
Tube testers 6 5
Microwave test equip-
ment 10 15
Signal generators 15 15

Transmitter test

equipment 8 3
R-f measuring equip-

ment 7 8
Indicating instruments 25 27
Recording instruments 30 30
Ultrasonic 4 5
Other test equipment 88 102

Total $250  $275

e Manufacturers of electrical

wire and cable look forward to a
10 percent sales increase in 1960
over the past year with sales mov-
ing up from $1.504 billion in 1959
to $1.654 this year, National Elec-
trical Manufacturers Association
predicts. In the past the electronics
industry has taken about 17 per-
cent of total production of clectrical
wire and cable.

NEDMA also anticipates 1960 out-
put of $6.333 billion worth of elec-
tronics and communications equip-
ment at factory-door price, a gain
of eight percent over 1959. How-
ever the association includes tele-
phone equipment and signaling ap-
paratus along with a wide variety
of electronics in this estimate.

* Philco Corporation and CBS-
Electronics, a division of Columbia
Broadcasting System, jointly an-
nounce the signing of a cross-
licensing agreement covering the
manufacture and sale of semicon-
ductors.

Thousands
of Units

FIGURES OF THE WEEK

Production
Week of 12-25

DJFMAMIJIJIASON
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For Airborne Equipment

MORE POWER
LESS WEIGHT
LESS SPACE

with new
CBS PNP_Power
Tranmstors

. 'In a typical servo amplifier, a pair of these CBS PNP
germanium power transistors delivers 10 watts output.
Yet each transistor weighs less than 5 grams . . . and
requires only 4 square inch of chassis space. Put the
compzet CBS 2N1433, 2N1434, 2N1435 to work in yvour
military or industrial equipment — airborne, mobile or
portable. Check advantages and basic data. Write for
complete technical bulletin E-870. Order from your
Manufacturers Warehousing Distributor.

Compact, lightweight servo amplifier employing
CBS 2N1434 10-watt push-pull output stage.

NOTE THE ADVANTAGES CHECK THE CHARACTERISTICS

hre Max.
Type Max. W Max. Min. (lc=2A, Vc.;=—2V) (lc_ZA ch_-—ZV) Thermal
Diss.* Veso 8Vceo Min. | Max. Min | Max Res. °C/W

Single, sturdy 10-32 mounting stud 2N1433 35 ~50 20 50 — 3.3
Compact male-industrial TO-10 welded package 2N1434 35 —50 45 - 18
High drssipation with mintmum size 2N1435 35

Hrgh collector-to-base voltage
ANl types have: Max. collector current, 3.5 amps; junction temperature, —65 to 4-95°C;

Hizh collector-emitter breakdown max. saturation voltage, 0.6 volts (! =2A, 15=200 mA). Minimum alpha cutoff frequency is
: @ voltage 200 KC (Ic=100 mA, Vez= —4 volts). b q

Wide range of operating and storage temperatures *25°C base mounting temperature.

~50 30 75 1.0 2.5

More reliable products

|
through Advanced Engineering s e m l c o n d u Cto rs

CBS ELECTRONICS, Semiconductor Operations « A Division of Columbia Broadcasting System, Ine.

Sales O ffices: Lowell, Mass., 900 Chelmsford St., GLenview 4-0446 . Newark, N. J., 32 Green St., MArket 3-5832
Melrose Park, Ill., 1990 N. Mannheim Rd., EStebrook 9-2100 » Los Angeles, Calif., 2120 So. Garfield Ave., RAymond 3-9081
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4 day
delivery:

st TING45
Diodes 1N64:6
1N64'7
1NG48 1N649

Hughes now offers you immediate delivery on five medium power fused
silicon glass diodes—types 1N645, 1N646, 1N647, 1N648, and 1N649.

These Hughes diodes feature a Dumet-stud heat sink for small size and the popular Hughes
glass package for proven reliability. Widely used in power supplies, magnetic amplifiers and
similar circuits, these Hughes diodes are specially designed to meet the severe environmental
requirements of such military equipment as missile telemetering links, airborne radar, and
communication gear. 1
For immediate delivery of these Hughes diodes write, wire or phone the Hughes distributor
or Semiconductor Division Sales Office nearest you...or write Hughes Semiconductor Divi-
sion, Marketing Dept., Newport Beach, California.

£

L] L] L]
Specifications
Type Max. Working MIn. Forward Current Max, Reverse Current DC Current
Voltage @ specified voltage* at working voltage* fo (WA)
wA)
1N645 225V 400 mA @ 1.0V 2 400
1N646 300V 400 mA @ 1.0V 2 400
1N647 400V 400 mA @ 1,0V 2 400
1N648 500V WOmA @10V 2 400
1N649 600V 400 mA @ 1.0V 2 400
*@2°C
SEMICONDUCTOR DIVISION
NS — - ke =R -« - T EREREES ST 1
! 1
' 1
the West's leader in advanced ELECTRONICS ! HUGHES PRODUCTS !
]
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Where [42#06] timing equipment counts

&
§
XDXDXADXXDXXIXPXIXEXIX

T | ]
1 [ (1 [
ELECTRONIC ENGINEERING COMPANY’S

List of major instrumentation timing contracts

o AIR FORCE MISSILE TEST CENTER e AIR FORCE FLIGHT TEST CENTER
Photographic Instrumentation

Atlantic Missile Range Dual Central
Timing Signal Generator
Downrange Central Timing Signal
Generators Timing System
Terminal Timing Signal Systems
On-Site Sub-Central Timing Systems
Ballistic Missile Launching
Control System
Instrumentation Timing and Ballistic

Timing System Study

and Calibration Unit

Timing Signals

J Thee

Design and Development of Camera
Design and Construction of Timing

Design and Construction of Recording
and Distribution Systems for

o NATIONAL BUREAU OF STANDARDS
Time Interval Selector
o U.S.S. MISSISSIPPI
Shipboard Missile Timing Equipment
o U.S.S. NORTON SOUND
Shipboard Missile Timing Equipment
o ABERDEEN PROVING GROUND
Time Code Generator
o FT. HUACHUCA

Timing System for Electronic
Proving Ground
o AEROJET-GENERAL
Time Signal Distribution System
(Pacific Missile Range)
Range Timing System (Pacific
Missile Range)
o DOUGLAS AIRCRAFT COMPANY

Transistorized Airborne Time
Code Generator

SADAP Timing System
Time Code Generator (Ground)

o LOCKHEED AIRCRAFT CORPORATION

Missile Launching System Design and Development of Central
o NAVAL AIR MISSILE TEST CENTER Time Code Generator

[nstrumentation Timing System Study o nyavAL ORDNANGE TEST STATION
Design and Development of Sea D .
N evelopment of Test Vehicle
Test Range Timing System Launching Control System

Various Special On-Site Instrumenta-
o ROYAL CANADIAN AIR FORCE

Time Code Generator
Terminal Timing System

e PHILCO CORPORATION
Satellite Instrumentation
Timing System

e SYLVANIA

tion Timing Signal Equipments

& Systems Central Timing System for Cold

Launching Control System Design Lake Station

From the Atlantic to the Pacific whenever a missile lcaves
the launching pad odds are better than 5 to 1 that its
instrumentation is being coordinated by timing signal sys-
tems made by Electronic Engineering Company of Cali-
fornia. In the 10 short years since it first launched a basic

Several important career opportunities are now
available in EECo’s engineering department. For
further information, call or write Merl Perkins.

Code Generator System
Time Code Generator

study of timing, EECo has become the leading supplier of
this type of equipment in the United States. This back-
ground of experience enables EECo to produce rapidly
and economically the instrumentation timing systems and
components so vitalty nceded for the space age.

Electronic Engineering Company of caiiornia

1601 East Chestnut Avenue, Santa Ana, California

MISSILE AND AIRCRAFT RANGE INSTRUMENTATION SYSTEMS * DIGITAL DATA PROCESSING SYSTEMS ¢ COMPUTER LANGUAGE TRANSLATORS ¢ SPECIAL ELECTRONIC EQUIPMENT

EE9:G
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new

improved
“Memo-Scope*

oscilloscope

For complete information on the new improved Hughes'‘Memo-Scope’’
oscillos :ope (Model 104E), detailed data sheets and application analysis
of your transient measurement problems, write or wire: HUGHES PRODUCTS
Industrial Systems Division, International Airport Station, Los Angeles 45, California

e i e R P R P R

prob

and

assu

and

Still using “old-fashioned”’
methods for measuring non-recurring
transients? If so, now is the time to
investigate the easy way to solve your

most difficult transient measurement

“Memo-Scope” oscilloscope.

Why? Because new features, new

advanced circuitry, new panel layout

transient measurements—p/us higher
performance, greater dependability

- e - coemeccccacteccacaa e n s ees

lems with the latest model Hughes

new mechanical design now

re maximum accuracy in all your

easier operation!

The Hughes “Memo-Scope"” oscilloscope
(Mode! 104E) stores nonrepetitive events
for an indefinite period—hours, or days—
keeping them available for thorough study
until intentionally erased.

new improved features

'
'

'

'

Simplified panel fayout, redesigned '
trigger circuit...assure easier '
operation, :
Advanced mechanical design gives: ]
* Better cooling for longer t
component life, U
 Far greater accessibility for :
maintenance, '

¢ Increased ruggedness; resistance t
to vibration, '
Built-in single-sweep circuit ('1-shot" :
trigger) at no extra cost, '
Available for either 110 v. or 220 v, i
operation. :
1

1

'

1

1

1

1

'

1

1

1

1

I

1

applications
Data reduction equipment trouble-
shooting
Physical testing: shock, stress, strain
Ultrasonic flaw detection
Semiconductor testing

Ballistics and explosives research
...and many others.

©19359, HUGHES AIRCRAFT COMPANY

SEMICONDUCTDR DEVICES + STORAGE TUBES AND DEVICES * MICROWAVE TUBES * VACUUM TUBES AND COMPONENTS = CRYSTAL FILTERS » MEMO-SCOPE®D OSCILLOSCOPES * INDUSTRIAL CONTROL SYSTEMS
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Experience—the added alloy in A-L Electrical Steels

.014 and .006 Strip

Higher permeability values now guaranteed

for Allegheny Ludlum’s Moly Permalloy

Means new, consistent and predictable
magnetic core performance

Molybdenum Permalloy nickel-iron strip is now available
from Allegheny Ludlum, with higher guaranteed perme-
ability values than former typical values. For the buyer,
this new high quality means greater uniformity . . . more
consistent and predictable magnetic core performance.

This higher permeability is the result of Allegheny
Ludlum’s intensive research on nickel-bearing electrical
alloys. A similar improvement has been made in AL-4750
strip steel. A-L continues its research on silicon steels,

WSW 7490

ALLEGHENY LUDLUM

STEELMAKERS TO THE ELECTRICAL INDUSTRY

Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17
Export distribution, Laminations: AD. AURIEMA, NYC 4

ELECTRONICS - JANUARY 15, 1960

including Silectron, well-known grain-oriented silicon
steel, and other magnetic alloys.

Complete facilities for the fabrication and heat treat-
ment of laminations are available from Allegheny Ludlum.
In addition, you can be assured of close gage tolerance,
uniformity of gage throughout the coil, and minimum
spread of gage across the coil-width,

If you have a problem relating to electrical steels,
laminations or magnetic materials, call A-L. Prompt tech-
nical assiscance will be yours. And write for more in-
formation on Moly Permalloy. Allegheny Ludlum Steel
Corporation, Oliver Building, Pittsburgh 22, Pa.

Address Dept. E-25.
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mperature
from the

15 Types of Mallory Tantalum Capacitors to Choose From
...Seven Types for High Temperatures

Capacity W. Voits DC Temp. Body Body

Type Description Range Rtg. at 85°C Range Case Style Length Diameter
M2 Pellet Anode— 11-140 mfd. 90-6V. —55 to Metal Case-Axial .500” .287” {Body)

Liquid Electrolyte +150°C Lleads .484” {Flange)
XTK Pellet Anode— 2-70 mfd. 340-8V, —55to Metal Case-Axial 438" to  .625”

Liquid Electrolyte +175°C  Leads or Terminal 1.313”
XTM  Pellet Anode— 4-140 mfd. 340-8V., —55 to Metal Case-Axial .566"to  .625”

Liquid Electrolyte +175°C  Leads or Terminal 1,800”
XTL Pellet Anode— 3.5-120 mfd. 630-18V., —55to Metal Case-Axial .500” to  .875”

Liquid Electrolyte +200°C  Terminal 2.595”
XTH Pellet Anode— 7-240 mfd. 630-18V, —55to Metal Case-Axial .688"to  .875”

Liquid Electrolyte +200°C  Terminal 4.065”
XTV Pellet Anode— 18-1300 mfd. 630-30V. —55to Metal Case-Axial 563" to  1.125”

Liquid Electrolyte +175°C  Terminal 2.750”
XTO  Pellet Anode— 7-240 mfd. 630-18V. —55+to Metal Case-Axial .563"to 1.125”

Liquid Electrolyte +200°C  Terminal 2.750”

... And Eight Other Types

HAT: microminiature, 1-10 mfd., —20 to +85°C, metal case

TAS:  miniature, solid type, .33-330 mfd., —80 to +85°C, metal case

TAM: microminiature, solid type, 6.8-56 mfd., —55 to +85°C, encapsulated
TAF:  foil type, .25-440 mfd., —55 to +85°C, metal case

STNT: subminiature, 2-40 mfd., —55 to +85°C, metal case

TNT:  miniature, 4-80 mfd., —55 to +85°C, metal case

TAP: miniature, 2-30 mfd., —55 to +100°C, metal case

TAP2: miniature, 11-140 mfd., —55 to +85°C, metal case

Immediate Delivery on All 15 Types
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Tantalums
MALLORY line

... broadest selection in the industry

When you need tantalum capacitors for high temperature service,
look first to the wide Mallory line. You're sure to find a Mallory
model right for your requirements—right in reliability . . . and right
in rating, size, mounting.

Pioneer in extreme temperature ratings, Mallory gives you a broad
choice: 200°C Types XTL, XTH and XTO and 175°C Type XTV—
3.5 to 1300 microfarads; smaller 175°C Types XTM and XTK—2 to
140 microfarads; and miniature 150°C Type M2—11 to 140 micro-
farads. In a variety of hermetically-sealed, corrosion-resistant case
styles . . . mounting and terminal arrangements for ordinary or high-
shock service.

Choose from 15 types of Mallory tantalums—microminiature to high
capacitance, foil or pellet anode. solid or liquid electrolyvte. encapsu-
lated or metal case, medium or high temperature. Their reliability is
proved by 18,000-hour tests, by over a decade of trouble-free service
—with unequalled stability of capacitance, equivalent series resis-
tance and low leakage values.

Write today for technical data . . . and for expert consultation on
your circuit requirements, see a Mallory capacitor specialist.

Mallory Capacitor Company

Indianapolis 6, Indiana

a division of

P.R MALLORY & CO. Inc. |

See Mallory Capacitor Company for a complete line
of aluminum electrolytics, tantalum capacitors and motor capacitors

Vg

T
"~
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Order Tantalum Capacitors

FROM STOCK

at these

MATToRY

Industrial Distributors
Baltimore, Md,
D & H Distributing Co.

Boston, Mass.
Cramer Electronics, Inc.

DeMambro Radio Supply Co.

Buffalo, N. Y.

Wehle Electric

Sunset Electronics Div.

Camden, N. J.

General Radio Supply Co.
Chicago, 1.

Allied Radio Corp.

Newark Electric Co.
Dallas, Texas

Engineering Supply Co.
Dayton, Ohio

Allied Supply Co.
Denver, Colo.

Denver Electronics
Glendale, Calif.

R. V. Weatherford Co.
Houston, Texas

Harrison Equipment Co., Inc.

Lenert Company
Los Angeles, Calif.

Kierulff Electronics, inc.
Minneapolis, Minn.

Northwest Radio &

Electronic Supply Co.

Mountainside, N. J.

Federated Purchaser, Inc.
New York, N. Y.

Harrison Radio Corp.

Harvey Radio Co., Inc.

Hudson Radio & TV Corp.

Lafayette Radio Corp.

Terminal Radio Corp.
Qakland, Calif.

Eimar Electronics, Inc.
Palo Alto, Calif.

Zack Radio Supply Co.
Pasadena, Calif.

Electronic Supply Corp.
Pittsburgh, Pa.

Radio Parts Co.
Tampa, Florida

Thurow Distributors, Inc.
Tulsa, Okla.

Engineering Supply Co.
Washington, D. C.

Electronic Wholesalers
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BASIC
BUILDING
LOCKS
FROM KEARFOTT

Miniature
Floated

Gyro

Engineers: Kcarfott offers challenging opportunities in

34

ANALOG-
10-DIGITAL
CONVERTERS

Kearfott’s rugged shaft
position-to-digital convert-
ers are resistant to high
shock and vibration and
high and low temperature
environments. Ideally
suited for missile applica-
tions, these converters are
available for many uses,
including latitude, longi-
tude, azimuth or con-
ventional angular shaft
displacement conversion
and decimal count conver-
sion. Exclusive drum
design provides large con-
version capacity in smallest
size. Combination counter
converter assemblies for
both visual and electrical
readout also available.

TYPICAL
CHARACTERISTICS

Kearfott Unit No..... P1241-11A
Cyclic Binary
0-32,768 (2'%)
Bits per Revolution 1
Revolutions for Total Range
Volts D.C. ... 105
Current (ma.) .
Inertia (gm. cm.?) ...
Unit Diameter (in.) ... .
Unit Length (in) ... ... 3
Life 10¢Revolutions or 10° hours
Static Torque (in.-0z.) .. 2 (break)
1 (running)
Weight (0z2) ..o 5
Maximum Speed (RPM) 600

Write for complete data.

Electrohydraulic
Servo Valve

BASIC

BUILDING
BLOCKS

FROM KEARFOTT

20 SECOND
SYNCHRO

This synchro, just one of a
broad line offered by
Kearfott, provides the
extreme accuracy required
in today’s data trans-
mission systems. Kearfott
synchro resolvers ecnable
system designers to achieve
unusual accuracy without
the need for 2-speed servos
and elaborate electronics.
By proper impedance,
matches up to 64 resolver
control transformers can
also opcrate from one
resolver transmitter.

TYPICAL
CHARACTERISTICS SIZE 25

Control
Transmitter Transformer

25161-001 25151-003

Type Resolver
Part Number

Excit. Volts
(Max.) 115 90

Frequency (cps) 400 400
Primary Imped. 400/80°  8500/80°
Secondary Imped. 260/80°  14000/80°
Transform. Ratio 7826 1.278
Max. Error fr. E.2. 20 seconds 20 seconds
Primary Rotor Stator

Write for complete data.

Scanalog
200-Scan y !
Alarm Logging -
System f

advanced component and system development.

CIRCLE 34 ON READER SERVICE CARD

BASIC

BUILDING
BLOCKS

FROM KEARFOTT

INTEGRATING
TACHOMETERS

Kearfott integrating ta-
chometers, special types of
rate generators, are almost
invariably provided inte-
grally coupled to a motor.
They feature tachometer
generators of high output-
to-null ratio and are tem-
perature stabilized or
compensated for highest
accuracy integration and
rate computation. Linear-
ity of these compact, light-
weight tachometers ranges
as low as .01% and is usu-
ally better than + .1%.

TYPICAL
CHARACTERISTICS

Size 11

(R860)
Excitation Voltage (400 cps) 115
Volts at 0 rpm (RMS) ... .020
Volts at 1000 rpm (RMS) ... 2.75
Phase shift at 3600 rpm ... 0°
Linearity at 0-3600 rpm .... .07

Operating Temperature
—54° +125°

Write for complete data.

KEARFOTT ocivision

GP

GENERAL PRECISION e

LITTLE FALLS, NEW JERSEY
Midwest Office. 23 W, Colendar Ave., Lo Grange, [I1.

South Central Office: 6211 Denton Drive, Dallas, Texas
West Coast Office: 253 N. Vineda Avenue, Pasadena, Calif.

CIRCLE 35 ON READER SERVICE CARD—>-
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WHEN WINDINGS MUST RUN HOT—GET MORE
HP PER POUND WITH 155°C ANATHERM MAGNET WIRE

ANATHERM-—a polyester film-coated wire enables
you to build a smaller motor without reducing horse-
power output—cenables your customers to operate
motors at higher temperatures without loss of horse-
power. In fact, wherever magnetic windings must run
hot. Anatherm oflers similar advantages.

But this is only part of the reason why Anaconda
Anatherm has found such wide acceptance. lts greater
thermal stability—plus excellent abrasion resistance,
chemical stability and dielectric strength—help make
Anatherm ideal for a wide variety of applications.

Anatherm—the first film-coated magnet wire to

‘ualify for the AIEE Class F (155°C) rating has been

field-tested and proved. Our broad application exper-

For you, Anatherm can mean smaller electrical equipment . .

ience with Anatherm allows us to offer this wire in
Sizes 8 to 46 in standard film thicknesses, and in a
full range of round, square and rectangular sizes.

For more information, see the Man from Anaconda.
Look up “Anaconda’ in your phone book—in most
principal cities—or write: Anaconda Wire & Cable
Company, 25 Broadway, New York 4, N. Y. —

ASK THE MAN FROM

ANACONDA

ABOUT ANATHERM MAGNET WIRE

. higher operating temperatures. See details on reverse side,

Via, T
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IMPORTANT FACTS FOR YOUR WORK...

...about Anatherm 155°C

When proper advantage is taken of Anaconda Anatherm’s higher
155°C characteristics, electrical equipment can be improved in
these ways:

RAISES LIMITING OPERATING TEMPERATURES. Anatherm raises
limiting operating temperatures to 155°C. This high heat re-
sistance means extra protection . . . longer equipment life . . .
wider range of applications.

REDUCES FRAME SIZE. Anatherm gives more horsepower from
the same space or the same horsepower from a smaller motor.
Costs are cut for you, and your customers benefit from smaller
over-all components,

INCREASES HORSEPOWER RATINGS. Anatherm is the best of
the polyesters. Its high heat resistance means higher permissible
operating temperatures, greater horsepower rating.

UPGRADING. Anathcrm helps upgrade standard equipment.
Gives added heat insurance through thermal stability. Particularly
suited for overloads.

COMPATIBILITY, With polyesters, importance must be placed
upon a completely compatible system. Varnish manu-
facturers have recently developed polyester varnishes which
allow a compatible polyester magnet wire system. A number
of varnishes other than polyester are compatible with
Anatherm, but consultation with varnish suppliers before
use is recommended.

TECHNICAL PROPERTIES

Anatherm has unusually high abrasion-resistance. This character-
istic allows it to be wound on both conventional and automatic

ANACONDA WIRE & CABLE COMPANY

25 BROADWAY, NEW YORK 4, NEW YORK
Please send me a copy of your Anatherm Magnet Wire Booklet.

NAME & TITLE. ¢t toevsessossossosssessossassosssssnssssassessasssassasse

MAGNET WIRE

DATA SHEET

from

Anaconda Wire & Cable Co.

(AIEE Class F) Magnet Wire

winding equipment. Anatherm offers excellent flexibility and
adherence properties. It meets NEMA snap test requirements
and exhibits excellent adherence to the conductor.

Anatherm maintains its dielectric strength under prolonged
heating at high temperatures. It consistently exceeds dielectric
strength requirements for NEMA dielectric twist test.

Anatherm will resist toluol, VM & P Naphtha, Ethyl Alcohol and
5% Sulphuric Acid. Anatherm is a polyester and exhibits the
best characteristics of this class of chemical compound. However,
all polyesters must be used with certain precautions where
moisture and/or enclosed systems are concerned. Similar pre-
cautions must be taken where chlorine-base supporting insulal
tions, such as neoprene and polyvinyl chloride, are present.
Polyesters should not be used in applications subject to exposure
to concentrated alkalies.

Anatherm is offered as a 155°C (AIEE Class F) magnet wire
based on AIEE #57 and # 510 test methods. These tests, performed
by Anaconda engineers, show Anatherm as being capable of a
30,000-hour life at 157°C in an unvarnished state and the same
life at 175°C when treated with a silicone or polyester type var-
nish. Thus Anatherm, when suitably varnished, has reserve sta-
bility evenabove the 155°C -
rating at which it is being =~
offered. The thermoplastic
flow temperature for
Anatherm, based on MIL-
W-583A, is very high
(250°C). Anatherm also
shows outstanding reten-
tion of flexibility after ag-
ing. Wire can be heated
168 hours at 175°C and
then wound on three times
its own diameter without
cracking. Its heat-shock
characteristics are excep-
tionally good for a poly-
ester wire: Anatherm will L. .-

withstand a 1x mandrel
wrapat 155°C foronehour.

Valuable Anatherm Magnet Wire Handbook—
yours for the asking!
Latest information. .. full technical data.

TEAR OUT FOR YOUR FILE
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elech'omc!iE
ERS' GUID
BUYERS' GUIDL

electronics BUYERS' GUIDE

You'll find detailed facts about the products of
almost 700 different advertisers — that’s 429, more
than you’ll find in any other electronics directory.

There’s also 64 pages of reference data about mar-
kets, materials and design - - vital information for all

working in electronics. Also local sales offices of man-

o @

ELECTRONICS + JANUARY 15, 1960

A McGrow-Hill Publication ® 330

ufacturers . . . the names, addresses and phone num-
bers of representatives . . . complete lists of manu-
facturers . . . registered trade names . . . and also, of

course, the most complete listing of all electronic and
related products. Tells what you want to know ...
when you're ready to buy.

West 42nd Sireet, New York 36, New York



Why U.S. Buys Missiles Abroad

Our first wire-guided missile designs will come from Europe, but

there is big production and new design business left for U.S. firms

THOUGH EUROPEAN MISSILEMAKERS
have been quick to achieve a beach-
head in the U.S. market for anti-
tank wire-guided missiles, the
market has actually just opened.

If the French and West Ger-
man missiles now being evaluated
by the U. S. Army (French $8-10,
11) and Marines (West German
Cobra) are accepted, U. S. firms
still have a chance to bid for man-
ufacturing rights for the foreign
birds. Also, the missiles being
tested represent only two of four
categories of such weapons needed
by the ground forces today.

Why did Furopean firms get the
jump on the U. S. in this field?
Two reasons: They planned ahead
and they didn’t have much money.

Anticipated Demand

NATO’s military strategists
foresaw the need for a transport-
able, accurate. nonjammable anti-
tank missile while the U. S. Army
clung to the 106 recoilless vifle.
European firms with limited de-
fense funds began experimenting

38

with bazooka-type weapons with
aerodynamic stability.

Before long cheap, unsophisti-
cated and easy-to-operate wire-
guided missiles had been produced
by England (Vickers’ Vigilant, for
which Clevite has a U.S. agree-
ment), France (Nord Aviation’s
SS-10, 11, and the French Army
Laboratory’s two  versions of
Entoc), Switzerland (Qerlikon’s
Mosquito), Sweden (Bofors’ Ban-
tam), and Germany (Boelkow Ent-
wicklungen’s Cobra).

What the Troops Need

Although the Army needed
three, or possibly four, categories
of short-range missiles, Army put
all its effort in the Dart. This
fact, plus an adequate budget,
resulted in too-frequent specifica-

tion c¢hanges. Dart ended up
heavy, sophisticated, expensive.
Chalking the project up to ex-

perience, Army cancelled the pro-
gram,.

The categories the Army needs
are: a Light Assault Weapon

18
Fo
} ,»a»w SR

French $5-11 antitank wire-guided missile is being evaluu'ed by the U.S. Army

(LAW) transportable by a man and
weighing about 30 1b; Medium As-
sault Weapon (MAW) transporta-
ble by jeep and weighing from 50
to 100 lb; Heavy Assault Weapon
(HAW) launched from a tank-killer
vehicle, possibly an armored jeep;
and a tank missile. The last two
categories cannot be wire-guided.
West German missilemakers with
long experience with this technique
(X-4 air-to-air missile was devel-
oped during World War II) say the
maximum practical range for wire
is from three to four miles.

Although Army may decide to
combine categories one and two,
LAW and MAW, into a singls
weapon, both categories are cur-
rently being evaluated: the French
8S-10 as a LAW (1i-mi range)
and the SS-11 (2%-mi range) as a
MAW.

Waiting for Results

The Marine Corps has tested
both French missiles and is now
waiting for results to be evaluated.
Meanwhile, the Corps has bought
100 Cobras from West Germany—
where the missile is already
operational with the Bundeswehr—
for testing at Camp Pendleton,
Calif. this month. Produced by
Boelkow Entwicklungen of Munich,
the Cobra will be produced in the
U. S. and sold here and in Canada
by Daystrom.

A candidate for the third cate-
gory, HAW, may not appear for
some time. The TU. S.-designed
Lacrosse radio-command missile is
the closest solution. It is believed,
however, that the Army will want a
lighter and more transportable
missile in addition to Lacrosse.

Tank Destroyers

Category four, a tank missile
called the Shillelagh, is expected
to be operational at midyear. It’s
now under development by Aeronu-
tronics Systems, subsidiary of

JANUARY 15, 1960 - ELECTRONICS



Ford Motor. with Raytheon as
subcontractor for fire control. The
contract amounts to $23 million.

Feelers Sent Out

While evaluating the French
missiles, Army sent out feelers to
American industry for proposals
for antitank missiles. And al-
though more than two dozen firms
have sent in company-financed
proposals, Army has not vet made
a choice. Probable reasons: Army
wants to study existing foreign
weapons before jumping into an-
other U. S. development project;

Army may decide to combine
categories ome and two; and,
Army’s budget may have been

strained by the $23-million Shil-
lelagh award.

Going into its test phase this
month. the Cobra is 30.7 in. long
and 3.9 in. in diameter. It weighs
20 1b, carries 5.5 Ib of explosives
or chemicals, High explosives re-
portedly would penetrate 21.5 in.
of armor plate. Nerve gas could
kill, almost instantly, hundreds of
enemy troops.

Powered by solid fuel, the
Cobra travels at a top speed of 191
mph and has a range up to 1! mi.
It can be fired from the ground, an
aircraft or a vehicle. Its four fins,
cruciform in shape, are constructed
at angles of 90 degrees to the body.
The two lower fins support the
wedpon on the ground and serve
as a launching platform.

The Cobra is controllable from
the moment it leaves the launching
site. The gunner guides the flight
of the missile by wire from a
hidden position through a 4.4-1b
enontrol box so  constructed that
the gunner can carry it in a pocket
sewn to his trouser leg, or by a
belt around his body.

How Cobra Works

One guidance control unit can
launch and control as many as
eight  Cobras. Launching is
accomplished by a selector switch
on the control box.

The operator guides the bird to
its target by manipulating a con-
trol stick up or down, to the right
or left.

The control stick operates from
a series of pick-offs which provide

ELECTRONICS < JANUARY 15, 1960

749
o« B2 .’;\.'. Y A
»

West Germany’s wire-guided Cobra, to be evaluated by the Marines, weighs 20 Ib, will

cost $1,000 each

the corresponding voltage changes
to the missile during its flight.

Both control box and missile are
transistorized. The German-made
receiver in the missile uses hand-
soldered circuitry.

Daystrom is working on a modu-
lar type receiver that will be in-
corporated in the U. S.-manufac-
tured missiles.

On the exterior top of the body
is the battery that provides the
electrical impulses to ignite both
rockets and a tracking flare and
to amplify flight direction signals
from the controi unit to the spoilers
to ¢guide the weapon in flight. On
the underside is the booster rocket,
so canted that it starts the missile
on its flight at a 22-degree take-
off angle.

Inside the body and wrapped
around the sustainer rocket is a
reel of guidance wire that spins

out through a hole at the rear.
The sustainer rocket keeps the
missile at constant speed until the
target is reached.

Versatility Is Factor

The U. 8. and Canadian market

for wire-guided missiles will be
big. How big depends on the
weapons’ versatility. Potential

tactical applications go bevond de-
fense against ¢cnemy tanks. A wire-
guided missile carryving an atomic
warhead (although to date atomic
warheads don't come this small)
could erase an underground com-
mand post. building or a concen-
tration of troops. The rocket could
spread nerve gas, psyvchochemicals
or even tear gas. Such a variety of
uses would create requirements for
the missile in a number of units
bevond those with antitank mis-
sions,
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THIS SMALL, LIGHTWEIGHT,
1000 TO 1800 WATT

400 CYCLE :
MOTOR ALTERNATOR

USES NO BRUSHES, NO SPRINGS,
NO MOVING COILS...IS PRACTICALLY
MAINTENANCE FREE!

AMERICAN ELECTRONICS'

’ mpact, low priced, nominal 400
Here’s a compact, price ) .ma —— Sulbl
cycle motor alternator set by American Elec- REQUIREMENT MODEL NO.
tronics that is an ideal high frequency power VOLTAGE HP W1AET§ F@ VOLTAGE
supply for shops and laboratories, for perma- :
. P . 220/440 1 500 115/200 275FA
tallation. With outputs u
nent or portable.ms ati i utpu p 2207440 2 1000 s e
to 1000 watts single phase or to 1800 watts 3.PHASE 2207440 3 1800 115,200 975E
three phase, Model 275 saves space, can be INPUT AND 2207440 3 1800 115 275EA
utilized as an individual power source for train- 3-PHASE 550 3 1800 115/200 275K
. . . . . . OUTPUT 220 3 1800 115/200-115 275LA
ing aids, flight simulators, radar installations 208 3 1800 115 275M
and computers. 550 3 1800 115 275N
Produced by the Precision Power Division of
: y the 3-PHASE 2207440 1 500 115 275CA
American Electronics, Inc., Model 275 Inductor INPUT AND 220,440 2 1000 115 2758
Alternator, illustrated above, operating from 1-PHASE 208 2 1000 115 2756
60 cycles AC, meets power supply requirements OUTPUT 11%530 g iggg gg 552:8
of MIL-E-7894. Total harmonic content is under R T " = Tonl —
; d / 15/
0, .
5%. Output. voltages are automatically r'egu INPUT & 115,230 ’ 1000 115,200 27588
Jated to within =19 and are manually adjust- 3.PHASE 115/230 2 1000 115 275AA
able to =109 from nominal. Specific models OUTPUT 115/230 3 1800 115/200 275DC
for specific requirements are listed in the table. 1-PHASE 115/230 1 500 115 275C
Other standard alternators in sizes from 500 'NP:TSS‘ 115/230 9 1000 115 275A
watts to 120 KVA, with fixed or variable output | 75 115/230 | 3 | 1800 115 275Y
frequencies ranging from 250 to 10,000 cycles,
are in production. Please write for our new bro- .
hure which gives complete details on Model Weight: 1t ELTE-
chure whic g',es ) e. . Output Frequency: 400 CPS nominal
275 and American Electronics’ line of rotary Maximum Total Harmanic Distortion: 59
power supply units. A new brochure is also Voltage Regulation: “1%
available covering AMSTAT Static Power Voltage Adjustment: +10% from nominal
Devices produced by the Precision Power Div- Size: with 3-phase motor 20" Lx 12" Wx9%" H
ision of American Electronics. with single-phase motor 21% " Lx 12" Wx 11" H

A\ AMERICAN ELECTRONICS, INC.

PRECISION POWER DIVISION
9705 KLINGERMAN STREET, EL MONTE, CALIFORNIA

[ S T a T, - aeare, Brlmram—a s Pt e D S ]
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THOR
MACE
TITAN
HAWK
ATLAS
SNARK
NIKE B
BOMARC
NIKE ZEUS
SPARROW |
SPARROW I
SPARROW IIf

SIDEWINDER
REGULUS 1l
VANGUARD
PERSHING
BULL PUP
POLARIS
CORVUS
FALCON

¢ 9

Ny Unigue "White Roorms”
/mprove Minfature Ball Bearing Reliability/

In these rooms the most infinitesimal air-borne con-
taminants are scientifically whisked from the air ,
away from superprecision miniature ball bearing parts.

New Departure introduced the White Room nearly
twenty years ago. And today, New Departure's concept
is a pace-setting standard in miniaturization industries.
At N/D, miniature ball bearings are completely
assembled in properly humidified, temperature con-
trolled atmospheres that approach fantastic levels of
cleanliness. The most advanced air filter systems avail-
able are employed. In addition, pressurized access
air locks and individual counter-top pressurized
chambers are used by N/D's skilled technicians during

N
NEVVY DOEFEA R T LI R E

final assembly and statistical inspections. Air-borne
particles rarely ever touch bearing surfaces.

All N/D White Room equipment is of the most recent
development and design—incorporating the highest
order of today’s technological know-how and relia-
bility methods. These are just a few reasons why more
and more major missile contractors rely on New
Departure Miniature and Instrument ball bearings.
If you are working on a new miniature ball bearing
application where reliability is critical, include an
N/D Sales Engineer in your design discussions. Call or
write Department LS., New Departure Division,
General Motors Corporation, Bristol, Connecticut,

r 4

2

MINIATURE ayé-numem-r BALL BEARINGS
oroved reliobility you can burld around
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U. S. buying of semiconductors made in Japanese factories appears likely to follow current brisk patterns

Import Curb Plea Under Fire

Counterattacks to petition for import curbs on Japanese semiconductors

are registered in Washington. Possible deadlock seen

IMPORTERS of semiconductors—
transistors, diodes. and rectifiers—
are marshalling forces for what
promises to be a long and bitter
fight in Washington against curbs
on foreign sales asked by Electronic
Industries Association at Office of
Civil and Defense Mobilization.
Electronic Industries Association
filed its protest primarily against
imports of transistors from Japan,
and based its plea for new restric-
tions on the grounds that recent
spurts in the importation of these
products threatens domestic manu-
facturers whose productive capacity
is vital to the national defense
( ELECTRONICS, p 32, Nov. 6, 1959).
EIA, supported by a companion
petition filed by Texas Instruments
Inc. and affidavits from several
other member companies, is seeking
relief under section No. 8 of the
Reciprocal Trade Agreements Act,
whose so-called “national security”
clause provides the procedure by
which Nffice of Civil and Defense
Mobilization can recommend import

42

quotas or other restrictions.

According to EIA’s petition,
imports of Japanese transistors
(and other foreign semiconductors)
threaten:

e To impair the efforts of U.S.
producers to provide the capacity to
meet existing and potential national
security requirements;

e To create instability in indus-
try employment;

e To deprive the domestic indus-
try of profits from entertainment
transistor profits which go into ex-
pensive research and development
of military-use products; and

e To deplete domestic production
capacity to the point where the U. 8.
is dependent on foreign sources for
defense needs of these products.

Rebuttal Filed

In mid-December, Japanese im-
porters filed a sharp rebuttal to
EIA’s plea. The Electronics Indus-
tries Association of Japan, the
Japan Electronics Export Promo-
tion Association, and the Japan Ma-

chinery Exporters Association were
later joined by the British Chamber
of Commerce and a U.S. importer
of German products, Robert Bosch.

The Japanese contentions are:

e That imports of entertainment
transistors and transistor radios
compete with domestic output of
entertainment equipment only, and
do not threaten the productive ca-
pacity of U.S. firms producing
military-use items;

e That the bulk of Japan's ex-
ports of these items to the U.S. are
shipped under patent licensing
agreements with U. S. firms such as
Radio Corp. of America, Transitron,
Inc., and Ravtheon Co.;

e That domestic leaders in the
production of military-use semicon-
ductors do not rely on profits from
sales of entertainment items to
finance their defense research.

e That the Dept. of Defense has
advised OCDM that domestic pro-
ductive capacity of semiconductor
items currently is in excess of de-
fense needs.
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What has EIA disturbed is that,
according to Commerce Dept’s
latest figures, imports of Japanese
transistors multiplied from $7,000
in 1958 to $521,000 in the first six
months of 1959 alone.

U.S. imports of other semicon-
ductor devices from Japan totaled
$42,000 in the first half of 1959.

Nevertheless, EIA contends that,
despite a 15 percent tariff, Japanese
transistor imports have burgeoned
in the last two years from a neg-
ligible volume to “about 25 percent”
of total U. S. unit production.

The Japanese counter that their
shipments are so concentrated in
the nonmilitary, entertainment-
item field that their U. S. sales of
higher priced military items totaled
a mere 2.7 percent of the domestic
semiconductor dollar volume output
in 1958, and an estimated 3.5 per-
cent in 1959.

Rumors Abound

Behind the feud, the trade is rife
with rumors that some U.S. pro-
ducers of military-use semiconduc-
tors depend on Japanese imports of
entertainment items to the point
where they will refuse to support
EIA, though they are members.

OCDM staffers sav they want to
stay out of any intraindustry
wrangle. Thev point out that only
one section No. 8 case has resulted
in new curbs on imports—that one
involving the mandatory guotas on
petroleum. Over a dozen other simi-
lar cases have heen rejected at
OCDM—not because the agency has
refused to accept petitioners’ con-
tentions that they are ‘“defense-
essential,” but on the grounds that
imports are not constituting a
threat to domestic productive ca-
pacity needed for defense.

The semiconductor case may take
several months to complete. But to
date, the strongest indication of the
rough road EIA faces is contained
in the Defense Department’s recent
survey cited by the Japanese.

The Pentagon’s Electronic Pro-
duction Resources Agency reported
fo OCDM several months ago on
the request of the National Security
Council. Its finding: There is ade-
quate U. 8. capacity for production
of transistors and other semicon-
ductors to meet both current and
long-range military needs.
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TIMED OUTLET

Look what happened when A. W. Haydon
« ¢ anew LABORATORY STOP CLOCK

You just won’t find these features in any other stop clock. This versatile timer-of-all-work
was designed by engineers who understand timers and timing...and who needed a precise
time reference in their own work. Timed outlet—energized whenever clock runs, sup-
plies 115V, 60 CPS, 3 amp to time and control external loads simultaneously...manually
or automatically. External Run Socket—for remote running, using a control cable...
manually or automatically (when wired into a system). Clutchless timing mechanism
—~ needs no warm-up, make-ready or pre-start. Synchronous motor starts and drives
instantly. No power consumed except during timing and reset. Independent RUN and
RESET buttons for manual, local control. Schematic diagram and control circuitry silk-
screened on bottom of housing for ready reference. B Bench type precision stop clocks
are available with optional remote control for manual or automatic running and/or reset-
ting. Clocks operate on commercial 115V, 60 CPS power; accuracy is =+ 25 milliseconds.

. Low power drain: only 2 watts, timing. Sweep second scale calibrated
in 10 millisecond increments; totalizer scale calibrated in sec-
onds, up to 1 min. Sturdy instrument case requires only 414"
square bench space. For complete specifications, write for
Bulletin £T-702. Ask also about panel-mounting versions,

AWH A

GCOMPANY

235 North Elm Street, Waterbury 20, Connecticut

REMOTE CONTROL
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Circle No. 280

Low Cost Miniature Trimmer Pot, Series 110,
.

3/4” dia. preset wirewound 1/2-5,000 ohms resistance Y s Y
range variable resistor. Exceptional reliability due to Ru J\/
several unique design features. \ ." 4

Circle No. 281
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Circle No. 282
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Compact Vernier Variable Resistor, Type VA-45.
12-1/2 to 1 reduction. For fine tuning applications. Ball
bearing rotation.

Circle No. 283

Circle No. 284

Higher Reliability Micro-Miniature Composition
Control, Series M250.

9/32" dia. For miniaturetransistor hearing aids, miniature
radios, telephone equipment and industrial applications
requiring tiny size and exceptional reliability.

R ]

Circle No. 285

Burton browne advertising

/4

67% Smaller Side-By-Side Printed Circuit Ceramic
Base Control, Type X153.

Compact space-saving self-supporting snap-in 2 or 3-
section variable and fixed resistor network 1/3 the size of
previous units designed for printed circuit applications.

Z/4

24

Highly Uniform Rugged Rotary Switches,
TROLEX Series.

Exceptionally high uniform reliability is achieved by an
entirely new manufacturing concept. For military and
commercial applications.

Circle No. 286

Compact Motor Driven Control, Type MD 45,
For remote control functions.

Circle No. 287

Circle No. 288

CTS Specialists are willing to help solve your vari-
able resistor and switch problems. Contact your

nearest CTS office today.

Founded

ay

Factories in Elkhart & Berne, Indiana; South Pasadena, California;
Asheville, No. Carolina; McHenry, lllinois and Streetsville, Ontarlo,
Sales Offices and Representatives conveniently located throughoyt
the world.

CHICAGO TELEPHONE SUPPLY

Corfroralian

ELKHART « INDIANA




Canadian Station Airs Stereo

Regular broadcasting of a-m stereo starts soon in Montreal as

government network and other stations show growing interest

STEREOPHONIC BROADCASTING is well
on its way to becoming a reality
for Canada’s most populated region.

Shakedown of equipment already
installed at station CJAD, Mont-
real, is now taking place. Scheduled
broadcasting is slated to start in
the near future,

The system is an a-m/a-m instal-
lation which transmits stereo to
listeners with two a-m receivers. To
hear the stereo effect the listener
must tune receivers slightly off
frequency. Listeners with one radio
can hear the same programs with
no noticeable loss of quality.

Present plans call for broadcasts
of a half-hour during the day and
1} hours in the evening. Approval
for the stereocasting has been
granted by Canada’s Department of
Transport, whose responsibilities
include communications. The li-
cense for stereocasting has been
issued on an experimental basis to
the Columbia Broadcasting System
affiliate station. There are indica-
tions that other commercial stations
in Canada as well as the govern-
ment-operated Canadian Broadcast-
ing Corp. are also interested in
stereo broadcasting.

Interest Is High

Owner and president of the sta-
tion, J. Arthur Dupont, told ELEC-
TRONICS that interest seems high in
stereo among Montreal listeners.
The station has been keeping a close
watch on sales of stereo records and
stereophonic high-fidelity equip-
ment. Based on these observations,

success of the venture is antici-
pated.
Kahn Research Laboratories,

Inc., Freeport, L. I., supplier of
CJAD’s stereo gear, reports that in-
terest in stereo is not confined to
Canada and the U. S. alone. The
company has installed equipment in
Mexico City for station XEW,
which plans regular stereocasts in
the near future, and in Venezuela at
both of that country’s two radio sta-

ELECTRONICS  JANUARY 15, 1960

tions. The Venezuelan stations com-
pleted preliminary tests in the fall
of last vear and have since ordered
more equipment.

Expectations are thuat stereocast-
ing in Canada will move forward at
a faster pace than in Latin Amer-
ica. As in the case of television
broadcasting, the Latin American
stations are operating in an en-
vironment where per capita owner-
ship of radio sets is low by U. S.
standards. Mexican manufacturers
are producing conventional a-m re-
ceivers that sell for as low as $11,
but doubt that there is as high a
proportion of two-set homes in their
country as there is north of the
border.

It is unlikely, however, that this
factor will slow down XEW’s efl'orts
to anyv great extent, observers be-
lieve. They note that the station
owners have a reputation for posi-
tive action.

In the early davs of television,
the Mexican station stimulated re-
ceiver purchases by establishing
well-equipped studios, presenting
mixed fare of bullfights, baseball
games and variety programs and
even installing a complete pint-
sized auditorium for children’s
shows from which parents are ban-
ished behind glass partitions.

Supporters of stereophonic broad-
casting in Latin America are also
relving on the love of music shown
by most of the people in their coun-
tries.

IL.eonard R. Kahn, president of
KRL, says an expansion of the re-
ceiver market will follow the rise in
stereo broadcasting in any country.
His company has designated a two-
channel a-m receiver requiring only
an auxiliary speaker. “The cost and
complexity of these home receivers
must be minimized to assure wide-
spread public acceptance,” he said.

Nike-Zeus Antimissile Missile

Iyl

R&D costs for Army's aatimissile missile, Nike-Zeus, have passed $V2 pillion. Congress will

n

—

decide if the weapon will go into production. Prime contractor Western Electric is responsible

for the radio command guidance system
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Recorded Events,

only when referred to

Time...

have significance!

...and with today’s accelerating
technology, the need for the most
accurate time reference available
becomes more acute. It is available
...and free; the standard time and
frequency transmissions of the
National Bureau of Standards radio
stations WWV and WWVH are
accurate to better than 1 part in 50
million and are placed at the dis-
posal of anyone having a receiver
capable of tuning to one or more of
the transmitting frequencies.

The new Model WWVT receiver,
designed especially for remote oper-
ations under extreme environmental
conditions, is a highly-sensitive
crystal-controlled instrument capa-
ble of utilizing WWV and WWVH
transmission.

Model "~/
- ( ,.
N

A 6-position dial switches instantly to any
Standard Frequency — 2.5, 5, 10, 15, 20 or
25 mc. It is small, light-weight and rugged
-~ sealed metal case and potted components,
all transistorized and battery operated, and
has better than 2 mv sensitivity. Priced at
8545.00

Send for bulletin #159A which details many
free services available from WWV & WWVH.

v
— |+
SPECIFIC PRODUCTS

Box 425, 21051 Costanso, Woodland Hills, Calif.
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New System Stirs

Information storage on heat-sensitive tape is

provoking a number of serious questions. New

developments are being closely watched

INTENSITY
CONTROL
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DEFLECTION

q _
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BEAM
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Experimental thermoplastic tape recorder drives film at constant speed.

4
DRIVE
CAPSTAN

Specially

designed electron gun produces charge, records color or b&w

THERMOPLASTIC RECORDING of tele-
vision signals and its effect on users
of magnetic tape continues to mo-
nopolize a good many conversations
this week for both business men
and engineers.

Of interest to the engineer is the
way in which the tape operates and
the equipment it will require. The
businessman asks how it will affect
the value of the tape equipment he
now owns.

Technically, the ‘“thermotape”
process may be defined as a system
for storing information at high
density on a film containing a plas-
tic coating which melts at low tem-
peratures.

Information is placed on the tape
with an electron beam in such a way
as to permit electronic playback of
tv images in black-and-white or
NTSC simultaneous color, or of
computer input data. In a system
described by General Electric this
week in New York, the feasibility
of producing direct optical images
from the thermotape was discussed.

Action of the electron beam lays
down a negative charge pattern on
the plastic film. Attraction of a pos-
itive back plate for the negative

charges causes depressions when
plastic is heated. The pattern is
fixed for storage by subsequent
cooling.

For storage of color images, de-
formation ridges are impressed as
phase diffraction gratings whose
spacing and amplitude determine
the color features. The gratings are
produced through velocity modula-
tion of the horizontal sweep of the
electron beam by two low amplitude
r-f carriers. These carriers are fed
to the beam producing gun from an
external modulating cirecuit. Two
carriers are applied to the horizon-
tal deflection plates of the gun. An-
other carrier is applied to the
modulator electrodes. This carrier
modulates the vertical deflection.
Gratings spaced 10 microns center-
to-center have been obtained.

Video readout is accomplished by
a special optical system in combina-
tion with a conventional flying spot
scanner or camera tube. Direct op-
tical readout is possible with an-
other type of specialized optical
system.

To erase, the charge pattern is
removed by raising the temperature
of the film high enough above its

JANUARY 15, 1960 - ELECTRONICS



Tape Users over 95%

melting point to increase condue- Of a//
tivity as well as soften the film.
George I. Long, president of Am-
pex Corp., says his company has
also been conducting research in
this field for some time. A bulletin
on the thermotape method as well
as other storage techniques was
published by Ampex in September
of last year. Company spokesmen

told ELECTRONICS there is no great can be “(_
M

—
Replacement fo: types 5AU4, SAW4, SAZ4,

O U/af 574, 5U4, 5Y4, 5W4, 5Y3, 524
P p" ——
rectifier

Z‘Ub e Z‘ypes Replu:el‘nen' for types 6X4,

6063, 6202

worry over competition from ther-
motape. They see it as a future ad-

junct rather than a competitor to fep/aced W/'Z‘h

their product. Replacement for types 80,

One indication that there will be .
no great upset in present tv tape TafZ/an Z‘Ube Mm
usage lies in the fact that there are g
presently some 700 magnetic tv /'ep/acemenf _r_
tape recorders operating in this
country. These units range in cost p—_—
from $52.000 to $71,000. Talks by Silicon Replacement for types OZ4,
ELECTRONICS with tv stations, and 5X4, 5Y4, 6AXS5, 6X5 -
tv advertising tape producers show K O |
a reluctance to start thinking about feCt/f/efs
replacement of their equipment in _
the foreseeable future. Comment
fréim one [AjE: Refwoik #is “Our Replacement for types SAU4, SAW4, 5AZ4, 574,

people are just getting settled to SU4, 5Y4, 5W4, 5Y3, 5T4, 5931, 6087, 6106
the existing system and aren’t go-

ing to start looking for something '
new for quite a while.” =

Industrial users are showing a
“Wait and see” attitude. Questions
have been raised over the reliability
of the reused thermotape in view
of the fact that it must be deformed
during recording.

A company engaged in manufac-
ture of airborne equipment ex-
presses do‘ubt‘ that thgre ‘\\7111 be Replacement for types 6AUS, 6AXA, 6BL4,
much application at this time for 6U4, 6W4, 12AX4, 17AX4, 25W4
thermotape in satellite and missile
programs.

Manufacturers of magnetic tape
do not seem to be overly worried
about potential competition arising
from the new tape. Minnesota Replacement for types 816, 836 or 3828
Mining & Manufacturing, for ex- and 866 at reduced voltage
ample, is prepared to pick up the
ball and run if the play goes in that
direction, but reminds that its
highly diversified line is not likely
to be hurt by any innovations. ] Replacement for types 866,

Reeves Soundcraft, which 866A, 3828
launched a new division to produce
commercial video tape this month

Replacement for type SR4

feels confident that its predictions Write for complete information,
for a $10-million market will not
be impaired by thermotape. ' SARKES TARZIAN INC. - SEMICONDUCTOR DIVISION

415 north college = bloomington, indiana « edison 2-1435
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SILICONE NEWS from Dow Corning

Better Environmental Design
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Sl LBSTI Cushions Electronic

Packages at -90 to 250C

Where environmental conditions are extreme, or fluctuate from one
extreme to another, specify resilient Silastic® to protect sensitive com-
ponents. Silastic, the Dow Corning silicone rubber, is not affected by
temperatures from —90 to 250 C (—130 to 500 F), nor by rapid thermal
cycling. It retains its excellent dielectric and physical properties . . .
resists the effects of ozone, storage, moisture, corona.

For these reasons, Silastic was selecled by engineers of the Emerson
Electric Manufacturing Company, St. Louis, for several parts of the
electronics package shown. Part of the fire control system on Convair
B-58 Mach 2 bombers, this unit must function at —65F . . . continue
to function dependably despite vibration and operating temperatures up
to 350 I around the miniature tubes. A molding of heat resistant Silas-
tic holds the tubes gently but firmly to protect them from vibration
and shock. Silastic grommets, feed-throughs, and connector insulation
are also part of the package. In any climate and under any environments,
Silastic gives required protection to Emerson’s assemblies.

o

o el B v

EXTENDED | @
1 0 T - 4

Wire That STRETCHES

Like a stretch-to-fit sock, this snappy new
product extends itself to meet your needs.
Available with insulation of Silastic, it
is called Stretch Wire, and is manufactured
by the Stretch Wire Corporation.

Stretch Wire elongates to 165% of its
original length . . . then springs back. It
has already proven itself in missile and
ordnance electronics, withstanding launch-
ings at speeds of 1000 fps and inertia
loads of 800 G’s. Because of the proper-
ties of Silastic, the insulating sheath re-
mains elastic under the temperature ex-
tremes encountered.

Your nearest Dow Corning office is the
number one source for information
and technical service on silicones.

first in

silicones

48 CIRCLE 252 ON READER SERVICE CARD’
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...silicones provide lasting protection

Laminate Parries Lightning Thrust

Long range HF communication systems employing probe-
tvpe antennas are now safe from lightning strikes with the
new Aircralt Lightning Arrester made by Joslyn Manu-
facturing and Supply Company, Chicago.

Key component: a 0.0625 inch thick slotted silicone-glass
laminate part that serves as retainer and insulator for 15
phosphor bronze spring elements. Made of Dow Corning
silicone resins and glass cloth, this part enables the arrester
to safely discharge lightning strokes with a peak current of
100,000 amperes and 200 coulombs charge. The silicone
laminate is strong. resists moisture, vibration and fungus
erowth, and is inexpensive to fabricate. Electric strength
is . .. obviously . . . excellent.

CIRCLE 253 ON READER SERVICE CARD

997 Varnish Ups Power, Cuts Weight

When designing transformers to operate at high tempera-
tures in standby control power supplies for submarine
nuclear reactors, Milro Controls Co. faced three major
musts: maximum power output for minimum weight; great
resistance to moisture; ample overload protection.

Impregnating with Dow Corning 997 Varnish, and using
silicone insulating components. proved to be the right
answer on all three counts. This silicone varnish with-
stands operaling temperatures up to 250 C . . . provides
superior prolection against all the well-known enemies of
electronic and electrical equipment. Each of the new Milro
power supplies contains three compact, light-weight trans-

formers, impregnated with 997.
CIRCLE 255 ON READER SERVICE CARD
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New Gel Gives “View-Through” Protection

Poured as a liquid. transparent Dow Corning Dielectric
Gel fills all voids, then sets up to form a heat stable gel.
Dielectric strength is excellent; stress on components al-
most nil. Potted components and circuitry remain clearly
visible . . . can be checked by eye. Probes can be inserted
for instrument checks . the gel re-seals itself when
probes are removed. Individual components can be re-
moved and replaced.

Dielectric Gel enabled CBS Laboratories to meet stringent
reliability requirements on its Photoscan power supplies.
Despite high temperatures, high voltages, and high vibra-
tion levels in this remarkably small unit, Dielectric Gel
prevents arcing. Components are spaced less than 1/1”
apart, yet output voltages run from 1,000 to 25,000 volts!

CIRCLE 254 ON READER SERVICE CARD

CORPORATION

MIDLAND., MICHIGAN
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Now available
m commercial
quantities!

Sylvania germanium
High-Speed Switching Diode

£ FYIF=fM
Il s o J I R )
I 1HIRAN) INS

GUARANTEED
MAXIMUM
RECOVERY

\ TIVIE!

SYLVANIA D-1820 is the forerunner of an out-
standing family of diodes, designed, produced
and controlled specifically for logic circuitry.
The cost of this new SYLVANIA diode is low
enough to make it especially attractive for use
in quantity-produced electronic computers.
SYLVANIA D-1820, and the circuits designed
around this diode, feature:

high-speed operation — with recommended cir-
cuits, all units are guaranteed to provide a maxi-
mum recovery time of 4 millimicroseconds. How-
ever, recovery times of 2.5 millimicroseconds are
typical.

long-life performance — proved in 1000-hours
operating and 7000-hours storage life tests.

high reliability — basic point-contact structure
has been field-proved for more than a decade.
Withstands environmental conditions of shock
and vibration.

exceptional uniformity of electrical character-
istics—assures complete interchangeability within
the type—result of modern automated-production
techniques employed in the manufacture of
SYLVANIA D-1820.

economy — SYLVANIA pioneered the field of
germanium point-contact diode manufacture, has
“know-how" of superior-quality, large-quantity
economical production. SYLVANIA is able to
pass these savings on to you. .

simplicity—diode-logic circuitry is relatively un-
complicated, requires few components. It reduces
computer construction costs. It adds to equipment
reliability.

compactness—SYLVANIA D-1820 "package” is
miniature all-glass.

availability—units can be supplied immediately
through your local Sylvania Semiconductor Dis-
tributor or through your local Sylvania Field
Office.

Complete sales information on quantity prices,
delivery and sampling for your own evaluation
is available from your local Sylvania Semicon-
ductor Distributor or Field Office. For engineer-
ing data sheets on the new Sylvania D-1820
High-Speed Switching Diode or on any Sylvania
Semiconductor Device, write Sylvania Semicon-
ductor Division, Dept. 22-1, Woburn, Mass.

ELECTRICAL CHARACTERISTICS—
SYLVANIA D-1820

Absolute Typical
Maximum Ratings™ Operating Conditions™®
Fwd. Volt ... 1.3Vt | Fwd. Volt............. 0.9V
Fwd. Curr, .. b
8ack Volt .. Rev. Recovery........ 2.5 mus
Pwr. Diss.

tat 10 mA “at 20°C,

SYLVANIA

Subsidary of GENERAL TELEPHONE & ELECTRONICS (%)
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Soviets Spur Tv Set Output

USSR plans to triple production to 32 million

sets a year by 1965. New standards decreed

DESPITE emphasis on consumer
goods. the USSR seven-year eco-
nomic plan will make little dent in
the U. S. production and design lead
in home television sets.

The Soviets plan to triple tv re-
ceiver production from the present
rate of 1,200,000 sets a year to
about 3} million in 1965 when the
plan ends. By then, an estimated
18 million tv sets will be in opera-
fion.

Information comes from B. A.
Berlin, of the USSR state committee
on radio-electronics, who recently
presented a paper before the British
Institute of Radio Engineers’ con-
vention on tv engineering.

Soviet iv set production falls
largely into three categories: 21-in.
high-quality sets. 17-in. medium
quality sets and cheaper sets up to
14 in. The first two have f-m sound.
Luxury models are produced only in
limited numbers.

Better quality Soviet sets have
automatic frequency control and
stabilization circuits. Principal new
design trends in production models
are: (1) introduction of automatic

Portable current-path verifier, built by
Boeing for aircraft applications, identifies
individual wires in seconds in the com-
plex wiring of B-52G bomber. Two small
batteries supply power to 5-lb wunit in
use at firm's Wichita division

ELECTRONICS - JANUARY 15, 1960

frequency control for tuners and
(2) replacement of 70-degree pic-
ture tube designs bv 110-degree
tubes.

The design standards, which fol-
low by years the U.S. and Western
European lead in this field, have
been recently specified by Commu-
nist Party decree along with other
goals of the seven-yvear plan (ELEC-
TRONICS, p 34, Nov. 29, ’59).

In addition, the party has called
for the establishment of special de-
sign offices at major plants produc-
ing consumer articles. Observers
in Moscow generally believe that
this is at least partly the result of
Khrushehev’s U. S. visit and the im-
pact, of the American exhibition in
Moscow last summer.

New Look in Sets

The party decree deplores heavy,
uneconomic design of household
goods. It calls for use of plastic
cases instead of wood for transis-
torized radio sets, phonographs, tv
sets and tape recorders. It also ap-
pears that longstanding complaints
of Soviet citizens about the lack of
repair facilities for tv sets are be-
ing answered with a party order
for the “organization” of tv repair
shops.

xeport on television broadcasting
was given the Supreme Soviet by
communications minister Nikolay
Psurtsev. He said 84 tv centers are
now operating. Thirteen of them
were commissioned just before the
end of 1959, thus extending broad-
casts to all capitals of union repub-
lies and other cities with a total
population of 75 million.

The minister reported that 60 tv
stations out of 100 envisaged in the
seven-year plan are under construc-
tion. He indicated that programs
would be exchanged with other
Communist countries by the end of
the plan. He was non-committal
on color tv, stating only that “‘much
attention is being paid” to its de-
velopment and that trial transmis-
sions have begun in Moscow.

2N416
2N417
2N425
2N426
2N427
2N428

Specity with assurance
when you specity

INDUSTRO

——

alloy junction germanium

AP TRANSISTORS

Absofute reliability has been impera-
tive in the Polaris. The extreme reli-
ability designed into the Polaris
Missife Program requires transistors
which far exceed the operating and
environmental conditions of MIL-T-
19500A.

Industro is proud of its contribution
to the success of this vital military
project.

Whether your transistor requirements
are military or commercial you can
depend on industro. We invite your
“inquiries.

INDUSTRO

35-10 36th Avenue » L. 1. C. 6, N. Y.

IN CANADA:
CANADIAN GENERAL ELECTRIC COMPANY LIMITED
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KAY ELECTRIC
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N

& Cat. No.
“unbal.—50, 75, 150, 300,50 |

bal.—100, 150, 300, 600,99

1 0-16 at 50 ohms
0-23.8 at 300 ohms

5.220
$365.00
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RARE
COMBINATION
OF RELAY SPECS

SIGMA SERIES 32 — POLARIZED, DPDT MAGNETIC LATCHING RELAY

50 mw. sensitivity
current operated
- 30 g to 5000 cps
vibration immunity

100 g shock immunity

SIGMA

SIGMA INSTRUMENTS, INC.
36 Pearl St., So. Braintree 85, Mass.

An Atfiliate of The Fisher-Plerce Co. (since 1939)

That artistic square wave is here to suggest but
one of the application virtues of Series 32 relays:
operation on nothing more than the meager energy
of a single, short pulse. And with magnetic latch-
ing, the need for standby power and return springs
is eliminated. The “32” is also a true current-
sensitive relay, designed and built to operate cleanly
when a slowly increasing current reaches the op-
erate value. Contact closure is fast, positive and
synchronous. And in common with most polarized
relays, the dual-coil version of the *32” operates
on the algebraic sum of the currents in its windings
— making it ideally suited to comparing a variable
signal current to a reference current.

The specs published here all include safety
margins and understate the ““32’s’’ actual capabili-
ties. And better than the printed word, they hold
true in customers’ circuits. Further data will be
sent in answer to letterhead requests.

(See reverse side for major specifications)



MAJOR SPECIFICATIONS

Sigma Series 32 Subminiature Relay

(See reverse side for basic design & application characteristics)

OPERATION Double-pole double-throw, either-side stable, polarized mag-
netic latching (Sigma Form 2). Depending on the polarity of coil
signal, the armature latches magnetically in either of two fixed
positions. There is no center-off position. The coil signal may be
ONE current flowing in one coil, two coils in series or two coils in
parallel; or the operating coil signal may be the algebraic sum of
the currents in each coil.

SENSITIVITY Operate 50 mw. single-coil, 100 mw. each coil of dual-coil
version,

VIBRATION 30 g to 5,000 cycles per second with no contact opening (with
relay energized or de-energized).

SHOCK AND CONSTANT ACCELERATION 100 g will not cause damage and
there will be no contact opening (with relay energized or de-
energized).

THERMAL STABILITY Relay remains within specification over an operating
temperature range of — 65°C. to +125°C. See curve, Fig. 1.

CONTACT RATING 2 amperes at 28VDC/120VAC, resistive load, for a mini-
mum of 100,000 operations at +125°C maximum, based on silver
contact material. Gold alloy contacts recommended for dry circuit
applications,

CONTACT RESISTANCE 50 milliohms, max. before use; 100 milliohms, max.
after 100,000 operations at rated load.

TIMING CHARACTERISTICS Relay operate time depends largely on the
nature of the energizing circuit, mainly in terms of effective
source voltage and final steady state coil current. Operate time
varies inversely with both current and voltage overdrive. See tim-
ing curves, Fig. 2,

SINGLE-COIL DUAL-COIL

SIGMA SERIES 32 RELAY — THERMAL CYCLE — TYPICAL DURVES
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MECHANICAL DATA

ENCLOSURE Hermetically sealed.
SIZE .800" x .400" x .900" high (0.288 cu. in.)
WEIGHT 18 grams (0.63 oz.)

MOUNTING STYLES AND CONNECTIONS All pins
spaced on 0.100" grid. Dimensions are the same for
single- or dual-coil versions; only the pin configurations

SIGMA

SIGMA INSTRUMENTS, INC.
36 Pearl St., So. Braintree 85, Mass.

An Afflliate of The Fisher-Pierce Co. (since 1939)

0
Vi—0 2 4 ) ] 10 12
V2—0 1 2 3 5 6
VOLTAGE OVERDRIVE
Vi = SINGLE COIL RELAY
V2 = DUAL COIL RELAY
Fig. 2.



" America’s modern way of doing business |
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Youngster is inoculated with vaccine from Chas. Pfizer & Co. Inc., world famous pharmaceutical manufacturer

Air Express speeds vaccine to Doctors ...in just hours

A child comes down with flu. Then another. And another. The local Board of Health’s supply of
vaccine runs low. A wire is sent to Pfizer. A few hours later, all the children are inoculated. Only
AIR EXPRESS delivers so fast, so dependably—anywhere in the U. S. This high-priority shipping service,
the nation’s most complete, is America’s new way of doing business—even for day-to-day shipments.
Kid-glove handling. Jet-age speed. Amazingly low cost.
And just a single phone call is necessary. Whatever your

NS S
business—parts, perishables or new models—with AIR A ' R EXPRE Ss
' ==

EXPRESS you're FIRST TO MARKET ... FIRST TO SELL!

CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES
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NOW

printed
circuit

laminate

. New Shamban KOP-R-KLAD laminate presents several distinct
A new, complete line of advantages to the users of printed circuitry. KOP-R-KLAD
hi-temperature hi-dielectric offers a complete line, the right constructions for every applica-

. . tion; optimum electrical properties through proper bonding, best
strengt h laminates featumng : volume, surface and insulation resistivity, highest dielectric

* Maximum electrical properties strength; highest peel strength, for sharp bends, rugged environ-
prop ] lengths, f i f fe i

* Unique, optimum-performance ‘ments; continuous lengths, for convenience of user, for wider ap-

q k;orf)din mel’zho fs plication. KOP-R-KLAD is available in twelve different types,

. g ; including copper to Teflon, to Teflon-glass, to Kel-F, and to

* Highest commercial peel strengths FEP-fluorocarbon. Each type has specific advantages, all types

* Avai]ability in sheets and have the advantage of absolute dependability and predictability

ntinuous 1 within the limitations of the materials specified. KOI?-R-KLAD

continuous engths is immediately available, dependent upon type, in widths up to

* Full range of typfas of 36", in lengths from 2” to continuous rolls. Write or wire factory

constructions, sizes for complete data.

SHAMBAN PRODUCTS FOR ELECTRONICS

Engineered Plastic Products

W. S. Shamban & Co.
11617 W. Jefferson Blvd.
Culver City, Calif. s HAMCO

*Ft. Wayne, Indiana
" Floral Park, New York

Snag-proof Teflon grommets. Stand-off and feed-thru insu-  Teflon and Nylon spaghetti
Non-abrasive, chemical resist- lators, Absolute insulation for  tubing, standard and Micro-
ant and very durabie, Sham- critical circuit tiepoints. Re-  thin wall sizes. Available in
ban snap-in and channel type sists high frequency and volt-  all sizes, to meet every tubing
grommets provide secure age breakdowns. need. Consistent quality.
holding device.
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Locating Undersea Oil Lines

Six-foot, 200-lb detector finds buried flowlines,
avoids damage during new drilling

;BN ‘-_"

Metal detector “fish” and recording gear

Lovisiana off-shore oil drilling

OFF-SHORE OIL operations involving
a network of 350 buried undersea
flowlines led to the development of
a new six-foot, 200-lb electronic
metal locator by the Shell Develop-
ment Co., Houston, Tex.

The company found that the maze
of undersea lines, which carry oil
from producing wells to production
platforms, presented a constant
danger of breakage in the placing
of a well jacket on a new off-shore
drilling site. The firm designed the
locator to find areas clear of such
lines.

Generates Field
The instrument generates an
electromagnetic field which is dis-

ELECTRONICS - JANUARY 15, 1960

are used by Shell Development Co. in

turbed when a pipeline or other
metal object 1is within range.
Aboard the ship, from which the
“fish” is launched, a recorder makes
a permanent record of ferrous metal
objects detected. Gear is calibrated
to permit operators to determine
depth of buried objects.

Three-inch pipelines have been
spotted at six feet under silt, says
the company, but most underwater
lines are less than six feet below
the ocean floor.

The oil company believes the !

locator may also be useful in some
types of marine salvage work. Shell
has contracted with F. H. Maloney
Co., Houston, to manufacture and
distribule the locators.

E.M.l.
MULTIPLIER
PHOTOTUBES

For scintillation counters, spectro-
photometry, flying spot scanning.
The range of phototubes made by
E.M.I. is one of the largest in the
world. It includes end-window types
of 1" to 15" diameter, with S10, S11,
S13 and S20 cathodes. with 10 to 14
dynodes of venetian blind type or of
box andgrid or focused construction.
Tubes for C' and H*® Scintillation
counting, also very low dark-current
types, are an E.M.I. speciality.
Tubes can also be produced to
| special order.

FULL DETAILS
OF ALL TYPES FROM ;

.JJ. ol, .jﬂlo/man 8’ Co., ﬂnc.

3 OLD COUNTRY ROAD - WESTBURY - N.Y.
TEL: EDGEWOOD 4-5600
EEB2
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Diversified elee¢e
systems c©

P

AlIResearch Actuation Systems For

Portable Radanr represent a typical electromechanical systems
application in ground support equipment. Two types of AiResearch actuation systems
are now in production for the Army’s mobile trailer-mounted ground radar unit. They
consist of a manually operated antenna folding storage system and an electrically

powered antenna elevation system.

Designed to operate under the most severe
environmental conditions, this type of
electromechanical system can operate on
60 cycle A.C., 400 cycle A.C., or 28 volt
D.C. Other suggested applications include:
missile launchers, missile ground handling
and support equipment, armored vehicle
fire control and ballistic handling systems,
and mobile communications equipment
requiring servoed actuating systems.

b 4

THE [-7-1.{ {33 ) CORPORATION
AiResearch Manufacturing Divisions

A

AiRescarch leadership in the development
and production of electromechanical
equipment for aircraft, ground handling.
ordnance and missile systems of all types
also includes such recent examples as
spoiler servo control systems, magnetron
and Klystron tuning devices, and safe-arm
mechanisms for missile igniting. We invite
vou to submit a problem statement of your
electromechanical requirements.

gﬁ hechanical

apability

U.S. Army Signal Corps ground

portable radar unit operated with
two AiResearch electromechani-
cal actuation systems.

Los Angeles 45, California ¢ Phoenix, Arizona

Systems, Puckages aund Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS
)] 8 p
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CONSTANT CURRENT

precision power supply

MODEL 351A

A general purpose laboratory instrument...

The Model 351A will satisfy the most exacting requirements
for accuracy and stability. This is achieved by an advanced
circuit design incorporating electronic regulation plus chopper
stabilization against a standard cell reference.

DIRECT IN-LINE READOUT WITH ILLUMINATED DECIMAL POINT

0-100 milliamperes in 1 microampere steps

100 volts maximum

Provides maximum protection for meter calibration. Limiter in:
output voltage will not rise above 600 mv. Limiter out: over
voltage protection places instrument in standby condition when
output voltage attempts to rise above 120 v.

Floating or negative grounded

0.01% or 0.1u amp., whichever is greater, for10% line voltage change

0.01% or 0.1u amp., whichever is greater, for load change from zero
to maximum

0.05% or 0.5 uamp., whichever is greater

1 microampere

0.005% per hour after short warm-up, 0.01% per day

$£845.00, f.0.b. Seattle, Washington

Output Current:
Qutput Valtage::
Voltage Limiter:
{Panel Switch Selected)

Qutput Polarity :
Regulation vs. Line :
Reguiation vs. Lood:

Colibration Accuracy :
Current Resolution:
Stability :

Price:

> CALIBRATION and
TESTING of:

. Instruments —Meters

. Semiconductors
Torque motors

. Bolometers

> An INVALUABLE AID
to magnetic circuit
development

B> ALL CONSTANT cur-
rent applications

8%" rack panel,19” wide, 14" deep

a0 o

Write us direct or contact our engineering representative in your area.

I R {[T.(-% MANUFACTURING COMPANY, INC.

P.O.BOX 7161 + SEATTLE 33. WASH.

Prices and technical data subject to change without notice.

ELECTRONICS < JANUARY 15, 1960

UNITED STATES
REPRESENTATIVES

ALBUQUERQUE, N. M.
Gene French Co.

120 San Pedro S.E.
Albuguerque, N.M.
ATLANTA, GA.

Bivens & Caldwell, Inc.
3133 Maple Drive N.E.
Atlanta 5, Ga.
BALTIMORE, MARYLAND
Horman Associates, Inc.
3006 W. Cold Spring Lane
Baltimore 15, Md.
BOSTON, MASS.
Technical instruments, Inc.
90 Main St.

Reading, Mass.

BRIDGEPORT, CONN.
Technical Instruments, Inc.
1115 Main St.

Bridgeport, Conn.
CHICAGO, ILL.

Cozzens & Cudahy, Inc.
125 0Id Orchard Arcade
Skokie, 1.

CLEVELAND, OHIO

M. P. Odell Co.

26614 Center Ridge Rd.
Westlake, Ohio

DALLAS, TEXAS
Wallace-Gluck Co.

P. 0. Box 13203

Dallas 20, Texas
DAYTON, OHIO

M. P. Odell Co.

2676 Salem Ave.

Dayton, Ohio

DENVER, COLO.

Gene French Co.

3395 So. Bannock St.
Englewood, Colo.
DETROIT, MICH.

M. P. Odeli Co.

10531 W. McNichols Rd.
Detroit 21, Mich,

HIGH POINT, N. CAROLINA
Bivins & Caldwell, Inc.
P. 0. Box 5187

High Point, North Carolina
KANSAS CITY, MO.
Harris-Hanson Co.

7916 Paseo Ave.

Kansas City 32, Missouri
LOS ANGELES, CALIF.
McCarthy Associates, Inc.
1055 E. Walnut St.
Pasadeng,.Calif.

/ /

AND CANADIAN

MINNEAPOLIS, MINN.
Pinkney & Hine Co.
1925 Nicollet Ave.
Minneapolis 3, Minn.
NEW YORK, N. Y.

G. Curtis Engel & Assoc.
210 So, Broad St.
Ridgewood, N.J.,
ORLANDO, FLA.

Bivins & Caldwell, Inc.
P.0. Box 7942

Orlando, Fla.
PHILADELPHIA, PA.

G. Curlis Engel & Assoc.
P.0. Box 4383,
Phitadelphia 18, Pa.
PHOENIX, ARIZ.

Gene French Co. .
1644 W_ Hatcher Rd.
Phoenix, Ariz.
RICHMOND, VA.

Bivins & Caldwell, Inc.
P.0. Box 6514
Richmond 30, Va.
RIDGEWOOD, N. J.

G. Curtis Engel & Assoc.
210 So. Broad St.
Ridgewood, N. J.

SAN DIEGO, CALIF.
McCarthy Assoc., Inc.
3460 Ingraham St.

San Diego 1, Calif.

SAN FRANCISCO, CALIF.
McCarthy Assoc., Inc.
635 Oak Grove Ave.
Menlo Park, Calif.
SEATTLE, WASH.
Rush S. Drake Assoc.
1806 Bush Place
Seattle 44, Wash.

ST. LOUIS, MO.
Harris-Hanson Co.

2814 S, Brentwood Blvd.
St. Louis 17, Mo.
SYRACUSE, N. Y.

J. D. Ryerson Assoc., Inc.
P. 0. Box 1400
Syracuse 1, N. Y.
TORONTO, ONT., CANADA
Allan Crawford Assoc.
P. 0. Box 214
Willowdale, Ontario

"VANCOUVER, B.C., CAN.

Rush $. Drake Assoc.
1806 Bush Place
Seattle 44, Wash.

WASHINGTON, D. C,
Horman Associates, {nc.
941 Rollins Ave.

Rockville. Md,
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Marconi Instruments
n incomparable
cialized instru-
prehen-

For th
gineer,
can supply 2
range of sp¢
idi com

ents provndmg.
‘:wc testing facilities for VHF|

UHF multi-channel telephone
or television links.

ame 60 fone s AR YD O GNP R

0A 1259

7

WHITE NOISE TEST SET
0A 1249A

Mecasures bascband intermodulation and
noise in multi-channel link equipment.
Suitable for radio or couxial systems op-
erating 60, 120, 240, 600 or 960 channels.

DERIVATIVE TEST SET
OA 1259

For fast and accurate linearity adjust-
ments on multi-channel link modulators
and demodulators. Gencrator sweeps

20 mc on i-f center frequencics from 65

,’2 Measurement by noise-in-slot technique to 75 mc. Oscilloscope unit displuys.lsl 7
% simulates busy traffic conditions. derivative—or slope - of response against %
";/" instantancous i-f. %
7 g
’ We will gladly mail you g

¥ literature giving full details %
%

of Marconi multi-channel Z

M A Rc o N I link test equipment—please Z

 for leaflers B144. 7

INSTRUMENTS A .

%

.

%

.

|

.

7 .
Z 111 CEDAR LANE - ENGLEWOOD - NEW JERSEY Z
/ TELEPHONE : LOwell 7-0607 7
z _
% Canada: Canadian Marconi Co - Marconi Building - 2442 Trenton Ave - Montreal |6 g
g Marconi Instruments Ltd - St. Albans - Herts - England %

T
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MEETINGS AHEAD

Jan. 31-Feb. 5: Comparison of Control
Computers, Winter General Meeting,
AIEE, Statler Hilton Hotel, New
York City.

Feb. 1-4: Instrument-Automation
Conf. and Exhibit, 1SA, Sam Hous-
ton Coliseum, Houston, Tex,

I'eb. 3-5: Military Electronies, Winter
Convention, Biltmore Hotel, Los An-
geles.

Feb. 10-12: Solid-State Circuits Conf.,
AIEE, IRE, Univ. of Penn., Hotel
Sheraton, Philadelphia.

Feb. 11-13: Electronic Representatives
Assoc.. Annual Convention, Drake
Hotel, Chicago.

Feb. 16-18: Nondestructive Testing of
Aireraft and Missile Components,
Southwest Research Institute, Hil-
ton Hotel, San Antonio, Tex.

Feb. 20-29: Component Parts and Elec-
tronic Tubes, International Exhibi-
tion, Porte de Versailles, Place Ba-
lard, Paris.

Mar. 2-24: Institute of Radio Engi-
neers, National Convention, Coli-

seum & Waldorf-Astoria Hotel,
New York City.
Apr. 3-8: Nuclear Congress, EJC,

PGNS of IRE, New York Coliseum,
New York City.

Apr. 11-14: Weather Radar Confer-
ence, American Meteorological So-
ciety and Stanford Research Insti-
tute, San Francisco.

Apr. 18-19: Automatic Techniques,
Annual Conf., ASME, IRE, AIEE,
Cleveland-Sheraton Hotel, Cleve-
land.

Apr. 19-21: Active Networks & Feed-
back Systems, International Sym-
posium, Department of Defense Re-
search Agencies, IRE, Engineering
Societies Bldg., N. Y. C.

Apr. 20-22: Southwestern IRE Conf.
& Electronies Show, PGME of IRE,
Shamrock Hilton Hotel, Houston,
Tex.

Aug. 23-26: Western Electronic Show
and Convention. WESCON. Ambas-
sador Hotel & Memorial Sports
Arena, Los Angeles.

There’s more news in ON the
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 112,

JANUARY 15, 1960 - ELECTRONICS



EVERYTHING

IN

\’\
Low-Power ‘&"“b
Switches =x:

positions; up to 18 can-
tacts per wafer.
Series A

15/16"

SMALL: Up to 12 pasitions

in phenolic, Mycalex, or

steatite insulation.
Series F

1.17/32"

ADAPTABLE: 8, 10, 12,

ond 14 positions; mony

variations; economical.
Series J, K, N

18-POSITION: Single or
double .eyelet fostening
of clips.

LOW COST: Up to 12
positions; stoked or strut
screw construction.

Series QH

GENERAL PURPOSE: Up
to 12 positions; 30°, 45°,
60° throw.

Series H Series L

2.5/16"

24-POSITION: 15° throw
handles complex circuits,
Series MF

1.3/8"

LOW COST: 2 to 5 posi-
tions; fits in limited space.

Series 50, 53

1.33/64"

LEVER OPERATED: 2 to 5
positians; numerous ver-
sians using std. wafers.

Series 185

SIMPLE SWITCHING: Up
to 4 positions; numerous
variations.

SIMPLE SWITCHING: Up
to 5 positions combined
with AC switch.

Series 52, 54 Series 20

CONCENTRIC SHAFTS:
Dual and triple shafts
with mony wofer types.

Endless
Variety
from
Standing SOLENOID SWITCH: Oak | 2-POSITION: Shorting
T I wofers with G. H. Leland type with floating slider.
ools type of Rotory Solenoid. Series 70

COMPLICATED SWITCH-
ING: 2 to 4 positions; up
to 20 poles; very thin,

Series 150

FOR PRINTED CIRCUITS:
Special lug designs for
direct insertions.

\~| }:?9/32"
Pt oen

COMPACT—2 to 4 posi-
tions; mox. switching in
min. spoce.

Series 160

ROTARY SLIDE

PUSHBUTTON | 1.21/32"

N/ o

)

1.13/16” \{
£

COMPLICATED CIRCUITS:
1 to 18 buttons, up to 32
contacts eoch.

SIMPLER CIRCUITS: 3 to
12 buttons; very adapt-
oble unit,

SINGLE BUTTON—1 to 4
poles; spring return ond
push-push.

Series 170,175 Series 130

Series 80

5/8 CRINT
-~
ULTRATHIN: 1 1o 12 but-

tons; up to 14 contocts
per button.
Series 131

Quick
Solutions
for Busy

Designers

1260 Clybourn Ave., Dept. G, Chicago 10, Illinois
Phone: MOhawk 4-2222

ELECTRONICS - JANUARY 15, 1960

Designing a low-power switch can sometimes turn into a real
tussle. Before this happens, call in Oak specialists. From a vast
store of past designs and experience they are able, many times,
to offer a readymade solution . .
unit, something unusual, or a complete package of circuitry. The
result is the exact switch you need, representing top engineering
and optimum economy.

. whether it be for a standord

CIRCLE 61 ON READER SERVICE CARD
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New EI Deviation Ohmmeter...

S digit accuracy with

Automatically measures resistance,
presents results in percentage of
deviation from nominal value!

Testing of resistors can now be

done 409% faster and with almost
complete freedom from human
error. The new EI Model DDM-300
Deviation Ohmmeter
around any selected nominal value
and presents the information in digi-
tal form as a direct percentage of
this value. Possibility of ambiguous
readings, reading the wrong range,
or mistakes in calculating devia-
tion from an absolute value, is
eliminated.

measures

Speeds testing — Using three digits,
instead of five, and elimination of
time consuming range changing,
reduce the average reading time by
40%. Average balance time is one
second.

0.01% accuracy—The instrument
reads +=5% of the total resistance
to an absolute accuracy of 0.01%.
The chosen 5% range is measured
to a full, three-digit accuracy.
Essentiafly, reading accuracy is
limited only by the absolute
accuracy of the nominal value.

The new instrument is particu-
larly suited for automatic measure-
ment of temperature co-efficients.
Contact closures are available for
go/no go and tolerance sorting
operations.

Values can be referenced to a single resistor of
known value or set with the optional precision
resistance decade unit (shown above).

Engineers: Many challenging positions are open. For details contact Mr. Carl Sibelius.

digits!

If you are testing resistors in
quantity, you will want complete
information on this extremely ver-
satile instrument. Get in touch with
your nearest El field engineer today.

BRIEF
SPECIFICATIONS

1

!

]

!
Display: |
3 digits, over range indication. |
Resistance range: i
10 ohms to 10 megohms, |
Accuracy: |
The instrument reads 59, |

of the total resistance to an |
absolute accuracy of 0.019%,. |

|

|

Speed:
1 second, average.

P e et e e T —— —p— —— w——

SAN DIEGO 11, CALIF.

Eleciro Instruments, Inc. Boroeon

Digital instruments for measuring AC/DC voltages, AC/DC ratios, resistance, capacitance, and frequency « X-Y recorders and accessories » DC amplifiers

62
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®

TYPE 1000 and 750 T-POTS

INHERENT STABILITY

‘

Assured in a DALOHM 750 or 1000 Trimmer Potentiometer

The ability to perform reliably under extreme
conditions of heat and humidity is only one
mark of the inherent stability that is standard in
Dalohm trimmer potentiometers.

Stored on the shelf for months...or placed
under continuous load .. .operating in severe
environmental, shock, vibration and humidity

conditions . . . Dalohm precision trimmer poten-
tiometers retain their stability because it has
been “firmly infixed” by Dalohm design and
methods of manufacture.

For all applications demanding trimmer poten-
tiometers that meet or surpass MIL specifica-
tions, you can depend on Dalohm.

— — —_—

WIRE WOUND e SEALED o HIGH POWER « DALOHM
TYPE 750 and 1000 TRIMMER POTENTIOMETERS

Miniature and standard sizes with
completely sealed cases. Three
terminal configurations provide
the solutions for demanding de-
sign problems.

750 1000
Rated at ...2 watts 2.5 watts
Resistance
range ...... 10 ohms to 30K ohms 10 ohms to 50K ohms
Standard
tolerance ...~ 5% 5%
Size ........ 180" x .300"" x 1.000” .180" x .300" x 1.25"
Screw
adjustment .17 & 2 revolutions 25 *+ 2 revolutions
Weight ..... 2 grams 2.5 granis

e Completely sealed

Meets humidity requirements of
MIL-STD-202A, Method 106A or
MIL-E-5272A, Procedure 1

End resistance is 3%, maximum

Nominal resolution is from 0.1%
to 1.2%

Temperature coefficient is
50 PPM/° C.

Meets load life requirements of
MIL-R-19A

Surpasses applicable paragraphs
of MIL-R-12934A

Werite for Bulletins R-41A and R-44, with handy cross-reference file cards.

ELECTRONICS - JANUARY 15, 1960

SPECIAL PROBLEMS?

You can depend on DALOHM, too, for
help in solving any special problem in the
realm of development, engineering, design
and production. Chances are you can
find the answer in our standard line of
precision resistors (wire wound, metal
film and deposited carbon); trimmer
potentiometers; resistor networks; collet-
fitting knobs; and hysteresis motors. If
not, just outline your specific situation.

from DALOHM
Better things in
smaller packages

DALE PRODUCTS, INC.

1300 28th Ave., Columbus, Nebr.

CIRCLE 63 ON READER SERVICE CARD 63



One of a Series

Predetermining Counters
provide simplified methods
for Automatic Control

Veeder-Root Predetermining Counters now make it possible
to design and build automatic control into equipment of all
types. They are available for mechanical, electrical and elec-
tronic control and offer many features and options to give
your equipment extra value and versatility.

Predetermining Mechanical Counters can be applied to
rotary, eccentric or stroke type motion, registering or counting
whatever units are required — such as revolutions, motions,
turns, pieces, lengths, and strokes. The newer electric and
electronic Predetermining Counters use a special high speed
light source and photo cell for non-contact counting on any
machine or process.

Automatic control is provided by the predetermining
counter actuating such devices as: lights, bells, signals and
stop motions. They work at speeds up to 8000 counts per
minute, can be easily incorporated into machine design and
control panels. Application assistance is available from a
Veeder-Root Counting Engineer; and specialized designs and
modifications can be supplied in most cases. For complete in-
formation, call or write your nearest Veeder-Root office.

High Speed, Quick Reset Predetermining Counters for electrical and
mechanical control, at speeds to 8000 cpm.

This counter has one set of wheels
which are preset to any figure with-
in the capacity of the counter by
depressing the reset lever, raising
the cover, and turning. The counter
subtracts from the preset number to
“00000”, when a knock-off lever ac-
tuates an electrical switch. To reset,
just press the reset lever, and
counter returns instantly to preset
figure. For Mechanical Control,
counter actuates a mechanical lever
instead of electrical switch. Speeds:
6000 rpm or 8000 counts per minute.

TO COUNTER
nov
[ g ol
|AC on OC
NOV. LAMP 0
® ]
(]" MAGNETIC COUNTER
Y

Addition of Magnetic Counter Provides Record of Total Lots.

A Veeder-Root Magnetic Counter connected in series with the alarm or stop
motion registers one unit for each of the predetermined lots produced. Pro-
vides a simple means (o obtain both machine control and production eontral.

64 CIRCLE 64 ON READER SERVICE CARD

The High Speed Predetermining Counter is the basic counter in this complete
line. It provides automatic control by this simplified method: . . . to set 2 run of
5451 pieces on the counter: (1) Set all white wheels to zero with one turn of
wing-nut; (2) Now, set the metal wheels, one by one. Set first wheel to “5”,
opposite zero on its ‘‘opposite number’” white wheel, then set the “4”, ““5” and
“1” and that's all . . . you're ready to throw the switch and start the run.

Electric Predetermining Counter ldeal for Batching,
Length Measurement and Materlals Handliing,

This new counter offers auto-
matic reset plus other important
features: 1. Instant automatic
reset . . . Countrol contacts op-
erate and hold for 0.3 seconds
... orfor 2 seconds . . . or indefi-
nitely. 2. Counter can be modi-
fied for automatic sequential
predetermining, using two or
more preset numbers. 3. A
bateh or totalizing counter can be added. This counter is adaptable to
material handling applications, slow speed batch counting, length
measurement, slitting, and similar applications. Speeds up to 1000 cpm.

High Speed Electronic Predetermining Counters Feature

Automatic Reset, 5000 cps. The No. 1604 features instan-

taneous recycling. Up to six
decade counters, with one, two,
or more sets of preset numbers

. with or without photohead
or enclosure. Output relay pro-
vides momentary or indefinite
holding time. Batch totalizing
available. Ideal for all high speed
counting, up to 5000 cps, recycle
at 1000 cps.
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Send for Literature and Technical Data . . . Extensive information and
specifications on how to use Veeder-Root Predetermining Counters are yours
for the asking. Send today.

Veeder-Root

HARTFORD 2, CONNECTICUT

The Neme that County’

New York ¢« Chicogo ¢ Los Angeles ¢ Son Froncisco * Seattle
St. Lovis * Greenville, S, C. » Altoono, Po, * Montreol
Offices and Agents in other principal cities
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NOW TEST

TRANSISTOR BETA
IN THE CIRCUIT

WITHOUT
POWER ON!

DON T TAKE IT OUT'

\ o ;
2 °,H 4= Ic0~
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Consider the real advantages of testing transis- SPECIFICATIONS
tors in the circuit. Downtime, and damage to

transistors, is greatly reduced. Complete assem-  Test Ranges: i‘:’:; LOM> [100: leaTgo, to 50
blies are quickly checked out. Quality control ATE:  InEE - Eogae: watarml

“ounce of prevention” is simplified during manu- foodings above 500 ohms
Out-of-circuit + 10%
facture.

Power: Mercury or zinc-carbon battery;
1,000 hrs. overage service life;
meter indicates bottery output

Beta is read simply and directly in or out of the
circuit; a basic function of the Sierra 219A is t0  y, peratre  32° 10 122°F for specified ac-
electrically isolate the transistor under test per- rangesl | coracy

taal ineei g 2 Dimensions: 9” high x 75%” wide x 64”
mitting accurate in-circuit tests. Ico is measured ANl N Pitvery
on a straightforward dc basis; collector poten-

tials of 3, 6, or 12 vdc may be selected.

Accessories: Test leods supplied
Price: $250.00 f.o.b. factory
. . . Detivery from stock
a For complete information and demonstration,
telephone your Sierra representative now.

S

Data subject to.change without notice

SIERRA ELECTRONIC CORPORATION

A Division of Philco Corporation
6251A BOHANNON DRIVE . DAvenport 6-2060 . MENLO PARK, CALIFORNIA, U. S. A,
Sales representatives in all principal areas

Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver, Winnipeg
Export: Frazar & Hansen, Ltd San F‘rancnsco, l.os Angeles

ELECTRONICS - JANUARY 15, 1960 CIRCLE 65 ON READER SERVICE CARD 65



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-te-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 Mcs (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 1h.
airborne communications equipment by Aer-O-Com!
Write us today for details!

3090 S.W.37th AVENUE MIAMI

33, FLORIDA
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“THIS RELARY
WILL GIVE US

300 MILLION
OPERATIONS, JOE”

/

HERE'S WHY P&B TELEPHONE TYPE RELAYS GIVE YOU
reliable performance over long life

Heavy Duty Frame

BS SERIES ENGINEERING DATA

Armaotéjor;. Pin Bearing shows maintains dimensional ‘5"1 -4
only. increase in clearance stability, adds to
after 300 million operations. relay’s sensitivity. =
=—r— iz
':_—‘:1—.'_: il
L Yy
B ST
{ |z p i T ? |
§ [N~
S — A = G
Husky Armature Arm e S — — - | =% |. 3 _.]

prevents sagging
or bending.

BS SERIES TELEPHONE TYPE
Measure the thickness of the BS series armature
arm. You will find the cross section area is greater
than ordinary relays of this type. Here is the kind
of quality that spells dependability.

Observe that the stainless steel hinge pin runs
the full width (not just half) of the armature, pro-
viding optimum bearing surface. This pin, operat-
ing in a stainless steel sleeve, shows only minimal
wear during nearly a third of a billion operations.

Best of all, P&B quality costs no more. A whole
new plant is being devoted to the production of
high performance telephone type relays. Your near-
est P&B sales engineer will be happy to discuss your
relay problems. Call him today.

GENERAL:
Breakdown Valtage: 1000 volts rms 60 cy. min.
between all elements.
Ambient Temperature; —55° to 4-85° C.
+125° C available on special order,
Weight: 9 to 16 ozs.
Terminals: Pierced solder lugs;
Coil: One <16 AWG wire
Contacts: Two ~18 AWG wires
Enclosures: Dust covered or sealed
CONTACTS:
Arrangements: DC—up to 28 springs
AC—up to 24 springs
Material: 14" dia. twin palladium.
Up to !4” dia. single silver.
Other materials on special order.

GS SERIES—Excellent sensi-
tivity: 50 mw per movable arm
minimum (DC). For applica-
tions requiring many switch-
ing elements in small space.

LS SERIES—Medium coil relay
with short springs and light
weight armature for fast
action, reliability and tong life,

Load: 4 amps at 115 volts, 60 cycle resistive
Pressure: 15 grams minimum
COILS:
Resistance: 100,000 ohms maximum
Current: 10 amps maximum
Power: DC—50 Milliwatts per movable arm,
Greater sensitivity on special order,
AC—17.9 volt-amps.
Duty: Continuous
Treatment: Centrifugal impregnation
Voltages: DC—up to 300 volts with series
resistor. AC—up to 250 volts, 60 cy.
MOUNTING: Two ~8-32 tapped holes 24" o.c.
Other mountings on special order,

TS SERIES—Short coil relay is
availablein AC and DC versions.
Long life construction. Can be
supplied (DC) with up to 20
springs (10 per stack).

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

6i) POTTER & BRUMFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO
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/.,
/. new
infrared search systems

We promise that you will hear from us within one week!

/
/ important openings for senior E.E.’s and Physicists
/ to assume responsibility for development of

4

Progress of the Hughes Infrared and Guidance Department reflects Hughes overall
growth. In the past ten years, employment has risen from under 2,000 to over 34,000 in
the several semi-autonomous divisions of Systems Development, Research, Commercial
Products, Ground Systems, Communications and Manufacturing. The infrared activity I‘

includes these typical projects: |
These activities have created a number of new openings 1. Air-To-Air Missiles )
for graduate engineers and physicists with analytical and 2. AICBM
inventive abilities. q . .
You are invited to investigate these openings if you have several 3. A|r-To.-A|r Detec_t'on Searcl.l .Set?
years of applicable experience in infrared optics or electronics, 4. Satellite Detection & Identification
and can assume responsibility for systems analysis and 5. Infrared Range Measurement
prelfiningly desiagy 6. Detection Cryogenics
The importance of infrared development at Hughes is shown in : = .
substantial development contracts and in the fact that Hughes is 7. Detector Application Physics
investing its own funds in further exploration, 8. Optical Systems Design
We invite your earliest inquiry, T - T----TTTTTTTToTToeoTT 1

Wire collect, or airmail resume directly to:

Mr. William Craven, Manager, Infrared

]
]
!
‘
Hughes Systems Development Laboratories '

I
c
Q
L
m
0

Culver City, California o . o - o o o o oo o e e e 3
©1959 HUGHES AIRCRAFY COMPANY
%
Write for reprints of these important technical papers, written by Hughes staff members... :
Infrared Search-Systems Range Performance: R, H, Genoud /Missiles Seekers and Homers: W, A, Craven, et al, |
Servomechanisms Design Considerations for Infrared Tracking Systems: J, E. Jacobs /Simulation of Infrared Systems: H. P, Meissinger }
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ALLIED CONTROL'’S

NEW LINE OF

Sub-Miniature

Telephone Type Relays

Now being manufactured entirely in the U.S.A., not only in its original

West German design previously sold in this country by Allied

Control

Company, Inc. under an agreement with Siemens & Halske Company A.G.
Germany but with variations to meet American requirements as well.

TYPE-T-154
H-13/16 ® W-47/64 @ .1 11/64 \

TYPE-TAF

TYPE-TAHG : ’

H-23/16 @ W-17/16 ® L-15/8 u\‘{ l
L

I o

H-119/32 @ W.61/64 @ L-111/32

ALLIED CO

TYPE-TADO

H-2 ® W-113,32 @ 1.1 13/32

ELECTRONICS - JANUARY 15, 1960

E ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21, NEW YORK

PERFORMANCE CHARACTERISTICS

Contact Arrangement

Up to 12 springs maximum form A, B or C
Contact Rating

2 amperes resistive or 1 ampere inductive
at 29 volts d-c or 115 volts a-c

Low level or 5 ampere contacts available
on request

Standard Coil Voltages

Suvitable coil resistances can be supplied
for operation at any voltage within the
range of 0.5 to 130 volts d-c

Coil Power

Nominal: 700 milliwatts

Minimum Operate Power: 60 to 150 milliwatts
depending on application, contact arrange-
ment and coil resistance.

Timing at Nominal Voltage
Operate time: 7.5 milliseconds maximum
Release time: 3.5 milliseconds maximum
Vibration

10-55 cps at .062 inch double amplitude
55-500 cps at a constant 10g

Shock: 259 operational

Enclosure

Open, dust cover or hermetically sealed
Weight

Open type 1.0 ounce maximum

Sealed type 2.0 ounces maximum

NTROL
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DID YOU SAY
PRINTED
CIRGUITS

A—A-MP Molded Edge Connector affords
a solderless, reliable multi-circuit con-
nection on printed circuit board edges.

B—AMPin split tip firmly holds pin in
board during solder dipping, assures
good capillary flow. AMPin attaches to
your leads with high speed A-MP tooling.

(—AMP-edge fits edge slotted boards
giving high conductivity without scoring
paths. Low cost board edge connections.

D—A-MP Component Tips crimp to com-
ponent leads for firm mounting during
solder dip. Permit stacking of units, pro-
tect semi-conductor leads from heat.

f—AMP-lok—economical muitiple quick
connect/disconnect of harness to board.

F—A-MP Printed Circuit Connector, for
gruelling aircraft environments, is sealed
against moisture and arcing, attaches
with right angle pins to circuit board
edge. Dual leads for each contact.

No matter how you approach printed circuit problems-with single or
multiple connector units, with board-edge or face attachments, with or without
solder dipping, with or without eyeletting—AMP has just the product you’ll
need for low-cost top reliability.

Production and assembly speeds are miles ahead of most other techniques.
Versatility is unbeatable, permitting A-MP products to be used on different
applications and in combination with each other.

For complete information on electrical characteristics, application methods
and other specifications, send for our new Printed Circuit Applications Catalog.

AMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France ¢ Holland « Japan
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This QK622 functions same way as
the high-heat-dissipation experi-
mental tube

FIG. 1—Cross section of experi-
mental tube shows tubing which
composes the slow-wave structure

electronics
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DIAPHRAGM WATER COOLED
END SHIELDS
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CONNECTOR

TUBING
VANES

WATER

CONNECTOR

SOLID-ROD CYLINDER~

CATHODE ANCOE

What's Going On In
Advanced Research

New high-power microwave tube is among developments revealed at

Northeast Electronics Research and Engineering Meeting

By THOMAS MAGUIRE, New England Editor, and SY VOGEL, associate Editor

THEME OF THE 1959 Northeast Electronics Research
and Engineering Meeting (NEREM) was advanced
research-and-development. Among the technical pa-
pers were reports on: an impending breakthrough in
microwave-tube power, a new crossed-field microwave
amplifier, a fresh approach to the problem of stabiliz-
ing maser gain, a new semiconductor switch. develop-
ments in electron-beam technology, and thermoelectric
cooling of transistors.

MICROWAVE SUPER POWER—A new concept in
microwave-tube design foreshadows a breakthrough
in economic generation of large quantities of micro-
wave power in the S-band region.' Pulsed tubes may
have an average r-f power output of 200 kw, and

ELECTRONICS - JANUARY 15, 1960

eventually, 400 kw. The new design makes possible a
10-fold increase in the heat removed from an anode,
thus permitting a 10-fold increase in tube input and
output power levels without a large increase in phys-
ical size or cost. This increase in heat-dissipation
density, combined with high efliciency. produces 10-kw
output for each sq ¢cm of anode area; 20 kw/sq em
may be possible. eventually.

These large anode-dissipation densities have been
experimentally confirmed in an X-band Amplitron. a
cross section of which is shown in Fig. 1. The slow
wave structure is constructed of very small tubing
having an inside diameter of 0.018 in., through which
water is circulated. Wall thickness is only 0.006 in.,
so the heat generated by electron bombardment of
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UNITS OF USEFUL POWER OUTPUT FOR
EACH UNIT OF ANODE DISSIPATION
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FIG. 2—Output power is function of anode efficiency when anode
dissipation is the limiting factor
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FIG. 3—A circulator and a modified magnetron comprise this amplifier

the slow wave structure is easily conducted to the
water coolant. Water flow through the tubing is in
parallel flow. Due to the short distances involved, a
difference of only 100 psi between input and output
water connectors causes water to flow through the
tubing with high velocity. In this small Amplitron,
which has a total projected anode area of only slightly
more than one cm sq, it has been possible to dissipate
8 kw in the anode under conditions of close to 50
percent operating efficiency. Projected anode area is
the product of vane diam, the length over which the
vanes collect anode current and the number of vanes.

Higher heat-dissipation densities than those al-
ready achieved could result by using a higher water
pressure, with a resultant increase in flow velocity of
the coolant. A value of 3 kw/sq cm is a conservative
figure for future designs.

In a device limited by anode dissipation, the com-
bined effect of large dissipation density and higher
efficiency produces a sharp increase in useful r-f
output power, as shown in Fig. 2. Combining a dissi-
pation density of 3 kw/sq em with 80 percent effi-
ciency, 12 kw of useful r-f power may be obtained
for each sq cm of anode area. Thus, in a modified
S-band Amplitron with an anode area of 22 sq cm
a useful r-f output of 264-kw-average power could be
predicted.

Within a few years there will be tubes which cost
$10 to $20/kw of output power, assuming a reason-
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able rate of production. No longer will a microwave
tube represent the limiting cost of a communications
or primary-power system.

CROSSED-FIELD AMPLIFIER—This is a micro-
wave amplifier which uses a magnetron as a negative-
resistance element in much the same way that a maser
uses an active material.®* Still in the development
stage, the Circlotron is a one-port, non-linear, high-
power amplifier which retains the efficiency and sim-
plicity of the magnetron. Small time delay and small
phase shift (between --45 to —45 deg over the
i-power bandwidth) are characteristic of the device,
so it may find special application in the transmitter
portion of phased-array systems. Important uses are
projected for it in regions of the microwave spectrum
where high-power amplifiers are not available, but
magnetron oscillators are at hand. Also, some meas-
urements may increase knowledge of magnetron
space-charge characteristics.

As shown in Fig. 3, a circulator separates input
and output signals and isolates the negative resist-
ance from variations in the load and source im-
pedances. Because the cathode is part of the resonant
circuit, the r-f fields cause electrons to back-bombard
the cathode, thus supplying the required cathode cur-
rent by secondary-electron emission. This type of
r-f starting requires only a sufficiently large signal
to trigger the process. Elimination of the heater
promises increased operating life of the cathode.

Experimental tubes operating in X-band (a repre-
sentative frequency is 9,100 me¢) have given gains
greater than 10 db over a 10-percent bandwidth, with
efficiencies between 30 ahd 60 percent at a 7-kw-peak
output level.

MASER GAIN STABILIZER—Figure 4 shows the
L-band maser system which is part of Harvard Ob-
servatory’s radiometer.® The radiometer is used prin-
cipally to study 21-em radiation from external gal-
axies. A total input-noise temperature of 85 K has
been realized, including contributions from antenna
spillover, input losses, and the receiver stages that
follow the maser. The gain-bandwidth product of the
maser (Fig. 5) is 20 mc at a bath temperature of
4.2 K.

To minimize gain fluctuation, a stable modulated-
noise signal is injected into the input-signal line and
used as a reference signal to control the maser gain.
A discharge lamp (noise tube) generates this noise,
which is square-wave modulated at 300 cps. At the
second-detector output, the noise step is picked out
by a synchronous detector. The noise step is then
compared with a fixed reference voltage at ampl 1.

After amplification, the error signal goes to a d-c
controlled attenuator (Gyraline) which varies maser
pump power, thus controlling maser gain.

Gyraline operation is restricted to the initial 4 or
5 db of its attenuation range so that the maser is
never far from saturation and very little gain-band-
width product is sacrificed. The corresponding con-
trol range of maser gain is about 2 db; this is ade-
quate to take care of gain drifts over a long period.
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FIG. 4—Radiometer system; stabilization circuit controls maser gain.

At intervals during observation, gain is set back
manually to the middle of the automatic gain stabili-
zation (ags) range.

The ags loop gain of about 30 reduces gain drifts,
which might otherwise amount to several percent
during an observation, to the order of 0.1 percent.
Such small drifts are not troublesome if they are
linear.

Success of the ags scheme depends on the gain of
stages following the maser remaining constant. If
the gain of these stages should vary while at the same
time the overall gain is held constant, the contribution
of these stages to the input-noise temperature will
change. Such a change would be equivalent to a
spurious input signal. Fortunately, it is possible to
maintain gain stability in the post-maser stages to
better than one part in a thousand by careful regula-
tion of supply voltages and ambient temperatures.

It is possible to record output in two ways. The
total second-detector output is differenced against a
battery in the record 1 channel. The mean second-
detector output is differenced against the amplitude of
the noise step in the 7ecord 2 channel. The second
channel has the advantage that residual gain fluctua-
tions affect both its inputs in the same ratio and
should therefore not appear in its output. However,
fluctuations are enhanced in this channel since two
noise voltages are compared.

The system has employed a 20-db coupler and a
100-K noise-step tube to record with minimum added
noise in the first channel. It is possible that a coupling
factor between 10 and 20 db would be better.

CONTROLLED-RECTIFIER SWITCH — A new
semiconductor component, the Transwitch’, is de-
signed for computer applications. It can be turned
off by a relatively small negative pulse, compared to
the negative pulse required to turn off a conventional
silicon controlled rectifier. Physical configuration is
shown in Fig. 6A; Fig. 6B shows the equivalent tran-
sistor circuit.

The component operates at relatively low currents

ELECTRONICS - JANUARY 15, 1960

JISO-WL\VE GEN |

Klystron supplies pump power

(50 ma) and low voltages (30 v), Beta decreases with
increasing load current; thus turn-off current must
be increased as load current is increased. Compared
to the silicon controlled rectifier, whose approximate
turn-off beta is 2, turn-off beta of the Transwitch is
between 5 and 10. Turn-on time is inversely propor-
tional to input-pulse height and width. Pulse height
must be sufficiently positive or negative to turn the
switch on or off. The higher the temperature. the
higher is the required switch-off current.

Although the switch can be turned off by any pulse
below a minimum level, the turn-off transient will
not be clean unless the turn-off pulse is appreciably
more negative than this level.

Counters have successfully performed with these
switches up to 20 ke. Switching at 1 psec should
eventually be feasible.

MOVABLE ~—_ PUMP K,; BAND

RIS }ﬁ“‘i/\] /WAVEGUIOE
SIGNAL \ T
COAX \ {
L-BAND N | |
TUNING SLUG —~—

RESONATOR ———

l——b'a"

L00P———

300 \ |
27 axs WHoe

FIG. 5—Teflon tuning slug slides over maser resonator; coupling
loop nestles into resonator slot. See front cover
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FIG. 6—Physical representation (A) and equivalent circuit (B) of
new switching device

ELECTRON BEAM TECHNIQUES — Development
work has started on an electron-beam device for accu-
rate machining of small holes in evaporation masks,
one of the pressing problems in micro-module pro-
grams.” The holes must be accurate in dimension,
positioned accurately, and have good registration be-
tween the masks in each set. The new device works
on the same pulsed-energy principle as used in Zeiss
electron-beam techniques, but it drills out all holes
simultaneously without motion of the work piece. The
setup is shown in Fig. 7. A stencil mask of a con-
venient size is illuminated by a collimated beam of
electrons. The large stencil is imaged at a good-size
reduction on the work piece and all the holes are
drilled at once by pulsing the illuminating beam.

In another aspect of metallurgy for electronics,
space requirements have created vast need for re-
fractory metals with improved physical and electrical
characteristics—and most of the improvements have
come about through ultra purification. A basic limi-
tation on ultra-purification research is the extreme
difficulty of measuring low-level impurities. One tech-
nique is to measure the resistivity of the material
at room temperature and then in liquid helium. The
ratio of the two resistivities can then be used as an
index of purification. This measurement is reason-
ably sensitive, but it does not give an absolute quan-
tity, nor does it identify the impurities and define
their state chemically.

Instrumentation at the level of primary-standards
labs is required by the sensitivity of this measure-
ment. Many labs use a Rubicon six-dial potentiometer,
which is capable of resolving increments of 10* v d-c.
Bell Labs reports an apparatus using two such Rubi-
con potentiometers which will resolve increments of
10" v d-c and is sensitive enough to measure 10~ v
absolute to an accuracy of 10 percent. Estimated cost
of the apparatus is $200,000. Large problems remain
to be solved in this area, since many labs working
with Hall effect and Zener voltages will soon have
to make measurements of this magnitude.

Electron-beam techniques have become increasingly
important in production of semi-conductor devices.
Electron beams are used for three general categories
of work: cutting, joining, and film deposition." Ma-
terial can be deposited either by the masking tech-
nique or by using electrostatic or electromagnetic
fields to focus the ionized vapor and direct it onto
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the desired areas of the work piece. Advantages
include high efliciency of energy transfer with few
side effects, ability to deliver high power density
to very localized areas, ease of control, high dynamic
response, and freedom from contamination.

High cost is the most important disadvantage.
Electron-beam processing takes place in a vacuum,
with the degree of vacuum determined principally
by experimentation. Generally, pressures are between
107 and 10™ mm Hg; an ultra-high vacuum of 10~
mm is advisable in semiconductor fabrication. Typi-
cal values for electron-beam power in semiconductor
and micro-circuit work are between 1,000 and 5,000
w. Accelerating voltages for the beam vary from a
few to several kv.

THERMOELECTRIC TRANSISTOR COOLER —
Wide-range temperature control of dissipative elec-
tronic components with semi-conductor Peltier cool-
ing is within the existing state of the art.” Peltier
junctions perform heat pumping at the dissipation
levels met in typical electronic circuits. Use of the
technique to extend a transistor’s dissipation limit
is a practical illustration.

A transistor cooler assembly is shown in Fig. 8.
Active part of the unit consists of two bismuth-
telluride thermocouples comprising two n-type and
two p-type legs. Thermocouples are connected elec-
trically in series and thermally in parallel. The cold
junctions are soldered to the platform supporting
the transistor. Heat-sink ends of the thermocouples
are soldered to nickel-plated copper blocks, and these

CATHODE
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FIG, 7—Electron beam drills holes simultaneously
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blocks are mounted on a nickel-plated copper plat-
form. A thin sheet of mica electrically isolates the
thermoelectric structure from the outer case. A 15-w
transistor with a 1-deg-C/w thermal resistance in
its case is mounted on the cooled platform. Ten gluss-
to-metal seals are soldered into the base of the assem-
bly to provide lead-throughs for the transistor, the
thermocouples, and a thermistor.

Performance of the cooler was tested at ambients
of 5 C and 102 C. Device performance was prac-
tically constant over this range, not because of the
constancy of semiconductor properties, but because
the deteriorating effect of heat was prevented. In a
typical test, with the collector dissipating 4 w, a
power input of 7 w was required to cool the collector
to 80 C.

The geometry of the cooling device determines
the heat-pumping capabilities. The requirement of
short thermoelements for large heat-pumping capa-
bility is compatible with the requirement of fast
transient response for good control characteristics.
Other materials under development, such as solid solu-
tions of Bi.Te. with Bi.Se, or Sb.Te, with Sb.Se,, look
promising.

OPTICAL-ELECTRONIC SYSTEMS — These sys-
tems may be used in such jobs as communication,
navigation, and acquisition and tracking." Optical-
electronic systems may be active or passive. The gen-
eral type of system to be analvzed helow is the active,
which contains a transmitter of optical energy.

The basic system contains a modulated light source
which transmits energy through a medium such as
the atmosphere to a detection system. In the trans-
mitter, the modulator determines the frequency
spectrum of the light-signal modulation. Thus the
modulated signal is described by the center frequency
f. and the bandwidth af.

The spectral power of the transmitted beam is
P, = ayW, where W is the spectral radiant emittance
of the source in w/cm — micron, y is the light-gather-
ing ratio of the transmitter optics and « is the light-
source area.

The spectral irradiance of the beam arriving at the
input of the detection system is

Iy = Pl (N /0R?
where T',, (1) is the transmission of the medium at
wavelength A, # is the solid angle of the beam, and
R is the range.

Passing through the detector system, the irradi-
ance is attenuated so that the signal power reaching
the detector within the spectral interval dx is
dP = H,AT(\)d\x where A is the effective detector-
aperture area and I'(A) is the transmission of the
detector-system optics.

The quantum efficiency q(A) of the detector is the
ratio of the number of electrons generated by the
detector to the number of photons striking it. Using
the energy relation F' = lie/), the number of electrons
generated per second is

= (A/he) SFAIAT(N)g( N)IA
0
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FIG. 8—Cylinders at bottom of cooler assembly help remove heat
from heat sink

Thus the input current to the detector amplifier is
i, = en = A fx(NIAT(NdA

where e is the electron charge and s(\) = (A./he) g(N)

Detector-amplitier center frequency and bandwidth
should match the modulation characteristic of the
light source. Assuming a constant gain, G, the out-
put signal is

S = “0*1‘{‘:(’ ST (A F(A)s(A)dA

Radiation noise N, is usually the dominant noise
component. Where @ is the angle of view of the
detector-system optics, the detector noise current is

iy = AQLNAL(N)s(N)dA

Thus the power S/N ratio of the system is
(S/N): = (42 Q) (@222 R (N)
where

I\ = (ST EsdA)? [N ATsdA
0 0
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One-Tube Oscillator Mixers

Balanced bridges and semiconductor diodes limit frequency pulling and

radiation into the antenna. Frame-grid pentode promises considerable gain

improvements.

ventiona!l and modified tuners

Advantages of new circuit show up in comparison of con-

By E. H. HUGENHOLTZ*, consultant to Amperex Electronics Co., Hicksville, N. Y.

ARLY OSCILLATOR MIXER circuits
E were based on single tube cir-
cuits that combined the functions
of oscillator, mixer, and i-f ampli-
fier. Having no buffer between the
oscillator section and the r-f stage,
these circuits were prone to fre-
quency pulling and radiation into
the antenna. Although the draw-
backs have been overcome by using
circuits with double triodes and
triode pentodes, such circuits are
complex.

This article describes two groups
of circuits that are relatively sim-
ple, and whose improved perfor-
mance offers a promising future.
The first group uses a single tube
as in the original autodyne circuit,
but with the addition of tuned cir-
cuits to cancel unwanted coupling.
The second group is similar to the
first, but uses semiconductor diodes
for mixing. Departing from con-
vention, a frame-grid pentode is
used in one of the second group of
circuits, and its considerable gain
promises smaller and more econom-
ical i-f amplifiers.

Circuit Operation

Figure 1 shows the basic circuit
of the first group of oscillator mix-
ers in a version suitable for tv
tuners. Tube V., is the oscillator
mixer, while V, is a conventional r-f
amplifier. Coils L, and L. are the
primary and secondary r-f coils; L,

* Now with Rogers Electronic Tubes And
Components, Toronto, Canada
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FIG. 1—Single-tube oscillator mixer uses balanced bridges to cancel harmful coupling

and feedback

is the oscillator coil, and the i-f out-
put circuit is formed by L. and L,

Oscillator coil L, is connected be-
tween the grid and plate of the os-
cillator mixer, V., through series
capacitor C.. First i-f coil L. is a
choke for the oscillator signal,
which is returned to ground
through capacitor C..

Coil L, is shunted by capacitors
C. and C,. The values of C, and C,
are chosen so that their junction is
a null, or at least a minimum, for
the oscillator signal. The second r-f
coil L,, is connected to this junction
and so a minimum signal is fed into
it from the oscillator. Thus with a
minimum oscillator signal developed
across L., the radiation into the an-
tenna is reduced.

The bridge diagram of Fig. 2 il-
lustrates the cancellation of the
coupling between oscillator circuit
L, and r-f circuit L.. No component
of the oscillator signal across L, will
appear across L. as long as the re-
lationship C,/C, = C,/C.. = C./C,s
exists.

The bridge diagram of Fig. 3
shows the cancellation of i-f cou-

pling between the plate and grid
of V,, which is necessary to prevent
undesirable feedback effects. Fig-
ure 3 shows that no i-f feedback
can cause a signal between cathode
and grid if the branch-impedance
relationship Z7,/Z, = Z.,Z, is ob-
tained. The oscillator inductance is
not shown in this diagram since its
effect at intermediate-frequency is
negligible; it would otherwise ap-
pear in branch Z,. The branch Z.

e "':]
3 Cs css

C3

A

Cq L2 ouTPUT
R 7

FIG. 2—Bridge prevents oscillator signal
from being developed across r-f coil Lo

4]

Cgp + Cs(Val M, Cpk 25

& -@r— ouTPUT

PARALLEL J

WITH C4 ) cg 24 I__'
4]

FIG. 3—Bridge prevents i-f signal feed-
back in Va
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For Tv and F-M Tuners

Measuring r-f output of modified turret-type tuner

does contain the 1-f coil L., however,
since the inductance of this coil in-
creases with frequency, thus pre-
venting its omission.

To achieve stability, the bridge is
balanced at the lowest frequency at
which it will be used. If this were
not done, the increase in inductance
of L. at lower frequencies could vre-
sult in positive feedback capable of
causing unwanted (parasitic) oscil-
lations. This means that operation
on the higher channel frequencies
brings about some negative feed-
back and consequent loss of gain.
Despite this effect, an experimental
tuner of this type showed gain fig-
ures comparable to those for a con-
ventional tuner.

ELECTRONICS - JANUARY 15, 1960

Although the circuits described
are simple in concept, they suffer
in efficiency by having to perform
the combined functions of oscillator,
mixer and i-f amplifier. Another
problem (in tv tuners) is the neces-
sity of maintaining the balance over
all channels. This can be accom-
plished without toa much difficulty
in twrret-type tuners. but for in-
cremental, or switch-type tuners,
the balancing presents serious prob-
lems.

Furthermore, the capacitive divi-
sion between C and C, causes some
loss of gain, while, as in the earlier
autodyne circuits, this circuit is
susceptible to overloading. Never-
theless, as these unfavorable condi-

tions seldom occur in their extreme
form, these circuits still present a
simple solution for some applica-
tions.

Mixing by Semiconductor Diodes

The second group of circuits was
developed to overcome the disad-
vantages of the circuits hased on a
single tube, and uses a semiconduc-
tor diode for mixing. Thus the
functions of oscillator, mixer and
i-f amplifier are separated to some
extent, permitting greater freedom
of design.

Oscillation can be sustained by
either plate-to-grid or cathode-to-
grid feedback. As plate-to-grid
feedback would cause feedback of
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FIG. 4—Semiconductor diede mixer improves isolation of r-f and oscillater sections

the i-f signal, this method is not
used; instead, cathode-to-grid feed-
back has been chosen. The circuit
is given in Fig. 4.

The circuit of Fig. 4 operates in
the following way: Tube V. is con-
nected as a Colpitts oscillator em-
ploying oscillator coil L, in series
with C.. Feedback is provided by
grid-to-cathode capacitance C,, in
parallel with C,, plus the cathode-to-
ground capacitance of C: and C; in
series.

The oscillator signal is fed
through C, to the mixer diode, D,.
The opposite end of the diode is con-
nected to the top of r-f coil L.. The
i-f signal is developed across L,
which is tuned to the i-f frequency
by the capacitances of the grid cir-
cuit. These capacitances include C,,
which prevents a shorting of the
i-f signal by the oscillator coil L.
Feedback, and consequent damping
of oscillation, is prevented by con-
necting the return-point of the i-f
coil L, to the junction of C; and C..
The values of C; and C, are chosen
to give a cancellation of feedback
effects. Resistor R, is the detector
resistor for the mixer diode, and is
selected to give the best compromise
for matching to the r-f coil L, on
one hand, and to the i-f grid im-
pedance on the other.

To cancel i-f feedback effects
through C,, between plate coil L.
and the grid coil L,, a neutralizing
capacitor C, is introduced, which
feeds a signal component from the
plate to the lower end of L, The
operation of the two feedback can-
celing bridges can be seen from
Fig. 5. This diagram shows that no
direct feedback from the tube to L,
will occur if (Cs + C,.) /C; = C./C..
Furthermore, no i-f feedback from
plate to grid occurs if C,,/C; =
C,/Cs.
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Diode D, is a conventional video
diode, type 1N87 or 1IN87A. These
types have proven to be satisfactory
for mixer efficiency and damping,
up to 250 me.

The damping of the circuit is
determined mainly by the diode re-
sistor, thus it is approximately con-
stant over the tv range of fre-
quencies. Furthermore, the mixing
efficiency of the diode decreases only
slightly at the highest frequencies.
The i-f coil is matched to the grid
of V., which presents a higher im-
pedance at i-f frequencies than at
r-f frequencies.

The i-f gain of the tube depends
upon the amplitude of oscillation,
since for small grid signals the ef-

T T T e
Cs Ck R
Ly " V2
Cr r
Ce (s
it
= Co

FIG. 5—Bridge balances out unwanted
i-f feedback in oscillator tube V.

fective g.. of the tube increases and
ultimately approaches the g, of a
nonoscillating tube. In general, the
amplitude of oscillation will de-
crease at higher frequencies, thus
the i-f gain and the resultant con-
version gain will be proportionately
raised. This is contrary to conven-
tional mixer circuits, since they
usually show a decrease in gain at
higher channel frequencies, because
of reduced mixer efficiency result-
ing from too low an oscillator
signal.

This increase in conversion gain
at the higher channel frequencies
is an advantage. At lower frequen-
cies a high gain value is usually less
important because of higher input

noise level and the generally higher
r-f amplifier gain. Usually, it is the
mixer gain at higher channel fre-
quencies that sets the level of re-
ceiver performance.

Another advantage of the circuit
of Fig. 4 is that the diode acts as
an isolator between the oscillator
and the second r-f coil, reducing the
oscillator signal on this coil to some
10 db lower than in conventional
mixers. The choice of the damping
on i-f coil L, determines the contri-
bution of this coil to the i-f selec-
tivity; in particuler, for tv tuners
(with their substantial bandwidth)
L, is relatively heavily damped and
so the feedback cancellation by the
junction of C. and C, is noncritical.

For the frame grid tube 6ERS5,
with its relatively small plate-to-
grid capacitance of 0.36 uuf, the
neutralizing capacitor will also be
small. The tube has close character-
istic tolerances, permitting fixed
rather than adjustable neutralizing
capacitors to be used. Such capaci-
tors could be precut from molded
dual-conductor plastic wire, or from
miniature coaxial cable.

The output circuit consists of
tuned coils L. and L,. The plate re-
sistance of triode V., imposes some
damping on the circuit of L.; this
must be compensated by a reduction
in the damping on the coil L,, which
feeds the grid of the next stage of
the amplifier.

To investigate the practical pos-
sibilities of this second type of cir-
cuit, a number of different tuners
were modified by replacing the ex-
isting triode-pentode mixer with
the circuit described. Tuners inves-
tigated included turret-type tuners
as well as the incremental or
switch-type tuners. In every case
two tuners were compared, one in
the original condition (the control)
and one with the modified circuit.

It has to be emphasized that in
converting the tuners, the charac-
teristics of the new circuits are not
demonstrated in the most favorable
way. For example: in most tuner
design a substantial coupling ex-
ists between the oscillator circuit
and the second r-f circuit. In the
original circuit this coupling is not
objectionable, being an addition to
the regular coupling between these
two circuits. However, in the new
circuits, such a coupling reduces the
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Table 1—Comparison of Performance of Original and Modified Tuners

Antenna signal

Total gain

Conversion gain

Total gain Oscillator signal

in mv improvenient on r-f coil
Tuner Channel original moditied * original  modified P original  modified ¢ ratio db original modified
A 2 7.75 6.25 130 160 1.5 3.3 (.1)  1.2% 2.0 8.9 0.42
Incremental tuner 6 12.5 8.0 80 125 3.65 3.65(5.2) 1.56 3.8 3.4 0.38
using 7 12.5 9.0 80 110 3.5 50 (.2) 14 3.0 3.4 0.14
triode 12 11.0 4.5 2 222 3.25 5.9 (6.3) 3.1 10.0 1.15 0.2
B 2 15.0 8.7 66 115 3.95 3.3 1.75 1.1
turret. tuner 6 11.0 8.75 70 115 4.1 1.0 1.65 3.8
using 7 27.0 13.0 36.5 77 B2 4.5 2. 6.1
triode 12 30.0 11.0 33 72 3.5 1.9 2.2 6.8
C 2 20 5.0 50.0 200 6.5 12.0 1.0 12.0 2.5 0.4
turret tuner 6 20 75 50.0 134 6.3 1.0 2.66 8.5 2.% 1.1
using 7 18 3.8 35.5 220 6.6 17.5 1.0 12.0 1.3 0.8
pentode 12 15 3.1 65.0 310 6.5 27.0 1.75 13.6 1.4 0.5

s R-f input fed directly to grid of r-f stage in Tuner C to avoid gain variations due to neutralization. » Total gain figures for Tuner A
show tendency to feedbuek in r-f stage caused by reduced coil damping. ¢ Conversion gain results for Tuner A shown in brackets are
measured direct. those unbracketed are calculated from total gain figures

isolation between the oscillator and
the r-f sections—and this isolation
is fundamental to the new circuits.

Another limitation is imposed by
the attempt to use existing coils
without greatly altering their in-
ductance; consequently, their values
will not always be the optimum ones
for matching of the r-f circuit as
well as for best mixer performance.

Notwithstanding the above diffi-
culties, two types of tuner were
modified with reasonable success.
In each case an increased overall
gain was recorded. particularly for
the higher channel frequencies.
This indicates the possible versa-
tility of the new circuits.

In the modified tuners, the value
of the unwanted oscillator signal
developed across the second r-f coil,
L., was 0.5 volt or less; this is on

3

the order of 10 db lower than in the
original tuners. Thus, a reduction
in antenna radiation is to be ex-
pected. A more detailed comparison
of the characteristics is given in
Table 1 where results of tests on
representative tuners (tuner A and
tuner B) are shown.

Use of Balanced Diodes

A further improvement that may
be introduced into the last group of
circuits is a pair of diodes con-
nected in a balanced arrangement.
This would reduce antenna radia-
tion and. in addition, suppress sec-
ond harmonics and, hence, spurious
response. A circuit using two mixer
diodes is given in Fig. 6. It should
be remarked that although such an
arrangement would be desirable, it
would probably be uneconomical for

H
y

1w

B+

? 3

I

J—

FIG. 6—Twin semiconductor diodes permit balanced mixing and better circuit isolation
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commercial television receivers.

This arrangement could be made
responsive to the oscillator second
and higher even-harmonics, thereby
presenting some advantages when
used in uhf-type tuners.

Pentode as Mixer Oscillator

At the present time, work is in
progress on the use of a pentode in
circuits similar to those shown in
Fig. 4 but having an I-f bypass trap
in the cathode. Tentative results
using a frame-grid 6EJ7 pentode
with a g, of 15,000 indicate a con-
version gain of 10 to 15 over the
operating range, with the gain for
individual channels as high as 20.
This represents an increase in gain
of some 23 to 3 times the gain of
the original mixer using a 6CG8A
tube.

Improvements of this sort open
the possibility of using a tuner of
the type described with a two-stage
i-f amplifier employing similar pen-
todes. Such a combination could be
expected to give as much gain as a
conventional tuner when followed
by a three-stage i-f amplifier using
G6BZ7 pentodes. The tentative re-
sults from this experiment are
given in Table I (tuner C), which
compares the performance of modi-
fied and unmodified tuners.
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Six Ways to Use Magnetic
Shift Register Elements

By JOHN PORTER, Portronics, Inc., Tarzana, California

MAGNETIC SHIFT REGISTERS are used not only in digi-
tal computers but in a wide variety of pulse-type
data handling situations. Their small size, negligible
average-power consumption, low cost, ruggedness and
reliability oftfset the disadvantage that output of most
tvpes is a narrow, triangular voltage pulse rather
than a level.

Typically, a shift-resigter element consists of a
toroid-shaped core with square-loop flux-magnetizing
force characteristics, either of ferrite or thin metal-
lic tape, on which are assembled twc cr more wind-
ings, together with one or more diodes, capacitors
and a storage or delay inductor or resistor. The core
has two stable states, —B, and + B,, in either of
which it can remain indefinitely. When switched
from one stable state to the other by a polarized pulse
to one winding, an output voltage is induced in the
other windings. This is called a destructive readout;
the amplitude of the output voltage indicates the state
of the core before being switched.

The operation of a typical core-diode element such
as that shown in circuit I-4, will be explained. A
positive-going output pulse first charges the capacitor
through the diode; the storage network delays the
capacitor discharge until the shift pulse subsides; if
the next core is in the —B, state, the pulse from the
capacitor switches the core to the +B, state. Because
the switching takes a relatively long time, the volt-
ages induced in the windings of the second element
are smaller than the original output pulse.

If the core is already in the +B, state when the
shift pulse is applied, the output will be even smaller.

a ONE, the ONE-to-ZERO output ratio is often used as
a figure of merit. Core-diode units have ratios of
about 7 to 1, and core-transistor elements have ratios
of about 15 to 1 or more. The maximum operating
frequency is set by the core and the storage network.

Generally, the elements are packaged into small
rectangular blocks, with the components assembled on
a base plate and the whole unit potted for hermetic
sealing. Pin connections on the base plate are ar-
ranged for either etched wiring boards or miniature
tube sockets. Volume of some high-frequency units
may be as low as 1/8 cu. in.,, while small-quantity
costs range from $5.50 to $16.00 per element, depend-
ing on circuit and highest operating frequency.

Advances in the design of sophisticated, yet sim-
pler, shift register elements can be expected from in-
creased understanding and application of the devices.
The twistor and a special magnetized glass rod, where
digital data are shifted along the length of the device,
are expected to contribute to the art.

Characteristics of some commercially available
shift registers are given in Table I.

A brief description of each of the element types
shown on p 81 follows; the typical element itself is
shown enclosed in dashed lines.

CIRCUIT I-A—The core-diode configuration has
been covered in the discussions above. The diode
may be internal or external and may be associated
with either the serial-input or serial-ouput winding.

CIRCUIT I-B—The core-transistor technique has

For the —B. state representing a ZERO, and the + B, the advantages of lowered shift-current require-

Table I-Tabulation of Typical Magnetic Shift Register Elements

Shift Shift Signal Freq Min

Current Width Power Noise Range Output Load

Type of Element Ma uSec Watts Ratio ke Voltage Z

Core-Diode, Current Operated.. . .. 220 1.2 1.4 8:1 0-200 15 10K

1300 3.5 0.07 8:1 0-50 8 5K

Core-transistor, Blocking Osc. . . .. 100 0.5 0.2 15:1 0-250 Veeb 2K

200 1.3 0.2 10:1 0-50 Vecb =

Core-transistor, Pulse Ampl... .. .. 5 1.0 Min 0.15 —_— 0-250 2.5 —_

Core-Diode, Voltage Controlled . . . 25 1.5 Min® 0.2 10:1 0-200 0.3 47K

Core-Diode, Wide Width. .. ... ... 100 8 1.7 10:1 0-25 6 5K

Two Core per Bit..... ... ... ...... 100 10 0.45 — 0-35 12-24 30K

(a) Upper limit determined by operating shift rep rate
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(b) Output voltage determined by supply voltage
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CIRCUITS USING MAGNETIC SHIFT REGISTER ELEMENTS
1 ONE-CORE-PER-BIT ELEMENTS—CURRENT DRIVEN

B. CORE-TRANSISTOR TYPE (BLOCKING 0SC)
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QUTPUT

A, CORE-~DIODE

PARALLEL INPUT
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D ok "g % == e e
£2 == == g2 11 ag
Wz e ‘_! 38 »= TE n‘gg

st Y 11 L 000 TS [ | gl

PULSE JL

' “Wep ¥ ~Vec {SHIFT [
EXAMPLES EXAMPLES _
—AN CDR50P6 EPSCO SR 3KT-I SPRAQUE 702805 PULSE  —BIAS +Vee
SPRAQUE 70 Z 802 G.E.SR100Q. DI-AN CTR-I00-P/N=-8-50Q EXAMPLE.:
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IL ONE-CORE-PER-BIT ELEMENTS—VOLTAGE DRIVEN
B. WIDE WIDTH TYPE

A, VOLTAGE CONTROLLED TYPE
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ments and improved ONE/ZERO ratio. The transistor
is arranged as a triggered blocking oscillator so that
a minimum shift pulse produces one cycle of regen-
eration, vielding a parallel output pulse equal in am-
plitude to the supply voltage. If the core is in the
ZERO state when the shift pulse arrives, regeneration
does not take place. Since large amplification is pos-
sible, this circuit is sometimes used with ferrite cores
to augment their normally low voltage output.

CIRCUIT I-C—Occasionally a transistor is used to
amplify the delayed output pulse from the temporary
storage network, thus improving the ONE/ZERO ratio.
The transistor is biased to a threshold slightly beyond
the ZERO level so that only ONE’s are transferred.

CIRCUIT 11-A—The voltage-controlled element is
one of a new family of devices intended to facilitate
the design of shift-register drivers and readout de-
vices. Shift pulses from a constant voltage source,
such as an emitter-follower, are applied to all ele-
ments in parallel. A reverse-biased diode to each ele-
ment normally keeps the shift-pulse line at a high im-
pedance and the shift pulse must be large enough to
overcome this bias. The diode in the element output
line is thereby gated so that all energy accumulated
on the capacitor is available for shifting data. The
core switches during the first microsecond or so of
the shift pulse and is effectively disconnected for the
rest of the pulse. Thus the minimum width of the
shift pulse is that of the switching time of the core;
the maximum width is limited by the shifting rate.

CIRCUIT I1I-B—The wide-width element is another
technique developed for transistor drivers. Shift

ELECTRONICS - JANUARY 15, 1960

pulses from a constant voltage source are applied to
all cores in parallel. During the pulse the voltage on
the capacitor, which is charged through diode D,
backs the voltage across the resistor in the coupling
circuit. Therefore the parallel output pulse is essen-
tially as wide as the shift pulse, and the only require-
ment on shift-pulse width is that it be off long enough
to allow the capacitor to discharge through D, and
hence condition the succeeding core.

CIRCUIT III—The two-core-per-bit elements have
a simple interelement coupling network but need
a two-phase driver. In essence, core 2 acts as tem-
porary storage for a ONE being shifted from core
1 by shift pulse A. Shift pulse B restores core 2
and causes it to condition core 3. A pulse on A and
then on B is required to shift a ONE from core 1 to
core 3, and the diode effectively isolates a given core
from the preceding core.
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Data Conversion Circuits
For Earth Satellite Telemetry

Transistorized pulse height-to-time

satellite payload. Output width s

By D. N. CARSON,

converters

Dell Telephone Laboratories, Murray Hill, N. J.

can

proportional

be included in

to input height

and S. K. DHAWAN, Dept. of Electrical Engineering, Columbia University, N. Y.

T PRESENT, EARTIH satellite ex-
A periments measuring radia-
tion require that the amplitude dis-
tribution of pulses from radiation
detectors be determined by tedious
manual reduction of telemetered
data. This time consuming work
can be eliminated by including a
complete pulse height analyzer as
part of the satellite payload. Thus,
the telemetered data would directly
contain the amplitude distribution
of detected radiation over a given
period of time. Poor signal-to-noise
and other problems preclude the use
of an analyzer on the ground.

Key portion of the analyzer is a
circuit which converts pulse heights
to widths or time. The time pulse
controls an oscillator, which gives
a number of cycles of output di-
rectly proportional to the height of
the input pulse. Output information
may then be stored in some type of
memory so that the number of
pulses of each amplitude occurring
in a given period of time may be
determined. Such an analyzer (us-
ing vacuum tubes and mechanical
registers) was first described by
D. H. Wilkinson in 1950.

Linearity of the analyzer depends
upon the linearity of height-to-time
conversion and the oscillator sta-
bilitv. The oscillator can be easily
stabilized. However, linear conver-
sion of height-to-time over a rea-
sonable range of input pulse ampli-
tude is not easily accomplished.
Furthermore, when using semicon-
ductor devices, as dictated by satel-
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lite requirements, the leakage cur-
rent is particularly troublesome in
the height-to-time portion of the
analyzer. Two simple circuits which
provide linear conversion are dis-
cussed.

The schematic diagram of what
will be referred to as the constant
current charge circuit® (CCC cir-
cuit) is shown in Fig. 1. This ecir-
cuit accepts negative input pulses
of up to 40 v in amplitude. Tran-
sistor @, is used to charge capaci-
tor C, at constant current. Tran-
sistor Q. and associated diodes
make up the comparator.

It should be noted that the volt-
age comparison is made only at the
instant C, is recharged, thus reduc-

Table 1-Specifications for Con-

stant Current Charge Circuit

Output pulse amplitude: 8 v (25 v

without D,).

Output pulse rise time: less than
4 usec,

Output pulse fall time: less than
2 psec.

Output pulse width: 415 usec with
40 v input pulse.

Linearity: within 3.23 percent for
input pulse amplitudes of 1 to 40
v and within about 1 percent for
input pulse amplitudes of 1 to
30 v.

Temperature stability:
from —30 C to +100 C.

Voltage Supply: +25 v and —4 v.

stabilized

ing leakage current problems. Tran-
sistor, Q,, is merely an emitter fol-
lower output, which may be elimi-
nated if a low output impedance
is not required. Thus, the circuit
performs the required function
with just two transistors, @, and Q..
Direct connection between stages
greatly simplifies the biasing and
eliminates components.

CCC Operation

Under quiescent conditions, the
approximately 200 gamp of current
available from @, is used to supply
the base current of Q.. The collector
load resistance of Q. is selected so
that the collector is saturated under
these conditions. Upon application
of a negative input pulse, C, is
charged to the peak value of the
pulse through diode D,. In order
for C, to charge faithfully, the rise
time of the input pulses must be
longer than the charging time con-
stant of D, and C,.' As soon as C,
has been discharged (charged neg-
atively) by the input pulse, diode
D, is reverse biased, cutting off
the base current to Q.. After the
input pulse has disappeared, the
200 pamp of current begins to re-
charge C,. Diode D, isolates C, from
the pulse source during the ramp
generation.

Since the base current of Q. is
reduced to zero by the reverse bias
on D, the collector current of Q.
cuts off and the collector rises to
the full supply voltage of +25 v,
When the ramp amplitude reaches
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FIG. 1—Llast stage of constant current charge circuit can be elimi-

nated if output impedance can be high

the point where D. is once more
conducting, the collector of Q. is
again saturated.

A large amplitude (25 v p-p)
rectangular pulse appears on the
collector of Q.. The width of this
pulse is linearly related to the input
pulse amplitude.

Zener diode D, is used to clip the
output pulse to about 8 v p-p. In
many applications it might be de-
sirable to differentiate the output
pulse for triggering purposes; in
this case, D, can probably be elimi-
nated. Diode D, may also be
eliminated since its only function
is to make it easier to adjust the
nominal —4 v supply to the opti-
mum value for biasing D..

Linearity

The linearity of the circuit is
shown in Fig. 2. A straight line
has been drawn between the end
points to show the departure from
exact linearity over the complete
range of input pulse amplitudes.
Maximum departure from linearity
is 3.2 percent. If the input pulse
amplitude range is restricted to
1-30 v, the linearity improves to
about 1 percent. Obtaining input
amplitudes this large with tran-
sistors presents problems. Unfor-
tunately, the linearity below 1-v
input could not be measured ac-
curately. Improved methods of
measuring the linearity, particu-
larly at small input pulse ampli-
tudes, are required.

Temperature stabilization of the
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FIG. 2—Comparison with straight line shows a maximum departure

from linearity of 3.2 percent for CCC circuit

o sy

FIG. 3—Block diagram of stretcher shows
waveform at various points

CCC circuit was accomplished by
using silicon diodes and transistors.
In addition, a Sensistor is used in
the emitter of Q. (Fig. 1). With
these simple expedients, the upper
limit of operation was between
100 C and 120 C, while the lower
limit was between —30 C and
—40 C.

Effect of temperature on linear-
ity was not investigated because it
was felt that as long as the output
pulse width was stable for a fixed-
amplitude input pulse, the linearity
probably was not affected. Attempts
at stabilization by control of R,
were not examined.

Pulse Stretcher

Another approach® to the prob-
lem of providing linear conversion
of height-to-time is shown in Fig.
3 and 4. In this circuit, which ac-
cepts positive pulses up to 7 v in
amplitude, D,, D. and C, stretch the
input pulse for a fixed period of
time while preserving the ampli-
tude. Transistors @, and Q. form
a monostable multivibrator which

is used for delay and triggering.

Diode D, is used as a voltage com-
parator, the stretched input pulse
being compared to the ramp from
the bootstrap ramp generator, Q.
Comparison is made only when the
magnitude of the ramp reaches the
stretched pulse amplitude. Transis-
tor Q., an operational differentiator,
provides a rectangular output pulse.
the width of which is directly pro-
portional to input pulse amplitude.

Stretcher Operation

The positive input pulse triggers
the monostable multivibrator (Q,
and Q.), which gives a positive-go-
ing pulse of 20 v at the collector of
Q. and a negative-going pulse of
4 v at the collector of Q.. Time du-
ration of these pulses (68 usec) is
several pusec greater than the widest
output pulse required. The extra
delay gives better comparator out-
put pulse shape. The input pulse
also charges storage capacitor C,
through D, to its full voltage, minus
the 0.3 volt drop across D,. During
the stretching period of 68 usec, D,,
D. and D, are reverse biased.

The 20-v positive pulse from the
collector of Q. is differentiated by
C., C, R, and R.. A low impedance
path is provided for positive pulses
by D, and the negative pulse dis-
charges C, after the 68-usec delay.

The ramp generator is gated by
the 4-v negative pulse from the col-
lector of Q.. Normally, Q, and Q,
are conducting, grounding C,. When
the negative pulse is applied to its
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FIG. 4—Output of pulse stretcher circuit is

base, Q. cuts off. Capacitor C, starts
charging at constant current be-
cause of the bootstrap action. The
ramp is applied to the anode of D,
while the stretched pulse is applied
to its cathode. When the amplitude
of the ramp is 0.3 v greater than
the stretched pulse, D, conducts,
thus bypassing most of the charg-
ing current of C,.

The comparator waveform is dif-
ferentiated in the emitter follower
differentiator Q,. Because of the
emitter follower arrangement, the
emitter follows the hase. Because of
C., the current that flows in the
emitter of @, (hence in the collector
of Q,) is the derivative of the base
voltage. The negative output pulse
appears at the collector of @, and
may be differentiated for trigger-
ing purposes.

Linearity and Stability

Silicon transistors and diodes are
employed in the pulse stretcher cir-
cuit. Preliminary measurements
indicated that the linearity of
height-to-time conversion is of the
order of 0.1 percent over a temper-
ature range of —40 C to + 50 C.

Nonlinearity introduced at ele-
vated temperatures is caused by the
ramp generator and diodes D,, D.
and D, Diodes D, and D, do not
affect the stretcher voltage wave-
form up to +75 C, but the compara-
tor works over a more limited range
of —40 C to +50 C. It is not neces-
sary to compensate the ramp gen-
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‘COMPARATOR

used to control an oscillator

erator since temperature-dependent
changes in the current through R,
are balanced by opposite changes
in the leakage current. Thus, the
charging current of C, is kept con-
stant over the temperature range
mentioned.

Amplitude sag in the stretcher
itself (because of a finite leakage
time constant) does not seriously
affect the opervation of this circuit.
Voltage across C, is a linear func-
tion of time during the stretching
period, and, therefore, does not af-
fect the linearity of the height-to-
time conversion.’

Applications

Both circuits are designed to pro-
vide linear conversion of pulse
height to time within the limita-
tions of their specifications. Specifi-
cations are shown in Tables I and

Table ll—Specifications For
Pulse Stretcher Circuit

Output pulse amplitude: about 25 v.

Output pulse rise time: 2 usec.

Output pulse fall time: 1 pusec.

Output pulse width: 64 usec with 7
v input pulse.

Linearity: 0.1 percent for input
pulse amplitudes up to 7 v.

Temperature stability: stabilized
from —40 C to +50 C.

Voltage supply: =30 v.

II. These circuits were designed to
accept input pulses with rise times
of 1 to 2 usec. For other rise times
the charging time constant for the
storage capacitors (C, in Fig. 1 and
4) have to be changed.

Possible applications include
pulse width modulation systems, as
well as pulse height analyzers as
considered here.

Since the height-to-time con-
verter is normally synchronized so
that the oscillator controls the start
of the digital output, the leading
edge of the time pulse is not impor-
tant in this application.

In the CCC circuit (Fig. 1) the
collector-to-emitter voltage rating
of the 2N496 is exceeded when
large amplitude pulses are applied.
The short duty cycle apparently
protects this transistor from dam-
age, but use of another type tran-
sistor is desirable for critical ap-
plications.

In general, the circuit shown in
Fig. 1 would be most useful where
the higher amplitudes required
would not present a problem. It
offers simplicity, good linearity.
and good temperature stabilization.
The pulse stretcher circuit of Fig.
4 would prove useful where lower
amplitude pulses must be converted
to time information. This circuit
offers somewhat increased complex-
ity, but provides very good linear-
ity and reasonable temperature sta-
bility.

In both circuits, particularly the
CCC circuit, improved methods of
linearity and jitter measurements
are desirable.

This work, performed in the Cos-
mic Ray Laboratory of the State
University of Iowa, Department of
Physics, was supported in part by
the Office of Naval Research. The
authors gratefully acknowledge this
aid and that of the staff members
of the Physics and Electrical Engi-
neering Departments.
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Typical spdt microwave switch with one ground plane removed.
Crystals are mounted close to r-f input arm of Tee

Microwave

Waveguide Tee switch showing one crystal mounted in waveguide
and variable short-circvited stubs used to tune crystals

Switching

With Computer Diodes

Biasing techniques permit electronic switching of microwaves with small-area

junction diodes. Series of spdt switches are formed by mounting germanium

diodes in waveguides or transmission lines

By M BLOOM, Sylvania Electronic Systems Div., Sylvania Electric Products, Inc, Waltham, Mass.

ICROWAVE SWITCHES that uti-

lize the high-frequency char-
acteristics of small-area junction
germanium diodes are described.
Since no mechanical drives or con-
tacts are required the switch will
operate at high speeds with long
life expectancy.

Switches for 1 to 10 kme have
been designed. X-band switches
covering 7 to 10 kmc are fabri-
cated in rectangular waveguide; all
others in a tvpe of coaxial trans-
mission line (s<labline).

Spdt and spst switches have been
made. The spdt tyvpe is useful for
low-level duplexing, time sharing
or to switch r-f at high speeds.

Crystal switches offer smaller
size, lower weight, faster switching
and lower drive power requirements
than mechanical or ferrite ecle-
ments. Many crystal diodes were
studied to determine their r-f char-
acteristics and switching ratios. As
a result, it is possible to choose

ELECTRONICS + JANUARY 15, 1960

them with only a knowledge of

their r-f impedance.
Earlier Switches

Past designs include: an X-band
switch using a 1N263 microwave
germanium diode"*® an S-band
coaxial switch using 1N91 germa-
nium diodes®; and a switch in which
a microwave crystal detunes a
resonant circuit.” Some work has
also been donz by Uhlir on the use
of diodes at high frequencies.’
While all these switches are com-
pact and require low drive power,
they are not capable of double-
throw operation over greater than
octave bandwidths.

Crystals Tested

Silicon and germanium crystals
of both microwave and computer
tvpes were tested for r-f impedance,
insertion loss and switching action.
Rectifiers and large area junction
diodes were excluded because of

their relatively long switching
time’.
Result indicated that certain

computer-type germanium diodes
with high front-to-hack ratios and
low forward resistances would at-
tain high r-f switching action.
Since most of the previous work
had apparently concentrated on
microwave crystals exclusively, this
result was not discovered. The
1N419 was selected for X-band and
the 1N118 for all lower frequencies.

Because these computer crystals
have larger current-handling capa-
bilitv and higher reverse break-
down voltage than microwave
diodes, it is possible to switch at
higher r-f power levels. Tests con-
ducted on the X-band waveguide
switch at power levels up to 4
watts c¢-w showed no significant
degradation of switching or inser-
tion loss characteristics. (See Fig.
1.) A coaxial switch has also been
tested at 1 watt c-w with compar-
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able results. (See Fig. 2.) It is ex-
pected that these crystal switches
will operate at even higher powers,
but this property has not been in-
vestigated and verified experimen-
tally.

Switch Theory

From the impedance data of the
1N118 crystal shown in Fig. 3, it
can be seen that in the reverse-
biased condition the crystal appears
as a large capacitive reactance
which decreases with increasing
frequency. This impedance approx-
imates that of a capacitive gap in
the center conductor of a coaxial
line. In the forward-biased condi-
tion, the crystal impedance can be
approximated by a short length of
100-ohm coaxial line inserted in a
50-ohm coaxial line. Generally, the
r-f impedance of the crystal in the
forward-biased condition is depend-
ent on the ground plane separation
of the slabline. To achieve the 100-
ohm impedance, it is necessary to
construct the slabline with small
ground plane spacing—in this case
0.110 in. Diameter of the center
conductor is chosen accordingly.

When the crystal is inserted in
series with the center conductor
of a coaxial line and biased in the
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forward direction, it exhibits a
small insertion loss; when biased in
the reverse direction, a large in-
sertion loss is obtained as shown in
Fig. 4. The insertion loss in both
cases results mainly from reflective
losses with very little r-f power be-
ing absorbed by the crystal.

Insertion loss in the forward-
biased condition increases slightly
with frequency and insertion loss in
the reverse-biased condition de-
creases with frequency. (See Fig.
4.) Insertion loss and switching of
a given crystal can be calculated
from the r-f impedance of the crys-
tal; also, the frequency dependence
of insertion loss and switching loss
can be predicted. Switching loss is
difference between reverse-biased
and forward-biased insertion loss.

Operation and equivalent circuit
of a erystal mounted acroess a wave-
guide through the broad face has
been treated in other articles'.
Basically, the crystal is considered
as a series R-L-C circuit as in
Fig. 5.

When the crystal is biased in the
forward direction, barrier resist-
ance R, is small and effectively
shunts the capacitance. The crystal
then appears as a high impedance
because of the series R-L circuit

FIGURES

%‘

00

FSWITCHING LOSS

/1]
4

INSERTION L

I —-——

=k

3 4 5 6
FREQUENCY IN KMC

FIG. 1—Switching as function of power for untuned waveguide switch using single

IN419 crystal.

Insertion loss remains constant,

FIG. 2—Switching as function of power

for coaxial Tee switch using two IN118 crystals per arm. FIG. 3—Impedance of single

IN118 crystal mounted in 50-ohm slabline.

Impedance is referred to center of crystal.

FIG. 4—Switching and insertion losses as a function of frequency in a series switch,
Single IN118 crystal is in series with center conductor of slabline
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FIG. 5—Equivalent circuit of diode

mounted across rectangular waveguide

FIG. 6—Switching and insertion losses as
function of frequency of series switch.
IN419 is mounted in RG-5R/U waveguide

FIG. 7—Switching and insertion losses as
functions of frequency of series switch
on IN419 mounted in RG-52/U wave-
guide. Switch is tuned at each measured
frequency for maximum switching loss

shunting the waveguide. This con-
dition results in a small mismatch
and a small insertion loss.

When biased in the reverse di-
rection, R, is very large, but it is
shunted by the capacitive reactance.
The equivalent circuit of the crys-
tal then becomes a series R-L-C cir-
cuit with a small value of R. At
resonance, the crystal is a very low
r-f impedance shunting the wave-
guide similar to a short circuit. A
large mismatch and insertion loss
result as shown in Fig. 6.

Resistance makes the crystal a
low-Q circuit. The switch operates
favorably over about 500 mec cen-
tered at a resonant frequency de-
termined by the crystal parameters.
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To switch at other frequencies, it is
necessary to nse a different crystal
or tune the existing crystal.

A short-circuited coaxial line in
series with the crystal adds re-
actance. Varving this reactance
changes resonant frequency as in
Fig. 7. To decrease frequency, in-
ductive reactance is added; to in-
crease frequency, capacitive re-
actance is added. Both slightly
increase pass-power insertion loss.
Switching and insertion loss can
also be predicted from crystal im-
pedance. (See Fig. 8.)

SPDT Slabline Switch

A single crystal placed in the
center conductor of a coaxial line
will switch r-f power; however, in
doing so a large vswr is encoun-
tered in the stop-power condition.
By placing one crysial in each arm
of a slabline Tee it is possible to
switch r-f power alternately be-
tween two loads.

In addition, if the crystals are
placed at the junction of the Tee,
or an integral number of half wave-
lengths away, the input vswr will
be that of a single crystal biased in
the forward direction. This im-
pedance is seen in either condition
of the switch. Slabline is used for
simplicity of constructing d-c¢ re-
turns and ease of fabrication.

SPDT Wideband Switch

The two crystals are connected
in series with a voltage applied at
the connection. The outside ends
are grounded by d-c returns.

When a positive voltage is ap-
plied to the erystals, one crystal is
biased in the forward direction and
the other in the reverse direction.
The crystal biased in the reverse
direction approximates a short
length of 100-ohm line.

R-f power is transmitted through
the forward-biased crystal with a
small insertion loss while very lit-
tle power will be transmitted
through the other crystal. If the
applied voltage is reversed, bias-
ing of each crystal is reversed and
r-f power is switched to the other
output.

With the erystals mounted at
the junction of the Tee, reliable
operation is obtained over octave
bandwidths with approximately the
same changes in insertion loss and
switching as with a single crystal.
At higher frequencies, where gap

ELECTRONICS + JANUARY 15, 1960

reactance has decreased consider-
ably, it is necessary to replace each
single crystal by two crystals in
series to preserve the high switch-
ing characteristics. (See Fig. 9.)

SPDT Waveguide Switch

As frequency increases, crystal
length becomes an appreciable por-
tion of a wavelength. When for-
ward biased, insertion loss in-
creases because of length of the
high-impedance line; when reverse
biased, gap reactance and switch-
ing decrease. A switch in waveguide
has similar characteristics to a
slabline switch except that it has
smaller bandwidth (about 5 per-
cent).

A waveguide Tee switch can use
an H or E-plane Tee. Crystals are
mounted in the broad face of the
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FIG. B8—Impedance of IN419 crystal
mounted in RG-52/U waveguide. Imped-
ance is referred to center line of crystal
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slabline Tee switch with o single IN118
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FIG. 10—Single-throw Tee switch (A) and
single-throw 7 switch (B)

guide in the plane of the continua-
tion of the walis at the junection or
an integral number of half wave-
lengths away.

Operation is similar to the slab-
line switech although two separate
bias supplies are required. The
crystal biased in the reverse direc-
tion approximates a short circuit
across one arm of the Tee and a
high insertion loss results, while
the other crystal transmits r-f with
small insertion loss. Bandwidth is
limited because of the crystal tun-
ing requirement anhd the necessity
of placing erystals at a half wave-
length from the junction.

Other Switch Devices

Other switches were made by in-
serting a diode in series with the
center conductor of a coaxial line.
L, Tee and = configurations were
made with crystals in series with
each arm, as in Fig. 10.

These switches are basically sin-
gle-pole single-throw types that are
capable of larger switching values
than a single crystal. The crystals
in the shunt arms are biased in the
reverse direction and the series
crystals are biased in the forward
direction.

Another switch was designed us-
ing a zero-db coupler and placing
crystals in series with the center
conductors of two arms. It resulted
in narrow-band switching®.

Crystal switches also operate as
pulse modulators with rise time of
0.05 usec or less, electronically vari-
able attenuators, power dividers,
duplexers — wherever high - speed
variation of low-level r-f is re-
quired. It should be possible to ex-
tend power-handling ability and
frequeney range.
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Low-Pass Filter for

Low-pass filter uses three transistors and solid tantalum capacitors for a flat

frequency response from d-c to the 1 cps cutoff frequency, attenuation slope

of 15 db per octave, near zero insertion loss and good temperature stability

By R. C. ONSTAD, Senior Electronics Engineer, Convair-Astronautics, San Diego, Calif.

UE TO THE limited number of

higher response  channels
available on a missileborne telem-
eter it is often necessary to com-
mutate signals that have frequency
components greater than one-half
the sampling rate. According to
sampling theory, in order that the
multiplexer shall not superimpose
interfering sidebands on the signal,
it is necessary to insert a low-pass
filter between the signal source and
the multiplexer.

Assume the signal requiring the
filter is sampled at a 5-cps rate and
has useful frequency components up
to 1 eps and undesirable responses
at 4.5 cps and higher. Because of
the frequency characteristics of the
signal, primary design objectives
for the filter are for a 1 cps corner
frequency and sufficient steepness
of attenuation slope in the stop
band so that the attenuation is 26
db or greater at 4.5 ¢ps. Other cri-
teria are for a flatness in pass band
within 1 db, a d-c insertion loss not
greater than 1 db and output im-
pedance not greater than 10,000
ohms. The input signal voltage
range is zero to 5 volts and signal
source impedance is 4,000 ohms.

The required filter characteris-
tics as defined by the above require-
ments are such that the filter should
have a maximally flat frequency
characteristic. Space and power
supply limitations rule out a filter
containing inductances or vacuum
tubes. A passive RC filter would be
unsatisfactory because of the in-
sertion loss, output impedance and
frequency characteristic require-
ment. The development of an active
RC filter incorporating a highly
stable simple transistor feedback
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amplifier and RC networks was the
solution to the problem.

Amplifier Design

An active filter based on Fig. 3
(within the panel) has been devel-
oped for vacuum tubes using a gain
stage and a cathode follower® A
similar approach using a transister
in an emitter-follower configura-
tion might be used. A d-c¢ coupled
emitter follower produces zero off-
set and introduces considerable
drift with temperature. The ampli-
fier incorporated in the filter has the
desired characteristics of stable
gain, zero d-c¢ offset, low-tempera-
ture drift, high input impedance
and low output impedance. The
basic circuit diagram of this ampli-
fier is shown in Fig. 4. In this cir-
cuit, drift is minimized by using a
balanced input to transistors Q, and
Q.. The signal is direct coupled
from @, to Q. through the direct-
connected emitters. The amplified
signal on the collector of Q. is
coupled to the output through emit-
ter follower Q.. Unity closed-loop
gain and feedback ratio results
from connecting the output directly
to the base of Q.. The input imped-
ance of the amplifier is the input
impedance of the common-collector
input transistor and approaches as
a limit the collector resistance of
@.. The output impedance of this
amplifier is essentially the output
impedance of an emitter follower
that has as its input a zero imped-
ance generator. Due to the tight
negative feedback loop the base of
@, sees essentially a zero impedance
and the amplifier output impedance
is less than 100 ohms.

There are three principle sources

of zero drift due to temperature.
Zero drift can result from varia-
tions in the d-¢ supply voltages.
Maximum drift occurs when the
plus and minus supply voltage are
both changing in the positive di-
rection or vice versa. Under this
condition a change of 1 percent in
each power supply causes a zero
drift of 14 millivolts at the output.

Another source of zero drift is
due to a shift in the emitter voltage
—collector current transfer char-
acteristics of transistors @, and Q..
This shift in parameters of Q, re-
sults in a zero drift that is can-
celled by a corresponding shift in
the parameters of @, due to the re-
jection of common-mode signals
that is characteristic of the differ-
ential circuit incorporated in this
amplifier., The drift due to this
source can be minimized if vre-
quired, by using transistors that
are matched with respect to tem-
perature characteristics and are
connected by a good thermal con-
ductive path.

A third source of temperature
drift is the variation with tempera-
ture of the input current of @,. This
produces a zero drift at the input
to the amplifier that is directly pro-
portional to the source resistance
of the input signal. If signal source
resistance is of a value such that
zero drift introduces significant
error, compensation must be em-
ployed. If base current of Q, (Fig.
4) is plotted as a function of tem-
perature it is found that a fairly
linear plot is obtained over the tem-
perature range of 0 to 100 C. The
magnitude of current at a given
temperature will vary for different
transistors but the slope of the plot
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Subaudio Frequencies

ACTIVE NETWORK THEORY

The filter network used is es-
sentially a cascaded RC filter
with feedback. Consider a two-
section RC filter to give an at-
tenuation slope of 12 db per oc-

(S):
{R) CRaCp) S8+ (R, C|+RoCa+R|Co)S+1

FIG. 1—Basic two-section RC filter with
transfer function used in filter

tave. The two-section RC filter
in cascade shown in Fig. 1 has
a transfer function which equals

I
A\' 2 A\‘
I i
\ RC\RCy \ R C R0
[/l’|('1+ll"{( ;’+I\'|(".’]+l (l)
NRCRCY
which equals
1S ‘we)? + (S ‘wo) 28 + 1] (2)
where
wo \/l RC.R:Cy
and

28 = RO\ RoCo4 R Cy NIRCRC (3)

The shape of the frequency
characteristic of F(S) is de-
pendent only on the value of the
parameter ¢ (see Fig. 2). The
constant «, determines the posi-
tion of the corner frequency in
the frequency domain. From
equation 3

=IO H RCo R C 2 NRC Ry ()

Assuming
I = Rl = KC
Then
. 2 ROHR(Cs Qs )
- 2 RC 2 TG
Equation 5 shows that the
shape of the curves obtainable is
restricted to those shapes cor-
responding to ¢ > 1. These
curves do not possess the more
desirable frequency character-
istics. When feedback is used, it
is possible to obtain curves cor-
responding to ¢ < 1.

Consider the original two-sec-
tion RC filter inserted in the for-
ward path of any amplifier with
a gain K. The transfer function
of a feedback amplifier of gain K
and feedback factor B8 can be
shown to be

1 (34+1 K) (6)
This transfer function is modi-
fied by the insertion of a two-
section RC filter as shown in Fig.
3 s0 that

=1+

FIG. 2—Shape of the frequency charac-
teristics is dependent on £

G(S) = KN (R(\R.C:)S*+

B = 0, see equation (5), to

GiS)=

F_(Si+BK

FIG. 3—Two-section RC filter is inserted in
forward path of amplifier

1
ﬂ+| I\v["(S)
I
1 F(S) + 8K
Where F(S) is the transfer
function of the two-section RC
filter. Substituting equation (1)
for F(S).

Gy =

)]

(I?l(vl+I{J("J+I{I("J)‘\'+[+.BI\’ (8)
The new values of «, and & are
[ F g
N RORC
”C, + RCy + R
2N (1 + BR) (RyCiRC)
Assuming R.C, = RC. = RC
2 RC 4+ R(,
2RONI + 8K
1 + [Ri(: 2 RC|
Vi 4 8K
There is now means of adjust-
ing ¢ to any value from 1 +
[R.C./2 RC]| corresponding to

and

)

&

(10)

1+ [R(C: 2 RC|
Vi + BK
to obtain anyv set of curves
within the limits of B and K.

for various transistors will agree
quite closely. Compensation in the
form of a resistance and thermistor
network between the positive volt-
age source and the base of the tran-
sistor to be compensated provides a
current of equal but negative slope
to reduce the zero drift at the am-
plifier input from 1.6 millivolts/
degree C to 0.4 millivolt/degree C
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over the range of —25 to +80 de-
grees C.

Active Filter Design

The 12 db per octave filter of Fig.
4 incorporates a two-section RC
network and a temperature com-
pensated amplifier. This feedback
filter can be designed to have a re-
sponse that very closely approxi-

mates the maximally flat frequency
characteristic. The frequency char-
acteristic is determined by the
amount of feedback voltage as
selected by the ratio of R, to R, and
by the ratio of R,C, to R.C.. A close
approximation of corner frequency
is 1/2 =\/[1/R, C, R, C.]. The values
of R, and R. should be made as small
as possible to limit temperature
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FIG. 4—Basic filter-amplifier uses three transistors

drift. The temperature compensa-
tion network is made up of resis-
tors R,, R, and R; along with ther-
mistor R.. This network can be de-
signed after the values of R, R,
and R,. are known. The filter is
designed to accommodate an input
signal that varies from 0 to + 5 v.
Limiting occurs with negative sig-
nals that are greater than —1.5 v.
Potentiometer R, is an adjustment
for d-c zero set. This adjustment is
set for zero d-c at the output with
the input grounded.

The ultimate filter design which
meets the particular requirements
for a filter to precede a 5-rps com-
mutator consists of an active filter
cascaded with a passive RC net-
work. Although the passive net-
work may be placed either ahead of
or after the active filter, it follows
the active filter because input condi-
tions are unchanged and output im-
pedance remains sufficiently low.
This design maintains the simplic-
ity of the one active stage, requir-
ing only the addition of a resistor
and a capacitor, yet provides suffi-
cient attenuation slope.

The active section of this filter
shown in Fig. 5 is designed to have
a frequency characteristic such
that when its response is combined
with the response of a passive sec-
tion, B, and C,, the resultant fre-
quency characteristic closely re-
sembles that desired. In order to
achieve this type of frequency re-
sponse in the active section of the
filter, the factor 8K must be greater
than for an active filter without a
passive section. The ratio of re-
sistors R, and R, of Fig. 5 deter-
mines the gain K of the amplifier.
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K=X 1,000

The ratio of R, to R, determines the
magnitude of 8. The product BK
greatly controls the shape of the
frequency curve. Proper choice of
the two resistance ratios can pro-
vide an optimum overall frequency
characteristic and zero overall d-c
insertion loss. Figure 6 shows the
nominal overall frequency charac-
teristic of the cascaded active and
passive filter. This final design of
the filter has a corner frequency
of not less than one cps (8 db
point) ; insertion loss, adjustable
to zero if desired, less than one db
with no adjustment; flat passband,
within =1 db from d-c to 0.7 cps;
attenuation slope of 15 db per
octave; input signal voltage range
of 1.5 to +7.5 v peak; zero drift of
less than 0.4 millivolt per degree
C; d-c input impedance of 0.5 meg-
ohm; and an output impedance of
2.5 kilohms.

The filter is packaged in a modu-
lar plug-in subassembly. Silicon
transistors are used because of
their superior temperature charac-
teristics. Supply voltages are regu-
lated to minimize zero drift.

FIG. 6—Nominal overall frequency charac-
teristic of filter-amplifier

FIG. 5—Output of final design filter-amplifier uses passive RC section

In order to maintain the same
degree of flatness in the pass band,
a closer tolerance on capacitance is
required for a cascaded active and
passive filter than for a filter con-
sisting of only active stages since
a fall off in the pass band of the
passive filter stage must be com-
pensated by a corresponding peak-
ing in the active stage to produce
a maximally flat response. For this
condition a given change in the ca-
pacitance of C, in Fig. 4 results in
a greater change in the amplitude
of the overshoot than when the fre-
quency characteristic of the active
stage is flat in the pass band. Using
capacitors with a tolerance of =20
percent, it was found impractical
to combine the active filter stage
with a passive stage of more than
one section, and still maintain a flat-
ness of =1 db as necessitated by
design requirements unless an addi-
tional adjustable resistance net-
work were inserted in the feedback
loop of the filter to vary B. The
frequency characteristics of the
filter might be maintained precisely
within the limits imposed by the
temperature coefficient of the ca-
pacitors by trimming the filter net-
works to keep constant the RC
products of each section. In as-
sembling the filter the capacitors
can be measured and values of re-
sistance selected to provide the re-
quired RC product.
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“STANDARD”

In the more than a quarter of a
century of experience in the
manufacture of electronic components,
CINCH parts by specification and
application have earned recognition as
“Standard in the Industry.”

D SUB-MINIATURE
CONNECTORS ¢

D Sub-Miniature plugs and
sockets with printed circvit pin
and socket inserts are also
available for immediate
delivery.

Send for illustrated catalog
No. 100-Cinch Connectors,
D Sub-Miniature, DPX

and DPA Types,

CiNncH MANUFACTURING COMPANY

1026 South Homan Ave., Chicago 24, lllinois
Division of United-Carr Fastener Corporation, Boston, Mass.

Centrally located plants at
Chicago, lllinois; Shelbyville,
Indiana; La Puente, California;
St. Lovis, Missouri

Manvufactured by
agreement with
Cannon Electric

Company.
| Tecr PHYSICAL
g < SPECIFICATIONS
T DB25S

SHELL MATERIAL INCLUDING FLANGE—D- steel or brass, finish, cadmium
plate & irridite, DH- steel, finish, electro-tin over cadmium.

CONTACT MATERIAL—D- copper base alloy gold plate finish, DH- steel,
electro-tin over cadmium finish.

INSERT ARRANGEMENTS—5 (plus coaxials)
NUMBER OF CONTACTS—9, 15, 25, 37, 50

INSULATION MATERIAL—D- Zytel 101, DH- Glass, C7- Diall (Type MDG Mil.
M-14), C13- Melamine (Type MME Mil. M-14), C26- Glass Diall (Type
GDI-30 Mil. M-19833), F114- Diall solder pot side, Nylon pin engaging side.

POLARIZATION—keystone cornered shell
COUPLING MEANS—friction-locking accessory
WIRE ACCOMMODATION—#20 AWG, B&S stranded

OPERATING TEMPERATURE—D -+ 310°F, —67°F, DH - 350°F max. —67°F,
varies with finish: TIN PLATE — 350° max., CAD. PLATE — 500°F max.,
TIN over CAD, — 350°F max. GOLD PLATE — 600°F max.

D SUB-MINIATURES:

STANDARD PIN AND SOCKET INSERTS.

L ————

e

slo | JEE E}H}
T . — R —————==d —-—IXL—-

MAX,
size | A | C | b} v} v S_‘}iw_eighi
_DAISP | 1% | e | e | 1'% (1312 [ % | %e | 013
TDAISS | e | e | %e | 1'% 1312 | % | %e | 014
DB-25P | 1% t'w %y | 2% [1.852 | % | % [ 023
00255 | 1% [ % | e | 2% | 1.852 [ % | %e | 031
_DC37P | 2% | V| e | 29% [2.500 | Ua | % | 035
_DCArs | 2% | % | %e | 2% [2.500 | M | % |.035
_DD-50P | 2% | '%a | ‘% | 2% |2.406 | %« | % | .035
DD-S0S | 2%« | 'Sa | % | 2% [2.406 | Y% | %s | 040
OB | k| M | e | 1'% | 984 | W | % |01
DE-95 Yl e | e [ 1%l 984 % | %6 [ 012

FRACTIONS 4% Tolerance

N

s[

HERMETIC SEAL PIN INSERTS

__ size LA |8 O
__DAH-15P-001 | 1% %4 | % |
__DAH-15P-002 | 1'4a |%4 | %R
DBH-25P-001 | 1% %4 | %
_DBH-25P-002 | 1% |*%4 | Y
_ DCH-37P-001 | 2'%u4 [%4 | %
__DCH-37P-002 | 2'%a | 2% | Yo
__DDH-50P-001 | 2%« (2% | %
DDH-50P-002 | 27%4 12%4 | %2

DECIMALS £0.005 Tolerance

L
e S |
lf

)

J

r

r

X

D G| L 'S [max. weight
U | Yo [V% | % |0.021
U [ Yo [ 1% [ V5 "% [0.021
1% | va [2% [ t’/n 0.027
M | Y 2% [V ['%e [0.027
% | Ya (2% | V2 Y [0.037
e | Y [24% [ 1% [0.037
% [ % [29% % [% o001
o | Ya 2% % (1% [0.041

Variation in final dash number indicates type of contact
terminal. —O001=-eyelet type; —002=solder pot type.

FRACTIONS %4 Tolerance
CIRCLE 91 ON READER SERVICE CARD

DECIMALS +0.005 Tolerance



Sweep Generator Design:
How To Keep It Simple

Thoughtful selection of components takes care of both high and low temperature

operation of four-transistor circuit. Precision multiple-range sweep generator is

used in an airborne radar system

By H. P, BROCKMAN?, Air Arm Division, Westinghouse Electric Corp., Baltimore, Md.

HIS SIMPLE multiple - range
Tsweep generator, designed for
use in an airborne radar system,
contains only four active elements
and provides a constant amplitude
output sawtooth for all ranges, plus
a fast rising gate-pulse (or pedes-
tal) equal to the duration of the
sawtooth.

How It Works

The circuit diagram, Fig. 1, con-
sists of a conventional flip-flop, @,
and Q.; a transistor switch, Q.; an
R-C timing network; an emitter fol-
lower, Q,; and a diode feedback cir-
cuit composed of R, R. and D,. In-
itially, @, is cut off and @. is in
saturation. so that switch @, is held
in saturation by base current sup-
plied through R.. A positive trigger
on the base of @, drives @, to satu-
ration and opens switch @,. At this
time, the potential on the collector
of Q. rises exponentially from zero
toward +300 volts at a rate deter-
mined by the time constant R. C,,
assuming switch S, is in the posi-
tion shown.

The sawtooth is coupled through
emitter follower Q, and a portion is
fed back to the base of Q. through
D, so that at some predetermined
bias-level the flip-flop is reset with
Q. in saturation and @, cut-off.
Switch Q. is driven quickly into
saturation by a positive pulse
through C, to the base of @, thereby
providing fast recovery for timing
capacitor C..

Range switch S, provides a range
sweep of 15. 50, and 200 miles by
selecting a single timing capacitor
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FIG. 1—Simple circuit provides constant amplitude for three ranges.

Linearity is kept

within one percent without use of a bootstrap circuit

for each range. The output saw-
tooth is obtained from the emitter
of Q,; a positive gate-pulse is ob-
tained from the collector of Q.. Pre-
cision timing of the sawtooth is ob-
tained without adjustments by
using precision parts in the R-C
timing network and by making the
input impedance to emitter follower
@, high compared to the value of R,
so that the timing of the waveform
is independent of the active ele-
ments of the circuit. The linearity
of the sawtooth is held within one
percent without the use of a boot-
strap circuit by using a +300-v
supply for the charging potential
and by restricting the amplitude of
the sawtooth to about 15 v.

Constant Amplitude

The amplitude of the sawtooth is
determined by the bias level at the

junction of R. and R. and by the
energy required to trigger Q.. Con-
stant amplitude regardless of range
selection is maintained by choosing
the proper value of C.. The trigger
amplitude required for a slow ris-
ing sawtooth is less than for a fast
rising sawtooth because the time
duration, and thus the energy, of
the former is greater. The value of
C. is such that the feedback is in-
creased for a fast rising sawtooth
but it has very little affect on the
feedback of a slow rising sawtooth.

The circuit is designed to oper-
ate over a temperature range of
—55 to +85 degrees C. This re-
quired care in component selection.

¥ Now a member of the Electronic De-
velopment and Design Group, Missile and
Surface Radar Division, Defense IElec-
tronic Produets, Radio Corporation of
America, Moorestown, N, J.
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FOR COMMUNICATIONS
AND CW RADAR

VARIAN KLYSTRONS

VA-802
1.7 to 2.4 kMc
1 kW cw

The highly efficient VA-802 has been designed to meet the rigid demands of
both fixed station installations and transportable service. Simple to install and

operate, it provides rugged reliability at low operating cost —with power output i

of 1 Kw, tuning range of 1.7 to 2.4 kMc. Features of this 18" Klystron with perma- a

nent magnet include: Trouble-free internal cavities, low noise and long life. - ‘

Varian makes a wide variety of Klystrons and Wave Tubes for use in Radar, . ASEA4 e

Communications, Test and Instrumentation, and for Severe Environmental
Service Applications. Over 100 are described and pictured in our new catalog. 1
Write for your copy — address, Tube Division.

VA.800 1.7 t0 2.4 kMc  10kW cw
VA R l A N - VA-802 1.7 10 2.4 kMc  TkW cw
i associates VA.804  4.410 5.875kMc  2kW ew "
VA-805 5.87510 6.425 kMc  2kW cw ¥ VA-800
PALO ALTO 1, CALIFORNIA VA-806 732510 8.5 kMec  2kW cw ? A
a VA.822 9.9 10 10.8 kMc 1kW ew
Representatives thruout the world VA-B33A, B .47 to .985 kMc 10kW cw

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, HIGH VACUUM PUMPS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R.F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES
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RESEARCH AND DEVELOPMENT

800-Lb Film to Record Cosmic Rays

COSMIC RAY research program will
be executed by the University of
Chicago and the U. S. Navy. The
program has entered the final
months of preparation. The expedi-
tion to the West Indies area is called
Skyhook 60 and is sponsored by the
National Science Foundation and
the Office of Naval Research. (See
ELECTRONICS, p 11, Jan. 1. 1960.)

Objective of the experiment is to
keep a large amount of film at the
edge of the atmosphere in Skyhook
balloons for as long as possible. The
film will record cosmic rays at very
high energy levels.

D. M. Haskin, Chicago University
research aide to M. Schein, director
of the project, will pick up 2,800
nounds of special film in England.
The $100.000 worth of film will be
flown back to Chicago to be put in
capsules.

Balloon Capsules

The Atlantic fleet will aid in re-
covery of the 2,500-pound capsules
to be released by the balloons. The
balloons are expected to reach an
altitude of 100,000 to 120,000 ft (18

to 22 miles) and to remain aloft for
about 48 hours.

The balloons will be launched
from the flight deck of the USS
Valley Forge. Each balloon capsule
will contain an 800-pound block of
emulsion sheets somewhat like
photographic film.

Emulsion Blocks

The emulsion blocks are designed
to record primary cosmic rays or
nuclear particles that reach ener-
gies as high as 10“ electron volts
as they fall toward earth. Chicago
University officials say that re-
search at these high energy levels
has heretofore been almost non-
existent.

The complete scientific program
is named Project ICEF (In-
ternational Cooperative Emulsion
Flight) with 25 universities and re-
search institutes taking part. All
scientific work is under Schein’s
direction. He has been working in
the area of cosmic rayv research for
several vears using high altitude
balloons. Funds totaling $625.000,
were provided by the National Sci-

Mobile Tv Recorder Uses
UK/European Standards

[

Television recording system by Ampex is housed in specially sprung vehicle.

Unit can

be modified for American, Continental or 405-line British tv standards.
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ence Foundation to support the
effort.

Haskin explained that at very
high energy. cosmic rays penetrate
the photographic emulsions at high
altitudes, colliding with nuclei of
the emulsion to cause showers of
other fast particles. The collisions
produce a series of nuclear inter-
actions recorded in the photo-
graphic blocks. From the returned
plates, the physicists hope to learn
details of physical laws ranging
from the nature and behavior of
the smallest elementary particles to
creation of cosmic radiation on a
galactic scale.

Possible Results

Present theories explain interac-
tions of nuclear particles at low en-
ergy levels. However, there is no
complete explanation of particle ac-
tivity at very high energies, more
than 100 times that of the 25% elec-
tron volts produced by the Cern ac-
celerator at Geneva. Formation of
a more complete relativistic theory
of very high energy phenomena
may result from the cosmic re-
search project.

The unusually large block of
emulsion sent to high altitudes for
long periods increases the number
of high energy primary particles
detected. Nuclear events can be
traced in three dimensions by the
stacked sheets. Depth of the emul-
sion block allows detection of many
complete events. such as the entire
chain of secondary interactions that
were started by each primary
particle.

High altitude is a prerequisite
because primary particles will be
captured bhefore they have collided
with particles in the atmosphere
and become secondary particles of
lower energy. Earth satellites
could not be used because they
would pass through the Van Allen
radiation belts, fogging the emul-
sion.

Area of the balloon launch was
chosen for its proximity to the
Equator, where the magnetic field
is strongest. This field provides a
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KEITHLEY Model 240 High-voltage Supply
combines convenience, accuracy, wide range

This convenient supply brings new speed, ease and accuracy
to laboratory tests. Typical applications include calibration
of meters and dc amplifiers, supplying potentials for photo-
multiplier tubes and ionization chambers. Other uses include
furnishing potentials for high resistance measurements, and

for diode and capacitor leakage resistance iests.

The Model 240 output delivers 0 to 1000 volts at up to 10
milliamperes. Three calibrated dials on the front panel select
the desired output voltage in one volt steps, with accuracy
of 1% or 100 millivolts. Greater accuracy may be obtained
with a potentiometer provided for setting the output with

an accurate voltmeter.

Polarity is sclectable. The switch includes an “OFF”
position, facilitating timed measurements. An overload relay
cuts off the output at 12 milliamperes within 50 milliscconds.

Connectors are provided on front and rear panels.

SPECIFICATIONS

DC OUTPUT VOLTAGE: Positive or negative,
0 to 1000 volts, in onc volt steps.

OUTPUT CURRENT: 0 to 10 milliamperes.

ACCURACY: Within 1%, above 10 volts, within
100 millivolts below 10 volts.

LOAD REGULATION: 0.029, for 0 to 10 ma.
RIPPLE: Less than 3 mv RMS above $§ cps.
OUTPUT IMPEDANCE: Lcss than 1S ohms.

STABILITY: After a 20-minute warmup, within 0.02
volts + 0.029% the first hour, or in any subsequent
8-hour period, with line voltage changes within + 109,

LINE REGULATION: Output change is less than
0.02 volts + 0.02%, for a 109 change in line voltage.

RACK mounting, shown above with accessory end
frames, bench mounting.

PRICE . = v 5 . ¢ @ 7 W = $325.00

SEND TODAY FOR COMPLETE DETAILS
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KEITHILEY INSTRUMENTS, INC.
12415 EUCLID AVENUE » CLEVELAND 6, OHIO
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JUST THE

PLIER FOR
ELECTRONIC

No. 208-6PC Long Nose
Shear Cutting Plier
Patent No. 2,848,724

Here is a recently developed
plier specially designed for
electronic use. It will fit into
confined space and the steel
jaws hold clipped end of
sheared wire firmly . .. noth-
ing to wear out.

The shear blade is at an
angle of 15 degrees (the
standard angle of regular di-
agonal pliers). Shear principle
assures smooth, continuous
action without snap, prevent-
ing shock which might dam-
age transistors and other deli-
cate components. For use with
bare wire up to 18 gauge.

See your electronic supply
house or write for catalog.

Shear principle
requires less
pressure.

Pin keeps jaws
aligned.

Pointed nose
reaches confined
space.

Steel jaws hold
clipped end tight.

Designed to form
loop at wire end.

WRITE FOR CATALOG 130-A
Klein Catalog 130-A describing the
208-6PC and many other Klein Pliers,
will be sent on request. Write for a copy.

) Mathias-
s 10
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& Sons

Coil spring keeps
jows open.

Foreign Distributor: International Standard Electric Corp., New York

KLEIN

7200 McCORMICK ROAD « CHICAGO 45, ILLINOIS

barrier to low-energy cosmic rays
up to about 10%* electron volts, ef-
fectively filtering out these low-
energy rays.

Winzen Research, Inc., developed
the balloons, and the emulsion
blocks were manufactured in Eng-
land by the Ilford Company. After
recovery, the blocks will be shipped
to Chicago University for process-
ing for a two-month period. They
will then be sorted and dispatched
to cosmic ray groups in the U. S.
and overseas. Chicago University
scientists say these groups will take
about two yvears to analyze the data
completely.

Higher Accuracy
For Paraboloids

DEVELOPMENT work on plastic para-
bolic radio mirrors may provide an-
tenna surface accuracies presently
not practical. The technique was an-
nounced by D. S. Kennedy & Co.,
Cohasset, Mass.

Spincasting

The parabolic reflectors are pro-
duced by a process called spincast-
ing. It is based on a natural law
hitherto little recognized and little
used except in optics. The method
is based on the fact that the sur-
face of a liquid curves into the
shape of a paraboloid when the

Antenna Tests
Electronics of F-105

Trailer wunit called RADFAC (Radiating
Facility for Aircraft Flight-line Testing)
was developed by Republic Aviation, An-
tenna with self-contained power source
permits 60-second checkout as far as two
miles from jet
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Now your present electronic counter becomes a

really good, accurate DIGITAL VOLTMETER

by simply adding this self-contained, inexpensive
2210 Voltage-to-Frequency

)
Now it is simplicity itself to read voltages in direct
digital form using your present electronic counter
and this new Dymec DY-2210 Converter. You can also
measure the time integral of fluctuating voltages
directly in volt-seconds — no more tedious, costly
manual data reduction and analysis. Unique design
principle of the DY-2210 makes it insensitive to most
kinds of noise on the input signal.

The DY-2210 generates pulses at a rate accurately

RACK MODEL, PANEL HEIGHT ONLY 3%"

proportional to the dc input voltage. Zero input pro-
duces zero output cycles, 1 volt produces 10,000 cps.
A front-panel attenuator provides additional input
ranges of 10 v, 100 v and 1000 v. Positive or negative
inputs sensed automatically. Models available for ac
inputs and remote programming applications. Price:
$660 cabinet, $650 rack-mount.

For details and demonstration, see your Dymec/
Hewlett-Packard representative or write direct.

AT L

:

Dymec/@ field representatives in all principal areas 6063
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What makes thi

98

1. Exposed circuitry of
transmitter,

2, Type MLC 1000 mmfd.

100 KW vacuym capacitors for plate
BANDSWITCHING blocking. Band switching
TRANSMITTER is accomplished with Type
ELIMINATES R1 vacuum switches.
TUNED 3. Type VMMHC vacuum
INDUCTANCES capacitors in the plate tank

circuit. Switching from each
output tank to a common load
is done with Type RC10
vacuum coaxial relays,

4. Vacuum capacitors in
the output tuned circuit,

This 100 kw transmitter is used to test and establish ratings on Jennings high
voltage vacuum components. The testing program may require rapid frequency
changes to 2, 4, 8, 16 and 32 mc. Each band is tuned by motor driven vacuum
capacitors. Single dial panel switching between bands is accomplished with
vacuum relays.

Fixed inductances were desired in the tank circuit in order to avoid problems
of maintenance and resetability associated with transmitters that use tap
switches and sliding contacts. This was made possible by taking advantage of
the low minimum capacitances, small size, and low inductance of vacuum
variable capacitors. This circuitry would be particularly useful in any rf trans-
mitter design demanding daily repetitive frequency changes.

Space reduction and efficiency were further improved by using Jennings vacuum
relays with their high voltage and current carrying capabilities. The sealed con-
tacts are clean and remain clean because they are free of all oxides and
contaminants. In addition vacuum relays never need maintenance.

Write for our new vacuum component catalog summary. It may
suggest the answer to some of your present high voltage problems

RELIABILITY means VACUUM
VACUUM MEANS

é'/I/II}%

JENNINGS RADIO MANUFACTURING CORPORATION - 970 McLAUGHLIN AVE., P. 0. BOX 1278 - SAN JOSE 8, CALIF.
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« franemitter possible?

containers in which the liquid is
held is rotated about an axis at con-
stant speed.

Advantage claimed for spincasting
applied to antennas is that surface
accuracies more than a thousand
times greater are achieved than by
most known methods. Except for
machining, which is prohibitively
expensive on large dishes, present
tolerances are seldom better than
1 inch.

The liquid used is one of the new
synthetic resins. The liquid resin
is put into the container at the be-
ginning of the spin. The spinning
table on which the container is fas-
tened is rotated, and the liquid
moves out to assume the character-
istic shape. The liquid synthetic
resin hardens into a cast within a
few hours.

The pan that contains the plastic
liquid is actually a conventional an-
tenna reflector with its normal sur-
face irregularities. The liquid resin
coating the paraboloidal reflector
surface imparts an almost glass-
like smoothness to the surface if
desired.

The surface is then metallized so
that it acts as a radio frequency
reflector.

Benefits

Expected benefits of the new
process are greater efficiencies in
r-f power transmission and recep-
tion at much higher frequencies
than are now practical. Advances
in satellite tracking, space commu-
nications and radio astronomy are
expected as a result of the new de-
velopment in producing accurate
antenna surfaces.

The company has developed a 4-ft
pilot model and is working on a
10-ft design. Spincast antennas up
to 60 ft in diameter are planned for
early development. Theoretically
there seems to be no size limit for
this production method except for
the size limitation of a stable spin-
ning table.

Work on spun plastic optical mir-
rors has been done by P. B. Archi-
bald of the University of California
Radiation Laboratory under aus-
pices of the Atomic Energy Com-
mission. Optical paraboloids of
this type up to 3 ft in diameter
have been produced for the purpose
of light gathering.

JANUARY 15, 1960 < ELECTRONICS



General Motors pledges

AC QUESTMANSHIP

AC Seeks and Solves the Significant—AC Design and Development is moving far ahead in new technology—
the result of GM’s commitment to make ever larger contributions to the defense establishment. AC
plans to resolve problems even more advanced than AChiever inertial guidance for Titan / This is AC
QUESTMANSHIP. It's a scientific quest for the development of significant new components and systems
... to advance AC's many projects in guidance, navigation, control and detection / Dr. James H. Bell,
AC’'s Director of Navigation and Guidance, sees this as a ‘‘creative challenge’. His group takes new
concepts and designs them into producible hardware having performance, reliability and long life. He
strongly supports the fact that an AC future offers scientists and engineers ‘‘a great opportunity to
progress with a successful and aggressive organization’” [/ If you have a B.S., M.S., or Ph.D. in the
electronics, scientific, electrical or mechanical fields, plus related experience, you may qualify for our
specially selected staff. If you are a ‘‘Seeker and Solver’’, write the Director of Scientific and Professional
Employment, Mr. Robert Allen, Oak Creek Plant, Box 746, South Milwaukee, Wisconsin,

GUIDANCE | NAVIGATION { CONTROL f DETECTION [ AC SPARK PLUG % The Electronics Division of General Motors
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COMPONENTS AND MATERIALS

Bending Ceramic and Ionic Crystals

By SHELDON WEINIG, P'resident, Materials Research Corporation, Yonkers, New York

DESIGNATING a ceramic material as
useful for a specific application
severely limits its scope. Under the
impetus of space and rocket re-
quirements as well as cryogenic
and elevated temperature needs,
ceramic materials are now used in
areas never before considered.
This article discusses four basic
ceramic research programs and
some very general areas of appli-
cation. These programs are pres-
ently being performed at the
laboratories of the Materials Re-
search Corporation in Yonkers,
New York, under contract to the
Office of Naval Research, Atomic

FIG. 1—Examples of crystals of ceramic
and ionic materials. lonics were bent by
application of high d-c voltage. Ceramics
were bent after a clean surface was pro-
duced. NaCl bent at —117 C (A) and at
25 C (B); LiF bent at 400 C (C); and MgO
bent at 25 C (D) and 400 C (E). Electronic
applications are apparent

100

FIG. 2—Microphotographic studies exhibiting grain boundary displacements in ceramic
crystals are being used to investigate thermal conductivity. Attempts are made to create

thermal diffusion paths

Energy Commission and the Office
of Scientific Research, U. 8. Air
Force, respectively.

Ductile or Brittle

Undoubtedly the most important
physical property of a metal is its
formability. In contrast, one seri-
ous difficulty in utilizing ceramic
materials is their inability to be
plastically deformed. It was re-
cently found that a single crystal
of magnesia (Mg0) could be bent
immediately after cleaving, that is
after a clean surface was exposed.
This led to the conjecture that the
embrittled state was not the natural
state of the material, but that duc-
tility was lost because of surface
contamination.

Using this concept it has been
possible to bend “clean” crystals
of ceramic and ionic materials as
illustrated in Fig. 1. This apparent
ductility is certainly of interest in
the laboratory but lacks the adapt-
ability required for practical ap-
plication. What is required is a
mode of ductilization that doesn’t
necessitate cieaving or dissolving
the material immediately prior to
deformation.

A technique has been developed
which will ductilize ionic crystals
through the application of a high
voltage d-¢ source across the ma-
terial during the actual deforma-
tion. Crystals of NaCl were bent

TEST DISCONTINUED
'j WITHOUT FRACTURE

STRESS-103 PSI
OO0 — N W dHd O D N DY

1
A 0 10 02 105 o?
LOG-TIME - MIN

FIG. 3—Curves show stress rupture curves
for aluminum with no reinforcement
(O v/o fibers) and with varying concen-
trations of longitudinally-oriented ceramic
fiber-alloy compacts (6, 8, and 18 v/o
fibers)

into a horseshoe shape, reversed,
and bent in the opposite direction.
Although the technique has not
been extended to MgO or other
ceramic materials, applications for
the ionics are immediately ap-
parent: Crystal detectors requiring
special shapes, or perhaps a more
important application is for crystal
transducers.

Grain Boundary Phenomena

The poor thermal shock re-
sistance of ceramics is due to the
inability of the ceramic to equalize
its heat content sufliciently rapidly,
i.e. low thermal conductivity. If
impurity atoms of a metallic nature
were preferentially segregated to
the grain boundaries then short

JANUARY 15, 1960 - ELECTRONICS



%)I\ITJTSTANDING
PERFORMANCE

type D -

temperature range

tolerances

insulation resistance

moisture resistance

thermal and
immersion cycling

Write for Bulletin TSC-118C

_
T

i

RESIN-COATED
SILVERED MICA
CAPACITORS

Sangamo Type D mica capacitors combine the excellent
electrical performance characteristics of silvered mica with
a multi-layer, protective case of high moisture-resistant
thermo-setting resins.

The Type D is designed to operate over the temperature
range of —55°C to 4-125°C at rated working voltage without
derating.

Available in capacitance tolerance values of =209,
+10%, =+5%, =*+2%, =+19%, (or =1 mmfd, whichever is
greater).

The insulation resistance of these capacitors will exceed
3,000 megohms at 125°C.

Insulation resistance shall be greater than 1000 megohms
as measured in accordance with paragraph 2.6.2 of EIA
specification RS-186-A, Method 2. Paragraphs 2.4 and 2. 6. 1
do not apply. The test shall continue for 10 cycles, as de-
scribed in paragraph 2. 5.

Insulation resistance shall be greater than 3000 megohms
after being subjected to temperature cycling between —55°C
and +4125°C, as outlined in Method 102-A, Test Condition D,
and followed by Method 104-A, Test Condition A, of MIL-
STD 202A.

W
X o
SANGAMO Colgh | 5
o JJ ozl
ELECTRIC 3 a%8 S5z
] 500 5.400
COMPANY D15 7 300 5.800
. 500 100-2000
) 300 100-4000
§C-59-10 SPRINGFIELD, ILLINOIS p.3o  °°° 1000-10000
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DIGISYN® ENCODERS

for precision in:

I(EAcron
/CONTROL

!

!

Radar and Optical Tracking "
I

Navigation and Guidance Systems

, I
Missile Launch Control !' / /7
| FRE coaTROL

OPTICAL

-
Nuclear Reactor Control TRACKING-

LAUNCH
CONTROL

Photoelec;trlb
S ghan
! qumén

' o
Encoder
DIGISYN® RD-17
/ The Ultra-Precise Encoder
/ e 17-digit accuracy in 10" diameter -— 10-

second resolution without gearing

e Self-contained amplifiers and control elec-
tronics

e Self-contained power supplies — 115 Volts,
60 cps or 400 cps input power

e Solid or Hollow Shaft Input
e Serial or Parallel Digital Readout
o Modular construction — easy maintenance

When you need the ultimate in accuracy, the utmost in reliability, the
maximum in performance, the minimum in maintenance — specify
DIGISYN® Shaft Position Encoders. They provide a direct, single-step
method of digitizing the angular position of a shaft, meet military specifi-
cations, and function in environmental extremes.

For full information on the new, ultra-precise RD-17 or other DIGISYN® encoders
and accessories, write today, or call (Boston) COpley 7-8425.

Standard & Custom Encoders )

Ty a

P 4
Lt AYNE-GEORGE

(ADCON DIVISION)

588 COMMONWEALTH AVENUE e BOSTON 15, MASS,
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circuit thermal diffiusion paths
could be developed which will result
in a marked increase in thermal
shock resistance.

One method of measuring the
ability of an atom to segregate
at the boundary is to measure the
shear resistance of the grain
boundary. This study is performed
with bi-crystals of Mg0. The pro-
gram also investigates the mecha-
nism of elevated temperature de-
formation of the ceramic material.

Bi-crystals of NaCl and Mg0
have been sheared under varying
conditions of time, temperature and
applied load. Typical specimens are
shown in Fig. 2, The originally
straight fiduecial markings have
been displaced across the boundary.
Present experiments are designed
to selectively segregate metallic
impurities at the boundaries.

Ceramic-Metal Fibers

One of the most interesting areas
of materials technology has been
the attempt to combine different
types of substances and thereby
utilize the excellent properties of
each: in particular, making com-
posite metal-glass fiber and metal-
ceramic fiber compacts. This
concept is similar to reinforced
concrete where the metal rods are
replaced with glass or ceramic
fibers and the metal substituted
for the concrete,

In this way the inherent strength
of the fibers due to both material
and geometry is obtained while
still retaining the excellent proper-
ties of the metal. The high sur-
face-to-volume ratio of the fiber
reduces the thermal shock propen-
sity of the ceramic material.

Materials

Compacting is especially advan-
tageous in that it is in no way
restricted to any specific fiber or
metal combination. Successful com-
pacts have been made between ma-
terials that are not normally
compatible by utilizing interme--
diary coating agents for the fibers.

Typical results are shown in Fig.
3. More dramatic results have been
obtained with high melting point
metals and ceramic fibers but can
not be shown at this time.

As a corollary to the above work,
a proprietory technique was de-
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within the frequency range of

30 cps to 10.7 kme

...can be investigated, analyzed, monitored and measured
to the highest practical degree of accuracy with Stoddart

Radio Interference & Field Intensity Measuring Systems.

Stoddart RFl Measuring Equipment is approved for use by all departments of the Depart-
ment of Defense. Military and commercial equipments are identical ... were designed and
manufactured to Military Equipment Specifications to meet the requirements of Military
Measurement Specifications. Equipments are portable, dripproof, dustproof, and ruggedized
for all-weather field use ... precise and dependable for sensitive-selective laboratory
measurements.

Applications include interference measurement and location, frequency conservation and
allocation studies, spectrum signatures, antenna propagation studies, field intensity sur-
veys, RF energy surveillance and monitoring, and verification of the electronic compatibility
of modern weapons systems, i.e., missile firing and guidance, computer, telemetering and
communications; the measurement of all rotating electrical devices, transmitting and
receiving equipment, or any system or equipment capable of producing unwanted radiated
or conducted electrical disturbances.

Stoddart instruments are available as individual self-contained units covering specific fre-
quency ranges, or in rack-mounted console systems for laboratory, mobile, airborne and
marine use.

L e

our sales engineering department

o s will give you individua! consideration and information in the
NM-40A (AN/URM-41) areas of interference problems or measurement with which
30 cps to 15 ke you are particularly concerned ... provide engineering bulletins,

military specification information, descriptions of new
measurement techniques and applications. .. class ot
individual instruction in the operation, calibration, and
NM-10A (AN/URM-68) maintenance of Stoddart instruments. For prompt service
14 ke to 250 ke . | please call ‘‘Sales Engineering'’, HOllywood 4-9292,

NM-20B (AN/PRM-1A)

150 kc to 25 mc
. Lease-purchase and lease-rental agreements available
NM-30A (AN/URM-47)" i Immediate delivery
20 mc to 400 mc

NM-50A
(AN/URM-17)
375 me¢ to 1000 mc

Send for complete literature

STODDART

NM-60A
L) (AN/URM-42) AIRCRAFT RADIO CO, INC.
s ;{‘ 1 Kmc to 10.7 Kmc 6644 Santa Monica Blvd., Hollywood 38, Calif., HO 4-9292

WA M
N { 'yv’serving 33 countries in radio interference control
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RAYTHEON Distributors
Now Offer Semiconductors

at Direct Factory Prices

/ ‘( "‘ /‘.ﬁ’
= L

RAYTHEON COMPANY *DISTRIBUTOR PRODUCTS DIVISION * WESTWOOD, MASS,

RECEIVING AND INDUSTRIAL TUBES « SEMICONDUCTOR PRODUCTS +« MECHANICAL COMPONENTS
RAYTHEON/MACHLETT POWER TUBES . VOLTAGE REGULATORS . CAPTIVE HARDWARE
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RAYTHEON
DISTRIBUTORS

Alabama
Birmingham

Forbes Distributing Company
Mobile

Forbes Electronic Distributors, Inc.

Arizona
Phoenix
Radio Specialties & Appl. Corp.
AL 8-6121
Tucson
Standard Radio Parts, Inc.
MA 3-4326

California

Burbank
Valley Electronic Supply Co.
Victoria 9-4641
R. V. Weatherford Co.
Victoria 9-2471

Hollywood
Hollywood Radio Supply, Inc.
HO 4-8321

Los Angeles
Graybar Electric Company, Inc.
ANgelus 3-7282
Kierulff Electronics, Inc.
Richmond 8-2444

Oakland
Brill Electronics
TE 2-6100
Elmar Electronics
Higate 4-7011

San Diego
Radio Parts Company

Santa Monica
Santa Monica Radio Parts Corp.
EXbrook 3-8231

Colorado

Denver
Ward Terry Company
AMherst 6-3181

District of Columbia
Electronic Industrial Sales, Inc.
HUdson 3-5200
Kenyon Electronic Supply Co.
DEcatur 5800

Florida

Miami
East Coast Radio & Television Co.
FRanklin 1-4636

Tampa
Thurow Distributors
TAmpa 2-1885

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

Illinois

Chicago
Allied Radio Corporation
HAymarket 1-6800
Newark Electric Company
EState 2-2950

Maryland

Baltimore
Wholesale Radio Parts Co., Inc.
MUIberry 5-2134

Massachusetts

Boston
Cramer Electronics, Inc.
COpley 7-4700
DeMambro Radio Supply Co., Inc.
AL 4-9000
Lafayette Radio Corp. of Mass,
HUbbard 2-7850

Cambridge
Electrical Supply Corporation
UNiversity 4-6300

Michigan

Ann Arbor
Wedemeyer Electronic Supply Co.
NOrmandy 2-4457

Detroit
Ferguson Electronic Supply Co.
WOodward 1-2262

Minnesota
Minneapolis
Electronic Expeditors
of Minnesota, Inc,
FEderal 8-7597
Mississippi
Jackson
Ellington Radio, Inc.



SERVING KEY
MARKETS INCLUDE

Missouri

Kansas City
Burstein-Applebee Company
BAltimore 1.1155

New Mexico

Alamogordo
Radio Specialties Company, Inc.
HEmlock 7-0307

Albugquerque
Radio Specialties Company, Inc.
AM 8-3901

New York
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
Ohio
Cincinnati
United Radio Inc.
CHerry 1-6530
Cleveland
Main Line Cleveland, Inc.
EXpress 1-1800
Pioneer Electronic Supply Co.
SUperior 1.9411
Columbus
Buckeye Electronic Distributors, Inc.
CA 8-3265
Dayton
Srepco, Inc.
BAldwin 4-3871
Oklahoma
Tulsa
S & S Radio Supply
CHerry 2.7174
Oregon
Portland
Lou Johnson Company
CApitol 2-9551
Pennsylvania
Braddock
Marks Parts Company
Electric 1-1314
Philadelphia
Almo Radio Company
WAInut 2-5918
Radio Electric Service Co.
WAInut 5-5840
Reading
The George D. Barbey Co., Inc,
FR 6-7451
Tennessee
Knoxville
Bondurant Brothers Company
Texas
Dallas
Graybar Electric Company
Rlverside 2-6451
Houston
Harrison Equipment Company
CApitol 4-9131
Utah
Salt Lake City
Standard Supply Company
EL 5.2971
Virginia
Norfolk
Priest Electronics
MA 7-4534
Richmond
Meridian Electronics, Inc.
Richmond 5-2834
Wisconsin
Appleton
Electronic Expeditors, Inc.
REgent 3-1755
Green Bay
Electronic Exeditors, Inc.
HEmlock 2-4165
Menasha
Twin City Electronics
Milwaukee
EX-EL Distributors, Inc.
Electronic Expeditors, Inc.
FlLagstone 2-2070
) Milwaukee Electronic Expeditors, Inc.
GReenfield 6-4144
Oshkosh
Electronic Expeditors of Oshkosh, Inc.
BEverly 5-8930
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veloped for metal coating ceramic
fibers. This method has already
found application in soldering leads
to piezoelectric devices.

Fast Switching Diodes
For Half Amp Pulses

VOLUME PRODUCTION of 0.3 usec, }
ampere devices that have a peak
power dissipation of 800 milliwatts
now make these very fast high-cur-
rent silicon switching diodes readily
available for computers.

The new diodes are said to ap-
proach a universal, all-purpose di-
ode, excellent for general high-
conduction applications as well as
for the more exacting computer
uses. Available in four voltages,
these devices are designed for oper-
ation up to 175 C and feature high
forward conductance (500 ma at
one volt maximum drop) and low
leakage (50 pamp max at 150 C).

The units feature a maximum
recovery time of 0.3 microsecs to re-
turn to 10 k ohms when switched
from a forward current 2 microsec
pulse of 500 ma to a reverse voltage
of —50 v, with a loop impedance of
1 k ohm. Faster switching speeds
are obtained at lower currents.

These devices have been used in
the Univac Lark computer, Reming-
ton Rand, which operates at very
high speeds and in more than a
dozen other high-speed computer
prototypes.

The diodes are now in production
at Sperry Semiconductor Division
of Sperry Rand Corp., South Nor-
walk. Conn., and will be used for
computer switching, pulse clamping,
gating. blocking and diode logic
circuits,

Spray-On Insulator

A NEW COMPOUND, sprayed like
paint, dissipates heat and controls
temperature by a process similar to
the vaporizing of dry ice directly
from solid to gas without passing
through a liquid stage.

Called Thermo-lag, and developed
by Emerson Electric Manufactur-
ing Co., St. Louis, Mo., the material
has been sprayed on the outside of
space capsules. Protection afforded
is well within ranges for perform-
ance of internal electronics.
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‘As basic to construction as nuts and

bolts, the fast pulse generator is a main-
stayin all phases of pulse circuitry design
and development.
Crosby-Teletronics’ Model PG-200AA is
a wide range, precision instrument
which generates adjustable rectangular
waveformswith fast riseand decay times.
Accurately calibrated wide ranges of
pulse duration, amplitude, recurrence
rate and positioning are provided. The
unit may be driven by an external sig-
nal of almost any waveform or may be
operated self-synchronous. Either way,
it furnishes a fast trigger to synchronize
auxiliary equipment,

Model PG-200AA
Fast-Pulse Generator=$850,

Model PGA-210
Range Extender -$80.

The PG-200AA provides calibrated pulse
position and duration ranges of 0.1 to
50 microseconds. With Range Extenders
(Model PGA-210), both may be increased
to 1000 microseconds. Write for oper-
ating data and specifications material.

Crosby-
Teletronics
Corporation gmsiiars
54 Kinkel Street, Westbury, L. 1., N. Y.
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PRODUCTION TECHNIQUES

Lead wires are positioned with tubular jig

Jewelers’ lathes and eyepieces are required for
production and inspection of miniature slip rings.
Box at right is tote fixture

Encapsulate First—Machine Later

NORMAL ASSEMBLY procedures are
reversed in the production of minia-
Lure slip rings by Electro Tec Corp.,
S. Huackensack, N. J. Encapsula-
tion is one of the first steps, ma-
chining and metal deposition fol-
low.

Among production advantages
cited by the firm are: fixturing is
simplified. lead-to-ring connections
are strain free, better dimensional
control promotes miniaturization,
and the number of rings can be in-
creased without a corresponding in-
crease in production costs.

Ring styles vary widely. Cross
sections of a typical miniature type
is shown in Fig. 1. This tyvpe has
a body molded over the bundled
leads. The body is machined and
the rings formed in the machined
grooves,

Leads are first bundled around a
notched and varnished center wire.
The ends of the center wire are

LEAD WIRE
_—FLANGE

CENTER RING 1

R ~ ;ORE

,;:v O Wirto 77
3 @fiﬁtﬁ
\ RING 3 —A
BACK SHAFT/ piasTic  “FRONT SHAFT

RING | A=A

FIG. 1—Cross sections of typical miniature
cylindrical slip ring assembly
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Leads are held in position with soft wire
wrap

4
i £

jjpwoe”:

L3

Bundle is primed with encapsulating

compound

Body slug is formed around leads by
molding

clipped off at the notches (scores)
as a finishing operation. Lead wires
are prepared by winding wire on
a cam whose circumference equals
the length desired. The coil is slit
into individual leads.

Bundling Leads

The wires are aligned in parallel
holes running lengthwise in a
cylindrical jig. The holes corres-
pond to wire positions in the body.
The jig is slid up the wires while
being rotated, forming a twisted
bundle. Outer ends of the bundle

Dental drill is vsed to cut ring keys in
shaft

are later soldered to maintain posi-
tion. Ends which will be inside the
body are laid parallel on the center
wire by withdrawing the jig in a
straight motion. As the inner ends
are exposed, they are wrapped with
soft nickel-plated copper wire turns
spaced about s inch.

The wrapped ends are dipped in
an encapsulating primer of epoxy
or polyester resin, depending on the
body material. After the primer is
dried, securing the bundle, the
wrapping wire is removed. Collars
are placed on the bundles and the
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THERE’S MORE TO A D-B
BROADBAND SRERARE
WAVEMETER L e
THAN JUST e

THE DIAL!

Here is the D-B calibration
chart showing the high
resolution and accuracy you
get with any D-B wavemeter.
The X-Band curve, for example,
is over 22 feet long!

KMC FREQUENCY

MICROMETER READING

Fail-Safe Design ~
loss of gas pressure makes unit

immediately inoperative.
Twelve models cover from 2.6 KMC
to 140 KMC. Write for complete
data in Bulletin D-B 715.

DE MORNAY BONARD|
Q

DE MORNAY-BONARDI

780 SOUTH ARROYO PARKWAY « PASADENA, CALIF.
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prolong tube life—increase reliability

atlee FULL-CONTACT TUBE COOLING SHIELDS
provide MAXIMUM tube cooling through

o FULL CONTACT with tube
o FULL CONTACT with shield

® FULL CONTACT with chassis

The new @atlee FULL-coNTACT tube-cooling shield, with exclusive
“delta-wave” szszxz insert and flat-mounting shield base, provides a spcc-
tacular reduction of cnvelope temperatures even under extreme operating
conditions. Tests prove a drop of 130°C below bare-bulb temperatures, and
80°C below levels recached with JAN shiclds and standard N.E.L. inserts.

Here is a significant advance in the fight against equipment failure even under |
conservative operating conditions. Further, where tubes must operate close |
to maximum ratings, it means a real reduction in the incvitable penalty of |
shorter tube life.

DESIGN For ReiasiLity witH atlee —a com-
plete line of dependable heat-dissipating holders and
shields of all tvpes, plus the experience and skill to
help you solve unusual problems of holding and

. T 5 )
cooling electronic components N
in your free copy of

this fact-filled Bulletin!

atlee corporation

(Formerly Atlas E-E Corporation)
47 PROSPECT STREET, WOBURN, MASSACHUSETTS
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bundles are encapsulated in 20-
cavity molds. This forms a slug of
plastic around the bundle.

After curing, the slug is removed
from the mold and machined into
the body. Four series of cuts are
made on jewelers’ lathes. The
flange, front shaft, backshaft and
ring grooves are machined in that
order. The bottoms of the grooves
are left thick enough to maintain
adequate insulation between the
rings and the leads.

Keys Formed

The grooves are prepared to re-
ceive the rings. The front shaft is
laid in a fixture under a microscope.
The operator uses a dental burr to
rout out a key hole in the bottom of
each groove and in the insulation
of the lead corresponding to each
groove. A portion of the lead wire
metal is also routed out so that the
ring will be keyed to both the body
and the lead. The routed spots, or
picks, form a spiral from groove to
groove up the length of the shaft.

Groove bottoms are painted with con-
ductive paint

catches

Cup
machining

gold dust during finish

Bottoms of the grooves are coated
with conductive paint, generallyv a
fine silver or gold suspension. The
painter applies the tip of a small
brush to the groove bottom as the
body rotates in a lathe. A pick is
then used to reexpose the lead wire
metal and to remove any paint on
the groove walls.

Rings are deposited as previously
reported (ELECTRONICS, p 128, Dec.
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SERVO MOTORS |

RESOLVERS |
SYNCHROS
TACHOMETER GENERATORS
from ]APAN
-avatlable to your specifications
High
Quality 1 =
Attractive
Priga | RESOLVER Type 23 RS-4
' Voltoge 26V
Frequency 400 CPS
* % * * Low Corner Freq. 12.5CPS
Enquires for other Japanese Resonance Freq. 100 KC
electronic components are Transformer Ratio 0.985+0.020
also solicited. Accuracy (max. error) 0.1%

TOYO TRADING CO., LTD.

P. 0. BOX NO. 999 CENTRAL TOKYO, JAPAN. !
2 1-CHOME, HONGOKU-CHO, NIHONBASHI, CHUO-KU, TOKYO.
CABLE ADDRESS ‘* SHININGEAST '* TOKYO JAPAN

Catalogue on Request
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The Industry’s TWT’S
5 Broadest Line of

Gain (DB)

1 11
Freq. Range| 10.5t0 16 KMC | 12to 18 KMC
S/ gain | 30 DB (min.} 20 DB (min.)
Power 10 DBM (min.) | 10 DBM (min.)
* First TWT operating as high as 18 KMC
¢ Periodic Permanent Magnet Focused
e P Band Wave-guide input-output
e Diameter of capsule...2%"”, overall length
17", weight. . .5 lbs.
¢ Gridded
SN
'z‘oemcnuioaure U G G I N S
p development
Qﬂqlﬂ@('lﬂq
‘Q o 4 LABORATORIES, INC.
LABOQ;@Q REgent 6-9330 .
999 E. Arques Ave., Sunnyvale, Calif.

CIRCLE 202 ON READER SERVICE CARD
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. dfford
o
power supply

failure ?

14}

“Emphatically no”!, says Frank Marx,
Vice President, engineering of the ABC-
TV network in New York. “In network
broadcasting a power supply failure can
not be tolerated. That’s why ABC relies
on transistorized power supplies by
POWER SOURCES, INC.”

The power supplies shown in the photo-
graph are Model PS-4000B . . . typical
of the broad industrial line of POWER
SOURCES precision, transistor regulated
supplies. Other supplies available range
in output from 4.5 volts at 10 amps to
300 volts at 1.5 amps. Each is “short-
circuit protected” and designed to provide
a highly regulated source of power for
critical Industrial or Military applications.
Write for complete specifications.

i S/)Uec//é POWER SOURCES

POWER SOURCES, INC.

Burlington, Massachusetts

CIRCLE 109 ON READER SERVICE CARD
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“DIAMOND H” Relays

Look into the heart of the control system for a missile, a
computer, a nuclear submarine, or a great many other critical
applications. You might be surprised how often you’ll find
‘“Diamond H”’ relays.

Unless, of course, you’re one of the increasing number of
engineers who’ve already selected ‘‘Diamond H’’ relays for a
spot where they just have to work despite all sorts of adverse
conditions.

Hart makes relays of three basic types: miniature, hermeti-
cally sealed, aircraft-missile relays (Series R/S); high speed,
sensitive, polarized relays (Series P), and general purpose AC,
DC relays (Series W),

Technical literature outlining the wide range of characteris-
tics available with each type relay is yours for the asking. You’'ll
find “Diamond H’’ engineers uncommonly adept at working out
a variation of the basic designs to meet your set of specific
requirements.

Tell us your needs . . . by phone, wire or letter.

H ART MANUFACTURING
THE COMPANY

202 Bartholomew Ave., Hartford 1, Conn.
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4, 1959). The deposit is allowed to
build up over the top of the grooves.
Overdeposition permits the rings
to be machined and polished back to
final size with a more regular sur-
face.

Finishing Steps

Center wires are removed at the
scores and ground flush with shaft
ends. Finish machining is done
with a diamond tool on a jewelers’
lathe. Vacuum pipes at the tool re-
capture gold or silver chips and
dust. Very light cuts are taken. The
ring surface is buffed with rouge to
a finish of 2 microinches. Higher
finishes can be obtained with dia-
mond tools, but buffing assures sur-

. L4
Bodies are handled with plastic bags
during insulation test

Radiating leads are placed in clips to
test lead-ring continvity

face regularity. After buffing, the
assembly is ultrasonically cleaned
to removed rouge. Silver rings may
be given a finish plating of buffable
gold.

Other finishing operations in-
clude clipping off the soldered ends
of the lead bundle, visual and elec-
trical inspection, and packaging.
Inspections are also made after each
production step and by roving in-
spectors. After final buffing or plat-
ing, the cleaned assemblies are han-
dled by the wire bundle. Shafts are
put in small plastic bags, which are
also used as holders. Production is
scheduled in batches, since many of
the rings are custom-built.
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VALUABLE 64 PAGE
REFERENCE SECTION

in electronics BUYERS’ GUIDE

Prepared especially by the 25-man edi-
torial staff of electronics, this 64-page
section is designed to assist the buyer by
providing him with market data, elec-
tronics applications, market distribution,
market reports and books, industry or-

ganizations and services.

electronics BUYERS’ GUIDE

and Reference Issue

A McGraw-Hill Publication
A 330 West 42nd Street
New York 36, New York

@.

Feeds, stakes and fuses Eyelets in PRINTED CIRCUIT Boards

WITH 1007
RELIABILITY

EDWARD SEGAL
MODEL NR-ESSM
automatic eyelet
attaching machine

in every environmental test!

This revolutionary machine, supplied as a complete installation, is
obsoleting manual eyelet attaching and soldering. Leading manufac-
turers, in many cases using batteries of them, find Segal’s new Model
NR-ESSM is a completely dependable automatic method of making
continuous electrical circuits of the printed elements on opposite sides
of a board — or a single side if desired. Stakes and fuses 30 eyelets or
more a minute, top and bottom, with never a reject.

There are other models for cold staking flat and funnel type eyelets,
and for feeding and staking tube pins and turret terminals with equal
reliability. All are highly economical. Segal can improve your eyelet
attaching production. Write section E-1.

a"d Manufacturers of eyeleting machinery,
%Ew special hoppers and feeding devices
S l 132 LAFAYETTE STREET, NEW YORK 13, N.Y.
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SFPrECIEY

SYSTRON
COUNTERS

o RELIABLE BEAM-SWITCHING COUNTING DECADES
o IN-LINE INDICATION e 50% TUBE REDUCTION

Systron offers a complete line of standard and custom counters,
precision engineered to deliver dependable, accurate results for
any and all applications. Next time, specify Systron Counters, and
get the finest!

The Universal Counter-Timer
measures: Frequency from 0 to
1,000.000 cycles per second —
Time intervals from 1 micro-
sccond to 10° seconds — One
or ten periods from 0 cps to
1,000,000 cps ~— Phasc Angles
from 0 to 360° ~— Ratio of two
external frequencies. Ideal all-
pux‘pose counter.

This high speed clectronic
counter is combined with an
accurate time base to provide
an IN-LINE indication of fre-
quency from 0 to 100,000 cps
and periods from 10 microsce-
onds to 10" scconds. Tt is ideal
for use as an electronic tachom-
cter, or a multi-purpose labora-
tory instrument.

Specifically for measuring sub-
carrier frequencies in IRIG
FM/FM tclemetering, Model
103 also scrves as a frequency
counter for precise low frequen-
cys. measurements. Features a
normalized count of 20,000 in
1/5 sccond for cach of 18 IRIG
channels and a period sclection
up to 100,000 for low fre-
quency measurements.

¢ T 000606

LR ] .; i

. [l‘ Where Reliability is the prime
factor the one microsecond
pulse paired resolution scalers
offered will solve all applica-
tions. Predetermined count
and/or time are offered as
standard options.

Write today for complete
specifications of all modelis
illustrated and your free copy
of our Short Form Catalog.

5YsTRON

CORPORATION

CORPORATION

Concord, California
ves in Principal Cities
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On The Market

D-C Microvoltmeter

sensitive, stable

PHILIPS EINDHOVEN, NETHERLANDS.
Type GM6020 d-¢ microvoltmeter
measures direct voltages from 10
pv up to 1,000 v, direct currents
from 10 ppa up to 10 pa. Accuracy
is 3 percent. The meter is auto-

matically switched to the polarity
of the voltage or current to be
measured and which is indicated by
means of two luminous columns.
Instrument is fully protected
against overloads, and designed to
be connected to any existing line
voltage (40-100 cps).

CIRCLE 301 ON READER SERVICE CARD

Delay Lines

lumped constant

VALOR INSTRUMENTS, INcC., 13214
Crenshaw Blvd., Gardena, Calif.
Six lumped constant delay lines
with delays of 0.1, 0.14, 0.2, 0.3, 0.5
and 0.7 usec are available in kit No.
122. Each delay line has a 3 to 1
delay to rise time ratio and is

o it
5t ez
= o
\ %2’4

P

\

molded in a 0.4 in. by 1 in. her-
metically sealed brass tube with a
fused tin plate finish. Subminiature
powdered iron toroidal inductors
and temperature compensating
ceramic disk capacitors are used in
their construction. Units are de-
signed for transistor and p-c appli-
cations.

CIRCLE 302 ON READER SERVICE CARD

Rotary Switch

subminiature

G. H. LELAND, INC., 123 Webster
St., Dayton 2, Ohio. The Ledex
BD2E subminiature assembly cir-
cuit selector weighs less than 3 oz
and nreasures only 1.5 in. long and
1.375 in. in diameter. It can be used

for stepping, counting, program-
ming, circuit selecting and homing.
The switch can hold up to four 12-
position circuit wafers, with 2-, 3-,
4-, 6- or 12-electrical position
selective control. Wire sizes are
available to accommodate 3 to 300
v d-¢, 1,000 v rms Hi-pot.

CIRCLE 303 ON READER SERVICE CARD

Ceramic Capacitors
five stock sizes

MucoN Corp., 9 St. Francis St.,
Newark, N. J. The Narrow-Caps
series of ceramic capacitors are
especially designed for % in. modu-
lar spacing in printed circuitry;

and other tight packages. Because
of their size (0.095 width and
0.025 length), they have an average
component density of approxi-
mately 1,500,000 units to the cu ft
or approximately 900 to the cu in.
Capacitance values in five stock
sizes are 100 puf, 250 uuf, 500 puf,

750 uuf and 1,000 uuf. Tolerance is
+20 percent, and body length of
the first four sizes is 0.250 in. maxi-
mum, while the length of the 1,000
ppf unit is 0.300 in. maximum.
Temperature range is —60 C to
+125 C.

CIRCLE 304 ON READER SERVICE CARD
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Converter
binary to decimal

HERMES ELECTRONICS CO., 75 Cam-
bridge Parkway, Cambridge 42,
Mass. Model 260 solid state binary
to decimal converter is designed as
companion equipment for comput-
ers which require decimal display
readout for any number of four bit
code inputs. Unit activates a cold-
cathode decimal display equivalent

to a Nixie tube. Filamentary pro-
jected readout equivalent to IEE al-
phanumeric unit is available on spe-
cial order. Model 260 is available
as a single plug-in module complete
with illuminated display or as an
assembly of a number of modules
which are packaged for convenient
mounting in a standard RETMA
rack.

CIRCLE 305 ON READER SERVICE CARD
(Continued on p 114)
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avoid unnecessary delays v(\\‘-‘,

GT DELIVERS SILICON TRANSISTORS IN 24 TO 48 HOURS!

No need to get hung up with delays or hooked by unkept
promises! GENERAL TRANSISTOR delivers sample
quantities of GT Silicon Transistors in 24 to 48 hours...
production quantities in 2 to 4 weeks!

These are not mere claims, but firm promises on which
you can base your design and production schedules.

Quality? Yes —plenty of weight here without waiting. i!
General Transistor is today one of the largest
suppliers of highly dependable devices, delivering
quality in quantity.

For full information —and fast delivery —call your
local General Transistor representative, or
contact us directly. Write for Silicon Brochure S-100.

GENERAL TRANSISTOR CORPORATION

91-27 138th Place, Jamaica 35, New York
Phone: Hickory 1-1000

CIRCLE 113 ON READER SERVICE CARD

A Few of the GT Alloyed Junction Silicon Transistors
Now Available

e HIGH SPEED SWITCHING

e MEDIUM SPEED SWITCHING

e HIGH VOLTAGE

e HIGH SPEED LINEAR AMPLIFIER

e MEDIUM SPEED LINEAR AMPLIFIER

PNP: 2N1219 2N1220 2N1221 2N1222 2N1223

Veno 30v 30v 30v 30v 40v
Veceo 25v 25v 25v 25v 40 v
Veso 20v 20v 10v 10v 10v

lco .1uamax. .1pamax. .1 pamax. .1 pamax. .1unamax,

hee 18 min. 9 min. —— _ —_—
fab(me) S min. 2 min. 5 min. 2 min. 2 typ.
hfe — — 18 min. 9 min. 6 min.

FOR IMMEOIATE OELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZEO
GENERAL TRANSISTOR OIS*RIBUTOR OR GENERAL TRANSISTOR OISTRIBUTING
CORP 91.27 138TH PLACE JAMAICA 35 NEW YORK FOR EXPORT' GENERAL
TRAANSISTOR INTERNATIONAL CORP . 91.27 136TH PLACE. JAMAICA 35, NEW YORK
PRECISION MAGNETIC RECOROING HEADS AVAILABLE FROM

GENERAL TRANSISTOR WESTERN CORP 6110 VENICE BLVO LOS ANGELES, CALIF
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even in toughest environments,

CEC’s 4-123 transducer

DETECTS

VIBRATION
IMMEDIATELY

A hint of vibration in a jet
engine or in engine test cells is
detected instantly by CEC’s
omnidirectional 4-123 vibration
transducer. This rugged pickup
assures a frequency response
of 45 to 2000 cps . . . provides
constant damping over an
operating temperature range
of —65°F. to +500°F.

Hermetically sealed against sand
and dust, the 4-123 functions
perfectly in oily, corrosive and
humid atmospheres. It weighs
only 4.25 oz., including
connector, and is 2¥4” high.

Wherever unbalance is present—
in engines, machinery, motors or
generators— CEC'’s line of
vibration transducers ensures
fast detection, quickly helps

solve your vibration problems.

For complete information, call
your nearest CEC sales and
service office or write today
for Bulletin CEC 1596-X13.

Transducer

CONSOLIDATED ELECTRODYNAMICS / pasadena, california

Division

Inertia Damper
viscous-coupled

FEEDBACK CONTROLS, INC., 8 Erie
Drive, Natick, Mass. New viscous-
coupled damper is designed for use
in applications requiring high ve-
locity and high torque constants
with good stability. It consists. of
a flywheel, free to rotate inside a
low-inertia shell rigidly fastened to
the servomotor shaft. The damping
action is produced by a. special vis-
cous fluid between the flywheel and
shell. Unit is available in two mod-
els with a diameter of 1.52 or 1.79
in,, and with 10 time constants
ranging from 0.02 to 1.20 sec.
Damping action is factory-set for
the life of the unit.

CIRCLE 306 ON READER SERVICE CARD

X-Y Plotter
24 by 36 in.

HousToN INSTRUMENT CORP., 1717
Clay Ave., Houston 3, Texas. The
HR-94 X-Y recorder is designed to
operate from differential trans-
formers. It may be used to plot
small mechanical movements or any
related variables which can be con-
verted to mechanical movements.
First application is in plotting con-
tours of miniature bearing races.
Other applications include mechani-
cal inspection, plotting surface and
gear tooth irregularities, stress,
strain, pressure, spring and bellows
deflections, etc. Multiplication fac-
tor is adjustable to 1,000:1 with
total error less than 0.15 percent.
Twenty microinch movements are



readily detectable. Pen speed with
standard servo is 2 ips. Speeds up
to 20 ips and electronic subassem-
blies to operate from low level d-c
inputs are available on special or-
der. Domestic price is $3,200.
CIRCLE 307 ON READER SERVICE CARD

PUTER Com

assAcHusEr

H

Unit Indicator
for T-PAC modules

CoMPUTER ConTROL Co., INC., 983
Concord St., Framingham, Mass,,
announces model UI-10 unit indi-
cator for use with its ling of T-PAC

modules. .Each UI-10 displays the

output of a logical element package
(model LE-10) or a static flip-flop
(model FS-10), and contains. pro-
vision for-driving an external indi-
cator. Power requirements:—90
v, I ma minimum to 2.3 ma maxi-
munm. Input requirements: accepts
4-0.6 v, at 0.1 ma from the LE-10;
or :—12 v, at 0.2 ma fronr the: FS-
10: or 1 me pulses, 2.5 v minimum
amplitude.

CIRCLE 308 ON READER SERVICE CARD

Transducer
displacement type

P1OTOCON RESEARCH PRODUCTS,
421 N. Altadena Drive, Pasadena,
Calif. Model PT5 proximity trans-
ducer was developed to measure
small mechanical displacements
from 0 to 20,000 cps with the Photo-
con Dvnagage measuring system.
It can be calibrated under dynamic

— —_— -

if you think this looks like CEC’S 5-752...

YOU'RE
ONLY
HALF
RIGHT

The picture shown here is of a new,
improved version of the famous 5-752
Recorder/Reproducer. We call it
Model 5-752A, and it represents the
culmination of years of engineering
time and practical experience.

Never before such versatility.

Pick a mode . . . any mode: Analog,
FM, PDM, CM, Digital. CEC’s new
5-752A can handle any or all of them,
with interchangeable Plug-In Amplifiers
for five modes of recording or playback.

Monitoring versatility too.

The 5-752A features optional
monitoring, either local or remote,
of Signal Input/Output. True

head-current monitoring also. 1 .y 2 ® 1 .

New features. - - . s 5
-

The cabinet is tougher than ever. ..

it’s all-steel, all-welded . . . all-rigid, 180080

too, for such rough environments as i - "

mobile or marine installations. And a . v . > o :

new, metal-framed, transparent cover
closes dust-tight on a gasket seal. ..
gives protection where it counts,
over the tape and heads.

L
5
.

Specially designed CEC Current
Amplifiers slide right into place. ..
boost reproduce amplifier signal
output. .. give galvanometers, chart
recorders, and other allied
instrumentation the whole story,
loud and clear.

For complete information on this most
versatile of instrumentation recorders,
call the CEC sales and service
office nearest you, or write for
Bulletin CEC 1576-X41.

DataTape Division
CONSOLIDATED ELECTRODYNAMICS / pasadena, california




... Where only a Precision Wirewound ~ /
is Precise Enough! /

Cross

uP” /
type RESISTORSI/

Exclusive
tapered lugs
for wrap-around
or feed-thru
connection

Mineral-filled
epoxy resin
bobbins &
encaps;glating
coatin:
Lug 4
flexing will
not destroy
hermetic
seal

Windings
of pre-tested
wire to meet

specific

operating
needs

RADIAL LUG, AXIAL LEAD, and
PRINTED CIRCUIT RESISTORS

PRECISION RESISTOR

NETWORKS using specially
stabilized resistors which may be
matched to an accuracy of 0.005%
with a tracking temperature
coefficient of 5 ppm per °C—for
use where voltage or current

must be precisely controtled.

Unique
contour

provides long
leakage
paths

As specialists in precision
wirewound resistors and resistor
assemblies for over 30 years,
Shalleross offers unmatched
experience in meeting the most
exacting matched resistor
requirements. Encapsulated “P”
Types illustrated are available in
over 25 basic types—many to
critical MIL-R-93A, MIL-R-93B,
and MIL-R-9444 Specifications.
Detailed performance comparisons
to applicable MIL specs are
available for all types.

SHALLCROSS MANUFACTURING CO., 2 Preston St., Selma, N. C,
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operating conditions. A micrometer
head on the transducer is calibrated
directly in 0.0001 in. Output of the
Dynagage should be displayed on a
direct coupled c-r oscillograph. By
rotating the micrometer head on the
transducer, any point on the oscil-
loscope trace can be measured in
reference to any other point, by dis-
placing the oscillograph trace until
the first point is displaced to cor-
respond with the location of the
second point.
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Telephone Relay
highly reliable

PHILLIPS CONTROL CORP., 59-T W.
Washington, Joliet, Ill. Type 8 is
an extremely flexible telephone type
relay. During rugged life compari-
son tests it was still going after
200,000,000 operations made at a
pace of 10 pps. Rugged, cup
mounted glass Teflon spring and
armature bushings are incorporated
with new design techniques. Unit
provides fast make and break for
maximum number of circuits. The
long coil construction permits the
use of high resistance coils and it is
engineered to operate on as little
as 2 ma. Relay is ideal for com-
munication and military applica-
tions, as well as for a wide variety
of data processing and other elec-
tronic equipment.

CIRCLE 310 ON READER SERVICE CARD

Computer Diodes
low capacitance

PacIFiIC SEMICONDUCTORS, INC,
10451 W. Jefferson Blvd.,, Culver
City, Calif. Series 1N925 through
1N928 are extremely low capaci-
tance, very fast recovery silicon
romputer diodes. Maximum inverse

JANUARY 1§, 1960 - ELECTRONICS



L. 0T GLLOWS when
the FUSE BLOWS!

NEW INDICATING
3AG FUSE POSTS

EXAMINE THESE FEATURES

New patented knob design
to assure high degree of
illumination for instant
blown fuse indicotion.
Positive finger grip for knob
extraction.
Quick service boyonet lock.
Constant tension beryllium
copper coil & leof spring for
positive contact & lower
millivolt drop.
Optional—ot extro cost—
neoprene* Q" ring to assure
splash-proof feature.
New high degree vacuum
neon lomp for greater bril-

ACTUAL liance & visibility.

SIZE ) impoct black phenolic ma-

~ terial in accordance with

MIL-M-14E type CFG.

) One piece brass hot tin
dipped non-turning bottom
terminal.

Double flats on body to per-

“ mit mounting versotility.

SPECIFICATIONS:

PART # VOLTAGE RANGE

,‘\ 344006 . . . . . . . . . 2Va- 7 volts

w | 344012 . . . . . . . . .7 - 16vols
344024 . . . . . 16 - 32 volts
344125 . . . . . . . . 90 -125volts

344250 . . . . . . . . 200 -250 volts

Maximum current rating 20 amps.

PHYSICAL CHARACTERISTICS—Overall length 23g” with fuse in-
serted » Front of panel length '*is” e Back of panel length 191"
* Panel area front '*1s” dia. ® Pancl arca back '¥{¢” dia. » Mounting
hole size (D hole) 34" dia. flat at one side.

TERMINAL—Side—one piece, .025 brass—clectro-tin plated ¢ Bot-
tom—one piece, lead free brass, hot tin dipped.

KNOB—High temperature styrene (amber with incandescent bulbs
—214 thru 32 volis—and clear with high degree vacuum neon
bulbs—90 thru 250 volts) e Extractor Mcthod—Bayonet, spring
grip in cap.

HARDWARE—Hexagon nut—steel, zinc cronak or zinc iridite
finish ¢ Interlock lock washer—steel, cadmium plated e Oil re-
sistant rubber washer.

MILITARY SPECIFICATIONS—MIL-M-14E type CFG. Fungus treat-
ment available upon request per Jan-T-152 & Jan-C-173.
TORQUE—Unit will withstand 15 inch Ibs. mounting torque.

Voo + Vi

18
2% MAX WITH FUSE INSERTED

DES PLAINES, ILLINOIS
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underseas or
in outer space...

guarantees
reliability

GENERAL DYNAMICS’ Electric Boat Divi-
sion specifies Gremar hull antenna fittings
for our latest atomic powered, POLARIS —
armed, missile subs: George Washington and
Patrick Henry. Why Gremar?

*BECAUSE GREMAR CONNECTRONICS™ concentrates
engineering, production and quality control on RF Connectors

only . .. guarantees 1009, conformance to your most exacting
specs.
BECAUSE GREMAR DELIVERS . .. by stocking America’s

most complete line of RF Connectors and Fittings ... by
maintaining a shelf stock of more than 500,000 assembled
units . . . of over 2,000 types . . . and 4,000,000 component
parts ready for fast assembly!

SPECIFY GREMAR for top-level reliability and
performance in RF Connectors. Write for litera-
ture on any series of standard RF Connectors ...
or send us your specs on special requirements.

CHE,‘MAR

Helium mass spectrometer leak
test performed on critical hermetic
seal problems can detect a leak that
would pass only 1 oz. of fluid in 500
years! Just one of 142 separate
quality checks performed to make
Gremar RF Connectors specified for
use in all major missile programs,

MANUFACTURlNG COMPANY, INC.

RELIABILITY THROUGH QUALITY CONTROL
Dept. A Wakefield, Mass., CRystal 9-4580
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Waters
has a
watertight
case!

-

HIGH-SPEED, MINIATURE
STEPPING SWITCH

For: Automatic switching, circuit selec-
tion, and timing-control

Featuring: + 80 steps per second on im-
pulse drive +30 contacts per bank
* maximum 12 banks sonly 17 oz. in
weight - unique sequence switching

Write today for complete technical data on the unique
Miniature Uniselector — ALSO on the Two-Way and One-Way
Stepping Switches.

Y FIREA

CORPORATION

11 University Rd., Cambridge 38, Mass.
U.S. AGENTS FOR GENERAL ELECTRIC COMPANY, LTD. OF ENGLAND
CIRCLE 206 ON READER SERVICE CARD

CECO

Waters APWLg Sealed Potentiometer is
so watertight and so heat resistant that
it operates reliably even in boiling
| water! The APWY4 is completely unaf-
a fected by humidity and water vapor, the
APwi, (WO common causes of potentiometer
1, dia. failures in aircraft and missiles, where
pressure and altitude changes allow
equipment *to breathe’. Naturally, the water-
tight construction of the APW15 also seals out d ust
and other minute particles which might cause
failure. Meets MIL-E-5272A immersion specifi-
cations by means of a double ““O" ring shaft seal.
The glass-to-metal terminal board is solder-
sealed to the case. Available with 125°C or 150°C
construction, mechanical rotation stops, special
winding angles, values to 100K and tighter
linearity tolerances. Can be supplied with op-
tional split bushings and various shaft lengths.
(Waters WPWL4 Sealed Potentiometer features
the same construction as the APW14, but with a
servo face.) Write for Bulletin APW-359.

POTENTIOMETERS

SLUG TUNED COIL FORMS
RF COILS

CHOKES

POT HOOK® PANEL MOUNTS
TORQUE WATCH® GAUGES
C'TROL METER/CONTROLLER
INSTRUMENTS

HWozors

MANUFACTURING, INC.
WAYLAND, MASS.
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Low Noise
VHF and UHF

Amplifiers and Preamplifiers
SERIES 1000

For application as receiver preamplifiers or
wide band i. f. amplifiers . . . in scajter
communications systems, laboratory, or
nuclear research. Eight standard models
cover VHF and UHF to 900 mc¢. High gain,

low noise. Special pass bands available.

Advanced techniques permit modification
of standard units at minimum cost.

Write for complete details:

COMMUNITY ENGINEERING CORPORATION

P. O. BOX 824 STATE COLLEGE, PA.

CIRCLE 207 ON READER SERVICE CARD
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NARROW-GAPS,

perfects a new family of
SUBminiature
CERAMIC CAPACITORS

“"NARROW-CAPS” subminiature ceramic
capacitors and 1/10 inch modular spac-
ing of printed circuitry form the newest
‘hand-in-glove’ team to speed the still
smaller assemblies required today.

5 CAPACITANCE VALUES in STOCK

100 mmf. = 20% ... 250 mmf. = 20%
500 mmf. = 20% ... 750 mmf. = 20%
1000 mmf. = 20% with ambient tem-
perature range —60°C. to 125°C. and a
voltage rating. of 50WVDC.

MODULAR SPACING

CORPORATION
NINE SAINT FRANCIS STREET

NEWARK 5, NEW JERSEY
CIRCLE 208 ON READER SERVICE CARD

.

2009 RICE STREET ¢ MELROSE PARK (Chicago Suburb), ILLINOIS

“Specific’’ for electronic
equipment, control com-
ponents, small tools,
motors, and UNCOM-
PROMISING SPECS.
Exacting tolerances held
. from commercial
grade to vltra precision.
Generated in wide range of steels,
non-ferrous metals, and non-metal-
lic materials.
Capacity range: 12 to 200 d.p.,
and maximum O.D. of 712",

Make AVON Your “‘Gear Department”

Avon is completely tooled to follow your specifications precisely,
and to produce the very best precision or commercial grade Fine
Pitch gears for your specific needs. At Avon you can get one gear

. or a million of ALL types, ALL classes, from ALL materials.

Avon has a modern complement of the finest inspection equip-
ment procurable . . . truly a setup tuned to the exacting tempo
of the “Space Age.” Your gear formula is followed with the utmost
care. Result: Accurate assembly of your most critical units!

Avon's fifty years aggregate gear engineering experience guar-
antees an end product exactly as specified. We will be glad to
work. with you on any development project requiring Fine Pitch
gearing . . . for either commercial or precision applications. You
can depend on AVON. Send drawings or descriptions for free

estimates.
PRODUCTION * EXPERIMENTAL * CONSULTING

GEAR AND
atd el AV O N ¢ioinerinG co.

nd Precisi'ol)
Applimions'//

CIRCLE 221 ON READER SERVICE CARD

ELECTRONICS + JANUARY 15, 1960

Waters

has an

airtight
case!

Waters APHY4 hermetically sealed
precision potentiometer, in addition to
maintaining the hermetic seal behind
the panel, is itself tightly sealed against
outside atmosphere and salt spray by
means of a double *“O” ring shaft seal.

-/f'"mc;/i%. The entire potentiometer passes Liquid
Immersion Tests per MIL-E-5272A, par.
4.12.1, and, excluding the shaft, passes the

Mass Spectrometer Test with leak rate less than
10-7CC/sec. N.T.P. Pre-tinned, it can be easily
soldered into the panel. Its terminal lugs are
installed with a glass to metal seal, and are
positioned for easy wiring. The brass case is
plated in conformance with military require-
ments. Waters APHY5 HT Potentiometer also has
high temperature operating characteristics. It
derates to zero watts at 150°C; 34 watts may be
safely dissipated at 125°C. Available with me-
chanical rotation stops, special winding angles,
resistance values to 100K ohms and tighter
linearity tolerances. Write for Bulletin APH.

POTENTIOMETERS

SLUG TUNED COIL FORMS
RF COILS

CHOKES

POT HOOK® PANEL MOUNTS
TORQUE WATCH® GAUGES
C'TROL METER/CONTROLLER
INSTRUMENTS

Wotors

MANUFACTURING, INC.
WAYLAND, MASS,
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Plug-in CALI-MARKER®

Calibrator & Time-Mark
Generator
The first compact, plug-in unit
of its kind. Combines a stable,
square-wave calibrator and o
crystal-controlied time-mark gen-
erator, Interchangeable with o
second plug-in sweep generator.

RECTANGULAR & SQUARE
2- and 4-Gun Tubes

. exclusive with ETC, give raster areas
equal to 7” round tubes.

120

Plug-in SWEEP GENERATORS

One or two identical plug-in
sweeps may be used on each
instrument for common or sepa-
rate calibrated time bases as
needed. Second sweep inter-

changeable with Cali-Marker.

e/

Plug-in PRE-AMPLIFIERS

Choice of 5 types for each chan-
nel. Matches sensitivity and re-
sponse requirements from 50 mv/
em to 50 uv/em, de to 50 ke to
5 mc. Any combination of pre-
amplifiers may be used simultane-
ously on all channels.

4-channel, Model K-470 illustrated.

THE WORLD’'S MOST
VERSATILE OSCILLOSCOPES!

with Plug-ins

for All Needed Ranges...

All Needed Features ... No Obsolescence.

2- and 4-
Channel Types

Models K-270
and K-470. ..

Display multiple, high-speed sig-
nals without switching. From DC
to 5 megacycle bandwidths.

1200 E. MERMAID LANE .

Here is true multi-channel oscillography
with features, performance, and prices “tail-
ored” to your exact needs. Versatile plug-in
pre-amplifiers, sweeps, and marker-calibra-
tor circuits need be purchased only as you
need them . . . when you need them. No
worries of having “too much” scope now
.. . not enough scope flexibility a few years
later.

From simple one-channel monitoring jobs
to difficult medical, biophysical and low-
level strain gauge recording involving two,
three or four channels, you’ll find no jobs
too small or few too large for these versa-
tile ETC instruments.

Write for detailed specifications and prices.

BIBetromie Tuhe

CORPORATION
PHILADELPHIA 18, PA,

PIONEERS IN MULTI-GUN C-R TUBES AND MULTI-CHANNEL OSCILLOGRAPHY,
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capacitance is 4.0 puf at zero volt-
age and typical inverse capacitance,
1.1 ppf at —10 v. Maximum re-
covery time is 20 K at 0.15 usec
switching from 5 ma to —10 v. The
diodes are furnished in the new
smaller diameter (0.125 max.) PSI
package.
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Peak Accelerometer
accurate unit

FERRANTI ELECTRIC INC., 95 Madi-
son, Hempstead, L. I., N. Y. This
instrument was developed for ac-
curate measurement of true peak
“g” in shock and vibration tests.
A Dbarium titanate transducer is
connected to a specially designed
amplifier and indicator unit which
retains the peak reading for 15 sec
for shock measurements or follows
the peak acceleration reading when
the instrument is set to make vi-
bration measurements. Four ranges
are provided for accelerations up to
1,000 “g* which are indicated on a
31 in. meter with a mirror scale
and a knife-edge pointer.

CIRCLE 312 ON READER SERVICE CARD
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Quartz Crystal
subminiature

THE KEYSTONE ELECTRONICS Co.,
65 Seventh Ave., Newark 4, N. J.
Type KC-43A quartz crystal is
available in subminiature HC-18/U
military-type holders. It has a fre-
quency range of 4 mc through 150
me, with a frequency shift of less
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than =+0.0025 percent over a tem-
perature range of —55 C to +105
C. In type Sm-43, the quartz crys-
tals are available for high shock,
vibration and other extreme en-
vironmental conditions. Physical
dimensions of the KC-43A are: pin
diameter, 0.017; pin spacing, 0.192;
body height, 0.530; body width,
0.402; body thickness, 0.150. On the
plug-in unit, pin diameter is 0.040.
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Transformers
toroidal type

BARKER & WILLIAMSON, INC,
Bristol, Pa. Toroidal transformers
suitable for transistorized power
supplies are encapsulated to meet
all requirements of sealed construc-
tion and are designed to perform
satisfactorily within a temperature
range of —55 to 130 C. Line in-
cludes transformers of 25, 60 and
120 w ratings and a 25 w inverter
which generates 26 and 115 v 400
cveles. The transformers operate
on 12 to 14 v d-¢ input. Prices range
from $8.10 to $15.25.
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Silicon Rectifiers
two series

DELCO RADIO DiIv., General Motors
Corp., Kokomo, Ind., offers silicon
rectifiers consisting of four models
each in two series—rated at 40 and
22 amperes for continuous duty up
to ambient temperatures of 150 C.
Both series offer a low maximum re-
verse current of 5.0 ma at maximum
rated temperature and peak inverse
voltage. The 22 ampere series has
four models—1N1191A through
IN1193A—in 50 v steps from 50 v

ELECTRONICS - JANUARY 15, 1960

v
§5-5 §5-15

SP-ST pushbutton, momentary
contact. 1-amp. @ 125v ac.
U.L. Inspected.

DP-DT spring return
0.5-amp. @ 125v ac-dc.
U.L. Inspected.

§5-31

3-Position. 3-amps
@ 125v ac.

U.L. Inspected.

SP.DT. 1-amp
@125v ac-dc
U.L. Inspected.

-9 !
§5-50 §5-34

DP-DT miniature. 3P-DT. 3.amps.
0.5-amp. @ 125v ac-dc. 125v ae.

U.L. Inspected. .L. Inspected.

§5-26-1 §5-9

SP-DT. 3-amps SP-DT spring return.
@125v ac. 3-amps @ 125v ac.
U.L. Inspected. U.L. Ingpected.

(1
/\’

§§-16

3-position special.

3-amps. @ 125v ac.
U.L. Inspected.

§5-33

DP-DT. 3 amps
@ 125v ac.

U.L. Inspected.

| HEAVY DUTY
. TYPE

§5-36-1
SP-DT. 6 amps.
@ 125v ac.

U.L. Inspected.

osition special.
-amps. @ 125v ac.
.L. Inspected.

Get This GUIDE TO MODERN SWITCHING )

Ask for 8-page Switch Bulletin RC-11D
World's largest slide switch line—over 12 low cost

standard types—dozens of economical -adapta-
tions. NEW colored knobs. Special ¢conventional and
miniaturized switches designed and produced for
large quantity users. Electronic Components Division,
STACKPOLE CARBON COMPANY, St. Marys, Pa.
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WHAT

THIS UNUSUAL
AC-DC “PLUG-IN"
TRANSISTORIZED
POWER SUPPLY
DESIGN

GIVES YOU...

One piece finned aluminum extrusion,
achieving high heat dissipation. Most units
need no external heat sink to 55° € ambient.

Platform mounted standardized subassemblies
and components enable quick defivery of
a wide range of voltages and currents,

All units have adjustable output.

Specifications:

input: 105 to 125V AC, 45 to 420 cps, single phase
Stability: Better than 0.25% for 8 hours

Response time: less than 100 microseconds

Designed primarily as a com-
ponent power supply, units
are widely used in computors,
electronic instrumentation,
production test equipment,
and quality control check out
systems. Best of all, the
unique design makes these
unifs available at the lowest
possible cost to you.

(Unit pictured above: Model
Z1R 90-.1; 85-95 V; 0-100 ma;
Price $145.00) Prices on other
units range from $100 to $200,

CONSOLIDATED AVIONICS CORPORATION

Regulation: 0.1% (line or load)
Ripple: 0.02% rms

Low dynamic impedance

All solid state — zener diode reference;

transistor amplifiers and regulator

COutput Voltages: from 2.0 to 300V DC

Output Power 1o 30 Watts
Reliable short circuit protection
All components readily accessible

A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION
800 Shames Drive - Westbury, L. 1. + EDgewood 4-8400

CIRCLE 122 ON READER SERVICE CARD

piv to 200 v for the 1193A model.
The 40 ampere series (1N1183A
through 1N1186A) also run from
50 v through 200 v. Maximum for-
ward drop for the 22 series is 1.2
v while only 1.1 v for the 40 series.
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Rectifier Test Set
20-ampere unit

WALLSON ASSOCIATES, INc, 912
Westfield Ave., Elizabeth, N. J.
Model 141A is a completely self-con-
tained dynamic rectifier test set for
incoming inspection, on-line testing
and laboratory use. Forward cur-
rent and reverse voltage controls
are independently adjustable. For-
ward current range is 0-1, 10, 20
amperes d-c average, with a reverse
voltage peak of 0-1,000. It meas-
ures a forward drop range of 0-1
v and a reverse current range of 0,
0.05, 0.5, 5, 50 ma average. Perma-
nent provisions are made for moni-
toring all four parameters with an
external oscilloscope.
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Dual Pots
low torque

ME-MAR ELECTRONICS COrP., 2716
E. Huntington Dr., Duarte, Calif.
Precision single turn dual element
pots feature: I in. to 8 in. diameter,
{1 in. thick, various shaft and
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NOW YOU CAN
SPECIFY SPERRY
FOR 2N327A
2N328A
2N329A
2N330A

.

SILICON PNP TRANSISTORS
IN PRODUCTION QUANTITIES

Newly-added to the world's widest line of general.
purpose PNP silicon transistors, these popular types are
available immediately for your audio, switching and control
applications.

More than an additiona!l production source for these

devices, you will find Sperry Semiconductor to be the source,
with new standards of quality and reliability.

Like all other Sperry transistors, these units feature new
low levels of I¢o and are baked at 200°C for 200 hours for
utmost stability. For immediate delivery on the 2N327A series,
contact the nearest Sperry sales office as listed below.

And don't forget these other recently-announced

~ types for which you can now SPECIFY SPERRY:
2N1034 2N1219
2N1035 2N1220
2N1036 2N1221
2N1037 2N1222
2N1275 2N1223

SPERRY SEMICONDUCTOR DIVISION, SPERRY RAND CORPORATION, SOUTH NORWALK, CONNECTICUT
Call or write: Sperry Semiconductor, Wilson Avenue, SOUTH NORWALK, Conn., VOlunteer 6-1641: in NEW YORK Plaza 2-0885;
3555 W. Peterson Ave,, CHICAGO 45, //l., KEystone 9-1776; 2200 East Imperial Highway, EL SEGUNDO, Calif.. ORegon 8-6226.
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Look beyond
the obvious ...

« + . 28 you consider your future in the electronics industry.
First, what is the obvious? It’s obvious that you're in
demand. You don’t have to worry about getting your ma-
terial wants satisfied.

But, when you look beyond the obvious, you realize that
you want something more than simple “want satisfaction”
out of your career. You want pride—pride in the impor-
tance of your personal, individual contribution.

At Melpar, where we are now working on 120 advanced
defense and space exploration projects, we have significant
opportunities for the professional engineexr or scientist who
wants to be proud of his contribution to advancing the
state of electronic art.

Senior-level positions are available in the
following areas at this time:

mount combinations, all metal ex-
terior, external phasing with pre-
cision clamp bands, gold anodize
finish and screw-in terminals. Re-
sistance is to 200 K ohms, linearity
to 0.05 percent, high temperature
150 C, and life exceeds 2 million
operations. Pots are gangable to
30 units.
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Subminiature Jack
guided-entry

SEALECTRO CoORP., 139 Hoyt St.,
Mamaroneck, N. Y. Type SKT-50
Press-Fit jack takes the inserted
probe almost blindly. The guided-
entry feature is an improved ver-
sion of the SKT-5BC test jack with
the advantages of elimination of
binding, more rigid holding of
probe after insertion, and greater
electrical insulating properties. The
jack accepts a 0.080 in. diameter
probe with maximum length of
0.310 in.
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Reconnaissance Systems
Airborne Equipment

Detection & ldentification Systems
Antenna & Radiation Systems
Ground Data Handling Equipment Physical Sciences Laboratory
Simulation & Training Systems Production Engineering
Communication & Navigation Systems  Quality Control

Ground Support Equipment Field Service Engineering

Zener Diode
high power

U. S. SEMICONDUCTOR PRODUCTS.
3540 W. Osborn Road, Phoenix,
Ariz., has developed a high power
——4 Zener diode with standard tolerance

MELPAR?‘-@? INC. of 5 percent in single units. No

matched pairs are needed to achieve
this tolerance. Space and weight
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY
3323 Arlington Boulevard, Falls Church, Virginia

are saved, while power dissipation
In Historic Fairfax County up to 35 w is easily attained in a
10 miles from Washington, D. C,

INTERVIEWS ARRANGED IN YOUR LOCALE

For details wire collect or write to:
Professional Employment Supervisor

single Zener with proper heat sink.
Zener voltages range from 8.2 to
100 v at 500 to 50 ma. Zener or
| dynamic impedance is low, and
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breakdown is abrupt over the whole
Zener voltage range.
CIRCLE 319 ON READER SERVICE CARD

Converter
true rms to d-c

Epsco, INc., 275 Massachusetts
Ave,, Cambridge, Mass. Model
MCV-910 true rms to d-c converter
is designed exclusively for optimum
performance at those frequencies
most commonly encountered in pre-
cision gyro testing. It generates u
d-c output voltage that is directly
proportional to the true rms value
of an a-c input signal. The dynamic
range is 10 mv d-¢ to 10 v d-e. The
all solid-state converter is built to
meet the rugged environmental re-
quirements of MIL-E-4158B.

CIRCLE 320 ON READER SERVICE CARD

Power Supply
solid state unit

PowER SOURCES, INC., Burlington,
Mass. Model PS4023 power supply
has excellent regulation character-
istics and low thermal drift. Oper-
ating at an input voltage of 105-125
v at 57-63 or 380-420 c¢ps, it puts out
100 to 200 v at up to 400 ma load
current. The output voltage 1is
selectable by a six-step range
switch, while a vernier pot is pro-
vided for exact adjustment of out-
put voltage. There is less than 0.03
percent change in the set output
voltage for any combination of in-
put voltage or load current condi-
tions. Thermal drift is held to a

ELECTRONICS « JANUARY 15, 1960

When you've got big plans for the future —~ you have good
reasons for reading your businesspaper mighty carefully. This is
where a man who means business gets facts, news, ideas.
information he needs to do business. Issue after issue you ﬁnd
meaty stuff to keep vour job and vour business growing — in both
the advertising and editorial pages of . .. your businesspaper.

A’:}

o
-

r

PHOTO ON LOCATION BY EHRENBERG

Where there’s business action, there’s a

buSIHeSSpaper ...where there’s electronics business, there’s

electronics

A McGraw-Hill Publication ¢ 330 W, 42nd Street ® New York 36, N.Y.
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minimum. There is less than 0.006
percent per deg C change in output
voltage. Total ripple and noise is
less than 2.5 rms mv.
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Miniature Switch
lever-actuated

ELECTRO-SWITCH CORP., 167 King
Ave.,, Weymouth 88, lMass. The
MA-12-L provides multicircuit con-
trol, panel-mounting. and lever op-

shown at the top of the illustration ‘ eration in a compact unit suitable
develops 12,000 Ib. strength, and is suitable | for low-power and electronic cir-

cuits, The assembly can be fur-
nished with either one or two

The Lapp porcelain rod insulatorI

for the most severe electrical and mechanical |
duty. It is available with rain shield andfor

. | sections, giving up to 12-pole
corona rings. All hardware is silicon alumi- | switching. Switch is designed to
‘ num alloy. Smaller insulators, in porcelain or meet  MIL-S-3786. Elgctrical L~
steatite, are suited to lighter duty for strain tings: 3 Sgpeses .contmuogs .
4 : . rent at 115 v a-c; interrupting ra-
or spreader use. Lapp engineering and produc- ting. ! ampere at 115 v a-c; voltage
1 tion facilities are always ready for design and | breakdown 1,000 v rms.
manufacture of units to almost any perform- CIRCLE 322 ON READER SERVICE CARD
. ance specification. Write for Bulletin 301,
- | with complete description and specification
data. Lapp Insulator Co., Inc., Radio Special-
r:-' g ties Division, 159 Sumner Street, LeRoy, N. Y.

Transformer
chopper input type

TRIAD TRANSFORMER CORP., 40533
Redwood Ave., Venice, Calif., an-

nounces a chopper input trans-
‘ former for use with frequencies of
60 to 500 ¢ps and with an imped-
ance ratio of 40,000 ohms CT to
40.000 ohms CT. DModel G-24 ex-
ceeds MIL-T-27A standards and has

E3
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a MIL designation of TF3R09YY.
The primary and secondary of the
unit is 100 percent reversible. Each
winding employs the new ‘“Box”
shielding method to reduce capaci-
tive coupling to less than 0.05 uuf.
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Power Supply
automatic switchover

MATTHEW LABORATORIES, 3344 Fort
Independence St.. New York 63,
N.Y. Model HCVS-250-20 constant-
current and constant voltage auto-
matic switchover regulated power
supply is used primarily for tan-
talum capacitor production, preci-
sion electroplating, and battery
charging. The application of con-
stant current and Faraday’s Law
in this unit results in quantitative
coulomb or electric charge transfer
for the controlled formation of
oxide-films or material deposition
or removal. When on constant cur-
rent operation at a desired current,
the supply will automatically switch
to constant voltage operation upon
reaching a predetermined voltage
due to load resistance buildup. Unit
is adjustable to a maximum output
of 250 v and 20 amperes.
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Coaxial Diode
tripolar

MICROWAVE ASSOCIATES, INC., Bur-
lington, Mass. The 1N630 broadband
tripolar coaxial diode is rated for
use over the temperature range
—40 C to +150. C. It is a direct re-
placement for the 1N358 tripolar
diode in microwave video receivers
used in video detection applications

ELECTRONICS - JANUARY 15, 1960

GO MIDDLE WEST...

D Wt

Talos fired at sea, prime armament for missile-age cruisers.

for a prime opportunity in missiles!

Go Midwest for outstanding carcer
opportunitics with  Bendix Missiles,
prime contractor for the U.S. Navy
Talos—first line anti-aircraft weapon
aboard missile-age cruisers. T'ake advan-
tage of the wide range of enginecring
opportunities Bendix Missiles oflers
vou right in America’s heardand! . . .

The established success of Talos by
Bendix Mlissiles, its prime contractor,
not only assures permancnce of the
present program but has opened the
door to other advanced missile projects
that offer new and challenging job
opportunities in design, development,
testing, and manufacturing.

Bendix Missiles, in addition to its

Bendix e Missiles -2

PRIME

CONTRACTOR

direct responsibility for Talos and other
advanced missile projects, is a key
division of Bendix Aviation Corporation.
The corporation-wide activities of Bendix
cover practically everv phase of advanced
technology with particular emphasis on
systems design and development. Partici-
pation in this highly diversitied corpora-
tion effort is vour further assurance of
a more sccure future.

Enjoy living in the Midwest and find
unmatched job opportunities with Bendix
Missiles. Grow professionally as well as
financially. Take the first step today.
Mail the coupon for vour copy of the
interesting booklet *Opportunities Abound
at Bendix Missiles.”

AVIATION CORPORATION

FOR THE TALOS MISSILE

_________________ -
Bendix Products Division—Missiles |
402F So. Beiger St., Mishawaka, Ind. |
Gentlemen: | would like more information concerning opportunities in guided missiles. |
Please send me the booklet “Opportunities Abound at Bendix Missiles.” [
NAME _ :
ADDRESS _ :
(o[ S— T — STATE S |

___________________________ A |
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from Honeywell..WANOTHER DIAMOND JUBILEE PRODUCT

WHEN YOU HAVE
extraneous common mode signals

2 to 10 Volts

v

AND WANT TO MEASURE
0.1 to 100 millivolts full scale

3 Millivolts

AND THEN AMPLIFY

D-C AMPLIFIER
Cleculata 77

wide-band differential all-
transistor D-C Amplifier for
strain gages and thermocouples

® Full Scale Input: Unbalanced: =100 uv to =100 mv
Differential: =3 mvto =100 mv
Open Loop: Below drift level

® Full Scale Output: =2v at 50 ma, dc to 10 ke
® Frequency Response: to 20 ke
® Output Impedance: Less than 0.5 ohm at dc on all ranges

® Input Impedance: Unbalanced 3 to 100 mv ranges; greater
than 20 megohms in parallel with 350 micromicrofarads.
Differential: Greater than = 2 megohms

® Equivalent D-C Input Drift: Less than 2 uv/10°F ambient temp.
change on 0.1 to 30 mv input ranges

® Equivalent Input Noise: 4uv peak-to-peak on 100 uv to 300 uv
range {0-10 cps). Buv rms on 10 to 30 mv ranges (0 to 100 kc)

® Common Mode Rejection: 200,000 at 60 cps on 3 to 30mv ranges

The new Honeywell AccuData II is a completely transistorized D-C Amplifier
designed for use in high accuracy data handling systems as a wide-band pre-am-
plifier for strain gages and thermocouples. Its output can be fed to electronic
or electromechanical analog-to-digital converters and simultaneously recorded
on galvanometer oscillographs or magnetic tape. Either differential or single-
ended input modes can be sclected by an eleven position range switch. This
switch changes the gain in three-to-one steps. Intermediate gains with high
resolution are provided by a ten-turn potentiometer Write for AccuData 11
Bulletin to Minneapolis-Honeywell, Dept. E-1, Boston Division, 40 Life Street,
Boston 33, Mass.

Honeywell
Fout i Coutinl

SINCE 1885
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in the 1 kme to 12.4 kme frequency
range. The 1N630 input impedance
of 65 ohms is matched to standard
50 ohm coaxial lines using holders
such as Sage Lab model 101 which
incorporate suitable matched
coaxial transitions. Minimum fig-
ure of merit is 15. Video impedance
is 4,500-18,000 ohms. Tangential
signal sensitivity is —40 dbm
minimum.

CIRCLE 325 ON READER SERVICE CARD

Data Converter
all-transistor

ELECTRONICS ENGINEERING CO. OF
CALIFORNIA, 1601 E. Chestnut Ave.,
Santa Ana, Calif. The ZA-25159
data converter will convert a 27-bit
time code, one 20-bit data signal,
and twp 17-bit data signals into an
IBAM 704 magnetic tape. Unit will
also supply signal outputs to seven
central locations also in the IBM704
coding but without gaps between
the blocks. The sampling rate of
the input data may be sclected at
10, 20, 40, 80, or 100 pps. The data
converter was designed for the mul-
tiplexing and the recording of
range. azimuth, and elevation data
from digital radar outputs together
with a timing signal.

CIRCLE 326 ON READER SERVICE CARD

Crystal Oven

accurate unit

FEDERATED ELECTRONICS, INC., 139-
14 Jamaica Ave., Jamaica 35, N. Y.
The BM200 quartz crystal oven

holds either one or two HC-6/U
crystals. It is warranted to main-

JANUARY 15, 1960 - ELECTRONICS



tain even temperature to =1 deg
over a 100 C ambient temperature
range. Contacts are of platinum
iridium.

CIRCLE 327 ON READER SERVICE CARD

D-C Power Supply

variable output

DEL ELECTRONICS CORP., 521 Home-
stead Ave., Mt. Vernon, N. Y. D-C
power supply is rated 40 kv at 1 ma
and 5 ma at 35 kv. Unit employs se-
lenium rectifiers immersed in high
grade insulating oil. Output voltage
can be varied over the full range by
varying the input voltage. Ripple
is 0.5 percent per ma. Dimensions
are 10 in. by 12 in. by 11 in. high.
The unit, filled with insulating oil,
weighs 70 1b.

CIRCLE 328 ON READER SERVICE CARD

Shift Register
four-stage

HARVEY-WELLS ELECTRONICS, INC,
East Natick Industrial Park,
Natick, Mass. A new low cost, high-
speed, four-stage shift register,
featuring three inputs and eight
outputs, may be cascaded to form a
multistage shift register. It has
the same electrical characteristics

ELECTRONICS - JANUARY 15, 1960

MICROWAVE

FREQUENCY
MULTIPLIER

MODEL FM-,A

measures 100 o 30.000me
generates 500 to 30.000me
with high accuracy and stability

This phase-locked oscillator transfers the accuracy and stability of

a VHF driver into the microwave region, giving continuous coverage.

You can drive the unit with Gertsch frequency meters FM-3, FAM-6,
or FM-7. Fundamental frequency range is 500 to 1000 Mcs, with

harmonic output to at least 30,000 Mcs.

Ideal for calibration of cavity wavemeters. .. for precise measure-

ments, or as an ultra-stable frequency source. Unitized construction.
Adaptable for rack mounting,

—=herisch =

Complete data
in Bulletin FM-4A.

GERTSCH PRODUCTS, Inc.

3211 South La Cienega Boulevard. Los Angeles 16, California / UPton 0-2761 — VEtmont 9-2201
CIRCLE 209 ON READER SERVICE CARD

e ™ S——a ST = — = — e ":
I ' Here «re the Cinema Resistors used |
| |
| ]

in the nation’s finest instruments.

a( f
Prec,i‘s'ibfl wire-wouridy, ﬁ
MICRO-MINIATURE
RESISTORS

for applications where space is ﬂ
at a premium.

axial and printed circuit types
temperature coefficient of

resistance +20 PPM.

« epoxy encapsulation
- accuracies 1% to .01%.
Whiite for Bulletin 1.C1066 '

@ CINEMA ENGINEERIN

1100 Chestnut - Burbank, Calif.
DIVISION AEROVOX CORPORATION

2

« for --65° to ~150" C operation

=
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extreme
sensitivity

PANORAMI‘C'S
SPA-4
SPECTRUM
ANALYZER

MORE USEABLE SENSITIVITY

BAND RF SENSITIVITY*

10— 420 MC —95 to—105 dbm
350—1000 MC —90 to—100 dbm
910-—2200 MC —90 to—100 dbm
1980—4500 MC —80 to— 95 dbm
4.5—10.88 KMC —80 to— 95 dbm
10.88—18.0 KMC 70 to— 90 dbm
18.0—26.4 KMC —60 te— 85 dbm
26.4—44.0 KMC —>55 to— 85 dbm

*measured when signal and noise equal 2)X noise
Using one tuning head which contains one
triode and two Klystron oscillators, Model
SPA-4 offers more exclusive advantages for
applications demanding extreme sensitivity,
stability, versatility, accuracy.

¢ Three precisely calibrated amplitude scales—
40 db log, 20 db linear, 10 db power.
Two independent frequency dispersion ranges
—continuously adjustable—0-70 mc¢ and 0.5
mc. Negligible internal frequency modulation
rermits narrow band analysis of FM prob-
ems,

Variable I.F. bandwidth from 1 k¢ to 80 kc.
Push-button frequency selector,

Synchroscope output with 40 db gain,
Accurate measurement of small frequency
differences. A self-contained morker os-
cillator, modulated by a calibrated external
generator, provides accurate differential
marker pips as close as 10 k.

Tremendous flexibility and many unique ad-
vances of Panoramic’s compact SPA-4 make it
unsurpassed for visvally analyzing FM, AM
and pulsed signal systems; instabilities of
oscillators; noise spectra; detection of para-
sitics; studies of harmonic outputs; radar sys-
tems and other signal sources.

N Write, wire or phone today
for detailed SPA-4 bulletin,
the pionser| Y
7 \

is the leader

Panoramic

RADIO PRODUCTS. INC.

530 So. Fulton Ave., Mount Vernon, N. Y.
OWens 9-4600 Cables: Pa;\ﬁr::n;li.“l:lt. Vernon,

130

as other units in the Data Bloc and
Data Pac lines. Model 1801 replaces
four standard flip flop B units for
shift register applications.

CIRCLE 329 ON READER SERVICE CARD

D-C Amplifier
broad-band

KEITHLEY INSTRUMENTS, INC.,
12415 Euclid Ave., Cleveland 6,
Ohio. Model 603 is a broad-band d-c¢
amplifier with 10" ohms input im-
pedance, high voltage and current
gain, and a remote differential in-
put. Its separate input head may
be operated up to 24 ft from the am-
plifier or plugged directly onto the
panel. Other features include 9
ranges from 2.5 to 1,000 mv, with
precise gains up to 4,000 and a 10-v
output at 10 ma for full scale meter
deflections. Bandwidth is d-c to 10
ke on the 2.5 mv range, rising to 50
ke on the 1,000 mv range. Cali-
bration and gain accuracy are as-
sured by over 40 db of negative
feedback.

CIRCLE 330 ON READER SERVICE CARD
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Nixie Driver
digital module

CoMPUTER CONTROL Co. INC., 983
Concord St., Framingham, Mass.
The NX-101 Nixie driver is a BCD
to decimal converter that accepts
the 8-4-2-1 binary decimal code
from a BD-101, or cquivalent deci-
mal counter, and applies appropri-
ate drive signals to the correspond-
ing cathode of a Nixie tube. Each

CIRCLE 130 ON READER SERVICE CARD
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ONE IN A SERIL

Bendix

Craftsmanship
at work for you

WHY ELECTRONIC
CIRCUITS
PERFORM BETTER
WITH BENDIX
SPARK GAPS

Two big jobs are performed by
Bendix Red Bank Spark Gaps in
electronic circuits. The first is pro-
tection against high voltage surges
that might damage circuit compo-
nents, as in the case of radar equip-
ment.

The second is acting as a **trigger-
ing switch,” as on the ignition
systems of jet engines. Here Bendix*
Spark Gaps pass high currents with
relatively low voltage drop in small
space.

Due to inherent design character-
istics, Bendix Spark Gaps can be
made insensitive to ambient temper-
ature variations and are not normally
affected by pressure, altitude, or
humidity changes.

Our broad line of Spark Gaps—
ranging from 750V to 50KV —
should contain a type to fit your
needs. If not, we can design one to
perform your particular job with
the efficiency you require.

Call or write for complete infor-

mation. #REG. U.S. PAT, OFF,

SPECIAL-PURPOSE TUBES DEPARTMENT

RS Sonk’

Division
EATONTOWN, NEW JERSEY
West Coost Soles & Service: 117 E. Providencia Ave.,
Burbank, Calif. » Export Soles & Service: Bendix Inter-
notional Division, 205 E. 42nd St., New York 17, N, Y.
e Conodion Distributor: Computing Devices of Canada,
Ltd,, P.O. Box 508, Ottawa 4, Ontario.

CIRCLE 210 ON READER SERVICE CARD
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f f Chart-Pak Tapes for Printed Circuits . . .
of the 10 stages consists of an npn | .
unssor and o asoier | oy i NEW TAPE-SAVER DISPENSER

code signals from any flip-flop ca- (at no exﬂvu COS,’)
pable of sustaining an additional
3 ma of current in the ON transistor l ONLY CHART-PAK HAS IT!

and whose OFF collector potential is Keeps tape edges clean
at a minimum of + 17 v. Power
requirements: + 195 v = 2 percent
at 5.5 ma, + 20 v = 5 percent at
9.5 ma. Input: + 18 v + 10 per-

cent, — 5 percent at 3 ma. Output: TR 11—
+ 20 v at 2 ma. H— l J

CIRCLE 331 ON READER SERVICE CARD

No waste . ..use every inch
Easy spindle storing
Protected from damage

Make conductor patterns and terminol pods for printed circuit
loyouts in minutes! Chort-Pak topes ond symbols are precision
slit to .002". High dimensional stability. Non-reflective, opaque
black surface. Adhesive backing holds firmly, will not melt
under heat of reproduction; yet can be easily lifted ond re-
applied for corrections. Available in tape widths of 1/32” and
up, and in die-cut lands, fillets, corners, tear drops, etc. ldeal
for use on any surfoce, especially Chort-Pak precision grids.

’

I
& O

Iq‘/.llslli

Write for full details or consult your Yellow Pages
uvnder “Charts-Business’

CHART-PAK, INC.

ORIGINATOR OF THE TAPE METHOD OF DRAFTING

|

Ii!s

Saves time . ..

1 v
Saves money! 1510 River Road. Leeds, Mass.

ol l
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Power Transistor
military type

BENDIX AVIATION CORP., Semicon-
ductor Products, Long Branch, N. J.
The 2N1011 germanium pnrp power
transistor is designed to meet MIL-
T-19500/67 (Sig. C). It has a b
ampere maximum current rating, a
current gain range of 30-75 at I, =
3 amperes d-c, and a maximum col-
lector-base voltage rating of 80 v.
It will readily dissipate 35 w at 25
C mounting base temperature. PANEL MOUNTED
Ideally suited to power switching

and power control eireuits, the

2N1011 is particularly useful in |
such military equipment as aircraft

power supplies, missiles, and com-

NO SUBSTITUTE for
PRECGISION TIMING

When the emphasis is on accuracy in timing, the
wise choice is STANDARD precision
elapsed time indicators. Units are synchronous

motor driven . .. electric clutch controlled

by manual or automatic switch or

output of electronic tubes . . . available with manuaf
or electric zero reset, a-c or d-c clutch.

munications power supplies. Other | iScale ] y |
licati high rent Model | Divisions | Totalizes |  Accuracy
d])'[.) lcd. ons are ] 11 ) Cllll‘en ‘ 5-100 1/5 sec. ' 6000 sec. l +.1 secs
switching and audio amplification. | zéo i ;5 sec. 60 min. +.1 %%,
FRVIFE rann M-60 17100 min, 60 min, +.002 min.
CIRCLE 332 ON READER SFRVICE CARD S-10 1,10 sec. 1000 sec. +.02 sec.
S-6 1, 1000 min, 10 min. +.0002 min.
S-1 1,100 sec. 60 sec. +.01 sec
MST 1,/1000 sec. 340 sec. +.001 sec.
Request MST-500 1/1000 sec. 30 sec. +.002 sec
Milliwattmeter Catalog
Ku-band No. 198
u-pan
THE STANDARD ELECTRIC
WAYNE KErr CORP., 1633 Race St., TIME COMPANY
Phlladelp’hl‘a 3, Pa. Tymf U-381 Ku- 89 LOGAN STREET, SPRINGFIELD, MASSACHUSETTS
band milliwattmeter 1s an ex-

ELECTRONICS - JANUARY 15, 1960 CIRCLE 131 ON READER SERVICE CARD 131



.o.now wind 19,000 times!

If you're dedicated to the cause of high resolution, you could wind
your own pots and be sure. Allow yourself plenty of time, though ===
because the secret’s in the number of turns per inch, and the spacing
between ‘em. Pack those turns right in there closely and accurately,
and you might have a pot you'“ be proud of!

But if you want to eliminate all bother, but
not the high resolution, call on Acel We've
designed and built our own special winding
equipment; we use premium, close tolerance
resistance wire — and rea“y leave no wind-
ing unturned to produce pots with the higl’\est
resolution in the industry. All AlA sizes, all
mounting styles, specials and standards. So
get your resolution the easy way — get
Acepots! See your ACErep at once!

Here's highest resolution in a standard sub-miniature pot: The 500
Acepot® 15” size, 20.3% independent linearity. Special prototype
section insures prompt delivery on the Acepot®— 15" t0 6" AlA sizes.

ELECTRONICS ASSOCIATES, INC.

799 Dover Street, Somerville 44, Moss.

SOmerset 6:5130 TMX SMVL 181 Waest. Union WUX

Acepot® Acetrinmr® Aceset® Aceohm® *Reg. Appl. for

132 CIRCLE 132 ON READER SERVICE CARD

tremely accurate portable resistive
film bolometer wattmeter for meas-
urement of microwave power, in a
1 to 100 mw range, with an ac-
curacy of =3 percent.

CIRCLE 333 ON READER SERVICE CARD

Temperature Sensors
two models

ADVANCED TECHNOLOGY LABORATO-
RIES, 369 Whisman Road, Mountain
View, Calif. Designed to indicate
rapidly changing surface tempera-
tures of steel structures over a wide
range of pressures and tempera-
tures, the Delta-Couples are offered
with nickel-steel thermocouple junc-
tions at either 0.0002 in. below the
surface of interest for maximum
response or at 0.002 in. below the
surface where abrasion is a consid-
eration. Type S1 was developed to
withstand extremely high pres-
sures, such as those experienced in
gun chambers, while the threaded
body of the model S2 facilitates
simple installation. The sensors
have successfully experienced re-
peated transient pressures of 100,-
000 psi and transient temperatures
in excess of 2,100 F.

CIRCLE 334 ON READER SERVICE CARD

Solid State Control
for industrial use

TEXAS ELECTRONIC CONTROL SYs-
TEMS, Houston, Texas. A com-
pletely solid state control of super-
visory systems is designed for
industrial applications such as au-
tomation, microwave communication
fault alarm systems, and oil and gas

JANUARY 1§, 1960 - ELECTRONICS
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Use these handy prepaid
READER SERVICE POST CARDS
for more detailed information on
NEW PRODUCTS *On the Market”
LITERATURE of the WEEK
Circle the number on the READER SERVICE
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For information on specific items in multi-product
on post card. Print circle number of advertisement

if you desire to subscribe to or renew your present
subscription to electronics. Send no money.
electronics will bill you at the address indicated
and name of product(s) in which you are interested.
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gineer doesn’t concern himself with
management problems.

The electronics man is different.
He is many things. He is in Re-
search-Design-Production-Manage-
ment. His interests are in any or all

of the four areas.

No matter where you find the elec-
tronics man his engineering back-
ground enables him to influence the
purchase of electronic components

and equipment. Your advertising
must reach him if you are to sell
electronic goods.
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transmission line control and super-
vision. The solid state principle of
construction has no mechanical
parts to wear out.
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Time Delay Relay

precision device

WHEATON ENGINEERING CORP., 920
Manchester Road, Wheaton, Ill. The
E404 time delay relay weighs only
3 oz and is of crystal can size. Unit
is potted in polyurethane foam,
which contains CO., and is her-
metically sealed. It can be mounted
in any position. A technical data
sheet is available.
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Aluminum Spheres

for semiconductors

SEMI-ALLOYS INC., 550 S. Fulton
Ave., Mt. Vernon, N. Y. A new
process in the manufacture of tiny
aluminum and alloy spheres elimi-
nates contamination inherent in
punching and rolling operations by
producing virtually perfect spheres
with diameters from 0.001 to 0.125
in., within critical tolerances of one
ten-thousandth of an inch. The
99.999 percent purity is further
maintained by hermetically sealing
a single day’s production of these
spheres in capsules with controlled
inert atmosphere offering complete
protection against oxidation and an
indefinite shelf life. Provision for
resealing after partial use further
extends product durability.
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MODEL 130

features

| . VARIABLE

| s T FREQUENCY
[ : OUTPUT

380-2400 cps.

With front panel control of feedback for improved load match-
ing, the Model 150 provides 150 volt-amperes for 1.0 to 0.7 lead-
ing or lagging power factors. Consuming about 450 watts from a
nominal 115-volt 50/60 cycle line source, its output voltage is ad-
justable from 105 to 125 volts (0-130 volts as a power amplifier).
Output voltage regulation is 2% for load or line as an oscillator
(as a power amplifier, regulation is dependent on feedback control
setting and power factor of the load).

Total output distortion at full load is about 1.5% at 400 cps. At
50 watts, distortion is less than 1% from 100-500 cps.

Output frequency variation due to rated line and resistive load
changes is less than 0.1% =2 cycles. Frequency variation due to a
change of 100 VA of reactive load is about 0.5%,.

Cabinet is 21-1/2” wide x 13" high x 15” deep and is equipped
with ventilating fan. Front panel is 19” wide x 10-1/2” high and
can be mounted on standard relay rack. Net price $575.

For Owners of the
RFL Model 829 AC-DC

Instrument Calibration Standard

By combining the Model 150 with the
Model 829 and the Model 10 Test Equip-
ment Cart, a complete meter calibration fa-
cility can be achieved in a small space.

The cart is made of heavy gauge sheet
steel and is equipped with free rolling,
swivel casters. Usable inside space is 33”
wide x 16-1/2"” deep x 26” high. One side
accommodates standard 19” wide panels to
meet RETMA rack standards; the other
side has 24” wide opening for equipment
mounted in cabinets, such as the Model 150.
Interior shelf is adjustable in any position
from top to bottom. Accessory, drop-leaf
work counter, attachable to either side of
the cart, is also available.

Performance is rigidly guaranteed. Price is
net, f.o.b. Boonton, N.J. and subject to
change without notice.

Radio Frequenty
‘ I.ABORATORIES, INC.
Boonton, New jersey, U.S.A.

':‘{ F additional informoa-
or i

| tion, including a?phcu-

] . +ion data, write of

phone DE 4-3\00.‘Den‘\-

onstrations uvml?b e

| 8 by local representatives.
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for maximum reliability

PREVENT
THERMAL
RUNAWAY

Prevent excessive heat from
causing ‘‘thermal runaway’ in
power diodes by maintaining

with NEW
BIRTCHER

collector junction temperatures
at, or below, levels recommended
by manufacturers, through the
use of new Birtcher Diode
Radiators. Cooling by conduction,
convection and radiation,
Birtcher Diode Radiators are
inexpensive and easy to install in
new or existing equipment.

To fit all popularly used

power diodes.

DIODE
RADIATORS

Birtcher cooling and retention devices are
not sold through distributors. They are avail-
able only from the Birtcher Corporation and
their sales representatives.

FOR CATALOG

and THE BIRTCHER CORPORATION

dat rite: ’ L e ™
Ml e T industrial division
4371 Valley Bivd. Los Angeles 32, California

Sales engineering representatives in principal cities.
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. .. Electrical Coil Windings

Por 43 years . . . specializing in all types of coils to
customers’ specifications. Design or engineering assist-
ance available on request.

COTO-COIL CO., INC.

SINCE 1917

65 Pavilion Avenue Providence 5, Rhode Island
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ELECTROMECHANICAL
SWITCHES FOR
JELEMETERING SYSTEMS!

October 2nd, 1959 issue (did you
miss it?). Another reason to sub-
seribe to electronics (or renew
your subseription). Fill in

Specifications, performances, ap-
plications for typical electro-
mechanical commutators for
long-range sampling, program-
ming. Quick comparisons let you Reader Service Card box. Easy
know what’s going on . . . see to use. Postage free.

FIND WHAT YOU NEED IN...

electronics
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Literature of

TRANSISTORIZED POWER SUP-
PLIES. Mid-Eastern Electronics,
Inc., 32 Commerce St., Springfield,
N. J. New two-page bulletin de-
scribes complete line of transistor-
ized power supplies featuring
more than 60 off-the-shelf models
including dual output types.
CIRCLE 375 ON READER SERVICE CARD

DIGITAL DATA RECORDING
SYSTEM. Datex Corp., 1307 S.
Myrtle Ave., Monrovia, Calif. Bul-
letin No. 350-8 describes a digital
data recording system designed
for the automatic testing of vac-
uum tubes on a mass-production
basis.
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VIBRATION METER. Southwest-
ern Industrial Electronics Co,,
10201 Westheimer, Houston 27,
Texas. Model T-1A vibration
meter, designed for accurate meas-
urement of the velocity, displace-
ment amplitude and acceleration
of vibration, is described and illus-
trated in a recent bulletin.
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GENERAL PLATE PRODUCTS.
Metals & Controls Division of
Texas Instruments Inc., 34 Forest
St.. Attleboro, Mass. A revized
brochure describes the scope of
the manufacturer’s line including
solid and clad base metals, solid
and clad precious metals, thermo-
stat metals, electrical contacts,
and the company’s “industrial”
metals.
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COAX TRANSMISSION LINES.
Prodelin, Inc.. 307 Bergen Ave,
Kearney, N. J., has available cata-
log No. 595 showing its entire se-
riex 800 rigid copper and rigid alu-
minum coaxial transmission lines
and accessories.
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SUBMINIATURE SERVOMECH-
ANISM. Servo Development Corp.,
567 Main St.. Westbury, L. I.. N. Y.
A 16-par~e brochure describes a kit
of precision parts designed to con-
s ruct model 20-200 subminiature
servomechanisms for use in lab-
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the Week

oratory, prototype or limited pro-
duction applications.
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ULTRAMICROWAVE EQUIP-
MENT. Demornay-Bonardi, 780 S.
Arroyo Parkway, Pasadena, Calif.
A 12-page brochure illustrates and
describes instruments and com-
ponents for the W size—90 to 140
kme,
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SILICON TRANSISTORS. Transi-
tron Electronic Corp.,, 168-182
Albion St., Wakefield, Mass. A
two-page reference piece lists de-
scriptions, important data and use-
ful applications of five new silicon
transistor developments.
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STRAIN GAGES. N. V. Philips’
Gloeilampen-fabrieken, Eindhoven,
Nederland, A 49-page brochure
gives an extensive description of
the technique and applications of
strain gages and strain measure-
ing equipment.
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FERRITE ISOLATORS. Polytech-
nic Research & Development Co.,
Inc., 202 Tillary St., Brooklyn 1,
N. Y. A recent bulletin describes
PRD 1203-1209 ferrite isolators
which are specially designed to
offer maximum isolation and mini-
mum insertion loss over a fre-
quency range of 3.95 to 26.5 kmec.
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COAXIAL CONNECTORS. Gre-
mar Mfg. Co., Inc., 7 North Wake-
field Ave., Wakefield, Mass., has
compiled a cross-reference manual
to simplify specifying and order-
ing of r-f coaxial cable connectors
and expedite their delivery. For a
free copy write on company letter-
head.

TIME DELAY RELAYS. Tempo
Instrument Inc., P. O. Box 338.
Hicksville, N. Y. Bulletin 5903 is
an 8-page illustrated catalog con-
taining technical data on a line of
time delay relays incorporating
the company’s no-moving-parts
transistor timing module.
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PESCO

STATIC
INVERTERS

HIGHLY
RELIABLE

FEWER
COMPONENTS

¢ SHORT
" CIRCUIT
PROTECTED

. A high degree of efficiency and
v reliability is assured by the new PESCO
Static Inverter developed by BORG-WARNER research.
Utilizing controlled rectifiers and no transistors, the new unit offers
exceptional performance under space flight conditions.
Fewer components increase reliability. Operation at ambient
temperatures of —55°C up to +135°C is possibte without
fans or coolers. Built-in short circuit protection, automatic or
manual (local or remote) reset, is accomplished without fuses or
circuit breakers. Other outstanding characteristics include:
Voltage Regulation to =19 ; Frequency Regulation
to £.0059%; Inherent sine wave output.

PESCO PRODUCTS DIVISION
Borg-Warner Corporation

. 3310 Vanawen Street - Burbank, Califarnia
TRADLWARK 24700 Na. Miles Road « Bedfard, Ohia
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PLANTS AND PEOPLE

CGS Labs In New Quarters

CGS LABORATORIES, INC., manufacturer of communications, computing
and countermeasures equipment, has moved into newly-constructed
quarters in Wilton, Conn., consolidating facilities formerly situated in
Stamford and Ridgefield.

The new $500,000 building contains 35,000 sq ft, enough space for the
firm to expand to three times its 1959 sales volume. A modern brick, steel
and glass structure, the building features recessed fluorescent lighting,
year-round air-conditioning, and a floor-to-ceiling glass wall entrance.
Sufficient land is available at this site to expand the building to 100,000
sq ft.

Immediate plans call for the development of commercial and consumer
items to supplement present government and military business. CGSL
is best known in the electronics industry for its TRAK line of advanced
communications equipment, including a high-performance antenna
multicoupler for the 2-32 me¢ range and the Increductor controllable
inductor, a high-frequency saturable reactor. The firm also manufactures
miniature S-band oscillator cavities.

plant manager at Astron Corp.,
East Newark, N. J.

The post coordinates the many
manufacturing functions that have
developed from increased sales and
facility expansions, according to
Irving Black, Astron’s executive
vice president.

Analab Adds
To Staff

APPOINTMENT of Theodore Lasar,
Philip G. Schifflin, and Edwin J.
Sommers as senior engineers at
Analab Instrument Corp., Cedar
Grove, N. J., was recently an-
nounced by Clee O. Marsh, vice
president and chief engineer for the

Scott to Head
Plant Management

FrED ScorT, formerly of Kearfott
Mfg. Co., has been appointed to the
newly created position of general

138

company.
Lasar was formerly a senior en-
gineer with Allen B. DuMont Labo-

ratories. Prior to that he was with
the Weston Electrical Corp. and the
Bendix Aviation Co.

Schifflin brings to Analab 21
yvears of experience in the adminis-
trative and technical direction of
design, fabrication and assembly of
a-m and f-m receivers, military and
electronic developmental models,
telephone test equipment and tv re-
ceiver engineering models. His most
recent position was with DuMont
Laboratories as a research adminis-
tration coordinator.

Sommers is responsible for the
mechanical design engineering at
Analab, and most recently was with
the Emerson Radio and Phonograph
Co. as a senior engineer, Previous
experience included four years with
the Western Electric Co. and ten
years with DulMlont Laboratories,

Fairchild Takes
Important Post

To HEAD UP Dynamics Corp. of
America’s first overseas operation
—a newly-created Latin America-
Far East division—the company’s
board has elected John A. Fairchild
as corporate vice president in
charge of commercial and govern-
mental operations in South and
Central America and the Orient.

Former director of U. S. naval
aid to Latin America (1953-1955)
and IT&T executive (1955-1958),
Fairchild for the past two years
was area manager for Latin Amer-
ica for the Raytheon Co.

The new international division
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5CU4 ELECTRICAL CHARACTERISTICS

Ratings*

Heater voltage 5.0 volts
Max. peak inverse plate voltage 800 voits
Max. AC plate voltage per plate 285 volts
Max. DC output current 425 ma
Max. steady-stage peak plate

current 1.3 amp
Max. transient peak plate

current each plate 6.0 amp
Tube voltage drop (conducting

350ma each plate) 24 volts

*Design maximum values

Typical Operation

(Full wave rectifier with capacitance input)
Heater voltage 5.0 volts
Heater current 3.5 amp
AC plate supply voltage

each plate (r.m.s.) 260 volts
Input capacitance 40 mfd
Effective plate supply

resistance (each plate) 30 ohms
DC output current 385 ma
DC output voltage at filter input 300 volts

NEW RAYTHEON
“"WORKHORSE” RECTIFIER
FOR TV AND HI-FI

HANDLES LOAD OUTPUT TO 425ma

® Improves regulation
¢ (Cuts transformer costs
¢ Eliminates one socket

In applications requiring up to 300 dc volts
One tube does the work of two
Replaces 5U4GB and 5Y3GT

FIRST FULL-WAVE CATHODE TYPE RECTIFIER

Raytheon’s new 5CU4 “workhorse” rec-
tifier tube will handle a load output of
up to 425 ma. This first full-wave cath-
ode type current rectifier is ideal for TV
and hi-fi applications requiring up to
300 dc volts. Very low tube drop gives
improved regulation and lower trans-
former costs are possible. Transformer
secondary voltage may be reduced
approximately 25 volts per plate as
compared with conventional rectifiers.

For more information on the 5CU4
rectifier, call your local Raytheon Dis-
tributor or write to the Raytheon Com-
pany, Receiving Tube Division, Quincy,
Massachusetts.

RAYTHEON)
S
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GREEN A Pneymatic Attachment will handle all Dynamics Corp. of
on The Green Model D2 America’s electronic products (ex-

P RI N T E D 8 Pantograph Engraver cept home appliances) and plans to
e =,

L - —; establish both sales and manufac-
CIRCUIT S = R “. " rapidly drills | turing facilitiecs in key South
(- - ’ Tholes in BFinted American centers, as well as the
% P Far East.
circuits by tracing Raymond F. Kelley, company
president, says the firm “envisages
a network of tropospheric scatter
| long-distance wireless telephone
stations, linking ail the major cities
of South and Central America, and
the islands of the Caribbean, in
Latin America’s first completely
dependable and integrated commer-
cial communications system.”

templates.

Drill as many as 100 holes per minute, Foot switch
actuates air powered operation.

* Drill speeds and feeds have independent adjustments.
Feed regulated by air pressure.

* Spindle speeds up to 26,000 rpm. Permits use of carbide
drills when required.

* D2-201 air attachment includes spindle air cylinder,
regulating valve and pressure gauge, foot switch,

filter and oiler, ready to operate when connected
to compressor.

The Model D2 Heavy Duty Pantograph Engraver features ratios of 2 to 1
to infinity. Unobstructed on three sides to handle large work. Micrometer
adjustment for depth of cut. Vertical range 10” adijusting copy

table automatically with pantograph. rﬁﬁ?
GREEN INSTRUMENT COMPANY, INC. MU(TD
363 Putnam Ave. - Cambridge 39, Mass. OR CALL
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Sperry Names

Plant Engineer

SAM J, KARNG was recently named
department head of plant and in-
dustrial engineering at Sperry
Semiconductor, So. Norwalk, Conn.
This division of Sperry Rand Corp.
manufactures silicon diodes and
transistors.

For 8 years prior to joining
Sperry, Karng was a plant engineer
for General Electric Co.

From dimensional stability of components for hi-fi to the rugged Set UP New
environmental requirements of the space age, Luxolene coils, ’
encapsulated in epoxy resin, provide the needed reliability.

Company

As PART of its expanded program of

For specific information on what Deluxe Coils’ Luxo- producing special components for
lene production capacity can mean to you—and how the electronic industry, Accurate
it can speed your orders—write to Deluxe Coils, Inc., Specialties Co., Inc., Woodside,
Wabash, Indiana, or Phone Wabash - 1720. N. Y., has formed a controlled sub-

sidiary called Metalizing Indus-

DELUXE COILS, INC. tries, Inc., situated in a 5,000 sq ft

POST OFFICE BOX 318 . WABASH, INDIANA facility in Hackensack, N. J.
Metalizing Industries, Inc., will
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RAWSON
MULTIMETERS-

The ORIGINAL and ONLY MULTIMETERS
(registered Trade Mark)

The convenience of many voltage and
current ranges, combined with the
ACCURACY of laboratory standards.

¢ Built with meticulous care by master
craftsmen,

Provided with a true MECHANICAL
CLAMP which removes the weight from
the pivots and jewels for transit and
storage.

If YOU want a meter you can rely on
for a ‘“'standard’’, use one of our DC
MULTIMETERS (501A series), AC THERMAL
MULTIMETERS (502A series), or combined
TWIN MULTIMETERS (5012 series).

A large number of new range combina-
tions are now available.

Write for NEW BULLETIN.

Zawdon

ELECTRICAL INSTRUMENT CO.
fine instruments since 1918

111 Potter Street o

.

Cambridge, Mass.

produce a complete line of metalized
ceramic components including met-
alized solder seal terminals. micro-
module wafers, printed circuits,
metalized ceramic housings for her-
metically sealed resistors, capaci-
tors, transformers, diodes and rec-
tifiers,

News of Reps

Appointment of Southwest Elec-
tronic Industries. Inc., Dallas,
Texas, and Zak-Cowen Associates,
Ine¢., St. Louis, Mo., as sales reps
is announced by Telemeter Mag-
netics, Inc., Los Angeles, Calif.
Southwest Electronic Industries

| will represent TMI in Texas and
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TP MASTER CATALOG*20
Lists over 10,000
PRECISION INSTRUMENT PARTS
and ASSOCIATED COMPONENTS
Available From STOCK!

GEARS * SHAFTS+ COLLARS* CLUTCHES
BEARINGS » COUPLINGS « DIFFERENTIALS
» SPEED REDUCERS and many other Pre-
cision Items.

Send For Your Copy Today.

@n@ DESIGN CORP.

Subsidiary of BENRUS WAT(H (OMPANY, Inc.
477 Atlantic Ave., East Rockaway, L.I., N.Y.
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|

New Mexico. Zak-Cowen will carry
the company’s components lines to
southern Illinois, southern In-
diana, western Wisconsin, and the
states of Iowa, Kansas, Missouri,
and Oklahoma.

Communication Accessories Co.,
Lee’s Summit, Mo., adds Northport
Engineering, Inc., of St. Paul,
Minn., to its list of manufacturer’s
reps. Territory assigned includes
Minnesota, North Dakota, South
Dakota, and the state of Wisconsin
north of and not including the

|

counties of Crawford, Richland, ‘

Sauk, Juneau, Wood, Marathon,
Shawano, Brown and Kewaunee.

Pacific northwest sales representa-
tion for Cal Chassis will now be
Don Kohler of Seattle, Wash., ac-
cording to sales manager H. P.
Balderson, of California Chassis
Co., Lynwood, Calif. Area will
include Oregon, Washington and
Idaho.

Digitronics Corp.,
N. Y, announces the appointment
of Components Sales Corp.
Hartsdale, N. Y., as its rep for the
sale of the Dykor high speed per-
forated tape reader. Territory
covered is New York State and the
northern half of New Jersey.

S.B.M. Associates, of Rochester
and Albany, N. Y., has been ap-
pointed sales rep for Shockley
Transistor Corp., Palo Alto, Calif.,
for all of New York State except
New York City, Westchester
County and Long Island.
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Albertson, |

of |

next day delivery?

call

Delta

Air Freight

Wherever you are in the U.S.A., you
can count on next day delivery via
Delta Air Freight, now bringing you

“hig plu

Delta operates all-cargo flights and
in addition carries freight on every
passenger flight, including Jets.
All - cargo flights to and from

New York * Philadelphia
Charlotte « Chicago

Cincinnati + Atlanta

New Orleans « Houston * Dallas
Miami *Orlando  Tampa - Memphis

DOOR-TO-DOOR

GENERAL OFFICES: ATLANTA AIRPORT, ATLANTA, GA.
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SEEKING A NEW
PLANT LOCATION?
—

LEARN THE INDUSTRIAL
ADVANTAGES OF

HOLLYWOOD
FLORIDA

o Ideal living and working conditions

o Abundant, contented, skilled and
unskilled labor

@ Modern industrial buildings available
o Excellently located industrial sites
© Ruil, truck, air, water transportation

o Convenient to U.S. and Latin American
markets

o Hub of Florida's fastest growing market

FAST BECOMING AN
ELECTRONICS CENTER.

FIND OUT WHY!

Write for Industrial Brochure
Inquiries held in strict confidence

INDUSTRIAL DIVISION, DEPT. E-2
CHAMBER OF COMMERCE

HOLLYWOOD, FLORIDA
PLEASE— NO job applications. We are swamped with
employment inauiries.
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T s e,
o iy,
“Wam-

N By,
P—

Electronics
Catalog

you save 50% on Top-Quality
Test Instruments
Hi-Fi ¢ Ham Gear

KITS AND WIRED

for professional and home use

TEST INSTRUMENTS
battery eliminators
battery testers
bridges
decade boxes
electronic switch
fiyback tester
oscilloscopes
probes
signal and

sweep generatars
tube testers
transistor tester
vacuum tube

HI-FI

stereo and monaural
tuners

preamplifiers

power amplifiers
integrated amplifiers
speaker systems

HAM GEAR

cw transmitter
modulator-driver
grid dip meter

OVER 132 MILLION
EICO instruments in
volt-ohm- use throughout
milliammeters the world.
LIFETIME service and calabration guarantee.
JN STOCK at your neighborhood EICO dealer.
Send now for FREE catalog E.1A

® 33-00 N. Blvd., L. !. C. 1, N. Y.
.. . praised by the experts
as BEST BUYS IN ELECTRONICS

© 1960 ELECTRONIC INSTR. €O, INC.

voltmeters
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COMMENT

Microminiaturization

In regard to the article “Three
Approaches to Microminiaturiza-
tion,” p 49, Dec. 11 ’59:

The author’s description of type
C, under which he identifies Texas
Instruments’ Semiconductor Solid
Circuits, states the components are
mounted on one surface of a single
wafer. In this approach no discrete
nor nondiscrete components are
mounted; Semiconductor Solid Cir-
cuits are fabricated from a single
wafer. By using only a single wafer
of semiconductor material, the
bonds between dissimilar materials
that are encountered in other ap-
proaches and conventional compo-
nents are mainly eliminated. This
is a significant feature of Semicon-
ductor Solid Circuits and it is one
of the reasons for the potentially
improved reliability of these de-
vices.

The primary disadvantage to the
type C approach from the author’s
viewpoint is the temperature and
voltage coefficients of semiconduc-
tors. Because of these effects, the
conclusion is made that linear com-
ponents cannot be made, limiting
these devices to logic type func-
tions. Semiconductor Solid Circuits
have the potential to perform many
linear circuit functions. It is not
inevitable that linear functions can-
not be made. The initial develop-
ment effort was focused on non-
linear functions and, with the
successful development of a number
of these devices, such as multi-
vibrators, gates, and other logic ele-
ments, an intensive investigation of
linear functions has begun. This
development effort has been most
encouraging.

Early in the article, extreme com-

| ponent densities are attributed to

semiconductor functional devices, so

further emphasis on decreased size |

would appear to evoke increased in-

terest in this approach. It was puz- |

zling to read the author’s “conclu-
sion” that further emphasis on size
reduction together with tempera-
ture and voltage coefficients of
semiconductor material will tend to
limit the applications of this ap-
proach.

One of the particularly strong
features of Semiconductor Solid
Circuits is that its fabrication has
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Which of these
Craig skills and
services
can help you?

Systems housing — fight weight, high strength
aluminum shelters, vans and trailers.

Systems components — telescoping antenna
masts, transit cases, cabinets, equipment racks.

Systems installation service - layout and
installation of transportable systems, through
final checkout.

Systems packaging research — engineering design
and development for ground support and
electronic equipment protection.

> Complete production facilities — to handle your
complete packaging assignment.
A unique “aluminum-chemical research” service —
engineering  “brainpower pooi” for solving
virtually any problem in aluminum and foamed
plastic fabrication.

WRITE TODAY FOR CRAIG’S NEW COM-

PLETE 16 PAGE CAPABILITIES BROCHURE

SYSTEMS, INC.

Dept. F-1, 360 Merrimack St,, Lawrence, Mass. - Tel. MUrdock 8-6961

Busi Y and equi t are another Craig specialty through
LeFebure Corporation, Cedar Rapids, lowa——a Craig subsidiary.
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WHO
DROPPED
THE BINOCULARS?

With everybody watching each other
along the DEW line and the Iron Curtain
these days, elecironics has replaced bin-
oculars.

What's happening in the giant markets
for missile controls, radar and communi-
cations equipment?

elecironics tells how things are going,
keeps you informed of developments as
they occur. This is a good time to sub-
seribe or renew your subscription. Just
fill in box on Reader Service Card. Easy
to use. Postage free.

FIND WHAT
YOU NEED IN...

electronics

JANUARY 15, 1960 - ELECTRONICS

a5 )
N N




been closely allied to the diffusion
process. This highly controllable
process has been proven in the past
few vears by Texas Instruments
and other semiconductor manufac-
turers. Therefore, with the success-
ful design of digital functioning de-
vices accomplished, TI has the ex-
perience and background to place
them into a proven production proc-
ess in the near future.

In desecribing the type B thin-
film approach, it is stated that, with
the exception of crystals, batteries
and chokes, it is now possible to
deposit virtually all major compo-
nents in thin-film form. To the best
of our knowledge. semiconductor
devices have not been successfully
deposited by thin-film techniques.

The reference to transistors
being lithographed in this film form
on a substrate is inaccurate. Con-
ventional diffused transistor wafers
are placed in recesses in the ceramic
substrates and only the emitter and
base ohmic contacts are made by
lithographic techniques. In fact,
this statement deseribes a main
deficiency in the tvpe B approach.
The semiconductor wafer is not
compatible with processes required
for the formation of the other com-
ponents, and an unmounted wafer
must be handled separately. In so
doing, the proper handling and pro-
tection of these wafers is a step
that requires more caution and
knowledge than is often appre-
ciated . . .

CHARLES H. PHIPPS
TEXAS INSTRUMENTS
DALLAS

From France

. Thank you for making vour
magazine so interesting and useful.
Your articles keep one informed of
the frontiers of progress, as do
also your advertisements, without
ever becoming over-expansive at
the cost of a busy reader’s time. Of
vour features perhaps the ones I
appreciate most are the closely re-
lated series of articles covering a
whole field, such as instrumenta-
tion. Please do even more of these.

ABRAHAM SCHWARTZ
EMERSON RADIO
U. S. ARMY GENERAL DEPOT
SAUMUR, FRANCE
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tronics applications, market distribution,

market reports and books. industry or-

ganizations and services.

electronics BUYERS’ GUIDE

and Reference Issue

A McGraw-Hill Publication

fBp

330 West 42nd Street

@

New York 36, New York

ELECTRONIC EQUIPMENT
DISTRIBUTOR_S |

| 1-‘6 DI

{’é: :ﬁ '4 4' ]
pf ";
irall.sv' vbe

mne.
114 LIBERTY ST., N. Y. 6 @ W0 4-0252-3-4

We are the Distributors’ Supplier. .. Selling

STRIBUTORS ONLY

Transitube has become widely known as the
supplier for all major brand

INDUSTRIAL ELECTRON
TUBES and
SEMI-CONDUCTORS

to meet rigid government and commercial
specifications. Whether your requirements are

1 or 1000. .. our three modern warehouses, stocked
with a current and comprehensive inventory,

insure you off-the-shelf delivery at great savings.

Our sales department invites Distributors’
inquiries on: POWER « ROCKET « BROADCAST
KLYSTRONS « IGNITRONS « MAGNETRONS -
THYRATRONS « RECTIFIERS » RUGGEDIZED »
TRANSMITTING « SUBMINIATURES -
PHOTOMULTIPLIERS + SPECIAL PURPOSE e«
CATHODE RAY TUBES . TRANSISTORS
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EMPLOYMENT OPPORTUNITIES

EXPLORE
NEW AREAS AT IBM
IN RESEARCH AND

IBM’s explorations in the semiconductor field include
theoretical and experimental studies in basic semicon-
ductor science as well as development of advanced devices
and technologies. In one current research project, for
example, a better physical understanding of the origin of
the negative resistance
characteristic of the
Esaki diode is being
sought. At the same
time, development en-
gineers are exploring
applications of this device and have already pro-
duced a new solid state oscillator of exceptional
simplicityin the 3,000 megacycle range. Todate,
this represents the deepest incursion into the
microwave region via semiconductor electron-
ics. In another project, an NPN double-diffused
high-speed drift transistor has been developed
that will greatly accelerate logical switching and
high-power core driving. Both exploratory in-
vestigation and development of these and re-
lated electronic devices are expanding at a rapid
pace at IBM. To further these programs, well-
qualified specialists are required for all areas
nf device exploration.

An outstanding education program heads the
list of benefits available to IBM employees.
You'll find that an unusual potential exists for
rapid advancement, due in part to an exceptional
record of company growth and in part to pro-
motion from within. Working alone or on a small
team, you will be asked to assume considerable
responsibility in advanced technical projects.
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TYPICAL PROGRAMS:

Study of the fundamental photo processes in the
wider gap I1I-V compound semiconductors. Abil-
ity to take primary responsibility, functioning with
minimum of supervision.

Development of theory and technology of new,
advanced solid state devices used in electronic
computers. Theoretical device design and experi-
mental proof of feasibility for a very high-speed
transistor; P-N junction technology; surface
studies. Optimization of semiconductor fabrica-
tion technology.

Physical investigations into semiconducting ma-
terials. Study of the nature of the impurities in
these materials, scattering effects, and trapping
mechanisms.

Analytical and experimental investigations in
Avalanche Mode Switching Transistors for very
high-speed applications in computers.

Analysis and synthesis of circuitry applications
for new semiconductor devices. Knowledge re-
quired in electronic circuits; familiarity with
computer problems and ultra-high-frequency
techniques. Experience desirable in microwave
applications of solid state devices.

Laboratory facilities are located in Endicott,
Poughkeepsie, Kingston, Owego, and Yorktown
Heights, N. Y.; Lexington, Ky.; and San Jose,
California.

CAREERS ALSO AVAILABLE IN THESE AREAS...

Applied math & statistics
Circuit research
Cryogenics

Logic

Magnetics

Microwaves

Qualifications: B.S. or advanced degree in one of
the physical sciences—and proven ability in your
field.

For details, write—outlining background and in-
terests —to:

Mr. R. E. Rodgers, Dept. 554M3
IBM Corporation

590 Madison Avenue

New York 22, N. Y.

®

INTERNATIONAL BUSINESS MACHINES CORPORATION
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EMPLOYMENT OPPORTUNITIES

Additions to A
your working "
library . —

from
McGRAW-HILL ~

DIGITAL COMPUTER
PRIMER

Just Published: A concise explanation of
the modern general-purpose digital com-
puter. Describes in non-specialist’s language
how they work, what they can do, and their
important mathematical, enginecring, and
acceounting aspects. Covers coding, number
svstems, logic of computers. and the control.
arithmetie, storage, and input- output units.
Also treats instructions, programming. ac-

curacy checks. By E. M, MeCormick, Head,

. S, Naval Ordnance Lab., Corona, Cal.
205 pp., 63 illus., $7.50

PRINCIPLES OF
CIRCUIT SYNTHESIS

Just Published: Tntroduces the principles of
modern circuit synthesis together with the
key aspects of classical filter theory. The
topic of synthesis is introduced with a dis-
cussion of typical communication and con-
trol systems. A discussion of the approxi-
mation problems and basic concepts and
techniques of network realization follows.
By E. 8. Kuh and I). 0. Pederson, Assoc.
Professors, U. of Californin, Berkeley., 241
pp., 300 illus., £8.50

INTRODUCTION TO
MONOPULSE

Just Published: ITere is the first unified
treatment of a special type of radar, giving
you a sound theoretical hasis in the field.
Describes the concept of direction-finding by
monopulse, and explains three po».tn]atee
which form a general theorv of monopulse
operation. Dual-plane systems, monopulse
antenna principles, Class I system charac-
teristics, and othier topies are covered. By
D. R, Rhodes, Radiation inec. 119 pp., 53
iltus., $6.00

CONTROL ENGINEERS’
HANDBOOK

A basic sourre of information on compo-
nents and techniques for use in the design
of feedback control systems. Emphasis is
largely on components, including electro-
mechanical, mechanical, hydraulic, and
pneumatic as well as electronic and mag-
netic components. Gives physical explana-
tions of how they work, mathematical
descriptions of their use In typical control
systems, limitations on operating character-
istics and measurement techniques. Pre-
pared by a Staff of Specialists; Editor-in-
Chief, John G. Truxal, Professor and Hend
of the Engineering Dept., Polytechnic Insti-

] tute of Brooklyn. 1048 pp., 1114 illus., $18.50

1—— See These Books 10 Days Free——

I |
McGraw-Hill Book CO Inc., Dept. FL.1/15 I
| 327°W. Gist st., N.v.G.. 36 / I
| Send me hook (s) chocl\ed helow for 10 days® exami-
I nation on approval. Tn 10 days T will remit tor I
hook(s) T keep, Plux few cents for delivery costs, I
| and return unwanted hook(s) postpaid. {We pay
delivery costs if you remit with this eoupon —same |
| return privilege.) I
| [ MeCormick—Dig. Comp. Primer, £7.50
| M Kuh & Pederson- Prin. of Circ. Syn., £8.50 I
| 1 hodes—Intro. to Monopulse, $6.00 I
| 7] Truxal—Control Eng. Handbook. $18.50 ]
I (PRINT) I
L PR T I
I,\rlllxw -3 - I
l('ln - .... Zone.... Stute.......... I
I('ump:m\' et e e S A A I
| Poxition B = I
I For price and terms outsulc u. S
write McGraw-Hill Int’l,, N, Y, C. FL-1/15 l
f,



EMPLOYMENT OPPORTUNITIES

Something S [ILFILE, has been added to career potential at STROMBERG-CARLSON

Positions immediately available

This something significant is the increased emphasis on inter-
divisional engineering programming between the 7 different
Divisions of General Dynamics, of which Stromberg-Carlson
is the Electronics Arm.

Pooling of knowledge in diverse fields of endeavor greatly
enlarges the professional scope of the individual engineer.
For instance, three divisions of the corporation are deeply
involved in Anti-Submarine Warfare work: Stromberg-
Carlson, Electric Boat and Convair (as well as General
Dynamics’ Canadian subsidiary, Canadair, L4d.). In this en-
deavor all make use of research findings developed with the
aid of Stromberg-Carlson’s new sonar test facility in Roches-
ter, N. Y. This is the nation’s largest indoor, undcrwater
acoustic facility.

Take other areas of special interest to-Stromberg-Carlson engi-
neers: Instrumentation and safety systems for nuclear reactors
and ground testing equipment for missile systems. Here inter-
change of information with General Atomics, Electric Boat
and Convair Divisions adds a new dimension to Stromberg-
Carlson’s electronics capability.

Long a solidly established growth company, Stromberg-
Carlson can also add another plus value to its long-term
opportunities for engincers—the financial strength of the
large and diversified parent, General Dynamics Corporation.

on both Commercial and Defense Projects:

RESEARCH SCIENTISTS

Advanced degree EE's and Physicists to handle conceptual
studies in areas of solid state circuitry and semi-conductors;
molecular electronics; hydro-acoustics; digital data
transmission; and speech analysis. Also openings for
advanced degree mathematicians for study projects

in information theory and related areas.

DEVELOPMENT ENGINEERS

Current openings at intermediate through technical
supervisory levels for men experienced in global and
inter-global communications systems; microwave circuit
design; digital handling and display equipment; doppler
radar; and air navigation contro! instrumentation.

CONSUMER PRODUCT DESIGN ENGINEERS
Intermediate to senior level openings for engineers to work
on stereo, hi-fi, auto radio and commercial sound systems,
with experience in audio and R. F. field utilizing
transistorized circuitry. Also openings for engineers
experienced in design of special switching and
electro-mechanical circuitry for telephone systems.

Also positions for:
Field Service Engineers; Production Test Engineers; Test
Equipment Design Engineers; Military Sales Engineers.

If you are interested in
and *® qualified for one of these positions,
send a complete resume to

Robert L, Ford, Manager of Technical Personnel

STROMBERG-CARLSON

A DIVISION OF

GENERAL DYNAMICS

1422 N. Goodman St., Rochester 3, New York
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EMPLOYMENT OPPORTUNITIES

“Put Youme/f m the {| R

Electronic Engineers
from R. P. Gifford,

Other Fellows Place” e S

of General Electric’s
Communication Products
Department in
’ Lynchburg, Virginia—

10 EMPLOYERS |
10 EMPLOYEES |

Letters written offering Em- « . : -
ployment or applying for An electronic design engineer
same are written with the

hope of satisfying a current ' earning $10’OOO ShOUld be a

need. An answer, regardless l

of whether it is favoroble or {1 Jecision-maker beyond his project’s

not, is usually expected.

MR. EMPLOYER, won't you immediate technical problems.”

remove the mystery about
the status of an employee’s

“I believe that any clectronic design engineer earning $10,000 or more welcomes

upplicuﬁon by ocknowledg- the authority to make a variety of high-level business decisions—in such areas

ing all Gpp“COnTS and not just as features versus cost and reliability versus weight—working closely, of course,

the promising candidates. with his marketing counterparts in Product Planning and also with the Manu-
facturing Engincers.

MR. EMPLOYEE you, too, can *At Communication Products Department we give the experienced engineer the

help by acknowledging appli- necessary authority to do just this. He generally enters the design project carly

cations and job offers. This in the development planning phase, so that he can take responsibility for esti-

mating the project expense and schedule—thus contributing to the establishment

would encourage more com- )
of hogeys for product cost and delivery.

panies to answer position

7 3 g “Of course our communication systems must do the customer’s job, but
wanted ads in this section. ' R Bt igh. \ilia ako

they must be marketable at a profit to the Department; to make this come true
is a vital part ol the design engineer’s challenge. This means exposure to many

We make this suggestion in " .
! management problems and a rare opportunity to grow and move ahead rapidly.

a spirit of helpful coopera-

. “Qur communication products are primarily commercial, including Mobile
tion between employers and p ! Y 8

Radio, Microwave Radio Relay, Terminal Equipment, Telephone Carrier, Mul-
employees. tiplex, and Personal Communication Systems. Military contracts also in the
., . ! house include a 24-channel SSB tropospheric scatter systent.”

This section will be the more
useful to all as a result of

this consideration.

Right now, we have immediate openings for Advance, Developmeut, and Sys-
tems Engineers who have significant backgrounds in these arcas:

R.F. circuit design Microwave plumbing,  Electronic equipment
Multiplex equipment anlennas mechanical design
Classified Advertising Division Microwave systems Piezoelectric devices Aulomqlic test
design Mobile transmilter, equipment D& D
Solid stuate devices receiver design Microminiatwrization
M(G RAW_HILL For prompt consideration, forward your resume in
confidence to Mr. W, Kelly, Dept. 69-W'B

PUBLISHING co’ INC. COMMUNICATION PRODUCTS DEPARTMENT
530 Wes 420 51 GENERAL @ ELECTRIC

New York 36, N. Y. Mountain View Road, Lynchburg, Virginia
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EMPLOYMENT OPPORTUNITIES

ELECTRONICS
ENGINEERS

SYSTEMS
ENGINEERS

CHALLENGING R & D OPPORTUNITIES

Fundamental and applied research in the fields of hydrodynamics,
acoustics, electronics, network theory, servomechanisms, mechanics,
information theory and noise reduction. Also design of electronic
instrumentation for underwater ordnance and application of
analogue and digital computers.

Opportunities for Graduate Study
Faculty Appointments for Qualified Applicants

Excellent Working and Living Conditions
Send Resume to

ARNOLD ADDISON, PERSONNEL DIRECTOR
ORDNANCE RESEARCH LABORATORY
THE PENNSYLVANIA STATE UNIVERSITY
BOX 30, UNIVERSITY PARK, PA.

Director of Programming SEARCHLIGHT

($15,000 PER YEAR)
Expcrienced in Radar Indicating Devices. Nced a SECT,ON
(Clossified Advertising)

man who can take project from beginning to com-
pletion and program it through areas of design,
deveiopment and manufacture. Company clicnt
assumes all employment expense.

ESQUIRE PERSONNEL SERVICE, INC.
202 South State St. Chicago 4, 1il.

BUSINESS OPPORTUNITIES
EQUIPMENT - USED or RESALE

DISPLAYED RATE
The advertising rate 18 $24.75 per inch for all
advertising appearing on other than a contract

TECHNICA[ DIRECTUR_$25 000 basls. ‘ontract rates quoted on request. An AD-
ALl i VERTISING INCH is measured 7% inch vertically
Plan and coordinate the work of scicntists, engi- on one¢ column, 3 columns—30 inches—to a page.
neers and technicians in fast expanding firm with EQUIPMENT WANTED or FOR SALE ADVEIR-
solid financial background. R&D in advance mili- TISEMENTS acceptable only in Displayed Style.
tary electronies of the most challenging nature. UNDISPLAYED RATE
Profit sharing. £2.40 & line, minimum 3 lines. To figure advance
MONARCH PERSONNEL payment count 5 average words as a line. )
A - BOX NUMBERS count as one line additional
28 E. Jackson Chicago 4, Illinois undisplayed adls. S 004 - —

lab grade TEST EQUIPMENT for sale

standard brands—military surplus
(new or professionally reconditioned)
experienced problem solvers and budget-

- CONTACTS i NG Aot

CIRCLE 462 ON READER SERVICE CARD

FOR THE FIELD OF || Voo oo et
ELECTRONICS

Wave Analizer, General Radia Type 736-A.
Phase Meter, Technalagy Instr Carp Type
320 AB.
G.E. AM-FM Signal Generator Type YGS-3.
FISHER RADIO CORP.
P. O. Box 123, Long lIsland City 1, N. Y.

CIRCLE 461 ON READER SERVICE CARD

"HOW TO MAKE MONEY LOOKING FOR

Mobile Radio Maintenance’ USED/SURPLUS ELECTRONIC
AUTHORITATIVE GUIDEBOOK ’ EQUIPMENT/COMPONENTS?
Asou;::sz;onco'us'lr;é::;\;f:‘v;o::;;tuolo: For an up-to-date listing of such equip-

WRITE TODAY! / ment see Searchlight Section of Jan. 8th
LAMPKIN LABORATORIES, INC. Instruments Div. BRADENTON, FLA.
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FOR
ADDITIONAL
INFORMATION
About Classified Advertising,
Contact

The WeCrao- Hill
O/ﬁ ce Wearedf ou.

ATLANTA, 3
1301 Rhodes-Haverty Bldg.
JAckson 3-6951
M. MILLER
BOSTON, 16
350 Park Square
HUbbard 2-7160
M. J. HOSMER
CHICAGO, 11
520 No. Michigan Ave.
MOhawk 4-5800
W. HIGGENS—E. S. MOORE
CLEVELAND, 13
1164 llluminating Bldg.
SUperior 1-7000
W. B. SULLIVAN—T. H. HUNTER
DALLAS, 2
1712 Commerce St.,
Vaughn Bldg.
Riverside 7-5117
GORDON JONES—F. E. HOLLAND
DENVER, 2
1700 Broadway—Tower Bldg.
Alpine 5-2981
J. PATTEN
DETROIT, 26
856 Penobscot Bldg.
WOodward 2-1793
J. R. PIERCE
LOS ANGELES, 17
1125 W. 6 St
HUntley 2-5450
R. YOCOM
NEW YORK, 36
500 Fifth Ave.

OXford 5-5959
H. T. BUCHANAN—R. P. LAWLESS
T. W. BENDER

PHILADELPHIA, 3
Six Penn Center Plaza
LOcust 8-4330
H. W. BOZARTH
ST. LOUIS, 8
3615 Olive St.
JEfferson 5-4867

SAN FRANCISCO, 4
68 Post St.

DOuglas 2-4600
S. HUBBARD

JANVARY 15, 1960 - ELECTRONICS



INDEX TO ADVERTISERS

® AC Eleetronies Division. .. ... ieaeees 99
@ AMP Incarporated ... . ... 000 0
® Ace Electranies Associates, Ine...... .. 132
Aeronautical Communications Equip-
ment Inc. .. ... .. il 66
Air EXPress ... iiaiienn 33
Allegheny Ludlum Steel Corp.. ... . 31
® Allied Control Company, Inc... oo 69
@ American Electronies Ineoo.o.o.. oo .. 10
® Ampex Data Produets. . oo 0o 23
Anacondn Wire & Cable Cooo 0000035, 36
® Atlee Corn. .o oL 108

Avon Gear and Engineering Co........ 119

Bell Telephone Laboratories, .. ...... 19

® Bendix Aviation Corp.
Eclipse Pioneer Div... ... . ...t 127
Red Bunk Tubes Divoo oo 130

® Rirtcher Corporation ......cooeeee0e. 136

CBS Electronies ............ wenesesse WA
CE=N Electronic Produets. . oooo0o000 26
Chart-Pak, Ine. ..o oo 131
Chicigo Telephane Supply Corp....... 14
® Cineh Mrg. Corpo. ... 0 o o o 91
Cinema Engineering ... ............. 129
® Clevite Corp. .. ... e 15
Community Engincering Corpo. oo (R E.]
Computer Measinenmients Cooooo 000 6. K
Consolidated Avionies Corpo.. ... ... 122

Consolidated Electrodynamies ... 114, 115

® Continental-Dinmond Fibwe Subsidiary

of the Budd Company .............. 16

® Coto-Coil Ca., Ineo oo, 136
® Craig Systems Ine.. ... ........ L 112
Crosby Teletronics Corp.....ooenvnons. 105

® Dale Produets, In€aooovvineasasnarae. 63

® Deluxe Coils, Ine.. ..o o, ao oot cae s aut 140
Delta Afr Lines. .. ... Mieab i aaaans 141
® DedMorney-Bonardi ..o oo oL 107
Donglas Niveratt o000 oo oo 20, 21
Dow Corning Corp....... ... ... 48, 44
Duriant Mfg, Co.. o000 0 o oo 149

® Dymee Ine., Div. of
Hewitt-Packard Company ......... 97

ELECTRONICS - JANUARY 15, 1960

Electro Instrumente Ine.ooo oo 62

Electronie Engineering Co. of
California . ... ... v iiiiiiiiine 29

@ Electronie Instrument Ca. Ine. (EINCQ) 142

Elecetranie Tube Corporation. ... ... ... 120
Fluke Mfig. Co., Ine, dohn............ 59
Garrett Corporation, The. .. ......... 58
® General Precision Equipment Corp.
Kearfatt Div. .. ... .. R 34
@® General Transistor Corpo. oL vl IR
Gertsel Produets Ineco. o000 129
Green Iuxtroment Co.. oo 140
Gremar Mfg, Co, IDCo..oveeriaansann. 117
@ Mallicrafters Company, The. . ... ... 10
@ [Hard M. Go..  ciocme. . comi b - e - ot - 110
® Ilaydon Co., Ince., AW 000 13
Hoftman & Co, Ine Lo o000 000000 57
Hollywood, Florida,
Chamber of Commeree. . ... . ..., .. 142
Iuggins Laboratories, Ineoo.o.o 0.0 o T09
® Hughes Aiveraft Cooooaaioo. 28, 30, 68
Tt GOGP. «vvoe i camreeeeiossinaaaas 118
Imdustra Transistor Corp.. ... .. ... 51

@ luternational Resistince Co...,.3rd Cover

® Jennings Radio Mfg, Corp...vaven.... 98

® Kay FElectrie Co... ... ...... sesieae. B2
® Keithley Instruments, Inecoo.o.ooo .. 95
Klein & Nons, Mathias. ..o 00000, 96

® See advertisement in the June, 1959 Mid-Month
ELECTRONICS BUYERS’ GUIDE for complete line
of products or services,

STANDARD
VARIATIONS

NewY

DIGITAL READ-OUT
COUNTERS

by DURANT

Design engineers can now select one
or more standard units from a range
of 96 Instrument Counters, having the
same type of frame
and configuration.

1Y, WIDTH
UNIT WHEEL

5-Y-8822 WITH
SINGLE WIDTH
UNIT WHEEL

SINGLE BANK SERIES

{Right or Left Drive)
2 to 7 Figures

DOUBLE WIDTH
UNIT WHEEL

Here is a family group that pro-
vides uniformity in digital record-
ing to satisfy nearly all design
requirements . . . on radar equip-
ment, navigation instruments,
computers, missile tracking de-
vices, and gauging instruments.

They are compact, average weight
only 2 ounces, have casy to read
figures, white on black .  speeds
to 2500 RPM. Available in single
or dual bank stvle, in 2 to 7 figures
capacity . . . threce styles of unit

wheel configuration.

4.4.Y-8831 WITH
114" WIDTH UNIT WHEEL

DUAL BANK SERIES
{Right or Left Drive)
2 to 5 Figures EA. BANK

DURANT MFG. CO.

1912 N. Buffum $t., Milwaukee 1, Wis.
12 Thurbers ave., Providence 5, R.I,

Send for
FACTUAL
BULLETIN
No. 400, Representatives in Principal Cities

DuRANT
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Introduction to
Matrix Analysis

fLhree basic fields in the analysis of mairi-
ces are clearly covered in this book—
symmetric matrices and quadralic forms,
matrices and differential equations, and
positive matrices and their use in prob-
ability theory and mathematical eco-
nomics. Also presented is part of the
theoretical treatment of the use of matri-
ces in the computational solution of ordi-
nary and partial differential equations by
means of digital computers. Included are
discussions  of the mathematical, phy
sical, engineering and economic
backgroand of matrix theory.
By Richard Bellman, Mathemati-
cian, The RAND Corp. 331 pp.,
6 x 9, $10.00

Resistance
and Resistors

This practical reference thoroughly treats
the most frequently used component in
electronic circuitry—the resistor. It ana-
lyzes the hasic aspects of resistance and
describes each type of resistor—ihe ma-
terials used in its manufacture, the char-
acteristics associated with each type, and
applications. Comprehensive L.lbles inelude
most manufacturers’ data on a given type
—all in one common table. Thus a design
or components engineer can tell at a
glance exactly what s ivailable. By
Charles L. Wellard, Technical Director,
Systems Division, Clifton Precision Prod-
ucts Co. 264 pp., 6 x 9, 82 lilus,, $8.50

The Theory of
Optimum Noise Immunity

This
an analysi

importunt reference book presents
of the effect of noise on cor-
rect reception in an & itrary eormmmunica-
tion svstem—determines what the ideal
theoretical performance might be—und
then shows how closely practical com-
munication systems appro.lcl\ this, The
author's approach is always that of the
practical engineer, the steps in his analy-
six are easy to follow, and he succeeds in
establishing the behavior of communics

tion systems on a practical, us-
/ '

ical Science, N.Y.U. 152 pages,
$7.50

able level. By Viadimir A, Kot-

el'nikov, Institute of Mathemat-
Electrical and
Electronic Drawing

new, up-to-date treatment of
electronic drafting. It in-
n circuit diagrams such
‘cuits, Kxplor ellite

Here is a
electrical and
cludes many mod
as automation ¢

circuits, etched circuit drawin and
drawings that include cellular-floor con-
atruction for electrical systems in large

buildings. All the latest symbols and ter-
minology are used and all of the material
is based on current ASA, IRE, and military
stiundards.  Helpful practic material in
the form of problems and exercises iz in-
cluded. By Charles ). Baer, University cf
Kansas. 235 pages, 6 x 9, illus., $6.00

SEE THESE BOOKS 10 DAYS FREE

I McGRAW-HILL BOOK CO.. Dept.
327 W. dist., New York 36, N,

Rend me hook(s)

Ins.
Y&

checked wlow for 10 ds
amination on approval, M 10 duys T will 1
bookis) [ Keep plus few cents tor delivery
and rerurn unwanted book(<) postpaid.
delivery eosts it vou remit
I retitrn privilege. )
[ Pellman—Intro. to Matrix Analysis, $10.00
O Wellard—Resistance and Resistors, S8

) Kotel'nikov—Theory of Optimum Neoise Immun.,
7.5

I [0 Puaer—Elec. & Electronic Drawing, §£6.00
I (PRINT)
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This means that you can now choose a smaller unit with wattage
equivalent to the one you formerly specified. Weight and space
savings, as it happens, are especially significant in the most-
used sizes.

COMPARE
OoLD SIZE* NEW IRC SIZE
Molded Deposited Carbon Resistor Molded Deposited Carbon Resistor
1875 1307
z -
[ WATT
f— 625" —3 {4064
375"
J 261"
1 x
1 T watT )
L "2
—1.062"——3 I —.719" —y

*MIL NOMINALS

These SIZE REDUCTIONS also result in nearly corresponding
weight reductions.

Max. WATTAGE

| JRC | et | oy | Shi | Shms | commuous | 240k | RS | 28,
RN6O | MDA | .406 130 |10 5M 300 s Ya Y
RN65 | MDB 594 .203 10 5M 350 Va Ya Ya
RN70 | MDC | 719 261 5 |25M 500 Va 1 Ya

IRC EXCEEDS MIL SPECIFICATIONS

IRC Resistars are designed far MIL-R-10509C Characteristic B
requirements.

ARE YOU MAKING

Percent Rated Load

THE SAME MISTAKE

IN DEPOSITED

CARBON RESISTORS?

Switch to IRC Molded Deposited Carbon
Resistors— “PRE-SHRUNK’’ for miniaturization.

If you have anything to do with miniaturizing components, be prepared for a
pleasant surprise.

IRC has reduced the size of Molded Deposited Carbon Resistors in the 3 most
popular wattage ratings at the same ambient, an improvement made possible
through the use of a unique IRC alloy film and a new high-temperature coating.

DERATING CURVE
FOR IRC MOLDED RESISTORS

T T T 1
N N
200 | l — < | - i
| |
150! ! 2 : ]L \
' \ [ i l
100; ‘ i T I
] ]
o TN
oI | | 2 ILN\\ | J
! | | 70°c | 125°c|  165°C ﬁ
20 40 60 80 100 120 140 160 180 200

Ambient Temperature "'C

IRC HAS GREATER LOAD LIFE RESERVE

IRC Molded Deposited Carbon Resistors exhibit excellent heat
dissipating characteristics. Size for size, IRC Resistors will run
cooler under any load condition and take sudden overloads
with very low permanent change. Load life is superior to that of
hermetically sealed resistors which cost three times as much!

IRC HAS DOUBLE-BARRIER INSULATION

Resistance element is coated with a moisture-resisting material,
then encased in a molded, break-resistant dielectric case
which, though heavy-duty, is well within MIL size.

Write
for
Bulletin B-9C

INTERNATIONAL RESISTANCE CO., Dept. 371, 401 N. Broad St., Phila. 8, Pa. # In Canada: International Resistance Ca., Ltd., Toronto, Licensee
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IRCA now offers a comprehensive group of indus-
trial drift field transistors specifically designed
for industrial and military high-frequency com-
munications, instrumentation, controls. naviga-
tion and mobile equipment.

These application-tailored types capable of
operating up to 50 Me and above in rf amplifier
service and 125 Mc and above in oscillator serv-
ice will permit a large safety factor in your
equipment designs and assure long-term operat-
ing reliability. They feature a maximum junc-
tion temperature rating of 100°C; &« maximum
transistor dissipation rating of 120 Mw in free
air at 25°C, and higher ratings with heat sink;
and maximum collector-to-base voltage rating
of —40v, except for the 2N1226 which has a
—60v rating and is intended for those critical
military and industrial applications requiring
such a high voltage. Millions of RCA drift field
transistors now in use are your proof that RCA
drift field types are today's number one answer
to the designer requiring top performance and
reliability at low cost.

Call your RCA Field Representative now and
ask him about RCA Industrial Drift Field Tran-
sistors with performance specifications tailored
to vour specific needs. For additional technical
data, write RCA Commercial Engineering, Sec-
tion A-19-NN3. Nomerville. N T,

HIGH FREQUENCY AMPLIFIER PERFORMANCE Common-Emitter Circuit, Base input.
RCA TYPE NUMBERS Ambient Temperature = 25°C

T T DC Collector-to-Emitter Volts = —12.
hy 20 to 175 QEDEC T0-44) | 2N1023 2N384 | 2N274 DC Emitter Milliamperes = 1.
My, 20 to 175 (JEDEC T0-33) | 2N1066 | 2N1225 | 2N1224 i e = o

I I ! B | I ™ |
hy, 50 to 175 (JEDEC T0-33} 2N1397 | 2N1396 | 2N1395 1 1 [ T

T T 1] T ToLa
50 Megacycles (sig. freq) | Min. Type Max. | Min. Type Max. Min. Type Max, RN ':'m
Common Base Circuit — (Y V)
Power Gain (db) 18 21 24 15 18 21 _ - — | }
Input Resistance (ohms) — 25 — - 30 -— PE— — HT T
Qutput Resistance (ohms) | — 8,000 — | — 5,000 —_ _— - — NS .-

¢

t T Y] -

30 Megacycies |£
Common Emitter Circuit - 60 60000
Power Gain (db) 20 23 26 16 20 24 - - — |cul: @
Input Resistance (ohms) — 100 —_ — 50 —_ [ —_ z E
Qutput Resistance (ohms) — 8000 — — 5,000 — — — B ? 1

T : T a Iz [}
12.5 Megacycles | ‘f - |40 g 40000 g
Common Emitter Circuit 2 « 2
Power Gain (db) = = o 2 28 32 17 22 27 g [ i &
Input Resistance (ohms) —_ - _ — 250 — — 150 — | =
Qutput Resistance (chms) —_— - _ — 16,000 — — 4,000 — 00— &

T t T f— 0 20000 3|
1.5 Megacycles B
Common Emitter Circuit |
Power Gain (db) - — _ l R — — an 45 50 —
Input Resistance (ohms) —_ - _ — - _ — 1,350 e =t
QOutput Resistance {ohms) —_— - —_ —_— - —_ — 70,000 — f | NELLL - c__ o |

1 3 34 vwslo 3 4 o 8100
2N1226-High Voitage Transistor for Video Amplifier and General Instrumentation Service is identical FREQUENCY-
to 2N1224 except maximum collector-to-base and punch-through voltage rating 60v. .
s ’ C ¢ 5 Performance Characteristics for
RCA Drift Field Transistors can be supplied to meet MIL-S-19500B specifications Types 2N1023, 2N1066, 2N1397

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS

RADIO CORPORATION OF AMERICA

SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J.
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Central: 714 New Center Building, Detroit 2, Michigan, TRinity 5-5600 . Central: Suite 1154, Merchandise Mart Plaza, Chicago, llinois, WHitehall 4-2900

West: 6355 East Washington Boulevard. Los Angeles, California. RAymond 3-8361 . Southwest: 7905 Empire Freeway. Dallas 7. Texas. FlLeetwood 2-8663
Gov't: 224 N. Wilkinson Street, Dayton. Ohio. BAldwin 6-2366; 1625 "K" Street, N.W.. Washington, D.C.. District 7-1260
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