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the complete job
with heavy-duty P
discaps...at &
no added cost!

Type B Discaps

)

RMC Type B DISCAPS are rated at 1000 V.D.C.W.
| and arc offered at no extra cost over
lighter constructed by-pass ceramic capacitors.

steady or intermittent high voltage occurs and are available
in capacities between 00015 and .02 MFD.

\ Type B DISCAPS cxhibit a minimum capacity change

\ between -10° C and 65" C.

| They are ideal for any application where a
|
|

\ Write on your company letterhead for complete
\ information on RMC DISCAPS.

biscap RADIO MATERIALS CORPORATION
CERAMIC GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Ill. :

CAPACITORS Two RMC Plants Devoted Exclusively to Ceramic Capacitors

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
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Printed Antennas! 98

Through etching
techniques many
microwave  an-
tennas—end fire
arrays, in par-
ticular—for the
first time become
practical.  One
broadcast array
is also promising.

The Real Transistor 101

0 "Flow Line An-
o alysis" in the El

! April issue was
N, | widely hailed by

y [ .
L —=, transistor ex-
4- perts. Here the
N author  extends
e the technique to

analyze the ava-
lanche action.

“Pepperpot” Tube 106

New wide angle
picture tubes
have focussed at-
tention on yoke
design. The "Pep-
perpot” tube, a
CRT modified to
produce split pen-
cil rays, quickly
spots distortions.

The Doppler Story 120

The Doppler prin-
ciple has found
increasing usage
in the past few
ears. Here is a
brief history of
its development
and the future
seen for it in
flight applica-

tions.
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RADARSCOPE

——

BRUSHLESS GENERATORS

Transistorized panel boards smch as this one replace brushes, relays,
and other moving parts, in the power supply and control system
designed by Westinghouse for the Boeing 707 jet airliner.

AIRCRAFT AND GUIDED MISSILES account for
more than two-thirds of all the dollars obligated by
the Defense Dept. during the four fiscal years end-
ing June 30, 1958. Over the eight years beginning
with the start of the Korean War in June, 1950, these
two categories total $71,843,077,000. The aircraft
and guided missiles share of defense spending has
shown a steady increase over the past eight years.

ELECTRONIC INDUSTRY in New England showed
a $30-million sales rise during 1953-1955, to a record
high of $612-million.

MORE ENGINEERING STUDENTS were in engi-
neering schools this year than at any time since
1947. A total of nearly 243,000 were enrolled last
fall, accounting for 12.59% of all the men attending
colleges. Electrical engineering is the most popular
field, with 20% of the undergraduates working
toward E. E. degrees.

NEW COMPUTER SWITCH technique has been re-
ported by National Cash Register Co. Unlike me-
chanical or electronic switches, the new technique
uses tiny drops of light-sensitive fluid which show
changes under different colors of light. With these
materials three different -colors of light may be used
for storage, non-destructive readout, and erasing
of information. Possibilities for lower cost com-
puter circuits are seen in the new technique.

2

NEW APPROACH IN TV SCREENS developed by
the Naval Research Laboratory uses thin transpar-
ent film of phosphor on face of TV tube in place of
the present opaque white powders. Films are more
rugged, do not burn out so readily, can be made
brighter and present a much sharper image. High
contrast can be maintained in daylight, because
transparent phosphor films do not reflect light—
incident light is lost in the darkened interior of the
tube, even in direct sunlight. The new technique
can be used with present color TV methods, but
there is a more exciting possibility—depositing films
one atop another and lighting them separately by
controlling the speed or direction of the electrons
in the tube.

TELLURIUM SEMICONDUCTORS show great
promise. Tellurium compounds have applications as
rectifiers, solar batteries, etc. One startling phe-
nomenon is refrigeration obtained by passing elec-
tric current through elements of bismuth telluride.
The theoretical cooling capacity is great enough to
liquefy air directly without mechanical devices.

TELEPRINTERS will soon eliminate manual prep-
aration of air waybills on Riddle Airlines’ Atlanta-
Miami route. Western Union-Airline plans include
eventual linking of all major cities on regular routes
and electronic control of deliveries, air waybills,
operations, inventory, and space reservations. The
system saves hundreds of man-hours, improves cus-
tomer service, cuts freight-handling costs.

CABIN TESTS

Environmental tests will be conducted on this full scale cabin sec-
tion of the new Convair 880 jet transport. Tests will include high
and low temperatures to check air conditioning, and synthetic noise
equivalent to that produced by the 880’s four turbojet engines.

- S N
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Analyzing current developments and trends throughout the electronic

industries that will shape tomorrow's research, manufacturing and operation

RADIO BROADCAST STATIONS will increase 30%
within the next ten years. An important factor will
be compact new broadcast equipment designed for
increased reliability and ease of operation.

ELECTRONIC INDUSTRIES are very much in favor
with investors, although many investors are dubious
of TV set manufacturing during the next year.
Know-how, research potential, and commercial and
military electronics business are determining fac-
tors studied by investors.

SEMICONDUCTOR SURVEY by BDSA is in the
offing. Manufacturers are complaining of 48 weeks
delivery on tantalum sheet and long delays on mo-
lybdenum sheet—essential to production of power
silicon diodes. The situation is further complicated
by growing demand for semiconductors. One expert
estimates a future need for 70 million power diodes
for the automotive industry alone.

AIRFRAME PRODUCTION machine tools with
electronic controls will reduce lead time in aircraft
and missile production. The technique replaces jigs
and patterns with punched tape. The tape controls
a three-dimension milling machine or any other
large-scale machine tool. An important feature is
that duplicate tapes can be turned out in hours to
control similar machines in case of emergency mo-
bilization. The first such airframe production auto-
mation system will get a tryout producing the Mata-
dor missile and the Seamaster four-jet seaplane.

COMPLETELY TRANSISTORIZED. TV sets are
nearer, as a result of recent developments in high
frequency transistors. TV set designers now predict
the development of fully transistorized TV receivers
will be technically practical by 1959. Many TV re-
ceiver sections can be transistorized now, with
commercially available transistors. High frequency
and high voltage transistors for the remaining
sections are now being developed and can be ex-
pected on the market within the next two years.
Next question, how soon can we produce a battery-
powered, transistorized TV set?

{
TRANSFORMER TEST EQUIPMENT would have
to be furnished by the government in case of full
mobilization, warns the Business and Defense Ser-
vices Administration. At current prices and limited
procurements most manufacturers cannot meet
the cost of the complete test facilities needed to
produce electronic transformers to the increasingly
rigid military specifications. The present practice
of relying on private testing facilities for qualifica-
tion testing, aside from increasing costs and delay-
ing deliveries, would be impractical under mobiliza-
tion conditions. A BDSA Task Group will determine
military requirements for mobilization and then

survey the capacity of the electronic transformer
industry.

MILITARY AIRBORNE EQUIPMENT will be made
smaller and more efficient through the new “Fused-
Film Wire” process announced last month by Adam
Consolidated Industries Inc. The process converts
Teflon tape into a thin, concentric filmed insulation
.002 inch thick. Despite its reduced size, the insula-
tion, according to the mfr., has dielectric strength
and scrape resistance 2009 greater than compa-
rable insulation. The first application is expected to be
in magnet wire for high performance equipment,
where failures are often due to insulation break-
down.

COMPUTERS DIAL DIRECT with the new data
subset being developed at Bell Labs. Experimental
models, about the size of a typewriter, send 1,000
words a minute-—sixteen times the speed of conven-
tional teletypewriter systems. A wide variety of
data can be handled, including printed matter
and computer data. Information is placed on mag-
netic tape at the normal output speed of the typist,
computer, or business machine. The tape is then
inserted into the data subset, which is connected to a
standard office phone. After another phone is dialed
in the ordinary manner, the transmitting and re-
ceiving subsets are switched on and the high speed
data transmission accomplished Engineers predict
that computers and automatic business machines
will dial each other direct to exchange the informa-
tion necessary for their programmed deliberations
—probably at night, during off-peak hours.

NEXT MONTH—Don't miss El's analysis of new BATTERY
developments, including an up-to-date round-up of the new
types introduced during the past year.

SUBMARINE SIMULATOR
Instrumentation data for diving, submerged running, and surfacing
is obtained in this ‘“‘submarine simulator” at the landlocked marine
research center of Sperry Gyroscope Company.



RESISTORS -
* HIGH TEMPERATURE MAGNET WIRE

130ue

WIRE-WOUND

Vitreous-enamel power wirewound resistors
have been proven to be extremely reliable
units by both the military services and the
communications industry. Sprague Blue
Jacket resistors are among the most out-
standing resistors of this type. They can be
counted on to withstand the most severe duty
cycles!

In the manufacture of Blue Jacket resis-
tors, selected resistance alloys are wound on
special steatite cores. The expansion coeffi-
cient of the vitreous-enamel coating is close-
ly matched to that of the steatite base in
order to ensure positive protection of the
resistance winding. The terminal bands are

CAPACITORS -

Circle 2 on Inquiry Card. page 201

Sprague Electric Co.
233 Marshall Street

MAGNETIC COMPONENTS -

made of an alloy which also closely matches
the steatite base in expansion characteristics.

Sprague furnishes a wide range of sizes
and power ratings in these reliable resistors,
both in axial-lead and tab-terminal designs.
For complete details on commercial types,
write for Engineering Bulletin 111B. Mili-
tary styles are shown in Sprague Catalog 101.

Sprague deliveries are prompt! Prices are
right! Send your next power resistor order to:

North Adams,
Massachusetts.

TRANSISTORS -

* PULSE NETWORKS « PRINTED

ELECTRONIC INDUSTRIES & Tele-Tech

®
gRESISTORS

INTERFERENCE
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As We Go To Eress o

TV Picture Tube

Eliminates Dark Lines

A major step toward larger-size
TV screens in the home has been
made at Westinghouse Research
Labs., Pittsburgh, Pa. A simple
but basic change in picture tube
construction—splitting one of the

structure and increases picture detail.

cylindrical metal focussing grids—
makes it possible to impart a 15
MC ‘“wobble” to the electron beam,
thus causing a controllable widen-
ing of the trace. Result—mno dark
lines.

New Zuni 5-inch
rocket has folding
fins which permitr
mounting four rock-
ets in combination
launcher-transporter.

Air-To-Air Rocket

"Zuni'" Joins Fleet

A new five-inch high velocity
rocket, named ‘“Zuni” after a
Pueblo Indian tribe, has been ap-
proved for operational use in the
U. S. Fleet. It will replace the
World War II HVAR rocket in
new high - performance aircraft.
Zuni is a folding fin, solid-propel-
lant rocket, designed for use on
fighter and attack aircraft and for
both air-to-ground and air-to-air
attack. It will be highly effective
against tanks, pillboxes, gun em-
placements, trains, ammunition and
fuel dumps, and small ships. As
an air-to-air weapon, its high ve-
locity and short time to target
promise a high kill potential
against aircraft.

New Name

RCA has changed the mame of
its Tube Division to the RCA Elec-
tron Tube Division.

NEW ARIZONA ELECTRONICS PLANT

Motorola’s new $3,-
000,000 Military
Electronics  Facility
at 8201 East Mc-
Dowell Rd., Phoenix,
Ariz. has 192,000 sq.
ft. of space.

ELECTRONIC INDUSTRIES & Tele-Tech
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Pentagon To Use
300,000 Watt SSB

A powerful new short wave
transmitter which can beam vital
defense messages to any spot on
earth, even through severe inter-
ference, will be installed for Penta-
gon use. Named the “World Span-
ner,” the powerful SSB transmitter
was designed for use as part of the
Army’s world-wide communication
network by the U. S. Army Signal
Engineering Laboratories at Fort
Monmouth, N. J., and by Conti-

[

Signal Corps engineer Ralph Johnson inspects
tittings as William Mitchel, of Continental
Electronics, Inc. lowers a 150-pound tube
into its socket in Pentagon’s new transmitter

nental Electronics, Inc., of Dallas,
Texas.

Nominal power of the new equip-
ment is 300,000 watts, but SSB re-
finements and a new beam antenna
are expected to boost effective
power to 24 million watts. Final
is built around a 150-lb vacuum
tube made by Radio Corporation of
America—with 18,000 volts on the
plate.

The multi-band transmitter can
go on the air at any one of ten
previously set frequencies in the
4 to 30 MC range by the turning of
a single switch. The transmitter
can send 64 teletypewriter messages
or four separate voices at the same
time.

More News on Page 10



BURROUGHS RESEARCH CENTER NEEDS Good ENGINEERS

T ,_‘—«-\‘-"—\

~ ALL THINGS
. ARE BORN
YIN THE MIND

OF MAN

. « . it is the responsibility
of the engineer to develop
these thoughts for practi-
cal, profitable use.

All ideas are but a result of what
has gone before and man’s ability
to adapt his vast store of acquired
fact to reason. His mind, when
used efficiently, is the most prolific
of all computers — it can think,
remember, reason and store infor-
mation better than any man-made
machine. This deep reservoir of
conscious and unconscious knowl-
edge residing within the thinking
individual is a scarcely tapped
source of a whole torrent of ideas.
As these new ideas unfold, it will
be the responsibility of the
engineer and scientist to apply his
practical experience and trained
reasoning to these new concepts
. . to develop them for the most
practical and beneficial use.

That is just what we are doing at
the Burroughs Research Center. If
you want to be a part of these ex-
citing discoveries in the field of
electronic computing, why not look
into the Burroughs story today?

TR Inquiries are invited

' from those qualified as

® ELECTRICAL ENGINEERS

© ELECTROMECHANICAL ENGINEERS
f ® PHYSICISTS « MATHEMATICIANS
\\ ® MECHANICAL DESIGN ENGINEERS
® MECHANICAL ENGINEERS

Write or Telephone

M. E. JENKINS, PLACEMENT MANAGER « PAOLI 4

For Interview at Your Convenience

BURROUGHS CORPORATION
Reseanch Ceuten

PAOLI, PA. * On Philadelphia’s Main Line Near Historic Valley Forge
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make your scopre multi-channel

NEW BURROUGHS BEAMPLEXER

displays up to 10 separate
signals on a single-channel

scope simultaneously

Now you can have the advantages of multi-channel oscillo-
graphy at a fraction of the cost of a multi-channel oscillo-
scope. Just hook Burroughs' new Beamplexer up to your
present single channel scope, and you'll be able to observe
up to ten separate channels of information simultaneousty
on the face of your present single-gun tube.

The Beamplexer is actually a fast electronic switch. Its
heart is the Burroughs Beam Switching Tube which acts as
a gate, picking the ten parallel input signals off in sequence,
at adjustable speeds ranging from push button to 100 ke,
and putting them out on one line. Each signal can be
located on the scope as desired, and even superimposed
on one another through individual positioning pedestal
controls for each channel. Other controls include separate
amplification for each channel.

Power consumption is 120 volts a-c, 60 cps, single phase,
0.73 amps, with the entire unit self-contained for cabinet
or standard relay rack mounting.

0
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4
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4
K
14
0
f
0
H
0
0
3

Full details on how the Beamplexer can make your
scope more useful . . . make your time more efficient . . .
are given in Technical Bulletin 346 available for the
asking. Write for your copy.

BURROUGHS CORP. e ELECTRONIC INSTRUMENTS DIVISION
Department D e 1209 Vine Street o  Philadelphia 7, Penna.
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These accurately made components represent products
available to you that meet rigid industrial ov military
requirements.

Choppers—A variety of Airpax choppers enables you to
select the appropriate type for each application. They are
manufactured on precision machines to assure you of
uniformly high quality. These choppers are used in
instruments and automatic control. Contacts are rated for
0 to 2 milliamperes at up to 100 volts. Drive is 6.3
RMS volts.

Typical Signal Choppers

Minigture
Solder Lug Type

Frequency 7-Pin Octal
(CPS) Base Type Base Type

Standard Environment

60 175,176 170, 586 178,179, 800*
400 300, 400 520, 580 302 thru 304, 600*

High Temperature

400 150, 310, 320 100 311 thru 314

High Vibration

400 350 351 thru 354

“Double-pole double-throw, split reed

400-CPS Chopper Drivers—Chopper drivers enable
you to use 400-CPS choppers even if 400-CPS drive
power is not otherwise available. There are two types:
Series 202 is for use in 60-CPS powered equipment with
conventional heater and plate voltages. Series 220 is for
use in battery powered equipment.

Vibrators—Airpax pioneered high-frequency power
vibrators because of reduced size and weight of associated
transformers and chokes.

Type 500 vibrator is a 400-CPS interrupter unit for
use with moderate continuous or heavy intermittent
loads. It is hermetically sealed, operates in any position.
This vibrator and variations are used in airborne trans-
ceivers, guidance equipments, and portable sets.

Type 505 is a center-pivoted vibrator rated for 28 DC
volts input and output at 250 CPS. It is designed to
withstand vibrations of 10 G from 10 to 1,000 CPS;
time efficiency is 46%.

8 Circle 5 on Inquiry Card. page 201

Inverters—Using 400-CPS vibrators, Airpax custom
designs and manufactures compact low-power inverters.
By way of example, Type 512 is hermetically sealed,
weighs 14 ounces, occupies 7.5 cubic inches, withstands
accelerations of more than 50 G, and has an efficiency
of 75%. Its output is essentially a square wave, 15 watts
at 110 RMS volts, 400 CPS. Inputis 6, 12 or 24 DC volts.

Pulse Transformers—For preferred blocking oscil-
lator circuits, use Airpax Pulsite transformers. These
compact, hermerically sealed units are available as a kit
covering many requirements of pulse circuits.

Characteristics of Pulsite Transformers

Pulse Width Loc L Cd Type

{usec) {mh) (uh) (uuf)
0.1 0.08 6 7 PT-1081
0.2 0.13 14 7 PT-1082
0.3 0.30 25 8 PT-1083
0.5 0.80 30 8 PT-1084
1.0 2.4 35 9 PT-1085
2.0 7.8 125 10 PT-1086
5.0 28 400 10 PT-1087

10.0 153 1,000 12 PT-1088

Custom Transformers—Airpax designs and manu-
factures custom transformers. The largest Fosterite
facility in the country is at Airpax; units 3 x 3 x 4 feet
can be baked and vacuum impregnated, or large batches
of small units can be processed quickly. In addition to
vacuum impregnated and molded units for airborne
equipment, Airpax manufactures hermetically sealed
MIL-T-27A units. Airpax has supplied transformers in
quantity for operation in ambients to 175 C. )

Sheet Metal Facilities—A complete machine and
sheet metal shop complements the transformer produc-
tion. The shop has sufficient capacity to fabricate custom
metal parts, such as chassis and cases.

|
ARPAX =
S

E— 7

DESIGNERS "c'::.':':f.f,s ENGINEERS

MIDDLE RIVER « BALTIMORE 20, MD.
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Thorough testing and inspection assure you that these
Airpax components meet critical requirements for control
and guidance.

Magnetic Amplifiers—Ferrac magnetic amplifiers are
highly stable and linear DC amplifiers. You can use them
in analog computer portions of guidance and control
equipment. Several types are available to meet usual appli-
cations. Each amplifier has two input windings; output
is electrically isolated from input and power supply. At
stand-by, amplifier draws about 1.5 watts; with full
signal, 2.5 watts at 115 RMS volts, 400 CPS.

Instrument Magnetic Amplifiers

Application Plug-in Type Bolt-Down Type
General Purpose M-943 M-5174
Integrator M-1039 M-5175
Thermocouple M-1040 M-5176
High Gain M-1057 M-5177

Synchronous Demodulators—So that 400-CPS syn-
chros can be used with DC control circuits, Airpax
developed highly accurate ring rectifiers. Two types are:

Type D-5170 has a highly accurate null for use in
zero-seeking equipments. A null accuracy (exclusive of
the synchro) of 9 minutes can be obtained with it.

Type D-5171 has a wider linear range for proportional
control equipments. It presents about 20,000 ohms to
the control transformer.

Servo Amplifiers—Airpax magnetic power amplifiers
control current to both phases of 400-CPS instrument
servo motors. As a result, they draw little stand-by power.
This characteristic results in up to 60% saving in stand-
by power, compared with some other servo amplifiers.
Standard units deliver 3.5, 6, or 10 watts per phase.

Typical Ratings, Type M-5178

Input—Two identical control windings of about 125 DC ohms each

Sensitivity—7.5 DC milliamperes into either control winding
produces 6 watts output to each phase

Power—115 to 150 RMS volts at 400 CPS, approximately 21
watts at maximum output, only 3 watts during stand-by

Connections—Octa! plug-in base, hermetically sealed

Dimensions (Max.)—1% " square base, 3" seated height

Weight—Approximately 14 ounces

Frequency Detectors—Magmeter frequency detectors
convert AC signals to DC outputs. The output is linearly

ELECTRONIC INDUSTRIES & Tele-Tech + June 1957

proportional to input frequency. These detectors are
relatively insensitive to changes in signal amplitude and
wave shape. They are used in telemetering, tachometers,
and for pulse-rate measurement. Standard Magmeter
detectors require about 1 watt of signal input. They can
be driven ccllirectly from 120-volt power lines, from
vacuum-tubes or transistors. Plug-in units fit octal sock-
ets; bolt-down units have solder lugs.

Magmeter Frequency Detector

Frequency Line or Tube Drive Transistor Drive
(CPS) Plug-In  Bolt-Down Plug-in
0-50 F-945 F-5121 F-5156
0-100 F-979 F-5122 F-5157
0-200 (F-979) F-5123 F-5158

375-425 F-992 F-5133
0-500 F-5146 F-5124 F-5159
0-1000 F-980 F-5125 F-5160
0-2000 F-981 F-5126 F-5161
0-5000 F-947 F-5127 F-5162

Circvit Breakers—Electronic circuits can be protected
by Airpax miniature magnetic time delay circuit breakers.
Trip level is unaffected by temperature. Units are rated
up to 50 DC volts or up to 120 RMS volts; the latter
either for GO or for 400 CPS. Trip sensitivities are as
low as 50 milliamperes; current ratings are available up
to 10 amperes. There are two standard time delays:
Rapid response A for protecting conventional electronic
equipments, and slow response B for equipments that
draw substantial starting surges.

Miniature Circuit Breakers

Rating Series Type Shunt Type Relay Type
50 DC volts 401- 402- 403-
120 RMS volts at 60 CPS 410- 411- 412-
120 RMS volts at 400 CPS 420- 421- 422-

PRODUCTS

MIDDLE RIVER « BALTIMORE 20, MD.

DESIGNERS ENGINEERS
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As We Go To Press . . .

Camera Pods

In future tests of air-attack mis-
siles, hits or near misses will be
recorded by camera pods developed
by Bell & Howell Co., Chicago, Ill.
Two pods, each with four high-
speed cameras, and mounted on the

Drone target aircraft mounts pods containing
recording cameras. Full spherical coverage of
missile’s approach is obtained.

drone target, give full spherical
coverage of the missile’s flight as
it nears the moving target. The
system is in production and is
available to companies working on
missile-scoring or rocket-scoring
systems.

P-C Developments

Vast reductions in time and tool-
ing for printed circuit buffing are
claimed with a new process of
Maplewood Companies, Livingston,
N. J. Production rates exceeding
60 square feet per minute are at-
tained. Another new development
is a chemical process for deposit-
ing pure metallic copper on plastiecs
and other non-conductive surfaces.
The three solution system is a de-
velopment of Atkinson Laboratory,
Inc., Hollywood, California.

New RETMA Standards

These important new RETMA
standards are now available: RS-
159, “Chassis Pickup of Vehicular
Receivers,” 25¢; RS-177, “Vibrator
Power Transformers,” 30¢; “Sol-
derability Test Standard,” 25¢;
and RS-179 “Classification of Tube
Testers,” 25¢. Copies may be ob-
tained through RETMA Engineer-
ing Dept., 11 West 42nd St., New
York 36, N. Y.

MORE NEWS ON PAGE 13
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ELECTRONIC SHORTS

» Grant of $16,500 was awarded Case Institute of Technology by the Ford
Foundation Fund for the Advancement of Education extending support
for experimental two-way closed-circuit television as a teaching aid.

» A 5-yr. program of the Dept. of Commerce, an expansion of one an-
nounced a year ago, calls for the purchase and installation of modern control
systems at air terminals. The $800-million program will prepare the
nation’s airports for the advent of the jet age, only 2 yrs. off.

p The U. S. and Great Britain may be relying too much on an early devel-
opment of ballistic missiles. Thomas G. Lanphier, Jr., Vice-President of
the Convair Div., General Dynamics Corp., declares unmanned weapon
systems will not become available until several years after this nation’s
conventional defense structure is scheduled to crumble.

» The USAF’s jet-powered vertical takeoff and landing research airplane,
the Ryan X-13 Vertijet. made its first complete flight sequence from vertical
takeoff to horizontal flight to vertical landing. The flights, at Edwards
AFB, culminated an 18-month flight test program.

» Datics Corp., Fort Worth, Texas, data processing, computing, and data
reduction firm, opened a Dallas District office in the Texas Bank Bldg.,
and signed a contract with IBM Corp. for a $2%-million 705 Electronic
Data Processing Machine.

» Less than 3 yrs. after ElectroData delivered its first Datatron, the pro-
duction rate has been increased to one system every 5 days. Shipment of
6 Datatron electronic data processing systems in 1 month set a new record
for the ElectroData Div. of Burroughs Corp. ElectroData has installed
147 computers nationwide.

» Members of the Electronic Transformers Industry Advisory Committee
advised that certain Government-furnished test equipment is needed in
the plants of electronic transformer manufacturers to assure required
military production under full mobilization. Most manufacturers cannot
afford the test facilities needed to produce components meeting the in-
creasingly rigid military specifications.

P A new line of electronic test instruments, in kit form, has been launched
by the Paco Electronics Co., Inc., a newly formed division of the Precision
Apparatus Co. The kits are expected to find a wide application in electronic
hobbies, amateur radio science education, and technical schools, as well as
industrial testing and quality control.

» Flushed etched circuits for the printed wiring industry developed by The
Mica Corp., Culver City, Calif., are resistant to shock, vibration, and
abrasion and exhibit excellent heat resistance under conditions encountered
in dip, roll, and hand soldering.

p State Department approval has been granted for the RAF to purchase
the LABS systems—a low altitude bombing system that enables low flying
jets to deliver atomic bombs—from the Aeronautical Div. of Minneapolis-
Honeywell Regulator Co. The hit-and-run bombing system enables jets to
skim in toward prime targets at tree-top levels, pull into a tight acrobatic
Immelmann-turn maneuver miles from the target, “lob” a conventional or
nuclear bomb high into the air, and then escape the blast area before the
bomb arches down to the target. The system can be used also in over-the-
shoulder bombing when the fighter bomber must pass over the target and
toss the bomb' back toward it as the plane streaks to safety.

» The results of preliminary design study of a vehicle which will permit
the recovery of nuclear emulsions which could thus be exposed for a con-
siderable period of time to the primary cosmic radiation were presented
at a meeting of leading scientists at the Martin Co., Baltimore, Md. The
study concerns the feasibility of recovering the scientific payload of rocket
research vehicles which have spent a considerable amount of time out of
the atmosphere.

ELECTRONIC INDUSTRIES & Tele-Tech -+ June 1957



N r - - " ;
R 1% } |
{ s - ; - - l
SACRAMENTO SAN DIEGO ALBUGUERQUE LAS CRUCES

)l &

- -

LOS ANCELES SAN FRANCISCO
A 2y \
)

% (

PHOENIX

SN

We are proud to further expand our facilities in the West with the opening of
our eighth office in Tucson, Arizona. Neely Enterprises’ growing family of
offices offer the finest and most complete service to answer the increasing
need for instrumentation in the electronics industry.

Each of the eight offices are strategically located and staffed by fully qualified
engineers with broad electronic instrumentation background. This on-the-spot
representation by a Neely engineer can save you and your organization valu-
able engineering time.

Call a Neely engineer from one of the eight offices conveniently located near you.

ENTERPRISES

eeetrpnic. mo/»wéamm’f ntfpredoilalives—

1L0S ANGELES SAN FRANCISCO SACRAMENTO SAN DIEGO ALBUQUERQUE LAS CRUCES PHOENIX TUCSON
OFFICE OFFICE OFFICE OFFICE OFFICE OFFICE OFFICE OFFICE
3939 Lankershim Blvd, 501 Laurel Street 1317 rigteentn Street 1055 Shafter Street 107 Washington Street, S.E. 126 S. Water Street 641 £. Missouri Avenue 232 S. Tucson Blvd.
Phone: STanley 7:0721 San Carlos Phone: G 2.8901 Phone: AC 3-8106 Phone: 5-5586 Phone: JAckson 6-2486 Phone: CR 4-5431 Phone: MA 3.2564

Phone: LY 1-2626
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Circle 7 on Inquiry Card, page 201

Tuning Fork Controlled

Tuning Fork Resonators, the ultimate in
precision audio frequency control.

PHONE OR WRITE

for complete information regarding component
type Tuning Fork Resonators, and variously
packaged Frequency Standards, Oscillators,
Drivers, and Frequency Dividers,

PHILAMON LABORATORIES INC.

90 Hopper Street, Westbury, Long Island, N. Y. EDgewood 3-1700

ELECTRONIC INDUSTRIES & Tele-Tech -
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As We Go To Press . ..

WHITE ALICE

White Alice, Alaska’s new tropospheric scat-
ter communications system, uses 60-foot an-
tennas such as this. White Alice is a project
of Radio Engineering Laboratories.

Important IGY Role
For NBS Boulder Labs

The ijonosphere branch of one of
the three world-data centers for
collecting, analyzing, and dissemi-
nating information on IGY studies
will be located at the Boulder Lab-
oratories of the National Bureau
of Standards, in Boulder, Colorado.

During the forthcoming Interna-
tional Geophysical Year, ionosondes
located at 180 strategic points over
the entire earth will send radio
pulses of various frequencies up
toward the ionosphere. The return
time of the reflected signal will be
noted and the height and density
of the reflecting layers determined.

Scientists at Boulder Labs will
plot all this information on graphs
and maps in an attempt to gain a
global picture of the ionosphere and
its peculiarities. Coordination of
these observations with determina-
tions of sunspot activity and other
measurements may add further to
our knowledge of the Ionosphere
and causes of its variations.

IGY scientists hope to gather
enough information about the iono-
sphere so that improved predictions
can be made as to when direct radio
communications can be made. Other
coordinated studies may provide in-
formation concerning the effects of
sun and moon gravitational forces,
strong winds, and bombardment of
the ionosphere by meteors.

ELECTRONIC INDUSTRIES & Tele-Tech

Coming Events

A listing of meetings, conferences, shows, etc., occurring
during the period June to December that are of
special interest to electronic engineers

June 3-7: 27th Norelco X-ray Diffrac-
tion School, by Philips Electronies,
Inc.; at the Hotel Morrison, Chi-
cago.

June 4-6: 6th Annual Convention &
Trade Show, sponsored by the Na-
tional Community TV Assoc., Inc.;
in Pittsburgh, Pa.

June 4, 11, 18: Industrial Writing In-
stitute, by Western Technical Writ-
ing Institute; at Statler Hotel, Los
Angeles.

June 6-7: 1st Annual Conf. of Pro-
duction Techniques, sponsored by
the IRE; at the Willard Hotel,
Washington, D. C.

June 6-8: Annual Meeting, sponsored
by the National Society of Profes-
sional Engineers; at the Statler Ho-
tel, Dallas, Tex.

June 10-11: 2nd Symposium on Ap-
plied Reliability, sponsored by
RETMA; at the Hotel Syracuse,
Syracuse, N. Y.

June 14: Conference on Plastics for
Electronics, sponsored by the So-
ciety of Plastics Engineers; at the
Lowell Inst. of Tech., Lowell, Mass.

June 16-21: Annual Meeting, spon-
sored by the American Society for
Testing Materials; at Chalfonte-
Haddon Hall, Atlantic City, N. J.

June 17-19: 1st National Meeting,
sponsored by IRE Military Elec-
tronics Group; at the Sheraton-
Park Hotel, Washington, D. C.

June 17-20: Summer Annual Meeting,
sponsored by IAS; in Los Angeles.

June 19-21: 12th National Meeting,
sponsored by The Association for
Computing Machinery, Inc.; at the
University of Houston, Houston,
Tex.

June 24-28 Summer General Meeting,
sponsored by the AIEE; in Mon-
treal, Quebec, Canada.

June 27-July 1: Electronics in Auto-
mation, sponsored by the British
IRE; at the Univ. of Cambridge,
London, England.

July 15-18: Music Industry Trade
Show & Conv,, sponsored by Na-
tional Assoc. of Music Merchants;
at Palmer House, Chicago.

July 20-23: National Audio-Visual
Conv., by National Audio-Visual
Assoc.; at Morrison Hotel, Chicago.

August 12-16: Analog-Digital Conver-
sion Techniques, by Mass. Inst. of
Tech.; at M.L.T., Cambridge 39.

Aug. 19.30: Management Sciences
and Computer Tech. Courses, by

Univ. of Mich.; at Ann Avbor,
Mich.

Aug. 20-23: Western Electronic Show
& Conv. (WESCON), sponsored by
IRE and WCEMA; at Cow Palace,
San Francisco.

Aug. 23-25: Annual Conv. & Seminar,
sponsored by National Alliance of
TV & Service Assn’s.; at Sheraton
Hotel, Chicago.

Aug. 30-Sept. 1: ARRL National
Conv., sponsored by American Ra-
dio Relay League; at the Palmer
House, Chicago.

Sept. 4-6: Conference on Magnetic
Amplifiers, sponsored by IRE &
AIEE, at Penn Sheraton Hotel;
Pittsburgh, Pa.

Oct. 4-9: 82nd Semi-annual Conv., by
SMPTE; at Sheraton Hotel, Phil-
adelphia.

Oct. 7-9: National Electronics Conf.,
sponsored by IRE, AIEE, RETMA
& SMPTE; at the Hotel Sherman,
Chicago. .

Oct. 24-25: Computer Applications
Symp., by Armour Research Found,,
at the Sherman Hotel, Chicago.

Oct. 27-29: East Coast Conf. on Aero-
nautical and Navigational Electron-
ies, by IRE; at Lord Baltimore Ho-
tel & 7th Reg. Armory, Baltimore,
Md.

Oct. 27-29: Radio Fall Meeting, by
IRE; at Sheraton Hotel, Rochester,
N.Y.

Oct. 31-Nov. 1: Electron Devices Meet-
ing, by IRE; at Shoreham Hotel,
Washington, D. C.

Nov. 15-16: New England Radio-Elee-
tronics Meeting, by IRE; at Me-
chanics Hall, Boston, Mass.

Nov. 25-26: IAS International Meet-
ing, by IAS; at Canadian Aeronau-
tical Inst., Canada.

Dec. 8-11: Eastern Joint Computer
Conf., by IRE, ACM, and AIEE; at
Park Sheratior: Hotel, Washington,
D. C.

Abbreviations:

ACM: Association for Computing Machinery

AIEE: American Inst. of Electrical Engrs.

IAS: Inst. of Aeronautical Sciences

IRE: Institute of Radio Engineers

ISA: Instrument Society of America

NEDA: National Electronic Distributors As-
sociation

RETMA: Radio-Electronic-Television Manufaec-
turers Assoc.

SAMA : Scientific Apparatus Makers Assoc.

SMPTE: Society of Motion Picture & TV En-
gineers

WCEMA: West Cogst Electronic Manufactur-
ers Assoc.

June 1957
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WEST COAST PICTURE

Annual billings in California increased
from $25 million per year in 1942 to more
than $400 million in 1945,

During 1950-54 the W.C. electronic in-
dustry has doubled in volume of each year.

The |1 Western states have 441 of the
nation's approximately 4200 electronics
firms. Last year they grossed $1,690,000,000
of the total $9,700,000,000 national elec-
tronics product. Western electronics now
accounts for 15% of the number of com-
panies, 16% of sales, and 189, of employ-
ment in the industry nationally.

In Southern California, and in the San
Francisco Bay Area, the ratio of engineers
to total population is the highest of any
locale in the country. In Southern Cal-
ifornia electronics is second only to airframe
manufacturing in employment and manufac-
turing significance. Approximately 12% of
all persons employed in manufacturing
plants in the area are in some phase of
electronics work,

Ninety percent of the growth of Western
electronics has been built on the military

dollar.

Our market analysis people tell us that
we will have a $I5 billion electronics in-
dustry nationally by 1965. If they are cor-
rect, and our Western segment of the
industry faces its future realistically, its rate
of growth should continue to be higher than
the rest of the country. By 1965 the West's
percentage of output should increase from
16% to 20% and its dollar volume in-
crease by more than one-third. On this
basis we can look forward to a $3 billion
Western electronics industry within eight
years.

From on orficle by H. Leslie Hoffmann, pres.
of Hoffmann Electronics Corp., Los Angeles, in
""Signal'’ magazine.
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Box Score of Electronic Industry Statistics on the West Coast 1956

San Diego County: l. No. of Electronics firms. . 26
2. Employment ...... ..... 2,300
3.Sales .................. $ 30,000,000
Phoenix-Tucson Areas: . No. of Electronic firms. . 13
2. Employment ........... 6,000
3.Sales .................. $ 55,000,000
Portland-Seattle (does not l. No. of Electronic firms. . 12
include Boeing activity) 2. Employment e 6,000
3.8ales .................. $ 12,750,000
Los Angeles I. No. of Electronic firms. . 470
& Orange Counties: 2. Employment ... .. ... ... 73,000
3.Sdles .................. $1,000,000,000
San Francisco-Oakland I. No. of Electronic firms. . 75
& Peninsula 2. Employment . .......... 20,000
3.8ales ................. $ 260,000,000
4. Annual Payroll ......... $ 80,000,000
Balance 11 Western States 1. No. of Electronic firms. . 45
2. Employment ........ ... 9,500
3.8ales ................. $ 192,000,000
TOTAL—Electronics Industry I. No. of Electronic firms. . 641
—11 Western States, 1956 2. Employment ........... 112,000
3.8ales .................. $1,690,000,000
TOTAL—Electronics Industry . No. of Electronic firms. . 4,200
—USA, 1956 2. Employment . ... ... ... 610,000
3.8ales ............... ... $9.700,000,000

11 WESTERN STATES AS A PERCENT OF NATIONAL ELECTRONICS INDUSTRY

1. 15% of electronic firms 3. 169 of sales

2. 18% of employment

Principal Growth Areas
SAN FRANCISO-PENINSULA AREA

Expect the value of their electronic facilities to expand roughly 30%.

Value Electronics Facilities — 1956 ............. ~$89,000,000
New Facilities— 1957 . .................... ... $32,000,000
Sales— 1956 .. ... ... ... . ... ... $260,000,000
Projected — 1957 . ... .. .. ... ... . ... .. ... .. ... $321,000,000
Sq. Feet of Plant Facilities— 1956 .. .. ... ... . 3,500,000

Projected — 1957 . ... .. ... ... ... ... ... ......
LOS ANGELES AND ORANGE COUNTIES

1,700,000 (an increase of 49%)

New Expanded Total

No. Capital No. Capital No. Capital

Units Investment Units Investment Units Investment
1956 24 $7,500,000 35 $31,200,000 59 $39,000,000
1955 20 8,796,000 51 24,469,000 71 33,265,000

Total capital investment for one year (1956) was roughly 409, of San Francisco area's total
value of electronic facilities in 1956.

ELECTRONIC INDUSTRIES & Tele-Tech - June 1957



FROM START TO FINISH. . WITH COMPLETE OR PARTIAL AUTOMATION
AHLE

MACHINES

FOR
[EVERY| STEP OF

DIODE
MANUFACTURING
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Manufacturers know there are no short
cuts to diode quality. Each production phase
is a vital one . . . because of this, Kahle
designs these machines to account for and
accurately control every possible factor . . .
from the initial cutting of the glass tubing, to
the growing of the Germanium or Silicon crystal,
to the final sealing and testing of the diode.

IHlustrated are a few of the intricate
operations that can be accomplished with high
speed Kahle Automatic Machines . . . because
manufacturing needs vary so widely, Kahle’s
skilled engineers will develop individually
“eystomized’ machines or completely
“automated’’ production lines to meet your
specific requirements. 25 years’ experience
can help with your production problems.

Send for technical information about all
Kahle Semiconductor Manufacturing Machines
.. . please mention your applications

or requirements.

L=
KA“ LE ENGINEERING COMPANY

GENERAL OFFICES: PLANTS:

1310 SEVENTH STREET SEVENTH STREET, NORTH BERGEN, N. J,
NORTH BERGEN, N. J, HUDSON AVE., UNION CITY, N. J,

DESIGNERS AND BUILDERS OF SPECIAL AUTOMATIC AND SEMI.AUTOMATIC EQUIPMENT FOR ALL INDUSTRIAL OPERATIONS
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Electronic Industries’ News Briefs

Capsule summaries of important happenings in affairs of equipment and component manufacturers

EAST

LENKURT ELECTRIC CO. has opened
Sales and Engineering offices in ‘Washington,
D. C., to provide increased service to military
and civil federal agencies, industrial firms,
and other customers in the eastern U. 8.
Joseph R. Sherman, newly appointed Manager
of the eastern area commercial relations, will
manage the Washington office.

GE’S TECHNICAL PRODUCTS DEPT. has
announced receipt of a contract from the
U. 8. Army’s Signal Supply Agency for a
cloged-circuit color TV system for use at the
Missile Test Center at Cape Canaveral, Fla.
The system will be used by Army observers
for close up viewing of missile launching and
for tracking the high speed missiles up to a
possible altitude of 100,000 ft.

NARDA CORP. has completed preliminary
plans with the Kama Instrument Corp.,
Mineola, N. Y., manufacturers of fine wire
wound components under the Government
NIKE program, to become a wholly-owned
subsidiary.

WESTINGHOUSE RESEARCH LABORA-
TORIES has formed a physics projects labora-
tory to expedite the development of electronic
and related devices. Among the projects as-
signed to the new group is continued develop-
ment of the image multiplier tube—a new
type of electronic tube recently announced by
the laboratories.

BENDIX RADIO DIV. has announced that
its Aviation Electronics Products Dept. will
supply extensive airborne electronic equipment
installations for the new Bristol Britannia
Transport that Northeast Airlines has ordered
for its Boston-New York-Miami run.

CANNON ELECTRIC CO. will move all its
manufacturing and service facilities from East
Haven, Conn., to its new Salem plant located
at Salem, Mass.

ELECTRICAL INDUSTRIES, formerly lo-
cated in Newark have announced completion
of a new plant situated in Murray Hill, N. J.
New production equipment, improved manu-
facturing processes, and new test equipment
make it possible to expand customer service
on both standard terminals and custom glass-
to-metal seals.

GENERAL INSTRUMENT CORP. has ac-
quired Radio Receptor Co., Inc., of Brooklyn,
N. Y. This is8 the third acquisition by GI in
12 months.

GENERAL TRANSISTOR CORP. has pur-
chased a 20,000 sq. ft. building and the ad-
joining 20,000 sq. ft. of ground at 91-27 138th
Place, Jamaica, N. Y. The acquisition brings
to a total of 3 the number of General Tran-
sistor plants.

SEL-REX CORP. has acquired a 40,000 sq.
ft. 2-story building in Nutley, N. J., to house
offices, manufacturing departments, and lab-
oratories.

SYLVANIA ELECTRIC PRODUCTS, INC.,
has started construction on a new facility at
the Waltham Laboratories for expanded re-
search and development in missile systems.

UNIVERSAL PRODUCTS CO., INC. Wil-
mington, Del., has acquired C. P. Clare & Co.,
Chicago relay mfr.

UNIVERSAL TRANSISTOR PRODUCTS

CORP. is the ncw name for Universal Atomics
Corp., 50 Bond St., Westbury, N. Y.
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GE’'s HEAVY MILITARY ELECTRONIC
EQUIPMENT DEPT. has been awarded an
$83-million definitive contract for work in con-
nection with guidance of the Atlas intercon-
tinental ballistic missile.

WALTER KIDDE NUCLEAR LABORA-
TORIES, INC., Garden City, N. Y., has been
awarded a contract by the U. S. Maritime
Administration for design of the first atomic-
powered surface ship, along with George G.
Sharp, Inc., New York marine design firm.

MID-WEST

BENDIX AVIATION CORP. has established
a midwestern regional office for its Computer
Div. in the Palmolive Bldg., 919 N. Michigan
Ave., Chicago.

RADIO CORP. OF AMERICA’S Bizmac
System has been demonstrated by the Army
Ordnance Corps at its Tank-Automotive Com-
mand headquarters in Detroit. The system
opens the way for a sharp cut in world wide
stocks of spare parts in the next two years.
It will reduce months of paper work to minutes
of push-button operation.

BURROUGHS CORP.'S Tiremen Ave. plant
in Detroit will more than double its size when
construction of a second manufacturing build-
ing is completed. This will bring their total
manufacturing space to 220,000 sq. ft.

HEATH CO., Benton Harbor, Mich., has
broken ground for the construction of a new
142,000 sq. ft. plant. The modern 1-story build-
ing will house all of Heath’s operations.

BARBER-COLMAN CO. has established a
Wheelco Instruments Division, Sub-branch of-
fice at 20 Leland Avenue, Columbus 14, Ohio,
under H. J. Hoffman.

BRUSH ELECTRONICS CO. opened a fac-
tory branch office at 1960 S. LaCienega Blvd.,
Los Angeles.

COMMUNICATION ACCESSORIES CO. has
moved its facilities from Hickman Mills, Mo.,
to Highway 71 By-Pass and those on U. S.
50 to Lee’s Summit, Mo.

RADIO CORP. OF AMERICA and MINNE-
APOLIS-HONEYWELL REGULATOR CO.
have announced the appointment of three
Canadian companies as sub-contractors for
engineering services relating to an electronic
weapons system for the new RCAF AVRO
CF-105 jet combat plane.

HYCON-PAGE, Cambridge, Mass., has signed
a contract with the International Cooperation
Administration to provide engineering services
for the proposed development of a modern
telecommunications system in Thailand, Viet-
nam, and Laos.

AVIATION ELECTRONIC PRODUCTS,
BENDIX RADIO, announces that a direct sales
and licensee agreement has been concluded
with Computing Devices of Canada, Ltd.

MARCONI'S WIRELESS TELEGRAPH CO.,
LTD., Chelmsford, Essex, England, has sup-
plied over 600 automatic direction finders to
Vickers Armstrongs, Ltd., for use on the
Vickers Viscount airliner.

ELECTRONIC INDUSTRIES & Tele-Tech -
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NUCLEAR INSTRUMENTATION DIV, a
new division of Gulton Industries, will he
located in Albuquerque, N. M., and will pro-
duce monitoring instruments for geophysical
equipment, high frequency telemetering sys-
tems, and nuclear reactor control and mon-
itoring circuits.

PACKARD-BELL ELECTRONICS CORP.
has become affiliated with Federal Electronics
Corp., holder of TACAN rights to the Sigalert
emergency warning system. Principal objec-
tives of the affiliation are to provide Sigalert
with the mass production facilities of Packard-
Bell, new styling for the product, and a plan
for marketing the warning system nationwide.

COHU ELECTRONICS, INC., newly formed,
will provide financial and business manage-
ment for electronics manufacturing and de-
velopment companies. Lamott T. Cohu, Presi-
dent of Kintel, was elected head of the newly
formed organization.

AMPEX CORP. has formed a new Profes-
sional Products Div., devoted exclusively to the
production and sales of equipment for the pro-
fessional recording and broadcasting industry.

CONSOLIDATED ELECTRODYNAMICS
CORP. has acquired William Miller Instru-
ments, Inc., Pasadena, pioneer custom manu-
facturer of dynamic recording and data-proc-
essing equipment. Two subsidiaries, Trans-
former Engineers and Pacific Transformer,
were not included in the transaction.

HOFFMAN LABORATORIES, INC., doubled
the size of the original plans for its new elec-
tronic research and development center now
being constructed.

HUGHES AIRCRAFT CO. has formed a new
dept. of Nuclear Products, to study the effects
of nuclear radiation on electronic equipment.
The department is headed by Dr. John W.
Clark.

INTERNATIONAL BUSINESS MACHINES
CORP. announced that the American National
Insurance Co. of Galveston has contracted to
make the largest purchase, so far, by private
industry of a large-scale IBM computer.

SPECTROL ELECTRONICS DIV, CAR-
RIER CORP., has just completed a new 2-
story building which doubles the previous floor
space. A completely tooled prototype develop-
ment center is included in the modern fa-
cilities.

APPLIED RADIATION CORP., Walnut
Creek, Calif., began manufacture of high-
power electron linear accelerators for proces-
sing foods, drugs and chemicals for nuclear
research.

VARO MANUFACTURING CO., INC,, Gar-
land, Tex., has established a Transformer Div.
to provide an integrated engineering and
manufacturing facility for magnetic compo-
nents.

MERCAST MANUFACTURING CORP., La
Verne, Calif., .producers of precision castings
for the aircraft electronics and missile indus-
tries has purchased the First Street Corp.,
owners of the land and buildings occupied by
Merecast.

AMERICAN ELECTRONICS, INC., Fuller-

ton, Calif., will construct an 11,000 sq. ft.
plant on a 20-acre site. The building will be
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Electron Tube News
—from SYLVANIA

Meeting industry’s basic needs—everywhere in electronics

— IN STACKED TUBES

Sylvania and Industry
team up to evaluvate
“Tubes of the Future”

Handmade samples of Sylvania stacked
tubes are being made available to
interested military equipment manu-
facturers. These potential users are
conducting experiments which provide
them with basic experience in the ap-
plication of these radically new vacuum
“tubes of the future.”

In turn they are supplying Sylvania
with analyses of their findings on the
potential advantages of stacked tubes,
their resistance to heat, shock, vibra-
tion, altitude and humidity. This team-
work, the interchange of data and ideas,
will benefit the entire electronics in-
dustry. It will speed the full-scale avail-

—IN TELEVISION

ability of stacked tubes and make
possible refinements in design which
will take full advantage of the inherent
potentials of the stacked tube.

Presently, experimental sampling in-
cludes single cathode double triodes
and an audio power pentode. Develop-
ment is underway to include double
cathode dual section tubes and RF and
audio pentodes in the basic comple-
ments planned for military application.

Internal view and compleiely assembled
ceramic stacked tube.

303" A& ()
RESNC 1S

Exploded view of stacked tube demon-
strates its rugged planar mount construction
utilizing ceramic element spacers assembled
on a ceramic stem. Note that element spac-
ings are independent of the tube envelope.

New improved
video amplifier
tubes

CURRENT In WILLIAMAERES
¥

Type 6CZ5
for 110° vertical deflection

The Sylvania Type 6CZS5 is a beam
pentode intended primarily for use as
a vertical amplifier or audio amplifier
and has controlled heater warm-up for
series string operation.

Vertical Deflection Ratings
(pentode connection)

Plote V. .......oviveennnnnsaes 315 V max.
Peck Positive Plate V. .2200 V absolute max.
Plate Dissipation............ 10 Watts max.
GridNo.2V...............00 285 V max.

Grid No. 2 Dissipatian........ 2 Watts max,

Type 6DQ6A
for 110° horizontal deflection

The type 6DQ6A has been upgraded
for higher screen dissipation to meet
the need for a horizontal deflection
tube in 110° circuits. For series string
circuits the type 12DQ6A features con-
trolied heater warm-up time and 600
ma heater current.

Design Center Ratings

Peak Positive Plate V. ..6000 volts abs. max.
Plave Dissipation....... .

Grid No. 2 Dissipation. .
Zero bias plate current.............

| e
/ ' mn
ZERO BIAS
€ - waTD st PLATE
pisad CHARACTERISTIC
CURVE

100 o 0

The sharp-cutoff pentode sections of the
types 6AWSA and 6BASA have been
redesigned to exhibit a lower knee char-
acteristic as shown in the graph. This
permits a wider range of B+ supply
voltages. In addition, pentode plates
have been redesigned to increase dissi-
pation from 3.0 to 3.25 watts,



Meeting industry’s basic needs

—IN GUIDED MISSILES

New Guided Missile Line
‘‘giant step’ in the evolution
of tube reliability

Sylvania offers the first line of tubes
specifically designed and tested for
guided missile application to meet the
industry’s need for greater reliability
where severe conditions of environ-
mental temperature and vibration exist.

Visual inspection—visual inspection criteria
as outlined in MIL-E-1C is applied to Guided
Missile Tube production. This highly strin-
gent and definitive spec helps to insure opti-
mum reliability.

—IN FACILITIES

Subminiature plant combines ‘“‘area
cleaning” with “point cleaning” to
help achieve greater tube reliability.

Sylvania’s plant at Burlington, lowa, is the
most modern plant ever designed, built,
and equipped for the exclusive production
of *Gold Brand” premium subminiature
tubes.

The recent instaliation of complete air
conditioning and air purification adds a
new measure of control in the manufac-
ture of the world's most reliable tubes.

‘‘area cleaning’ —new installation
of complete air conditioning and air
filtering keeps areas, such as mount-
ing department, relatively free from
dirt and dust.

This line of tubes and the new levels
of reliability it achieves represent the
newest step in Sylvania’s continuing
program of tube reliability.

The Guided Missile Tube Line, de-
veloped under a Buship contract, is the
result of thorough investigation of the
missile field and emphasis in design
has been placed on those tube para-
meters most critical to missile require-
ments.

Features of the line include new
reliability tests such as ‘‘white noise,”
more severe flicker short tests, and
more stringent fatigue test.

Of equal significance is the manufac-
turability of the Guided Missile Tube
Line. It is capable of being mass pro-
duced on present facilities to meet
military requirements in time of need.

7 types meet the
basic requirements for
Guided Missile applications

Sylvania Nearest
exp. type Description Prototype
SN1774A. . . . Sharp cutoff RF pentode. . ... .. ... 6205
SN1775A. . .Semi-remote cutoff RF pentode. .. .6206
SN1776A

(6788) ... .Pentode audio voltage amplifier. . —
SN1777A. . . . Audio beam power pentode. .. ... 5902
SN1778A. . .. Medium mu single triode. ... .. ... 5977
SN1802A. . .. Double, medium mu triode. . .
SN1803A. . .. Double, high mu triode

“point cleaning” —immediate work
areas are kept spotlessly clean as in
mount assembly. Air currents under
hooded tables isolate the mounting
area from outside air.

temperature control—plays an important fac-
tor in manufacturing processes, such as heater
preparation. Makes it possible to control the
manufacture of small diameter 26.5 volt heat-
ers for maximum uniformity and dependability.



everywhere in electronics

—IN COMMUNICATIONS

New Subminiature Types for
26.5 Volt Systems

Sylvania now offers the designer a line of
subminiature tubes designed with 26.5 volt
heaters for systems operating from 26.5 volt
power supplies. Mechanical and electrical
design are combined with a proved quality

control program to assure a high degree of Plate
reliability. “Burn-in” period before test im-  Type Description Heater Voltage Voltage
E(r)(l):;zsu:\rcliirhlfi?e et’e‘ftezgan“(;’t’i;:;ed at 3000 5003, ....... Double diode with. .. ....v..r.. ... 265V... ..., Detector
. separate cathodes

In addition to types rated for 26.5 volts 5904.......... Medium Mu Triode. . ...covvevnnnn 265V, 265V
on all elements, other types are provided 5905.......... Sharp cutoff RF pentode. ... .......265V.......... 265V
for higher plate voltage operation. Thus 5906.......... Sharp cutoff RF pentode. ... ....... 265V. e 100V
the designer will find greater circuit design 5907.......... Remote cutoff RF pentode.......... 265V.......... 265V
flexibility through appropriate selection of ~ 5908.......... Pentode mixer........covveivennnn 7455\ /586 0000000 265V
types to meet his equipment needs. S5 6 06000600 Pentode mixer.......oovevvunennn. 265V..iuiiinn 100 vV

—IN CATHODE-RAY TUBES

Lightweight 17", 90° tube is TV’s
newest picture tube development

Following closely on the heels of the 110°
picture tube, Sylvania announces a 17"
tube with 90° deflection and standard
neck diameter for portable TV applica-
tion. The new 17” tube is three pounds
lighter than the currently popular 17,
90° types.

New Flying Spot

Scanner Tube

The new Sylvania Type SBNP16
flying spot scanner tube is a typ-
ical development in Sylvania’s
rapidly expanding special pur-
pose cathode-ray tube program.

shorter overall length (1034"). It
employs low voltage electrostatic
focus, an aluminized screen, and

simplified installation.

¥ SYLVANIA

It is an inexpensive tube with ;

operates without ion-trap for 2

Types are offered with either a 450 ma
or 600 ma heater, for use with or without
ion-trap. This new development makes
it possible to design lighter portables
while using readily available deflection
yokes and existing circuitry.

see next page—
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Postage

} Will be Paid
by
é Addressee

Pastage Stamp
Necessary

if Mailed ia the
United States

BUSINESS REPLY CARD

(First Class Permit No. 46687, New York 19,N. Y.)

1
SYLVANIA ELECTRIC PRODUCTS INC.
1740 Broadway

i
! New York 19, N. Y.



Meeting industry’s basic needs
everywhere in electronics

—IN TUNER AND IF TYPES

6BN4

Medium mu triode designed for amplifier
use in VHF tuners. Characteristics are
similar to one section of the 6BZ7. 3BN4
and 2BN4 are series string versions with
controlled heater warm-up.

— IN RECTIFIERS

Type 12DF5

The 12DFS5 is a T6Y% full wave rectifier
with separate cathode connections and
center tapped heater. Its ratings are com-
parable to the type 12BW4. Unique con-
struction adds flexibility in rectifier or
doubler use and permits operation from
6- or 12-volt heater supply.

¥ SYLVANIA

LIGHTING « RADIO

6CY5

Sharp cutoff tetrode designed particularly
for amplifier service in VHF tuners. Types
4CYS, 3CYS5, and 2CYS offer controlled
heater warm-up for series string circuits.

—IN COMMUNICATIONS

Type 407A
Type 408A

Type 407A is a T6'% double
triode with separate cathodes
and a center-tapped heater for
20- or 40-volt operation. Its
useful range extends to VHF
for use as an amplifier, oscilla-
tor, multi-vibrator, or clamper.
Type 408A is a 7-pin, T5%
pentode for 20-volt heater oper-
ation. High Gm makes it desir-
able for amplifier service from
audio through VHF ranges.

6DK6

7-pin miniature sharp cutoff pentode. High
transconductance at low plate and screen
potentials make them especially useful as
TV IF-amplifiers. Types 3DK6 and 4DK6
are series string versions.

Sy
New Series —;._T'
String S st
reference & i /
chart -

Here is a chart designed to
fit your notebook or hang
conveniently on the wall. It
is a complete listing of all
600 ma and 450 ma tube
types designed for series
string operation.

TELEVISION o

SyLvania ELECTRIC PrRoODUCTS INC.
1740 Broadway, New York 19, N. Y.
In Canada: Sylvania Electric (Canada) Ltd.
Shell Tower Bldg., Montreal

ELECTRONICS o« ATOMIC ENERGY

Iy gy —— e st ln.-]

Please send additional information on the items x < S
checked below.
| [] 110° Deflection [[] 90° Lightweight 17" Picture Tube i Use this handy

[] 6AWBA—6BABA [ ] 5BNP16 [] Tuner Types business reply card

[[] Guided Missile Line [ ] 6DKé (] 12DF5 ¢ ¢

[J 26.5 volt line [] Series String Chart [ ] 407A—408A 0 reques
additional information

Name on these important new

Address Sylvania developments

Company
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By Filtors,

smallest and lightest
hermetically sealed latching
sub-miniature relays,
magnetically held—

no power drain—

and electrically reset.
2PDT, 4PDT and 6PDT

High skock and vibration
resistance.

All made to
MIL-R-25018 (USAF)
and MIL-R-5757C,

Dry circuit relays available
Write for catalog

Leading manufacturers of
hermetically sealed
sub-miniature relays.

FILTORS, INC.

Port Washington,
Long Island, New York
POrt Washington 7-3850
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says Momiington Fand Univac

of the

REVERE

ROLLED CGOPPER

used in its Printed Circuits

A leader in the manufacture of digital computing svstems,
Remington Rand Univac utilizes the latest manufacturing
techniques hecause computing systems require printed
circuit hoards completely free of defects.

In examining copper-clad laminated boards made with
Revere rolled copper Remington Rand Univae said, “We
found even the finest lines were freer {rom pits. pinholes
and other imperfections. In addition. there were no detect-
able lead inclusions. Also. the rolled copper thickness is
uniform. We get what we specifv.”

Designed and developed by Remington Rand Univae,
digital computers use hundreds of printed eireuits. Fach
one musl operale according to specifications at all times,
There can he no sacrifice of conduetivity. Because of more
uniform etching qualities Revere Rolled Copper is capable
of producing hetter edge definition. allowing closer spacing
of lines. A uniform solder coat under normal or antomatic
soldering operalions is possible because the copper is free
from surface defects, Iluxes wet readilv hecause of this
clean surface. These factors combine to make Revere Rolled
Copper the ideal medium for these printed circuit boards.

And they are the very reasons why vou should insist that
Revere Rolled Copper be specified by you when ordering
blanks from your laminator.

1t is availahle in unlimited quantities in standard coils of
350 Ibs. in widths up to 38” and in .0011, 0028, and .0012

REVERE COPPER AND BRASS INCORPORATED

Founded by Paul Revere in 1801
230 Park Avenue, New York 17, N. Y.

gauges. weighing approximaltely 1 oz, 2 oz, and 3 oz. per
square foot: or heavier if required. Many users have found
that because of its unique characteristics 1 oz. Revere
Rolled Copper can be used instead of the 2 oz required
when other kinds of copper are used, thus effecting still
greater savings in material cost. Revere Rolled Copper
exceeds requirements of standard specifications and meets
ASTM B5 specifications for purity with 99.9% minimum.

Consult vour laminator regarding the use of Revere
Rolled Copper for vour printed circuits, or contact the
Revere Representative neares<t you through the yellow pages
of your local telephone directory.

Revere does no laminating of printed cireuit hoards,
making only rolled copper. Revere Rolled Copper can
atso be furnished rolled down to .0006 for coil wind-
ing applications. *Reg. U. S. Pat. Office

Ey

UNIVAC FILE COMPUTER

ELECTRONIC INDUSTRIES & Tele-Tech -

Mills: Rome, N. Y , Baltimore, Md.; Chicago, Clinton and Joliet, 1ll.; Detroit, Mich.:
Los Angeles and Riverside, Calif.; New Bedford, Mass.; Brooklyn, N. Y.; Newport, Ark.;
Ft. Calhoun, Neb. Seles Offices in Principal Cities, Distributors Everywhere.

June 1957
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Maguefics nc. makes the
performance-guaranteed
ape wolnd core

Core quality is no longer your worry—it’s ours, for we guarantee performance
of our tape wound and bobbin cores to mutually agreed upon specifications.
What’s more, you can specify a host of extra Magnetics, Inc. exclusive
features. These include the Aluminum Core Box*, to withstand the rigors of
temperatures to at least 450°F., vacuum impregnation, heavy winding stresses
and vibration—and the color-coded bobbin core, for error-free handling in
storage and assembly.

Why not write today for your copy of Catalog TWC 100-A? And if you

have an application problem, our sales engineers are ready to provide you Magnetics‘ bobbin cores, too,
ith expert assistance. Magnetics, Inc., Deps. 1T-30, ; .
f;’:'em Pexngzr assistance. Magnetics, InC., Dept. 1T-30, Butler, Pennsylvania e perfﬂfmﬂﬂce-gllafﬂﬂtee il
I & &
MAGAETICS inc.
O : Toadls / CABLE: Magnetics

24 Circle 12 on Inquiry Card, page 201 ELECTRONIC INDUSTRIES & Tele-Tech + June 1957
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Du Mont 12-stage Multiplier Phototubes

provide the high gain of 12 stages plus
&
- over long-term use. Du Mont 12-stage

outstanding stability to assure uniform results

Multiplier Phototubes are available in 2**, 3%,

5, 12" and 16" sizes.
You can always count on Du Mont
Precise Photoelectronics to do

the job right —every time.

pUMONT

Precise pPHoToELECTRONICS

Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. J.

ELECTRONIC INDUSTRIES & Tele-Tech - June 1957 Circle 13 on Inquiry Card, page 201

-—— e —w - - . S—

25



BOMAC-... FIRST IN MICROWAVE

What do you need — a single tube — or 50,0007 A modification? A completely new component?
Bomac is capable of meeting your needs.

Buyers know Bomac as one of the nation’s largest designers and
manufacturers in the highly specialized field of microwave tubes and components.

They also know these 3 important facts about Bomac reliability:

‘ Every tube, every component is ‘ Bomac’s engineering and development service

100% tested for peak performance is complete in every detail.
and maximum vniformity before shipment.

b

Excellent reasons why you can count on Bomac to meet your

REPRESENTATIVES DICKISON SALES COMPANY JACK F. McKINNEY COMPANY HOWER & PRETAT R. L. PFLIEGER CO.

Main Office — 300 Broadway, 1330 No. Industrial Boulevard, 4 No. Cicero Avenue, 1652 Laurel Street,
MR. BERTRAM D. AARON Camden, New Jersey, Dallas, Texas, Chicago 44, Illinois, San Carlos, California,
12032 Wilshire Boulevard, Los Angeles, California, Woodlawn 6-4081, Riverside 1-1368. Col. 1-3146 or 1-3147. Lytell 1-0396.

Granite 8-2410, or Bradshaw 2-6785,

MR, PAUL BOCKENSTEDT W, E. FRY & COMPANY ROR ASSOCIATES LIMITED MR. DAVID SHAMP
North Dayton Post Office Box 175 Branch Office, V. F. W. Building, 406 West 34th St., 290 Lawrence Avenue, West, 1500 Massachusetts Avenue, N.W.,
igafnon 4, Ohio, 107 York Road, Towson 4, Maryland. Kansas City, Missouri, Toronto 12, Canada, Washington 5, D. C.,

ultors 1322, Valley 3-0923. Jefferson 1-5236. Russell 1-9391. Hudson 3-4167.

Export: MAURICE 1. PARISIER, CO., 1860 Broadway, New York 23, New York, Circle 5-5700
Circle 16 on Inquiry Card, page 201



TUBES AND COMPONENTS

Bomac offers a complete line —

Aﬂ.l%-!

over 750 different tubes and components.

R S ik

TR... A type for
every known ap-
plication — ali
bands — fixed-
tuned or tunabie
— special types:
shorted, dual and
triple.

LP

PRE-TR. ..
Wherever attenua-
tion is required in
the duplexer be-
fore the TR. pre-
TR's are available.
Will operate as
high as 10 mega-
watts.

&W LABORATORIES, INC.,

Beverly, Mass.

ATR ... All stand-
ard types. Many
more developed in

our laboratories.

Fixed-tuned

highly specialized

as required: low

Q, or high Q, min-

iaturized, special

shapes and

mounts.

S
B,

P
A

SHUTTERS. ..
Bomac was first
to develop shutter
tubes and integraf
TR combinations
for continuous
crystat protection.
All  waveguide
sizes available.

3

REFERENCE

CAVITIES ... De-
tent with multiple
frequencies  and
dual mode with
fixed frequency.

Temperature com-
pensated to 0.3
MC from 0°C to
100°C.

HYOROGEN
THYRATRONS . .,
Bomac thyrtrons
provide the follow-
ing advantages:
precise triggering
— high repetition
rates high
power levels —
zero bias opera-
tion — electrical
stability.

SILICON DIDDES
Themostsensitive,
uniform and stable
diodes (1N23D).
Also available in
matched pairs for
X-band and
band. Also sup-
plied as mixer di-
odes with either
normal or reverse
polarity.

MAGNETRONS . ..
High frequency,
tunable and fixed-
tuned magnetrons
are a3 Bomac spe-
cialty. Frequen-
cies from X band
to classified mitli-
meter bands. Spe-
cial types designed
to meet your re-
quirements.

{

KLYSTRONS ...
Bomac offers aline
of reflex kiystrons.
They offer maxi-
mum performance
at high altitudes
without pressuri-
zation.

;
/
N ,//

OUPLEXERS ...
Bomac will design,

develop, and pro-
duce complete du-

plexers to cus-
tomer  specifica-
tions.

PRESSURIZING
WINDOWS . ..

for all wave guide
sizes, broad band
characteristics
with low insertion
loss, temperature
range —55°C to
100°C and 30 Ib./
sq. in. gage pres-
sure in either di-
rection.

NOISE SOURCE
TUBE ... A gas
discharge tube for
use as a noise
generator in noise
measuring  test
equipment,

See our advertisement on inside back cover

HIGH FREQUENCY

TRIOOE  OSCiL-
LATOR . .. This
triode, for oscilta-
tor use at high
frequenaes, is ex-
tremely  reliable
and will withstand
high shack and vi-
bration.

SURGE
PROTECTORS ...
Bomac surge pro-
tectors are hold-
off diode tubes. Iin
a wide range of

breakdown volt-
ages: from 100 to
33000. Clnsuit our
engineering  de-
partment for your
applications.

hation . . .

write for Bomac’s
free, G-page file-siz.
folder containing de
tails and specifica-
tions on more than
500 different micro-
wave tubes and
components.




SENERAL TRANSISTOR

MAXIMUM RATINGS AT 25°C YPICAL CHARACTERISTICS AT 25°C
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14 PNP | 125 25 100 85 28 6 4.5 1 |Audio, Gen. purpose
20 'PNP | 125 | 25 [100 | |85 [ a2 6 45 | 1 [Audio, Gen. purpose _
34 PNP | 125 | 25 100 | [85 | 15 G 45 | 1 [Audio, Gen. purpose
74 " TPNP | 125 | 25 [100 | |85 [ 75 6| 4.5 [ 1 |Audio, Gen. purpose _
75 | PNP [ 125 [ 25 [100 "85 —§ 150 6 4.5 | 1 [Audio, Gen. purpose
81 [ PNP 125 | 25 100 | |85 [ 75 6 45 |1 [Audio, Gen. purpose _
BUHWS® I PNP | 150 | 25 [200 | |85 [ 120 [ 1 4 16 | VCB=10V 6 4.5 |1 |Audio. Gen. purpose _
82 PNP | 125 [ 25 (100 | 18 | 150 | | [ a [ 16 [vcB=—1ov 6 4.5 | 1 JAudio. Gen. purpose
109 [PNP | 125 | 25 [100 | 85 1 120 | T[4 | 16 |veB=10v 6 4.5 [ 1 [Audio, matched pair
222 [ PNP | 125 | 12 [100 | 85 1 20 | 1 30 30 | vCB=10V 6 4.5 | 1 |Audio, Gen. purpose
14 h Tpve [ 90| 12 [ 50 [ 175 1 28 T 36 12 | VCB=10V 6 4.5 | 1 |Hearing Aid
20H | PNP | 90 | 12 | 50 75 42 40 12 o 6 [ 4.5 [ 1 [Hearing Aid
81 W PN o0 12 |50 [ [75 | s | | | 4 T 12 |vee=10v | 6| 145 |1 [Hearing Aid —
200 [ PNP | 90 [ 12 | 50 75 im0 | >34 [ >29 [veB=10v <25 | 4.5 [ 1 |Hearing Aid
769 R _PNP | 790 | 12 | 100 5 25 | [ 240 | 6|25 45 |1 [RF.&IF.
760 R PNP 90| 10 [0 | [75 a0 | 1T Tz [ | 6] 5 |45 |1 [RF.&IF
TETR [ PNP | 90 | 10 [100 75 T T (326 | | 6| 11 45 [ 1 [RF. &IF.
762 R | PNP [ 90| 6 [100 [ |75 1 120 | 349 | | 6] 17 45 [ 1 [RF. &IF
83+ | PNP | 125 | 25 |200 |00 |85 3549 | 40 16 | 10 [<7 45 | 1 |Low Speed Computer
87 [ PNP | 125 25 [200 | 500 |85 | B % | 18] [ 1] 5 45 |1 [Low Speed Computer
8 [ PN 125 25 200 500 [85 | 80 | 1 T4 T w6 1 1w [ | | |low Speed Computer _
122 | PNP | 125 ]| 25 200 | 500 | 85 | 80 | | 2 16 | w15 4.5 1 |Low Speed Computer
i+ PNP | 100 15 1 55t +85 [ | \II_%:Ezl—Osrva_ 25-75 | VCB=15V <60 Low Speed Computer
758+ ___PNP;'TM)fiéoi'fé'ooj“soo | ss5to+85 [ 15 | — | T 206 | 16 |vcB=15v <5[<5 |45 |1 [Low Speed Computer _
123+ [PNP | 100 [>20 [200 | 500 | 55to +85 | 30150 [ | | [ VCB=20V | < 6 [>5 45 |1 [High Speed Computer_
153+ [ PNP [ 100 [>30 200 [500 | —55to+85 | >20 | | ] VCB=20V | < 5| High Speed Computer
%9t | PNP | 7100 | 25 1200 [500 | S55to+85 | | | B [veB=12v <4|>a 4.5 | 1 |High Speed Computer_
159+ PNP_| 100 |>20 200 [500 | —55to+85 | 20 | | | 2ap | 16 [VCB=1sV | < 5| 503 45 | 1 [High Speed Computer
e J 1001 15 50 | sstosss ka0 | BECH | 1] s [a5 |1 [High Speed Computer_
161 | PNP 100 15 50 55 to 0 +85 1 10 4.5 1 |High Speed Computer
162 | PNP 100 [ 6 [ 50 | | —55to0 +85 | "1 | 20 |45 |1 [High Speed Computer_
%63 [ PNP | 100[ 6 | 50 | | —s5to+85 | | 1] 30 |45 |1 [High Speed Computer_
64+ | PNP | 100 [>20 [200 | 500 | 55t +85 | | <5>25 |45 |1 |High Speed Computer_
3 J PNP [ 150 | 45 50 | | —55to 485 | 10 |>.4 5 [ 1 [Mititary-Type _
4 | PNP 7150 [ 45 | 50 | [ —55to -85 | ] 15 >4 | 5 |1 [Military-Type
15 PNP [ 100 | 20 | 200 [ 500 | —55to +85 ] I 5 | 1 [Switching computer
16 [ PNP | 100 | 20 [200 [500 | —55to -85 [ 1| 12 [ 5 |1 [Switching computer
7 T PNP | 100 | 20 [200 [ 500 | —55t0 -85 | T[ 20 | 5 [ 1 [Switching computer
56 | NPN | 100 | >30 | 200 | 500 | —55t0 +85 [ <5 3 5 | 1 |Switching computer
57 [ NPN | 100 [ >30 |200 | 500 | —55to +85 [ <5 & | 5 [ 1 |Switching computer _
58 T NPN [ 100 [>30 {200 | 500 | —55t0+85 | <5| 9 "5 | 1 |Switching computer
18/(6T-66) | PNP | 50 | 12 | 20 | 85 1 10 — |45 11 [Phototransistor
4w | pNP | 150 S0 [t | |8 ] i 10 |45 |1 [High Voltage
ane | PNP 125 T100° [200 | 500 | 85 1 1 [ | T T [ves=100v | <450 :F_jf4.§__1_'_weon tight
ast PNP | 125 | 40 [200 | 500 | —55t0+85 | 15 | [ 32 | 2aveB=1sv | 15| — [ 45 |1 [Bi-directional
5/(2n35)t | NPN | 100 | 25 [ 100 | 200 | —40to +75 § 40 ] I Te e [ves=12v | 12 5 | 1 [Audio, Gen. purpose
_g9_+ ] NPN | 100 [ >10 | 200 | 500 | --55to +85 >10 | 1 | | 30 ] VCB=10V A <10 ___54__1 Experlmental Amateur
674 NPN 100 25 200 500 85 > 25 VCB=15vV <10 |[>5 5 High speed switching
computer
2+ | NPN | 100 15 | § | | —ss5to+85 [ [re—ioma {25751 | [ves=izv T <60 | High medium speed
VCE=5V I N S | switching computer
92¢ | NPN | 100 | 20 |100 | 200 | -55to+85 & “”ué--sma [ 37-160 | VCB=5V 6|48 5 | 3 [Switching computer
03+ | NPN | 100 | 20 |200 | 500 | —55to+85 | [ 3570 [ VCB=20vV | <25 | High & med. speed
switching computer
[ | NPN | 100 | 20 [200 [ 500 | —40to+75 [ >30 VCB=20V | <25 >4 5 | 1 [High speed switching
computer
05+ | NPN | 100 | 20 [200 | 500 | —55to 185 | 2040 [ VCB=20V <25 High & med. speed
switching computer
4T+ | NPN | 100 | 15 |[200 | 500 | —55to 185 [ >40 | T fvee=tov | <25 | High & med. speed
I B 1 I R S _ 3 R . _ | switching computer
a8+ NPN | 100 | 20 | 200 | 500 55 to +85 >30 VCB=20V <20 >4 5 | 3 [High & med. speed
[N SR S S S — =3. I o B - swutchmggnputer_
49+ NPN | 100 ] 30 [200 | 500 | —55to0 -+85 CiB—Ima | S30 VCB=30V <25 [>7 5 | 3 |High & med. speed
VCE=3.5V . switching computer

plied with Heat Sink fLimited only by Collector Dissipation ¢Frequency = 455KC  Preliminary Specifications — Subject to Revision at any Time by General Transistor Corp.
More Complete Information on any of the Above Types, Write for Particular Specification Sheet
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C audio'l:ape gives you

C-SLOT THREADING

. . . the fastest, easiest-threading reel ever developed!

This revolutionary new improvement in tape reel design is now
standard for all 7" reels of Audiotape — an extra-value feature
at no extra cost!

With the C-slot reel, threading becomes virtually automatic. No
more fumbling with tiny loops or sticking your finger in little holes.
What’s more, the new reel is actually heavier and stronger than
ever before. All five types of Audiotape now come on this great new
reel.

Only C-SLOT threading gives you these advantages:
No kinks or loops in tape
No “pigtails” to stick up and break off or cause
reel to wobble when turned over
No need to turn reel by hand to anchor tape

PLUS these improved construction features:
Smooth, unbroken rim — no slit to warp or bind
Perfectly smooth inner surface — no sharp edges
to catch or roughen tape
Strong, non-warping construction — the ultimate in
reel ruggedness

Ask your dealer for a demonstration
of the Audiotape C-slot reel.

ELECTRONIC INDUSTRIES & Tele-Tech + June 1957

9 00 60000 00600C000060008080600060000006600000000

i tpreaks for ilsolf

AUDIO DEVICES, INC., 444 Modison Ave., New York 22, N.Y.

Circle 18 on Inquiry Card, page 201

HERE’'S ALL YOU HAVE TO

1. Insert tape
through flange
opening at top of
C-slot.

2. Drop tape into
slot, leaving
about 1 inch pro-
jecting beyond
the hub with tape
slack on both
sides of recording
head.

006080000 0¢0 0000000000000 000000000009000

DO:

reel
rotation

-\

THEN PRESS THE "“START” BUTTON!

Tape will grip and hold firmly ...

no need to turn reel by hand to anchor free end.

00000 0000000800000 000006000000c¢00000s000

In Hollywood: 840 N. Fairfax Ave.
In Chicago: 5428 Milwaukee Ave.

00 0000000000000 0000000060600600c000000000000

Export Dept.: 13 East 40th St., N.Y. 16, N.Y.

Cables ‘‘ARLAB"
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e L LEVELITE

BECAUSE .

It has high insulation advantages, uniformity
and inherent ability to hold close tolerances
which give you dependability.

CLEVELITE dependability is the answer
for product performance at its best.

Also, ensure over-all economy by adding
Clevelite reliability to your product.

Write for folder showing the various grades
in which Clevelite is produced. Your inquiry
will receive prompt attention.

THE

CLEVELAND CONTAINER
6201 BARBERTON AVE. CLEVECLC;x:AZ,"JOYHIO

PLANTS AND SALES OFFICES:
CHICAQD + DETROIT « MEMPHIS « PLYMOUTH. WIS, « OGDENSBURG, N.Y. * SAMESBURG, N.1. « LOS ANGELES

ABRASIVE DIVISION ot CLEVELAND, OHIO
Claveland Conlainer Canada, Lid., Prescott and Toronte, Ont.

Representatives:
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. ).
NEW ENGLAND:  R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. |/
CHICAGO AREA:  PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES

* Reg. U. 8. Pat. Off.

Tele-Tips

(Continued from page 26)

POKER-FACED, TOO! The Data-
tron computer made by Burroughs
Corp. has been programmed to
play blackjack, including electron-
ically “shuffling” a non-existent
pack of cards, cutting on selection
of a number from 1 to 52 by a
player, then dealing the hands—
typing the hands on electric type-
writers. After the second round,
Datatron conceals its hole card
unless it has made blackjack—a
total of 21 points—with two cards.
No orders are reported yet from
Las Vegas.

MULTIPLE JOBHOLDING is in-
creasing, says the Census Bureau.
Better than five per cent of the
employed population held more
than one job during the week of
the census.

GOBBLEDYGOOK’S BROTHER,
corporate Mumbo-Jumbo, has
reached such a stage that one
sympathetic corporation has in-
cluded a glossary of business and
engineering terms in its annual
report. Fairchild Camera and In-
strument Corp. has presented
stockholders with a glossary of
business and engineering terms
used in the 1956 annual report.

INDIAN FAKIRS are being inves-
tigated this summer by two Amer-
ican medical researchers. Using a
compact 78-lb. transistorized set
the researchers will investigate
physiological changes, if any,
when the Indian fakirs withdraw
themselves from known manifes-
tations of consciousness.

TV made news, thirty years ago,
with the first intercity live tele-
cast-—starring Herbert Hoover.

WHAT NEXT? Automatic gavel,
brainchild of Minneapolis-Honey-
well’s Dave Choate, sounds-off at
the push of a button. Built-in
“mood selector” allows speaker to
select Tired, Normal, Mad, Drop-
Dead, or Apoplectic gavel raps—
this last includes an angry buzzer.

32 Circle 19 on Inquiry Card, page 201 ELECTRONIC INDUSTRIES & Tele-Tech -+ June 1957



It's Florida for the kind of missile work /2
only RCA can offer electronic technicians

RCA carcers are beginning for electronic
technicians every day at the Missite Test
Project at Patrick Air lrorce Base on
Florida's central cast coast. Each otfers
a unique opportunity to work on testing
of all types of missiles now under
development or planned. What's more.
you can contribute to the Vanguard

Satellite launching and tracking.

There's a broad range of RCA oppor-
tunity for technicians on all levels. A
basic knowledge of clectronics qualities
you for many of these openings. Com-
plete facilities include latest clectronic
and optical data acquisition and trans-
Liberal RCA benefit
relocation assistance, 100,

mission svstems.
program . . .
You'll live well in Florida.

Make vowr future in one of these field
or shop assignments:

RADAR —-RADIO —TELEMETRY
TIMING—INSTRUCTING
ELECTRONIC TEST EQUIPMENT

Mail the coupon tor booklet which
describes our Florida missile program

and its advantages.

RCA SERVICE COMPANY, INC.

ELECTRONIC INDUSTRIES & Tele-Tech - June 1957

—_——————————————— e e oty S e . S
| Mr. H. N. Ashby, Employment Mgr., Dept. N-13F

I RCA Service Co., Inc., Missile Test Project

I P. O. Box 1226, Melbourne, Fla,

| Please send me brochure with the information on RCA

| employment advantages in Florida.

| Name Age Married Yes [ ] No ]
| Address U.s. Citizen Yes No

| Electronics Experience (include Mil. Service & Tech. Schools'

] Earliest Date Available

Cércle 20 on Inquiry Card, page 201 33



SUBMINIATURE

FILTERS

@ for I.F. amplifiers,
printed circuit use

@ temperature
compensated to .15%
from —55°C to
+85°C

@ for operations above
1 me

® dimensions:
13/16” x 2-1/2” x 2”
high

ENCAPSULATED

TORDIDS

® hermetically sealed

@ high Q

@ center-mounting
permits stacking

& complete range of
sizes and types

® dimensions:
21/32” x 3/8”

TOM THUMB

TELEMETERING

FILTERS

@ miniaturized for
guided missiles

@ high temperature
stability

@ designed to withstand
shock and vibration

@hermetically sealed
—wt. 1.5 oz.

@ dimensions: 45/64” x
45/64” x 2" high

AdjusToroid
™wree s

Luenrtt £ 0o

SUBMINIATURE

ADJUSTORDIOS

@ precise continuous
adjustment of
inductance over a
10% range

@®no external control
current needed

@ hermetically sealed

@ low cost—wt. .83 oz.

@ dimensions: 45/64"
X 45/64” x 3/4” high

you’re all set 1o roll...

eee With a toroid, filter or related network by Burnell.

For Burnell specializes in these components; in manufacturing them and in deliver-
ing them on schedule — at competitive prices.

Today Burnell makes toroids, and the filters of which they are the basic components,
small enough to meet a multitude of new purposes . . . in aircraft and guided missiles
... in receivers. carrier and telemetering systems.

Very likely we already have the answer to your network needs among our extensive
files. If not, we can swiftly find that answer for you. Try us and see.

&Wi@d & ea., .%w.%

first in toroids, filters and related networks

DEPT. T-67, 45 WARBURTON AVENUE, YONKERS 2, N. Y.  TELEPHONE: YOnkers 5-6800
PACIFIC DIVISION. . . 720 MISSION STREET, SOUTH PASADENA, CALIFORNIA. . . TELETYPE: PASADENA 7578

...................0.0.......0....O.Q.........0.09....9..........................................0.....
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AS SMALL AS 34" x 34" x 133~
AS LIGHT AS 114 QUNCES

CHAN- rrea. 'M';'/':“ B.W. size wr.

1 400 cps. S-60001  X7%% % x1%2x2%UH 401

2 560 cps. S-60002 *7%% %x1%x2%H  dor

3 730 eps. S-60003 T%% %Ux1%x2%H 4oz

4 960 cps. S-60004 *7%% Ux1V%hx2UH 401.

5 1300 cps. S-60005 E£7%% YU x1%2x2%H 4 01.

Designed and tested to specification #MiIL-T 26985 6 1700 cps. S60006 *7%% YUx12x2%H 4oz
. n pecitic 7 2300 cps. S-60007 *7%% %Ux %x1%hH 1iox
Supplied in two principal case sizes: 8 3 KC 560008 *7%% %x Y%x1%H 1%ox
4 s P 9 39 KC  S60009 *7%% %x %x1%H luoxn

1. For RDB channels 1 through 6, case size is
3% x 1Y2 x 2V4 inches high; weight: 4 ounces.
2. For channels 7 and up, case size is % inches
square and 13 inches high; weight: 1Y ounces.
These cases are generally equipped with a 4-pin
plug to match the small Winchester socket.

10 5.4 KC S-60010 *7%% Y% x % x1%H  1%oz
n 7.35 KC S-60011  £7%% Y%Ux Y%Ux1HH 1o
12 10.5 KC S60012 *7%% Y%Ux Y%Ux1%H 1oz
13 14.5 KC S-60013 *7%% YU x %Ux1%H %oz
14 22 KC S-60014  *7%% Y%Ux %Ux1%H 1oz
15 30 KC 60015 *7%% Y%Ux %x1%H 1%oa
16 40 KC S5.60016 *7%% YU x YUx1%HH 1or
17 525 XC S-60017 *7%% Y%Ux U x1%H 1%or
18 70 KC S-60018 *7%% Y%Ux %Ux1%H 1Yo

ATTENUATION CHARACTERISTICS A 22 KC  S60019 *15% %x %x1%H 1oz

R [ 30 KC  5.60020 *15% % x % x1%H 1Yoz
Impedance: 100 K ohms in and out. c ©KC 560021 *15% %x %Ux1%H 1hor
Insertion loss: less than 6 db. D 525 KC 560022 *15% %x %x1%H 1oz
At = 7.5% band width is less than 3 db £ 70 KC  S.60023 £15% % x %x1%H %oz

At = 25% band width is greater than 15 db.
At 1.75f attenuation is 40 ¢b or more.

e B T ATTENUATION CRARACTERISTICS
At .57 f attenuation is 40 db or more. | | | 0F BURNELL & CO INC.

0 w0 3 [ 17| TOM THUMB FILTERS T

15%8W

10|

g / ) \

s

N /\ \

EL A AL

4
TV
FREQUENCY (XC)
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Letters

to the Editor

ARINC & Single-Sideband

Editor, ELECTRONIC INDUSTRIES:

On page 82 of the April “Electronic
Industries and Tele-Tech” Roland
Davies has presented an accurate re-
port of the ARINC SSB-DSB Sympo-
sium conclusions as expressed by the
ARINC staff.

On page 3 of the same issue, there
is a further mention of the sympo-
sium; however, the statements pur-
ported to have been made by ARINC
and the conclusions drawn at the sym-
posium by the ARINC staff as re-
ported in this article are incorrect.

We believe we understand how this
error in reporting has occurred. In
all discussions of SSB implementa-
tion, the importance of compatibility
of SSB with AM during a transition
period has been continually empha-
sized as a means of spzeding and eas-
ing the implementation. “Compatibil-
ity,” in this case, means simply that
during the transition peoriod a full
carrier will be transmitted along with
the single sideband modulation so
that the transmission may be received
either on a single sideband receiver
or on a conventional AM receiver.
Almost all single sideband airborne

equipment presently under develop-
ment has this capability for “bi-
mode” operation, that, is, the carrier
can either be transmitted or sup-
pressed and this provides the “com-
patibility” which is necessary during
the transition period.

Leonard Kahn has applied the name
“compatible S S B” (abbreviated
CSSB) to his particular technique and
circuitry for generating a full carrier
SSB signal and it is therefore under-
standable that the several uses of the
terms “compatible” and “compatibil-
ity” have been confused by some who
have not followed the recent develop-
ments too closely. The desire for
single sideband “compatibility” is al-
most universal on the part of systems
planners for both civil and military
implementation of SSB. However,
this certainly should not imply an en-
dorsement by those planners of a
particular technique, such as the Kahn
System, which is just one of many
capable of providing this compatibil-
ity.

Wm. T. Carnes, Jr., Chairman

Airlines Electronic Engineering
Committee, Aeronautical Radio,
Inc.

Transistor Chart

Editors, ELECTRONIC INDUSTRIES:
This is written to inquire if you
have reprints available of the Tran-

For long life under extreme conditions
of shock, vibration, corrosion,
humidity and temperature

‘/ﬁ

sistor Specifications List published on
pages 53, 54, 57, and 58 of the De-
cember, 1956 issue. I have shown this
list to quite a few engineers and
jobbers in my territory. They all have
expressed a desire to have a copy.

This is the only comprehensive list
I have found. I hope you plan to
keep it up-to-date by publishing a
revised list from time to time. This
is a real service to the industry for
which you deserve a hearty vote of
thanks.

Norbert F. Derr

Manufacturers’ Representative
937 South Ashburton Rd.
Columbus 13, Ohio

Editors, ELECTRONIC INDUSTRIES:

We have just seen in your October
1956 issue of ELECTRONIC INDUSTRIES
an information entitled “Radar Cam-
era Fixes Ship Crash Blame.”

We believe you would be interested
to know that a device similar to the
“Mirar” was developed in our depart-
ment four years ago. We join to our
letter a copy of a paper describing
the said device, published in the “An-
nales des Télécommunications” in Jan-
uary 1953. The apparatus deseribed
is being currently used in France for
the training of radar crews.

Y. L. Delbord
Chief Engineer
Infrared & TV Dept.
C.N.E.T.
Palaiseau, France

TYPE

?m/;/ \_/\
HEAVY-DUTY

ELECTRICAL

CONNECTOR

mtended for use with jacketed cable
and not requiring ground return through
mating surfaces, this connector incorpo-
rates sealing gaskets at all mating joints.

W-Type Bendix* Conncctors also incor-
porate standard Scinflex resilient inserts

SCINTILLA DIVISION of

in established AN contact arrangements.
Shell components are thick sectioned high-
grade aluminum for maximum strength,
All aluminum surfaces are grey anodized
for protection against corrosion.

It will pay you to remember that for

SIDNEY, NEW YORK

the really tough jobs, where ordinary
electrical connectors just won’t do, be sure
to specify the W-Type Connector.

Complete specifications and details on
request.

* TRADE-MARK

. 2

AVIATION CORPORATION

Export Sales and Service: Bendix International Division, 205 East 42nd St., New York I7, N, Y.

117 E. Providencia Ave., Burbank, Calif. ® Paterson Building, 18038 Mack Ave., Detroit 24, Mich, e
Hulmar Building, 120 W. Secord St., Dayton 2, Ohio e 2608 Inwood Road, Dallas 19, Texas &

36 Circle 23 on Inquiry Card, page 201

FACTORY BRANCH OFFICES:
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545 Cedar Lane, Teaneck, N. J. ® 5906 North Port Washington Rd., Milwaukee 17, Wisc.
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RCA Cherry Hill center studies TV interference
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in =355 ACE shielded enclosures

FCC regulations governing receiver
radiation specifically state that r-f
interference in the frequency range
of 450 k¢ to 25 mc cannot exceed 100
microvolts as measured on the power
line connected to the TV receiver.
RCA thoroughly tests the prototype
of every TV set it manufactures,
both color and black and white,
against these FCC regulations. And
it’s all done with great accuracy in
one of the thirty-five Ace enclosures
at RCA’s modern Television Engi-
neering Laboratories at the Cherry
Hill Center, Camden, N. J. Actually
the largest number of shielded en-
closures ever installed at one site,
these represent an important part of
one of the best equipped engineering
laboratories in the world.

ELECTRONIC INDUSTRIES & Tele-Tech

Here, thorough shielding is a
must, for numerous engineering tests
involving interference are often
under way at the same time. Other
receiver studies carried out in these
rooms include tests for gain, selectiv-
ity, sensitivity, and general circuit
design.

Each of the Ace RFI-Design*
rooms is constructed of prefabri-
cated galvanized steel panels and
frames with special r-f leak-proof
doors of the same material. They
provide over 100 db attenuation at
all frequencies from 14 kc to 1000
me. All are ventilated from a cen-
tral air conditioning source.

An interesting collateral function
of these enclosures is their use as

*Lindsay Structure

June 1957

partitions to section off areas of the
engineering department. Should the
occasion arise, two adjacent rooms
may be combined into a large one
merely by removing adjoining walls
and bolting the remaining structure
together. Similarly, dimensions can
be easily changed by adding or re-
moving interchangeable panels.

The Cherry Hill installation is a
stimulating illustration of the way
standard Ace enclosures are solving
today’s shielding needs. They can be
equally effective in your own plant.
An Ace Sales Engineer would be
glad to discuss it with you. Or, write
for further information—a free cata-
log on standard Ace enclosures is
yours for the asking.

First and Finest In Shielded Enclosures

ACE ENGINEERING & MACHINE CO., INC. « 3644 N. Lawrence St., Phila. 40, Pa.
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INSULATED
HIGH TEMPERATURE
HOOK UP and LEAD WIRE

For MILITARY and COMMERCIAL
END USE EQUIPMENT and
ELECTRONIC COMPONENTS

Conforming to MIL-W-16878B

\ Lenz High Temperature Hook-Up and Lead Wires con-
) tain thermo-plastic insulation that will retain its high
dielectric characteristics over a temperature range from

—55° C to 4105° C.

Type B ... .......... 600 Volts r.m.s.
TYPRIC :vivrire-ossaniiaas 1000 Volts r.m.s.
TyperD susvwivniess 3000 Volts r.m.s.

This wire can be furnished in various jackets or shielding,
and can be incorporated in multiple conductor cables.
Available in solid colors or striping and built to Lenz
unsurpassed standards.

Conforming to MIL-W-76A

General purpose Hook-Up and Lead Wires for internal
wiring of electric and electronic equipment, with thermo-
plastic insulation for use at temperatures to 80° C.

Type LW . .......... 300 Volts r.m.s.
Type MW ... ....... 1000 Volts r.m.s.
Type HW ........... 3000 Volts r.m.s.

Can be furnished with nylon jackets, glass braid, lac-
quered, and shielding. Can be incorporated into mul-
tiple jacketed cables to suit your specifications. Available
in solid colors or striping to meet your code requirements.

CONSULT LENZ FOR ALL YOUR
ELECTRONIC WIRE AND CABLE NEEDS

In Lenz, you will find a dependable, experienced organ-
ization that will cooperate with you in the production of
wires and cables to your requirements. [ts high quality
standards, intimate knowledge of the industry’s needs
and extensive facilities for wire insulating and cabling
make Lenz an ideal source for all your wires and cables.

- ~
'l' \\~ 'O' ~\\ 'f" \‘\
x CABLES > and >0 WIRES P
~ L4 \~ L4 ~, Cd
~\\~ e ~as e s‘\\ L

LENZ ELECTRIC MANUFACTURING CO.

1751 North Western Avenue Chicago 47, Ilinois

Industry
News

Orville M. Dunning has been elected
Vice-President of Airborne Instru-
ments Laboratory, Mineola, New
York. Prior to joining Airborne in
1955, Mr. Dunning was the Vice-Pres-
ident in Charge of Engineering of
Hazeltine Electronics Corp.

Stanley J. Koch is now General
Manager of the A. B. Du Mont Lab-
oratories, Tube Division. He had been
Director of the Tube Research Div.,
prior to his new appointment.

R. C. Lanphier, Jr., has returned to
the Sangamo Electric Co. as Vice-
President and Director of Sales. For
the past 3 yrs., Mr. Lanphier has been
on leave of absence while serving as
Deputy Assistant Secretary of De-
fense for Supply and Logistics.

R. C. Lanphier, Jr. H. C. Smith

Haywood C. Smith has been ap-
pointed Technical Manager in the Re-
search and Development Dept., office
of the Vice-President in charge of
Engineering, of the American Ma-
chine & Foundry Co. Mr. Smith was
formerly Manager of AMF’s Raleigh
Laboratory.

Arthur R. Tice will now serve as
Manager, Field Engineering for the
Western Region, for G-V Controls,
Inec.

Michael Balog to the post of Gen-
eral Manufacturing Manager of the
Semiconductor Division of Sylvania
Electric Products, Inec.

M. Ross Yeiter is now serving as
Sales Manager for the Special Tube
Operations of Sylvania Electric Prod-
ucts, Inec.

Clifford Tuttle joins Vitramon, Inc.
at its plant in Long Hill, Conn. as
Sales Manager to promote sales of
“Vitramon” capacitors in the United
States and Canada.

Edward W. Allen, Jr., is now Man-
ager of Public Relations at A. B. Du
Mont Laboratories.

Edward D. Gray has been elected
Vice-President of Potter Instrument
Co., Inec.

(Continued on page 44)
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WIRE AND TAPE
RECORDERS

ASTRON ‘‘SAFETY MARGIN"'"*
ELECTROLYTIC CAPACITORS :

for transistorized and printed circuits

IMPORTANT DESIGN ADVANTAGES OF Today’s low-voltage transistorized and printed circuits demand capacitors with
ASTRON EZ AND EX ELECTROLYTICS absolute minimum leakage and impedance. To meet these exacting needs,
Astron Engineers developed new miniaturized EZ and EX Electrolytics for
ambient operation up to 85° C.

¢ MINIATURIZED SIZE—LIGHT IN WEIGHT

* DESIGNED FOR MINIMUM LOSSES —
T CLTN 99.99% pure aluminum foil is specially anodized by an exclusive process . . .

power drain is cut to a minimum. They are constructed to withstand extreme

* LONG ""SHELF'* AND OPERATING LIFE . . . . .
temperature changes and give reliable operation after periods of "“long idleness.”

* HERMETICALLY SEALED R ) .
Each electrolyte formula is scientifically compounded of special chemicals,

selected for their high purity. Assembly steps are kept meticulously clean . . . the
result: Safety Margin Construction, famous for its ability to withstand ripple
currents, vibration, shock and wide temperature fluctuations. These hermetically
sealed units are available in a broad selection of capacitance and voltage ratings.

®* RUGGEDLY CONSTRUCTED

T D I Se'nd .toda.y for further technical information . . . please describe your
PRONG MOUNTING application; it helps us offer proper assistance to
STYLE — EX you . . . when special

conditions require, we
to meet your

e — specifications.
CIRCUIT MOUNTING C O R P O R AT 1 O N
STYLE — EZ 2855 GRANT AVENUE EAST NEWARK. N. J.

s “lE CLECTRONICS ® A Wholly.owned subsidiary
CORPORATION of ASTRON CORPORATION
PECKVILLE, FENNSYLVA‘NIA
*Trade-Mark

WEST COAST WAREHQUSE: 9041 WEST PICO BLVD., LOS ANGELES -EXPORT BIVISION ROCKE INTERNATIONAL CORP, 13 EAST 40TH ST., N, Y., N. ¥ =IN CANADA; CHARLES W. POINTON, & ALCINA AVE,, TORONTO, ONTARIO
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9 TUBE TESTERS FILL ALL REQUIREMENTS

CARDMATIC TUBE TESTER
Avtomatic Tube Testing Machine

Model 123A: An automatic tube test
to laboratory accuracy that instantly
selects any tube to meet the exact
requirements of your specific circuit
application. Ideal for production line
use by factory personnel, or for TV
service companies.

PORTABLE TUBE TESTER
Most Accurate

Model 539B: Features simplicity of
operation in providing a complete
and accurate evaluation of electron
tubes. Has Mutual Conductance cir-
cuits, 6 micromho ranges, 4 AC Sig-
nal voltages, metered line voltage,
metered grid voltage and other im-
portant features.

7 OSCILLOSCOPES MEET SPECIALIZED REQUIREMENTS

> . LABORATORY CATHODE RAY OSCILLOSCOPE

] Wide Range. . . Versatile

Model 770: Provides unusually wide
range of DC to 5 MC. 10 M.V. RMS
per inch sensitivity. Built-in calibrat-
ing voltages. New flat-faced tube.
Illuminated calibrated screen. Mu-
metal shield. Shock mounted. This
highly stable ’Scope is laboratory
quality throughout.

MODEL 5398

" MODR 770

INDUSTRIALS’ 5-INCH PORTABLE

-

i~ Model 685: DC amplifiers and DC
> to 750KC response. Sensitivity is 20
g MV RMS per inch. Shock mounted
[. % amplifiers and good circuit design
‘\_\ provide excellent stability for use in

: all phases of electronic work. The
MODEL 685 illuminated calibrated screen and
ideal design features will please many an industrial who would
expect to pay much more for this quality and completeness.

- ‘/'& SMALLER SIZE LABORATORY OSCILLOSCOPE
"&‘é ‘Ib 3-Inch Partable

8 A Model 385: DC to 4 MC, within 3
db, 0.75 RMS volts per inch sensi-
tivity. Sweep circuit oscillator; 3
cycles to 50 KC. Input impedance:
vertical and horizontal amplifiers;
2.2 megohms—25 mmf. Features re-
placeable circuit sections. High qual-
ity throughout. Also available in port-

MODEL 385
able, moisture-proof, weather-proof aluminum carrying case as
preferred by field engineers.

INDUSTRIAL LABORATORY OSCILLOSCOPE
3-Inch Rack Mount

Model 387R: Popular rack-mount
style in an accurate 3-inch oscillo-
scope. Features identical vertical
and horizontal amplifiers. DC to 500
KC response. 10 MV RMS sensitiv-
ity. Designed to permit versatile use
in all phases of electronic work.

MODEL 387R

THE HICKOK ELECTRICAL INSTRUMENT COMPANY

L 10514 DUPONT AVENUE

40
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HIGHEST: QUALITY ELECTRICAL AND ELECTRONIC TEST INSTRUMENTS

D

11 GENERATORS WITH SPECIALIZED FUNCTIONS

.. SINE-SQUARE WAVE GENERATOR
o 4 For Laboratory & Industrial Use
Model 710: Provides an accurately
calibrated source of sine wave and
square wave functions over a wide
frequency range. Sine wave total
harmonic distortion below 1%. Hum:
level better than 90 db down. Square
wave rise time less than .1 Micro-

MODEL 710

second. 20 cycles to 1 MC in five ranges on both sine and square
waves.

MICROVOLT SIGNAL GENERATOR
125 KC ta 175 MC an Fundamentals
Model 295X: Ideal for mobile radio
and other communication equipment
design and maintenance. Output 0.1
microvolt to 100,000 microvolts. 125
KC to 175 MC continuous on funda-
mentals. 400 cycle modulation—ap-
proximately 30%. Attenuation down
to 0.1 microvolt — no external attenuator pad required. Vernier
Control permits hairline settings. Silverplated copper cage shield-
ing. Test leads are furnished.

5 VIVM and VOM INSTRUMENTS

TRUE VACUUM TUBE
Laboratary Size and Accuracy

Model 209A: Contains large 9" meter
with zero-center scale. Highly accu-
rate for servicing industrial electronic
equipment. DC Volts: 0-1200 in 6
/ ¥ tranges. AC Peak-to-Pegk Voltage:
0-1200 V. in 6 ranges. Capacitance

MODEL 209A 0.1 to 10,000 MMF in 2 ranges,

MODEL 295X

0-1000 MF in 5-ranges. 50 MH to 100 henries. 0.1 ohm to
10,000 megohms in 7 ranges.

NEW VOLT-OHM-MILLIAMMETER
You Can’t Burn It Qut!

Model 455: New design portable
VOM. Includes all practical ranges.
Features patented protection system
which protects both the meter and
associated circuits from damage due
to accidental overload. Quality de-
signed for utility and attractiveness.
MODEL 455  Neoprene carrying case available.

HIGHLY ACCURATE DC and AC PORTABLE INSTRUMENTS
Ammeters, Milliammeters, Micro-
ammeters, Voltmeters, Millivolt-
meters, Volt-Ammeters. Thermo-
meters are contained in a phenolic
case lined with heavy steel shell which
shields from the effects of stray
magnetic fields. Scale divisions are
spaced equal distances apart. Accu-
racy within % of 1%. On special
order, Model 14 can be supplied with
MODEL. 14 a calibration chart to provide accu-
racy to 0.2%. Also available is a complete line of pocket portables.

METERS

The many special movements developed by HICKOK are: electro-
dynamometers, self-contained frequency meters, galvanometers,
true logarithmic deflections, special curves for special purposes and
ruggedized designs for highest shock tests. Full technical informa-
tion on the complete line of HICKOK instruments and test equip-
ment is available on request. Kindly list details of your requirements
and ask for Catalogs No. 32 and 33.

CLEVELAND 8, OHIO
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WITH NEW' CRIMPED LEADS.

430410%
El-Menco Dur-Mica DMI5, DM20, DM30, D

DM40 and DM42 Capacitors Provide:

. ACTUAL & ;
PRy ‘DM20‘~ SIZE L] ] DM 15
- \ 1. LONGER LIFE 4. EXCELLENT STABILITY E
el 2. POTENT POWER — SILVERED MICA )] 4 {
e o,,.w'\ 3. SMALLER SIZE 5. PEAK PERFORMANCE |  Improved parallel ‘leads for .greater
S ! rigidity  and ‘faster assembly. These
e . parallel leads simplify use on minia-
Ko :
W Take Your Own Word For It by making your ture printed circvit boards iin television,

own test of El-Menco Capacitors. Write for

id 0 it id leco
Free Samples and Catalog. guided missiles, hearing aids, elec

tronic brains, air  condifioning and
other government and civilian
applications.

THE ELECTRO MOTIVE MFG. CO., INC. F

Manufacturers of EI-Menco Capacitors

WILLIMANTIC CONNECTICUT
e molded mica ¢ mica trimmer
e tubular paper ¢ ceramic e silvered mica films.

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jabbers and Distributors in the U.S. and Canada

Write for FREE samples and cat-
alog on your firm's letterhead.

ElTTenco
Capaccilors
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“YOU FRAMED ME, NICK. AND [ TOLD YOU I'D GET SQUARE. NOW ... it will be a rarity. Reasons: Newly developed, polyester base motion

And then the film broke! Filny brenkage—cause of movie audience picture film of unusual strength and durability {duPont "*Cronar,”
irritation in the “old days”—is a minor problem today. Tomorrow for example) and better film splicers like that shown here.

NATIONAL CAN HELP YOU

reduce unit produet cost or improve product
performance at no added cost. Here's why:
You can seleet the ““one best material”™ from
over 100 grades of PHENOLITER, Vulcanized
IFibre and National Nylon—withow! com-
promise in properties or cost. You can simplify
production and purchasing with the timed
delivery of 1007 usable parts—from a single.
reliable source. You gain competitively with
National’s new materials and grades—the
direct results of programmed materials reseqrcl.
You benefit by calling National first. Check
Sweet’s PID) File 2b Na, the Telephone
Directory Yellow Pages, or write Wilmington
99. Delaware, Dept. F.

NATIONAL HELPS NEW SPLICER BOND FILM INSTANTLY  IMPROVES PERFORMANCE—KEEP§

without disturbing original molecular orienta-  COSTS DOWN. PHENOLITE®. used in /
tion. Non-acetate film cannot be spliced satisfac-  clectrode supporting blocks, offers NATIONAL
:,iorily l()iy convvinli()mlal me-thhds. So the new (é)mplet(' resistance to carbonizingg{.

cvice, developed by Shepard Labnratories, Inc. opper-clad PHENOLITE for printe
Summit. N. J. uses intense high-frequency heat cirg?ils cuts costs and impro?/es cir- / VULCANIZED FIBRE CO.
to fuse the film instantly—without ““Lurning’ or cuitry. Shepard tells us: “"PHENO- NIIMINGTON 99, DELAWARE
affecting grain, high strength or durability. Side LITE passed our fests . .. Reasonable In Canoda
result: a superior splicer far all tvpes of film. price holds our costs down.™ NATIONAL FIBRE CD. OF CANACA, LTH., Toronto 3, Ont.
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BATTERIES

(for transistorized
equipment)

RCA 2

RCABH-*——‘ *he > lity line specifi-
ELECTRONIC [Eeisetr it
COMPONENTS

vollage typos (3, 6, 9 volts and 9, 13.5 volts). Plus a
complete line of quality produced RCA Batteries for

industrial, consumer and general use. Design around
RCA dependability!

@ C ° -~ @ FERRITES

s ©

. -

)

RCA Ferrite Cores—0.081-inch dia. high-speed, high-
drive ferrite cores...0.080-inch dia. medium- speed
low-drive ferrite cores. Both types are characterized
by hysteresis loops which provide reversal of magnetic
flux polarity when the correct current combination from
two associated magnetized windings are coinciden-

SPEAKERS

RCA Speakers for high-fidelity, radio, TV, theatre and tally energized.

public address; military blast-proof types. Also space TRANSFLUXORS—originated by RCA—for switching and
: saving types available in quantity production for minia- storing devices utilizing a ferrite core. Cortrols trans-
| turized cquipment and transistorized portable radios. mission of ac power according to level set by a single
£ Line includes RCA 23951, one of ”;9 smallest speakers pulse and furnishes an output determined by the stored

ever produced--only 2} dia., %’ depth. Design pulse for an indefinite length of time. Design around

around RCA dependability!

RCA dependability!

et

DEFLECTION
COMPONENTS

RELAYS

POTTIERETY

ey

RCA’s hermetically scaled. miniaturized relays for

RCA Electronic Components are produced from sclect guided missile and other airborne applications requiring

raw materials. manufactured under rigid standards of high reliability under conditions of extreme shock,
quality control. Include deflection yokes, horizontal vibration, humidity, heat and altitude. Type 20: TW2
output and high-voltage transformers and other acces- 85° C., 6 pdt, exceeding Military Standard 24115. Type
sory items for black and white and color TV (direct 204W1 125" C.. 6 pdt, exceeding Tentalive Military
view and projection); cameras. image Orthicon and Standard 24139 (USAF). Type 206W1 125° C., 2 pdt,
Vidicon, and special types for radar. Design around exceeding Military Standards 5757 and 25018. Also
RCA dependability! special purposc relays. Design around RCA dependubility!

TEST EQUIPMENT

MENT ANy

A

v RCA Test Lquipment—versatile, accurate industrial
{_‘} tools for lab, production-line, general service, TV, radar,
|-°% pulse and other applications in fields of biology, nucle:
B onics, chemistry, electromechanics, etc. Comprehensive
1 line includes WV-98A Senior VoltOhmyst v, WV-87B
B Master VoltOhmyst ©, RCA WV-84A Ultra-Sensitive
s

DC Microammeter, 'RCA WT-100A Electron-Tube
MicroMhoMeter, RCA WO-78B 5’7 Oscilloscope.
Design around RCA dependability!

e F

For technical specifications and sales information
on any of the RCA products shown above, contact
your nearest RCA District Office, or write:

e

RCA DISTRICT OFFICES

EAST: HUmboldt 5-3900
744 Brood Street

Newark 2, N.J. RADIO CORPORATION of AMERICA

MIDWEST: WHitehol! 4-2900
' Suite 1181 COMPONENTS DIVISION
""" . Merchandise Mart Plaza

Chicogo 54, Il
' mden, N.J.
RAymond 3-8361 Ca p
6355 East Washington Blvd.
Los Angeles 22, Caolif.
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assured reliability

BEGINS

STANDARD and MINIATURE
RACK & PANEL CONNECTORS

HERMETIC SEAL
COMPONENTS

=

=N o
| -

STANDARD & SUBMINAX COAXIAL CABLE

STANDARD & SUBMINAX
RF CONNECTORS

and CUSTOM ENGINEERED COMPONENTS

1+
\V
me} i‘.IIiIEB; | AMPHENOL ELECTRONICS CORPORATION

chicago 50, illinois

y 'I,:’_;

a
il
\_/ R / AMPHENOL CANADA LIMITED  toronto 9, ontario
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Industry
News

(Continued from page 38)

Paul J. Weber is the recently ap-
pointed Marketing Manager for the
Instrumentation Div. of Ampex Corp.

John T. Lee has been named a Sales
Engineer for Magnetics, Inc., Butler,
Pa.

James Conto is now Sales Mana-
ger, Semiconductor Div.,, Federal
Telephone and Radio Co.

George Q. Herrick has been named
Vice-President for Research and De-
velopment at the Production Re-
search Corp.,, Thornwood, N. Y. A
pioneer in the field of electronics, Mr.
Herrick was formerly Manager of the
Industrial Products Research Div. of
General Precision Laboratory.

John K. Gossland, engineering ex-
ecutive with Hoffman Laboratories for
the past 6 yrs., has been appointed
Executive Vice-President and General
Manager.

}. K. Gossland N. Altman

Norman Altman has been named
Product Sales Supervisor at the Con-
trol Div. of Magnetics, Inc. Mr. Alt-
man will supervise the sale of reac-
tors and magnetic amplifiers for in-
dustrial control.

John D. Saint-Amour has been
elected President of Assembly Prod-
ucts, Inc.

Charles J. Simon has been ap-
pointed to the position of Manager
of Sales for Industrial Television in
the General Electric Co.’s Technical
Products Dept.

Thomas A. Callaghan, Jr., has been
named Eastern Representative of the
Ford Motor Company subsidiary,
Aeronutronic Systems, Ine. (ASI).
His office will be in the Wyatt Bldg.
in Washington, D. C.

William R. Martin is now Chief
Engineer and Product Manager of the
RF Systems and Components Div. of
the Electronic Specialty Co., Los
Angeles, Mr. Martin comes from

(Continued on page 50)
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Want to know how? These data-packed bul-
letins and catalogs will show you.

RESISTORS —you’ll find the widest selection of
stock power resistors ever offered by any manufac-
turer in Ward Leonard Catalog 15.

RELAYS —long, trouble-free life under the most ad-
verse conditions is the big plus the system designer
gets with the a-c and d-c relays described in Ward
Leonard’s relay catalog.

2\1"1’/‘
?T-;’;‘“ ELECTRIC COMPANY

" MOUNT VERNON, NEW YORK

June 1957

WARD LEONARD

AESISTORS

WARD LEONARD

Design made easy with reliable @
RESISTORS, RELAYS, RHEOSTATS

RHEOSTATS —completeapplication data on smooth-
acting 25- to 300-watt Vitrohm ring rheostats is con-
tained in Ward Leonard bulletins 1105-16.

Write today for this helpful literature. You'll find
plenty of design tips. And, you'll find Ward Leonard
offers a wider selection of stock items, quicker service
on made-to-order controls, and more performance per
dollar than anyone else. Ward Leonard Electric Com-

pany. 94 South Street, Mount Vernon, N. Y. (In
Canada: Ward Leonard of Canada, Ltd.—Toronto.)

@ 5

RHEOSTATS RELAYS DIMMERS

R vt - ngineeed Codinls Since 1692

o
o

(

CONTROLS
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FREQUENCY

STANDARDS

PRECISION FORK UNIT
a TYPE 50
Size 17 dia. x 3% " H.* Wyht., 4 oz
i Frequencies: 240 to 1000 cycles
57 Accuracies:—

Type 50 (*.02% at —G5° to 85°C)
Type R50 (*.002% at 15° to 35°C)
Double triode and 5 pigtail parts required
Input, Tube heater voltage and B voltage

Output, approx. 5V into 200,000 ohms

*314~ high
400 - 1000 cy.

FREQUENCY STANDARD 4
TYPE 50L .T‘-' (A |

Size 3%" x 4%" x 5%” High < é A
Weight, 2 1bs. >
Frequencies: 50, 60, 75 or 100 cycles -

Accuracies:—
Type 50L (*.02% at —65° to 85°C)
Type RS0L (*.002% at 15° to 35°C)
Output, 3V into 200,000 ohms
Input, 150 to 300V, B (6V at .6 amps.)

PRECISION FORK UNIT
TYPE 2003
Size 1% dia. x ;%" H.* Wght. 8 oz.
Frequencies: 200 to 4000 cycles

Accuracies:—
Type 2003 (+.02% at —65° to 85°C)
Type R2003 (+.002% at 15° to 35°C)

i

*314" high Type W2003 (£.005% at —65° to 85°C)
400 to 500 cy. Double triode and 5 pigtail parts required Output, 10 Watts at 115 Volts
optional Input and output same as Type 50, above Input, 115V. (50 to 400 cycles)

FREQUENCY STANDARD
TYPE 2005
Size, 8” x 8" x 74" High
Weight, 14 lbs.

Frequencies: 50 to 400 cycles
(Specify)

Accuracy: +.001% from 20° to 30°C

FREQUENCY STANDARD
TYPE 20077
TRANSISTORIZED
Size 1%"” dia. x 4%” H* Wght. ? ozs.
Frequencies: 240 to 1000 cycles
Accuracies:—Same as 2003, above

Type 2007S—Silicon type

Input, 28V.

Output, Multitap, 75 to 100,000 ohms
*31%” in 20078, 400 to 800 cycles.

FREQUENCY
STANDARD

TYPE 2121A
Size
834" x 19” panel
Weight, 25 lbs.
Output: 115V
60 cycles, 10 Watt

Accuracy:
+.001% from 20° to 30°C

Input, 115V (50 to 400 cycles)

FREQUENCY STANDARD
TYPE- 2001-2

Size %" x 4%"” 2 6” H., Wght. 26 oz..
Frequencies: 200 to 3000 cycles
Accuracy: *.001% at 20° to 30°C

Output: 5V. at 250,000 ohms

Input: Heater voltage, 6.3 -12-28
B voltage, 100 to 300 V., at 5 to 10 ma.

FREQUENCY
STANDARD
TYPE 2111C

Stize, with cover

10" x 17" x 9” H.
Panel model

10" 2 19" x 8% H.

Weight, 25 lbs.

Frequencies: 50 to 1000 cycles
Accuracy: (*.002% at 15° to 35°C)
Output: 115V, 75W. Input: 115V, 50 to 75 cycles.

ACCESSORY UNITS
for TYPE 2001-2
L —For low frequencies
multi-vibrator type, 40-200 cy.

o
1 D—For low frequencies
counter type, 40-200 cy.

H—For high fregs, up to 20 KC.
M—Power Amplifier, 2W output.
P —Power supply.

f.“’ i

oty

P s

This organization makes frequency standards
within a range of 30 to 30,000 cycles. They are
used extensively by aviation, industry, govern-
ment departments, armed forces—where maxi-
mum accuracy and durability are required.

WHEN REQUESTING INFORMATION
PLEASE SPECIFY TYPE NUMBER

American Time Produects. Ine.

580 FIFTH AVENUE, NEW YORK 36, N. Y.
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Mincom’s
Magnetic Tape System

112,000 DATA BITS
PER INCH ON %2 INCH

&% MAGNETIC TAPE

ESEanG

hiimeessfs laboratories have developed multi-channel (as many
as 7 channels on half-inch tape) magnctic systems, in which
each channel is capable of directly recording the full frequency
response of radar video, t-v video, high spced data signals, or
other similar types of data information.

Oimeemds ten ycars of research have resulted in greater head
dcfinition, higher signal-to-noise ratios, uniform phase and
frequency response—especially for organizations desiring an
up-to-date system suitable for problems of the future.

imeomts direct frequency recording is utilized for responsc
from 200 cycles to 2.5 megacycles. and in addition, FM tech-
niques can be used on each channel for extension of frequency
response down to DC. Many special techniques have been
developed to provide practically an error-frec recording sys-
tem, ie., wow and flutter compensation, drop-out reduction
devices, high accuracy speed control, etc. Equipment has been
developed for both airborne and ground-base use which meets
military requircments for ruggedness. A number of systcms
are in use and have proved to excel in performance and
reliability.

Complete systems have been delivered to: Westinghouse
Electric and Manufacturing Company - United States Army
Signal Corps « United States Air Force - Temco Aircraft
Corporation.

*“This reel contains 13 billion data bits
of stored informatijon.”’

Write for complete specifications

RODYET o

4 N MINNESOTA MINING &
= (4 MANUFACTURING COMPANY

Researc™

DIVISION
2049 South Barrington Avenue, Los Angeles 25, California

Formerly Electronics Division, Bing Crosby Enterprises, Inc.
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Performance Facts

from hidden features grow...

The performance facts are that Mallory FP capacitors do last longer—hold their

rated capacity longer even under severe temperature and ripple conditions. Their

high standards of uniformity and quality are in keeping with the equipment now on

your design boards and production lines.

Among the hidden features behind these facts...

Etched Cathodes...

standard for years in FP capacitors, at no cost premium.

When ordinary capacitors are exposed to high ripple
current or to repeating charge and discharge, an oxide
film on the cathode develops rapidly during the reverse
peak of each cycle. This reduces eathodic capacitance
and, because it is in series with that of the anode,
reduces the resultant net capacitance.

An etched cathode has so much higher capacitance per
unit area that the buildup of oxide film does not reduce
the series net capacitance enough to become troublesome.

In terms of field performance for you, Mallory FP capac-
itors mean longer and more reliable life for the filter

components . . .
equipment to your customer.

Another hidden feature of Mallory FP capacitors
... 85° C construction. Here is built-in longer life
under severe temperature conditions and the
elimination of voltage derating of capacitors for
circuits designed for this service.

Serving Industry with These Products:

Electromechanical — Resistors + Switches ¢ Tuning Devices ¢ Vibrators
Electrochemical — Capacitors ¢ Mercury and Zinc-Carbon Batteries
Metallurgical — Contacts + Special Metals « Welding Materials

Parts distributors in all major cities stock Mallory
standard components for your convenience,

48 Circle 35 on Inquiry Card, page 201

more dependable service by your

Write, or ask the Mallory representative for your
copy of the new Bulletin 4-11A. It contains a
comprehensive study of the Mallory type FP
capacitor, its application, and complete electrical
and mechanieal specifications.

Expect more...get more from

M

P. R. MALLORY & CO. Inc.,

P.R.MALLORY & CO.Inc.

ALLORY

INDIANAPOLIS 6, INDIANA

ELECTRONIC INDUSTRIES & Tele-Tech -
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DOMESTIC:
For your

convenience...

SUPER SERVICE

TR -on

HERMETIC

.

Complete “on the Spot" Englneenng Serwce -
Coast to-Coast, in Canada and Overseas

Large Strategucally Located Staff Provudes
Engineering Service When You Need It!
& Y % =% gy 5 'k
\ A Bl SV, -y
Fast, Economical, Experience-Proven
Solutions to Your Sealing Problems!

CONTACT
YOUR NEAREST
E-l SALES
ENGINEER

Hundreds of Standard Types Availabie =

These service-proven, extra rugged E-I hermetic
scals are the answer to the grucling environments
encountered in today’s military and commercial scal

applications. Practically indestructible, E-I T (2 PR

compression scals provide maximum immunity to T LR
shock, vibration and variations in temperature. Ait Rights Reserved

EXPORT:

ELECTRICAL
INDUSTRIES

MURRAY HILL, NEW JERSEY

A Division of
Philips Electronics, Inc.

Circle 36 on Inquiry Card, page 201




New High-Temperature UNION AC Relay rated
from -65° C. to 125° C.,, 115 Volt, 60 to 400
cycles. Suitable for airborne circuits, inchuding

jet planes and missiles.

N[iniature relay applications are get-
ting hotter all the time—and many of
them call for self-contained AC relays.

To meet these needs, UNION has de-
veloped AC relays incorporating silicon
rectifier assemblies. They’ll withstand
temperatures from -65° C. to 125° C.
The size is the same as the 85° C.
UNION AC Relay.

New Hi-Lo Contacts, too! These
contacts permit switching loads of two
amperes or dry-circuitry level in the
one relay. Or, you can get gold alloy
contacts for dry-circuitry use.

GENERAL APPARATUS SALES

UNION SWITCH & SIGNAL

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY
PITTSBURGH 18, PENNSYLVANIA

50 Circle 37 on Inquiry Card, page 201

OTHER ADVANTAGES

Vibration resistance up to 1.000 cycles at 1§
G's ard shock in excess of 50 G's.

Life expectancy. Tested through 1,000,000
operations,

Coil resistance. 3,700 ohms.

Small size, lightweight. Measures only % *
higher than our DC relays and weighs about 5 oz.
All other construction features are the same as the
DC relay.

Types and Mountings. Available in 6 PDT or
4 PDT models, plug-in or solder-lug connections
and all the usual mountings.

Meets or exceeds all requirements of MIL-R-5757-C,
MIL-R-25018, and MIL-R-6106B.

Write for complete information. Ask for Bulletin
1012.

ELECTRONIC INDUSTRIES & Tele-Tech

Industry
News

(Continued from page 44)

Lockheed Aircraft Corp., where from
1950, he had been in charge of the
complete Radiation Systems Group.

Neal K. McNaughten will now serve
as Manager of the Professional Prod-
ucts Div., Ampex Corp.

Roy M. Skeirik has assumed the du-
ties of Manager of the Production
Dept.’s Mechanical Assembly Section
of Electrodata
Corp.

Div. of Burroughs

D. V. Cropsey

A. A Segal

Dale V. Cropsey assumes the new
title of Director of Marketing at Pot-
ter and Brumfield, Inec.

Comdr. Edmund B. Redington
USCG (Ret.) has joined RETMA as a
Staff Engineer and Liaison Member
of the Engineering Dept. assigned to
the Military Products Div.

Warren Knapp will now serve as
Manager, New York Financial Opera-
tions, RCA Defense Electronic Prod-
ucts.

Andrew H. Bergeson, Vice-Presi-
dent in Charge of Engineering at
Stromberg-Carlson, has returned to
Washington, D. C. in charge of the
firm’s Capitol City office.

Frnest H. Ulm has assumed the du-
ties of General Sales Manager for
the Semiconductor Div. of Sylvania
Electric Produects, Inc.

Robert L. Wells has been named
Manager of the Westinghouse Elec-
tric Corp.’s Atomic Power Dept. in
Pittsburgh, Pa.

George W. Baughman, Vice-Presi-
dent, Union Switch and Signal-Div. of
Westinghouse Air Brake Co., has
been named a Fellow in the American
Institute of Electrical Engineers. The
IFellowship was accorded Mr. Baugh-
man for “his contributions to the de-
sign and application of railway sig-
naling control systems.”

June 1957



I_Desngned for:

!
L —

Airborne Communications

ELECTRONIC INDUSTRIES & Tele-Tech

“

Guided Missiles

GATING CIRCUIT
WITH TYPE WL-6954

&

=
o
1zl

Test Equupment
Lt

ﬁ-‘

Closed Circuit TV

Now! Simplify pulse-forming circuits
with new Westinghouse WL-6954

NEW SHARP CUT-OFF DUAL-CONTROL PENTODE
OFFERS EXCEPTIONALLY HIGH TRANSCONDUCTANCE

The new Westinghouse WL-6954 is a 7-pin minia-
ture pentode designed for application in Military
and Industrial equipment as a gating, coincidence,
mixing or delay tube.

Built to high standards of reliability, it meets
MIL-E-1C vibration test specifications. It permits
simplification of pulse-forming circuits and has the
advantage of high transeonductance from Grid 3
to Plate.

The WL-6954 is available in production quantities
you caN BE SURE...IFITS

Westinghouse

ELECTRONIC TUBE DIVISION . ELMIRA, N. VY.

June 1957

for immediate delivery. It’s one more reason why —
when you want highest quality tubes for Military
or Industrial purposes —you’ll find it wise to check
Westinghouse.

SAMPLE ORDERS INVITED! IMMEDIATE DELIVERY.

e wn wn wm ww sm CLIP AND MAIL COUPON = = = =n sow s

ED-5-1

O
l Commercial Eng. Dept., Electronic Tube Div.

I Westinghouse Electric Corp., Elmira, N. Y.

I Please send me complete data on your new

| WL-6954 pentode.

| NAME

I COMPANY —
1

: ADDRESS

[

-
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M offers Design Engineers

a creative challenge

wn a brand-new field

Building “electronic intelligence” into electric type-
writers means exciting new career opportunities
at IBM, Lexington, Ky., in the Blue Grass Country.

IBM is now assembling a select group of designers and
engineers to help apply the miracles of electronics to
electric typewriters. If you are an EE., an M.E. or a
designer, there is a splendid chance to use your ingenu-
ity and resourcefulness at IBM’s new research labora-
tory in Lexington, Kentucky.

For the clectric typewriter is destined to become far
more than just a typewriter. It is changing in concept
both as a single entity and as an integral part of an over-
all electronic business machine system. As a designer
or engineer at IBM, youwill find tremendous challenge,
because the new electric typewriter is an advanced step
in the science of communications; one worthy of the
creative talents of outstanding engineers.

Electronic Tabulation: Tvp-
ica] of the electronic innova-
tions being realized at 1BM
—Lexington is this revolu-
tionary sensing unit. It per-
mits IBM Electrics to*“read”
right from the paper being
typed — automatically stop-
ping the carriage at the de-
sired spot.

Many challenging career opportunities open!

In addition to the research laboratory, IBM’s new manu-
facturing plant at Lexington offers excellent opportuni-
ties for professional and technical men:

® Electronic engineers ® Plastics engineers and
mold designers

® Electronic technicians .
Product cost estimators

® Industrial engineers

® Machine designers

L

e Test engineers

® Tool and model makers
L]

® Methods engineers Tool designers and engineers

Blue Grass Region: You'll find living conditions ideal!
IBM pays moving and travel expenses.
For the facts about a career at IBM—Lexington,
pleasc write to:

Mr. R. A. Whitehorne, Dept. 4606

Manager of Engineering Recruitment

International Business Machines Corporation
590 Madison Avenue, New York 22, N. Y.

ELECTRIC
TYPEWRITERS

DATA PROCESSING + ELECTRIC TYPEWRITERS « MILITARY PRODUCTS « SPECIAL ENGINEERING PRODUCTS « TIME EQUIPMENT
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AMERICA'S LARGEST

EXCLUSIVE FACILITY
for the Manufacture of All Types of

TOROIDAL
COMPONENTS




© Copyright 1957, Communication Accessories Co.

PRODUCTION

The new C-A-C building, covering over 50,000

C-A-C’s New Large Facilities Provide

ADVANTAGES

square feet on a single level, makes possible

complete departmentalization utilizing the most modern production facilities and techniques.

Over 750 employees, working as a well-organiz
cialized fields—offer an unexcelled service in t

ed team—and highly experienced in their spe-
he processing of orders. Year ’round air-condi-

tioning and humidity control not only provide greater employee comfort, but contribute to

higher precision workmanship.

The C-A-C organization was built on service—it pioneered many of the recent developments in

toroidal windings and packaging techniques. N
(including environmental testing facilities), C

ow, in the most complete laboratory of its kind
-A-C engineering and research is progressing

to bring you new developments—new advantages.

NEW YORK—H. Gray Assoc., YE 2-3825
21-10-33rd Rd., Long Island City 6, N. Y.

PHILADELPHIA-—C. R. Hile Co., Elgin 6-2266
Hillview Road, Box 144, Paoli, Pa.

BALTIMORE—C. R. Hile Co., Northfield 5-4500,
L. G. Korman, 5006 Kenwood,
Baltimore 6, Md.

LOS ANGELES—S. O. Jewett, State 9-6027,
13537 Addison St., Sherman Qaks, Calif.

TUCSON—S. O. Jewett, Pat Maguire, East 7-1644
1025 S. Van Buren, Tucson, Arizona

SYRACUSE—Naylor Electric Co., 2-3894,

1115 Hills Building, Syracuse, N. Y.
MERIDEN—Henry Lavin Assoc., Beverly 7-5527,
P. O. Box 196, Meriden, Conn.
DALLAS—Norvell Assoc., Forest 8-4180,

5622 Dyer St., Dallas, Texas

ST. PAUL—Northport Engineering, Inc.
Midway 6-2621, J. D. Webster, 1729 Selby St.,

St. Paul 4, Minn.

ST. LOUIS—E. W. McGrade Co., Parkview 5-6550,
1110 S. Brentwood, St. Louis 17, Mo.

Co
Acces

PHON

SEE YOUR C-A-C MAN FOR ADDITIONAL INFORMATION

ORLANDO-C. R. Hile Co., 711 Magnolia Ave.,
Wm. Lehmann, Orlando, Fla.

CHICAGO—Gassner & Clark Co.,
Rogers Pk. 4-6121, 6644 N. Western Ave.,
Chicago 45, Ill.

NEEDHAM—Henry Lavin Associates,
3-3446, Bob Curtin, 82 Curve St.,
Needham, Mass.

CLEVELAND—Ernie Kohler Assoc.,
Olympic 1-1242, 8905 Lake Ave.,
Cleveland 2, Ohio

DAYTON—Ernie Kohler Assoc.,
Oxmoor 2813, 2600 Far Hills Ave.,
Dayton 9, Ohio

SEATTLE—Testco, Mohawk 4895,
D. Thompson, Boeing Field, Rm. 105,
Seattle 8, Wash.

INDIANAPOLIS—Morris, Cunningham &
Mitchell, Clifford 1-3222, 1-0225, 5-6268,
6101 College Ave. Bldg., Indianapolis 20, Ind.

KANSAS CITY—E. W. McGrade Co.,
Logan 1-3709, P. 0. Box 8876, Kansas City, Mo.
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L-C AND

MECHANICAL FILTERS

L-C FILTERS

L-C filters utilizing high Q toroidal inductors and high quality capacitors
are the heart of these frequency selective components. Recent developments
of magnetic materials and highly stable capacitors have extended the useful
frequency and temperature range of electrical wave filters. Use of impedance
transformations, near unity coupling, and other applications of advanced
network theory result in high performance units in small volume packages.

Low pass, high pass, band pass and band stop filters can be designed cover-
ing sub audio to over 500kc range. Line, interstage or other impedances can
be specified. Filters can be designed for direct paralleling where required.
High permeability cases and the closed toroidal form assure low hum pickup.
Temperature stabilization on the order of 0.1% frequency can be attained
through use of negative TC compensation to offset slightly positive coil
and capacitor characteristics.

Depicted response curve is for an integrally packaged low pass—band pass
filter employing the latest design and production procedures. This unit uses
less chassis area and is an excellent example of subminiature coil usage,
impedance transformations, and printed circuitry. Hermetically sealed to
meet the military specifications.
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MECHANICAL FILTERS (Developed and mfd. by Collins Radio Co.)

The Mechanical Filter provides far better bandpass selectivity in one small
sealed unit than a series of bulky conventional IF transformers. Excellent
characteristics allow closer spacing of :nformation channels, lower adjacent-
channel interference and improved sigral to noise ratios. These Filters have
been proven in thousands of military and commercial receivers, transmitters
and microwave multiplex systems.

Units are designed for center frequencies of 60 to 600kec and various 6db
bandwidths from 300cps to 16ke. In general, bandwidth is limited to 10%
of the center frequency. In many types, the 60db bandwidth is only twice the
6db bandwidth. Filters have a frequency shift with temperature of =+
10ppm /°C. Normal insertion loss for the filters is 6 to 8db. Most types
comply with Mil-E-5400 on shock and vibration.

In receiver IF amplifier design the Mechanical Filter replaces one of the
usual IF transformers and is fixed tuned. Preceding or following stages may
be coupled with subminiature toroidal transformers using fixed tuning.
Variable selectivity is obtained by using two or more Filters and switching
connections.

Catalogs on Individual Components are Available on Request.



MAGNETIC AMPLIFIERS

AND TRANSFORMERS

MAGNETIC AMPLIFIERS

Custom computer amplifiers with high stability and linearity can be
designed having single or multiple inputs to your specific needs. Servo drives
and relay actuators are also available. Frequency selective networks can
be integrally designed to provide additional useful control functions.
Proven packaging techniques insure minimum size—proven toroidal con-
struction assures highest performance.

Typical Temperatures.......................... -60°C. to +150°C.

Typical Line Frequencies................ 60cps to 6000cps

MISSILE POWER TRANSFORMERS

Recommended for supply frequencies above 400 cps and where size per-
formance and reliability are factors. Thin nickel alloy toroidal cores reduce
core losses. Toroid structure cures stray field problems.

SEALED MISSILE POWER SUPPLIES combining toroidal power trans-

formers, toroidal filter chokes, hi temp capacitors and silicon rectifiers.
These units offer multiple outputs and low ripple. Low stray field of
toroidal elements obviate usual internal shielding. Mag regulation where
required.

LAMINATED TRANSFORMERS AND INDUCTORS

A complete line of laminated constructed units are now available through
CAC. Our highly qualified engineering staff, a well complimented laboratory,
humidity controlled production facility with modern manufacturing equip-
ment guarantees conformance with any specifications. Both power and audio
transformers employing advanced techniques can be supplied either her-
metically sealed or encapsulated to 150° C. ambients. Catalogues, supplied
upon request, cover a wide range of standardized designs including omni-
range and ILS Filters.

1B

[T TEMPERAT

PRECISION RATIO COMPUTER TRANSFORMERS

Toroidal form of construction is ideal for designing precision ratio trans-
formers since the turns of wire are applied to and adjusted on the core.
Normal production procedure of zero turn accuracy, high permeability
cores, low phase shift, and near unity coupling will yield laboratory quality
on any production run. Advanced design and newest packaging methods
provide optimum performance with minimum size and rugged construction.

Bul)

Catalogs on Individual Components are Available on Request.



TOROIDAL

INDUCTORS

UNCASED TOROIDS

Basic inductor component. Plain, wax or plastic dipped with flex-leads. .
Hi Q values 10cps to 10me. Complete range of sizes: subminiature, wedding
ring and up to 12” OD. Standard inductances stocked for immediate delivery.

Mass production utilizing CAC-designed winding equipment enables swift
completion of large orders.

PLASTIC CASED TOROIDS f

CAC compression molded toroids per Mil spees have become the standard

of the industry. Most compact design — may be stacked — mounted by

center bushing which absorbs mounting pressures — sturdy. tinned terminals |
— arrangements available up to 6 terminal connections. Standard inductance i
values shipped from stock — special inductances and configurations supplied
promptly on request.

HERMETICALLY SEALED CASED TOROIDS :

CAC “HS” series provides metal encased, hermetically sealed units com-
plying with MIL specifications. Mounting area minimized — extremely low
hum pickup — terminals of proven design using Teflon assure permanent
seal at temperature extremes. Rugged construction — convenient mounting
facilities. To insure stability, cores are thermo-cycled prior to encasement.
Standard inductances in stock.

SUBMINIATURE TOROIDS

Uncased, plastic molded and hermetically sealed in three standard core types
(others available). Designs for all requirements—for chassis mount or
printed circuits.

For the engineer whose design considerations dictate the utmost in electrical
performance versus size, CAC’s subminiature toroids present the answer.

Catalogs on Individual Components are Available on Request.
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PERMEABILITY-TUNED VFO's (afd. by Collins Radio Co.)

Mechanically stable —sealed against atmospheric changes — temperature
and voltage compensated. Available as complete packages for incorporation
into your equipment. Superior accuracy, stability and linear dial calibration
for your transmitters, receivers, test equipment or frequency standards.

AUTOTUNES  (Mfd. by Collins Radio Co.)

Electro-mechanical position systems. Ideally suited for components requiring
rotary or linear motion. Positioning accuracies of 0.05 angular degrees with
reset accuracy to 0.0001 inch relative to % inch shaft size. Designed for
the lifetime of any equipment. Fast — versatile — high torque — accurate
— dependable.

Communication

Accessories Company

~160

40

*Q" VALUE

A Subsidiary of Collins Radio Cogpany

LEE'S SUMMIT, MISSOURI
PHONE KANSAS CITY BRoadway 1-1700

FERRITE CORES (Mfd. by Collins Radio Co.)

Requirements for extreme temperature stability and consistently reproducible
cores encouraged the Collins Radio Company to enter the magnetic materials
field. Now, after several years of intensive research and development, these
cores are available through CAC in many standard or custom forms for all
applications. Temperature characteristics developed exhibit 10 times improve-
ment over previous materials. Special saturation and other properties are
presently available. Technical bulletins upon request.

HEAT DISSIPATING TUBE SHIELDS (ar74. by Coltins Radio Co.)

Heat treated beryllium copper corrugated liner and socket insert are highly
resilient and accommddate wide variations of tube diameter. Base liner
reduces bulb temperature in most critical tube area. Interchangeable with
standard JAN equipment. Tube cannot work out of socket through long
term vibration. Maximum electrostatic shielding.

Catalogs on Individual Components are Available on Request.



W/M/ .. FROM TRANSISTOR CENTER, U.S.A.

MINIATURE LDW LEVEL AUDIO TRANSISTORS (23 mw)

2N207 general purpose micro-miniature low level transistor, typical beta of
- 100, 15 db maximum noise figure
leEA 2N207 A 10 db maximum noise figure version of 2N207
2N2078 5 db moximum noise figure version of 2N207
70031 50 volt version of 2N207
Special versions of the 2N207 to selected beta ranges are available.
HIGH FREQUENCY, HIGH GAIN (MICRO ALLOY) TRANSISTOR
T1166 combines high frequency response with high gain for general purpose
high frequency applications and switching circuits, typical fmax 60 mc
HIGH FREQUENCY SILICON TRANSISTORS (150 mw)
T1025 general purpose, 10 mc silicon transistor
T1159 high speed silicon switch for speeds up to 5 mc characterized by ex-
tremely low switch resistance
HIGH FREQUENCY SURFACE BARRIER TRANSISTORS
ACTUAL sB100 general purpose, minimum fmax = 30 mc, beta over 10.5
SIZE 2N344/ | general purpose, good beta control (11-33)
58101
2N34S/ = general purpose, higher beta (25-110)
5B102
2N346/  general purpose, higher minimum fmax (60 mc)
SB103
2N128 general purpose, with military specifications, beta 19-66, minimum
fmax 45 mc
2N129 general purpose, with military specifications, beta over 1.5
2N240 switching transistor, f o p> 30 mc
2N299 for tuned amplifiers, military specifications, 20 db minimum power gain
at 10 mc, minimum fmax 90 mc
2N300 for video amplifiers, 50 mc¢ minimum current gain bondwidth product,
fmax over 85 mc
T1050 high frequency transistor for 50 mc oscillator mixers and 10-15 mc
bandpass amplifiers, 22 db typical power gain at 10 mc
Other types with special parameter controls are available.
MEDIUM POWER ALLOY JUNCTION AUDIO TRANSISTORS (100 mw)
2N223 39-120 beta driver transistor
ACTUAL T1000 45.85 beta version of 2N223
b T1001 70-120 beta version of 2N223
2N224 high gain output transistor, 2N225 is @ matched pair
2N226 medium gain version of 2N224, 2N227 is a matched pair
Versions of the 2N224 with various beta ranges and higher betas are
available singly or in matched pairs.
-
3 AUDIO POWER TRANSISTORS
_/‘ p T1040 40 volt, 7 watt power transistor, thermal drop 3°C/w maximum
Ti1041 40 volt, 10 watt power transistor, thermal drop 2.5°C/w maximum
T1167 60 volt, 12.5 watt power transistor
T1168 80 volt, 12.5 watt power transistor

):‘ “‘.l 5 \
N VWVIN

Proven performance of Philco
Hermetically Sealed Transistors
has made them the basis for
design in commercial and mili-
tary applications where relia-
bility is the major consideration.

Philco transistors range from
the world’s smallest germanium
transistors now in production
to silicon transistors with ex-
cellent performance at tempera-
tures from —G60°C to -+150°C.

Philco produces a wide
range of transistors designed
for special applications in ac-
cordance with customer require-
ments. The Philco Micro-Alloy
Transistor is in production.
Specifications and design quan-
tities are available. New and
exciting transistor types, such
as the Philco Micro-Alloy Grad-
ed Base Transistor, are now
in development. In keeping
with our policy, specifications
will be made available as soon
as these units reach pilot pro-
duction and are available in
design quantities.

Make Philco your prime source for
complete transistor application in-
formation . .. write to Lansdale Tube
Company, Dept. 1-2, Lansdale, Penna.
Regional offices— Merchandise: Mart Plaza,

Chicago 54, Ill.—10589 Santa Monica
Blvd., Los Angeles 25, Calif.

OMPANY DIVISION



Solve core problems quickly, economically with

FERRITE COMPONENTS
by GENERAL CERAMICS

HUNDREDS OF STANDARD PARTS
plas CUSTOM DESIGNING TO SPECIFICATIONS
s

N\ @ &

STANDARD THREADED STANDARD
ANTENNA RODS TUNING CORES El CORES

2o -

CUP AND TELEVISION RECORDING
TOROID CORES COMPONENTS HEADS

Performance proven magnetic ferrites available

4 for every electronic application

Computer and
Automation Systems General Ceramics ferrites for television, radio and instrumentation offer designers

Designers! and engincers a wide range of cconomical standard components. All are appli-
Ferramic memories cation tested for highest efficiency clectrically and mechanically. The fact that
f:);x?:;:tc o e :r::lgo? leading elcctronic manufacturers specify Ferramics is due to the program of con-
computers and automa- tinuing rescarch and equipment modernization by which General Ceramics keeps
tion. Magnctic memories pace with the industry’s needs as to quality and costs! Bulletins arc available;
gcc"cnub:cey";cxfsasri‘flizgﬁei?; write to General Ceramics Corporation, Keasbey, New Jersey, Dept. JD.

with light weight, com-
pact size. Write for

e AL GENERAL CERAMICS

Industrial Ceramics for Industrial Progress. .. Since 1906

Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FER-
RITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA & CHEMICAL STONEWARE
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Get More Information ... RO
Write for your copy

of the 78-page

Kester book, “Solder
... Its Fundamentals
and Usage.” Free!
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KESTER SOLDER

//9/’/;05% 4210 Wrightwood Avenue ¢ Chicago 39, lllinois

Newark 5, New Jersey ¢ Brantford, Canada
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ION I

‘-_I;ilgi(l government tests have proven the
£ therinal and mechanical shock and vibration
~ resistance of Chemelec Stand-Off and Feed-
Through Insulators. Made of du Pont
TEFLON, they are replacing components of
brittle materials in many critical electronic
circuits.

Compression mounted and Color Coded —
these insulators save the cost of their superior
materials through economies in assembly time
and labor. (Available in 8 standard Rma
Colors, maintaining the same specified
electrical characteristics.)

X ‘
¥ 5 H
¥
Also available in
metal base type.

Write for catalog EC-756. FLUOROCARBON
Propucts INc., Division of United States
Gasket Co., Camden 1, New Jersey.

Sold through leading electronie parts distributors by Erie Resistor Corp.

62 Circle 44 on Inquiry Card. page 201
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Books

Television Receiving Equipment

By w. T. Cocking, M.I.E.E. Published 1957 Ly
Shilosophical Library, Inc., 15 E. 40th St t., New
York 16. 454 pages, ix pages Price $15.00.
Development in teievision continues

at so rapid a pace that the prepara-
tion of this fourth edition has neces-
sitated the complete rewriting of %
of it. This new edition thus amounts
almost to a new book.

Band III reception is thoxoughly
treated as well as the increasing prob-
lems of attaining freedom from inter-
ference combined with high defini-
tion. Magnetic deflection has been
expanded to five chapters and syn-
chronizing methods are fully dis-
cussed, including flywheel syne. Auto-
matic gain control systems are
explained in detail.

The book assumes that the readers
will have a fair knowledge of ordi-
nary sound-radio technique, since
this is a necessary preliminary to an
understandmg of television. The treat-
ment is largely non-mathematical, but
formulas useful to the designer have
been collected in appendices.

American as well as British and
other standards are included and
indications are given of how they
affect receiver design.

Quality Control for Plastics
Engineers

Fd:red by Lawrence M. Debing. Published 1957
Ny Reinhold Publishing Corp., 430 Park Ave.,
ew York 22. 142 pages, viii pages. Price $4.95.

This work introduces the subject
of statistical quality control to plas-
tics engineers, the molders and fabri-
cators of plastics products and the
manufacturers of plastic materials.
It refers specifically to examples of
application currently used in the
plastics industry. Assuming the
reader has no previous knowledge
of statistical quality control, the sub-
ject is developed simply and clearly
to enable those responsible for pro-
duction of plastics products to use
the basic statistical procedures in
order to achieve the highest possible
standards of performance.

An Introduction to Junction
Transistor Theory

By R. D. Middlebrook Published 1957 by John
Wiley & Sons, , 440 Fourth Ave., New York
16. 296 pages, xx:v pages. Price $850
This study serves as a connecting

link for the electronic engineer be-

tween the physical processes in semi-
conductors and the circuit properties
of a junction transistor. In this area,
it forms a bridge between the domain
of the physicist and that of the
engineer.

The major purpose of the book is
to provide a continuous development

(Continued on page 68)
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Close-up of a diode

h

Actual size

/ Cross section

I of a Hughes
germanium diode

' photographed at 18
\ diameters to show
\ structural detail.

N // Inside, where it counts, a Hughes germanium diode is rigid,
sturdy—well able to stand up under conditions of severe shock and
vibration. W'ith a microscape, you can see why clearly ... the germanium
crystal permanently bonded to one kad . . . the whisker firmly welded
the sccond lead . . . the point of the whisker welded to the crystal . . . the fusion-scaled
glass envelope. Such positive mechanical stability (basic to every Hughes diode type)
is vital to the achievement of clectrical stability—and reliablity. Hughes diodes arc
manufactured, first of all, for reliability. So specify Hughes, and be sure of successful
applicntion to your clectronics and communications equipment.

For descriptive literature please write: -

HUGHES PRODUCTS

i
!
SEMICONDUCTORS E HUGHES PRODUCTS

International Airport Station
Los Angeles 45, California |

Creating a new world with eLecTrRONICS

HUGHES

= 8

SEMICONDUCTORS

© 1957. HUGHES AIRCRAFT COMPANY

ELECTRONIC INDUSTRIES & Tele-Tech < June 1957 Circle 45 on Inquiry Card. page 201
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Dependable Electrical Protection

BUSS FUSES OPERATE PROPERLY
Under all Service Conditions . . .

HERE’S WHY . . . To assure unfailing
dependability, BUSS fuses are electronically
tested. A sensitive device automatically rejects
any fuse not correctly calibrated, properly con-
structed and right in all physical dimensions.

Because of this careful testing, you can rely
on BUSS fuses to provide maximum protection
against damage due to electrical faults. And
just as important, BUSS fuses eliminate use-
less, irritating shutdowns due to faulty fuses
blowing needlessly.

As a result, BUSS fuses help to assure that
your product will operate as intended . . . thus,
BUSS fuses help to maintain the reputation of

your product for quality and service.

It’s just good business to standardize on
BUSS fuses- the line is complete.

Save engineering time and money on spe-
cial problems in electrical protection. The
BUSS fuse engineers, in the world’s largest
fuse research laboratery, will work with you to
find the right answer. If possible, a fuse or fuse-
holder already available in wholesalers’ stocks
will be selected, so that your equipment can
easily be serviced.

For more information on BUSS and FUSE-
TRON Small Dimension fuses and fuseholders

. . . Write for bulletin TT. Bussmann Mtg. Ce.
(Div. of McGraw-Edison Co.), University at Jeffer-
son, St. Louis 7, Mo.

BUSS fuses are made to protect =not to blow, needlessly m R

Circle 46 on Inquiry Card. page 201
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NIXIE

ELECTRONIC INDICATING TUTBE

SEEING IS BELIEVING

SOME TYPICAL
NIXIE
APPLICATIONS

. INDUSTRIAL
CONTROL

. INSTRUMENTATION
. COUNTERS
. COMPUTERS

. MILITARY

ELECTRONIC
INDICATORS

. CHANNEL

INDICATOR

. INDICATOR BOARDS
. DIGITAL

VOLTMETERS

. PAGING SYSTEMS
10.
11.

ELEVATORS
RADAR

TUBE TYPE 6844

ANY NUMBER SELECTED IS INSTANTLY READABLE

The first mass-produced all electronic readout tube . . . NIXIE IS NOW IN VOLUME PRO-
DUCTION at the Burroughs Corporation Electronic Tube Division . . .

NIXIE is a gas-filled, cold cathode tube which contains all the numerical digits 0 to 9, any
individual number can be simply selected and displayed in a common viewing area, the ideal
method for converting electro-mechanical or electronic signals directly to readable characters.

NIXIE Design Advantages include: Unlimited Rate of Change. Lowest cost in-line Indicator.
Lowest Power in-line Indicator. Operation Unaffected by Temperature Changes. Multiple
Remote Indications From One Driving Circuit. Production Uniformity From Tube to Tube and
Number to Number. Human Engineered for Performance, Appearance, and Reliability.

TOP VIEW

LIGHTEO

TOP VIEW TUBE.

ONLY THE
NUMBER
SELECTED
APPEARS
WHEN
LIGHTEO.

UNLIGHTED
TUBE.

Electronie Tqbe Division

B

B UR R O UGH S C ORPORATI ON

Plainfield, New Iersey



Motor - Gear - Trains

3:1 to 150,000:1 Ratio Range « Up to 18 Foot Pounds Torque

® Motors available: DC, 60 or 400
cycle, PM, split series, series, shunt,
single phase and 2-phase. All are
reversible.

¢ Available with either governor or
brake.

¢ 1000 hour life minimum.

® Designed to meet MIL-E-5272A.
¢ Precision gearing throughout.

e Can be furnished up to 125°C.

¢ Designed for continuous duty or in-
termittent duty applications.

Other products include servos, syn-
chros, AC drive motors, DC motors,
servo mechanism assemblies, synchro
indicators, servo torque units, refer-
ence and tachometer generators, ac-
tuators, motor driven blower and fan
assemblies and fast response re-
solvers.
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Speed tolerance on governed motors is =2% over voltage and an ambient
temperature range. Closer speed tolerance vnits can be designed to fit the
particvlar application.
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Many other variations available. There is an Oster motor-gear-train to fit your
exact specification. Consult Oster specialists today, sending your detailed re-
quirements.

MANUFACTURING COMPANY
Your Rotating Equipment Specialist

AVIONIC DIVISION
Racine, Wisconsin

Engineers For Advanced Projects:
Interesting, varied work on designing transistor circuits and servo mechanisms.
Contact Mr. Zelazo, Director of Research, in confidence.
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FOR SEMICONDUCTORS...
a new order of
chemical purity...

30DiUm ¢ ARBONATE
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BsA “ELECTRONIC GRADE” CHEMICALS

REDUCE IMPURITIES TO NEW LOWS/

Here are chemicals made to entirely
new standards of purity —chemicals
made especially for use in manufacture
of semiconductors. Metallic and other
undesirable impurities are held to max-
imum limits as low as one part in ten
million!

These exceptionally pure B&A “Elec-
tronic Grade” Chemicals have been de-
veloped to fulfill the exacting require-
ments of the electronic industry. It is
natural that they should come from
B&A. For Baker & Adamson is Amer-
ica’s foremost producer of laboratory
and scientific chemicals, and has worked
in close partnership with the electronic

W

ied v
n/

BAXER & ADAMSON® s

“ERlectronic Grade’’ Chemicals

GENERAL CHEMICAL DIVISION
ALLIED CHEMICAL & DYE CORPORATION

industry since its earliest days.

Listed here are the B&A “Electronic
Grade’” Chemicals now offered in small
package sizes. They are readily avail-
able from convenient stock locations,
together with many other B&A “Elec-
tronic Grade” Chemicals produced in
bulk for use in T'V tube and receiving
tube manufacture. Additional special
high-purity chemicals can be custom-
made to meet your needs.

Write for free booklet! Contains infor-
mation on electronic chemicals for semi-
conductors, tubes, printed circuits; sul-
fur hexafluoride for gaseous insulation;

40 Rector Street, New York 6, N. Y.

Offices: Albany® * Atlanta » Baltimore* * Birmingham® ¢ Boston® ¢ Bridgeport* * Buffalo® ¢ Charlotte*
Jacksonville » Kalamazoo * Los Angeles* ¢« Milwaukee « Minneapolis * New York® ¢ Philadelphia® ¢

OF LEq -
¥ D
&

selenium metal and selenides; metallic
oxides and salts for ferrite production.
Lists exact specifications for many
“Electronic Grade” Chemicals. Write
for your copy today!
*‘Electronic Grode" Caemicals for Semiconductors:
Acetone
Acid Hydrofluoric, 48%
Alcohol Methyl, Absolute (Methonol)

Acetone Free
Alcohol Propyl, Iso
Corbon Tetrockloride
Ether, Anhydrous
Hydrogen Peroxide, 3% Solution
Hydrogen Peroxide, 30%
Hydrogen Peroxide, 30% *'Stobilized"
Sodium Corbonote, Monohydrote
Trichloroethylene

Many other B&A chemi-
cals commonly used for
semiconductor produc-
tion are available in Re-
| agent A.C.S. or other
high-purity grades.

7

% — N
QMICAL ¥

« Chicago® * Cleveland® = Denver* ¢ Detroit* ¢ Houston®
Pittsburgh® * Providence* ¢ St. Louis* * San Francisco®

Seattle * Kennewick® and Yakima (Wash.) In Conada: The Nichols Chemical Company, Limited * Montreal® © Toromte® ¢ Vancouver® *Complete stocks carried here

ELECTRONIC INDUSTRIES & Tele-Tech
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TRANSFORMER TYPE ELECTRIC SOLDERING
IRON FOR PRECISION SOLDERING

T-12 has its own 12-volt transformer that plugs into any 110-
volt outlet. Quick, ample heat at the tip of this ultra-slim,
pencil type iron for dependable, precision soldering on deli-
cate or miniature electrical components. Super-flexible,7-foot
cord. Cool, comfortable handle, made of high-impact
thermo-setting material. One-piece tip-elements—1/16",
1/8” and 1/4” tip diameters—interchangeable, made of
stainless steel and Armco ingot iron, permanently tinned.
17 or 20 watts input.

Low voltage means extra long tip-element life and complete
safety. Model T-12 will give a lifetime of service.

Try this NEWEST addition to the American Beauty line—the
complete line that has a correct wattage, tip-size, and model
for every job.

AMERICAN ELECTRICAL HEATER COMPANY Tineicnteonty

CLECTRIC 1NONS

SINCE
09e

DETROIT 2, MICHIGAN
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Books

(Continued from page 62)

of basic junction transistor theory
starting from fundamental physical
principles and closing with praectical
circuit representations. It presents
a new practical equivalent -cireuit
which represents the small-signal be-
havior of a junction transistor over
its useful frequency range as an am-
plifier.

Much of the material offered here
can be found nowhere else in book
form,

The Oscilloscope At Work

8y A. Haas and R, W. Hallows. Published 1956 by
Philosophical Library, Inc., 15 E. 40th St.. New
York 16. 171 pages. Price $10.00.

This book, originally published in
France, is a practical guide to the
CRT’s many applications, though hav-
ing a special reference to radio and
TV receivers

An important feature is the wealth
of oscillograms which help to make
the book of such practical value. Nu-
merous circuit drawings and other
diagrams have also been provided to
clarify the text.

Although, as its title implies, the
book deals mainly with the uses of
the instrument and correct interpre-
tation of the oscillograms produced,
it also contains much valuable infor-
mation on oscilloscope circuits, con-
struction and adjustment, while one
chapter is devoted to explaining how
it can be made to diagnose its own
troubles when faults develop.

Books Received

Essential Characteristics

Published 1957 by General Electric Co., Electron
;utge Div., Schenectady, N. Y. 228 pages. Price
5.

A revised and enlarged seventh
edition of the popular tube handbook.

Patent Notes For Engineers,
7th Edition
By C. D, Tuska. Published 1956 by McGraw-Hil|

Book Co., Inc., 330 W. 42nd St., New York 36.
192 pages. Price $4.00.

National Standards in a Modern
Economy

Edited by Dickson Reck. Published 1956 by Harper
% Bros., New York. 372 pages. Price $5.00.

Copies available from Depf. P-1, American
Standards Assn., 70 E. 45th St., New York.

Transistor Techniques

Published 1956 by Gernsback Library, Inc., 154 W,
14th St., New York 11, 96 pages, poper bound.
Price $1.50.

The Cook Technical Review,
Yol. 3, No. 1.

Published 1956 by Cook Research Laboratories,

2700 N. Southport Ave., Chicago 14. 28 paqes.
Price $1.00.
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-FOR EVERY TYPE OF

Pracinio,

ALLOYS APPLICATION

ELECTRONIC INDUSTRIES & Tele-Tech -

TOPHET A® (80 Nickel 20 Chromium)

Non-magnetic, high tensile strength, tempera-
ture coefficient of resistance approximately 85
PPM, used for resistors and potentiometers,
high temperature applications, 650 ohms/CMF.

TOPHET C® (60 Nickel
Balance !ron)

Faintly magnetic, high tensile strength, tem-
perature coefficient of resistance approximately
130 PPM, used for power resistors, high tem-
perature applications. 675 ohms/CMF.

15 Chromium

EVANOHM?® (75 Nickel 20 Chromium
2.5 Aluminum 2.5 Copper)

Non-magnetic, highest tensile strength, tem-
perature coefficient of resistance 20 PPM maxi-
mum, used for precision resistors and potentio-
meters below 200°C. The original 800 ohm atloy.

BALCO® (70 Nickel 30 lron)

An alloy with a high temperature coefficient of
electrical resistance 4500 PPM (20° to 100°C.)
120 ochms/CMF.

CUPRON® (Copper Nickel)

A non-magnetic alloy with a low temperature co-
efficient of electrical resistance. Recommended
{:oh;Finstruments and radio resistors. 294 ohms/

RODAR® (Nickel Cobalt Iron)

An alloy for sealing to hard glass for electronic
and hermetic sealing apptications.

NILSTAIN® (Stainless Steel — 300 Series)

Popular types of stainless steel in wire, ribbon
or strip.

Filament Alloys

TENSITE, SYLVALOY, COBANIC, and
MODIFIED HILO

For directly heated cathodes; ailoys have ex-
cellent emissive and physical properties.

CATHODE ALLOYS

For indirectly heated cathodes. HIGH NICKEL
ALLOYS, custom vacuum or air melted for
active, passive and normal emissivity.

Grid Wire

MANGRID® (Grade D Nickel)

Most widely used lateral grid wire, also supplied
silver plated.

PERMAGRID (Permanickel)

For use in higher temperature applications than
regular Mangrid, higher physical properties and
hot strength.

PERMOCARB and MAGNOCARB

(Precarbonized grid wire)
Operates cooler because of black body effect,

eliminates spray coating, more evenly coated,
replaces Moly in certain applications.

CARBONIZED NICKEL Radiocarb,
Policarb,® Duocarb®

|deal for anode plate use, gives long die life,
excellent therma! emission (black body) free
from hydrocarbon and sulphur.

CUPROCHROME (1 Chrome 99 Copper)

Extensively used for grid side rod, high con-
ductivity with relatively high strength.

Custom and Special Purpose Alloys

In addition to the alloys listed, the Wilbur B.
Driver Company maintains complete melting,
hot rolling and cold working equipment for the
production of custom alloys for specialized
requirements.

Insulations Available — Enamel, formvar,
liquid nylon, cotton, silk, nylon and fibre glass
coverings.

May we discuss your specific applications?
Please write or call —

Wilbur B. Driver Co.
Newark 4, New Jersey
Sales Offices in Chicago*, Boston, Cleveland*, Toronto,

Philadelphia*, Louisville*, Minneapolis, Los Angeles*y

IN CANADA: CANADIAN WILBUR B. DRIVER CO., LTD., 85 KING STREET, TORONTO 1

June 1957
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SUBSIDIARY OF
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PB RELAYS

are used in every industry. Design engineers like
their quality and P & B’s ability to build to exact
specifications. Here is a “sampler” of basie types

communications

MH Series telephone type relays are
small. versatile and available in contact
arrangements up to 18 springs ( 9 per
stack) DC and a variety of contact ma-
terials. Siiver contacts (18”) are rated
5 amp. 115 V. 60 cycles resistive load.
High temperature models operate from
—65°C to +125°C.

machine tools

PR Series relays are rugged. fast acting

. designed for high current or high
voltage switching. Floating movable con-
tact carrier assures ample wipe and con-
tact pressure. AC or DC models available
with contact arrangements up to double
pole double throw. Supplied open or
with dust cover.

L-—I%m.-—l

missiles and jets

BD “Star Series™ relays are used in
applications demanding maximum reli-
ability. These 26.5 V. DC relays were
designed to surpass shock test I per
MIL-R-5757C. 50 G and vibration
Grade 11 per MIL-R-25018; 5-2000 cps
at 15 G. This 6 pole. double throw
relay is operative in ambients of —65°C

to +125°C.

LS Series relays Medium coil, tele-
phone type-—have special hinge con-
struction resulting in a mechanical life
in excess of 100 million operations.
Contact arrangements go to 20 springs
(10 per stack). Power required: 100
mw per movable arm. DC only to 200
V. Open or hermetically sealed models.

instrumentation

air frame

AG Series relays are designed for air-
frame controls and other applications
calling for good mechanical shock resist-
ance, Relays are enclosed in dust proof
cover; phenolic base meets U/L spacing
and creepage distances. Double pole
double throw contact arrangement in AC

and DC models.

business machines

KM Series relays meet the demand for
miniaturization and multiplicity of action
within a single relay. Contact arrange-
ments available from single pole single
throw to three pole double throw. May
he ordered in coil voltages up 10 48 V.,
DC in open or sealed models. Weight,
open, 7/8 oz. Sealed, 1-1/4 oz.

Write today for a copy of our new full line catalog

Potter & Bruumtield, ine.
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““‘Pioneer’’ one who
goes before —
for others to follow.”

IF WEBSTER IS RIGHT —

Then Midland Has Doné It Again, this time with

glass holders for crystals?

Absolute and permhanent vacuum attainable only with
glass, isolates the! crystal from all factors

detrimental to dependable performance. Truly, here are
crystals designed Wwith the future in mind —
future requirementy of application and design

as well as the long life of the unit far into the future.

MANUFACTURING COMPANY, INC.

3155 Fiberglas Road @ Kansas City 15, Kansas
World’s targest Producer of Quartz Crystals
Yy
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CENTRIFUGAL BLOWERS —LOOSE SCROLL
N¢=30,000—70,000

VANEAXIAL FANS
N=50,000 — 125,000

Our Fans and Your Equipment
Become Smaller, ﬂuieter and [:heaper

PROPELLER FANS
Ng=100,000— 400,000

RADIAL WHEEL BLOWERS MULTISTAGE BLOWERS
N;=4,000— 20,000 Ng=900- 9,000

CENTRIFUGAL BLOWERS —TIGHT SCROLL
N=9,000 — 40,000

BN S B

The wide range of ROTRON FAN types enables our Application En-
gineers to match accurately the SPECIFIC SPEED (Ns) of our air
movers with the LOAD-SPEED (Ls) characteristics of your equipment

for ultimate cooling efficiency. Send for CATALOG SHEET #20201-5.

'ROTRON; ROTRON wanuracturiNg co, inc.

WOODSTOCK « NEW YORK
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INDUSTRY
APPROVED

ALSIMAG 186

Your best buy for uses requiring rugged strength,
low dielectric loss, precision tolerances. Dependable
performance. Produced by the source offering widest
choice of specialized ceramic compositions in the
field. Withstand high temperatures. Hard. Minimize
chipping, breaking. Chemically inert. Permanently
rigid. Cannot rust, corrode or deteriorate with time.
Wide latitude of shapes and sizes. Pressed . . . ex-
truded . . . machined. The right equipment for every
operation, every size order . . . to improve quality,
decrease cost. Rapid delivery of uniform parts. Proto-
types available . . . small lots for test purposes with-

out special tooling.

VERSATILE AlSiMag 196 STARS
IN SUCH APPLICATIONS AS THESE:

Atomic Mounting Plates
Applications Spacers
Appliance Parts Standoffs
Bobbins Supports
Bushings Switchbacks
Coil Forms Terminal Boards
Dowels Transformer
Grommets AT
High Frequency UL
Insulators Tube Parts

Why not investigate the many advantages of
AlSiMag 196 for your application? Sketch or blue-
print, together with details of operation, will bring
you complete information.

A SUBSIDIARY OF ’
MINNESOTA MINING AND Jtr¢
MANUFACTURING COMPANY ’\Q,r
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solve problems*
electronically

HEATH FElectronic Analog Computer Kit

*In the college classroom, or “on
the job'' in industry, the Heathkit
Analog Computer solves physical
or mechanical problems by

electronic simulation
of conditions. Full kit $9 4522

This advanced *slide-rule'" is a highly accurate device that
permits engineering or research personnel to simulate equations or
physical problems electronically, and save many hours of involved
calculation.

fdeal for industry, research, or instructional demonstrations.
Incorporates such features as:

* 30 coefficient potentiometers, each capable of being set with extreme accuracy.

« 15 amplifiers using etched-metal circuit boards for quick assembly and stable
operation.

« A nulling meter for accurate setting of computer voltages.
« A unique patch-board panel which enables the operator to “'see'' his computer

block layout.
Because it is a kit, and you, yourself, supply the labor, you can now
afford this instrument, which ordinarily might be out of reach eco-
nomically. Write for full details today!

SAve MmMoney vith HEATHKITS

Now for the first time, the cost of this highly accurate, time and
work-saving computer need not rule out its use—You assembl'e it
yourself and save hundreds of dollars.

FREE CATALOG also available describ
ing test equipment, ham gear, and hi-fi
equipment in kit form. Write for your
copy today!

FREE
FOLDER

HEATH COMPANY
A Subsidiary of Daystrom Inc.
BENTON HARBOR 37, MICH.

City & zone

slate
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Get the complete computer
story from this four-page
folder, available free!

Personals

Gerald R. Saur has been appointed
project engineer of “Sage” for the
Radio Corporation of America at Top-
sham, Maine. He will direct all opera-
tions at this site.

Dr. Andre Gobat has been appointed
Associate Laboratory Director at Fed-
eral Telecommunication Laboratories,
a div. of IT&T, Nutley, N. J.

Martin Braude has been appointed
Vice Pres. in charge of Engineering
for General Transistor Western Corp.,
Los Angeles, Calif. He has been en-
gaged in the electronics field for 12
years.

Dr. R. Weller

M. Braude

Dr. Royal Weller, Chief Scientist,
Naval Air Missile Test Center, Point
Mugu, Calif. will join Stromberg-
Carlson, a div. of General Dynamics
Corp. as Vice Pres. in charge of engi-
neering. He will operate in a general
staff capacity as coordinator consul-
tant to all engineering groups.

Will Allen Finley has joined the
Guided Missile Research Div. and
John P. Malbrain has joined the Elec-
tronic Instrument Div. of the Ramo-
Wooldridge Corp., Los Angeles 45.

Benjamin P, Baker, Advisory Engi-
neer has just received another patent
award for $5,000. This brings his
award totals to more than $18,000.
He is with the Power Circuit Breaker
Dept. of Westinghouse Electric Corp.,
Pittsburgh 30, Pa.

Sheldon Plotkin, has been recently
appointed a Senior Project Engineer
for Levinthal Electronic Products,
Inc., Palo Alto, Calif.

David Taylor has joined The Sys-
tems Div. at Daystrom, Inc., as a staff
engineer specializing in instrumenta-
tion.

W. Earl Stewart has been named
Chief Engineer for The Standard Reg-
ister Co., Dayton, Ohio.

W. W. Lampkin, Director of Manu-
facturing for the Aircraft Div. of
Hughes Tool Co., has been elected
National Chairman of the Aircraft

Industries Association’s Manufactur-

‘ ing Committee.

ELECTRONIC INDUSTRIES & Tele-Tech -
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ELECTRONIC WIRE
High Temperature Wire
Teflon Wire
Sub-Miniature Wire
MIL-W-5086 Aircraft Wire
MIL-C-7078 Aircraft Wire
MIL-W-16878B Hook-up Wire
Type B
Type C
Type D
Type E Teflan Insulatian
MIL-W-76A Hook-up Wire
Type LW
Type MW
Type HW
Type MW Glass Braid
Type MW Nylan Jacket
Type MW Shielded
Antenna Wire
RG-Coaxial Cable
Rubber Sheathed Service Cord
Cord Sets
Tinned Copper Shielding & Bonding
Bus-Bar
Tinned Copper Wire
Magnet Wire
Test Lead Wire
Hi-Voltage Wire
Shielded Microphone
Shielded Multi-Conductor Cable
Shielded Speaker Cable
Multi-Conductor Flexible

29000 \ electronic wire items IN STOCK!

INSULATING TUBING

AND SLEEVING

PVC-105 Plastic Tubing per Spec.
MIL-1-631B, ASTM-D876,
ASTM-D922

PVC-744 Plastic Tubing per Spec.
MIL-1-7444A

PIF-130 Plastic Impregnated Fiber-
glass Tubing per Spec.
MIL-1-3190, NEMA-VS]1,
ASTM-D372

TFN-250 Teflon Tubing

SRF-200 Silicone Rubber Coated
Fiberglass Tubing

SFS-400 Silicone Impregnated
Fiberglass Sleeving

HTF-1200 High Temperature
Fiberglass Sleeving

PVC-60 Low Temperature Plastic
Tubing

= PLE-70 Polyethylene Tubing
e VT5-135 Varnish Impregnated
' Tubing & Sleeving

P— -
SEETRE— -

Send tor FREE Cfalog to Dept. ID AI_PHA WIRE %% . . . from prototype to mass production

3 ALPHA WIRE CORP., 200 Varick St., New York 14, N. Y.

In Canada: ALPHA ARACON_ RADIO, 29 Adelaide St. W., Toronto 1, Ontario.
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having your ups and downs? i

... if they involve WIRE WOUND RESISTORS 6\\;@{% _ i

D ALOH M has the answer

AllleiilloPr]r]) prodduct.s are carefully designed
and skillfully made to assure you of supreme
You can depend on quality and dependability, plus the widest
versatility of application. Here are outstand-

®  ing examples of the Dalohm line:

WIRE WOUND ENCAPSULATED PRECISION RESISTORS

Surpass MIL-R-93R

midity, moisture and corrosive gases and vapors, Dalohm’s new
encapsulating material has very high di-electric strength. Its
coefficient of expansion matches that of the resistor wire itself,
eliminating the possibility of distorted wiring and shorted turns.
All are non-inductive, pi-wound.

@;I Completely impervious to penetrating effects of salt ions, hu-
1

. ' ‘
H) NEW SUB-MINIATURE SIZES STANDARD SIZES
’ -
| L ! ~ WWA | WL
o Resistance range 10 ohm to 1 megohm * Resistance range 0.1 ohm to "; megohms
e Tolerances 0.05%, 0.1%, 0.257  0.5% 17, 3% e Tolerances 0.05%, 0.1%, 0.25%, 0.5%, 1%, 3%
e Powered at 0.1 watt to 0.8 watt e Powered at (1.5 watt to 2 watts
¢ Temperature coefficient 0.00002/Deg. ' e Temperature coeffictent 0.00002/Deg. C
e Maximum operating temperature 125 C. ¢ Maximum operating temperature 125° C.
SIZES TERMINALS SIZES
Length Dia. Length  Dia.
WWA I3 3" W WWL —lugs, WWA and WWL 44 1 W'
WWA and WWP 22 ... .. by " WWA —axial leads: WWA and WWL 45 %" V!
WWL and WWR 23 ... ... %" " WWR —radial leads: WWA and WWL 48 1" 1"
WWA WWL WWR. WWP 24 12" %" WWP —parallel leads. WWA and WWL 412 %" Y
WWA 26 T ja” Iy WWA and WWL 4-16 2" 1"
WA, WWL. WWR. WWP 34 1” W
WWA, WWL WWR. WWP 36 0" %" Wt
WWA. WWL. WWR. WWP 38 1" (N WWA —axial leads; WWL—Ilugs.

Also available in MIL Types RB-09, RB-15, RB-16, RB-17, RB-18, RB-19

JUST ASK US:

DALE

You are invited to write for the complete catalog of Dalohm
precision resistors, potentiometers and collet-fitting knobs. If PRODUCTS,
none of our standard line fills your need, our staff of able en- INC.

1304 28th Avenue

Columbus, Nebr., U.S.A,

EXPORT DEPT: Pon-Maor Corp.
1270 Broadweoy
New York 1, N.Y

gineers and skilled craftsmen equipped with the most modern
equipment, is ready to help solve your problem in the realm of
development, engineering, design and production. Just outline
your specific situation.
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New Hipermag™ cores. ..

now up magnetic amplifier yields 35%

All core sizes in stock, delivery immediate

A large eastern manufacturer reports Westinghouse
Roberts-tested Hipermag cores have increased
Magamp* yields from 70% to 95%. Here are just
three of the many reasons why.

¢ All the quality in Hipermag cores is proved out
with the exclusive Westinghouse Roberts dynam-
ic tester. This test provides four values actually
measuring magnetic properties of cores under
simulated amplifier conditions. Test values are
equivalent to final core performance in your
finished reactor.

® Westinghouse Hipermag toroidal cores are
wound with Hipernik® V. Hipernik V is a highly
oriented iron nickel alloy of exceptional temper-
ature stability, high remanence and low coercive
force, making these cores ideally suited to high-
quality saturable reactors.

¢ For especially high shock resistance, cores can
be hermetically-sealed, and their rugged nylon
or aluminum cases filled with a Westinghouse-
developed silicone oil. Prevents core damage.
Minimizes magnetic change due to strains, pres-
sure, shock or vibration. Provides foolproof pro-
tection when reactors are vacuum impregnated,
encapsulated or resin treated.

A Westinghouse Hipermag specification will give
you perfectly matched, quality cores in abundance
—all sizes are in stock for delivery today! Also
available in a full range are Hipersil® and
Hiperthin* cores. Call Westinghouse Electric
Corporation, or write Specialty Transformer

Department, P. O. Box 231, Greenville. Pa.

*Trade-Mark
J-70797

you caN BE SURE...iF iTS .
Westinghouse s
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Engineered by Tinnerman...

4 SPEED NUTS"® eliminate 8 parts
in resistor assembly, cut costs 50%!

Tremendous assembly savings are often possible
when Tinnerman SPEED NUTs are “designed into”
new products. This is an example: Corning Glass
Works, Corning, New York, adopted 4 special
SPEED NuUT brand fasteners and cut assembly costs
on new power-type glass resistors by 50%,!

Assembling power resistors is normally a slow
and complex operation. Yet a pair of one-piece,
spring-steel SPEED NuT angle brackets eliminated
4 of the 9 parts required by another fastening
method and cut assembly time to a few seconds!

These corrosion-resistant, vibration-proof
fasteners hold the resistor under live spring tension
to avoid mechanical shock. Locating washers, lock
washers and nuts are eliminated. Also, one-piece
Speep CrAMPs® that double as terminal bands
eliminate 2 lock washers and 2 nuts.

SpeEep NUTS permit maximum assembly savings
on new products, but you can probably make
worthwhile savings right now on current products.

June 1957

Over 8000 types available. See your Tinnerman
representative or write for Bulletin 333-1.

TINNERMAN PRODUCTS, INC.
BOX 6688 « DEPT.12 + CLEVELAND 1, OHIO

TINNERMAN

Speed, Natr*

FASTEST THING IN FASTENINGS®

Circle 61 on Inquiry Card, page 201

CANADA: Domision Fasteners Ltd., Hamilton, Outario. GREAT BRITAIN: Simmonds Rerocessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresaes (Seme). GERMANY: Mecans-Bunty GmbH, Heidelberg.
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DIPPED PHENOLIC
INSULATED

These Radial lead units
are dipped in low-loss
phenolic material which
is baked and vacuum wax
impregnated.

7~ NON-INSULATED

Radial leads soldered to
silver electrodes and
sealed with moisture im-
pervious coating to with-
stand humidity.

Write for 16 page
Bulletin 313-2 [or description of

ERIE TUBULAR CERAMICONS.

Also ask [or our new 8 page

Feed-Thru Ceramicon Bulletin 323.

BER!

SPECIFY

for

. PRINTED WIRING
| APPLICATIONS

® Leads are tin coated with a minimum of

.001” heavy coating of solder to insure
ease of solderability and to prolong
shelf-life.

¢ ERIE TUBULAR CERAMICONS

offer convenient form design, including
14” and 3" lead spacing, for printed
wiring board applications where space
is at a premium.

Rugged construction of ERIE TUBU-
LAR CERAMICONS features inher-
ently strong dielectric design with
leads wrapped around the dielectric and
soldered to withstand stress and strain.
Uniform case size of ERIE Molded Tu-
bular Ceramicons is designed for auto-
matic loading and is available packaged
on tape called ‘‘Reel-Pack”— 2000 to a
reel.

Temperature Compensating and General
Purpose Ceramicons are available in a
wide capacity range with tolerances as
close as 1% or *=.1 mmf and in Hi-K
types for by-pass and coupling appli-
cations.

MOLDED
INSULATED

Axial leads, compression-
molded in fow-loss pheno-

lic jacket for added
strength and protection
against humidity.

ERIE ELECTRONICS DIVISION
ERIE RESISTOR CORPORATION

Main Offices ond Factories: ERIE, PA.
Manufacturing Subsidiaries

HOLLY SPRINGS, MISSISSIPPI » LONDON, ENGLAND * TRENTON, ONTARIO
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'News of Reps

REPS WANTED

Leading manufacturer of electro-
mechanical equipment, such as vibra-
tion calibrators, frequency invertors
and voltage regulators, seeks repre-
sentation in the Texas and Florida
area. This is an established electronic
manufacturer with a new line of pre-
cision instruments. (Ask for R6-1)

Prominent manufacturer of molded
epoxy cases, connectors and other
epoxy products seeks reps for all
areas of the U. S except Upstate New
York. Firm is well known in their
field. (Ask for R6-2.)

Mid-lantic Chapter of The Repre-
sentatives elected the following offi-
cers: Donald G. Brown, Pres.; John
T. Stinson, V.P.; L. Parker Naudain,
Sec.; and James P. Faries, Treas.

Harold Stone has joined the Indus-
trial Sales Dept. of the Logan Sales
Co., Northern California reps.

Jack Simons has joined the Jack
Fields Sales Co., 5 Howard St., Ver-
ona, N. J. as a partner.

Henry Lavin Associates of Meriden,
Conn. have received a Reps of the
Year award from the Elco Corp.

Hi-Quality Distributors, Inc. have
been named distributors for Du Mont
TV Receivers in the Western Section
of Pennsylvania, five counties of West
Virginia and four counties in Ohio.
They are located at 6609 Woodwell
St. in Pittsburgh, Pa.

T. Lewis Snitzer Co. are now es-
tablished in their new building at 5354
W. Pico Blvd., Los Angeles 19, Calif.

William J. Noonan has been ap-

pointed sr. special representative,
chain and wholesale dept., for Inter-
national Business Machines Corp.

Eastern Region.

Ray Sturgill and Associates, Char-
lotte, N. C. have been appointed sales
service reps of Burgess-Manning,
Penn Instrument Div. in Western
North Carolina and Eastern Tenn.

Gene French Co., Albuquerque,
New Mexico has been appointed sales
and technical service reps in New
Mexico, Arizona, Colorado and Utah
for the Narda Corp.

Shalway Corp. of Palo Alto, Calif.
and Crawley England has been named
to promote the sale of Southern Elec-
tronics products in 58 countries out-
side the U. S. and Canada.

P. Gordon Lea, Walter Rathja and
Richard Riedell have been named reps
for the Industrial Division of the
Dobeckman Co.

(Continued on page 86)
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ABOUT VERY LOW FREQUENCY
PROPAGATION! Smaller antennas,

lower transmitter power, and relative freedom from
atmospheric noise are reasons behind our communication
services’ gradual migration to the upper end of the
frequency spectrum. Lying fallow and awaiting rediscovery
has been the very low frequency band below 30 kc.

4

points with unusual fidelity and precision. Where
greater accuracy is required, such as very long
range radio navigation systems and international
transmission of frequency standards, VLF promises
to open doors to many new and important uses.

Now, because VLF offers a reliable means of com-
municating over vast global distances, there is a
marked revival of interest. It is now known that
VLF has highly stable propagation characteristics
which make it possible to transmit data to distant

June Proceedings of the IRE gives you the facts about VLF

This year, the Boulder Laboratories of the National Bureau of Standards and the IRE
Professional Group on Antennas and Propagation co-sponsored a Symposium at Boul-
der, Colorado, on. the propagation of very low frequency radio waves. From the
papers given at this important meeting the editors of Proceedings have chosen those
of broadest interest for publication in the June, 1957, issue.

Typical of the service offered members of IRE is this VLF report — to be used now
and referred to for years to come. If you are not a member of The Institute of Radio
Engineers be sure to reserve a copy of the June Proceedings of the IRE, today!

Partial Contents of this VLF issue:

“A Technique for the Rapid Analysis of Whistlers,” by J. K. Grierson, Defense
Reserve Board, Ottawa, Ontario, Canada.

“VLF Radiation from Lightning Strokes,” by E. L. Hill, School of Physics, Univer-
sity of Minnesota.

PROCEEDINGS OF THE IRE
1 East 79th Sireet, New York 21, New York

“Some Recent Measurements of Atmospheric Noise in Canada,” by C. A. McKer-
row, Defense Reserve Board, Ottawa, Ontario, Canada.

“Intercontinental Frequency Comparison by Very Low Frequency Radio Trans-
mission,” by J. A. Pierce, Croft Laboratory, Harvard.

“The Mode Theory of VLF lonospheric Propagation for Finite Ground Conductivity,”
by James R. Wait, National Bureau of Standards, Boulder,
Colorado.

“The Geometrical Optics of VLF Sky Wave Propagation,” by J. R. Wait & A.
Murphy, National Bureau of Standards, Boulder, Colorado.

“Characteristics of Atmospheric Noise from 1 to 100 Kc/s,” by A. D. Watt &
E. L. Maxwell, National Bureau of Standards, Boulder, Colorado.

“The Present State of Knowledge Concerning the Lower lonosphere,” by A. H.
Waynick, The Pennsylvania State University.

“Noise Investigation at VLF by the National Bureau of Standards,” by W. Q.
Crichlow, National Bureau of Standards, Boulder, Colorado.

“Refiection at a Shapely-Bounded lonosphere,” by I. W. Yebroff, Stanford Uni-
versity.

“The Attenuation Versus Frequency Characteristics of VLF Radio Waves,” by
J. R. Wait, National Bureau of Standards, Boulder, Colorado.

“The Waveguide Mode Theory of the Propagation of VLF Radio Waves," by K. G.
Budden, University of Cambridge, England.

ELECTRONIC INDUSTRIES & Tele-Tech June 1957

[ Enclosed is $3.00

[] Enclosed is company purchase order for
the June, 1957, issue on VERY LOW
FREQUENCY.

COMPANY .o
AGATESS ..o st ettt

City & State. ..ot

All IRE members will receive this June
issue as usual. Extra copies to members,
$1.25 each (only one to a member).

A

The Institute of Radio Engineers
1 East 79th Street New York 21, New York

Circle 63 on Inquiry Card, page 201 81



COAXIAL LINE INSTRUMENTS

[ 3 [

" 0 4 D"ect Readl”g Model | Line |Impedonce Frequency Full Scale Con-

: ,h"”ll[’e Range Power nector
25-1000 megacycles . . . TOW — 100KW | 43 |RG-8/u| S0 ohms| 25-60; 50-125 |10;25; 50; | N; C;

D'RECTIONAL . "thru” type . . . for power measure- ete, 100-250; 250-500; | 100; 250; HN;
ment in complete systems under operating 400-1000 me¢ Soo W UHF

RF M, conditions . . . insert between transmitter [ 4712 | 1%, | 50 ohms |200-500 T7.5:0.0; 1.5; [ Rima

and antenna or load to provide an accu- 400-1000 mc 2.5; 5.0 KW | Std.
WATTMETERS rate and simple means of measuring direct [ 440 3V, 50 ohms |200-500 mc 1;2.5;5;10 [Flange

or reflected power . . . plug-in elements [ g0 3/, | 51.5 ohms {400-1000 mc 25; 50 Kw st

determine full scale power range cnd fre- %5 | seve
MODEL 43 ' quency range. Get Bulleting W-400 for de- | 470 | 6% | 51.5 ohms 200-500 mc and 100 KW Bullet

tailed specifications.

" . ” Freq. Mox. :Z:e: input
rerm”l’”e 4 cc"'a 'e Model Range Power Smlges Connector
RF 30-5(:0 migccycles PV S ch-S.KW r:% :g;gg :: ;gx g;g: ggg Female N
ABSORPTION aea load” type . . . portable . . . direct 67 30-500 me SO0W | 0-25; 0-100; | Coplanar with
] reading wattmeter . . . accuracy *5% of 0-500 adapterto UG-21JU;
WATTMETERS full scale . . . non-radiating load for power ["67C* | 30-500 mc | 2500W 0-100; 0-500; | (optional) RG-17
measurement, For complete specification on 0-2500 & RG-19 cable
all available models, write for Bulletins assemblies:
MODEL 611 ' TW-600. 824* | 30-220 mc | S000W | 0-5000 adapters fo
rigid lines

*Water cooled {other availoble models described in specification sheets)

Max. Freq. Mox.*
y P Range VSWR Connector
] 3 ”” R fl F Model ower g
Tel'malllle eflection-rtree 80 W DIKMC | 11| N, O, BAC
x Designed to terminate 50 ohm coaxial line | 80A | 20W |  0-S00MC[ 1.1
RF LOAD with minimum reflection . . . low VSWR —:—13—— ;ga — g:ﬁxg ” N Female
-R E s I S T 0 R s . non-radiating . . . water cooled ra’fngs |- 82A S00W 0-TKMC 11 Coplanor with
2500 W to 50 KW . . . air cooled ratings adapterto UG-21]Y
to 1500 W . . . ratings can be increased [Tgg3 1.2KW 0-1KMC | 1.1 C
MODEL 888 ’ by forced air externally applied. For de- | 888 1.5KW 0-1KMC 11 3, Flanged

tai A . R _
ailed specifications get Bulletins R-800. *Other VSWR requirements can usually be met by special selection.

i

COAXIAL Dependable [~ = 7w w [
Positions Six Eight Reversing Two
SWITCHE Small compact design permits the ‘‘Co- Switch
axwitch’ Selector to be incorporated into [~ o ry One One Two Two
L~ pm— . .
Y many electronic units where repeated | ¢ it
> ol Spene . . . q . . S B
- channel switching is required. Finger-tip [~¢on 0o Type N female connectors are standard on oll

operation — pull knob, rotate and push in
to make contact. Bulletin €S$-6 contains full
specifications.

models to receive UG-21/U series plug. Use
adapters with other cables and connecors.

MODEL 74
{Cutaway View)

 COAXIAL
RF

Low | Low Low Low High Bond

Rugg ed Pass | Poss | Pass | Pass | Pass | Pass

Model* 5310 | 5311 5§22 [819-1200 | S30 5131
High pass . . . low pass . .. band pass ... | (ut OFf 90 mc [ 160 me| 400 mc | 1200 me {420 mc | 45 mc &

band elimination . . . designs utilize both | 105 mc

distributed and lumped constant . . . fea- | Stop 100- | 180- 500- | 1900- [ 100- | 33.7-
F I l'l' E R s ture low insertion loss and high stop band | 30 180 me | 320 me | 2000 me | 4000 me |390 me | 39.7 me
. attenuvation . . . many designs available ‘0‘[)2[)0;“
. " n R 5

. .. *know-how' and physical facilities for Mox. Toow 100w vsow | Toow | sow W

quantity production . . . Get Bulletin CF-6. | p,.0o
[VSWRinpb. 1.5 | 1.5 | 135 211 [ 25 | 1.6

Connec- Female
tors Female N Male-Female N BNC

. N[ w i comp Ie te *Other model specs on request.

il & RF POWER ABSORPTION

winiioyor o AND MEASUREMENT
BIRD ELECTRONIC CORPORATION

1800 EAST 38th STREET » CLEVELAND 14, OHIO « EXPRESS 1-3535 ‘
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another example of exciting work at los alamos...

/5.000.000

1T

PICTURES) SECOND ™

Here at Los Alamos, the development of high
speed photography has produced framing
cameras of unprecedented framing rates and
exposure times. These cameras are capable of
taking as many as 90 frames art rates as high
as 15 million frames a second. They employ
the technique of sweeping the image, reflected o
from a rapidly rotating mirror, over a set of
correcting lenses onto the recording film.
This results in the effective stop(ring of image
motion within the frame. In addition to the
creation of new optical components, the con-
struction of these cameras has involved the
development of techniques for rotating mir-
rors of substantial size at speeds as high as
22,000 revolutions per second.

Used in a wide variety of research programs
as well as in the Laboratory’s weapon investi-
gations, instruments such as these typify the
excellent resources, in facilities and in the
capability for creating wholly new experi-
mental methods, enjoyed by the scientists of
Los Alamos. \

For an illustrated brochure about Los Alamos \ ’ i
write to: t | o l
Director of Personnel ! Y !
... [ w i
Division 1805 ; St ad 1
A X /

~ g

The enlarged frame above shows the col-
lision of a steel ball and an aluminum
plate at an approximate velocity of 4
millimeters/microsecond, illustrative of

= -
. - -
f‘ "
- »
-
< ~“ %
‘.v‘ ~
[a | e
4\" ’ ’
” \ - 2
- ~ e
studies of interaction of metals at high
impact velocity. The cutaway drawing

\ shows some of the features of one of the
® ° Laboratory’s high speed framing cameras.

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA
® LOS ALAMOS, NEW MEXICO

los
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Silastic parts are used in
many of the fire control
electronic “‘packages” on
Convair’'s new B-58
Hustler because they
remain resilient at both
high and low tempera-
tures. Some of the parts
touch miniature tubes
that operate at 350 F.
Others are subjected to
oven-hot ‘“‘cooling” air.
All must withstand severe
vibration at temperatures
as low as —65F when
the equipment is not in
use during high altitude
flight. Designer and pro-
ducer . . . Emerson
Electric Manufacturing
Company, St. Louis.

Sl Lﬂ STI E protectS electronic packages on B-58

SILASTIC,* Dow Corning’s silicone rubber, can be used

in many different ways to improve the protection and

performance of delicate electrical and electronic equip-

ment. Whether used in the form of seals, cable clamps,

grommets, encapsulating or potting compounds, plugs,

gaskets, feed throughs, or wire and cable insulation,

S SILASTIC offers amazing thermal stability, excellent

Get latest data on Silastic dielectric strength and superior resistance {o moisture,

. ozone, corona, corrosive atmospheres. Write for complete
Mail coupon today data or contact your rubber supplier.

Dow Corning Corporation, Dept. 1618

Midland, Michions Typical Properties of Silastic for Electrical Use

=
]
]
1
]
Please send me latest data on Silastic ' * Temperature range, °F —130 to 500
! ¢ Tensile strength, psi 600 to 900
Ll ! * Elongation, 9, 150 to 300
COMPANY ' ¢ Insulation Resistance, megohms/1000 ft. 1000 to 3000
AbDaEss ! * Dicleetric strength, volts mil. 300 to 500
i ¢ Dicleetric Constant, 10° eycles per
eiry ZoNE sTaTE ! second, nominal 3.2

¥ T.M.REG.U.S.PAT.OFF,

It you consider ALL the properties of a silicone rubber, you'll specify SILASTIC.

first in silicones \WITRATITT

N[IKITAYY D0W CORNING CORPORATION e MIDLAND, MICHIGAN
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An Engineer "Doodled’
and Solved an
Explosive Problem with

\
' FUSITE TERMINALS

The problem was literally explosive. It was a pump and motor

to operate safely submerged in gasoline. The electrical
connections had to be made through a vapor-proof seal.
Two simple and inexpensive Fusite glass-to-metal
terminals did the job like this ““doodle” shows.

e N T

iooooooooooooooo ,‘;F: g
/
{
\

PRESS FrT & s edbehd
Overfoad orector
1 Hermetreally Sealed with FUSITE
r A TER MINAL.

ENCLOSELD Pump A4
MeTUt  AREA

;[ZSQQETO"METAL | iﬁfﬂ]ﬁ Lwner GASGLral”
=L » A ‘
e S , L

/ Alumiin v pt /L s “"“‘i‘""l._«— . . .
$ CASTHUN G ! f...aj \

\ conpurT ‘
| ) ;

\ 1 s s e

TERMINAL

This can’t be called a “typical”’ Fusite  “noodle”’ the next time you “‘doodle”
case history. In our long list of success-  and pass your problems on to us.

ful new applications, we have helped e make hundreds of stock terminals

of both multiple bead and solid glass
types. We’re prepared to design and
So just keep Fusite Terminals in your  make special terminals to your needs.

engineer, there are none we could call

L]
L
°
°
[
L
L]
°
[
L]
L
.
L)
L

“typical”.

Write today for catalog — Dep’t. U-3

Nl THE F U S I T E CORPORATION

6026 FERNVIEW AVE., CINCINNATI 13, OHIO
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KLEINS

For Every Electrical Need

By using the plier exactly suited to the
job, work improves and time is saved.
There is a style and size of Klein Plier
made to mcet every need of linemen,
electricians, good workmen everywhere.

The name Klein has stood for the finest
pliers for a century ... that's why Klein
is the standard of comparison by which
other pliers are judged. Be sure your
order for pliers specifies Kleins.

201-NE 213-9NE

301

203 301-6P

301-6-SCP

305

302

220

100 yeors of service to line-
men, electricions and indus-
try is bock of this new
Pocket Tool Guide No. 100.
A copy will be sent to you
upon request, without obli-
gotion.

Ask your supplier

NEW COIL SPRING PLIERS

Many Klein Pliers are available Wilh

a coil spring set close 1o the hinge.
The spring is guaranteed for the life
of the plier. It always keeps the jaws
in open position and frees the inside
of the handles of any obstruction.

Forelgn Distributor: International Standard Electric Corp., New York

mr I LI AN

7200 McCORMICK ROAD « CHICAGO 45, ILLINOIS
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News of Reps

(Continued from page 80)

Neely Enterprises, 3939 Lanker-
shim Blvd., North Hollywood, Calif.
electronic manufacturers reps has an-
nounced the opening of their eighth
office located in Tuscon, Arizona.

R. W. Farris Co., Inc. has been
named manufacturers reps for Fil-
tors, Inc. They are located at 406
West 34th St., Kansas City 11, Mo.
and will cover Missouri, Kansas, Iowa
and Nebraska.

Land-C-Air Sales Co. are now reps
in the New York, Northern New Jer-
sey area for Dynamics Research Asso-
ciates.

Instruments for Measurement, Glen-
dale, California are reps for Autron
Engineering, Inc. in Southern Cali-
fornia.

Gregg and Spohn, Cincinnati, Ohio,
J. F. Wulfetange, Jr., Dewitt, New
York and the Robert F. Lamb Co.,
Buffalo, New York have been named
reps for “Control” a Div. of Mag-
netics, Incorporated.

Cartwright and Bean, Memphis,
Tenn. are now sales representatives
for General Transistor’s germanium
transistors, in Alabama, Georgia, Ten-
nessee, North Carolina, South Caro-
lina and part of Virginia.

Gene French Co., Albuquerque, New
Mexico will now serve as reps in New
Mexico, Arizona, Colorade and Utah
for the Narda Corp.

Jim Ferris has been appointed a
District Manager for the Morris F.
Taylor Co. of Silver Springs, Md.

Sherherne and Associates, 3040
Overland Ave., Los Angeles 34, Calif.
are now representing Cardinal Instru-
mentation Corp.

C. W. Reed has been formed and
offer sales and service representation
on the West Coast for various tech-
nical equipment manufacturers.

Bill Kolans and Co. of San Fran-
cisco and H. H. Seay Co. of Columbus,
Ohio have been named reps for the
Fairchild Recording Co.

Murphy and Cota, 2110 Peach Tree
Rd.,, N.W. Atlanta, Ga. have been
named reps for the WYCO Products
Co. in the southeastern part of the
United States.

0. F. Masin Co., Pelham, N. Y. has
been selected to represent, in the
Metropolitan New York area, the
San Fernando Electric Manufacturing
Co.

Bob Himmel and Ken Davis, reps
for Texas Instruments, Inc., have
moved into new offices at Room 701,
Wilson Bldg., Broadway and Cooper
Sts., Camden 2, N. J.
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AND OTHER ELECTRONIC

SENSITIVE MAGNETIC
RELAY

Polarized operating characteristic of this
magnetic d-c Relay makes it idea! for use
as a null detector in ordinary bridge cir-
cuits. It can operate directly from a ther-
mocouple or photocell. Both coils brought
out to separate pins in base make it easy
to calibrate and overhaul and versatile to
apply. Hundreds of thousands of these re-
lays are now in use in airborne control
equipment.

SPECIFICATIONS

Contacts: SPST or SPDT normally open or
closed. Rated for ; ampere at 28
volts d-c.

Hermetically sealed: Model 220

Gasket sealed: Model 219

Vibration and shock resistant: relay un-
energized will withstand shock of 50¢g’s
in all planes without damage or change
in calibration

Closing current: contacts close on input
currents from 30 microamperes d-c to
12.5 milliamperes d-c. Lower closing
currents available in special circum-
stances,

Coils: Formvar-coated copper. Resistances
from 0.5 ohm to 23,600 ohms. Normal
closing power may be increased 10,000
times without adverse effects.

Weight: .15 b. max.

Seated height: 2%,” max.

Base: plog-in, printed circuit or solder hook

For more information; write for Bulletin
#3037

cORAW

[SON

ELECTRONIC INDUSTRIES & Tele-Tech

One of the oldest names in relays continues to improve the state of the art. For your
specific design problems there is an Edison relay you can rely on for maximum per-
formance and durability. The millions of Edison relays in use today are your assurance
of reliability.

NEW EDISON MINIATURE STANDARD OCTAL
TIME DELAY RELAY MODEL #1250 | TIME DELAY RELAY MODEL 501

Specially designed for missile and jet air- 10 years of Edison research and engineering
craft applications, this vibration resistant have produced a widely-accepted line of
unit incorporates the following design hermetically sealed Thermal Relays . . .
features: more than one-half million. have already

been manufactured for use in cathode pro-
tection circuits, autopilots, gyro stabilizers

1) virtual elimination of contact chatter up and other electronic squipment.

to 1500 cps at 10 g’s.

2) no resonance to 500 cps. SPECIFICATIONS

3) ambient compensation between —65°C Time delays: 2 seconds to 300_Aseconds_
and 485°C . . . operation at higher Heater vgltages: 6.3, 26.?. and‘ 117 (inter-
temperatures when necessary. mediate voltages available in

; special circumstances)

4) q?ntacts rated for 1 ampere at 27.5 Heater input: 5 Watts nominal
VDC or 3 amperes at 115 voits AC. (continuous excitation)

5) extra-rigid construction for exceptionally Contacts: SPST normally open or closed.
high contact pressure. Rated for 6 amperes:max. at

6) can be mounted in any position without 450 volts a-c or d-c.
affecting operating characteristics. 7-pin Amb:::t;:gr:lgensated for —60°C
plug-in or solder hook base. Shock: resists impact of 50g’s

7) hermetically sealed. vibration: resists V%~ overall

amplitude at 55 cps

Tolerances: heater voltage: positive contact
operation with variation of =+=10%.
Operating time at 25° C: =15% max.

Weight: 1V4 to 2Va oz.

Seated height: 3Va”

Diameter: 1.275” max.

Base: intermediate octal

For more information, write for Bulletin For more information, write for Bulletin
#250. #3007.

Thomas A. Edison
INDUSTRIES
INSTRUMENT DIVISION WEST ORANGE, N. J.

*  June 1957 Circle 69 on Inquiry Card, page 201

EDISON RELAYS FOR AIRBORNE

CONTROL EQUIPMENT
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Sylvania Planar-Triode Rocket’ Tubes

”g l}!l ]|1 rU

M| ” i

Stretched-grid canstructian—assures low-noise, uniform, effi-
cient operation. Unique parallel wire construction is character-
istic of Sylvania planar triodes and a principal factor in their
stable performance.

Disc Seal—Exclusive sealing process used in Sylvania planar
triodes provides important feature of low lead inductance.

—for maximum efficiency in UHFE
and microwave freguencies

For communications, radar, and any equipment operating
in the range between UHF and microwave frequencies
Sylvania offers a line of planar triodes for efficient CW and
pulse operation.

All Sylvania planar triodes feature the stretched, parallel-
wire grid and disc seal—developments typical of Sylvania’s
leadership in these highly specialized tubes. Both single- and
double-ended types are offered.

Concentric design lends itself to a variety of simplified
cavity designs. Mounted in cavities, planar tubes deliver
stable output over a broad tunable frequency band.

Sylvania planar triodes include single-ended and double-
ended types designed for both cw and pulse operation.

TYPE DESCRIPTION

2C36 pulse-modulated oscillator for concentric-line-
cavity operation. Maximum operating frequency —
5000 me.

6503 CW oscillator for frequencies up to 3300 mc — Rug-
gedized anode design for shock and vibration.

2¢37 CW oscillator to 3300 me, amplifier and frequency
multiplier.

6481 general-purpose di mu triode—CW ilator
at frequencies up to 3300 mc.

5768 high mu doubl ded type designed for grounded
grid CW amplifier. Used with tuned or untuned
input—tuned coaxial line output.

6BA4 double-ended UHF amplifier, suitable for TV UHF
frequencies.

5765 CW oscillator with internal feedback. Broad fre-
quency range up to 2900 mc.

5764 pulse-modulated oscillator at frequencies up to

3300 me.

Write for complete data. Address Dept. F40R

¥ SYLVANIA

LIGHTING TELEVISION

Circle 70 on Inquiry Card, page 201

SyLvania ELecTric PrODUCTS INC.
1740 Broadway, New York 19, N. Y.
In Canada: Sylvania Electric (Canada) Ltd.
Shell Tower Bldg., Montreal

. ELECTRONICS . ATOMIC ENERGY

ELECTRONIC INDUSTRIES & Tele-Tech - June 1957



Engineering

Beyond the
Expected...

DESIGN beyond the expected

The DOVAP prototype (above) is
one half the size called for in speci-
fications.

PACKAGING beyond the expected

Shielding of critical areas and equal-
izing of heat enabled DOVAP to
operate at higher temperatures than
specified .. . without benefit of cooling
by either conduction or convection.

PERFORMANCE beyond the expected
Where momentary loss of signal
means the end of usefulness, DOVAP
functioned unfailingly...under envi-
ronmental conditions of shock and
vibration more severe than specified.

ELECTRONIC INDUSTRIES & Tele-Tech + June 1957

ASSIGNMENT
MISSILE

Withstanding torture is a specialty of Packard
Bell's Doppler Velocity and Position indicator
(DOVAP). designed and developed for an
inter-continental missile (classified). In proto-
type environmental tests, this high powered
Doppler Transponder was subjected to tempera-
ture. shock and vibration bevond the extremes
expected in flight...beyond the extremes
called for in specifications.

RESULT: Reliable signal and continuous trans-
mission for an incredible life span.

Write for new Packard Bell Electronics facility bro-
chure ... just off the press.

&
R

PACKARD BELL ELECTRONICS

TECHNICAL PRODUCTS DIVISION
12333 W, Olympic Boutevard
Los Angeles 64, Calif.
BRadshaw 2-2171

Circle 71 on Inquiry Card, page 201
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When railroad traflic gets too heavy or
complex, a train will be switched onto a
siding until the tracks are clear. However,
high-speed aircraft in busy trafhic patterns
over metropolitan areas cannot wait . ..

ARE NO RAILROAD SIDINGS IN THE SKY

Hughes, a leader in the development of
highly advanced data processing tech-
niques, is doing rescarch on air trathic
control systems which can continuously
monitor a high volume of air traffic and
precisely control cach individual airplanc.
With this system the time delays, inethi-
ciency and inaccuracies present in manual
control are practically eliminated.

Air traffic control represents only one of
many projects underway. Confidential
new  projects . . . many infinitely morc
complex . . . promisc an unlimited future
to scientists and engincers in the Hughes
Ground Systems Division.

If your experience is in clectronic circuit
design, logical design, clectronic packag-
ing, and radarsystems, we invite youtoin-
vestigate these outstanding opportunities.

the West’s leader in advanced electronics

SCIENTIFIC STAFF RELATIONS
RESEARCH AND
DEVELOPMENT LABORATORIES

Hughes Aircraft Co., Culver City, California

VACATIONING IN
SOUTHERN CALIFORNIA?
YOU ARE INVITED

TO VISIT HUGHES.,

90 Circle 72 on Inquiry Card, page 201 ELECTRONIC INDUSTRIES & Tele-Tech - June 1957



A SPECIAL ADVERTISEMENT Presented by INLAND TESTING LABORATORIES,
Cook Technological Center, Morton Grove, lllinois

ol

Dr. Leslie W. Ball
Dr. Ball is a leading scientist devoted to
reliability efforts and programs, and is a
prominent consultant to top management in
aircrafe and missile industries. His independ-
ent evaluation of the “HELPR™ Program
follows:

In 1940 Winston Churchill stirred the
conscience of American industry by his
confident plea .. ."Give us the tools and
we will finish the job.” Our industry did
respond magnificently and gave the Al-
lied Armed Forces the tools with which
the immediate job of destroying the dicta-
torships was finished.

But we know only too well that neither
in peaceful competition nor in military
defence can industry rest upon past
achievements. New tasks of staggering
"magnitude always will arise to challenge
the imagination and guts of our indus-
trial management and to challenge the
thinking and action abilitics of our de-
sign, production, test, and quality control
engincers.

Today, a new challenge to managers
and engincers is stark in its clarity, and
voracious i its demand for action, Clear-
ly, the marriage between the science of
clectronics and the science of systems en-
gincering has been, and will continue to
be prolific in the procreation of complex
equipments that increasc the productivity
of peace-time industry and radically im-
prove the potential cffectiveness of our
military defence. It is evident further that
many top managements have seized upon
these opportunities,

In those industries that are adopting
automation, and throughout our defence
program, decisions have been taken to
entrust the future to the abilities of com-
plex requirements. In the case of some
cquipments it is merely the financial fu-
ture of a single company that has been
committed. In the case of military equip-

The State of the Art:

NEW TOOLS
ARE HERE TO

UPGRADE RELIABILITY

NOW!

Dr. Leslie W. Ball

ment, our future in the world has been
committed to the belief that complex
weapon systems based on clectronic equip-
ment can be made to perform adequately
in all respects.

DRAMATIC PERFORMANCE

In the first flush of excitement over the
potentialities of radically new e uip-
ments, the abilities and energies of both
managers and engineers usually have been
concentrated on obtaining dramatic per-
formance. In multitudes of offices and
laboratorics throughout the nation, equip-
ment performance abilitics worked out
on the drawing board or predicted by elec-
tronic computers have been recetved with
cnthusiasm and adopted as target. As time
has brought the conversion of calcula-
tions and predictions into actual hard-
ware, it has become painfully evident that
the ominous forebodings of a small band
of pioncers, now known as “Reliability
Engincers,” were not without substance.

Much has been written about the fun-
damental relationships between unrelia-
bility and complexity in electronic equip-
ments and about the incompatibility of
extracting the last ounce of high perform-
ancc out of equipments that must be reli-
able under conditions of high environ-
mental stress and  limited maintenance
skill. So, today, the managers, upon whose
shoulders rests the heavy responsibility
for having taken decisions to commit their
companics or their defence programs to
complex high performance systems, must
undertake an agonizing reappraisal of
their clectronic cquipments within these
systems.

BLUNT QUESTION

The blunt question that faces them is,
“Must we retreat to simpler, lower per-
formance devices, or is there an imme-
diate line of reliability upgrading action
whose cost is within reason and whose
ctfectivencss is beyond question?”

The answer to this vital question is not
to be found in academic discussions of
the abstractions of reliability nor in the
ivory towers of higher mathematics. It
is to be found in the testing and analytical
laboratories where countless analyses have
been made of equipments that have failed
in service or in which failure has been
produced by simulation in the laboratory
of service stresses.

The answer to the question "Must we
retreat 2 is a confident ""No, we need
not retreat. Theve is a path 1o electronic
equipment reliability whose cost is within
reason and whose effectiveness can be
assured.”

To define the path to reliability spe-
cifically and clearly, we must first express
the underlying causes of cquipment unre-
liability in engincering management
terms.

Both technological advances and man-
agement action have provided the systems
enginecrs with the tools that they need to
work out complex system performance,
and to generate sound preliminary de-
signs. Unfortunately, in the electronic in-
dustry the detail designer, the production
engineer, the test engincer, and the qual-
ity control enginecr have not been pro-
vided with all the tools that they need to
lollow through from a preliminary system
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design to delivery of a completely reliable
finished product.

A FUNDAMENTAL CAUSE OF
ELECTRONIC UNRELIABILITY IN
TODAY'S ELECTRONIC EQUIP-
MENT IS THAT DESIGNERS ARE
REQUIRED TO DESIGN CIRCUITS,
QUALITY CONTROL ENGINEERS
AREREQUIRED TO CONTROL CON-
FORMANCE, AND TEST ENGI-
NEERS ARE REQUIRED TO PLAN
EVALUATION PROGRAMS WITH-
OUT MUCH OF THE BASIC HAND-
BOOK TYPE OF DATA ON WHICH
THE RELIABILITY OF ALL OTHER
TYPES OFF ENGINEERING EQUIP-
MENT DEPENDS.

To illustrate this deficiency, suppose
that the management of an aircraft com-
pany had made excellent provision to
obtain systems engincering and a pre-
liminary design for a new super perform-
ance complex rocket-powered plane and
then assigned the task of detail design,
quality control and test planning to their
staff. But, with the provision that they
would be denied anything approaching
complete knowledge of the strength, en-
durance and failure characteristics of the
materials and components of which the
system was to be built.

The opinion of their customer and of
other managers would be that this was a
preposterous way to manage an engineer-
ing project, and unreliability in the prod-
uct would be a foregone conclusion. And
yet, inadequacy in the organized kiowl-
edge of strength, endurance and failure
of component parts is characteristic of
almost all military and industrial elec-
Ironic equipment projects.

Management thinking about the provi-
sions that they must make for providing
their staffs with adequate knowledge of
clectronic component parts can be helped
greatly by the following definition: ""Any
cquipment component or part is inher-
ently unrcliable until every mode of fail-
ure is known, understood, mecasured and
controlled.”*

Throughout the mechanical enginecr-
ing industrics the truth and significance
of this definition is accepted as sclf evi-
dent. Morcover, large quantities of or-
ganized knowledge on understanding,
measurcment and control of every mode
of failure of mechanical parts are con-
tained in cngineering handbooks. For
example, in the casc of reciprocating ma-
chinery unreliability caused by the phe-
nomena of fatigue is no longer tolerated
becaus¢ an understanding of the design
and manufacturing factors that can per-

**"Management Use of Laboratory Testing to Achieve
Reliability.” A Paper presented to the University of
California at Los Angeles Engineciing Management
Symposium in January 1955 by Leslic W, B.llf,

Advertiscme.i !,

mit fatigue to occur, together with tables
and curves showing the relationship be-
tween stress level and number of cycles
to failure and cstablished quality control
procedures, are all available in the form
of handbook data.

URGENT NEED

The problem of the component
part failures that cause unreliability
in clectronic equipment is analogous
to fatigue failure in metal parts, but
there are at least two important dif-
ferences, each of which makes the
need for handbook data more urgent.

First, the stresses imposed upon the
part are more diverse. That is, the !
effects of placing an electronic com- }
ponent part in a complex circuit re- !
quire rather more analysis and more '
types of data than required for the
determination of the stresses on a
part in a mechanical structure.

Second, the number of modes of
failure resulting from variety in the
materials and methods of construc-
tion of electronic parts are much
greater than for purely structural
parts that can fail only by such well
known phenomena as tensile fracture.

Third, whereas mechanical parts
are characterized by long service and
laboratory testing histories that have
resulted in well organized and widely
published handbook data, electronic
parts have either not existed long
enough or have not been studied in-
tensively enough for such handbook
data to be available.

The contrast between  disciplines in
clectronic and mechanical engineering is
obvious. In the electronic industry, man-
agement and engincers must undertake
immediate and imaginative action to gen-
crate and distiibute handbook type data.
This would ¢mbrace the understanding,
measurement and control of all types of
clectronic component parts whosc failure
contributes to unrcliability.

We may assume that this statement is
beyond question, and the real issuc for
management and engineers to decide is
"WHAT 1S THE FASTEST, MOST
ECONOMICAL AND MOST EFFEC-
TIVE METHOD TO GENERATE
HANDBOOK DATA?" The possibility
of cach company bcing dependent only
on its own component part testing pro-
grams must be ruled out, because the cost
is prohibitive and the time taken to get
the job done on limited testing facilitics
would be hopclessly excessive.

IMPORTANT PECULIARITY
In this regard a very important peculi-
arity of electronic component parts must
be rccognized. This peculiarity may be
called “the existence of minority groups

NEW TOOLS ARE

in the manufactured population.” For
example, consider a population of one
thousand capacitors produced by a par-
ticular manufacturer. From the point of
view of performance, all these capacitors
will belong to a single homogencous pop-
ulation, but, from the point of view of
reliability, the population is by no means
homogencous.

If the thousand capacitors were sub-
jected to circuit stresses and to external
cnvironmental stresses, some of them
would become “carly failures” and oth-
ers would bcecome “random  failures.”
Suppose that out of the thousand. ten
are potentially early failures and another
forty are potentially random failures. If
a test sample of, say, six capacitors were
chosen from among the nine hundred
and ffty that will fail by wear out, the
results of this test program would be com-
pletely useless and dangerously mislead-
ing because they would tell nothing of the
unreliability that would be caused by the
ten carly and the forly random failures.

It follows that it is vitally important
to subject the whole population of one
thousand capacitors to an ambitious test
program that includes statistical design of
experiments, detailed analysis of failures,’
and statistical interpretation of results,

Even in cquipments where a high fail-
ure ratc of, say, onc part in a thousand can
be tolerated, the test sample size should
consist of several hundred parts. In equip-
ments where failure rates of only one in
a hundred thousand can be tolerated, the
sample size and consequently, the cost of
the test program must be increased cor-
respondingly.

IT IS THEREFORE APPARENT
THAT EVEN LARGE ELECTRONIC
EQUIPMENT COMPANIES CAN-
NOT AFFORD TO UNDIERTAKE
TEST PROGRAMS TO GENERATE
ALL THE KNOWLEDGE OF FLEC-
TRONIC COMPONENT PARTS
THAT THEY REQUIRE, AND THAT
THEY MUST SUPPLEMENT THEIR
OWN WORK BY PARTICIPATION
IN A PROGRAM SUBSCRIBED TO
BY A LARGE GROUP OF COMPA-
NIES.

A second cost aspect is that the record-
ing of test data by technicians rcading
indicating instruments is incompatible
with the enormous number of readings
that must be made to gencrate the amount
and accuracy of data required for hand-
book purposcs. Consequently, the prin-
ciple of automation must be applied to
the rccording of data during component
part testing programs.

Both the above cost considerations lead
to the conclusion that electronic equip-
ment manufacturers can reduce the cost
of reliability programs radically by sub.



scription to testing programs performed
in a competent laboratory, where sample
sizes of thousands can be handled and
where data can be recorded automatically.

STEADY FLOW

The general relationship between such
a laboratory and the subscriber to such a
program must go far beyond the mere
provision of testing facilitics and automa-
tion instrumentation. The laboratory must
provide the subscriber with a sready ﬂmp
of organized knowledge that makes it
possible for the subscriber to diffuse
throughout his whole organization
“knowledge, understanding, mcasure-
ment and control” of all the modes of
failure of the clectronic component parts
used in the company’s products. .

While the above statement summariscs
the service that must be rendercd and
leaves no doubt that the bencfits to be
gained by subscription to this laboratory
program will far excecd the cost to the
subscriber, and while the brochure of-
fered by the "HELPR” program provides
detailed information to the individual
engincer, it is to be expected that the sub-
scriber’s management will want a morc
specific summary of what will come out
of the testing program, and of the iden-
tity of the departments within his organ-
ization that will use the output, and of
the ways in which they will use it.

On thc basis of work already done in
similar, but much morc restricted testing
programs, the following five specific types
of output and six specific types of appli-
cation by subscriber’s personnel may be
identified.

FAILURE RATE CURVE —
CIRCUIT STRESS

For each type of component part it is
generally recognised that some particular
circuit stress is of primary importance in
regard to failure rate and rcliability. For
example, in the case of capacitors, the
voltage across the capacitor is accepted as
the primary circuit stress. Test programs
for cach type of part will result in a fam-
ily of curves in which failure rate is the
ordinate, time is the abscissa, and one
curve is plotted for cach value of the
primary circuit stress.

In general, the curves will have a char-
acteristic shape which in many cases will
be the familiar three part curve showing
carly, random and wearout failures. The
corresponding  time intervals may  be
called the “infant mortality screening pe-
riod,” “service period” and “over-age
period.” Quite apart from numerical val-
ues of the failure rates, knowledge of the
shape of these curves and of the duration
of the infant mortality screening, scrvice
and over-age periods are vital to intelli-
gent decisions on quality control and pre-
ventative maintenance requirements.

RELIABILITY INDICES

For those component parts that show a
“random” failure rate in the service pe-
riod, a single value for failure rate incs)ex
may be established. In other cases an aver-
age value in the service range may be se-
lected as characteristic of the part. All
these values could be prepared in sum-
mary tabulated form suitable for use as
reliability indices during the precalcula-
tion of the reliability to be expected from
any new type of clectronic cquipment.

FAILURE RATE CURVES —
ENVIRONMENTAL STRESS

It 1s well known that the failure rate
produced by a primary circuit stress can
be greatly modified by the environment
in which the part operates. For example,
in the casc of capacitors the ambient
temperaturc will have a major effect upon
the failure rates produced at any given
voltage.

It 1s recognized further that, when en-
vironmental stress becomes severe, en-
tirely new modcs of failure not directly
related to the circuit stress are produced
and that these new modes of failure will
have their own characteristic failure rates.
The test program should produce curves
showing both the modification of circuit
stress failure rates with cnvironments,
such as temperature of vibration inten-
sity, and other curves showing failure
rates produced by the cnvironment in
the absence of circuit stress.

MODE OF FAILURE ANALYSES

If the laboratory’s service to the sub-
scriber finished with the production and
mathematical analysis of failures, the most
constructive and universally applicable re-
liability upgrading information would be
lost. The laboratory service should include
detailed disassembly and analysis of the
physical, chemical and mechanical modes
of failure of cach type of component part.
The results and interpretation of these
analyses will be available to the subscriber
and to the manufacturer of the part.

CORRELATION OF FAILURE RATES
WITH DESK ANALYSES

Obviously, test programs must be per-
formed upon component parts bought
from particular vendors, and, consequent-
ly, test results presented under the above
four categories would be specific to each
vendor. However, it would be chronically
wasteful to limit the output of the test
program simply to the products of the
vendor supplying test items.

By careful analysis of the design char-
acteristics of the parts, combined with
knowledge of the manufacturing proc-
esses and quality controls used by the
vendor, it is possible to establish cxtreme-
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ly valuable correlations between failure
rates and design and manufacturing fac-
tors. These correlations are universally
applicable to the products of all vendors.
The laboratory sﬁould seck to establish
such correlations and will present the re-
sults in the form of technical reports to
the subscribers.

USE OF TEST RESULTS

BY SUBSCRIBER’'S PURCHASING
DEPARTMENT

The results of the test programs will
be of direct benefit to the purchasing de-
partments in the selection of component
part vendors. Even when a particular ven-
dor’s parts have not been included in the
program, the subscriber’s purchasing de-
partment would be able to make use of
the test results in cvaluating the materials
and process controls used by the supplier.

BY SUBSCRIBER'S PRELIMINARY
DESIGN DEPARTMENT

Whenever a new system or equipment
is offered in a preliminary design propo-
sal, it is a good management practice to
requirc a precalculation of the expected
rcliability of the cquipment if it is to be
built from state of the art component
parts. Although at this time the exact
number of parts and the circuit stresses
that will be imposed upon them are un-
known, certain assumptions can be made
based on similarities between previous
cquipment and proposed equipment. By
combining these assumptions with relia-
bility indices for the component parts, a
precalculation can be made.

BY SUBSCRIBER'S DESIGNERS

During the design phase, dccisions
must be made on the general degree of
part derating and on the amount of mon-
¢y, space and weight that will be allowed
for reduction of environmental stresses.
The test program would provide specific
numerical values to guide both the amount
of action necded and to indicate which
changes will be most effective.

BY SUBSCRIBER'S PARTS
APPLICATION ENGINEERS
It is well known that the failure rate
for a given part depends greatly on the
circuit stresscs imposed upon it and that,
in some cases, circuit stresses that are of
little importance to the performance of
the equipment are of major importance
to its reliability. The test program should
provide spcafc data for identifying the
nature and magnitude of circuit stresses
that must be considered by the part appli-
cation engineer in determining the suita-
bility of a particular part for a particular
application.
Advertisement



BY SUBSCRIBER'S TEST
ENGINEERS

Each electronic equipment manufac-
turer must make use of a great deal of
testing in his own plant for both design
and quality control purposes. For ex-
ample, in the case of custom parts, such
as special potentiometers, the subscriber
must write his own specification and spec-
ify his own test methods. The results of
the "HELPR" laboratory program would
be valuable in indicating which tests arc
likely to be most effective for a particular
type of component, and to give some sig-
nificance to them when the size of the
test sample has to be very small.

BY SUBSCRIBER'S QUALITY
CONTROL ENGINEERS

It is generally truc that the reliability
of electronic equipment can be greatly
improved by much more widespread use
of non-destructive testing methods on the
manufacturer’s receiving inspection line
and by cautious use of what is now called
production environmental testing. The
“"HELPR” laboratory program would pro-

vide clear indications of which types of
non-destructive testing can be most ef-
fective and information that should be
sought by non-destructive methods.

In the case of production environ-
mental testing, if this is done without the
guidance of comprchensive knowledge of
the shape of the failure rate curves and
the duration of the infant mortality pe-
riod, there is a very real danger that the
environments will increase rather than
decrease the unreliability of the equip-
ment. However, with the type of infor-
mation that the central laboratory pro-
gram would provide, major improvements
in reliability from carefully sclected and
controlled production ¢nvironmental tests
can be confidently expected.

* * *

The net result of all the above outputs
from a central laboratory program and
the application of these results by the sub-
scribers could be momentous. Whereas,
without a major program for gencrating
handbook data on component parts, the
clectronic industry may have to retreat
from the degree of performance and so-
phistication in designs now going into

production. With the proposed program,
the horizons for the electronic mdustry
become unlimited.

Certainly in the case of industrial auto-
mation, the difference between a record
of unreliability and a rccord of reliability
will not only be a major factor in the
success or failure of individual companics,
but it will be the difference between a
vast new surge of growth for the clec-
tronic industry as a whole, and a rapid
saturation and cnsuing stagnation if the
market is limited to only those applica-
tions that can tolerate unreliability.

In summary, the ncew branch of the
engincering profession that we call reli-
ability engineers have done an outstand-
ing job in rccognising the nature of the
problem, in analyzing its causes, and in
dclineating the path that must be taken
to overcome the problem.

1t is now up to the managers and the
responsible engincers throughout the elec-
tronic industvy to decide whether the
American Electronic Industry will ad-
vance rapidly and lead the world in pro-
ducing successful complex equipment, or
whether we will hesitate and fall upon

the hurdle of unreliability.

The “HELPR” PROGRAM

WIRE OR WRITE TODAY for the 52-page book, ‘‘The Handbook of
Electronic Parts Reliability Program’— A Detailed, Systematic Ap-
proach. There is no obligation, just ask for the *“HELPR’’ Book. Address:

NLAND

ESTING

ABORATORIES

General Manager,

INLAND TESTING LABORATORIES,

Cook Technological Center,

Morton Grove, lllinois

A DIVISION OF COOK ELECTRIC COMPANY

Chicago, lllinois
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BLAW-KNOK TOWERS FOR MICROWAVE SYSTEMS

Here is a new 10 page Bulletin prepared especially to provide answers
to your specific questions on—
“What type tower do I need?”
. " ' “How much will it cost?”

Describes design féat,x‘,ire's‘ ypu should look for in selecting a tower.

Contains pictorial d'eiscripti’on of best tower fabrication methods and
procedures leadmg to S1mp],1f1ed erection.

Gives you time sa.vmg, step-by-step procedure for obtaining the
tower designed to best suit your specific requirements.

Call or write toda,y }or Bullétm 2538.
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s BL -KNOX MPANY MICROWAVE TOWERS
Blaw-Knox designs, engi d fabricat d and salf- ting t
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—_— Antenna Towers for AM, FM, TV, Radar. .. Parabolic Antennas for tropospheric
Sylvml scatter propagation . .. Structures custom built to support special equipment
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More Watts per Dollar
with the NEW High-Power

tyreW50

New Designs Ratings up 25%

DURATRAHK Brush Track
for First Time in High-Power Models

Lower Losses Smaller Lighter Lower Cost

UL Approved Optional Ball Bearings and Motor Drives
WS50H
5 KVA to 26 KV A Ratings ;350-’2/\(/)I|:|nput,

32.5 Amp. Max. Current

The newly designed Types W50 and W50H VARIAC Series re- Type W50 simiiar except for number
g yp

- : f terminals and dial. 115-Volt Input,

places the popular Types 50A and 50B with many electrical and me- | 2 7€ VA 50 Amo. Max. Current.

chanical improvements. Type 50H VARIACS are equipped with

7 combination screw-solder terminals.

3 . Can be used on either 230-or 115-volt
Current ratings for the new 115-volt and 230-volt models are | a0 >eused oRe o e erminals.

50 and 25 amperes, against 40 and 20 for the older types. A built-in | aiso available in CASED models Types W50rM
. q and W50H.

protec;tor preyents damage from su;tamed overloads exceeding 160% For Complete Data write for Supplement

of rating. This extra safety feature is available when the normal load to Variac Bulletin 0"

fusing or breaker is inoperative.

TYPE W50 VARIACS

N SO Amperes 1°5-Volt Madets 32.5 Amperes 230-Voit Models
i W50 W50M W50H W50HM
) e Uncased Cased Uncased Cased
Input Vaitage 115 115 230* 230*
1 Load Rating (kva) 5.75 5.2 7.5 71 -
Output Voltage 0-135 0-135 0-270 0-270 B
Rated Current (amp) 50 40 25 20 -
Maximum Current (amp) 50 &5 325 31 -
No-Load Loss at 60 ¢. (w) 50 50 50 50 .
T Dial Calibrations® 0115 0-115 0-230 0-230
% 0-135 0-135 0-270 0-270
Angle of Rotation (deg.) 320 320 320 320
o _ No. Turns on Winding 190 190 298 298
/ D-C Resistance of Winding (12) 75 %5 3 3
Type 3W5°G 3 ) — Driving Torque (oz.-in.) 200-400 200-400 200-400 200-400
TR IGna;ugtle;)gswiiiei, Replacement Brushes psesrg?:t ps:{(:gt psg.(:gt psesr(:(;t
150 Max. Amp. with parallel windings Nel Weight (1bs) % 57 53 &0
Type WS0OMG3 similar — 230-Volt Input, Code Word GATAL GATER NITAL NITER
22.5 KVA, 97.5 Amp. Max. Current PRICE $120 $145 $120 $145
2- and 3-ganged cased and uncased models are avail- Ball-Bearing Surcharge 315 315 315 $15
able for parailel and series winding connections and for e
single and multiple phase operation. Input voltages from “All 230-Volt models cfn be used on 115-volt Iu.ws with rated current hfmled to one-half of the 230-volt current
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Laboratory “bread-boards” date back
to the days of the one-tube radio re-
ceiver. They are in use today in count-
less electronic laboratories to test and
prove circuit operating characteristics
which cannot be obtained in any other
manner. Now, however, Bell Telephone
Laboratories tell us of a short-cut.

In their important research in com-
pressing TV and speech signals, so that
more programs can be transmitted over
communication circuits, a vast number
of circuits and coding combinations had
to be examined in order to select the
most efficient. Ordinarily this would
have meant building a large number of
circuit “bread-boards.” Instead of set-
ting up this costly and time-consuming
mass of experimental equipment, BTL
went to an electronic computer for aid.
Various experimental systems were re-
duced to the IBM-type of punched card
and were evaluated by actually examin-
ing electrically the synthesized output
of the IBM computer when different
variables were introduced.

BERNARD F.

OSBAHR, Editor

To illustrate this laboratory short-cut,
Dr. Axel Jensen, of BTL, speaking be-
fore the NARTB Engineering Confer-
ence in Chicago on coding and decoding
speech messages, made an interesting
demonstration. He let his listeners hear
simple sentences which had been re-
corded on magnetic tape. These were
then coded into IBM digital tape and
then transformed by an IBM 620 into
cards. These cards, in turn, were fed to
an IBM 704, into tape, into a translator
and finally placed on a magnetic tape
which, when played, could be compared
with the original speech. This compari-
son was made by Dr. Jensen’s Chicago
audience.

Consider this amazing string of con-
versions—starting with ordinary speech,
changing it into an 18-in. high stack
of punched cards, then reconstructing it
to get reproduced speech of good qual-
ity! It’s an important step ahead that
will open new avenues to electronic re-
searchers!

Next month we expect the Bureau of
the Budget to issue a new Standard In-
dustrial Classification manual. This will
be the first complete revision of the
manual since it was issued in November
1946. The SIC manual represents an
effort on the part of government to
catalog all American manufacturing in-
dustry on the basis of four digit numeri-
cal codes.

Unfortunately for the Electronic In-
dustries this new SIC listing will not be
particularly helpful although it may be
somewhat better than the 1946 listings.
The committees involved have clung to
an outmoded view that electronic equip-
ment is essentially electrical equipment.
They have thus sought to combine two
immense industries under the single code
group number 36. This results in a great
deal of ambiguity in using SIC numbers
because it turns out that many indus-
tries can be logically considered as fall-
ing into two or more classifications.
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These SIC codes are particularly im-
portant because they have a major bear-
ing on government statistics, which in
turn, are frequently referred to as an
aid in market research for industry.
They are also a factor in budget consid-
erations for military expenditures and
other government activities.

Our interest in SIC coding was
aroused when we found reference to it
in the electronic publishing field. We
believe the SIC coding system to be a
good idea, but to be effective it must
also portray the true conditions of the
industry. This it did not do in the 1946
listings and the indications are that in
1957 it will again fall far short of the
mark.

We believe all manufacturers would
do well to make SIC an important part
of their business and take immediate
steps organizing a formulating group to
bring the SIC listings into a truer in-
dustry focus.
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BALANCE LINE FEED
Fig. 2: Voltage distribution for the collinear array shown in Fig. 1.

‘ GROUND
ARRAY BALANCED  ARRAY \ PLANE
ELEMENTS LINE ELEMENTS
\ A . 3 POLYFOAM
o (A () Fig 1: Capacitive gaps sepa- Manufacturing problems of fo{erance and complex
/  rate the 5 collinear elements. operating problems of energizing numerous radiat-
e I ing elements become materially reduced by using

efching techniques. The process will make pos-
sible flush-mounted microwave aircraft antennas.

Etching Simplifies
Antenna Design

HE use of etching techniques has made possible

the construction of antennas at microwave fre-
quencies that were not previously practical to fab-
ricate because of the complexity of energizing a large
number of radiating elements and the problem of
maintaining the required tolerances.

Recent work in printed-antennas has been with end-
fire arrays and a new type of broadside array that
appears practical for use at microwave frequencies.

The broadside array recently developed is the ca-

. pacitively coupled collinear array. This consists of a
Fig. 3: A forty-element capacitively coupled collinear stripline. series of collinear electrical half-wave elements, sepa-
rated by capacitive gaps (Fig. 1). This type of
radiating structure has the strip elements bonded to,
or printed on, a dielectric sheet that is supported by
By JAMES A. McDONOUGH, a low-dielectric-constant foam over a ground plane.
ROBERT G. MALECK, The strip elements are energized by a center feed
and JOHN KOWALSKY c'onsisting of a parallel 2-wire balanced transmission
line and a balanced-to-unbalanced transformer.

By adjusting the coupling (spacing) between the
elements and element length, a phase reversal in the
J. A. McDonough R. G. Maleck ). Kowalsky voltage distribution along the antenna at each gap
is obtained (Fig. 2). A complete phase reversal at
each gap makes each element act as a half-wave radi-
ator with a current distribution in phase with the
other elements. The array of elements would then
have a broadside radiation pattern.

JAMES A. McDONOUGH, Section Head, ROBERT G. MALECK,
Production Engr., Airborne Instruments Lab., Inc., 160 OId Country
Rd., Mineola, N. Y., and JOHN KOW ALSKY, Engr., Antenna & Micro-
wave Sect., General Precision Lab., Inc., 63 Bedford Rd., Pleasant-
ville, N. Y. (formerly with Airborne Instrument Lab., Inc.)
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Pattern Improvement

To improve patterns. illumination of the elements
along the array was tapered. This was done by prob-
ing with a current loop and adjusting the gap size to
provide the desired coupling.

Fig. 5 shows the relative magnitude of the cur-
rent distribution at 2900 McC and the E-plane radiation
pattern. The peaks at the gaps indicate « phase re-
versal. When the array was adjusted so a peak did
not occur across a gap, serious radiation-pattern de-
terioration resulted.

To construct a large printed broadside array, a 10-
element capacitively coupled array was designed and
fabricated at S-band (Fig. 3). The array was 211,
in. by 43 in. It was printed on epoxy bonded Fiber-
glas FF-91, which was 1/16 in. thick.

Each column of collinear elements was fed in phase
from the parallel 2-wire transmission line. The array
was spaced 34 in. over a ground plane, and radiation
patterns were taken.

The results are summarized in Fig. 4.

Note that the physical length of each element is
close to 1) wavelength, although electrically each is
a half-wavelength.

Rhombic Antennas

The investigation of end-fire arrays started with a
design for a printed rhombic antenna. In a typical
configuration (Fig. 6), the antenna was printed on
a sheet of teflon glass and mounted above a ground
plane.

The rhombic was energized at the left end with a
parallel 2-wire feed. A resistance-card load was placed
at the right end. Each leg was approx. 7 in. long. It
was tested at S-band. The standard design tormulas
were found to be directly applicable to their printed
counterparts. The beamwidths, beam pointing, and
side lobes also were essentially the same as those ob-
tained from regular rhombic antennas.

The only compensation necessary was to change the
element length to correct for the slower propagation
velocity.

Other configurations consisted of rhombic antennas

Fig. 4: Radiation characteristics of capacitively coupled collinear array.

HALF -POWER SIDE -LOBE
FREQUENCY BEAMWIDTH LEVEL
{mcC) (DEGREES) (DB)
2500 50 =15 %
2550 = -
2600 48 =15 %
2650 = =
2700 46 =15 %
2= E"
PLANE PLANE

%* SMALLER THAN

DIMENSIONS OF ARRAY !
ELEMENT LENGTH. 0,906 INCH
GAP SPACING. 0.016 INCH
ELEMENT WIDTH. 0.228 INCH
SPACING ABOVE GROUND PLANE:. 3/4 INCH
SPACING BETWEEN COLUMNS: 3.0 INCHES
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o= 1A
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WA A
3 r

PROBE POSITION IN IMCHES
FREQUENCY =2900 MC

Fiz.5 (above) : E-plane radiation pattern& current distribution for Fig. 1.

Fig. 6 (above): Rkombic, printed on teflon. is used for end-fire arrays

arraved end to end. Instead of a load, a second rhom-
bic was connected, and the load placed at the end of
the second.

An array of 3 end to end antennas was also tried.
The results are summarized in Fig. 10. The data
indicate that this type of arraying should not include
more than 2 antennas since the azimuth plane-half-
power beamwidth was essentially the same for the
2-element and 3-element arrays.

Another configuration consisted of 2 coplanar rhom-
bies (Fig. 8). The outer antenna was energized, but
the inner was a parasitic elemen: having an adjustable
length of shorted 2-wire transmission line.

If the current distribution along the rhombic ele-
ments could be controlled or madified, improved char-
acteristics might be obtained. By moving the adjust-
able short, some modification was cbtained.

The elevation pointing of the beam was changed
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Antenna Design (Continued)

from 23° to 26°, and the elevation-plane half power
beamwidth was changed from 24° to 22°.

The side-lobe level could be varied about 2 db. By
printing a second parasitic rhombic outside the ener-
gized antenna, or by energizing more than one at a
time, a greater variation may be obtained.

Yagi Anfennas

Another end-fire array was the printed Yagi. Prac-
tically any existing Yagi design can be scaled to the
proper frequency. By shortening the elements and
spacings by a factor corresponding to the slower ve-
locity of propagation, results are obtained that are
essentially the same as those obtained from the orig-
inal design.

The velocity factor for Teflon glass GB-112T lami-
nate (0.020 in. thick) is about 0.9 at S-band. The
feeding dipole element or even a folded dipole can be
printed on the same dielectric sheet that contains the
parasitic elements.

(NN AN ERNERRRRRRERNNANE

Fig. 7: Cigar and ladder antennas, 8 wavelengths at S-band design.

Ladder Antenna

The ladder antenna is similar in appearance to an
extended Yagi. The design has been developed from
the theory proposed by Simon and Weill: by a periodic
variation or modulation of the characteristics of a
surface wave-transmission line, it is possible to con-
struct end-fire antennas that are many wavelengths
long and that have higher gain than the usual upper
limit of about 16 db obtained with conventional Yagi,
rhombic, and dielectric-rod antennas.

Surface-wave antennas consist essentially of a
transmission line with a phase velocity less than the
velocity of light. If the characteristics of this line
are varied, there is a transfer of energy from the
surface-wave mode to the radiation mode.

In the Simon-Weill antenna or “cigar antenna,” a
metal rod loaded with metal disks is used as the
radiating structure (Fig. 7, top). The diameters of
the disks were modulated as a function of position
along the rod, thus modulating the phase velocity
along the array.

The printed counterpart of this antenna consists of
a series of metal strips etched on a dielectric sheet
(Fig. 7, bottom).

In general, the elements have a length between 0.3
and 0.4 wavelength, and the spacings are about 0.2
to 0.3 wavelength. Spacings as close as 0.05 wave-
length have been used for the first few elements, and
lengths as short as 0.15 wavelength on end tapers with
good results.

These arrays were energized with a dipole-and-re-
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Fig. 8: Coplanar rhombics—outer is energized, inner is parasitic.

flector assembly and were found to be usable over a
band of at least 20%. The performance of a2 16-wave-
length ladder antenna consisting of 88 elements is
summarized in Fig. 9.

This investigation indicates the usefulness of etch-
ing techniques in adapting lower-frequency antennas
for use in the microwave region and in constructing
new types of arrays and configurations that were not
previously practical to fabricate.

HALF -POWER SIDE-LOBE
FREQUENCY BEAMWIDTH LEVEL INPUT
(MC) (DEGREES) (DB) SWR
2000 23 8 2.3
2100 22 10 3.0
2200 18 10.5 3.9
2300 19 1.5 2.2
2400 18 14 1.7
2500 19 15.5 1.8
2600 18 16 2.3
2700 17 21 2.3
2800 18 22.5 1.8
2900 18 19 2.2
2950 19 15 2.6
E- ! E-
PLANE J4W:Y]]3 PLANE 4%:\\13
(4] 30
Fig. 9 {above): Per- ’ l
formance of 16-wave- TERe
length ladder an- - in 25
tenna. Dipole is , ° _7% J[ | z
spaced 1 in. from 2 AZIMUTH s
the first element. 2 S| :ék;“m‘;’s”[" z
> 10 —} B i 20 a
Y \\\ il
8 k\éh - - g
7 N VATION i
g NN 3
I N I

ELEVA
I SIDE-LOBE — | |5
AZIMUTH LEVEL
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U E—— 10
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2 —

2 3 4
NUMBER OF ELEMENTS

SWR

Fig. 10 (left): The
performance of 3 1
end to end rhombics.

©

Only a small portion of this field has been investi-
gated, but the applicability of these concepts to flush-
mounted aircraft antennas and low-cost lightweight
arrays indicates that more effort will be directed
along these lines.
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Fig. 1: PNP schematic—symmetri-
cal current and voltage polarities.
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Avalanche
Flow Line

Analysis

The author extends his "Flow Line Analysis'?

technique to include avalanche. Here is a

significant new analytical tool for the engineer.

By RICHARD B. HURLEY

Senior Research Engineer
Convair, Pomona, Calif.

ATECHNIQUE of analyzing junction transistors
for “large” signals (assuming constant alphas)
has been established through the work of Ebers and
Moll.! A particular method of “visualizing,” the Ebers
and Moll equations through “flow line analysis” has
also been developed.2 As originally presented, these
equations and concepts, however, do not explicitly in-
corporate the effects of avalanche multiplication at
collecting junctions.

Papers on avalanche multiplication in junction
transistors are available in the literature.3. ¢ In these
introductory articles, it is shown how the transistor
alphas are effectively multiplied by the avalanche
effects under high junction voltages. Our purpose
here is to indicate how avalanche multiplication can
be included, formally, in the equations of Ebers and
Moll and, in turn, to show how “flow line” diagrams
may be extended in scope to cover avalanche. Ava-
lanche exists in many currently available junction
transistors, and in the future, certain transistors de-
signed to emphasize avalanche multiplication may be
of commercial importance.?: 4
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Flow Analysis (confinved)
Equations
Ebers and Moll’'s equations, for symmetrically de-
fined voltages and currents (Fig. 1), can be written
in two equivalent forms. The “current” forms are:

VKT
IE = IEO (5q = — 1) — aIIC, (1)
and
V /KT
Ie = Teo (e T —1) = aylg, @
where the symbols used are conventional. The equivalent

‘“voltage”’ forms are

V_/kT V /KT
Iz = Igs (eq = - l) — ajlcs (eq o l), 3)
and
V. /kT V./kT
To = Tos (e ¢ — 1) — anlms (9% 1), “)
where Teo Ioo
Igs = y and Ics ="
1= ajanN 1= ajanN

Basically, I,, is measured, approximately, with the
emitter terminal open, and I., with the emitter termi-
nal shorted to the base. In both cases, a reverse volt-
age, large enough to yield saturation, but not so large
as to cause avalanche, is applied to the collector-base
diode.

In general, avalanche multiplicaiton can occur at
either or both junctions of a transistor. Thus two
avalanche multiplication factors can be defined, pat-
terned after earlier definitions.3 4

1
Mg = ————— 5
E=oC (VED )n (5)
VEA
and 1
Mg =——F7——, (6)
Vep \7
1 ( v )
where oA

Mg = multiplication factor at emitter junction,

Mc¢ = multiplication factor at collector junction,

Ves = avalanche breakdown voltage at emitter junetion,

Vca =avalanche breakdown voltage at collector junction,

Vep = Ver — Ve = total internal emitter depletion layer
voltage,

Vep = Ver — Ve = total internal collector depletion layer
voltage,

Ver = thermally-produced emitter barrier potential,

Ver = thermally-produced collector barrier potential,
and 7 = a constant of the material, generally dependent on base
resistivity and type (polarity) of base doping. (y & 3 for N-type
base and 4.5 < < 6.5 for P-type in a germanium unit.) *4

In the expansion of the transistor equations to in-
clude avalanche, the alphas will be restricted to con-
stant values. Thus, variations in current gains with
current and voltage magnitudes are not to be included
in this study except for the one voltage effect of
avalanche. Furthermore, the avalanche effect will be
left “outside” of the alphas. The more convenient
forms for introducing the multiplication factors is the
“current” equations, (1) and (2). Here the problem
is readily appreciated on an intuitive basis where one
simply notes that it is the collected currents that
are multiplied. Therefore equations (1) and (2)
become—
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v ]
q¥E/*T

Ir = Iko (5 = ME) — aiMglg, @)

and v

q C,‘kT

Ic = Ioo (e — Mc) — axMclg, ®)

where, like the alphas, Igo and Ico, are still defined as low-
voltage constants, the “M’s” being kept “outside”.

If the “current” forms are converted to the “volt-
age” forms, one obtains the expressions—

V_./kT V. /kT
I =Tos e U5 - Mp) — arMalos (e 97— a10),
and 9)
V,./kT V_/kT
To = Ios (¢ U = Me) — anMcles (e V5 — M),
(10)

where Igs and Ics are now redefined to non-constant values, for
notation convenience.

~7IE07 — and Icg = Ico
1 — atMgaxM¢’ cs

Igs = X
s 1 — atMgaxMg

Hence, by the choice of definitions made, a useful
relationship is retained. (See Reference 1.)

arlco = anIgo, 11)

and, therefore,
ailes = anlgs. (12)
Flow lines

Flow line analysis has been developed using the
“voltage” form of the basic equations,? the philosophy
being to treat the first terms as emission terms and
the second as collection terms. Therefore, “emission”
can be positive, zero, or negative as can be “collec-
tion.” Thus equations (9) and (10) are thought of
in the following manner.

Iex atMglcx
Iz = (emitter “emission”) ~— (emitter “collection”), (9a)
and
Icx axMclex
Ic = Tcollector_":ex—xl_issionT’Y - ’(—coliect:' “collection”s,

(10a)

and the general flow diagram is as indicated in Fig. 2.
Here the previous rules, wherein the sequence of
events goes with the arrowheads (current directions)
for positive emission and against the arrowheads for
negative emission in a PNP transistor, are retained.2

Breakdown Voltages

In a transistor, if all “breakdown” voltages are
governed by avalanche, there are three types of
“breakdown” of especial interest. That is, if other
types of “breakdown” such as surface non-linearity
and punch-through do not precede all the various
avalanche effects, then avalanche types of “break-
down” will occur for emitter open, emitter tied to
base, and base open. These three types are not ex-
haustive, but they are particular ones of general
interest.

The flow line diagrams for the three cases of inter-
(Continued on page 437)
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Insulate

With Vacuum

You can design a vacuum relay to interrupt 600 amperes
at 15 kilovolts—with a contact separation of only 5/32
inch—if you give careful consideration of molecular
mean free paths, solid vapor pressures, diffusion of gas
through solids, and adsorption of gas by solid surfaces.

A unique advantage of vacuum
relays is complete enclosure and
freedom from surface contamina-
tion of the contacts. A further ad-
vantage comes from vacuum dielec-
tric breakdown strength up to 30
times that of air or other gases at
atmospheric pressure. The grow-
ing use of vacuum relays, further
stimulated by the availability of
fused aluminum oxide ceramic
which may be brazed to make high
temperature units, lends greater
importance to theories of vacuum
as insulation.

Electrical Breakdown

Probably the most well known
and consistently inconsistent theory
of electrical breakdown for pres-
sure variations is Paschen’s Law.
This shows that sparkover voltage
is an inverse exponential function

H. C. ROSS, Chief Engineer
Switches, Jennings Radio
Corp., San Jose, Cadlif.

Vacuum
Manufacturing

ELECTRONIC INDUSTRIES & Tele-Tech

By H. C. ROSS

of the product of pressure and con-
tact spacing.

Pd 5
E sparkover = 360 | ————

1+ 1lo P—d
ge 5

where P is pressure in mm Hg
and d is sparkover distance in mm
for uniform potential gradient.

This would indicate that the
minimum sparkover potential for
any uniform voltage field at any
pressure - distance combination is
about 360 v. This point holds rea-
sonably well. For many other
points, however, calculated values
and test measurements disagree.

Figure 5 shows the approximate
measured breakdown voltages for
1/32 in. (0.8mm) spacing of 34 in.
dia. tungsten rod gaps has been
prepared showing this minimum
point and the actual breakdown
voltages measured both fer ex-
tremely low pressures and for high
pressures. The curve departs from
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Fig. 1: Relay contacts are easily checked

normal at higher and at extremely
low pressures.

Mean Free Path
Voltage breakdown in gases is
normally dependent on the mean
free path of the molecule or elec-
tron between differences in poten-
tials. Ideally the longer the mean
free path, as the vacuum gets bet-
ter below 1 mm Hg, the less ioniza-
tion may occur. For practical pur-
poses there is a satisfactory maxi-
mum free path which generally
need not be exceeded.
There are several useful formulas
for determining mean free path.
Two of these are:

1
I Ly =—

V2 N
The Clausius Formula
Where N = No. of molecules/cc
d = effective dia. of mole-
cule in centimeters
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Vacuum Relays
(continued)

2. Also L = 8.59 — \/—T—
A SO liy, = 0. P M

pressure in mm

absolute temperature
molecular wt.

= 23
1

gas viscosity in Poises and
is also temperature de-
pendent

For the electron, the mean free path is

about 5.7 times the mean free path of the

molecule.
3. Molecular collision frequency
V.
W = L
V. = avg. veloeity of molecule in
cm/sec
L = free path in cm

Omne formula is a check on another.
Disagreement may be as much as a
factor of 3 in either direction but
the resultant is close enough for
general use. Various values of in-
terest pertaining to the most prom-
inent molecules are listed in Table
1, which gives values at 25°C.

Some interesting things can be
seen. For instance, according to
the general average, nitrogen—
which is lighter and has a smaller
atomic number and, therefore,
fewer electrons—seems to have a
larger diameter molecule but a
lower collision frequency than
oxygen. Hydrogen, which is light-
est, also shows a discrepancy with

Fig 3: The large and small of vacuum relays

r
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Fig. 2: Complete overload circuit breaker for use at 12 to 15 kv

respect to helium in diameter. An-
other point of interest is the elec-
tron diameter, which according to
these values may be approximately
1 x 108 em. However, the electron
diameter and weight is very de-
pendent on speed and, therefore, on
the accelerating potential between
electrodes.

The results of this study.show
that the mean free path for the
average air molecule at 10® mm
Hg pressure is over 5000 cm and
for the electron it is probably over
30,000 cm. Therefore, for 1/32 in.
(0.08 ecm) spacing of contacts at
this pressure there are going to be
very few molecular or electron col-
lisions to cause ionization, even
with considerable accelerating po-
tentials.

At 10°* mm and a volume of 10 cc
(a cylinder 1 in. long x .8 in. dia.)
there are about 3 x 10'molecules
remaining. Now we are down in
the region where we can begin to
count molecules. 300 billion mole-
cules is really not very many since
the average diameter is only
3 x 10® em. If they were to cover
a surface one molecular layer deep
and side by side they would cover
an area of less than 3 millionths of
a square cm.

It can be seen that if the sur-
faces are relatively free of adsorbed
gas molecules and can adsorb more,
even leaks of the order of 300 bil-
lion molecules per hour may still
permit holding at 10-¢ mm Hg since
these surfaces will act as the unit’s

ELECTRONIC INDUSTRIES & Tele-Tech -

own vacuum pump. In fact, much
better vacuums are often attained
after sealoff by the simple getter-
ing action of clean surfaces in the
sealed unit.
Vapor Pressures
What is vapor pressure in solids?
Solid carbon dioxide is a very fa-
miliar material that exhibits the
property of evaporating (called
sublimation) from solid to vapor
without necessarily passing through
the melting stage. All solids have
this same characteristic. It becomes
very prominent, in fact a limiting
factor, in attaining proper purity
of vacuum units at low pressures.

Diffusion

Diffusion will take place through
the walls of solid materials where
a pressure differential exists. Glass,
ceramic, copper and copper alloys,
and steel alloys are probably the
materials with which we are most
concerned for high vacuum en-
closures. We know by practical ex-
perience that these are usually
satisfactory under normal condi-
tions of use.

The formula for the rate of dif-
fusion through some non-metallic
materials is given by:

p = l\—P— where p is volume of gas dif-
fusing in cc/sq. em of sur-
face/second

P is pressure difference in cm

d is wall thickness in mm

K is permeability constant
and is dependent on tem-
perature
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Fig. 4: Sparkover characteristics

Diffusion rate is more customarily
stated as micron liters (pl) per
hour per square centimeter per
millimeter of thickness.

Some work has been done on the
diffusion rate of helium through
the typical vacuum tube type of
borosilicate glass and through por-
celain. At about 300° C approxi-
mately 0.1 pl of helium will flow
through a surface of borosilicate
glass 1 sq cm in area and 1 mm
thick. For porcelain, over 1400° C
must be attained before the same
volume may pass, according to one
group of experiments. In compari-
son, for quartz at 900° C, over 7 pl
of helium, 1.3 pl of hydrogen, or
0.2 ul of nitrogen may flow through
1 sq cm 1 mm thick. For quartz at
300° C the rate drops down to pos-
sibly 0.4 pl of helium.

In the metals group, diffusion
relationships are somewhat differ-
ent and follow the formula:

X[y v

(Note: Diffusion appears to be
only partially preportional to the
square root of the pressure at very
low pressures.)

MM Hg PRESSURE

Fig. 5: Sparkover voltage vs air pressure

The rate of diffusion of hydrogen
through copper may be 0.1 ul some-
where between 540° C and 730° C
and possibly 1.0 pl between 775° C
and 1040° C. The rate of diffusion
in the iron or iron nickel group
shows that 0.1 ul or more of hydro-
gen may flow between the tempera-
ture range of 200° C to 350° G,
1 pl for 360° C to 480° C and 10 ul
for 610° C to 740° C. For nitrogen
diffusion through iron, 0.1 pl may
flow at about 820° C; 1 ul may
flow at 1120° C. One more interest-
ing diffusion rate is that for mo-
lybdenum. Hydrogen will diffuse
through molybdenum at a 0.1 pl
rate at about 600° C, while nitro-
gen will diffuse at the same rate at
about 1360° C.

In analyzing a typical unit con-
sisting of borosilicate glass and
copper the probable average dif-
fusion rate of all air molecules may
be no more than 0.1 pl at the ele-
vated temperature of 450° C.

This would mean about 107 liter
or about 1 x 1015 molecules per hr
per sq cm area per mm thickness.
A moderate sized unit may have a
volume of 100 CC (.1 liter) and an
area of 100 sq cm of average wall

(Continued on page 156)

Fig. 6: The radial diffusion effect

Fig. 7: Variations due to phase of contact
opening

Fig. 8: Ideal interruption of 50 amp., 6000
v RMS

/_—-’_

Table 1
Molecule L. cm Density Collision L. cm L. cm
dia.cm 760 mm Hg gm/ce Frequency 1 mm Hg 10-% mm Hg
Air Avg. 3.7x10-8  6.7x10°6 1.2x10°3 7x109 5.1x10-3 5100
Oxygen 3.8x108  7.1x10-6 1.3x10-3 6.3x10° 5.4x10-3 5400
Nitrogen 3.75x10-8  6.4x10°6 1.15x10-3 5x109 4.8-10"3 4800
Helium 2.2x10-8 19.4x10-6  .16x10—3 7.2x10° 14.7x10-3 14700
Hydrogen 2.75x10-8 12.3x10-6  ,08x10—3 14x109 9.3x10-3 9300
Water Vapor 4.7x10-8 . .7x10-3 10x10° 3.4x1073 3400
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Fig. 2: Dimensions for the pep- | o 2L

perpot tube, a CRT with modi- IE | 16 j‘
fications to produce pencil rays. 1 ‘/,\
Il 27R
38
A conventional CRT, modified to produce | /
split pencil rays, readily interprets distortion 61 _.l | Lot
errors. For production control, the tube
permits the use of a standardized, ' < + - -
simple, and fast test method. S7 et LN AS
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Pepperpot Tube [ s o

Checks Yoke Linearity

By DR. WILFRID F. NIKLAS
Head, Special Purpose Tube Dept.,
The Rauland Corp., 4245 N. Knox Ave., Chicago 41.

DR. HENRY O. MARCY
President, Syntronic Instruments Inc.

100 Industrial Rd., Addison, III.

ik

W. F. Niklas H. O. Marcy

Fig. 1: Dot-raster with the magnetic focusing lens adjusted for the
circle of smallest confusion of the pepperpot image in screen center.

MAJORITY of cathode-ray tubes for TV reproduc-

tion, radar, and information storage utilize mag-
netic deflection of the electron beam. The deflecting
magnetic fields are generated by the yoke, which is
located at the funnel end of the tube neck.

The dissimilar fringe fields and distortions of the
main part of the deflection fields generally cause de-
flection errors. Standard test methods permit a par-
tial performance evaluation of deflection yokes but
are rather tedious and time consuming.

A pepperpot tube makes easy the use of the pencil
ray method for the investigation of deflection fields.
The application of this tube greatly reduces the costs
for the production and development testing of yokes.
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Deflection Errors

The deflection errors can be divided into raster dis-
tortions and spot distortions. Raster distortions can
be displayed quite readily utilizing a line raster on
the face of the tube, which may show barrel, or pin-
cushion, distortion.

The spot distortions may be subdivided into 38
groups:
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a) Curvature Distortion

Distortions due to the difference in the curva-
ture of the image plane (position of the beam cross-
over on the screen area) and the faceplate. Generally,
the center of curvature of the faceplate is not located
in the deflection center but further back towards the
cathode. Thus, the beam crosses over before imping-
ing on the screen in the side areas leading to defocus-

ing.* This defect is essentially a geometrical error.

b) True deflection distortions

True deflection distortions are errors due to the
horizontal or vertical deflection fields. Besides these
first order effects, new deflection errors occur due to
the combined influences of the 2 fields. Theories of
the deflection errors have been developed by Wendt,!
Hutter,2 et al. The visual result is an unsharp de-
focused spot in the side areas, which may display
astigmatism, coma, and “apparent image rotation.”
Most of these effects can be traced back to an im-

(7) 020" DIA. HOLES

Fig. 3 (above): The straight electron gun (left}, a tetrode, requires
an external magnetic lens for focusing. The built-in pepperpot dia-
phragm (right; splits the electron beam into seven axial pencil rays.

Fig. 4: (right) Set-up for pencil ray testing using the p,ep_peri:ot tube..

perfect deflection yoke design, over-exaggerated fringe
fields, or magnetic coupling with focusing or center-
ing units.

¢) Cosine distortion

Due to (a), the electron beam does not impinge on
the screen under 90°. The screen of the tube sees,
therefore, a projected cross section of the beam. The
axis of the spot along which scanning occurs is elon-
gated by the reciprocal value of the cosine of the angle
between the axis of the beam and the screen normal.
This relatively minor effect amounting to roughly
10-15% elongation of the spot can be neglected.

Test Methods

The conventional test methods for deflection yokes
consist of field pattern investigations and observing
the deformation of a dc deflected, unfocused, electron
beam on the face of the tube.

Direct field investigations may be carried out either
by probe measurements or by utilizing iron filings,
especially ferro-magnetic powders, with high reman-
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ence. “Field plotting” has also been applied for this
purpose.3 Since integration over the path of the beam
is required, this method is rather eumbersome.

More readily interpretable results are obtained by
the de deflection method. The unfocused beam ap-
pears in the screen center as a luminescent circle with
a diameter of 14-3, in. (provided no aberrations are
present in the gun). DC deflection of the beam may
result in an elliptical distortion and variations of the
size which indicates the effects of the yoke. The prac-
tical application of this method, however, requires the
accurate determination of the lergths of the main
axis and their ratios and is rather tedious.*

The need for a rapid and accurate test method is
great. To solve this problem, the use of pencil rays
for the investigation of the deflecting magnetic fields
seemed promising.

Pepperpot Tube

The pepperpot tube, which is, in essence, a conven-
tional CRT modified to produce pencil rays, is shown

D.C.SHIFT SAW TOOTH
SUPPLY GEN

G2
SUPPLY
- | |+

in Fig. 2. It has a 12 in. dia. with a metal cone for
light weight and sturdiness. The faceplate is spheri-
cal with an inside radius of 27 in. The uniform thick-
ness of the faceplate, which could be used due to the
metal cone, decreases optical distortions. The distance
from the reference line to the inside of the faceplate
is 614 in. The present version possesses a standard
neck (OD 1-7/16 in.) with a fuil deflection angle of
90°. However, neck diameter, deflection angle, and
shape of the flair are not fundamental limitations.

The screen of the tube (standard P-4 phosphor) is
aluminized, thus a straight gun, Fig. 3, may be used.
Aluminizing also eliminates distortions due to static
charges. The gun is of the tetrode type, requiring an
external magnetic lens for focusing. The diameter of
the second grid aperture is chosen somewhat larger
than usual to permit a better flocding of the limiting
aperture in the third grid.

This aperture possesses a built-in pepperpot dia-
phragm, which is shown in Fig. 3. When fully flooded
the apertures split the electron beam into 7 axially

(Continued on page 438)
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What's New . . .

Daylight Radar Scope
Uses Transparent Phosphor

Fig. 1: Reflected light completely masks trace on conventional tube; new tube shows clear trace.

HE Naval Research Laboratory

has announced a revolutionary
new television screen. The new
screen will permit viewing of tele-
vision in bright daylight with
little loss of contrast. The new
screen also provides a new sim-
plified approach to color televi-
sion, and is expected to lead to
the development of three-dimen-
sional viewing.

The basis for the new screen is
a process for depositing phosphor
on the face of the tube in the
form of thin transparent films in
place of opaque white powders
now used. The films are more
rugged than the powdered screens,
can be made brighter because
they do not burn out as easily,
and present a much sharper im-
age.

The improved daylight viewing
of black and white television
comes about because of the natu-
rally improved contrast obtained

108

with transparent films. The pow-
dered surface in :present tubes is
a good reflector, and in strong
sunlight the reflection is brighter
than the picture. With the trans-
parent film, sunlight goes through
the film and is lost in the dark-
ened interior of the tube so that
contrast is maintained even with
bright daylight shining directly
on the tube.

The second advantage of the
films is the sharpness of the pic-
ture. The conventional powdered
screens have a grainy texture that
scatters part of the light that is
formed and results in an image
with hazy borders. The films show
no visible grains and scatter none
of the light that is formed so that
the image is as sharp as the elec-
tron beam in the tube.

Both of these advantages can
be applied to the present form of
color television but the transpar-
ent films also provide the basis

ELECTRONIC INDUSTRIES & Tele-Tech

for a completely new approach to
the problem. Films that create
different colors can be deposited
one atop another and lighted sep-
arately or mixed by controlling
the speed or the direction of the
electrons in the tube. By using
one film of each of the three pri-
mary colors the complete color
spectrum can be obtained by
proper mixing. Tubes with sev-
eral combinations of two primary
colors and blends of these two
colors are in successful operation
(Continued on page 148)

Add New Life
To Orthicons

T the fall symposium of the
Professional Group on Broad-
cast Transmitting Systems, Mr.
John Wilner of WBAL presented a
paper entitled “A Method to Pre-
vent Image Orthicon Burn-in.” He
described a system to oscillate the
turret of an image orthicon camera
slowly about its axis through a
small angle. This causes the im-
age on the photocathode to be con-
stantly in motion even though the
subject matter and the camera
are stationary, and so minimizes
burn-in.

Original test results at WBAL
were extremely good. Visual Elec-
tronics Corp. has designed a com-
mercial version which includes ver-
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ANEW approach to resin insula-
tion of electronic components
has been developed by Minnesota
Mining and Manufacturing Co.,
St. Paul, Minnesota. The new
method eliminates the mixing of
resin and catalizer, at least in the
ordinary sense. Instead, the inert
filler is treated with materials
which make it bondable, and
which also will catalyze the cure
of a liquid resin. The catalytic
filler is blown, pressed, or molded
around the part to be insulated,

Fig. 2: TV camera with orbiting lens.

tical as well as horizontal motion
and correction.

The operation of the device is
relatively simple. It consists of a
mechanism to move the lenses of a
television camera in a small circu-
lar orbit. Thus the image on the
orthicon photocathode moves in the
same circular orbit. The orbit is
only 9/64-in. in diameter, and the
rate of the motion is approximate-
ly two times around per minute.
This slight motion of the image on
the photocathode of the tube has

( Continued on page 182)
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then bonded by heat. The final
step is accomplished merely by
touching the coated part to liquid
resin, allowing capillary action to
wet the entire part. No mixing is
required.

According to Robert Herr and
J. S. Casement of 3M’s Electrical
Products Laboratory, the system
is applicable to many classes of
resin-hardenér systems, and to
many different applications of im-
pregnation, molding, or encapsu-
lating.

New HELPR For

Bonded inert fifier surrounding coil soaks
up liquid resin and provides catalytic action,
eliminating need for mixing catalyst with
resin. System provides higher filler content
and improved thermal conductivity. Simplified
encapsulation for experimental quantities and
production runs results from this technique.

Electronic Industries

NEW approach to reliability

testing of electronic compo-
nents is proposed by Inland Test-
ing Laboratories, Cook Technolog-
ical Center, Morton Grove, Illinois.
This group would run extensive re-
liability tests on electronic com-
ponents and distribute the test
results to subscribing manufac-
turers. The most obvious benefits
would be elimination of costly du-
plication of tests by individual
companies; more complete and ex-
tensive tests; and lowered test
costs through use of automation,

computers, and maximum use of
test facilities.

"HELPR"

Subscribers would receive results
of tests in the form of loose-leaf
notebook sheets with results of
tests to date—superseded by later
data sheets and curves as each
component testing program ma-
tured. From this Handbook of
Electronic Parts Reliability Pro-
gram comes the provocative name
of the program, “HELPR.”

(Continued on page 136)

Fig. 1: Operators monitor control consoles during reliability tests at Inland Testing Laboratories.
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What's New . . .

Sunspots Aid
Radio Circuits

ESULTS of a ten-year study by

John H. Nelson, of RCA Com-
munications, Inec., refute the popu-
lar belief that all sunspots are bad
for overseas radio communications.
Actually, records prove that trans-
mitting conditions on international
radio circuits get better as the
number of sunspots increases.

Mr. Nelson is RCA’s propaga-
tion analyst. He has been study-
ing the sun from a skyscraper ob-
servatory in downtown Manhattan
since 1946, and his findings have
become a major factor in establish-
ing the reliability of RCA’s over-
seas radio communications.

The average monthly sunspot
count has been rising continually
during the past three years. De-
spite this situation, conditions on
world-wide radio circuits have been
well above normal for the entire
period. Moreover, radio - weather
has steadily improved as the sun-
spot count climbed higher.

FIG. 2: Sunspot outburst of Feb. 1956 shows in this Navy photo.

Although there is such a thing
as a “bad” sunspot, fortunately for
international radio communications
there is an oversupply of “good”
sunspots — more than enough to
counteract the effects of the occa-
sional bad ones. Through his
studies, Mr. Nelson has devised a
method of identifying sunspots as
being either “good” or “bad.”

Good sunspots are rich in ultra-
violet light, which has a strength-

ening affect on the ionosphere. The
strength of the ionosphere, from
which radio waves are reflected
back to earth, is the basic factor
in determining radio weather con-
ditions. The occasional appearance
of a bad sunspot—one with weak
ultra-violet radiation—tends to re-
duce the jonosphere’s ability to re-
flect radio waves.

When seen through a telescope,

(Continued on page 148)

INCREASING SUNSPOT COUNT
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Industry Sets New

Transistor Standards

What are the new IRE symbols for transistor parameters? What
is the ""system’' used to form the new symbols? Here is a thorough

explanation of the new symbols, and useful additional symbols

INSTANTANEOUS RMS OR EFFECTIVE
VARYING COMPONENT VARYING COMPONENT

VALUE VALUE
INSTANTANEOUS AVERAGE (do)
TOTAL VALUE VALUE ANY authors do not understand the importance

of good terminology in effectively communicating
their ideas. The authors of scientific papers, who take
great care with their experimental and theoretical
work, too often do a mediocre job of writing up the
results. We can improve this situation by all pressing
for better writing in our field. A good symbology is
the best start toward clear writing.

Fig. 1: Basic subscrip system for IRE symbols.

IRE Standard Symbols

Symbols are a shorthand notation. It is obvious

By L. F. LEINWEBER that they save time and space in writing notes on ex-

and C. D. TODD periments. But recent studies, by psychologists in-

* terested in “information theory,” have demonstrated

that we have much more to gain, than this. A symbol

gives us information in a convenient “idea block.”

This means more information centent per unit of

thought effort. This is a tremendous gain—we can

actually think more quickly, and with less effort, be-

cause we need less storage space mentally for the same
thought content.

Transistor Design Engineers
Semiconductor Products Dept.
General Electric Company
Syracuse, N. Y.

Why Have Symbols

The IRE symbol system is simple and easy to re-

Fig. 2: Common small-signal parameters. member. This is important wher attempting to get
thousands of people to throw aside their pet symbols

- — to adopt new ones. The basic subscript notation for

COMM. BASE

PARAMETER COMM.EMITTER : : :
ETER ~~~~ |COMM.EMITTER current, voltage and power is shown in Fig. 1. Lower
ob | OUTPUT ADMITTANCE hoe .

- - i R I . | case symbols represent instantaneous values. Upper
| hib | INPUT IMPEDANCE hie case symbols indicate RMS, effective and average (dc)
Prb REVERSE VOLTAGE TRANSFER RATIO|  h, o : y enee and average 10¢
—  ORWARD CURRENT TRANSFER RATIO| = values. The choice of subscripts—lower case for vary-
| htb | F M AU | hfe ing component values, and upper case for total and

5 o~ 5 p . "
[_ ::ﬂb _| CUT-OFF FREQUENCY(ALPH CUT-OFF) | fge |  average or de—completes the precise description of
. | output capaciTancE e the measurement.
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A simple de circuit illustrating some of these rules
is given in Fig. 4. We see dc bias currents Iy, I; and
I;. The dc voltages across the transistor, Vyp and
Ver are logical and illustrate a convenient rule—the
first subscript represents the electrode at which some-
thing is being measured. The second subseript shows
the reference electrode. Thus, Vg indicates that we
are measuring the dc voltage between the base and
the emitter.

Supply voltages are indicated by repeating the elec-
trode subscript. You may add the reference electrode
as a third subscript, as in Vggy for the base supply.
Notice Rg. External circuit resistance is indicated by
capitalizing both the symbol and the electrode sub-
script. You may show internal parameters by using
a lower case symbol with the appropriate subscripts.

Now let’s look at some common small-signal param-
eters in Fig. 2. Look at the first four symbols—the
“h” parameters. Notice the first subscripts “o” for
output “i” for input, “r” for reverse transfer, and
“f” for forward transfer. The same subscripts are
used for “y”” and “z” parameters. The second subscript
indicates the circuit configuration i.e.,, common base,
emitter or collector.

These are small signal measurements. DC measure-
ments may be indicated by the use of capital sub-
scripts. For example, if you want to indicate the de
forward current transfer ratie, you simply change
hy, to hgy or hy, to hpg. This conciseness of notation
is very useful.

It should be pointed out that some people may prefer
to use numeric subscripts, for ease in matrix manipu-
lation. Those who so desire, certainly may do so. “o”
can be equated to “22,” “i” to “11,” “r” to “12,” and
“f” to “21.” We feel that the letter subscripts are
shorter and neater for regular use. In particular, they
seem easy to most newcomers to the field. Those who
do extensive reading in the field should not be con-
fused by matrix vs. letter notation. Both are recog-
nized in the IRE standard.

The designation for cut-off frequency shows the
strong influence of “a” in our early work. f,,, f,, and
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f,. preserve “a.” Thus our h cut-off frequency is
f.p. Cop and C,, follow easily as output capacity. Fig-
ure 5 shows several common de¢ measurements. The
behavior of a diode is characterized by its voltage and
current characteristics. Let’s examine the collector-
base diode. For a specified reverse voltage below
breakdown, we can measure a current Iz, (frequently
called Iog). The “0” as a third subscript shows that
the other electrodes are open circuited. A similar
measurement on the emitter-base diode is Igy,.

A “B” before a voltage symbol indicates that the
measurement is made in the breakdown region. The
non-specific term PIV is thus replaced by exact terms
—BVp for collector breakdown and BVgg for emit-
ter breakdown.

Now look at the second circuit. It illustrates two
things—a common emitter configuration, and the idea
of an additional third subsecript to represent the termi-
nation of the other electrodes. We have already seen
the “0” in use to represent an open circuit condition.
Look at BVggs. The “S” indicates that the base is
shorted to the emitter in the triode shown in the
diagram on the right. Our middle symbol, BV gy, uses
the IRE provision for additional third subscripts for
other terminations besides “O” and “S.” We have
chosen “R” to represent a resistance between base
and emitter in this circuit. These are very useful
measurements in terms of common emitter operation,
since they are a function of hy, and “m” the charge
carrier multiplication factor referred to by McKay
and others. It is a limitation on the practical maxi-
mum operating collector-emitter voltage.

We have one more type of voltage limitation on the
practical use of a transistor. Let’s look at Fig. 3.
The IRE standard terminology does not provide di-
rectly a symbol for Punch-through. We believe it is a
very important phenomenon and disagree with those
who are satisfied with the corresponding floating po-
tential measurement.

Let us explain our view. Punch-through is a dis-
tinet, unusual phenomenon. It is not a voltage break-
down in the sense of BVgy,, a diode avalanche. It is
not related to charge carrier multiplication and hy,, as
is the BVggo, BVegr, BVggs family. Rather, it is a
space charge layer widening problem. Examine the
left half of Fig. 8. This shows an alloy transistor. As
th potential Vg is increased, from a low value toward
a high value, the collector-base space charge layer
spreads or widens. The spread into the base region
results in a narrower effective base width. Provided
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the diode does not avalanche before the space charge
layer spreads across to the emitter region, we en-
counter a new problem—punch-through. In effect, the
base region “disappears” as the collector-base space
charge layer contacts the emitter, and transistor ac-
tion stops. There is no voltage breakdown. The tran-
sistor action will resume if the voltage is lowered to
any value below punch-through. But, in the punch-
through condition we no longer have a normal transis-
tor; and if the current flow is not limited by external
resistance, the high current that can flow will overheat
the transistor causing permanent damage.

For measurement purposes, we can use a VIVM
between emitter and base to give essentially an open
circuit, and then Vpp=Vgc - Vgg for values where
Ver is greater than Vo

The floating potential concept tells us only that for
a specified Vg, our floating emitter potential is less
than a specified value—say one volt. It gives us no
insight into why or at what voltage our transistor will

be.out of operation. Hence, we strongly urge the addi-
tion and use of Vpp for punch-through.

Fig. 5¢ shows some common switching measure-
ments. “t,” represents ohmic delay time. It is mainly
dependent upon input pulse current. It represents a
delay between the time a signal is applied to the tran-
sistor and the time a response is observed at the col-
lector terminal.

“t” is rise time. In many cases, tq and t, have been
grouped together and called “t,” or “turn on” time.
The turn off characteristic of the transistor is de-
seribed in terms of the delay between an attempt to
turn the transistor off and the time the collector
actually begins to respond, plus the actual fall time.
This delay, or storage time, is called “t;,” and repre-
sents the time to clear out stored minority carriers.
“t” is the fall time. hgg, the dc current transfer
ratio, has been included because of its close connec-
tion with switching performance. hgg, is a more con-
venient term than ‘“DC beta” once you start to use
this terminology.

In addition to the normal characteristics of a tran-
sistor, we are sometimes interested in the inverted
amplification of the transistor, i.e., the amplification
with the collector and emitter electrodes interchanged.
An example of a symbol for this is shown in Fig. 6.

In the IRE Symbol System, “ap” and “ap” are pro-
vided as separate possible symbols to represent for-
ward and reverse current transfer ratio. Since we
prefer to use the “h” parameter notation provided in
the system, we feel that a simple notation “(INV),”
after any symbol, will adequately indicate that it is

ELECTRONIC INDUSTRIES & Tele-Tech <« June 1957

the inverted parameter. This is a particularly useful
notation when describing symmetrical switching tran-
sistors, and we offer it to you as an easy way to con-
vey the inverted parameter concept while using the
standard normal parameter symbols.

“Veg(SAT)” is a similar problem. Vg is the IRE
symbol which indicates any dc voltage between collec-
tor and emitter. By adding “(SAT)” we show that
this is the special case where the transistor is being
driven hard and has bottomed in the collector satura-
tion region. These voltages, of course, may be milli-
volts.

The next two symbols, Power Gain “G,.” and Noise
Figure “NF,” follow the general IRE terminology
standard written for vacuum tubes. The power gain
symbol is most useful to us when we add a subscript
“e” or “b” to indicate the configuration used for the
measurement. The last symbol on the chart is “r’y,”
base spreading resistance. No symbol was provided
for this in the standard. It is a parameter in a spe-

cific high frequency circuit representation of a tran-
sistor. Symbols like this have a use, but are not gen-
eral in the sense of the standard. So for these, use
your own symbol if needed, but, if you add a symbol,
be sure it harmonizes with the IRE terminology.

Conclusion

We have tried to show you why these symbols are
needed and how they will help our industry. We have
examined many of the common symbols and discussed
what they are. A few additional symbols that have
been found useful in the Semiconductor Products De-
partment of GE have been indicated.

Fig. 6: Some useful additional symbols.

heg (INV) INVERSE h
(EMITTER AND COLLECTOR LEADS SWITCHED)
Vg (SAT) COLLECTOR SATURATION VOLTAGE
(SPECIFY 1c AND ig)
Ge POWER GAIN (COMMON EMITTER)
NF NOISE FIGURE
'y BASE SPREADING RESISTANCE

A number of companies, and many individuals, are
already using these symbols. Many transistor specifi-
cation sheets have been revised using the symbols
illustrated. These symbols are logical and easy to use.
Get thoroughly acquainted with them. Persuade your
associates to use them. Do your part to accelerate
industry wide use of the IRE Standard symbols.
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Circuit engineers can predict effects of component

variations in complex circuits. Pole and Zero anal-

ysis tells which components require tight tolerances,

and which can be cheaper, high-tolerance components

Poles and Zeros
Speed Circuit

Frequently, the transfer func-
tions of multi-mesh circuits con-
tain the values of the original cir-
cuit components in such compli-
cated form that it is virtually im-
possible for the designer to predict
changes in the network frequency
response for small changes in com-
ponent values. Thus, a point-by-
point frequency response plot is an
analysis procedure which is valu-
able for determining the behavior
of a network that is already de-
signed, but its value for network
synthesis is extremely limited.

The pole and zero method of cir-
cuit analysis offers a rapid insight
into the behavior of many circuits
and variations in behavior with
changes of components. This arti-
cle will concern itself with the pole
and zero distribution of various
networks and the use of this dis-
tribution to predict the network
performance with variations in
components.

A pole is a frequency (real,
imaginary or complex) at which
the transfer function goes to in-
finity, and a zero is a frequency at
which the transfer function goes to
zero. This is similar in concept to

ELECTRONIC INDUSTRIES & Tele-Tech -

By W. A. SCISM

Analysis

lossless parallel and series resonant
circuits, respectively. In the fol-
lowing examples, the variable p will
be substituted for jo.

For the first example, consider
the case of a series loaded parallel
resonant circuit as shown in Fig. 1.
The transfer impedance of this net-
work is:

R

i R 1
2 p— e
C [p +p L + LC]
Notice that the numerator goes

to zero when p = — R ; this is
the zero of the transfer impedance.
The denominator of the expression
R 1
2 — e

goes to zero when p?4p T +LC 0.
The two roots become zeroes of the
denominator and poles of the trans-
fer impedance.
R ‘/ ( R\ 1

E 3 — -——
2L 2L LC

|
or

R . 1 R \?
-2V (F)
2L LC 2L

W. A. SCISM, Senior Electronics Engineer,
Convair-Astronautics, San Diego, Calif. A Di-
vision of General Dynamics Corp.
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RAD/SEC. 10,000

R +2R

-2_.
SOLID LINE FOR C) =CzR| =R
DASH LINE FOR C,=LIC,RpLIR
2°1CRe=h IRy
-3—

db

-4

X FOR THE CASE
! X FOR THE CASE

X -
Wg-lBOO
Wg=I600
€<CoRy =R \\ FW,=1400
C2=|.|C|,R2=I.IR|

- Wg=i200
L Ws=(000
W, =800
[ W3=600
\_ w,=400
=200

B A

-p

The placement of these roots on
the ‘p’ plane is shown in Fig. 2,
letting O denote zeroes and X de-
note poles.

Several bits of information are
immediately apparent from inspec-
tion of this plot; a vector drawn
from the origin to the pole has a
magnitude ‘/ﬁ and is the nor-
mal resonant frequency of the coil
2L
is inversely proportional to the Q
of the circuit. As R approaches
zero, the Q approaches infinity and
the pole and zero combination
shifts in such a manner that the
zero moves to the origin and the
complex poles move onto the real

and condenser. The distance

1
—— and become
ILC

purely imaginary. The phase angle
is a-B-y. Note that v is negative
for the condition in Fig. 2.

The transfer impedance at any
real frequency w; is the product of
the distances from a point @; on
the p plane to the zeros of the net-
work divided by the product of the
distances from the same point to

or jp axis at o =

k
the poles. Hence Zr (w) =%, where
I

K is a normalizing constant. A few
points will yield a graphical con-
struction of the simple parallel
resonance curve.

Comparing the high Q (Fig. 3A)
and the low Q (Fig. 3B) cases, it
can be seen by inspection that in
the high Q case near resonance the
lines s and t are of almost constant
length, whereas line r has a large
rate of change with jp or . Hence
r is the determining factor in Z,
near resonance and the resonance
curve shows a symmetry that is
practically arithmetic. In the low

ELECTRONIC INDUSTRIES & Tele-Tech

Fig. 5: Normalized

plot of Pole and
Zero representation
in Fig. 6
X CONDITION FOR
» CONDITION FOR
Fig. 6: Pole and

Zero analysis of low
pass filter with finite
Q inductor (Fig. 4)

~

R_+2R
LRC

><<——-——————-——-—-——-—-—-——
o
Via(

| 2
+ie) -

R =RxC(=Cp
Rp=LIR
C,21IC,y

R
L

-— -

Q case, however, it can be seen that
the rate of change of r with o is
no longer vastly greater than that
of s and t, and the resonance curve
shows pronounced geometric sym-
metry.

The pole and zero method is of
particular importance to the de-
signer in cases where the varia-
tions in performance with limit
components is desired. A proper
evaluation of circuit performance
in this manner leads to correct
specification of components as to
tolerances and avoids costly pre-
cision when it is unnecessary. Con-
sider the low pass filter with a finite
Q inductor as in Fig. 4.

Assume Cl = C,and R; =R,

2CRL (p )
[ECE

In this case there are 3 poles

i 1o 1R 1 )
P-==gcP~ " 2\L TRre

€,

€

RL + 2R]
LRC

2 2R
_}_) _ 4B +2R

= V(% u LRC

and no zeroes. Let w,, the design
center cut off frequency be 1000
radians per second and R=1000 Q.

June 1957

2 1
L-C—=1Hem“y =R "

Assume a coil Q of 10 at w,, then
R, = 100 Q.

The poles become p = —2000
and p = —1050 = j 1756 and are
shown placed on the p plane in Fig.
6. Plotting the normalized curve in
db with respect to the response at
w =0

e, R

e. . R+ 2R
where a, b, and ¢ are in any con-
venient units of length for scaling
values from the p plane. The re-
sponse is shown in Fig. 5 (solid
line). It should be noted that an
inductor having a Q of infinity
would move the complex poles from
—1050=+j 1750 to —1000 - j 1730
which constitutes a minor improve-
ment in response. The effects of
the inductor manufacturing toler-
ances can be shown by substituting
limit values of L on the p plane and
replotting the response. To take
differential variations in the two ca-
pacitors and resistors into account,
the original assumption that they
are equal must be abandoned and
C1, Co, Ry and R, used in the mesh
equations. Since the transfer func-
tions sometimes become unwieldy
when substitutions such as this are

(Continued on page 441)

5 ufd.*

2,boCo

abce
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Fig. 1: A relay circuit which exemplifies
the condition of a simple Boolean function.

BOOLEAN ALGEBRA attempts

to describe a physical situa-
tion compactly and in such a man-
ner that operations on the varia-
bles will enable a clearer insight
into the nature of the physical
analog. The variables are limited
to the values of 1 or 0 represent-
ing logical truth or falsity, re-
spectively.l These states are mu-
tually exclusive.

The extension of representation,
identifying the 1 or 0 with the on-
off of a relay, the conduction or
non-conduction of an electronic
gate or the 2 states of any bistable
element, is apparent.

Statements about systems com-
posed of bistable elements corre-
spond directly to statements about
logical nets. In Boolean algebra
there are 3 fundamental opera-

116

Developing the elements of Boolean algebra and its appli-

cations to the synthesis and analysis of combinatorial cir-

cuits, this article presents the basics for logical design.

tions on the 2 valued variables;
conjunction, disjunction and nega-
tion. These operations are defined
in Table 1.

Terminology

Unfortunately, the terminology
given in Table 1 is not standard-
ized. In this article the conjunc-
tive (“and”) operation symbols
are those used in ordinary alge-
braic multiplication; the disjunc-
tive (“or”) operation by (4);
and, negation (“not”) by a
prime ().

Boolean algebra has been applied
extensively to telephone switching
circuits employing relays as the
basic bistable element. In this ap-
plication, the closed state of a
relay is represented by a binary
variable x and its open, or negated,
state by x’. The conjunctive con-
dition applies to relays in series
and the disjunctive condition to
relays in parallel.

A Boolean function is an alge-
braic expression relating a num-
ber of variables. The function

f(ABCD) =AB+C+D ()

when related to relay circuits

ELECTRONIC INDUSTRIES & Tele-Tech -

By IRVING J. GABELMAN

Rome Air Development Cenfer
Griffiss AFB, Rome, N. Y.

states that the complete circuit
consisting of relays A, B, C and
D is closed when either relays A
and B are closed or relay C is
closed or relay D is closed. The
circuit for this function is shown
in Fig. 1.

From the basic postulates given
in Table 1, a set of theorems may
be derived. These are given in
Table 2.

Theorem Validity
The validity of the theorems of

Fig. 2: Two variables, true within their curve,
false outside, shown as a Venn diagram.

B>

=0
=

A'B' B'

>

A'B
B=
B=0

AB
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Table 2 may be established by Table 1
gi?:sisoi :‘abtll;a ut:hitg}ll) lfi.st:altlrltl}tl}:a Boolean Variable Conjunction Disjunction Negation
combinations of the variables and x ¥ xy x+y Xy
the corresponding value of the U 0 0 1 1
function. The validity of a 0 1 0 1 1 0
Boolean equality is established 1 0 0 1 0 1
when both sides of the equality are 1 1 1 1 0 0
AB AB The area of overlap is AB with
cD SO O cD oMU I other areas defined as shown. The
Ao I 00 00 derivation of the 2 variable Kar-
B naugh Chart, Fig. 3, from the
o] ol ol Venn diagram is evident.
The Karnaugh Chart for 4 vari-
! " N ables is shown in Fig. 4.
0 0 The Karnaugh Chart can be
used for representation of Boolean

Fig. 3: A 2 varia-
ble Karnaugh Chart. represents four
equivalent for all combinations of

the variables. Theorem (15)
X+X'Y=X+Y

has 2 variables. Table 3 is the

truth table establishing its va-

lidity.

The first 2 columns contain all
combinations of the variables X
and Y while the equivalence of the
last 2 columns establishes the
truth of the theorem.

Karnaugh Chart

The theorems of Table 2 are the
basic relationships used in the
simplification of Boolean functions.
In general, algebraic simplification
by minimization of the number of

variables does not necessarily
translate into the circuit of least
complexity.

The Karnaugh Chart? is a topo-
logical device for generating a
variety of near minimal algebraic
form with rapidity, giving the de-
signer latitude in the choice of a
final design. The Karnaugh Chart
has its foundation in the Venn
diagram, a topological interpreta-
tion of Boolean Algebra.

In the Venn diagram, a Boolean
variable is true in the area within
a closed curve and false external to
the curve. The conjunctive opera-
tion translates to the overlap of
areas of the variables. Fig. 2 is the
Venn diagram for 2 variables.

The area inside the vertical
rectangle represents A and all the
external area, A’. The areas with-
in and without the horizontal rec-
tangle are B and B’, respectively.

ELECTRONIC INDUSTRIES & Tele-Tech

Fig. 4: This Karnaugh Chart

Fig. 5: Functional represen-

XY = YX ;Commutative Law

functions. Given a function

: f : f (ABCD) = A’'B'C’'D’'4+A'BC'D’'+

variables. tation, in orange, of Eq. 2. AB'C'DLABC'D+
Table 2 ABCD’'+AB'CD’ 2)

able . ..
) its representation in the Karnaugh
Eég ki%)il\ Chart is shown in Fig. 5.

3) X+X -X The main use of this chart is in
(g) }}t+'{,+_k LHX =X the reduction of Boolean algebraic
2(‘); X_-li:‘Y =_Y+X1 functions. The rules for finding

minimal form for the charted func-
tion are:

= (Y+7Z) Associative

9) XYZ = (XY)Z Law a. Choose a rectangular or
(10) XY=+};((2Z—) X (Y +2) square set of charted 1’s (1, 2, 4
1) (X+Y) (X+7) Distributive ~ F 8 internal squares).

e K:\"\'XSY_'—)%) Law b. Every 1 must be chosen at
(13) X(X+Y) = X least once. ) -

(14) X(X'+Y) = XY c. Find the variables which re-
82; X+XY = X+Y main unchanged throughout the

(N+Y+2)Y = X'Y'Z }DeMorgans

(XYZ) = X'+Y'+Z' Theorem

(Continued on page 182)

Table 3
X Y X' X'y X+X'Y X+Y
0 0 1 0 0 0
0 1 1 1 1 1
1 0 0 0 1 1
1 1 0 0 1 1
A A A
‘.. B,_ A A @—__
Ni} nﬁ i
%
ot p—t¥o é‘" @_ A\
= :‘-ﬂ—-*_" P e _)\—- 1(48¢0)
M R -5
(AB.....N) =W A8+ N 2 W o /
AND GATE OR GATE NoT
Fig. 6 (above): Symbols & counterparts de-
pict functions of logical circuit behavior.
Fig. 7 (right) : Graphic representation, Eq. 2. @ :
June 1957 "z



Calculating R-C Amplifier

Part Two of Two Parts

Pentode Amplifier
The characteristic curves of an
idealized pentode are shown in Fig.
5b. Operation will be restricted to
the linear region, i.e., the plate-to-
cathode voltage must never be less
than m times the screen-to-cathode
voltage. In the linear region, the
plate current is always k times the
screen current. The sereen cur-
rent itself obeys the equation for
the idealized triode, Eq. 1:

iofy = Ea + mbg (19)

The constants m, k, r,, and u, can be
calculated from tube manual data. Asan
example, for the 6AU6 tube:

m: With Ex = 100 v., the character-
istic curves depart from linearity at
Ep = 30 v., so that m = 0.3.

k: Under typical operating conditions,
ip = 5.2 ma while i, = 2.0 ma, so that
k = 2.6.

r.: From the characteristic curves,
iy, = 4.2 ma when Eq = Iy, = 100 v.
and Eg = 0. Substituting into Eq. 19.

4.2r, = 100,
orr, = 23.8K Q.
ret Under typical operating conditions,

Supply Voltages

The trial and error method is eliminated by as-
suming that the tube "constants" are actually con-
stants and that the input signal always swings the
tube from cutoff to zero grid-to-cathode voltage

By SID DEUTSCH

Associate Professor of Electrical Engineering

Polytechnic Institute of Brooklyn,
99 Livingsfon Sf., Brooklyn 1, N. Y.

Fig. 5: Pentode amplifier. Circuit (a) and idealized characteristic curves (b).

is = 2.0 ma when E, = I, = 100 v.
and Egx = —1 v. Substituting into
Eq. 19,
20 X 23.8 = 100 — p,
or u, = 52.4.
For the circuit of Fig. 5a,
Euw =Eu — LR (1 + k) (20)
and
S =LEu 4+ LR (1 + k) (21)
Eq. 19 to 21 then yield
_ S + ulbia
TR+ K+ )
The grid-to-plate gain is the derivative

(22)

of the voltage across Ry with respect to

ELECTRONIC INDUSTRIES & Tele-Tech -

Ei.. The current through Ry is ki,. If
Ri and Ry are replaced by the imped-
ances Zg, and Zy, one obtains
R A N
Similarly,
- 7#-{1(*(174: ko (24)
re + Ze (1 + k) (1 4 )
Fig. 7a shows the equivalent circuit of the
pentode amplifier as seen by a plate load
impedance, while Fig. 7b is the equivalent
circuit for a cathode load impedance.
Because of the idealizing assumptions,
Eq. 23 indicates that G, is proportional
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to Z]_.
Z1 £ 0.1r,. However, even if Zy > 0.1ry,

12q. 23 is valid when employed, as in this

This is reasonably accurate if

article to caleulate the supply voltages.
The generalized pentode amplifier is

shown in Fig. 6. Culculation of the fixed

bias voltage identieally follows Egs. 7 to

14, yiclding
R
A = G (E,,,,, + Fen “—) — Fap (25)

At cut-off, the sereen-to-cathode volt-
age is ue times the cathode-to-grid voltage.
This vields

Faka = mlepp (1 — Gi) (26)
The screen supply voltage is given by
Esn + Erin, or

R . Ry -
S = pellanp (1 — Gi) + EaGi N 27)

The plate supply voltage is computed
on the basis that Eyx must equal mE,y at
the zero-grid condition, For this purpose,
Fekp = 8 — Egkp, o1

Eskp = Egpp (1 — Gy — Gi)  (28)
so that

Epkp = mEgpp (ua — G — Gi)  (29)
From analogy with Eq. 13,

. ., Ru

ST (1;,!,,,, + B ;) (30)
R«

Finally, the plate supply voltage is given

(0)

Fig. 6: Generalized pentode amplifier at cut-off (al, at zero grid-to-cathode voltage (b).

by Egrip + Epkr + Egip, or

2 ([ . Ru

B = (lp <1"KI'P + ]‘.g,. —Ia‘)
. . R

+ (;k <l"zpp + l“zn Ro )

+ ulEspp (us — msGx — Gy (31)
Thus, A, S, and B are given as functions
of the tube constants, the resistors, and
the peak signal voltages,

For the average value of screen current,
the substitution of A for E;, in Eq. 22
yields

S + uwA

'lo= - 32
o TR AT A Fa D

ELECTRONIC INDUSTPIES & Tele-Tech

while the peak value of screen current is
given by
. D
fop = dno o (33)
}Kn

The average and peak values of plate cur-

rent are k times the corresponding sereen
current values.
As an example of the application of the

above cquations. suppose that

m = 0.2
k=4

e = 20

L, = 10K Q
Ry = 2K Q
R, = 1K@

R = 20K @
R, = 5K Q
Fego = 10 v.
Egp = 6 v,
For this example, various cal-
culated values and their associated
equations are listed in Table 2.

For the 9 additional circuits of
Fig. 4, the expressions appear as
follows (in each case, assume that
the tube is a pentode with the
screen grid connected to S volts) :

Circuit 2—Dual output, Ry > > Ry:

- (b

G = —— ) I‘sR_Lk o
T 4+ k) + o)
Gy = »I‘sZk (1 + k)7 )
T A+ 1) (0 )
R
A = Gy <l’:um! + ]’:un ‘R:‘) - Ezp

Ru

8 = }lg]‘:gpp (l - (;k) + lZun(;k R

Re
B = G Eun 4 Gi (1-;,,,, + Een —RL>

+ mEgp (ke — Gk — Gk)
Circuit 3-—Dual output, Ro > > Ri:
ushiLk
o+ R (1 + k) (1 4 m)

Gy =

*  June 1957

weRi (1 4 K)
e + Re (1 4 k) (1 + )
A = EgopGu — Eep
S = psklgpp 11 — Gu)

Gy =

. R
B = Egtic + Gy (E,p,, + Een —“)
R,

+ mEnpp (#s - #sck - Gk)
Circuit 4—Dual output, R, >> Ry
and R, > > Ru:

G o ‘—151{1‘1\'_
P+ R (b k) (1 F o)
“s]{; (1 + k)
L = ¢ N

T ReGH R 4w
A = Egptin — Ly
S = paligp. (1 — Gi)
B = Egp (Gs + Gi)
4+ mEgp (s — Gk — Gi)
Cireuit 5—Grounded eathode:

ik
Gy = sl
I's
Gy =0
A= —E,

S = mlaw

R

B =G, <]‘:1pp + i T{“) + musEgpp
£

Cireuit 6—Grounded cathode, Rg > >
Ri:

G, = usRLk
T,
Table 2
Quantity Equation Value
ZL — 4K @
Zx o 0.667K @
@G 23 4
Gy 24 0.833
A 25 24 v.
3 27 70 v.
B 31 262 v.
150 32 2.5 ma
[ 33 4 ma
IS = 10 ma
Ipp — 16 ma

k=0
A= —Eg,
S o= el

B = Ezmv (Gy + Nigy)
Circuit 7—Cazhode follower:
G, =0
el (1 + k)

e+ Ze (1 + k) (1 4 m)

Gy =

R
A =Gy <Eppp + Egu = ) — Egp
R.
i R
S = wEe 11 — Gi) + EwGy Tzi

(Continued on page 130)
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Fig. 1: Velocity of the moving truck shifts
the frequency of the reflected signal.

Prelude to Push-Button Flight

By WILLIAM J. TULL

Vice-President & Director Avionic Sales Div.,
General Precision Laboratory Inc.,
63 Bedford Rd., Pleasantville, N. Y.

Fig. 7: First antenna to automatically measure speed and drift.

Fig. 2: When reflection and motion are not
radial, the deviation must be considered.

Fig. 3: Contours of equal frequency shift and
spectral power density plot, ¥ < 90°.

Without terrestial aid, Doppler equipment
determines ground speed and drift angle.
Coupled with a dead-reckoning computer
and auto-pilot, aircraft automatically flies
great circle route to destination while
present location is presented digitally.

INCE December 17, 1903, when man first flew,
those who have been actively associated with avia-
tion have at one time or another been concerned with
the problem of how to determine ground speed and
drift angle of an aircraft without aid from the
ground. Through the years a number of devices have
been proposed; most of them, however, have fallen by
the wayside as time progressed. The optical drift
sight has, of course, been widely used for the deter-
mination of drift angle. In addition, by double drift
techniques it has been possible to determine ground
speed with a drift sight.
Other self-contained means of obtaining ground
speed and/or drift angle have been:

ELECTRONIC INDUSTRIES & Tele-Tech - June 1957



Fig. 4: Graphic presentation of 2 beams
transmitted in 2 different directions.

. Norden bombsight

. Radar bombsights
Bellamy drift techniques

. Pilotage, etc.

e o

The principal shortcomings of these devices or tech-
niques have been that they required clear weather to
see the ground, they were inoperable over water, or
they lacked sufficient accuracy. Of course, many of
them also call for a great deal of skill and a large
amount of equipment. The Bellamy drift technique
has been one of the better recent contributions to this
field of naviagtion.

A new technique, which makes possible the sensing
and measurement of ground speed and drift angle,
utilizes what is commonly referred to as the “Doppler
effect.” The equipment which utilizes this phenomenon
at microwave frequencies and which comprises the
necessary instrumentation for its measurement is com-
monly referred to as Doppler radar equipment.

At the end of the war, the Air Corps undertook an
active program with General Precision Laboratory
(GPL) with the objective of securing a completely
automatic, self-contained navigation system. As a re-
sult of this program, GPL became the first group to fly
navigation equipment capable of measuring both

Fig. 8 (below): The APN-81 weighs 380 Ibs. and displaces 16 cu. ft.

ELECTRONIC INDUSTRIES & Tele-Tech -+ June 1957

Fig. 5: Plan view and spectral power density
of 2 beams with equal ¥ & equal .

Fig. 6: Vector presentation of continuous
dead reckoning provided by radar system.

ground speed and drift angle automatically and accu-
rately.

The first such flight occurred in April, 1948. We feel
extremely fortunate that we were able to participate
in this historic achievement.

Since that date there has been considerable progress
in the evolution of Doppler equipment. This progress
can perhaps best be illustrated by photographs show-
ing the chronological development of equipment. The
following figures are indicative of the advances made
in the past few years.

The antenna system of original GPL system number
3, which was the first system to ever measure ground
speed and drift angle automatically and accurately, is
shown in Fig. 1.

Fig. 2 shows the APN-81 equipment, currently in
high quantity production for the USAF, which weighs
380 lbs and takes 16 cu ft of space.

The GPL commercial RADAN madel PC-201, Fig. 3,
weighs 85 lbs and taking 4.4 cu ft of space. The
RADAN system is currently in low quantity produc-
tion. From the illustrations it is obvious that Doppler
Radar equipment is now available as a practical and
producible device for use on board all types of air-
craft.

On the left in Fig. 4, we have a stationary trans-
mitter-receiver A. The transmitter is emitting a sig-

1



Doppler Navigation (Continued)

nal at a frequency f,. The signal is reflected from the
truck B back to the receiver A. Since the truck is mov-
ing with a velocity v, there will be a Doppler shift in
the frequency of the reflected signal. The equation
relating the several quantities involved is shown in the
upper right hand side of the figure. This equation is
an expression for the difference in frequency between
the signal transmitted and the signal received at loca-
tion A. This difference frequency Af is:

af = Ly,
[+

The quantity ¢ is the velocity of propagation of the
electromagnetic signal.

_Nm @puzs POS C]

Q)= , @

i (B0 ()

°§(§ ) LATITUDE LONGITUDE

N @ N
A ¥ Js / X
i) j ——tI 0

STOR WIND WIND ,_YARIATI\VO;JUYOE L
H;F[g oiRecTion W

7 -7 ". - ot W IPE @
20 O U e

Fig. 10: The ASN-7 provides present position, course to destinations.

In Fig. 5, the transmitter-receiver A is now located
in an aircraft flying over the ground. The transmitter
is sending out a beam of energy from the aircraft to
the ground. The beam is transmitted at an angle + from
the direction of the aireraft velocity vector, v. The
equation relating the several quantities in this illus-
tration is shown in the upper right hand side of the
figure. The equation for the difference frequency Af
is in this case:

v
Af = 2 —f; cos. v
c

It is evident from this equation that Af is a measure
of the velocity v, since the other quantities occurring
in the right hand member of the equation are known.

It should be noticed that in this equation all energy
reflected or back scattered from the ground at the
angle y undergoes the same Doppler frequency shift,
Af. Now let us draw the intersections with the ground
of families of beams having constant v angles. These
intersections are hyperbolas, assuming a plane earth.
These hyperbolas are conveniently thought of as con-
tours of equal Doppler frequency shift.

Now let us consider Fig. 6. Here we are observers
looking straight down from above on the airborne
transmitter A. The transmitter is traveling in the
direction indicated by the velocity vector, Ve In the
center we see the constant frequency contour for a ~
angle of 90°. This is a zero Doppler frequency contour
because in this case there is no relative velocity be-
tween the transmitter A and the ground. That is, for

122

+ = 90°, the frequency shift is Af = 0. The other con-
tour lines on the illustration are for values of ~ of
magnitude less than 90°. The lines ahead of the trans-
mitter represent the loci of echo sources having an
increased frequency over those transmitted; a closing
velocity between the transmitter and the ground ahead.

The contours behind the transmitter correspond to
echo sources having decreased frequency from those
transmitted. The transmitter has a velocity of reces-
sion from all elements of the ground behind the air-
craft. Obviously the smaller the angle vy, the further
ahead (or behind) the beam intersects the ground.
Correspondingly, the smaller the value of vy, the
greater the value of Af, the Doppler frequency shift.

Now let us project a small pencil beam from the
transmitter at A to the ground at B. The energy is
essentially confined inside the ellipse at B. It is evi-
dent that the signals within the beam B scattered
from the ground nearest the transmitter are charac-
terized by a larger - angle and a lower Doppler fre-
quency shift than those further out. This is illus-
trated in the spectral power density plot in the lower
right hand corner of the figure.

Two-Beam Operation

You will see in Fig. 7 that we once again have
plotted the same constant frequency hyperbolas. How-
ever, in this case we have transmitted 2 beams of
energy in 2 different directions. It can be seen that if
one beam of energy is confined to the region L, that
the corresponding return signal has a spectrum as
shown in the diagram at the bottom of the illustra-
tion. Similarly, one can picture the spectrum corre-
sponding to the energy from region R. Let us now
maintain the angle ¢ between the L and R regions
constant, while the whole beam forming assembly is
rotated about a vertical axis. The frequencies asso-
ciated with the beams L and R will change accord-
ingly. In Fig. 8, we see what the situation would be
when the beam assembly has been rotated until the
frequencies from L and R are equal. In this situa-
tion it is obvious that the bi-sector on the angle § lies
in the direction of the velocity vector v,.

In brief then, by the measurement of the frequency
Af, we can determine the ground speed of an aircraft
—and by servoing a 2-beam antenna system until
equal Doppler frequencies are received from each, we
can measure drift angle. It is also possible to deter-

(Continued on page 437)

Fig. 11: The AN/APA-95 computer makes easy navigator training.
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DB-25S

CANNON

D SUB-MINIATURE DPA AND DPX SERIES

More than thirty years experience in the design and manufacture of
standard electronic components insure Cannon Connectors by CINCH
to be of the highest quality materials, fabricated to specifications to
maintain consistent quality of product; highest standards throughout all

operations. \O !

D SUB-MINIATURES:
STANDARD PIN AND SOCKET
INSERTS:

L
gl i ATE Lyt
D

s.@;(—_Jé ﬂ%

oPA 3234 npA CONNECTORS: % *%°% F—— *'L’fx_L*
Shell with retaining plate. Pin and Socket Inserts.
sile A C D L RS X weight
—* =4S TOAISP 1Y % B V' 1312 M % 013
CDA-ISS 1% Y e 1'% 1.312 Y %o 014
DB2SP 1% '%a e 2% 1.852 Ui s 023
DB25S 9% '« e 2% 1.852 % e 031
i I 2 =t DC-37P 2% 'Wa P 2% 2.500 ‘% Y 035
== OETOERED DCITS  2Va ‘e e 2% 2.500 U« s 035
DD-SOP 2% ‘Yo 2% 2406 % %s 035

DD-50S 2% '%a Tk 2% 2408 Y% e 040
DEIP ‘% 'S e 1'% 984 % Yo 011

DE-9S The % Ye 1'% 984 M % 012

FRACTIONS +'%4 Tolerance DECIMALS +0.005 Tolerance

D SUB-MINIATURE SPECIFICATIONS:

Shell, including flange — steel or brass; Finish —
Cadmium plate or lrridite. Contacts — No. 20, 5
ampere rating — Copper base alloy, gold plate finish.

DPX 23-34P DPX 23-33§

DPX CONNECTORS:

Insert arrangements — 5 plus coaxials in 9, 15, 25
Split shell. Pin and Socket Inserts. 9 P !

37 and 50 contacts.

% —] 15 - | ———

- e N A ‘ = Insulation material — Zytel 101 or DIALL.
T ] I—o 4 \N| .
% o130 ! 4 -t oD ! Polarization — Keystone cornered shell.

| N . ,
! ! ; ‘ l - : Operating temperature —&67° to +310°F,
2062 ————{ —— ;—:T fo—— 2082 - L—J;: L
4 ROLES O 120014 4 NLES D120 O1A

Send for illustrated Catalog No. 157
with details of ‘D' Sub-Miniature,
“DPA' and ‘“DPX" Series.

For your connector requirements—you can depend
on CINCH.

Centrally located plants at Chicago, lllinois; Shelby-
ville, Indiana; LaPuente, California; St. Louis, Mis-
souri.

* Manufactured by Agreement! with
Cannon Electric Company

. _ CiNcH MANUFACTURING CORPORATION
Circle 76 on Inquiry Card. page 201 1026 South Homan Ave., Chicagoe 24, lllinois
Subsidiary of United-Carr Fastenar Corporation, Cambridge, Mass.



WASHINGTON

MICROWAVE HEARING — More than 130 wit-
nesses, representing 59 organizations, will appear
at the FCC hearings on future allocations and usage
of frequencies above 890 Mc. Sessions before the
en banc Commission commenced May 20, and are
running three days a week. The first group of or-
ganizations, which testified during the week of May
20th, included the Operational Fixed Microwave
Council, and the utilities and forest radio commit-
tees. During the week of May 27th, police and state
highway departments’ radio spokesmen presented
their views. During June and July the Bell System,
Western Union, Raytheon, General Electric, Collins,
Westinghouse, and Motorola will present their views
to help the FCC blueprint future spectrum pat-
tern and usage policies for the all-important micro-
wave communications services.

INTERPRETATION OF ACT — The Justice De-
partment’s antitrust division has taken a hand in the
microwave deliberations. A letter from Assistant
Attorney General Hansen, in charge of the antitrust
division, presented a Justice Department interpre-
tation of section 814 of the Communications Act—
the section dealing with preservation of competition.
Relating this section to the controversy between
common carriers and private operators of micro-
wave systems, the Justice Department letter as-
serted, .. . we are of the opinion that by preferring
common carrier (telephone and telegraph) operation
of such systems competition would be distinctly
lessened and monopoly encouraged in the manufac-
ture, sale and use of communications facilities
adapted to this area of service.”

LONG-RANGE STUDY—General areas of inquiry
have been spelled out by the FCC for its fact-finding
inquiry into the present and potential uses of the
25-890 Mc portion of the spectrum. Responses to
various issues and problems set forth by the Com-
mission in its order for the long-range allocations
study are called for by July 1, and after they are
received and analyzed a date for hearings will be
fixed. Areas of inquiry cited by the FCC include
sharing of ISM frequencies (industrial, scientific
and medical) with communications services:; evalu-
ation of long-term requirements by all present ser-
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News Letter

vices; feasibility of applying new and potential tech-
niques; potentialities of a broad band carrier
system; and evaluation of impact of new techniques
in spectrum conservation and equipment amortiza-
tion on existing users.

WARTIME POWERS—In what is believed to be
the first delegation of his wartime powers in advance
of an emergency, President Eisenhower recently
signed an executive order delegating wartime emer-
gency powers over communications, radio (communi-
cations and broadcasting), and television to the Di-
rector of the Office of Defense Mobilization. The
order climaxes extensive mobilization planning by
government agencies, and the establishment of
standby priority plans for telephone and telegraph
services. ODM “will continue to work in close touch
with the radio, television, telephone and telegraph
industries in formulating defense emergency plans,”
the President’s order stated.

DELAY FEE-TV ACTION—The FCC has been
aided in its own desired approach to the troublesome
problem of subscription television by the action of
two leading members of Congress, both chairmen of
House Committees which are highly influential 'in
regard to questions like fee-TV. They have grged
the Commission to hold off any subscription-TV de-
cision until Congress considers the entire issue. The
two Congressmen—Representative Celler (D-N. Y.)
who heads the House Judiciary Committee and Rep-
resentative Harris (D-Ark.) who is chairman of the
House Interstate and Foreign Commerce Committee
which handles FCC matters—wrote the FCC to with-
hold action on subscription-TV tests until Congress
has studied the proposed service. Rep. Harris indi-
cated his view that the FCC does not have the power
to order tests. Meanwhile, a most potent sector of
public opinion—the labor unions—are opposed to
subscription television. AFL-CIO President George
Meany has notified the FCC that the labor organiza-
tion’s executive committee has adopted a resolution
opposing the service.

ROLAND C. DAVIES
Washington Editor

National Press Building
Washington 4
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Products

... for the Design Engineer

COMPUTER TRIODE

A medium-mu twin triode (RCA-
6350) of the 9-pin miniature type, de-
signed for use in a wide variety of
applications in electronic computers
of the high-speed digital type, and

4

S | ¥
P My Yoo 9

by

other “on-off” control equipment is
available. The 6350 maintains its
emission capabilities even after long
periods of operation under cut-off
conditions. Balance of cut-off bias be-
tween the two units of the tube is
closely controlled during manufac-
ture. It has separate terminals for
each cathode and a mid-tapped heater
for a 6.3-volt or 12.6-volt supply.
R.C.A., Harrisen, N. J.

Circle 77 on Inquiry Card, page 201

PRECISION GEARS

Precision gears especially suitable
for servomechanism use are now
available. Spur, spring and clutch
gears, and bevel and miter gears are
among the types available. In stock
for immediate delivery are 48 and 64
pitch spur gears, in tooth multiples
of 8 and 10. Made-to-order spur gears
are available in 32, 48, 64 and 96
pitches. Gears with pitch diameter

MIDGET TAPE RECORDER

A complete automatic miniature re-
corder-playback system for data ac-
quisition during missile flight has
been introduced. Model 600 auto-
matically records 2 tracks of IRIG

FM/FM subcarrier signals from 200
to 100,000 cps for a preset period
ranging up to 250 sec. Application of
a second signal causes it to play all
recorded data backwards and then
stop. A successive signal repeats the
cycle, erasing all previous data before
recording. System weighs 21% lb,,
and is small enough for mounting in
the missile. Minneapolis-Honeywell,
Davies Labs. Div., Beltsville, Md.

Circle 79 on Inquiry Card, page 201

PHASE STANDARD

Designed for calibrating phase me-
ters and other phase measuring in-
struments, it can also be used with
an oscilloscope to measure the phase
shift in electronic circuits or to cali-
brate precision phase shifters. It con-
verts externally supplied signal (20
cps to 20 KC) into 2 sinusoidal signals
whose phase relationship can be va-
ried from 0° to 360° in 4 revolutions

GERMAN!UM RECTIFIERS

The 4 rectifiers comprising the new
germanium line are RETMA type
1N1005, 1N1007, 1N1008 and 1N1013.
The 1N1005, 1N1007, and 1N1008 are
half wave rectifiers capable of 250,

350, and 400 ma. dc output respec-
tively. Type 1N1013 is 2 rectifiers
connecied as a voltage doubler and
has a dec output rating of 250 ma.
Peak inverse voltage rating for the 4
rectifiers is 380 v. All are designed
to be used with a 4 Q series surge re-
sistor. Ambient operating tempera-
ture rating is 53"C. Operating fin
temperature of 65°C. General Electric
Co., Syracuse, N. Y.

Circle 81 on Inquiry Card, page 201

MINIATURE ELECTROLYTICS

A new line of low-cost subminiature
aluminum cased electrolytic capaci-
tors, known as the TT line. These
tiny capacitors are ideal for new cir-
cuit designs requiring dependable
components and miniaturization. The
line is available in over 30 capacity
and voltage ratings from 1 to 110
mfd. and from 1 to 50 v. The small-

est unit is 3/16 in. dia., % in. long.

of 1 in. or less are stainless steel,
over 1 in. are aluminum with stainless
steel inseri hubs. All gears are made
to AGMA Precision Class 2 stand-
ards. Beckman/Helipot Corp., New-
port Beach, Calif.

Circle 78 on Inquiry Card. page 201

ELECTRONIC INDUSTRIES & Tele-Tech

of a single control. Phase angle ac-
curacy is *1° from 20 CPS to 10 KC;
+3° from 10 to 20 KC. The output
varies less than =*29% with phase
shift. Has self-contained power sup-
ply. Acton Labs., Inc., Acton, Mass.

Circle 80 on Inquiry Card, page 201
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The case uses silicone rubber hermetic

seals. The leads are 1% in. long, and
available witk insulating sleeves.
They have an operating temperature
range of —20 to 65°C. P. R. Mallory
& Co., Inc., Indianapolis, Ind.

Circle 82 on Inquiry Card, page 201
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he solution 10 antenna problems begins when someone
says: “Let’s ask Kennedy!”

\ few of the many reasons why are shown on this page.
These Kennedy antennas are setting new standards for all-
weather reliability and versatility wherever they serve through-
out the free world.

Kennedy antennas come in many shapes, many sizes
(the world’s largest scatter antenna is being built here).
But whatever the type, and whatever the conditions under
which it must serve, Kennedy can offer a design that fully
measures up to specifications. And there are additional ad-
vantages in Kennedy’s advanced construction techniques
like the extra ease in shipping and handling made possible
by sectionalized aluminum construction, for example.

Kennedy engineers are available to supervise insialla-
tions anywhere in the world. It’s a part of the complete,
integrated service that is still another reason why more and
more people in communications are “asking Kennedy” about
antenna problems.

Circle 83 on Inquiry Card, page 201

28" Trans-horizon Antennas fi

Cape Cod

)
28’ Truns-horizon Antenna 34/
Texas Tower \

o) Radio Telescope
Harvard University

0" Trans-horizon Antennas
Northern Europe

120" Radar Auntenna
Matne
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ANTENNA EQUIPMENT

s ° D.S. KENNEDY & CO.

v
“k COHASSET, MASS. — TEL: CO4-1200

Doun-To-Earth SOLUTIONS (o
Out-Of-This-World PROBLEMS

Tracking Antennas
Radio Telescopes
Radar Antennas
Tropospheric Scatter
lonospheric Scatter



Raytheon — World’s Largest Manufacturer of Magnetrons and Klystrons

b TS
s

e T
= e

l 3 .
ue
Al\‘N
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>