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New design 50 ohm attenuator

O to 132 db in 1 db steps—

14 db accuracy full range for low attenuation
values. Maximum error at full attenuation 2 db.
“One-knob” control. Super compact design—size
approximately 214” x 214” x 6”.

These are characteristics of the new, rugged, sim-
ple -hp- 355A/B attenuators.

-hp- 355A provides O to 12 db in 1 db steps. -k p-
355B provides 0 to 120 db in decade steps. To-
gether, 132 db of attenuation from DC to 500 MC

is available, with simplest possible controls, pre-

DC to 500 MC

-hp- 355A/B Attenuators

mium accuracy, and no complex setup. A solid-
shield 50 ohm connector may be used to intercon-
nect the two attenuators.

These new -Ap- attenuators have balanced capac-
ities and completely shielded sections. They are en-
closed in a sturdy metal case, yet weigh only 14
pounds.

Ask your -hp- representative to show you these prac-
tical, minimum-space attenuators this week.

SPECIFICATIONS

Attenuation: -hp- 355A, 12 db in 1 db steps. -hp- 3558, 120 db
in 10 db steps

Frequency Range: DC to 500 MC

Overall Accuracy: -hp- 355A, *£0.25 db, DC to 500 MC, -hp-
3558, *1 db, DC to 250 MC, *2 db, 250 to 500 MC

Nominal Impedance: 50 ohms
Maximum SWR: 1.2 to 250 MC, 1.5 to 500 MC

Max. Insertion Loss: 0 at DC, 0.4 db at 60 MC, 1 db at 250 MC,
1.5 db at 500 MC

Power Dissipation: 0.5 watt average; 350 v peak

Connectors: BNC

Size: 2-3/16" wide, 2-5/8" high, &” long. Net weight 1Y,
pounds

Price: -hp- 355A, $125.00. -hp- 355B, $125.00

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

HEWLETT-PACKARD COMPANY

4643A PAGE MILL ROAD » PALO ALTO, CALIFORNIA, U.S.A.

CABLE ''HEWPACK"'

* DAVENPORT 5-4451

FIELD ENGINEERS IN ALL PRINCIPAL AREAS

offers over 350 quality electronic test instruments

®
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WATVAR rsorastane

- for sharp hends HEAT —for continuous perform-
and irregular 4RI RY LY L ance at temperatures up
surfaces t0 155°C

SO e

>!_<ISOLASTANE is Natvar's new elastomeric
isocyanate type coating for Fiberglas braid . ; . ' ) . .
and tape. Reg. U.S. Par. Of. Natvar Isolastane is now making important savings possible. It makes it uns

necessary to use expensive Class H materials to solve temperature problems

during the manufacture of products which do not require Class H rating

Isolastane is outstanding in its

Varnished cambric—sheet and fape @ ELASTICITY (EXTENSIBILITY} & TOUGHNESS AND ABRASION RESISTANCE
° Vurnishe: canvas and duck— i @ RESISTANCE TO HEAT @ WET DIELECTRIC STRENGTH

sheet and tape |
@ Varnished silk and special rayon— @ RESISTANCE TO CRAZING AND CRACKING @ LOW TEMPERATURE FLEXIBILITY

sheet and tape .
® Varnished papers—rope and kraft— 4 @ RESISTANCE TO SOLVENTS, © FUNGISTATIC QUALITIES

sheet and tape INCLUDING THE ASKARELS

® Varnished, silicone varnished and
silicone rubber coated Fiberglas*—
sheaflondliope Full technical data and samples are available on request.

® Slot cell combinations, Aboglas®

® [soglas® sheet and tape

® |solastane® sheet, tape, tubing and

sieeving .
® Vinyl coated and silicone rubber -

coated Fiberglas tubing and sleeving c o R P o R AT l ON m
® Extruded vinyl tubing and tape i
® Styroflex® flexible polystyrene tape |

Si\Extin s identificationimariars FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION
.«
T.M:V(Reg. U.S. Pot. Off.) OCF Co'vp. . TELEPHONE CABLE ADDRESS
We will be very happy to supply information
on any of our products on request, FULTON 8-8800 NATVAR: RAHWAY, N. J.

201 RANDOLPH AVENUE o WOODBRIDGE, NEW JERSEY
2 CIRCLE NO. 2 READER SERVICE CARD CIRCLE NO. 3 READER SERVICE CARD—-



l :VER the years Kennedy has expanded its facilities to
meet the needs of the antenna industry . .. and today pro-
vides a complete field engineering service geared to solve
the complex problems of antenna systems installation.

This service, conducted by thoroughly experienced
Kennedy field engineers and technicians, includes site
selection assembly, erection, trouble shooting and checkout,
customer lasion, and on-the-job training for systems per-
sonnel in operation and maintenance.

An important fact is underlined here: that Kennedy

apability in antenna systems is tofa/ capability.

am

ANTENNA EQUIPMENT

- D. S. KENNEDY & CO.

COHASSET, MASSACHUSETTS EVergreen 3-1200

West.Coust Affiftnte . . .
SATELLITE KENNEDY,INC. of CALIFORNIA
P.O. Box 3771, Montrey, California —FRontier 3-2461
Down-to-carth SOLUTIONS (0 ozt-of «thic-world PROBLEMS
Tracking Antennas-Radio Telkescopes-Radar Antennas
“Trans-torizon” Antennas-Tropospharic Scatter
fonospheric Scattar
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SHOPTALK . . . editorial

SEE-IN-DARK SYSTEMS. As any tip-toeing husband who has ever
come home late knows, there are many ways of avoiding furniture in
the dark. But they are out of our domain. What we’re reporting on
this week is serious and new: low-light-level television. It provides
eyes for nuclear submarines and space vehicles. It is also used in radio
astronomy and gunfire-control work.

Seeing in the dark or semi-dark is important to our military people.
Our story, “How Military Sees In Dark,” begins on p. 20. Associate
Editor Mason was the moving force behind it.

Low-light-level tv devices give night vision far better than the human
eye’s. The Army is very interested and active in this field. So is the
Navy’s Bureau of Aeronautics. Companies are getting new contracts.
All of which adds up to bright prospects for see-in-dark systems.

PROSPERITY & PROBLEMS. It’s troublesome but true: prosperity
and problems often skip down the business street hand-in-hand. This
is happening these days in the magnetic recording industry.

Tape sales show signs of jumping by 200,000—from 450,000 to 650,-
000 units—this year, says the Magnetic Recording Industry Associa-
tion, In fact, MRIA thinks the jump could even be more of a whopper,
way up to 750,000. Whatever the final figure, prospects are pleasing.

Now, enter problems. The magnetic recording industry faces four
big ones—the stereo disk, the tape cartridge, the excise tax (buried
but not completely dead) and Japanese importations.

To find out who thinks what—and why—ELECTRONICS’ Midwestern
Editor Harris went to prime sources, executives in the industry. They
spoke frankly. What they said appears in the article “Business Is
Good, But ...” It appears on p. 23.

Coming In Our July 3 Issue . . .

COMMUNICATIONS AND THE IGY. Two years ago, 30,000 scien-
tists and technicians of 66 nations launched a cooperative effort which
is unparalleled in modern history. The knowledge of the earth’s en-
vironment which has been garnered in this tremendous project will
have profound effects on man’s future scientific achievements. Although
obscured by more spectacular experiments such as Vanguard, much
valuable data was obtained with rockets launched to perform iono-
spheric and solar studies.

Next week, Associate Editor Leary discusses the significance of the
tons of IGY data now reposing in three world data centers. You’ll learn
how movement of air masses, earth’s magnetic field, weather, solar
activity and the behavior of the ionosphere affect world communica-
tions.

MAGNETIC PULSER. Small size and reliable operation are achieved
in a radar pulse generator by use of transistors and magnetic cores.
According to Arthur Krinitz of MIT’s Servomechanisms Lab, use of
these solid-state devices as a substitute for conventional thyratrons or
vacuum-tube amplifiers provides indefinitely long life for such a
circuit.

THERE’S MORE. Other highlights of next week’s issue include: a
device for measuring light intensity by controlling the discharge rate
of a blocking oscillator; details of the pulse generator used with the
B3 Stellarator for thermonuclear power experiments; a discussion of
resonant-ring diplexing techniques for scatter communications and a
useful reference sheet for the calculation of radar interference.

JUNE 26, 1959 - ELECTRONICS




reliable silicon

silicon and germanium

rate first choice for your circuits

Raytheon diffused junction Silicon Rectifiers for missile and other

critical applications were the first to be put into mass production.

They are outstanding for high forward conductance, exceptional :

reverse recovery. Many meet requirements of MIL-E-ID. aytheon ¢ :Paks a1 compach, enzaEL

Raytheon Bonded Silicon Diodes feature low reverse current, high lrargent;istsgga?:é"b;itﬁser O(f:on?;ggg:»ts Rfe:r“f:]‘;':sv
forw?rd _conductance and excellent stability in high temperature such as Phase Comparators, Bridges, Choppers,
applications. All are subject to environmental quality control. Flip-Flops, etc. They save space, speed assems

Twenty-seven types cover every need. bly and assure Raytheon reliability.

Raytheon Germanium Diodes meet the highest standards of quality,
uniformity and performance. Both gold bonded and point contact
constructions are available in a wide range of characteristics.

New York, PLaza 9-3900 e Boston, Hillcrest 4-6700
Chicago, NAtional 5-4000 » Los Angeles, NOrmandy 5-4221
Baltimore, SOythfield 1-1237 « Cleveland, Winton 1-7716
Kansas City, PLaza 3-5330 « Qrlando, GArden 3-1553
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Recently our engineering department came up with an improvement in a miniature precision poten-
tiometer which had been ordered consistently by one of our customers. Although the original design
had more than met the customer’s specifications, we filled his next order with the improved version
— at no increase in cost! This is but one example of how Waters’ alertness to the need of constant
research and experimentation is advantageous to all concerned. We are never content with any po-
tentiometer we make, regardless of how well it meets, or even exceeds, specifications. Ask for
Waters Catalog PF1258 — we believe you will be favorably impressed.

Twice as many pots in the same panel space!

The APC 1'% permits mounting two 1%4” diameter pots in tandem rather than

side by side . . . saves panel space, simplifies design. Concentric shafts can be

rolated independentty by a duat knob, concentric gears, or cther simple means.

For single hole or servo mountimg. With stops, or continuous rotation of either

or both elements. Also available with %" diameter (type APC %). Either size MANUFACTURING, INC.
can be supplied with the same specifications as Waters standard RT % and WAYLAND, MASS.

AP 1% potentiometers. Write far Bulletin 459-2.

APC 1%

POTENTIOMETERS « SLUG FUNED COIL FORMS o+ RF COILS o CHOKES « POT HOOK® PANEL MOUNTS » TORQUE WATCH® GAUGES o CTROL METER/CONTROLLER ~ NSTRUMENTS
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more “Building Blocks” for digital data systems
DYMEC MULTI-PURPOSE AND
SPECIAL-PURPOSE | = I ' | . |

Readily adaptable to remote operation, automatic programming.
Many accessories and couplers are available, as well as multiple
input and output arrangements. Dymec specializes in designing
and manufacturing advanced counters and counter systems.

DY-2500 COMPUTING DIGITAL INDICATOR

RPM, flow, pressure, speed, frequency —

ail may be read easily in direct numeric form with

the DY-2500 and appropriate transducers.

Features of the extremely versatile DY-2500 include:

5-digit readout, 4 or 5 preset decades, gate time adjustable
from 0.0001 to 9.9999 seconds in 0.1 msec steps

(other ranges available), frequency range 1 cps to 120 kc
(220 kc optional), crystal accuracy, input sensitivity

0.2 v rms (5 mv optional), recorder and b-c-d output,
built-in self-check. Price: $1330 to $1425. Aiso DY-2500N
with “nixie’ in:line readout. Price $1525 to $1600.

(Both models available in cabinet or rack mount.)

DY-2507 DUAL PRESET COUNTER

Precise control and monitoring of machine processes,
automatic limit control and warning, sorting,
packaging, automatic coil winding, equipment
programming, go/no-go testing — these are typical
production and research assignments which the
DY-2507 performs dependably and accurately.

The DY-2507 provides an output when either of two
preset values is reached, or exceeded. OQutput is
continuous or pulsed; reset is manual or automatic.
Presetiing is on front panel, or remote. Available with
3 to 6 decades. Price: $700 to $895 (rack mount only).

o

o

i

f*

e &

DY-2503A/B FM/FM
TELEMETERING COUNTERS

Simplify teiemetering operations! An original Dymec
contribution. Normalized indications of FM/FM sub-
carrier signa! period. Six-place indication displays ratio
between input signa!l period and channel mid-band
period. 18 channels selected by pushbuttons; equal
resolution on all channels, 1 part in 100,000 or 1 part

in 10,000 with 1.0 or 0.1 second sampling time (front
panel control). Digital recorder output. Model DY-25038
is similar to the DY-2503A but includes a function
selector and multiplier controls. Price: DY-2503A
(cabinet mount) $1650, (rack mount) $1630. DY-25038
(rack mount only) $1800.

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

Write for engineering data sheets on the above.

DYMEC, INC.

DYME c 1 N c . Dept. Eé, 395 Page Miil Road - Palo Alto, Calif., U.S.A.

DAvenport 6-1755

Field representatives in all principal areas .
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NEW DC-10-30 MC
DUAL-BEAM Oscilloscope &

with Independent, X and, Y Deflection. -

TYPE 5355

SWEEP DELAY
Same signal displayed simultaneously
on slow sweep (upper beam) and fast
sweep (lower beam) shows both coarse
and fine structure of waveform.

Two electron beams, each with its own X
and Y deflection systems, help make possible
a highly versatile dual-beam oscilloscope.
Either of the two time-base generators in the Type 555 can deflect
either beam for dual and single displays, and either can deflect both
beams for a dual display on the same time base. Time-basc units
are the plug-in type to facilitate instrument maintenance.

With one time-base generator functioning as a delay generator, the
start of any sweep generated by the other can be held off for a selected
time interval with a high degree of accuracy. Both the original display
and the delayed display can be observed at the same time. The “trig-
gered” feature can be used to obtain a jitter-free delayed display of
signals with inherent jitter.

Signal-handling versatility is provided by nine available types of
plug-in preamplifiers, any combination of which can be used in the
two fast-rise vertical channels. In addition to the many application
areas opened with Tektronix plug-in preamplifiers, a three-channel
or four-channel display is available through use of the time-sharing
characteristics of Type C-A Dual-Trace Units in one or both channels.

Please call your Tektronix Field Engineer or Representative for
complete specifications.

Characteristics

PRICE, Type 555 without plug-in preamplifiers. . . .

INDEPENDENT ELECTRON BEAMS
Separote vertical and horizontal deflection of both beams.

FAST-RISE MAIN VERTICAL AMPLIFIERS
Passbands —dc-to-30 mc with Type K Units.
Risetimes—12 musec with Type K Units.
All Tektronix Plug-In Preamplifiers can be used in both vertical ¢hannels
for signal-handling versatility.
WIDE-RANGE TIME-BASE GENERATORS
Either time-base generator con be used to deflect either or both beams.
Sweep ranges—0.1 psec/cm to 12 sec/cm. 5 x mognifiers increase
calibrated sweep rates to 0.02 psec/cm.
SWEEP DELAY—Two modes of operation.
Triggered—Delayed sweep started by signol under observation,
Conventional —Delayed sweep started by delayed trigger.
Delay range—0.5 psec to 50 sec in 24 calibroted steps, with continuous
calibrated adjustment between steps.
HIGH WRITING RATE
10-KV Accelerating potential provides bright traces at low cepetition
rates and in one-shot application.
REGULATED POWER SUPPLY

All dc¢ voltages electronically regulated,
Heater voltoges also regulated.

8 CIRCLE NO. 8 READER SERVICE CARD

Includes Indicator Unit, Power Supply Unit, 2 Time-Base Units,
4 Probes, Time-Base Extension.
Type 500A Scope-Mobile
(as shown with Type 555). ... .............. $100
Type 500/53 Scope-Mobile
(with supporting cradles for plug-in preamglifiers}. $110

Prices f.o.b. factory

Tektronix, Inc.

P.O.Box 831 +« Portland 7, Oregon
Phone CYpress 2-2611  « TWX-PD 311 « Cable: TEKTRONIX
TEKTRONIX FIELD CFFICES: Albertson, L.1., N.Y. » Albuguerque * Atlonta, Ga. * Bronxville,
N.Y. * Buffolo + Cleveland « Dollas * Doyton » Elmwood Pork, lil. « Endwell, N.Y. » Houston .
Lathrup Village, Mich. * Eost Los Angeles * West Los Angeles * Minneopoks * Mission, Konsas

Newtonville, Mass. » Orlando, Fla. « Palo Alto, Calif. » Philadelphio = Phoenix + Son Diego
St. Petersburg, Flo. * Syracuse * Towson, Md. » Union, N.J. * Washington, D.C. » Willowdole, Ont.

TEKTRONIX ENGINGERING REPRESENTATIVES: Hawthorne Electronics. Portlond, Oregon ,
Seattle, Wash.; Hytronic Measurements, Denver, Colo., Solt Loke City, Urah.

Tektronix is represented in 20 overseos countries by qualified engineering orgonizotions,

Tektronix monufactures twenty other laboratery oscilloscopes,
ten of which are also available as rack-mounting instruments,

CIRCLE NO. 9 READER SERVICE CARD—>



true hermetically sealed solenoids

Just like a sealed vacuum tube! True hermetic sealing around a
solenoid . . . glass seal terminals, lugs, and connectors. All welded and
brazed construction. Completely plated after assembly. Exceed most
requirements of military specification MIL-S-4040 (USAF). Priced

at approximately the same level as conventional types.

high-temperature solenoids

These modern new solenoids give you a reasonable life expectancy

at temperatures as high as 350° C. A by-product of hermetic sealing.
Class H insulation combined with inert gas filling add those necessary
extra few degrees needed in your temperature limits . . . make

these solenoids exceptional high-quality, high-temperature units.

«.. and those unusual specialties you look for!

Having trouble finding solenoid specialties? Here at Cannon, we’d
like to help you. Standard production now includes multiple-strip
solenoids for keyboard operation, locking types requiring no
holding current, and miniatures and sub-miniatures

V" diameter. In addition, our expanded solenoid engineering
department is ready to serve you at any time.

CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, Calif.

Please refer to Dept. 120
Factories in Los Angeles, Salem, Mass., Toronto, London, Melbourne. Manufacturi

licensees in Paris and Tokyo. Representattves and distributors in all principal citi
See your Telephone Yellow Book.

Please ask for latest SR-S releases and/or Solenoid Bulletin.
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For nineteen years, firms in the clectronics industry have made direct contributions
to the accuracy, completeness and authenticity of the BUYERS’ GUIDE.

Recently, the stafl of the BUYERS' GUIDE decided to award plaques to express
appreciation to those in the industry who had made direct contributions to improve
the product listings. The photograph above represents a few of the awards that
have becen made.

The awarding of the plagues is but one indication of how the BUYERS GUIDE
cvolved over the years...a cooperative effort between the publication and the
industry it serves.

Only through years of experience can a buyers’ guide reflect the needs of an
industry as complex and dynaimic as electronics . . . one more reason why the
BUYERS’ GUIDE is the ONE accepted product and data book in the field.

Published mid-year as the 53rd issue of electronics

A McGRAW-HILL PUBLICATION
330 WEST 42ND STREET, NEW YORK 36, N.Y.
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BUSINESS THIS WEEK

ELECTRONICS NEWSLETTER

100-WATT THERMOELECTRIC GENERATOR has

been developed by Westinghouse Electric for the
Air Research and Development Command.
Known as TAP-100 (terrestrial auxiliary power,
100 watts), the new generator is said to put out
10 times as much electricity as similar devices.
“Such a source of thermoelectricity could, for
example, power electronic installations in iso-
lated areas of the world,” says Rome ADC com-
mander Brig. Gen. D. P. Graul. Unit weighs 40
Ibs and is about the size of a medicine ball. Says
Westinghouse v-p S. W. Herwald: “No longer is
there any question about the feasibility of ther-
moelectricity as a useful method of electric
power generation.”

Digilock telemetry system being developed by Space Elec-
tronics Corp. for Jet Propulsion Laboratory will trans-
mit up to 25,000 data samples per second. Five-pound
unit consuming 3-5 watts is expected to bridge more
than 100 million miles.

SATELLITE INTERCEPTOR STUDY will be un-
dertaken by RCA’s Missile Electronics and Con-
trol Dept. under a $600,000 program financed by
the Advanced Research Projects Agency. Six-
month study aims to find out if a defense can be
developed against an enemy-operated satellite.
ARPA Director Roy Johnson hopes the study will
produce data for developing an interceptor sys-
tem that could operate before 1970.

RADAR SYSTEMS WORTH $47 MILLION will be
developed and produced by the Air Force under
contracts awarded to Sperry Gyrvoscope. The
high-powered air search radar will be part of
the Continental Aircraft Control and Warning
System which seeks and identifies air-breathing
missiles and aircraft. Sperry had been named
last year by Rome Air Force Depot as system
manager for the radar, designated AN/FPS-35.

AIRBORNE RECONNAISSANCE SYSTEM versa-
tile enough to be integrated into several existing
aircraft will be planned and developed under a
$38.9-million prime contract just awarded to Air-
borne Instruments Laboratory by the Air Materiel
Command. The electronic system, AN/ASM-1,
will be developed for the Aerial Reconnaissance
Laboratory, Wright Air Development Center, O.
AIL is responsible for antennas and automatic
receivers; Sperry—tactical support and training
equipment; Aerojet—infrared gear; Filtron—r-f
equipment; Haller, Raymond and Brown—human
factors, operational environment and user re-
quirements; Raytheon—semiautomatic receiver
gear; Sylvania—data processing; Temco—weap-
ons systems integration and flight testing.

NEXT BRITISH COMPUTER GENERATION will
get financial support from the National Research
and Development Corp., a semiofficial body that
exploits new inventions and patents. Two major
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firms, Ferranti and EMI Electronics, will get
an undisclosed amount of aid from NRDC for two
machines slated to appear in 1961 or 1962. Atlas,
the new Ferranti machine, will use Manchester
University research ideas. It will have multiple
time-sharing facilities at speeds 100 times faster
than the present Ferranti Mercury, whose addi-
tion time on floating point operation is 180 micro-
seconds. Emidec 3400, to be developed by EMI
out of its 2400 series, is also expected to offer
more multiplexing facilities; speeds will be up
a factor of ten over the 2400 series, whose addi-
tion time is 35 microseconds.

B-70 electronic shield will be developed and built by the

Air Arm division of Westinghouse Electric under a
multimillion-dollar contract from North American
Aviation, weapon system contractor for the intercon-
tinental bomber. Defensive system will use electro-
magnetic and other techniques to make an attack “diffi-
cult if not impossible.” Electronic gear is packaged in
plug-in units.

PASSIVE AIRBORNE DETECTION and ranging

system which correlates data for armament con-
trol is being developed by the Astrionics division
of Fairchild Engine and Airplane Corp. Firm
just got first increment under a $3-million pro-
gram for Hughes Aircraft, prime contractor for
Air Force armament control equipment. Contract
calls for development and prototype production
of Fairchild’s PACOR (passive correlation) sys-
tem for several combat aircraft. Preliminary
work was done last year under a $300,000 AF
contract. System is understood to be a refine-
ment of the company’s civilian passive detection
and ranging system (PADAR) being tested for
the Federal Aviation Agency as a midair collision
avoidance system (ELECTRONICS, p 11, June 5).

BEACON FOR FREEFALLING CAPSULE has

been developed by GE’s Missile and Space Vehicle
Dept. Designed to withstand shocks of more
than 5,000 g, it was developed to aid recovery of
data capsules after they freefall 25,000 ft from a
reentering nose cone. Uhf signals from the 18-0z
beacon have been picked up more than 100 mi
away; two pound mercury-cell power supply lasts
about one and a half days.

Misgile checkout subsystem to be developed by Epsco-

West under a contract from Douglas Aircraft will
switch one or more of 225 inputs into a missile’s guid-
ance circuitry. Signals simulate different environ-
mental stimuli. If missile fails in test, computer
rechecks and isolates fault.

SOLID FUEL ROCKET MOTORS will be tested

with a new data acquisition system to be built
by Minneapolis-Honeywell. Navy’s Allegany Bal-
listics Laboratory will use the system to monitor
and record temperature, pressure, force, strain,
vibration and other variables, and process the
data for further analysis.
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BARNSTEAD
WATER
RE-PURIFYING
SYSTEM

~ - 4

of 10,000,000 ohms
ELECTRICAL RESISTANCE

Equipment consists of Barnstead Demineral~
izer, organic removal cartridge, and mixed-
bed cartridge for removal of organic matter
and mineral impurities. The Barnstead®
MF® Submicron Filter removes particles
down to 0.45 micron. The distiled water
storage tank is equipped with a Barnstead
Ventgard® which purifies the air entering
the storage tank. Keeps distilled water pure
by removing all air-borne bacteria, dust,
gases, mist etc. Re-circulates and re-purifies
the distilled water to 10,000,000 ohms electri-
cal resistance. Also removes organic contami-
nation.

Compact in size . . fits under laboratory
table or bench. Ideal for use in pilot plant
operations, where ultra pure water is required
for lab tests, for experimental work in semi-
conductor field, crystal growth experiments etc.

NEW PURE WATER LITERATURE
If you need Pure Water, either in Labora-
tory amounts or production quantities,
come to Barnstead with your problem
. . . Pure Water Specialists Since 1878.
Write for literature on Stills, Demineral-
izers, MF Submicron Filters,

arnstead

STILL AND STERILIZER CO.

Lonesville Terrace * Boston 31, Mass.

BOSTON SAN FRANCISCO CHICAGO
JAmaica TEmpleoar MUlberry
4-3100 2-5391 5-8180
PHILADELPHIA NEW YORK LOS ANGELES
LOcust Kingsbridge RYan
8-1796 8-1557 6-6622

PURE WATER
EQUIPMENT

FOR EVERY
PURE WATER NEED
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WASHINGTON OUTLOOK

WASHINGTON—NEXT BIG SPENDING BOOM in the missile business will be
for faster research and development on the Nike-Zeus anti-ICBM system.

The Administration’s new “Master Plan” earmarks $157 million extra
to the Zeus program for fiscal 1960. This is in addition to roughly $300
million set aside in the original budget.

In effect, the Administration is allowing the Army to use the extra
funds the House of Representatives has already voted for the project.
The House tacked on $200 million to the Army’s appropriation for both
Zeus and general hardware procurement—without specifying how much
for each project.

The additional budget allocation falls far short of the $700-million
increase the Army has fought for unsuccessfully. The Army wants to
start tooling up for production of Zeus components and subsystems this
year.

Many electronics companies will gain from the latest decision to speed
R&D work on Zeus. Western Electric and Bell Telephone Labs, of course,
are the project prime contractors and technical managers.

Other important electronics contractors: Sperry Rand, working on the
system’s target track transmitters; RCA, acquisition radar transmitters;
Ryan Aeronautical, the missile-borne seeker; Goodyear Aircraft, acquisi-
tion transmitter-receiver antennas; Lear, stable platform; Allis-Chalmers,
target track antenna drives; Armstrong Cork, development of an artificial
dielectric; and Firestone, instrument environmental tests.

But on the more controversial end of the air defense program-—anti-
aircraft missiles—the Administration’s new “Master Plan” still
leaves the outlook very much up in the clouds.

The Pentagon proposes to cut scheduled expenditures for the rival
Army Nike-Hercules and Air Force Bomarc missiles by a total of
some $1.5 billion over the next five yvears. This is believed to be a
reduction of about 25 percent in scheduled spending for production
and base construction for the two missiles.

The planned budget cut breaks down roughly this way: $900 mil-
lion for Bomarc (Westinghouse is the guidance contractor) and $600
million for Nike-Hercules (Western Electric).

The Bomarc is getting the bigger trimming only because the
scheduled rate of spending for the project is much higher than for
the Nike-Hercules, a missile already in volume production and now
deployed at operational sites spotted across the country. The first
Bomarc unit will not be operational until later this year.

Prospects for the two projects—especially for Nike-Hercules—
are still uncertain. Many influential lawmakers are skeptical about
the Administration’s decision to continue production-—even at a
sharply reduced rate.

Senator Henry Jackson (D.. Wash.), for instance, says spending
any more money on antiaircraft defenses is “throwing money down
the drain.” Jackson and other critics argue that the threat of a
Russian bomber attack has diminished so much that there’s no justi-
fication for continued production. Nearly $3.7 billion has been spent
so far on both Nike-Ajax and Hercules, about $1.9 billion for
Bomarc.

The House has already cut funds for Bomarc production by about
one-third, while the Senate Armed Services Committee has called
the Nike-Hercules “virtually obsolete” and ordered a freeze on base
construction.

It’s still very likely that Congress will make even more severe

cuts in budgets for one or both of the antiaircraft missiles.
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OMATIC TRANSLATION

Computing machines aid language research at Ramo - Wooldridge

To formulate rules for automatic language translation is
an enormously subtle and complex project. Yet significant
progress is being made. During the past year of research
at Ramo-Wooldridge over 60,000 words of Russian text
have been translated and analyzed using an electronic
computer. From the beginning several hundred syntactic
and semantic rules have been used to remove ambiguities
that are otherwise present in “word for word” translation.
Our present computer program for antomatic translation
is a considerable improvement over earlier attempts.

Apart from the question of translation itself, electronic
computers are invaluable for language research. The
expansion of existing knowledge of the rules of language,
through statistical analysis, is made practical by mecha-
nized procedures. A clear symbiosis between linguistics
and computer technology has emerged.

Automatic translation research is one of many R-W
activities addressed to problems of communication of

scientific information. These problems are increasing at
an accelerating pace. In this area, as in others, scientists
and engineers find at Ramo-Wooldridge challenging
career opportunities in fields important to the advance of
human knowledge. The areas of activity listed below are
those in which R-W is now engaged and in which open-
ings also exist:

Missile electronics systems

Advanced radio and wireline communications
Information processing systems

Anti-submarine warfare

Air navigation and traffic contro!

Analog and digital computers

Infrared systems

Electronic reconnaissance and countermeasures
Basic and applied physical-research

For a copy of our brochure or other information, write to

Mr. Donald L. Pyke.

RAMO-WOOLDRIDGE

o P. 0. BOX 90534, AIRPORT STATION « LOS ANGELES 45, CALIFORNIA

a division of Thompson Ramo Wooldridge Inc.
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North
Electric

Visionegring
Looks Beyond
Tomorrow

North “visioneering” is an engineering concept that

couples the accumulated experience of 75 years with vision’
that looks beyond the immediate future in developing
systems to increase man’s productivity, make man’s life more
comfortable and add immeasurably to the security of man’s
present and future.

The dramatic story of significant North Electric Company
contributions to system development and engineering will
open whole new areas of thought on how North ‘visioneering”
can be applied to extend the scope of your capabilities
beyond today’s boundaries.

A copy of “North Electric System Concepts” booklet is
yours for the asking—write Dept. IB, North Electric
Company, Galion, Ohio.

Control Systems e Communications ® Electronics

INDUSTRIAL DIVISION

XN
NORTH ELECTRIC COMPANY
497 SOUTH MARKET STREET * GALION, OHIO ey
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FINANCIAL ROUNDUP

New Stock Issues Climbing

NEW OFFERINGS of electronics stocks
have been frequent during the first
half of this year. It’s expected the
May-June period, however, may be
marked as the most active to date
in this regard.

¢ Allied Instruments, Houston,
Tex., has filed a letter of notifica-
tion with Securities and Exchange
Commission for 100,000 shares of
common stock to be offered at $3
a share without underwriting.
Money will be used for advertising,
inventory and working capital.

® American Television and Ra-
dio, St. Paul, Minn., offers 100,000
shares of common stock at $3 a
share without underwriting. Pro-
ceeds will be used for general cor-
porate purpuses. This is ATR’s
first stock offering.

e Associated Testing Laborator-
ies, Boston, specialist in environ-
mental testing, reports an issue of
166,666 shares of common stock
at $3 a share as being oversub-
scribed. The issue was brought
out at the end of last month by G.
O’Neil & Co. and Hooker & Fay.
Praceeds will pay for moving
plant facilities and purchase of
R&D equipment.

e Avnet Electronics, Westbury,
N. Y, is offering 175,000 shares of
common stock at $5.75 a share
through M. G. Kletz & Co. Recent
information is that the issue is
oversubscribed. Funds made avail-
able will be used to expand prod-
uct lines.

e Burndy Corporation, Norwalk,
Conn., reports that June 3 issue
of 152,000 shares of common stock
is now oversubscribed. Initial off-
ering was at $17.75 a share. The
proceeds will be used to retire
debts incurred in expansion.

¢ Fanon Electronic Industries,
Brooklyn, N. Y., manufacturer of
stereo and intercommunication
gear, has registration pending
with SEC for 150,000 shares of

ELECTRONICS - JUNE 26, 1959

common stock to be offered at $3
a share. Funds will be used to
retire debts and for general cor-
porate purposes.

e Hermes Electronics Co., Cam-
bridge, Mass., reports oversub-
scription of 150,000 shares of com-
mon stock made available June 2
at $4.50 a share. The firm, which
manufacturers crystal filters, dig-
ital units and stable frequency
sources, will use most of the pro-
ceeds to retire debts and the bal-
ance for general corporate pur-
poses.

e Telecomputing Corp., Los An-
geles, advises that its offering of
500,000 shares of common stock at
$13.25 a share is now oversub-
scribed. The monies will be applied
to retire a series of debts.

e Ideal Precision Meter Co.,
Brooklyn, N. Y. plans to issue
137,500 shares of common stock
for public offering at $3.75 a share.
The firm makes indicating equip-
ment for electronic and electrical
systems, as well as marine and
auto panels.

25 MOST ACTIVE STOCKS

WEEK ENDING JUNE 12

SHARES

(IN 100's) HIGH LOw CLOSE
Zenith Radie 1,487 133% 116% 130%
Raytheon 1,319 5678 5112 52
inti Tel & Tel 1,180 39 36 383
Avco Corp 1,108 15% 1% 154
Sperry Rand 979 257 24> 25%
RCA 935 65%8 61 6378
Emerson 792 21% 17%  20Ya
Gen Dynamics 656 5812 5312 582
Gen Electric 619 81% 7% 81
Gen Tel & Tel 592 674 63 66
Texas Instr 506 127% 1174 126V
Philca 465 32% 29Y, 31V
Beckman Instr 438 6158  553%  58%
Westinghouse 405 93%  88% 92
Litton 387 109Y2 9714 10512
Burroughs 379 37 358 365
Elec & Mus Ind 379 7% 6% 7
Standard Coil 350 193 174 183
tntl Resistance 320 17%  15% 17
Lear 318 15 14 143
Gen Instr 312 3138 27% 29%
Dyn Co of Amer 262 10% 9% 10
Natl Research 252 30 26 27%
Admiral 248 0% 2% @ 23%
IBM 248 488 3852 439

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.

® © © 0 O F o0 e U o0 000

. PLUG-IN Instruments .

SAVE

* design time * panel space

* fabrication time * cost

* maintenance

® © 00 60 ¢ 0 0 00 0 0 0

The efficient, flexible,trouble-
free performance of new PLUG-
IN Instruments means SAVINGS
for you! SAVE valuable time,
SAVE valuable space, SAVE on
installation cost and mainte-
nance. Use Plug-ins . .. and
profit!

STANDARD- TRANSISTOR AND VACUUM TUBE
CIRCUITS AND MODULAR HARDWARE

* DC and AC * Frequency
Amplifiers Selective

* Phase Shift Amplifiers
Amplifiers * Filters

* Oscillators * Delay Circuits

* Flip-Flops— and Delay Relays

Gates—Switches * Sensitive Relays
* Power Supplies

Write for complete information on how
you can SAVE . . . with these analog
and digital circuifs.

PI HG-IH fllll INSTRUMENTS, INC,

141& Lebonaon Rood

MASHVILLE 10, TEMNMESSEE
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NEW
PROGRAMS

have created

IMMEDIATE
OPENINGS

for top quality engineers
with experience in—

Preliminary Analysis
Aerodynamics
Flight Dynamics
Structural Dynamics
Aero-Thermodynamics
Flight Simulation
Space Communication
Space Instrumentation
Radar Systems &
Techniques
Electronic
Countermeasures
Guidance
Instrumentation
Electronics Test
Design
Computing
Reliability
Human Factors

Well paid jobs for qualified
people.

Relocating expenses paid.
For information on these
and other engineering
positions, write:

B. J. Ralph, Dept. 451-F
Missile Division

North American Aviation, Inc.
12214 Lakewood Bivd.
Downey, California

MISSILE DIVISIONZs

NORTH AMERICAN AVIATION, INC.
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MARKET RESEARCH

JAPANESE ELECTRONICS PRODUCTION, 1958

$200 -
150 = 1958 TOTAL: $493 Million
E
2
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E
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TV Sets Rodio Electron Parts Semi- Radio Audio Other
Receivers  Tubes conductors Comm. Egpt. Freq. Egpt.  Eqpt.

Japan's Output Rises 40%

JAPANESE electronics production
for 1958 amounted to $493 million,
according to customs statistics re-
leased by the Japanese Ministry of
Finance. Total for 1958 represents
a rise of 40 percent over 1957 pro-
duction, worth $352.1 million. Since
1956, production value has more
than doubled. Dollar volume that
yvear was $226.1 million.

Dollar value of tv set output com-
prises. 31.6 percent of last year’s
total volume. Production of 1.2 mil-
lion sets in 1958 was reported be-
low the current and still-growing
demand for television receivers
among the Japanese.

Approximately 5.27 million radio
receivers, worth $94.16 million,
were produced last year. Of total
set output, some 61 percent were
portables (3,214,700 units). Among
the portable radio group, 91 per-
cent, or 2,925,377 units, were tran-
sistorized.

In the components area, tran-
sistors have made most prominent
strides. Unit production for 1955
amounted to a meager 85,000 tran-

sistors. In 1958, 26,730,000 tran-
sistors, mostly germanium, were
made. During the intervening

years—1956 and 1957—transistor
production totaled 560,000 and 5,-
740,000 units respectively.

Demand for electron tubes has
also been growing. Last year’s
production, valued at $77.4 million,
comprises 58 million receiving
tubes, of which 78 percent were
miniature types. Cathode ray tube
output stood at 1.45 million units,
an increase of 63 percent over pro-

duction of 908,000 cathode ray
types in 1957. Microwave tubes and
a large number of transmitting
tubes of various output are alsec
being made.

Japanese  exports in 1958
amounted to $45 million, 9.1 percent
of total electronics production. Fol-
lowing table shows breakdown of
export categories:

% of
$ Millions Total
Radios .:.:.... $33.89 75.3
Parts ......... 4.64 10.3
Tubes ........ 2.34 5.2
Amplifiers &
Microphones 1.39 3.1
Others ....... 2.74 6.1
$45.00 100.0%
Largest importer of Japanese

electronic products was the United
States, receiving 46 percent of total,
or $20.7 million in 1958.

Recent release shows first quarter
1959 exports to the United States
totaled $8 million. Dollar volume in
1958 for similar three-month period
amounted to $2.1 million.

FIGURES OF THE WEEK
LATEST WEEKLY PRODUCTION FIGURES

. June 5 May 8, Change From
(euree Y 1959 1959 One Year Age
Television sets 119,089 106,359 +71.9%
Radio 'sets (ex, auto) 276,604 244,083 +76.3%
Auto sets 131,156 111,747 +168.3%
STOCK PRICE AVERAGES

. sy June 10, May 13, Change From
(Standard & Poor’s} 1959 1959~ One Year Aga
Electronics mfrs. 90.66 98.65 +70.7%
Radio & tv mfrs. 111.61 111.68 +134.8%
Broadcasters 96.52 105.00 +55.5%
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delicate and heavy joints in their Type 1862-B Megohmmeters
—jobs which formerly required both a heavy and a light iron.
G-E Midget iron’s light weight also helps reduce fatigue.

50 G-E Midget irons do work of 100 former irons
at General Radio Co., hoost production 23%

~BEST IRON WE'VE HAD in the plant,”” says William Fish, a pro-
duction supervisor of General Radie, Cambridge, Mass. This
company has switched to G-E Midget irons for soldering both

FASTER HEAT RECOVERY and lower
maintenance of G-E soldering drons
have been proved by many manufac-
turers under their own production con:
ditions—along with competitive sclder-
ing irons. If you would like to compare
General Electric irons with the irons you
are now using, call your G-E distributcr.

DELIVERY TODAY is now possible on pop-
ular soldering irons and other General
Electric heaters and devices from a local
distributor near your plant. Your replace-
ment inventary may be reduced. For the
name of your nearest stocking distributor
for G-E hzaters and devices, call your
General Electric Apparatus Sales Office.

SAVINGS ACHIEVED by several users
and information about the construction
features of General Electric soldering
irons are included in a new bulletin,
“Save While You Solder,” GED-3553.
For a copy, call your G-E distributor
or write Section 724-3, General Electric
Company, Schenectady 5, New York.

GENERAL @3 ELECTRIC
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WHEN A COMPANY OUTGROWS ITS NAME

As the domestic research organization of the
world-wide International Telephone and Tele-
graph Corporation, we are carrying on our
tradition of pioneering in electronics. As our
engineering responsibilities have increased so
our organization has grown. Today, in addi-
tion to our main laboratories in New Jersey,
laboratories in Ft. Wayne, Chicage and in
California are pursuing projects of great mag-
nitude and importance.

You will find in our staff the same fine creative
thinking and engineering imagination which
brought distinction to our old names. Formerly
Federal Telecommunication Laboratories and
Farnsworth Electronics research laboratories,
our names have been changed to identify us
clearly with our parenft company, and to reflect
our expanded responsibilities and growth.

ITT LABORATORIES

A Division of International Telephone and Telegraph Corporation’

500 Washington Avenue, Nutley, New Jersey

Ft. Wayne, Indiana * Chicago, Illinois ¢ Pala Alto, Califormia o San Fernando, California

Electronic engineers will find here opportunity
to express initiative and competence in such
areas as long range radar systems, digital
computer applications to data processing and
communications, space technology, microwave
tube research and missile systems instrumen-
tation. We are continuing our work in air
navigation and control, and in electronic sys-
tems . . . and making new contributions to
electronic theory and techniques. In fact, it
would be hard to find another research organ-
ization that offers the engineer such a wide
scope of activities.

Engineers interested in discussing profes-
stonal positions with our staff are invited
to write Mr. T. C. Allen, Manager, Pro-
fessional Staff Relations,
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Solving switch problems fast...

your job...and {&SEe] LS

Series 100: %" diameter
Rating: 0.5 amp. at 6 VDC,
100 ma at 110 VAC

Breakdown: 750 V. R.M.S.
Up to 12 positions/section

Series 20: 1%” diameter
Rating: 2 amp. at 15 VDC,
150 ma at 110 VAC

Breakdown: 1500 V. RM.S.
Up to 12 positions/section

Your switch problems can be solved quickly and
efficiently at CENTRALAB. No matter how unusual
or difficult the switch, you can get samples fast,
quotations fast, and production fast! This is a
result of years of specialized experience and
superior facilities for designing and manufacturing
a wide variety of switch types.

Series 275: 174” diameter
Rating: 2 amp. at 15 VDC,
150 ma at 110 VAC

Breakdown: 1500 V. R.M.S,
Up to 23 positions/section

Typical of the extensive range of units available
to you are the four CENTRALAB ceramic section
switches shown here. These switches, and many
others, are also available with phenolic sections,
for economy applications, or where a larger num-
ber of positions is required.

DESIGN AIDS FOR ENGINEERS

CENTRALAB’s unique Switch Visualizer, which
simulates actual switch operation, will help you
simplify and speed up switch design. Used in
conjunction with our detailed layout sheets (avail-
able for all CENTRALAB switch types), they greatly
facilitate your job in switch design (and ours, too).
Write for them today—along with a copy of
CENTRALAB Switch Catalog 42-405.

Series 230: 333" diameter
Rating: 25 amp. at 6 VDC,
7Y, amp. at 110 VAC
Breakdown: 3000 V. RM.S.
Up to 24 positions/section

A Division of Globe-Union Inc.
914F E. KEEFE AVE ° MILWAUKEE 1, WIS.

In Canada: 669 Bayview Avenue, Toronto 17, Ontario

VARIABLE RESISTORS « ELECTRONIC SWITCHES » PACKAGED ELECTRONIC GIRCUITS o CERAMIC CAPACITORS « ENGINEERED CERAMICS
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Sneaking up 750 yds away, Army tank is caught by Bendix-GE tv camera system, illustrating . . .

How Military Sees In Dark

Low-light-level television furnishes eyes for nuclear submarines and

space vehicles. Also used in radio astronomy and special fire-control

LOW-LIGHT-LEVEL TV devices that
provide night-time vision far better
than the human eye will soon go
into two more weapon systems.
These latest developments are ad-
ditional signs of an increasingly-
important military trend now tak-
ing place: using see-in-dark sys-
tems to probe space and oceans.
One new device is being ordered
by Army Ordnance, the other by the
Navy’s Bureau of Aeronautics.
Army Ordnance has contracted
Aircraft Armaments to develop an
electro-visual fire control system for
tanks. Du Mont Laboratories will
design the electro-visual portion.
The system sights targets sev-
eral thousand yards away—twice
the range of the naked eye. Data
is processed by an analog computer.

Making Prototype

The initial award for the first
phase of the project amounts to
$491,506. Part of Project Eve—
Army’s program to develop night-
time vision and sighting devices for
ordnance equipment—a prototype is
scheduled far evaluatton this year.

Du Mont is also working on a low-
light-level tv system for Navy’s
Bureau of Aeronautics for anti-
submarine patrol. Advantages over

20

radar are twofold: the system is
passive and also provides an actual
picture instead of a blip that must
be interpreted.

Though the system for BuAer is
basically for observation, it may
conceivably be converted into a fire
control system at a later date. Ini-
tial contract amount is $230,000.
By next month, Du Mont will be
working on seven low-light-level
military programs with applications
ranging from space to underwater.

Other Systems

A number of companies are active
in low-light-level tv work.
Bendix-Friez’ work includes: de-
velopment, for Army tanks, of a tv
system that was eventually used
by Navy on the nuclear submarine
Skate during its transpolar cruise;
and other classified contracts with
Army, Navy and Air Force.
Hallamore Electronics is working
on a tv system for drones. Admiral
has an R&D contract with Army
Signal Corps, Fort Monmouth,
N. J., for a transistorized system
for aerial and ground reconnais-
sance. The system has been under-
going field tests since late last year.
RCA’s World War II work in-
cluded development of the Sniper

Scope, an image converter sensitive
to infrared. More recently, the firm
produced an intensifier orthicon
used for astronomical photography.
Current projects are classified.

Tv Fire Control

Westinghouse has, to date, con-
centrated more on development of
sensing devices than complete weap-
ons systems, according to a com-
pany spokesman. The Baltimore di-
vision, however, is now interested
in moving into full weapons sys-
tems responsibility.

Besides several active military
contracts held by the tube division,
more advanced equipment is under
development at the Pittsburgh Re-
search Laboratory.

An electron-scanned, signal-gen-
erating, visible-image pick-up tube
is being developed. It uses the
phenomenon of electron bombard-
ment induced conductivity, giving
the tube the name EBICON. This
tube is expected to be more sensi-
tive than the image orthicon, ac-
cording to a company spokesman.

Also being developed is a light
image intensifier using a series of
plane parallel, transmission sec-
ondary-emission thin film systems.
This is called TSEM (transmission
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s=condary  emission  multiplier).
Thiz technique is different from the
image orthicon in that it does not
pruduce a tv signal but produces a
hright image which can be viewed
directly.

Trying New Approach

Another approach being studied
at the University of Michigan, MIT,
FPrinceton and the University of
Rochester, uses the light chamber
technique employed in high energy
physics. The principle involves di-
recting a high energy particle to a
seintillation crystal where its path
through the crystal will produce a
weak trace of light. This light is
amplified by means of a light image
intensifier and photographed.

Westinghouse is providing such
a light intensifier tube which is used
in this application.

General Electric is working on a
number of applications. Those not
already mentioned include: night
vehicle movements, aircraft, com-
mercial broadcasting and satellite
tracking.

GE’s Z-5294 image orthicon, used
in Bendix’s system for the Skate,
as well as in Aireraft Armament’s
and Du Mont’s systems, has a high-
gain target and an S-10 photo sur-
face.

Key to its low-light-level opera-
tion is a newly developed high-gain
thin-film target of special design.
Ounly millionths of an inch thick,
the target has an inherent ability
to inhibit sideways leakage, thus
preventing distortion of the image.
This target functions on the basis
of electronic conduction rather than
the sodium ion conduction principle
used in the targets of other image
orthicons.

New Imo Performance

The new target material used in
the Z-5294 has much higher lateral
resistivity than is the case in stand-
ard glass targets. This enables the
target to store a charge pattern
longer and allows the use of slower
scanning frame rates. Integration
periods as long as one second have
been demonstrated, but the tube is
capable of even longer integration
periods. The storage application
permits attaining additional sensi-
tivity by the use of low frame rates

(Continued on p 23)
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New Taylor FIREBAN 321 Laminated Plastic

is self-extinguishing in only 3 seconds

Electrical faults in appliances, TV sets, radios, motors and other
electrical devices frequently lead to fires—and these fires lead to
complete destruction of the equipment, sometimes extensive dam-
age to the facilities surrounding it. Taylor FIREBAN 321 is designed
to retard fire. Self-extinguishing in only 3 seconds—it is an effective
barrier against the spread of flame. In addition, this flame-retardant
laminated plastic has excellent moisture resistance, excellent elec-
trical resistance after exposure to high humidity, and good mechan-
ical properties; also offers low dielectric losses. These properties
help prevent the electrical faults that lead to fires. Write TAYLOR
FIBRE CO., Norristown 40, Pa., for complete details.

LAMINATED /’1145‘//5'6" VULCANIZED FIBRE
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TYPE 9234.4550  2PDT, 2AMP, MAGNETIC LATCH RELAY {BRACKET MOUNTING, SOLDER HOOK TERMINALS, HERMETICALLY SEALED)

TYPE 9200-5091 2PDT, 2AMP, RELAY ¥ (STUD MOUNTING, SOLDER HOOK TERMINALS, HERMETICALLY SEALED)

&

TYPE 9260-5072  2PDT, 2AMP, RELAY “’

{PLUG-IN OR PRINTED CIRCUIT MOUNTING, HERMETICALLY SEALED)

GRYSTAL CAN

These sensitive Leach subminiature relays deliver big relay per-
formance...in a crystal can size that makes them ideal for use in
missile control circuits in airborne or ground equipment and in com-

to rtu re_teStEd puter and printed circuits.
Torture-tested to perfection in the Leach Production Reliability
Center, these subminiatures are designed to meet the critical ex-
= tremes of vibration, shock and other stringent environmental re-
to erfectlon quirements in military and commercial applications.

They meet the specifications of both MIL-R-25018 and MIL-R-
5757C—as well as MIL-R-6106C, including the miniinum current

test requirements.

u
for blg Uniform contact pressure and overtravel are guaranteed for the
——————

(SHOWN ABOVE...ACTUAL SIZE)

life of these balanced-armature relays. They are available in a wide
range of socket, stud and bracket mountings to meet specific cus-
tomer requirements.

relay performance Write today for Leach Crystal Can Relay Brochure containing

specifications, typical ratings and other information on these sub-
miniatures! Or contact your nearest Leach sales representative to
discuss your specific subminiature velay requirements.

, LOOK TO LEACH

RELAY DIVISION...LEACH CORPORATION
5915 AVALON BOULEVARD, LOS‘ANGELES 3

5§

DISTRICT OFFICES AND FIELD REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA « EXPORT: LEACH CORP., INTERNATIONAL DIVISION
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Store showrooms, like this one at Harvey Radio in New York City, stimulate sales

Magnetic Recorder Makers Say

Ay e wdat by e

Business Is Good, But . . .

CHICAGO—The Magnetic Record-
ing Industry Association expects
sales of 650,000 to 750,000 tape
units, representing $140 million
volume at the retail level, in the
U.S. during 1959. (450,000 units
were sold in ’58.) Simultaneously,

Sees in Dark . ..
(Continued from p 21)

or by beam pulsing.

The target has a higher second-
ary emission ratio than the stand-
ard image orthicon target. This
fact, combined with the lower lat-
eral leakage of the new target, re-
sults in an overall tube gain of
about 17 times greater than the
GL-5820 at 200 lines limiting reso-
lution.

The electronic conduction mech-
anism used in the new target elimi-
nates target depletion with life.

The Z-5294 is identical to stand-
ard broadcast orthicons with re-
spect to size, configuration and
socket connections and can be used
in existing equipments without
modifications. However, the tube is
up to 100 times more sensitive when
used in a specially-adapted tv
camera.

GE has Army contracts to de-
velop other sensitive thin-film tar-
gets, and is ruggedizing the tube
for space vehicles and other high g
applications.

ELECTRONICS - JUNE 26, 1959

it faces four major challenges in
technology and finance.

“The sales volume represents a
possible increase of 20 to 30 percent
over the slump we had when tape
cartridges and stereo disks hit us
simultaneously,” says Herbert L.
Brown, newly elected MRIA presi-
dent.

Brown, vice president and man-
ager of Ampex Audio Inc., says the
magnetic recording industry faces
four big problems—the stereo disk,
the tape cartridge, the excise tax
(buried but not completely dead)
and Japanese importations.

Pointing out that “tape is a long
way from dead,” Brown notes it
had a recession. The stereo disk is
the best thing that ever happened
to magnetic tape. A year ago tape’s
potential audience was perhaps 5
million. Today 95 million Americans
—or 54.4 percent of our population
—are aware of stereo. These are
the people who have phonographs
in their homes.

“MRIA must encourage the tran-
sition to tape by continued empha-
sis on (1) traditional reasons for
superiority of tape over disk, and
(2) recent improvements in both
quality and economy of tape.”

Searches for Answer

W. W. Wetzel, vice president of
Minnesota Mining & Manufactur-
ing Co.’s Magnetic Products div.,
told ELECTRONICS:

“The recording industry has been

looking forward to a practical tape
cartridge for some years. We are
just one of the firms trying to come
up with the right answer. During
the past five years we have built
several experimental models. Our
ultimate aim is to offer for sale a
cartridge that will be fully auto-
matic. The nature of research and
product development makes it im-
possible to say how much longer
that will take”.

Points to Protection

Irving Rossman, Pentron presi-
dent and retiring MRIA president,
told ELECTRONICS that ‘“‘reel to reel
magnetic recordings is the basis of
our entire industry. There is com-
patibility in reel to reel tape that
protects dealer and customer within
the framework of its operation. It
makes change and improvement
possible—and it does this with-
out obsoleting present libraries or
equipment.

“In years to come, the cartridge
may well become the new medium
with a new standard in magnetic
recording industry, but that will
not be today, tomorrow or the next
year. In the meantime our indus-
try is solidly behind marketing tape
recorders and recorded music on
reel to reel at the accepted speed of
7% ips.”

“Regarding excise taxes,” Brown
says, “Congress may again try to
place an excise tax on magnetic tape

(Continued on p 26)
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For Missiles, Aircraft, Ground Control
s _%;.. 5 ._---~I_.-ﬁ,_ﬂ‘_’

Resists abrasion 31 times better than neoprene!
7 WAYS BETTER

© Excellent abrasion resistance. 31
times better than neoprene by actual
test. (Taber calibrade H-22 wheels.)

© Lighter. Easier handling. Higher
strength allows thinner walls.

Wherever cable is subjected to rough treatment and extreme
climatic conditions, new Resinite EP-145 Vinyl Jacket will really
take it! Exceeds all important specs of MIL-R-6855, Class !, Grade
60, synthetic rubber and MIL-I-3930A. Readily applied by standard
pneumatic or chemical dilitant methods. ¥4” to 1%2” 1.D. Black.
Other sizes and colors on special order. Ask your Resinite distrib-
utor or write for samples and performance data.

Also available as a polyvinyl chloride COMPOUND, Borden 5410,
for extruded ‘jackets, Excellent extrusion characteristics.

®Resiniteﬂgv

Resinite Department — The /307 @@/E CHEMICAL COMPANY
Plants: North Andover, Mass. ® Santa Barbara, Calif,

o

No deterioration from gasoline or
oil. Exposure actually increases
tensile strength.

Superior cold bend and impact
properties —lower than —100°F.

Smooth, glossy surface does not
rub off or smudge.

Fungus resistant.

Flame proof. Outstanding self-
extinguishing characteristics.

:
|
i
|
“

o0 0 O

SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS
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1.5K 3K 7.5k 225K 45K 90K
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REGULATED D-C OUTPUT
1.5V 3V 7.5V 225V 45V 90V

HOW TO BUILD A
BATTERY BOX
WITH RESISTORS...

it’s easy with a
® Regatron Programmable Power Supply

Shunt the programming terminals of a Regatron Programmable
Power Supply with a resistor, and you've set the output voltage to
1/1000 of the resistor’s value. Yet the resistor carries no load current,
does not affect regulation or maximum output current capabilities,
Several resistors and a multiple-position switch make a compact “bat~
tery box” for the voltages you use most often . . . it’s as simple as that,

In addition, you'll find that Regatron Programmable Power Supe
plies have all the other advanced features you would expect in a versa=
tile laboratory instrument; super-regulation, vernier as well as main
voltage control, and more. Compare a Regatron Programmable Power
Supply with any other d-c power source, batteries included. You’ll find

you won't settle for less.

Regatron Programmable Power Supplies are available in voltage
ranges covering 0-50 V dc, 0-100 V dc, 0-300 V dc, and 0-600 V dc.
Current ratings are up to 3A, depending on model, Request Bulleting

350 and 765.

(Various models without the programming feature are also availae
ble in voltage ranges up to 1000 V and currents up to 1 ampere.)

©
(4

i
= 3
w&§§ o L
-~
- S
“ - ,@ég
8 I QO -g
Sl --_:. R . o J.I-\-ﬁ _‘ _“;’-"'m"m'm 5 . .
===
OUTPUTY REGULATION MAX[.
MUM
RIPPLE
LINE NO LOAD
MODEL 105—=125V AC 70 IN MV
NUMBER 50—60 CPS FULL LOAD
Voltage Current % v % v
21240 0—100 V DC 0—100 MA 0.15 0.05 0.1 0.05 Y2
2-212A4 EQUIVALENT TO TWO MODEL 212A%s, OUTPUTS MAY BE USED IN SERIES,
PARALLEL, OR INDEPENDENTLY,
224A0 0—100 V DC 0—200 MA 0.15 0.05 0.1 0.05 1
220A 0—50 V DC 0—500 MA 0.1 0.05 0. 0.05 1
221A 0—100 V DC 0-—500 MA 0.1 0.05 0.1 0.05 1
213A 0—350 Vv DC 0—1 AMP 0.1 0.05 0.1 0.05 1
214A 0—100 V DC 0—1 AMP 0.1 0.05 0.1 0.05 1
215A 0—50 VvV DC 0—3 AMP 0.1 0.05 0 0.05 ¥
218A 0—100 V DC 0-—3 AMP 0.1 0.05 0.1 0.05 1

}. Modulotion input provided for meosurement of tronsistor paramejers by small signal methed.

@ REGISTERED U.S. PATENT OFFICE. PATENTS ISSUED AND PENDING.

ELECTRONIC

A

m

I NCORPORATED

EATONTOWN « NEW JERSEY

MEASUREMENTS

COMPANY,
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HIGH-TEMPERATURE

-~ \HOTTE

| FOR CONTINUOUS OPERATION AT
A HOTTEST SPOT TEMPERATURES

F 4

ur 10

For continuous operation at hot-
test spot temperatures up to
200°C (392°F) and up to
250°C (482 °F) for short periods
of time—depend upon TETROC
—an all Teflon-insulated wire
available in both single and
heavy coatings.

CEROC is Sprague’s recom-
mendation for continuous oper-
ation at hottest spot tempera-
tures up to 250°C (482°F) and
up to 300°C (572°F) for short
periods of time. Ceroc has o
flexible ceramic base insulation
with either single silicone or
single or heavy Teflon overlays.
The ceramic base stops “cut.
through’’ sometimes found in
windings of all-fluorocarbon
wire. Both Tetroc and Ceroc
magnet wires provide extreme-
ly high space factors.

Write for Engineering Bulle-
tins 405 (TetrocWires)and
400A (Ceroc Wires).

SPRAGUE ELECTRIC COMPANY
35 Marshall Street, North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

s e
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Space Challenges

Missile Industry Conference discusses electronics’

important role in tomorrow’s space age

WASHINGTON—The key role of
electronies in the space age and the
challenges to the electronics engi-
neer were constantly emphasized

Business is Good . . .
(Continued from p 23)

recorders. We defeated it last time.
Had it passed and become law, we
estimated it would have cost the
industry $5 million in the past year.
That is very close to the total net
profit for the industry for that
period.”

“We’ve Been Had’’

On importation of magnetic tape
recording equipment from Japan,
Brown said: “Here normal com-
petitive rules don’t seem to apply.
Perhaps it isn’t so much that their
wage scale is one-seventh of ours.
The thing that really gets us is
their complete indifference about
copying the other man’s work. To
undercut us on price is bad, but
when it is done by a machine that
looks identical to a made-in-
America model—right down to the
logotype—then I say that we have
been had.

“Other industries have not found
an easy answer to competing with
the low-cost production of Japanese
companies. It appears MRIA should
work with other associations on this
common problem. In addition, in-
dividual MRIA member companies
can obtain considerable protection
by filing and securing a design
patent. This cost is nominal—under
$200—and will protect styling fea-
tures of their equipment”.

Chairman of MRIA’s standards
committee, C. J. LeBel, vice presi-
dent of Audio Devices Ine., in-
formed the group that work was
continuing on standardizing dimen-
sions for recorded magnetic tracks,
reproducing characteristics for 7%
and 3% ips units and other areas of
tape recording where lack of stand-
ards add needlessly to engineering
design and development work.

recently in the National Rocket
Club’s Second Missile Industry Con-
ference here.

It’s possible that within five or
ten years a vast collection of large
and small, manned and unmanned,
scientific, commercial and military
satellites and satellite groups form-
ing a large, diversified space sys-
tem, will have to be maintained and
kept in operational condition.

This picture of the future was
presented to military and industry
specialists by rocket expert Walter
R. Dornberger, Bell Aircraft’s en-
gineering director and one-time
chief of Germany’s wartime rocket
program,

Satellite Missiles?

He warned of the threat of
Russia’s nuclear missiles fired from
satellites.

“We are neglecting space weap-
ons development and putting too
much emphasis on the peaceful con-
quest of space,” he said. “Russia
may get hundreds of bombs or
space-to-ground missiles together
with thousands of decoys into per-
manent and calculated orbits cir-

Electronic Cooking

E

French electronic oven that cooks 7 Ib of
meat in six minutes is now on the market
in France for just over $1,000. Cooking
frequency is 2,400 mc. Unit draws 3.5
kw, operates on 110, 220 or 380 v a-c.
Electronic circuitry is similar to that of
American electronic ovens but employs a
different regulation system and includes
refinements that lower power consumption

JUNE 26, 1959 -« ELECTRONICS
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Engineers

cling the globe from all directions
and at different altitudes, each one
passing over the U. S. at least every
24 hours.

“When the bombs reach the right
altitude, the technical possibility
exists to ignite the retro-rockets
and send missiles to specific targets
in the U. S.”

Points Out Needs

In  satellite communications,
Elmer Engstrom, senior executive
vice president, RCA, pointed out
that we face many of the problems
of power supply, propulsion, guid-
ance and data handling that relates
to all space systems.

Engstrom said there is a growing
need for increased communication
facilities of a “broad-band” nature
for spanning long distances. Three
approaches to intercontinental com-
munications are being considered
today, using both passive satellites
and active repeaters.

The simplest approach is the
“passive satellite chain” comprising
two dozen or more large aluminized
balloons placed in a polar orbit at
an altitude of some 3,000 miles. It
would give a reflecting surface be-
tween ground-based terminals for
many services simultaneously.

With two dozen such satellites ap-
propriately positioned, transoceanic
relay service on a multitude of fre-
quencies would be possible some 99
percent of the time, he said.

At present, equipment needed to
place a tv or radio satellite in orbit
is not too expensive, according to
David B. Smith, vice president of
Philco Corp. The real expense is
rocketry and its inherent guidance
and ground support gear, he said.

Names Three Fields

The electronics industry can be
expected to make contributions to
space-age production in three fields,
said Wm. F. Long, Electronic In-
dmstries  Association marketing
data department manager:

1. Design and fabrication of the
payload. 2. Data acquisition, reduc-
tion and transmission. 3. Guidance
and control. But he added, “it is
in the area of guidance and control
that the greatest impact will be felt
by the electronics industry.”
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Subminiature -
Metal-Clad
Paper Capacitors
in Hermetically

Sealed Metal Cases
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Since their introduction by Sprague
in 1948, Subminiature Paper Ca-
pacitorsofthe general design shown
here have become the most widely
used of all paper capacitors in mil-
itaryand industrial electronic equip-
ment. Constant improvement
through new techniques and proc-
esses have kept them on the fore-
front of commercial capacitor
development.

Electrically and mechanically,
these Subminiature Paper Capac-
itors are designed to more than
meet the high performance require-
ments of MIL-C-25A. The Sprague
impregnants used are either wax
(temperature-capacitance stabi-
lized) or Vitamin Q®, The wax-
impregnated capacitors are suitable
for operation over a temperature
range of —40°C to +85°C. The
Vitamin Q units are available in
two ranges: —55°C to +85°C and
—55°C to +125°C. Positive her-
metic closure of the metal cases for
both is assured by glass-to-metal
solder-seal terminals.

- For complete technical data on

Sprague’s full line of Subminiature
Paper Capacitors, write for Engi-
neering Bulletin 2110 to Technical
Literature Section, Sprague Electric
Company, 35 Marshall Street,
North Adams, Massachusetts.

CIRCLE NO. 45 READER SERVICE CARD ‘
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NEW WET-ANODE
TANTALEX"
CAPACITORS

for 125 C operation

Another Sprague “first” for mili-
tary and industrial designers—
Type 130D Wet-Electrolyte Tu-
bular Sintered-Anode Tantalex
Capacitors for 125 C operation
without voltage derating.

The remarkable electrical sta-
bility of these capacitors is the
result of special aging, the use of
inert materials, and a low diffusion
seal. Construction is designed to
meet the 2000-cycle military mis-
sile vibration requirement. Shelf
life is excellent,

Shoulder-less shape makes
mounting on printed wiring
boards easier, avoids punching
slots in boards or the use of
“chairs”, and simplifies board
wiring layout.

For complete technical data,
write for Bulletin 3701 to Tech-
nical Literature Section, Sprague
Electric Co., 35 Marshall St.,
North Adams, Massachusetts.
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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 engin(?ers
help you select the right grade for your application.

*Du Pont trademark for its tetrafluoroethylene resin.

High strength-to-weight ratio. This printed-wiring board for a phase-failure

relay 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 request.

CONTINENTAL-DIAMOND FIBRE

/ A SUBSIDIARY OF THE "ll)%T{,L COMPANY » NEWARK 16, DEL,

In Canada: 46 Hollinger Road, Toronto 18, Ont.

TYPICAL Di-Clad PROPERTY VALUES
. Di-Clad 26 Di-Clad 28 I Di-Clad 28E | Di-Clad 1127
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon*
= } 1 -
BOND STRENGTH—0.0014" foil (Ibs. reqd. G6to 10 6to 10 G6to 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 800 200 850 l G50 | 700
per mil for 1/16" thickness) |
INSULATION RESISTANCE (Megohms) 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) 5 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 0.45 0.42 I 120 | 6.0
(ft. Ibs. per inch of notch) | ‘
COMPRESSIVE STRENGTH flatwise (psi.) 32,000 28,000 | 25.000 62,000 { 20,000
ESE MATERIAL OF LAMINATE Paper Paper Paper Medium-weave, | Fine-weave,
medium-weight medium-weight
glass cloth glass cloth
COLOR OF UNCLAD LAMINATE Natural Natu;ag Natural Natural | Natural
greenis
]
All these standard grades are available with 0.0014"” and 0.0028" or thicker electrolvtic 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
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Cascaded Re
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UTING RE

solver Systems

SIZE 8 FEEDBACK WINDING RESOLVERS

These resolvers are dzsigned for
use with transistorized amplifiers.
and permit the solution of spheri-
cal triangles in a size 8 cascaded
resolver chain.

Functions of the spherical tri-
angle which can be produced are
indicated in the schematic below.
More complex trigonometric func-
tions, as well as systems involving
coordinate axis transformation, can
be generated with the use of these
resolvers.

Accuracy: Functiona error .19
or less; winding perp. =5'. Electri-

cal characteristics: Input voltage
15v400~ (stator); output voltage
13.7v (rotor); phase shift (stator
as primary) 20.5°; output voltage

13.7v (compensator); Zro 234 +
1596; Zso 244 4 [548; Zcompensa-
tor 237 4 j553; max. null voltage
1 mv/v.

COSXSinX-

LONG a-LONG b=AX

LAW OF COSINES
a2 )LOSX:C0S b cos a+

LAW OF SINES
sinb sin ax=
sinx sin

SIN X COS X

$in © sinx cos ©~sin b
SINANC0S© =0

©=BEARING

SIZE 11 AMPLIFIERLESS RESOLVER
FOR ANGULAR DATA TRANSMISSION

SIZE 11 RESOLVER TRIMMED FOR
ZERO PHASE SHIFT CONTAINS ALL

COMPENSATION IN 2% LENGTH

These size 11 resolvers incorporate an -integral
transformer which simulates a resolver function
at maximum coupling. They are used in the typical
chain application indicated below for angular data
transmission. [n this particular application, the
output information can be servoed at either end
of the chain.

Quick disconnect allows ease in harnessing.

Accuracy: 5" of arc or less; winding perp.
+5". Electrical characteristics: Input to EITHER
rotor or stator. Input voltage 115v1600~; output
voltage 110v both stetor and rotor as primary;

The YZC-11-E-1 precision
computing resolver has been
developed for use in a cas-
caded, amplifierless resolver
system at 900~,

These units have been
trimmed to provide zero phase
shift and compensated for
transformation ratio stability,
under temperature, when
working into their iterative

SOLVERS |

impedance.

phase shift (stator &
primary) 1.1°; phase R'E % ES" Accuracy: Functional errop
shift (rotor primary) Rr3 s2 .1% or less; -winding perp.
1.9°; Zso (nom.) +5°. Electrical characteris-
990 + j13500; Zro ~ tics: Input voltage (stator)
(nom.) 1150 + = 2 40v900 ~; output voltage
(rotor) 33.2v; phase shift 0;
max. null voltage 1 mv/v,

Also ready for delivery is
an equivalent, compatible
pancake resolver. By its use,
differential information from
an inertial platferm may be
obtained and introduced into
the system.

ENGINEERS — Join the leader in the rotating components field. Write David D. Brown, Director of Personnel, Dept. J7

crlw 'CLIFTON PRECISION PRODUCTS Co,, INC.
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Fast, Precision Analysis

—of Overall Telemetering
Systems Performance

SPECIFICATIONS

RF Range: FM Distortion:
195 to 270 MC < 2:4, at 75KC
RF Accuracy: <10% at 240 KC

9 Spurious FM:
+05% (a({er LhadrwBuup) Total RMS spurious FM from 60
RF Outp cps power source is at least 50
RAtNGE I051 n':' toI 0. g)vOItS (across db below 75KC.
external 50 ohm loa
ACCURACY: +10% approximately Pulse Modulation:

From external source
AII‘N'IBEaR'I‘MgAT.?'O-SO%L P"és&z?': B e
EXTERNAL: 0-100% Pulse Decay Time:

AM Distortion: <0.8 u sec.
Modutating Oscillator

<20% at 100% e e
FM Range: 400 cps

INTERNAL: 0-240 KC 730 cps

EXTERNAL: 0-240 KC 1700 cps

Eighteen years of specialized experience in the design of
FM Signal Generators has been applied to the new Type
202-G Signal Generator—a versatile and uniquely suitable
instrument for the critical analysis of overall telemetering
systems performance. Outstanding features of the 202-G
include precision electrical and mechanical design, maximum
reliability and special convenience features that simplify
telemetering systems tests and calibration. Eight standard
RDB audio modulating frequencies are available for internal
FM or AM modulation; provision for simultaneous FM and
AM modulation is incorporated. A precision, backlash-free
gear train provides 2200 vernier logging divisions over the
range from 195 to 270 Mc. -$1100.00 F.O.B. Boonton, N. J.

25@_,_,-\ Precision Electronic Instruments since 1934
ANNIVERSARY |

/2 BOONTON RADIO
9%Z CORPORATION

BOONTON, NEW JERSEY, U.S.A.

=
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NEW TYPE 202-G
FM-AM SIGNAL
GENERATOR

— features Internal
RDB Modulating
Frequencies

- blankets
the 215-260MC
Telemetering Band

—cabinet or Rack
Mounting

Type 202-E Signal Generator

for FM & TV Receiver Designers —

A precision laboratory instrument
covering the entire FM and TV
Broadcast Bands. Rf range 54 to
216MC. Price: $1125.00. F.0.B.

Boonton, N. J.

Type 207-E Univerter
For use with the 202-E —
Provides extended coverage from

0.1MC to 55MC. Price: $430.00.
F.0.B. Boonton, N. J,
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Amoteur rodio station KANNA/3 gets o between-sessions workout during Armed Forces
Communications and Electronics Association’s annual meeting

Communications’ Top Needs

Gen. LeMay, speaking at AFC&E Association’s
convention, lists required improvements

WASHINGTON—OQur communica-
tions are continually lagging be-
hind the needs of our rapidly ex-
panding operational requirements
for national defense.

This was the warning of General
Curtis E. Le May, vice chief of
staff, USAF, speaking at the key-
note luncheon of the Armed Forces
Communications and Electronics
Assocation’s 1959 convention here.

He cited a few examples of im-
provements which are required:

Improved reliability and security
in our cryptographic devices for
voice, data, and pictures; range ex-
tension of our tropospheric scatter
systems, and more extensive chan-
nelization of these systems; in-
creased speed for record type
communications; and a reliable
worldwide voice capability.

Breakthroughs Near

The communications satellite,
Gen. Le May believes, holds great
promise. Breakthroughs are close
in other areas, he said, and now is
the time to convert them into useful
communications equipment.

Among the many exhibits was
Raytheon’s first public demonstra-
ticn of a new electronic “sky-writ-
ing” radar system that can keep
tabs on the fastest jet and conven-
tional aircraft flights. A combina-
ticn of advanced radar and tv
techniques, it gives to air traffic

ELECTRONICS + JUNE 26, 1959

controllers a bright “scope” picture
showing the plane’s direction, speed,
and position simultaneously.

Another exhibit occupied the
front lawn of the hotel—the first
public demonstration of the Army’s
much-heralded global radio commu-
nications system—the AN/TSC-16
—providing more voice and tele-
typewriter circuits than ever before
in a ground-air transportable sys-
tem for limited wars.

The high-speed radio communica-
tions system can be transported by
air or moved overland. Within op-
erational range of 1,000 to 2,000 mi,
the equipment links the field com-
mander directly with the Army’s
global communications system.

Consisting of a single-sideband
10 kw transmitter and receiving
equipment, the ‘central” is con-
tained in two vans, which, with
tractors and power trailers, weigh
about 70,000 1b. The system can
load into three C-124 aircraft, and
be airborne within 12 hours.

Another exhibit was Chicago’s
Aerial Industries’ electro-optical
system, designed to bring into a
single, centralized display any com-
bination of electrical or mechanical
instrumentation information.

The VIP—for Visual Integrated
Presentation—is designed, accord-
ing to company officials, for air-
craft, high performance subs, sur-
face ships and space vehicles.

Now—

NO plate too small—
- 2138
NO panel too hig

NO
size limits
on engraving

ENGRAVES 18“x 6" RECTANGLE
IN ONE SET-UP

® Takes up only 2 feet of bench space

® Engraving chassis can be detached
from base and placed directly on
workpiece of any dimension

o Self-centering workholder cuts down
set-up time

® Heavy duty cutter spindle

u

Model 1-R

-
Request our 28-page illustrated catalog
ZR-3  on your business letterbead.

o frermes soraving macHing CORP,

154 West Tdih Street, New Yark 17, N. Y.
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MINIATURE TUBULAR
TERMINALS—Save time and

RECEPTACLES AND
CONNECTORS--Fit quickly

WRAP-A-WIRE

TERMINALS—Quickly

SOLDER LUGS AND
INTERLOCK CONNECTORS—

SPECIAL TERMINALS
AND CONTACTS —Malco

MALCOMATIC* MACHINES

*Registered Trade Name

TERMINALS and CONNECTORS FOR
HIGH PRODUCTION APPUCATIONS

labor in printed circuit
assembly. Snap in
instantly and hold firmly
until permanently soldered.

and firmly. For use with
Malco Tubular Terminals
and for similar quick
connect and disconnect
applications.

inserted. Exclusive staked
clinch-type feature locks
terminal firmly until
permanently soldered.

Especially designed for
production line assembly
operations. Interlocks

are ideal for interlocking
printed circuits or
flybacks, as speaker lead
connectors or as
transformer mounting lugs.

Manufacturing Company
has-complete facilities

to furnish practically any
design or construction to fit
individual requirements.

—Designed for high
volume production, these
machines automatically
insert, crimp or stake.
They pay for themselves
in time and labor costs,
greatly speed assembly.

*Request Bulletin 581. Send
b/p or specs and annual
requirements for quote.

| mco MANUFACTURING COMPANY

4023 WEST LAKE STREET .

SN s SRRSO

32
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CHICAGO 24, ILI.INOIS

: Producnon
o Cut Assembly

' MEETINGS AHEAD

June 24-27: Medical Electronics, In-
ternational Conf., UNESCO,
CIOMS, PGME of IRE, Rockefeller
Inst.,, UNESCO House, Paris.

June 29-July 1:
National Convention,
IRE, Sheraton-Park Hotel,
D. C.

July 1-5:
ternational,
Radio Engineers,
bridge, England.

July 30-31: Computers & Data Proc-

essing, Denver Research Inst., Stan-
ley Hotel, Estes Park, Colo.

Aug. 17—Ultrasonics, National Sym-
posium, PGUE of IRE, Stanford
Univ., Palo Alto, Calif.

Aug. 18-21: Western Electronics Show
and Convention, WESCON, Cow
Palace, San Francisco.

Aug. 23-Sept. 5: British National
Radio & Tv Exhibition, British
Radio Industry Council, Earls Court,
London.

Aug. 31-Sept. 1: Elemental and Com-
pound Semiconductors, Tech. Conf.,
AIME, Statler Hotel, Boston.

Sept. 1-3: Association for Computing

Military Electronics,
PGMIL of
Wash.,

Television Convention, In-
British Institution of
Univ. of Cam-

Machinery, National Conf.,, MIT,
Cambridge, Mass.
Sept. 14-16: Quantum Electronics,

Resonance Phenomenon, Office of
Naval Research, Shawanga Lodge,
Bloomingburg, N. Y.

Sept. 15-17: Electronic Exposition,
Twin Cities Electronic Wholesalers
Assoc., Municipal Auditorium,
Minneapolis.

Sept. 17-18: Nuclear Radiation, Ef-
fects on Semiconductor, Working
Group on Semiconductor Devices,
USASRDL, Western Union Audi-
torium, N. Y. C.

Sept. 21-25: Instrument-Automation
Conf. & Exhibit, ISA, International
Amphitheater, Chicago.

Sept. 23-25: Non-Linear Magnetics
and Magnetic Amplifiers, AIEE,
ISA, PGIE of IRE, Shoreham Hotel,
Wash,, D. C.

Sept. 23-25: Residual Gases in Elec-
tron Tubes and Related High-Vac-
uum Systems, International Sym-
posium, Italian Society of Physics,
Como, Italy.

Oct. 12-15: National Electronics Con-
ference, IRE, AIEE, EIA, SEMPTE,
Sherman Hotel, Chicago.

Mar. 21-24, 1960: Institute of Radio
Engineers, National Convention,
Coliseum & Waldorf-Astoria Hotel,
N. Y. C.

There’s miore news in ON the
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 72.
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AN g
AIRBORNE TV '
SYSTEM

FOR
RECONNAISSANCE

ALPHA

———
P s S e s Sl < o e Sl

Developed by Temco
Electronics under Navy
contract, Alpha is an airborne
trasmitting and receiving :
television system. Used in
conjunction with a video tape
recorder, Alpha permits
simultaneous real-time viewing
and video recording of visual
TV information during flights.
Transmitter is mounted in

an advance or search aircraft
.. receiving system can be
carried by a stand-off aircraft
or in a fixed or mobile ground
installation at ranges of 100
miles or more. Alpha is one
of the many electronic
systems under development
by Temco Electronics.

TEMCO ELECTRONICS

A division of TEMCO AIRCRAFT CORPORATION ¢ DALLAS 22, TEXAS

ELECTRONICS - JUNE 26, 1959 CIRCLE NO. 33 READER SERVICE CARD 33



|
—— | i
O o /-8
VDI Q |

Brush 6-8 channel |
recording system

RECTILINEAR ... COMPACT
PRECISE ... SIMPLIFIED!

THE new Brush 6-8 channel recorders are
designed to give highest reliability and pre-
ciseness to readouts for telemetry, computer,
ground control and other data gathering
systems—with a maximum of simplicity.

A Complete 6 or B8 channel system includes
slide mounted oscillograph—signal condition-
ing amplifiers—requires only 20"’ of rack height.

B Interchangeable plug-in signal conditioners. In
addition to amplification, four important func-
tions are provided: high input impedance,
zero suppression, attenuation and calibration.

C “Pull-out™ horizontal writing table permits
convenient annotation, reading and control
—without removing chart paper or turning
off recorder.

D Rectilinear presentation gives clear, uniform
and reproducible traces for simplified analysis
and interpretation. Excellent resolution at all
amplitudes and recording speeds.

For further details or application assistance,
contact your Brush factory branch or engineering
representative.

—bl‘USh INSTRUMENTS

DIVISION .OF



FIG. 1—Conventional shift register stage uses
u-c coupling (A) and integrated stage uses
germanium delay bar (B). Series-connected
integrated shift register shown in (C) and
parallel-connected shown in (D)

electronics
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Semiconductor Devices
for Microminiaturization

Integrated semiconductor devices allow true microminiature electronic de-

vices to be built with a packing density of approximately 10° parts per

cubic foot. Method of use in logic circuits explained

By J. T. WALLMARK,
RCA. Laboratories, Princeton, N. J.

(\REAT INTEREST has been focused on the use of solid-
state phenomena for various circuit functions in
electronic equipment. In addition to the conventional
circuit functions, such use may lead to new and
unusual effects that cannot easily be achieved with
conventional components.

In an integrated semiconductor device, active and
passive components are incorporated in a single piece
of semiconductor material with no interconnecting
metallic leads.

The main advantage of the integrated semicon-

~<—CIRCLE NO. 34 READER SERVICE CARD

and S. M. MARCUS,
RCA Defense Electronic Prod. Div.,, Camden, N. J.

ductor device is the extremely compact form that
makes possible true microminiature electronic com-
ponents that may be built to a packing density of
approximately 10° parts per cubic foot.

INTEGRATED SHIFT REGISTER—One stage of
the shift register shown in Fig. 1A consists of a
thyristor®, a device that exhibits a negative resist-
ance characteristic within a certain range of current
and voltage and, therefore, may be used as a bistable
element to store one digit. This digit may be shifted
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FIG. 2—Unipolar transistor showing
method of construction

to the adjacent stage turning it oN. The R-C circuit
which in effect turns all stages OFF. From the stage
that was ON, a pulse is sent through an R-C circuit
to the adjacent stage turning it oN. The R-C circuit
should have a time constant long enough to store
this information while the stages themselves are
being cleared to make ready to receive new informa-
tion. This constitutes temporary storage.

In Fig. 1B, the R-C circuit has been replaced by a
semiconductor delay line consisting of a small bar
of germanium. The shift pulse is applied along this
bar and sends minority carriers from the ON stage
down the bar. The minority carriers are collected
at the end of the bar after a time equal to the transit
time and are used to trigger the next stage ON.

The complete shift register may take the forms
shown in Fig. 1C and D, which show two versions:
elements arranged in series and elements arranged
in parallel. The parallel arrangement, although
slightly more complicated, reduces the shrinkage
problem in fabrication.

UNIPOLAR LOGIC—A second integrated device’
utilizing the unipolar transistor* is called the direct-
coupled unipolar transistor logic, or DCUTL.

The unipolar transistor, one version of which is

FIG. 5—Multiple AND gate consisting of four active and one passive
unipolar elements

36

FIG. 3—Basic building block direct-coupled
unipolar transistor logic device

FIG. 4—Integrated basic building block
combining two unipolar transistors

shown in Fig. 2, operates as follows: when a reverse
bias is applied to the gate contact, the depletion layer
of the p-n junction grows and encroaches on the
channel region making it narrower until the resist-
ance from the source to drain becomes of the order
of 10 to 100 megohms. When the reverse bias is
reduced, the depletion layer retreats from the channel
region and the resistance from source to drain re-
duces to approximately 5,000 ohms. At the same time,
the gate is insulated from the source-drain by a
reverse-biased junction constituting a high resist-
ance, which in silicon is approximately 100 megohms.

The unipolar transistor is in effect a voltage-con-
trolled relay and may be used as such in the construc-
tion of logic systems. The high-frequency cutoff for
the unipolar transistor shown in Fig. 2 is 10 mc.

Figure 3 shows a basic DCUTL building block.
The unit consists of a unipolar transistor with asso-
ciated output and input load resistors. As these
building blocks are used in arrays consisting of
large numbers of units in series and parallel, the
output resistor of one stage may be the input resistor
of the next stage. The value of the output resistor
of the basic building block is not too different from
that of the channel resistance of the unipolar tran-
sistor.

A second unipolar transistor may be substituted
for the load resistance if its channel width is made
slightly smaller to obtain the correct resistance value.
The resistance of the unipolar transistor element is
highly nonlinear, which is desirable in that it in-
sures more positive switching action. The building
block then becomes the device shown in Fig. 4.

LOGIC CIRCUIT USE—Figure 5 shows a multiple
AND circuit consisting of four active and one passive
unipolar elements. When no signal is applied to the
input gate contacts, all gates attain a large negative
voltage shutting OFF all elements. When one or more
gates are driven to a less negative voltage, the cor-
responding channel resistances shift from high to
low value turning ON the elements. However, the
output voltage will remain highly positive until all
gates are biased to a small negative voltage. In this
case the output voltage becomes a small positive
voltage corresponding to ON.

JUNE 26, 1959 - ELECTRONICS



INHIBITOR

FIG. 6—Series connected DCUTL device
using complementary symmetry

RELAY SYMBOLS

TOP VIEW

FIG. 7—Half adder using DCUTL elements adds two digits and supplies sum and carry
as two output pulses

GERMANIUM
BOTTOM VIEW
INTEGRATED DCUTL

FIG. 8—Three-stage transfer tree used for addressing different parts of a computer memory. It is made up of 24 unipolar elements con-

nected in eight rows of three elements each

One important requirement of the building block
is that a pulse passing from one end to the other
does not deteriorate but retains its shape and height.

Analyses of a series chain of stages, such as those
shown in Fig. 6, showed that voltages corresponding
to ON and OFF are stable and propagate unchanged
even through an infinite chain. This means that the
unipolar element serves as a logic element, amplifier
and limiter.

Noise at the input is not passed along as unipolar
elements amplify only signals above a certain level
and reject signals below that level. Noise remains
at a low level even through an infinite chain.

In the series chain shown in Fig. 6, alternate ele-
ments have complementary symmetry; n-type base
elements alternate with p-type base elements and the
voltage polarity alternates. This keeps the junctions
reverse-biased at all times.

HALF-ADDER—The half-adder shown in Fig. 7
consists of three small pieces of silicon treated to
contain a few active and passive unipolar elements
mounted on a thin piece of insulator carrying the
printed circuit connections between the elements and
the power supply. This half-adder adds two digits
in the form of ON or OFF pulses supplied to the two
inputs and delivers the sum and eventual carry as
two output pulses. This function is conventionally
performed by a score of transistors, resistor and
capacitors.

A more complex circuit known as a transfer tree

ELECTRONICS - JUNE 26, 1959

i1s shown in Fig. 8 This unit, used to address
different parts of a computer memory, is made of
24 unipolar elements connected in eight rows of three
elements each. The gates of the unipolar transistors
are connected to three flip-flop circuits (not shown
in the figure) that give large negative bias to the
gates corresponding to OFF, while the other gates are
given a small negative bias corresponding to oN.

In this manner, one and only one row of unipolar
elements will be all ON, connecting the input to one
of the outputs. The other rows will have at least
one element in the OFF condition thus disconnecting
all other outputs. By setting the flip-flops in different
states, the input may be connected to any one of the
eight outputs. This principle may be extended to
larger numbers if desired.

The load resistances, which again would be inte-
grated into the device, are not shown in the figure.

Entire logic portions of a digital computer may
contain nothing but integrated devices in which small
silicon elements are sandwiched between ceramic in-
sulating wafers and the sandwiches stacked.

More complex circuit functions, such as tuned cir-
cuits may also be incorporated in integrated devices.

REFERENCES

(1) E. W. Herold, Future Circuit Aspects of Solid-State
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Using Direct-Coupled Unipolar Transistor Logic, Trens IRE,
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FIG. I1—Infrared thermal-imaging vidicon
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FIG. 3—Cell bias commutation technique

Detecting Low-Level

NE TECHNIQUE that would per-

mit use of multiple infra-

red detectors without increasing

greatly the electronic circuits re-

quired is the infrared vidicon. As
yvet, such a tube does not exist.

Figure 1 is a sketch of a proposed

infrared thermal vidicon. Instead

of the thermal-sensitive element
shown, the sensitive surface could
be photoconductive with the film
material dependent on the desired
wavelength band.

As envisioned, such a vidicon
would be small. It would consist al-
most entirely of a standard electron

THE FRONT COVER—Closeup of CODES shows some of the parallel-tuned tank circuits
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gun facing the back of the sensitive
element. The element located be-
hind the infrared window would
consist of a thin film coated with a
transparent electrically conductive
front surface. The film behaves like
a large number of independent de-
tectors—possibly 250,000 detectors
per sq in. of sensitive surface.

The equivalent circuit of the sen-
sitive film is shown in Fig. 2. In
circuit of Fig. 2 each equivalent
detector is connected to a leaky
capacitor. When commutated by
the electron beam, the back surface
is brought to cathode potential.
Between commutations, the poten-
tial across the film reduces toward
that defined by the bias on the
front surface. Rate of capacitor
discharge is defined by the value of
the capacitance and of the parallel
resistance. Resistance, in turn, is
defined by the radiation incident on
the surface. The signal voltage in-
tegrates for the commutation
period which is selected as less than
the R-C time constant.

A thermal imaging vidicon would,
for many applications, be an ideal
search device. Unfortunately, prob-
lems inherent in its manufacture
because of lack of proper materials
may be expected to prevent com-
plete success in its development in
the near future.

Work has been done to develop
techniques which use as much of
the vidicon principle as possible
while staying within the present

JUNE 26, 1959 - ELECTRONICS
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Multiple-cell infrared detectors have increased sensitivity compared to single-

cell systems and require less optical-mechanical equipment. But these ad-

vantages tend to be offset by a need for more complex electronics. Here

are ways, however, that allow you to have your cake and eat it, too

By H. DUBNER, Manager, and J. SCHWARTZ and S. SHAPIRO, Research Consultants,

Advanced Development Laboratory, Avion Div.,, ACF Industries, Inc., Paramus, N. J.

Infrared

ELECTRODE
ii'FHI:F.‘:

rdi

_l

CONMON
ELECTRODE

CERAMIC
WAFER

FIG. 4—Ceramic filter with printed R-C
circuit on its face

state-of-the-art materials, detectors
and electronics. These techniques
seek to approximate the basic vidi-
con advantages of multiple elements
with high sensitivity, integration or
storage for an entire frame and sig-
nal processing which minimizes
electronic complexity.

Search Techniques

In performing a search function,
progression from single cell to vidi-
con follows this path: single cell;
multiple cell, multiple amplifier;
multiple cell, single amplifier; mo-
saic infrared tube and vidicon.

The ultimate vidicon has been
discussed. The multiple cell, multi-
ple amplifier design will not be dis-
cussed because of its direct ap-
proach and because of the degree of
electronic complexity involved. The
remaining two techniques—multi-
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FIG. 5—Distributed R-C filter is 1 by 1 by
0.01 in.

ple cell, single amplifier and the
mosaic infrared tube—will be
treated.

In solving the problems attendant
to use of the multiple cell, single
amplifier technique, three ap-
proaches have been used—bias com-
mutation, frequency multiplexing
and low-level a-c commutation.

Bias Commutation

Cell bias commutation is illus-
trated in Fig. 3. Many cells are fed
into the same amplifier. Only three
are shown here. It should be noted
that if all the cells are operative at
the same time, the effect would be
similar to use of one large cell, con-
sidering resolution and signal-to-
noise relationships.

In commutating the bias of the
cells so that only one cell is on at
any one time, a serious problem re-

sults. The transient involved in
turning on a cell is about a million
times greater than the threshold
signal obtained from a cell. Some
means of filtering the bias had to
be devised to cut down these tran-
sients.

With an applied bias of 100 v, at
least 10 stages of filtering would be
required to reduce the transient to
a tolerable level. Outcome of such a
requirement is that each cell would
contain a vast number of associated
components. An obvious question
then arises. What has been gained
by using only a single amplifier?
The answer is that there is need for
a more compact filter.

A compact filter which performs
the necessary reduction of tran-
sients is shown in Fig. 4. It is a
ceramic wafer with printed R-C cir-
cuitry on its face. Wafer material
is barium titanate with a dielectric

CHOPPER

DET
ARRAY

OPTICS
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MULT) FREQUENCY
CHOPPER

OPTICS :

FIG. 7—Multifrequency system

constant of about 8,000. A 1 by 1
in. square wafer with a thickness
of 0.01 in. produces for each capaci-
tance a value of about 0.01 uf. Only
four R-C sections are shown but 10
such sections could be applied to a
one-in. square.

Logical extension in number of
filter sections results in a distrib-
uted filter which behaves as a trans-
mission line. A distributed R-C filter
as shown in Fig. 5 was developed.
In construction, the ceramic is
heated and on one surface a com-
mon electrode of conducting mate-
rial is fused. On the opposite sur-
face, a high-resistive coating of
palladium is metalized to the barium
titanate. Frequency response is ade-
quate for use with a system which
commutates the bias on 25 cells
every second. For an input chop-
ping frequency of 1,000 cps, suffi-
cient transient attenuation is ob-
tained while still permitting signal
energy to pass.

An artist’s conception of a bias
commutated system is shown in
Fig. 6. Infrared energy is collected
and focused on the detector array
through an optical system. The ro-
tating wheel, the chopper with equal
alternate opaque and transparent
sectors to infrared energy, modu-
lates the focused energy impinging
on the detectors at a frequency of
1,000 cps. Sampling of the cell out-
put is accomplished as shown in
Fig. 3.

The bias commutation method
provides for a mechanical rather
than an electrical improvement. It
does not provide improved sensi-
tivity because only one cell at a
time is in use. An advantage in hav-
ing only one cell on at a time is that
it permits use of higher than normal
bias. This feature can be important
when used in systems which have
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high noise levels from sources other
than the cells.

Figure 7 illustrates the method
by which frequency multiplexing
may be used to reduce complexity
of an infrared system. The focal-
plane chopper may have a configura-
tion as shown in Fig. 7 which modu-
lates energy on the separate cells
at different frequencies. The de-
tector array consists of a vertical
row of cells with each cell placed
behind one concentric row of the
chopper. Number of transparent
and opaque sectors on the chopper
is varied from cell to cell to yield
a different chopping frequency on
each cell.

Method of processing the signal
from each cell is shown in Fig. 8.
Although only three cells are shown,
many more may be used. OQutput of
each cell is connected to a tank cir-
cuit tuned to the specific frequency
of cell operation. A secondary wind-
ing is added to the inductor. This
secondary is connected in series
with those from the other cells, pro-
viding a summation of all of the
chopped frequencies. All frequen-
cies are then applied to one broad-
band low-level amplifier with a re-
sponse sufficient to pass the several

CELL

FREQ | {1 FREQ
FREQ 2 ”g LRECRe
J ||i FREQ 3
L
FIG. 8—Frequency multiplexing signal
processing technique
CELL - f—-]
lcowumore
— [e]

4 CELL

I
i

-~
a.
=
<L
= 2

l ~

e HIGH-Q

= —  TANK CIRCUIT

FIG. 9—A-c commutation

different chopped frequencies.

Separation is effected at the am-
plifier output by sharply tuned fil-
ters for each frequency channel. Be-
cause of filtering before summation
of input signals, the signal-to-noise
ratio of each output is that of the
separate cell.

In this manner, a frequency mul-
tiplexing technique becomes a sim-
ple and powerful method of reduc-
ing the number of components in
a multielement system. A limita-
tion on its use is that all frequencies
must be in the range in which
signal-to-noise ratio is high.

Low-level Commutation

A-c commutation is the third ap-
plication of the multicell single-
amplifier technique. A mechanical
commutator is connected directly
to the cell output. Output of the
commutator drives the amplifier.

Usual use of mechanical commu-
tators to commutate d-c¢ preclude
operation in the mv range and are
not considered for switching micro-
volts at high impedance.

Analysis of the source of com-
mutator noise indicates that it is
primarily the result of poor contact
between the wiper arm and each
segment. If used for signal detec-
tion in which no d-c is commutated
and where high accuracy of commu-
tation is not required, noise from
this source will be proportional to
signal and will not interfere with
commutation. The only remaining
noise is the contact potential devel-
oped by the difference in materials
between the wiper and commutator
segments.

In the a-c commutation system
developed, no attempt was made to
pass d-c¢ through the commutator.
As shown in Fig. 9, a blocking ca-
pacitor is included which charges
up to the contact potential so that
the only noise remaining is of a
random quantity because of varia-
tion in contact potential. This
amount of random noise is in the
order of a few microvolts and gen-
erally below the cell noise.

In operation, as shown in Fig. 9,
the chopping frequency will appear
in the tuned high-Q tank circuits.
All cells may be operative at the
same frequency. The tank circuit
with its narrow bandwidth per-
forms a dual function. It stores en-
ergy for a period of time and it dis-
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FIG. 10—Major portions of CODES (Commutating Detector Set)

criminates against noise. Infinite
impedance of the blocking capacitor
to d-c¢ prevents d-c from entering
the commutator contacts. But en-
ergy in the tank circuit is dis-
charged and appears across a re-
sistance at the amplifier input.

Constant amplitude of the a-c sig-
nal from the cell, varying at the
chopping rate, is fed to the tank
or storage circuit where it builds up
with the characteristic rise time of
the storage element. Sampling the
tank circuit creates the pulse which
drives the amplifier.

The CODES (Commutating De-
tector Set) employing these princi-
ples contains the major portions
shown in Fig. 10. In operation, a
scanning mirror is rocked by a mo-
tor. Radiation is collected on the
primary scanning mirror and is
transmitted in a path indicated by
the arrows in the figure.

Optical configuration is a concen-
tric optical system with spherical
surfaces on the correcting lens and
collecting mirror. All rays focus
onto a curved reticle surface be-
hind which a 30-cell array is located.
The 30 lead-sulfide cells provide for
a system which can scan a 40 by 90
dez field in § sec. A high-speed
commutator samples the storage
circuits which are 30 parallel-tuned
tanks driven by cell signals. Energy
stcred during an integration period
is unloaded when the commutator
arm contacts a tank circuit and this
energy is applied to an amplifier.

Theoretical sensitivity of the set
is /30 or about 53 times better than
an equivalent single-cell unit which
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scans the same field in the same
time. In actual practice, sensitivity
is somewhat poorer because of vari-
ous practical difficulties.' The equip-
ment weighs 15 1b and uses a five-
transistor signal amplifier.

Mosaic Infrared Tube

The mosaic infrared tube is the
final technique using multiple de-
tectors. A sketch of a possible tube
of this type is shown in Fig. 11. The
unit would use electronic scanning
with a multiple set of detectors—
about 1,000 per sq in.—and would
also integrate and store for an en-
tire frame. Method of constructing
the mosaic is such that it can be
manufactured with present-day
techniques.

Precommutation integration and
electron-beam scanning of a vidicon
are ineorporated in the mosaic in-
frared tube. But it does not require
use of uniform high-resistive photo-
conductive material. The mosaic is
constructed of glass wafers each

FRCUSING B
T ECAWNING COILS

:::5 S Tl

FIG. 11—Mosaic infrared tube

with typical dimensions of 1 by 1
by 0.1 in.

Glass is coated with a silver com-
pound which is then fired into the
glass. Barium titanate is fired onto
the glass surface forming the ca-
pacitive element of the distributed
filter. Resistive portion of the filter
is a coating of palladium deposited
onto the barium surface. The photo-
conductive material is the next de-
posit after which each cell and its
R-C circuit is separated by a thin
line cut. The electron beam scans
the surface at the rear of the block
illustrated and output is obtained
across the resistance shown.

Method of operation is indicated
in Fig. 12. For detection of point
targets, the image is modulated syn-
chronously with the a-c excitation.
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FIG. 12—Mosaic infrared tube equivalent
circuit

The cell on which the point target
is imaged on the positive bias cycle
will not be the same cell on which
the target is imaged on the negative
bias cycle. The difference in cell re-
sistance between positive and nega-
tive cycles results in a net direct
voltage on the storage capacitor.
This voltage will integrate for a
period of time, depending on the
R-C time constant. Amplitude of
the signal will be in proportion to
target-to-background contrast. In
the absence of a target, and assum-
ing a uniform background, no net
direct voltage will be generated.
The a-¢c signal is attenuated by the
distributed filter. Voltage on the
storage capacitor is commutated by
the electron beam.

REFERENCE
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Monitoring Radioisotope

Battery-operated radiation monitors record radioactivity level of flowing

liquids or gases under field conditions. Unit described has battery

life in

excess of 300 hours and uses economical circular chart recorder

By F. E. ARMSTRONG and E. A. PAVELKA,

Div. of Petroleum, Bureau of Mines, U. S. Dept. of Interior, Bartlesville, Oklahoma

SE OF RADIOACTIVE ISOTOPES as

tracers in the petroleum in-
dustry often involves monitoring
the radioactivity level of flowing
liquids or gases over relatively long
periods of time. In many instances,
location of monitoring points is
such that reliable power is not
available. Often no housing is avail-
able for the monitoring instrument
and it is subjected to wide extremes
of temperature and humidity. The
proximity of heavy moving ma-
chinery may impose severe shock
and vibration problems. As opera-
tion by untrained personnel is an
occasional necessity, a mininsum of
controls or adjustments is desirable.
The instrument described in this
article was designed for field use
under such conditions.

Recorder

Choice of a recorder was dictated
primarily by cost considerations. A
strip-chart recorder would have
been satisfactory from an opera-
tional standpoint, but the cost of
such units was more than twice that
of the circular recorder used. The
clock-stopping type of instrument!
has a number of inherent faults. If
an ordinary 12-hour clock is used,
some method of eliminating am-
biguity of indications is necessary,
unless the device is attended at
least twice during each 24-hour
period. More important is the lack
of quantitative data, particularly
with an exposed and unshielded
radiation unit. Variation in back-
ground count due to fallout, radon
buildup or other phenomena can
cause excursions of more than 3 to

42

E2
s L |

Detection head includes high-voltage power supply and pulse amplifier in hermetically-

sealed case. Remainder of circuit and recorder is mounted within housing

10 times a normal reading. This in
turn causes false alarms and will
deactivate the unit until it is reset.
Operations type recorders® elimi-
nate this difficulty but still do not
present data that would allow an-
alysis of the variation in radio-
activity and determination of its
cause.

Detection Unit

Figure 1 shows the circuit dia-
gram of the detection unit. The
Geiger-Muller counter is a brass-
wall, bismuth-coated-cathode unit
operating at 1,100 v. The normal
background counting rate is about
300 cpm. Sensitivity is such that
when used as dipping counters in a
liquid volume of 7 liters, a concen-
tration of 107 curies per milliliter
(0.1 microcurie per liter) of Io-
dine™ yields a counting rate slightly
more than 200 c¢pm above back-
ground.

A potted commercial high-volt-

age unit is used to supply high
voltage for the counter. Consider-
able variation of required input
power occurs among different sup-
ply units. The average unit requires
100-mw input power to supply 11
mw of high-voltage power. The 100-
mw input power is more than half
of the total power requirement for
the battery recording unit. Im-
provement of efficiency in this por-
tion of the equipment would yield
substantial gains in battery life.

The G-M counter pulse is ap-
proximately 5 v in amplitude. To
prevent overloading of transistor
@, with accompanying pulse-width
variations, voltage divider R, and
R, reduces the input pulse to 0.5 v.
Diode D, across the primary of
transformer T, damps out any ring-
ing. Transistor Q, operates with no
bias and draws little or no quiescent
current.

The output pulse is 0.75 v in am-
plitude and 20 usec wide. The im-
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Tracers in Industry
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FIG. 1—Geiger-Muller counter receives its
high voltage from potted unit

pedance at the output transformer
secondary is sufficiently low so
that no crosstalk occurs when driv-
ing 500-ft lengths of unshielded
4-eonductor cables, provided the
cables are terminated in 2,000
ohms or less.

Counting-Rate Meter

The counting-rate meter shown
in Fig. 2, uses two transistors in
an integrating circuit and a vac-
uum-tube recorder-drive circuit.
The vacuum-tube output circuit was
used because of the high quiescent
current demands of suitable tran-
sistor output circuits. The single-
ended tube circuit is sufficiently
stable so that overall system drift
is less than 10 percent.

The counting-rate circuit con-
sists of transistors @, and Q. in a
one-shot multivibrator circuit whose
output is a 4.5-v, 260-usec square
pulse. This pulse charges integrat-
ing capacitor C, through diode D..
The multivibrator requires a 0.1-v
pulse for reliable triggering. Since
several times this voltage is avail-

RECORDER CURRENT IN MA
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o
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FIG. 3—Recorder response is linear for
approximately the first half scale and
essentially logarithmic over the remainder
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FIG. 2—Two-transistor one-shot multivibrator output signal is integrated and displayed

on recording meter

able from the detection unit, no
input amplifier is required.

Linear response in a counting-
rate integrating circuit requires
that the charging-pulse amplitude
be very large with respect to the
range of voltage over which the
integrating capacitor voltage will
swing. In this application, non-
linearity in the higher portion of
the instruments range is desired;
therefore the integrating capacitor
is allowed to charge nearly to the
maximum pulse voltage at full
scale, The resultant response curve
is shown in Fig. 3. The instrument
is linear over a little more than the
first half of the scale and essen-
tially logarithmic over the re-
mainder. This allows small varia-
tions of interest to be seen without
losing the record if an unexpected
large amount of radioactivity ap-
pears. Because only changes in
radioactivity level rather than ab-
solute measurement are of interest,
the rate meter is not calibrated.
Variable-discharge resistor R, al-
lows the instrument range to be
continuously adjusted to permit set-
ting the recorder to 1 to 4 full scale
regardless of background variations
at various locations. When absolute
readings are required, the instru-
ment may be calibrated with either
a standard source or a pulse gen-
erator.

A mercury cell supplies filament
current to the triode-connected out-
put stage. With a plate supply of
45 v, the E,/I, curve is linear over
a wide range although tube ratings
are exceeded by a factor of 2. Five
mercury batteries supply the plate

voltage. The batteries will operate
the unit almost 1,000 hours under
normal operating conditions except
for the battery powering the tran-
sistor multivibrator and the high-
voltage supply. This battery, which
is mounted on the outside of the
assembly for ease of replacement,
is good for 250 to 300 hours of
operation.

Performance

The instrument has been operated
continuously for as long as three
weeks and the overall drift did not
exceed 10 percent. Half of this
drift is caused by battery aging
and the remainder is thermal drift.
Most of the drift could be corrected
by adding a zener diode to the 6-v
circuit. This would take an addi-
tional 20 to 40 mw of power. Range
changes of approximately 10 to 1
may be made with the adjustable
discharge resistor across the inte-
gration capacitor. Changes of
larger magnitude than this require
that the duration of the charging
pulse output from the multivibra-
tor be shortened by changing the
R-C feedback elements.

Although this instrument was de-
signed specifically for use in the
application of radioisotope tracers
to petroleum production, it is adapt-
able to many other field problems
which require continuous record-
ing of similar information.
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Thin Magnetic Films for

High speed, large capacity and manufacturing economy are potential advan-

tages of tiny dots of magnetic alloys deposited on planes and cylinders

By DONALD O. SMITH, Staff Member, Lincoln Laboratory, Massachusetts Institute of Technology, Lexington, Mass.

THIN MAGNETIC FILMS several hundred Angstroms
(10” em) thick have considerable potential as mem-
ory elements in digital computers. Advantages
sought are high speed, large capacity and manu-
facturing economy. All three are most likely to be
simultaneously realized to the fullest extent by
depositing the film on a plane substrate. However,
films deposited on solid and hollow cylinders may
also find useful application.

SWITCHING—High speed switching is achieved
in two ways. Sequential rotation of the atomic
magnetic moments in the form of moving ferro-
magnetic domain walls is a process which can be
made fast by applying relatively large fields to
high-coercive-force materials. Simultaneous rota-
tion of all atomic magnetic moments is a process
which clearly represents the fastest possible switch-
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FIG. 1—Vacuun deposition of a planar array of memory spots
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ing per unit of drive field.

Geometrical considerations make wall motion
more likely in cylinders. Simultaneous rotation is
easily achieved in planar films. Plane geometry is
much more compatible with broad-band strip trans-
mission line techniques than cylindrical geometry.

MANUFACTURE — Capacity and economy are
closely related. The simplicity of vacuum or elec-
trodeposition of planar arrays of magnetic spots
and the attendant simplicity of planar wiring indi-
cate that the ultimate in capacity and economy
will be achieved with planes rather than cylinders.
Typical characteristics of magnetic films and cores
are summarized in Tables I and II.

Production of a planar array is shown schemat-
ically in Fig. 1. As the alloy is vapor deposited
through the mask onto the substrate, a d-c magnetic
field establishes an easy axis of magnetization.
This provides the bistable character necessary for
storage of information. Memory spots are currently
spaced 100 per square inch (0.05 inch diameter
spots). Information storage has been demonstrated
at densities of 10,000 per square inch (0.005 inch
spots). Use of such dense arrays awaits the devel-
opment of wiring techniques which are practical at
such small dimensions.

The work reported was performed at Lincoln
Laboratory, a research center operated by MIT with
the joint support of the U.S. Army, Navy and Air
Force.
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Digital Computer Memories

Table I—Present and Probable Properties of Ferrite Cores and Planar Magnetic Films

Property

Switching Speed

Drive Power

Oper Temp
Physical Size

Voltage Qutput

Life

Number in a
System

Cost

Fabrication

Ferrit
Present |

1 usec

800 ma into 50 ohms
(tube drive)e

up to 50 C
0.05 inch dia

100 mv at 1 usec
switch

indefinitely long

2,500,000

~5¢ per bit

hand wiring

e Cores
Probable

0.1 usec using partial
switching®

Comparable to present

same
same

100 mv at 0.1 usec switch

same

probably not any greater

somewhat cheaper

partially automated

Planar Magnetic Films

Present

0.1 usec
400 ma into 5 ohms
(transistor drive)
at least 100 C
o
0.05 inch dia 700 A thick

2 mv at 0.1 usec switch

no aging effects yet noticed

320

not available commercially

hand wiring

Probable
0.01 usec

much less as spot dia
reduced
same

o
0.005 inch dia 200 A thick

~0.1 mv at 0.01 usec
switch

may reach many millions

should become very cheap

largely automated

(a) For memory of 2.5 million cores

(b) Reference 9

Table II—Comparison of Planar and Cylindrical Magnetic Films

Sub- Dircetion of Method Coer- Possible Switching
strate Preferred Material of Production cive Applications Mode Ref
Shape Magnetization Force and Speed
Plane uniaxial Permalloy | Vacuum or electro-| ~2 oer- menory simultaneous 1
in plane (~20 Fe, | deposited in pres- | steds rotation, 2
80 Ni ence of magnetic ~0.01 ysec @] 3
field 2 oe drive 4
normal MnBi separate layers of very high, | display: Kerr magneto- 5
to plane Mn and Bi vacuum{ ~35,000 ce | optical effect 6
deposited and an- memory: Curie pt
nealed at 350 C writing
Cylindrical | parallel to axis | ~Fe electrodeposition ~20 oc¢ memory walls 7
~0.1 usec @
20 oe drive
spiraling ~25 Fe, electrodeposition ~10 oe meniory walls 8
around axis 75 Nji+ onto spirally ~0.1 usec @
| some Mo worked substrate 20 oe drive
ELECTRONICS - JUNE 26, 1959
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Transistorized Radar Sweep

High duty factor ppi sweep circuit features efficient and simple gated clamp,

extremely linear push-pull d-c amplifier and novel use of silicon transistors

to prevent thermal runaway. Total power consumption is less than 35 watts

By CHARLES E. VEAZIE, Zlectronics Department, The Martin Co., Baltimore, Md.

T RANSISTORIZED CRT DEFLECTION
CIRCUITS for use in radar and
television sets can be made much
smaller and require far less power
than their vacuum-tube counter-
parts. The unit to be described was
designed for a 50-deg deflection
radar crt and uses transistors with
recovery times of approximately
100 pusec. Power consumption is
less than 35 w, (not including crt)
and provisions are included to blank
the crt during flyback time. Figure
1 shows a block diagram of the
sweep system.

The circuit shown in Fig. 2 makes
use of emitter-follower @, between
triggered transistor Q, and the
width-controlling R-C network to
assure a fast rise and fall time.

Sweep Generator

The sweep generator shown in
Fig. 3 generates a voltage that rises
at a constant rate during the off
time of the monostable multi-
vibrator, and is held at zero voltage
during the on time. A portion of
the output voltage of this circuit
is fed back through R, to the center
tap of two-section integrating ca-
pacitor C,, to permit control of the
sweep voltage linearity. The out-
put of this circuit is coupled to the
sweep amplifier by two cascaded
emitter-followers @. and Q. to
match the impedances of the two
circuits.

The resolver is driven by power
transistor Q... As power transistors
have a large I,, and are subject to
thermal runaway, silicon transistor
Q. is used as a directly connected
emitter-follower to drive transistor
Q.. The amplified 1., of silicon
transistor @,, is comparable to the
I,, of transistor Q... When they are
connected in this configuration, the
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FIG. 1—Trigger pulse initiates the sweep.
Resolver is driven by antenna rotation to
generate rotating ppi  sweep. Crt s
blanked during flyback time

I,, of Qu is cancelled, thus prevent-
ing thermal runaway at normal
temperatures.

Yoke Driver

In a high duty factor ppi sweep,
the spot starts at the center of the
ppi screen and moves radially out-
ward to the edg of the screen, then
rapidly flies back. For accurate
range measurements this sweep
must always start from the exact
center of the ppi screen. It is neces-
sary for the sweep current to
change from a fixed reference value,
and return rapidly to this reference
value at the end of the sweep. This
condition requires a yoke with a

fast recovery time and an efficient
clamp circuit.

The recovery time of a yoke is the
time required for the voltage in-
duced by the rapidly changing yoke
current during the beam fly-back
time to collapse to zero.

The requirements for an efficient
clamping circuit are a short time
constant charging source and a
long time constant discharging cir-
cuit. The short time constant charg-
ing source is obtained by push-pull
emitter-followers Q.. and @,; of Fig.
4 connected between the resolver
secondary circuits and the push-pull
clamping circuit. The long time
constant discharging circuit con-
sists of a high resistance wvoltage
dividing network.

To present a high impedance load
to the voltage dividing network,
two-stage, common collector d-¢c am-
plifier @, and Q,, drives the push-
pull power amplifiers @, and Q. to
furnish the sweep current to the
deflection yoke. To prevent thermal
run-away of the power amplifiers,
transistors @,, and @,;, which fol-
low the clamping circuit voltage
divider, are silicon npn units.

The other winding of the deflec-

—N VYV
6.8K ¢—+25v 120K 6.8K
—
LuF| IN4ST BLANK 1‘4 0
% WIDTH [00F =
250K
560K
IN457
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= GEN AND K=X 1,000
LN GATED CLAMP
= 3.3K

FIG. 2—Monostable multivibrator converts timing signal to narrow pulse of accurately

controlled width
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FIG. 3—The sweep generator accepts the pulse from the monostable
multivibrator and generates the signal for the sweep resolver

tion yoke is driven by a similar cir-
cuit, excited by the sweep voltage
from the other secondary winding
of the resolver.

Gated Clamp

The voltage applied to a ppi de-
flection yoke driver circuit is a
function of sin 4, or cos 4, where @
varies from 0 to 180 deg. A single
polarity clamp cannot be used so
it is necessary to clamp both polari-
ties during the clamping period and
remove the clamp during the sweep
period.

The gated clamp circuit is used

-25V

TO YOKE

K=X1000 45y

to clamp the sweep signal voltage
to a reference voltage during the
clamping time at the end of the
sweep, and to remove the clamp
during the sweep.

The clamp circuit uses a pair of
diodes D,-D, and D.-D,, connected
in opposite polarity to each signal
line. During the sweep time these
diodes are reverse biased by a pair
of transistors Q. and Q., of Fig. 5,
and they cannot conduct. During
the clamping period, transistors
Qs and Q., are driven into satura-
tion by the control gate from the
monostable multivibrator. This re-

TO GATED
CLAMP
33K lran)
10 2N43
r—
233K
- DE'XAM 47K
w L
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TO OTHER
YOKE DRIVER

FIG. 4—Yoke driver accepts sine or cosine output of sweep resolver and clamps to reference
level from gated clamp. Resolver signal drives deflection yoke
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FIG. 5—Gated ctamp uses the monostable multivibrator signal to
generate reference level for the yoke driver

K=X 1,000

FIG. 6—Blanking amplifier blanks the crt
during flyback time

moves the reverse bias from the
clamping diodes, clamping the sig-
nal to the reference voltage.

Blanking Amplifier

The blanking amplifier shown in
Fig. 6 amplifies the blanking pulse
from the monostable multivibrator
to the level required to blank the
ert screen during fly-back time.
This circuit uses high-voltage tran-
sistor Q... The emitter is connected
to —150 v through resistance R..
The collector is connected to the crt
control grid through diode D,, and
to ground through resistance R,
Transistor Q. is normally noncon-
ducting, and is driven into satura-
tion by the blanking pulse thus ap-
plying a high negative voltage to
the crt control grid and cutting off
the beam.
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Checking output of one flip-flop stage. Maintenance of multiplexer
is eased by use of plug-in units

ULTIPLEXING on a time-shar-
Ming basis in the measure-
ment of electrical and physical
phenomena has become increas-
ingly important in recent vears.
Applications have been found for
this method of sampling in telem-
etry, medical electronics and data
processing. Multiplexing increases
the number of items which can be
sampled by a given system and per-
mits virtually simultaneous meas-
urement of a number of phenomena
if the multiplexer samples at a
high rate.

The limited sampling speed and
short life of a mechanical-switch
type of multiplexer make it highly
unsatisfactory for use with data
computers and other high-speed
data-handling devices. The block
diagram of an electronic multi-
plexer used in place of a mechani-
cal multiplexer in high-speed and
long-life applications is shown in
Fig. 1.

Multiplexer

Essentially, the multiplexer is a
variable speed multichannel el-
tronic switch connected in a closed-
ring configuration. It consists of
20 semiconductor diode gutes, each
of which is controlled by a vacuum
tube flip-flop. Only one gate is able
to pass a signal at a given time. The
open condition propagates from
gate to gate sequentially around
the ring, in step with externally ap-
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FIG. 1—Multiplexer uses 20 identical flip-flops and gates to sample

data. Channel selector switch can be set for two to 20 inputs

High-Speed Multiplexing

plied trigger pulses.

At a 50-kc trigger rate, the multi-
plexer will accommodate signal in-
puts to the gates within the range
of —15 v to +15 v. As the trigger
rate decreases, the maximum al-
lowable signal amplitude increases
until at 17 ke the amplitude can
be +=45 v.

A front-panel control is provided
so that the ring may be closed
through any number of channels
from two through 20. All the gates
are connected to a common output
which feeds into a stabilized d-c
amplifier. The amplifier isolates the
gates from the output load and pro-
vides additional output power.

Trigger Generator

The trigger generator, V. and
Vs, shown in Fig. 2 consists of a
voltage comparator followed by an
amplifier-inverter. This circuit ac-
commodates a wide range of input
wave shapes and repetition rates
and delivers an output pulse of al-
most constant amplitude and width.

In response to a positive trigger,
the voltage comparator produces a
positive pulse due to the sudden in-
terruption of current through L..
Negative overshoot is not impor-
tant, but positive overshoot would
have the same effect as false trig-
ger pulses. For this reason D, is
used to inhibit ringing. Resistor R,
is placed in series with D, to lower
the loop time constant, L/R, to al-

low the circuit time to recover be-
tween trigger pulses at the higher
triggering rates. Resistor R, is
made as large as possible to speed
recovery, but not so large that the
effectiveness of D, is compromised
in preventing ringing.

Next, the pulse is passed through
the amplifier-inverter stage, V...
In its quiescent state this stage is
biased beyond cutoff. The positive
pulse from the plate of V., brings
the amplifier-inverter out of cutoff
and produces a negative pulse at
the plate of V... The amplifier-in-
verter is actually driven to satura-
tion. This action, combined with
the fact that the stage is cut off be-
tween pulses, produces a pulse more
rectangular than the one at the
plate of V... These pulses are ap-
plied to the grid of the switch tube
Ve to initiate the stepping action
of the flip-flop ring.

Flip-Flop Ring

The ring consists of 20 identical
flip-flops which operate in a conven-
tional sequential fashion and con-
trol the passage of signals through
20 gates. Only one flip-flop can be
in a set condition at a given time;
the rest must be in a reset condi-
tion.

T'he set condition is that condi-
tion which exists when the A side of
a flip-tlop is conducting and the B
side is cut off. A flip-flop is con-
sidered reset if the A side is cut off
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This twenty-channel electronic switch samples from 2 to 20 voltage sources at

a rate as high as 50,000 cps. A flip-flop ring actuates diode gates in step with

trigger pulses. Output data can be used to feed data-processing equipment

and to drive recording instruments

By KENNETH L. BERNS and BRUCE E. BISHOP,

Instrumentation Division, U. 8. Naval Ordnamce Laboratory, Corona, California

With Closed-Ring Counters

and the B side is conducting.

The levels of the flip-flop supply
voltages are 465 v and —160 v.
These levels are chosen so that ex-
cursion of the flip-flop plates is ap-

ground. Direct coupling between
the gates and the flip-flop plates
makes it possible to hold a given
gate in either an open or a closed
state for an indefinite time.

in a stable state only when any one
flip-flop is set and all the others are
reset. The cathodes of the A side
of all flip-flops are connected in
common to a single 22,000-ohm re-

proximately symmetrical around Assume that the flip-flop ring is sistor R,. The other end of R, is
CHANNEL SYNC QUTPUT GATE INPUT
I‘n Iz [3 14 |5 |6 |7 Ie |9 IIO In ||2 II3 ||4 IIS'I6|I7|IB ‘le 20 12 |3 |4 ls Is |7 le '9 ||o|n ||2A||3|14||5||s|17||e 19 |20
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FIG. 2—Outputs of gates differ by less than 50 millivolts for same input signal. Multiplexer uses trigger amplitudes up to 100 v and trigger

widths up to half of the trigger rate period
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connectied to the plate of the switch
tube, V.., the cathode of which is
comnected to —160 v, When not
being pulsed, the switch tube is
conducting heavily and there is only
a small potential difference between
its plate and cathode. Thus R, is
essentially connected between the
common cathode line and —160 v.

The B-side cathodes are also con-
nected to a common line, but each
stage has an individual 22,000-ohm
resistor between its cathode and
—160 v. The effective resistance be-
tween these cathodes and —160 v
is equal to the parallel combination
of the 20 cathode resistors, or about
1,100 ohms. If the ring is in & stable
state, at any given time only one
flip-flop will be conducting on the
A side, and the 19 others will be
conducting on the B side. The total
current on the B side will be 19
times the current of any one stage,
but the total resistance in the B
cathodes will be one-twentieth of
the value of a single resistor.
Therefore, the cathode voltage of
the B sides will be almost the same
as the cathode voltage of the 4
sides.

Not more than one of the A sides
can conduct at a given time since
the added current would raise the
cathode voltage of the A sides and
result in an unstable condition.” A
flip-flop can exist only in one of two
stable states; it cannot be partly on
or partly off.

Ring-Stepping Action

The set condition is propagated
from one flip-flop to another around
the ring in the following manner.
Assume that V, is set and all the
other flip-flops are reset. A nega-
"tive pulse on the grid of the switch
tube, Vs, will momentarily inter-
rupt the current in this tube, there-
by interrupting the current
through the A side of V,. This cur-
rent interruption causes the plate
of V., to go positive, and through
normal flip-flop action the plate of
V.s goes negative. The waveform
at the plate of V,, is coupled
through D, and C,; to the plate of V,,
and, at the same time, differentiated
by the plate resistors of V., and C,.
The differentiated waveform is then
passed through C, to the grid of
V.s. This initiates the flip-flop ac-
tion which ends with V., in a con-

N

ducting state and V., nonconduct-
ing. The set condition, therefore,
has been transferred from V, to V..
In this manner the output of one
flip-flop triggers the next in line
until the set cendition has been
propagated completely around the
closed ring.

The ring can be closed through
any number of channels from two to
20, depending on the position of the
two-pole, 20-position switch. Switch
1A is connected so that the B side
of any flip-flop from V, through V,,
can be selected and the interstage
trigger routed from that point back
to the 4 side of V, to complete the
closed ring. To complete the ring
of 20, the switch is moved to a blank
position and the interstage trigger
is returned through the permanent
coupling, C, and D,, connected be-
tween stage 20 and stage 1.

Inhibiting Capacitor

‘When fewer than 20 flip-flops are
included in the closed ring, the in-
hibiting capacitor C, ensures that
flip-flops outside the ring will not be
triggered. Consider the case where
the ring is closed at stage 18. Even
though an interstage trigger is
transferred from stage 18 to both
stage 1 and stage 19 simultane-
ously, only stage 1 will be triggered
to the set condition because C, pre-
vents the plate of Vs from moving
fast enough to complete the normal
flip-flop action. Without C,, action
of the ring would be erratic and
unpredictable.

Stage 20 is permanently coupled
to stage 1 to make certain the in-
terstage trigger is captured within
the closed loop. Assume that stage
20 is coupled to stage 1 through the
switch and that the ring is closed
to include only the first 10 stages.
Also assume that when the multi-
plexer is first turned on, stage 11 is
the first to fall into the set condi-
tion. Now, as the multiplexer is
triggered, the set condition propa-
gates down the ring to stage 20.
Obviously, the interstage trigger
cannot return to stage 1 through
the switch since the switch is con-
nected to stage 10. Therefore, .n-
less coupling from stage 20 to stage
1 is provided through another inter-
stage capacitor and diode, it is un-
certain which of the flip-flops would
assume the set condition after 20.

With permanent coupling pro-
vided between stage 20 and stage 1,
the interstage trigger will always
be captured inside the closed ring
regardless of which stage assumes
the set condition when the multi-
plexer is initially turned on.

Gates

When the flip-flop is set, the
switch diodes D, and D; connected
between the flip-flop and the 4-diode
gate are biased in a nonconducting
state which isolates the gate from
the flip-flop. At the same time, volt-
ages applied through R; and R, bias
the four gate diodes in the conduct-
ing direction, resulting in a low
impedance path from input ter-
minal to output terminal, opening
the gate. With the flip-flop reset,
the switch diodes are biased in their
forward direction allowing applica-
tion of the plate voltages to the gate
diodes. The gate diodes are now
biased in their reverse direction,
forming a high-impedance path
from input to output, closing the
gate.

The gate output exhibits some at-
tenuation and zero offset (the volt-
age appearing at the output ter-
minal with the input at ground
potential). These effects are kept
small by attention to certain design
considerations. If the values of
R, and R, are high compared with
the forward resistance of the bridge
diodes, it can be shown that a sig-
nal applied to the gate input ter-
minal will be attenuated by the fac-
tor R.,/(R + R.). Resistance R,
is the load resistance and R is the
forward resistance of one diode in
the bridge. To keep attenuation
low, high-conductance diodes oper-
ating above the knee of the forward
conductance characteristic are used
and load resistance is kept high.

Zero offset can be explained by
visualizing each of the diodes in
the conducting bridge as a small
battery and resistor in series. The
battery represents the forward
voltage drop and the resistor rep-
resents the forward resistance of
the diode. Clearly, zero offset will
be present at the output terminal
unless the circuit elements and the
supply voltages are balanced. In
actual operation, the zero offset is
not excessive if reasonable care is
taken in selecting components.




Fast Switching for
Industrial Control

Solid-state controlled rectifiers, saturable reactors, magnetic amplifiers,

thyratrons and ignitrons—here is a summary of how they are used for fast,

automatic, variable control of a-c power

By ARTHUR GUTTERMAN, President, Fairfield Engineering Corp., Springdale, Conn.

OLID-STATE controlled rectifiers are the latest ad-
dition to devices generally available for high-
speed, variable control of 60 to 400-cps a-c power.
Their operation is similar to that of the other devices
described in Table 1.

All five devices are off during part of the a-c cycle,
turn the line on to the load during the half-cycle
and turn off when line polarity changes so current
flows in one direction. Each output waveform shows
a vertical rise when fired. On time is controlled by
selection of the firing point in the half cycle.

Two switches connected back-to-back provide full
wave a-c. In a bridge or center-tapped transformer,
they supply full wave, pulsating d-c across the load.
The d-c can be filtered to desired smoothness.

The controlled rectifier’s forward firing point is
determined by a d-c control signal in the gate. With-
out a signal, it will not fire and represents an open
circuit. When the gate current exceeds a minimum,
the rectifier fires and conducts for the balance of that
half cycle. Power is controlled by varying the trig-
gering point during the half-cycle.

Controlled rectifiers and thyratrons use an auxil-
iary device to generate the firing pulse. Thyratrons,
in turn, can be used to fire ignitrons. Firing point of
magnetic amplifiers and saturable reactors is set by
amount of current through the control winding.

Control signals can be a-c or d-c voltages or cur-
rents, a-c and d-c combined, or multinle inputs of a-c,
d-c, or a-c and d-c combined. Magnetic amplifiers will
accept all of these. Saturable reactors accept all
but a-c, unless a-c is rectified.

Controlled rectifiers and thyratrons need a pre-
cisely-timed trigger or phase shifting device. Mag-
netic amplifiers are well-suited for this triggering
since they supply a steep vertical wavefront. The
amplifier can pass on, sum up or average one or more
inputs from transducers, synchros and other devices.
A magnetic amplifier between the anode and the gate
of a controlled rectifier prevents gate current or volt-
age from exceeding safe values. All that is needed is
a coil in series with a rectifier. Another compact
arrangement uses an isolating transformer and a
limiting device, providing faster response.

Table |—General Characteristics of High-Speed Power Control Devices
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Network Transformations
For Wave Filter Design

Tedious network calculations are simplified by useful charts which enable circuit

designers to change configuration of two-terminal networks but retain im-

pedance characteristic, and also to alter the element values without chang-

ing the configuration or impedance characteristics

By ANATOL ZVEREV, and HERMAN BLINCHIKOFF,

Electronics Division,

Carrier Microwave Department,

Westinghouse Electric Corp., Baltimore, Md.

N THE DESIGN of electric wave

filters, phase-splitting networks,
transformers, preemphasis and de-
emphasis networks, series and
parallel combinations of inductors
and capacitors are used to obtain
desirable performance. These com-
binations, commonly referred to as
dipoles, may contain from 2 to 6
elements depending on the complex-
ity of the network required.

It is often necessary for the cir-
cuit designer to change the con-
figuration of the network employed
during development. Sometimes a
change is necessary to minimize the
high voltages which appear across

the elements of a series circuit at
resonance. Some dipoles possess
better properties for envelope
transmission. These do not intro-
duce much nonlinear distortion and
are therefore more suitable for
electric wave filters and amplitude
correcting networks.

Changing Configuration

The circuit designer is\often re-
quired to change the element values
of a network while preserving the
configuration and the impedance
characteristic. On the other hand,
he may wish to change the configu-
ration while retaining the imped-

complicated These

expressions.

relationships.

I.and C
the chart.

Y =(AD — PE)/(A — P?)
B 4+ VB2 — 44

where P = 5

SYMBOL KEY

The equations describing the element values of some of the networks
can be clarified by the use of more simplified notations.
done in the charts by substitution of symbols for some of the more
symbols

(1) The coefficients A, B, D, and E represent various combinations of
They can be determined from the applicable equations on

@2 W =A(A — PY/P(AD — PE)

This has been

represent the following

(A — Py)/(E — PD)

X
Z = P(E - PD)/(A — P?

(8) Q = LsCs + LyCy + LCy + V(LsCs + LsCys + LiCa)? — 4L:L,C:Cs

(4) 8 = LiCy + LCs + LiCy + V(LsCs + LCy + L(Cy)? — 4L:L,C5Cy
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ance characteristic. This may in-
volve some tedious calculations or
experimental manipulation.

The charts on the following
pages are designed to minimize the
time and effort for making such
network transformations. Figures
1 through 14 show all possible
transformations involving three
and four element networks which
use a minimum number of coils and
capacitors to realize a particular
impedance function. These are
known as canonic networks. Be-
low each figure are the necessary
equations for performing the trans-
formation.

The next chart shows the various
impedance functions which are
characteristic of each of the net-
works. The final chart lists the ap-
plicable equations for calculating
the resonant frequencies associated
with each network.

Use of the charts is straightfor-
ward, involving simple substitution
into the various equations. This
method, used as a substitute for the
conventional methods of synthesis
avoids the algebraic manipulations
involved in expansion of partial
fractions. The charts usually pro-
vide more choices of realizable di-
pole elements and hence can be re-
garded as a useful tool in everyday
engineering practice.
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EQUIVALENT NETWORKS

EQUIVALENT

NETWORKS

6]

Ly Lo Cs g 3 s
— Cq Lag
&) — — H 4 v r—
A —- =
w) -
= ¢ c ) L ¢
« | (A) ! (8) ¢ =W g (8) > .
9]
T €3 2 2 Moloew o Lpex L3=iL CmLaCal /Lt Ly (ei+Cy)
Q=L La=L [(c+c)/c] ()
; | 2( C3+C4) 274 | 2H/L2 ; Ci=Y Cp:2 L4=L|L2/(L|+Lg) .
<t <T A z =
= c|=c4(|+04/c3) 03=Cz/(' + C|/Cz) T | AeLlatacsCq C3 C|02(C|+Cg)(L|+L2)/(L|C| Lz C2)
[&] (8]
§ B:LlyC3tlgCatlsCsq Cq=Citc
m | CazCatey c4=02/(| +cafen ~ 33T AT EIME M4 z
E=L3C3Cq D=Cq
2 Li L3 C2 7 L C L3 C3
H L2 H Cq
= © -
— —
2 ¢ Lg . L c L
e (A) (B) «© (A) e g (B) 4
B tstafueesfia) L3=L2(I+L2/L|3 ol yew Lpex LyrLitptL cf+Lpcdt
< < Ci= Y C2=Z { - 2
= a L€ =L Gyl
Loslg/ll+Lg/L3) Lg=L,+L .
< |t 4/ 4/ 3 4= Litle < | asLslacacy L (1,624 L5 €3)/(C, +Cy12
2 2 1ICr+LaCa)/ic +C;
(&) = z
< C|=Cz[(L3+L1)/L4] C2=C|[L|/(L|+L27] P [ BrL3Catlg CatlaCs Ca=CitCp \
~N N s C3Cq (Ltlyg) C3=CiCplCy+Co){L)Ci=L2C2}
2
D=Cq4 (L|C|+L2Cg)2
3 L L3 8 Ly Ci L2 C2
H Lo Lz Cp H % ‘_\ Ca
- [S)
— =
3 ¢ c % C(-— C
e | (A) ° (8) : 2@ o (8) 3
e 2 2
5| tote La=Lg Wollgrt, La/lLatLs) LrsLg I+[LO(C|+CO)/L| c,}}
5 2 2
= | corca c3/c2+c3 C27°Ci+Co < Co=03/|+(C3/02)E.3{(L2+L3):| LaslotLy [c,/(c.+c0ﬂ
<t
s < 2 2 72 2 C3=C,+¢C
= | Lirstives fep)® L3=L||:C|/(C|+Co)12 z |ue EJZ(L2'+L3)'+L3C3] /(L2+L3)L23C3 . s R
) . ) 2 Ly ¢y CO(C|+C0)
~N C|=C2/(|+C3/C2) C3'C0(I+C0/C|) ~ C = C3/I+(C2/C3)[(L2+L3)/L3] c2=_—22—2
[LO(C|+C0) +L|C|]
4 Ly C L3 9 Ca Lt
R M—
H Co Lz C E1 L3 C3 C L2
- = BT
hid L Ca = Lg e?
a | (A) 0 (8) 2@ (B)
“’ W
5| LostatLs L2=Ln2Lo/(L|+Lo) = Lyt (4L /L)) LI:L4[L4/(L3+L4)]
g
T | Littalitiz fug) L3sLofiL Lol T | LetlitL, L2=L3L4/(L3+L4)
<q <T 2
:':) Co:C2 Cr:Cp 5 C3°C, [Ll/(L|+L2)] Co=Cy
1 2 2 2
~ C|=C3E_3/(L2+L3)] C3=C|[(L|+L0)/Lo1 r | CetCy c|=c3|}L3+L4)/L{|
5 Ly L3 c3 10 C”"‘ Ly
H |_'. Lag H Ly ¥ C3 C C2
—AMH[ )
(8] (-__) \ 1 ( T‘
= = TTTTTTTULAAAL,TT LALAALS
w» 2
z|mw  te Ce G) Ca x | (A ta (8) L2 .
w
il IEL IR PES ¢ Lg® L, |.2/|_,+L2 H | tate \ L,=L3[c3/(c3+64)]
o B 2 2 2 2 A }
=y cpoz L= ter el sy cmt,e? | L3-L|[(c,+c2)/02] La=la
o« 2/ 2 2
; A=L4L3CyCy Cq:C  Coll+Lp) /L,c,+chz § c3=62/(|+c,/c21 c,=c4(l+c4/cs)
2/ 2 2 O
('“) B=L4C4+L3C3+L4C3 C3=(L|C1-L2C2) /LIC[+L2C2 'LJ C4 =C2/(|+C2/C|) C2=C3+C4
N E=L3C4Cs
D:Cq+C3

ELECTRONICS - JUNE 26, 1959

(Continued on p 54)

53




Continued from page 53

EQUIVALENT NETWORKS EQUIVALENT NETWORKS
[ L Lg 3 L L2 L3
C2 L3 La
H . e— - . H .
{ 4 3
o o
= — 4 = (*—"C4
< T 2 — It
@ W él* @ 2 ¢ (8) 1t
w | () ¢ , (8) i 3 2 wol A 2 . (Ly — aez) @
Ci+Co 3T
(<-I) ,:M L4?L2/|+—l( ! ) (<-I) Cr:=W CozX L C2+L C'a
=11 [ 22 ]2 L\ ¢, = 1GitLe 22
<, _chwi(LL3+L4) LaCq . |+L2( ¢y ) o | LizY  LpezZ L, 12 tCrtca)
o | 2 5 3lz/ Lilc,+c, Sl Aa:tscatacy L B4 L,cl
! Cafla+L y
<7 C=Cx [H.(:( 3L44) ] €376 Cp /{Ci+Cp ) r; B s L3C34LgCq+lalyg Cas (LIC%+L2C%)2
Cof Lo \2 [L|<C.+c2)2+L2c§]2 ExlslgCs P (L LpCp12(c,+ Gy
Co 4 R M . :
2°Cs [+C3(L3+L4> < 2 20 4¢,) D= Ll3ztly €4:CiCp/{C +Cy)
12 L Lo o 14 Lo Ls
{t
Lz Ca Cq
H — —_— e H Mg
4 Csz
o © L
— { —
» L LTy yam— @ - Y,
wlmo G G2 (8) oL il TV C2 (8) Ly
— [
2 Ci= W Ca: X L3=L|L2(L|+L2)(C|+Cz)2 : Ci=W Ca=x L3’L|L2(L|+L2)(L|C|—L2C2)2
|y e (Le=LaCy) < | LY L2 (e +1dcp?
S| Aa=tstscscy Lazli+L, S| aLscstlacy Larlytl,
2 2 2
M| BxCyly+CyLatly C3 C3= 1L)¢-L,Cp) M| BrlaCa+laCatlsCy €37 C Gl Ly ¢+ L3Cy)
E+lslgCy (Ci+Ca) (L+Lp)2 E=lsly(CytCy) (L Ci-LpCq)?
D= Lg Cq*CCa[iC1+Cp) D:lg Cqsitde, +3c L 4002
IMPEDANCE CHARACTERISTICS
o—ol » oo [] (=2} ] o0 t ]
/ ' Vu / /u / ' /l
| ) 1 ' | i
] ) L} I ]
z wi iwz z ;TIZ wa z v jwz w3 z :“2 wy :w4
: t ! I/ |
OO 1 -00 l -0 I -0 l l
I A0 1T Ir
Z= FREQUENCY EQUATIONS
FiG 2 2 2 2
CHAR W) wy w3 Wy
I |1aA 1/Lic+Cp) F i)
I |8 t/tz 3 (C3+Cq) /LaCaCs
I |24 t/Lc (Li+Lal /L Lo Gy
Ir |28 t/{Ls+Lq1C, t/Ls Cp
Ir |5A 1/Ls Ca (C+Ca) /(Li+L,0CCp /L ¢
I |68 2/a 1/Lscy 0/2L3L4Cy Cy
T |78 2/s 1/(L3tLg)Cy S/2L3L4C5Cy
II |58 2/s (C3+Cq) /L3CaCy S/2L3 LaCa Cyq
7 12A t/Lz ¢ (Li+L2)/LiLg (C1+C2) /L
I¥ (128 2/s 1/ L Cy $/2L4C4 Lz C3
IV (138 2/s (L3tLalfc3laly $/2L4C,4 Ly C3
IY |148B 2/s 1/L3(C3+C4) 3/2L4Cq L3 C3
54 JUNE 26, 1959 - ELECTRONICS



NOW NEW TRANSISTOR

BASE
1]

ASSEMBLIES
%

TYPE 519 " TYPE 520 TYPE 521

SPECIFICATIONS SPECIFICATIONS SPECIFICATIONS
071 Pin Circle .100 Pin Centers 100 Pin Circle
.018 Pin Diameter .018 Pin Diameter .018 Pin Diameter
.500 Pin Below Flange .500 Pin Below Flange .500 Pin Below Flange
138 Eyelet Body Diameter 443 Flange Diameter 166 Eyelet Body Diameter
.200 Eyelet Flange Diameter #6-32NC Copper Stud .210 Eyelet Fiange Diameter
018 Kovar Mat'l D12 Kovar Maf'l .008 Kovar Mat'l

with or without ground pin or blind pin

These new transistor bases supplement Constantin’s ex-
panding line of semiconductor base designs now numkering
well over 500 configurations.

By far the largest existing 