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SPECIFICATIONS

POWER FACTOR: 1.5% DMax. @« 1 KC
initial
WORKING VOLTAGE: 500 V.).C.
TEST VOLTAGE: (FILASH): 1000 V.D.C.
LEADS: No. 22 tinned copper (.026 dia.
INSULATION: Durez phenolic (13" max.
on leads) —vacuum waxed
STAMPING: RMC —Capacity 725U
INITIAL LEAKAGE RESISTANCE:
Guaranteed higher than 7500 megohms.

AFTER HUMIDITY LEAKAGE
RESISTANCE: (Guaranteed higher than
1000 megohms.

Really Small
: ceramaic
oo capaclitors

RIMC

DISCAPS

TYPE SM

Where space is at a premium, Type SM
DISCAPS can be specified with complete
assurance of the quality, dependability, and
electrical performance built in all RMC
DISCAPS.

These new DISCAPS meet the specifica-
tions of EIA RS-198 (revision REC-107-A)
for Z5U ceramic capacitors and are available
in values of 800, .001, .0015 GMV and
.005 +209,. SM DISCAPS show minimum
capacity change between +10°C and +65°C.

Take a look (they're small but you really
don’t need a microscope) at Type SM DIS-
CAPS. Write on your letterhead for samples
and performance data.

=}

RADIO MATERIALS COMPANY

A DIVISION OF P. R. MALLORY & €O.. INC.

GENERAL OFFICE: 3325 N. Calitornio Ave., Chicago 18, il
Two RMC Plants Devoted Exclusively to Ceromic Capacitors

FACTORIES AT CHICAGO, iLL. AND ATTICA, IND.

APACITORS

Circle 1 on Inquiry Card. poge 103
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Medical Electronics

Microwave Techniques

Output Immittance!

Hi-Temp Coax Cable

P. 64
The medical field

has need for a
wide variety of
equipment but
manufactur-
ing for the med-
ical profession
poses a number
of unique prob-
lems unfamiliar
to the electronics
manufacturer.

P. 72

A look at the
backward wave
oscillator, the
principle of op-
eration and a
step-by-step an-
alysis of how os-
cillations are set
up and main-
tained.

P. 61

Three basic theo-
rems enable the
engineer to an-
alyze the linear
networks encoun-
tered in tran-
sistor  circuitry.
They are also
applicable to
tube circuits.

P. 81

As the first step
in their search
for coox cable
to operate at
300° to 500°C.
the Air Force
has  completed
the most com-
prehensive study
yet made of ex-
isting cables.

ELECTRONIC INDUSTRIES & Tele-Tech, January

1958, Vol. 17, No. |
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RADARSCOPE

HEAT ENERGY CONVERTER

Dr. Volney C. Wilson inspects one of his experimental thermionic
converters at the G. E. Research Lab, The new device has achieved
an 8% efficiency in converting heat directly into electricity.

JAPANESE ATTEMPT to crack the U. S. transistor
portable radio market was thwarted by a sudden drop
in U. S. prices and a price war that developed among
Nipponese manufacturers. At one point receivers were
being imported at well below cost. Late in 1955 im-
ports promised to mushroom but they now have
dropped to a trickle.

MOTION PICTURE STUDIOS are the main driving
force behind efforts to push toll TV, says NARTB
president, Harold E. Fellows.

CANADIAN ENGINEERS are emigrating to the U. S.
in large numbers. Almost one-third of the classes
graduating between 1951 and 1956—about 3,000 en-
gineers-—have come to the U. S. And in the same
period another 800 scientists have also emigrated.

TECHNICAL INFORMATION is being ground out
in such staggering amounts that unless something is
done by a central agency to file and cross-reference
papers and articles as they are released we are in
grave danger of losing much of the value of our en-
gineering knowledge. One solution proposed last
month to the Society of Technical Writers and
Editors by Dr. Gilford G. Quarles was the use of
computing machine techniques for quick tracing not
only of a particular paper but also the pertinent
paragraph relating to a subject.

2

RUSSIAN ENGINEERS are offered incentives far
beyond their American counterparts. Their respective
salaries buy approximately the same amount of goods
but the Russian engineer’s salary is 10-to-20 times
that of the Russian workingman, while the American
engineer is only twice as well off as the U. S. laborer.
Which is the reason that Russian youngsters are
easily persuaded to follow science as a career.

ENCOURAGING PROGRESS is reported by GE in
their attempts to convert heat directly into elec-
tricity. While cautioning against predictions of early
commercial use the GE scientists report that their
experimental converters have already changed more
than 8% of the applied heat energy into electric
power. The thermionic converter uses two pieces of
metal, heated to different temperatures, and con-
tained in a gas environment. Electrons are boiled out
of one of the metals and collected by the other.

LOOK FOR pressure to cut down the number of new
tubes employing only minor modifications from exist-
ing designs. The replacement market now handles 735
different types of tubes, but 809% of total sales are
confined to just 95 of these tubes. Sylvania’s D. W.
Gunn told JETEC last month that the rash of new
tubes “has flooded the market and distribution chan-
nels with a galaxy of tube duplications representing
endless loss of time and money.”

PREREQUISITE to automation is a wholesale “pow-
ering up,” increasing the electrical equipment to
handle the power loads that will follow automatically
with the installation of automatic equipment. In 10
years the power requirements are expected to in-
crease by 409,.

EARLY WARNING SYSTEM

New highly portable “TEW" (tactical early warning) system designed
tor the Marine Corps by Sperry Gyroscope Co. is a combined long-
range, search and height finding radar. The inflatable radome is
heated or cooled as needed. Only one operator is needed.

ELECTRONIC INDUSTRIES -+ January 1958



Analyzing current developments and trends throughout the electronic

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

AJRCRAFT INDUSTRY is looking to numerically
controlled machine tools to handle the new hard
metals now going into airframes. Stainless steel and
titanium require up to seven times the machining
time of conventional metals. Standards for these
automatic controls are now being drawn up by 30
committees and subcommittees.

THE FM RADIO COMMITTEE of the National Asso-
ciation of Radio and TV Broadcasters has called on
TV set manufacturers to incorporate I'M tuners in
their receivers. The group feels that the recent
growth in FM stations, set sales and audiences indi-
cates public demand for such a move. Adapters were
just recently introduced to the market that enable
TV sets to receive the FM broadcast band.

AIR FORCE MISSILE PROGRAM involves 22 indus-
tries, 17 prime contractors, 200 sub-contractors, 4,000
suppliers, and about 83,000 people.

BATTLE IS SHAPING UP between proponents of
phonograph stereo discs and stereo tape recorders.
Westrex (subsidiary of Western Electric) and
London Records have already demonstrated stereo
discs, and production has been tentatively promised
within two years. In the meantime the tape recorder
industry continues to produce stereo playback equip-
ment in substantial quantities. In 1958 809% of the
industry production will be in monaural-record stereo
playback equipment. More than 909% of recorded tape
produced in 1958 will be stereo and every major
record label plans to enter the recorded tape business
by the end of the year. There are an estimated 2.5
million tape recorders now in use.

EDUCATION

PHYSICS GROUPS have banded together to do some-
thing about the quality and quantity of physics teach-
ing in the U. S. A joint effort of the American
Institute of Physics, the American Assoc. of Physics
Teachers and the American Physical Society, with
the support of the Fund for the Advancement of
Education and the National Science Foundation, the
program has for its aims:

1. To make the study of a basic course in physics
a “must” for every secondary school student.

2. To encourage qualified voung people to seek
careers in physics.

3. To evaluate the feasibility of teaching physics
to large numbers of students by the use of tele-
vision and color motion pictures in spite of the great
shortage of science teachers.

4. To assess the increasing need for physicists in
a technological society and to strengthen physics
instruction in high schools and colleges for non-
science majors.
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ENGINEERING MANPOWER

Does an engineering shortage exist, or not? And if
it does, why all the hysteria about the need for more
engineers and scientists? Whichever side one took it
was easy last month to find substantial facts to back
up the argument. As far as the government is con-
cerned there is a shortage right now, and it will
become increasingly severe with time. Virtually all
government installations are understaffed. At the
same time a study carried out for the National
Science Foundation reports that judging from the
salaries paid engineers a shortage cannot be con-
sidered to exist. This view is bolstered by statistics
from advertising circles that show that ‘‘engineer
help wanted” advertising has fallen off severely in
the last six months.

Dr. Guy Suits, GE’s Director of Research, discounts
reports of a shortage. Doubling or tripling the num-
ber of engineering graduates, he says, would be
catastrophic; the most that industry can possibly
absorb is a 25% increase.

In New York last month 13 unemployed aircraft
and missile engineers checked into the joint meeting
of the American Soc. of Mechanical Engineers and
the American Rocket Society armed with printed
resumes and prepared for two days of intense job-
hunting. One of the group said, “Let’s face it. There’s
no shortage of engineers.”

But at the same time the government was pushing
through substantial pay raises for the more than 48,-
000 government engineers and scientists.

LONG-RANGE RADAR

Lincoln Lab. of M. I. T. has just unveiled this high-powered long-
range radar on Milistone Hill, Westford, Mass. The parabolic reflector
is 84 ft. in dia., and is mounted on a concrete and steel tower 90 ft.
high. Unit is tracking Sputniks | and II.
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THESE FILMISTORS PROVIDE
THE STABILITY YOU WANT
UNDER THE TOUGHEST LOAD
AND HUMIDITY CONDITIONS

®
s p nn G U E WRITE FOR BULLETIN NO.7010
S"RAGUE ELECTRIC COMPANY

. the trademark of reliability —[ERERTCNINEEN

NOrTH ADAMS, MASSACHUSETTS

Y7 TRADE MARK REG.

SPRAGUE COMPONENTS: CAPACITORS RESISTORS MAGNETIC COMPONENTS TRANSISTORS
INTERFERENCE FILTERS PULSE NETWORKS HIGH YEMPERATURE MAGNET WIRE PRINTED CIRCUITS
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As We Go T

First Digital Computer
For U. S. Air Force

The first airborne digital compu-
ter has gone into production at
Hughes Aircraft Co. This miniature
device can fly a jet interceptor
through all phases of supersonic
combat, from take-off to touchdown,
leaving the pilot free to make tacti-
cal decisions.

“Digitair” is small enough to fit
into the cabinet of a 21-inch table
model TV set.

Working with coded information
flashed to it by powerful ground
control stations and the airplane’s
own radar, the computer simultane-
ously takes in 61 different types of
information while putting out 30
types. In doing so it performs, or
monitors, 17 separate navigation
and flight control functions during
a program cycle of 1.8 seconds, all
at least once, some of them several
times.

Operations include actuating the
control surfaces to correct pitch and
roll; commanding the pilot to in-
crease or decrease his speed; main-
taining constant check on available
fuel and the distance the plane can
fly on it under existing conditions;
target range, azimuth and elevation
information provided to the pilot;
proper speed and altitude the pilot
should fly in order to accurately in-
tercept the target and, besides, a
continuing check of its own accu-
racy and reliability.

ELECTRONIC INDUSTRIES -

COMPARISON

Dr. D. Ishikawa of Japan checks the Japanese
standard for measuring microwave power
with 2 similar U. S. instrument at NBS labs.

High-Speed EDP System
For Signal Corps Depots

Four widely separated Army
Signal Depots begin operation this
month of high speed data process-
ing systems that will reduce Signal
Corps record-keeping from days to
hours.

The four depots, which will be
linked to each other, and to the
U. S. Army Signal Supply, Phila,,
are at Tobyhanna, Pa.; Lexington,
Ky.; Decatur, Ill.; and Sacra-
mento, Calif.

The processing systems are ca-
pable or handling 170,000 records
and some 2,00,000 pertinent facts.
Each can be readily expanded in
case of an emergency requiring a
quick speed up in the Army’s elec-
tronics logistical effort.

Test pilot inspects
prototype test model
of “‘Digitair,”” first
airborne digital com-
puter in actual pro-
duction. Shown here
installed in an F-
102A all-weather in-
terceptor, the com-
puter is small enough
to fit into a 21-inch
table mode! TV cab-
inet.

- —
More News

| On Page 10 |

January 1958

O Press...

New For Computers,
'Twistor' and 'Persistor’

The computer art last month was
introduced to two striking new
storage devices, the “Persistor,” a
miniature bi-metallic printed cir-
cuit which operates at tempera-
tures near absolute zero, and the
“Twistor,” a simple, easily fabri-
cated device of specially processed
magnet wire.

The “Persistor,” according to its
developers, the Ramo-Wooldridge
Corp., Los Angeles, improves the
computer access time 10 to 100
times over present methods. It
consists of a printed circuit loop
made of two metals, and main-
tained in a superconductive state.
A critical amount of current will
change one of the metals from its
superconductive to its normal re-
sistance state. A suberitical amount

“Persistor” consists of bi-metallic loop which
is maintained near absolute zero

of current is induced in this loop,
the direction of this current rep-
resenting the information being
stored.

The direction of the current is
determined by impressing an in-
terrogating a current pulse on the
loop.

Developer Dr. Milton U. Clauser
said that maintaining the low tem-
peratures is no longer a problem in
light of new advances in helium
liquefiers.

The “Twistor,” developed by Bell
Labs, consists of a tiny coil of very
fine magnet wire wound on a cen-
tral conductor. The units are ar-
ranged in grids much like the fa-
miliar core array.

The name “Twistor’” comes from
a special torsion process which
changes the wire’s preferred direc-
tion of magnetication from a longi-

(Continued on page 13)
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TYPE a*
Herme:sca¥y secled

Electrica ly idewn® ccl ®o
semi-enclcsed Tvpe A, Ten-
peratures from =100 ®
300°F. Variov. endosures
and” mourtng including
brozkets, avosickie, Fcr
opplionce, €l extronys,
apporates appleaidn.
Bulletin 3CCO.
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Jor electronic and avionic devices

\

STEMCO" THERMOSTATS

TYPE C
Hermetically sealed

Electricaliy identical to
semi-enclosed Type C but
sealed in crystal con. Also
supplied cs double ther-
mostat “alarm™ type. Tur-
ret terminaols or wire leads.
Request Bulletin 5000.

L3

e eb s e s sec0s ettt e s st eass s 0000l

) y
give you more of what you want most

FEATURES such as snap or positive-action . . . various terminal

arrangements or mounting provisions .

. . different tempera-

ture ranges—there’s a standard type Stemco thermostat for
your special needs. That means you cut down on lead time,
research and development costs, tooling and production inven-
tory. Specify Stemco and you get better thermostats, faster and
for less than you can make them or buy them elsewhere.

TYPE C
Semi -enclosed

Small, positive-acting. Elec-
trically independent bi-
metal strip for operation
from —10° to 300°F. Rated
at approximately 3 amps,
depending on applicotion.
Terminals and mountings
1o customer specifications.
See Builetin 5000.

THERMOSTATS

SI1ZE and weight are particularly impor-
tant in avionic and electronic applications.
And here Stemco thermostats score, too.
Their compactness and lightness give a
better product without sacrificing per-
formance.

ECONOMY of mass production of many
standard Stemco types with literally hun-
dredsofterminal arrangements and mount-
ing provisions means your product costs
less to make.

AVAILABILITY of most types is good.
Design is flexible for your special applica-
tions, tooling is in existence for short-term
delivery. If heat control is your problem,
Stemco thermostats can provide the

answer. AA-4092

*Refer to Guide 400 EO for U.L. and C.S.A. approved ratings.

m manufacturing company, inc.

Lexington and Mansfield, Ohio

TYPE M+

PR R o o A A I A I R e ¥

Semi -enclosed

Electrically independent
bimetal dlsc type for op-
pliance and electronic op-
plications from -=10° to
350°F, Rating: 8 omps ot
115 volts AC, 4 gmps at
230 volts AC and 28 volts
DC. Virtually any type
terminal. Bulletin 6000,

4ev0evsssesecccsstotass st omsas

TYPE M*
Hermetically sealed

Electrically same as semi-
enclosed Type M. Con be
furnished with pin or sol.
der-type terminals, wire
leads ond various maunt.
ing brockets, Write for
Bulletin 6000.
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ELECTRIC POWER USAGE USES OF CORPORATE FUNDS GOVERNMENT ELECTRONIC
1956 1957 194156 CONTRACT AWARDS

ant & Equipment
Total Power Generated Plant & Equip This list classifies and gives the value of electronic

{billion kwhr) 601 636 equipment selected from contracts awarded by
Sales of Electricity government agencies in November 1957.

(billion kwhr) 530 561 Accelerometers 36,863

Average annual use per resi- Amplifiers 121,704

dential customer [kwhr) 2969 3164 Antennas & Accessories 221,779

Botteries, Dry 127,759

An additional 85 billion kwhr was gene- Batteries, Storage 336,203

rated by industrial and railway plants to Calibrators 25,466

bring the total generated in the USA to Capacitors 48,561

721 billien kwhr. Computers & Accessories 433,902

Loudspeakers 29,852

Meters, Ohm 33,250

1957 1958 Meters, Volt 37,701

New construction (millionkw) 85  16.25 Oscilloscopes 98,067

The installati . . ) Radar Eguipment 341,995

installation of new generating facil- 57 Receivatles Radio Receivers 666,252

ities in 1958 will exceed the previous high Inventoties Tooh. Gov'ts. & Other Radio Receivers-Transmitters 122,353

record of 1955 by almost 4 million kw, and Radio Sets 100,000

is about equal to the total net installations SoUrceTRePTollCodinetts Recorders & Accessories 26,510

of the ten years between 1937 and 1947. Relays 167,276

Resistors 92,000

Switches 144,900

SALES OF ELECTRICITY—1956-1957 Customers of the electric industry totalled Tope, Recording 26,610

(billion kwhr} 55175000 at the end of 1957, o qain of Test Sets 568,238

1956 1957 1,180,000 over the preceding year. Over Tests Sets, Radar 433292

industrial 277 285 98% of occupied homes, both urban and T"°"sf°"“e" 19.532

Residential rural, have been connected for electric Tinensistons Jay-0gc

esidentia 134 147 . Tubes, Electron 941,160

Commercial 88 95 sEraced Waovequide & Accessories 27,790

Others 34 Source—Edison Electric Institute Wire & Cable 509,828

—From an address fo Edison Electric Inst. on
4/3/57 by E. J. Klock, Marketing Services, G. E. Co.
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produce finished wire leads! " INDUSTRIES
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ROBERT E. McKENNA, Publisher
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ARNOLD E. LOOK
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ORESTES H. CALDWELL
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Allen-Bradiey Co., producers of motor controls, use
several Artos CS-6 automatic wire cutting and
stripping machines in their Milwaukee plant.

spee
ATIC MODEL €56

high

AUTOM

3000 STRIPPED WIRE LEADS in one hour
...each precision-cut with both ends per-
fectly stripped. That’s the speedy pace set
by the Artos CS-6 in producing wire leads
up to 15 inches in length! Production
rates vary in proportion to the length cut.

Highly accurate machine operation reduces
work spoilage to an absolute minimum. Errors
due to the human element are eliminated. There
is no cutting of strands or nicking of solid wire.

PROVED PERFORMANCE
Time-consuming hand stripping jobs which
once were a bottleneck in many plants are gone
forever. As a result, Artos automatic wire
strippers are paying their way in the mass pro-
duction of television and radio sets, electrical
appliances, motor controls and instruments of
all kinds.

Plan now to cut wire stripping costs in
your plant...with the high speed, automatic
Artos CS-6.

Cs-6 CAPACITY

Finlshed Wire Leads Per Hour:
lengths to 15’, 3000; 64''-97’' lengths, 500.

Stripping Length: 1142’ max. both ends.
Cutting Length: max., 97’’; min., 2’’; special, 73°".

WRITE FOR Descriptive technical sheet tells how the Artos
CS-6 can save you money, manpower and time.

BULLETIN

ARTOS

2753 South 28th Street -

Circle 4 on Inquiry Card. page 103

MEASURES,

CUTS and
STRIPS

wire, cord

and cable
at speeds up to

3000

pieces per hour

- R
2-Conductor Twisted Wire

Single Conductor Solid Wire

e

2-Conductor Parallel
Stranded Wire
- - e
300 Ohm Television Wire
S O S
$J Cord

T W
Heater Cord

- ]

Braided Cord With
Rubber Jacket

Avtomatic Wire Cutting and Stripping

Milwaukee 46, Wisconsin
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Bobbinless

Resistors

e Exceptional Stability — Permanent change in resistance
less than 0.2¢, under most environmental conditions.

@ Guaranteed Close Tolerance— Resistors guaranteed to
be in tolerance under normal conditions of measurement.
Tolerances down to + 0.05%, available in standard sizes
depending upon resistance value. Closer tolerances or
matched multiples available on request.

e Low Inductance and Low Capacitance Characteristics
with reproducible uniform frequency response.

o Less than 0.2, resistance change with humidity (MIL-
R-93 moisture resistance test).

@ Less than 0.29 resistance change with temperature

cycling (MIL-R-93).

e Withstands extreme vibration and shock due to unique
construction and encapsulation method.

e Extremely Stable— Less than 0.3%, resistance change
with load life or 1009, overload (MIL-R-93).

o Low Temperature Coefficient Wire available.

RECTANGULAR

Resistance CTS Type
aatiagg (Ohms Number

3/4" x 3/16" x 1/4"

3/4” x 3/16" x 3/8"

3/4” x 3/16" x 1/2"
17 x 3/16” x 1/4"
17 x 3/16" x 3/8"
1" x 3/16" x 1/2"
17 x 3/16" x 3/4"
1”7 x 3/16” x 1"

1-1/2" x 3/16" x 17

2" x 3/16" x 1"

2-1/2" x 1/4" x 2"
TUBULAR

3/4" x 1/8"
1" x 1/4°

1" x 3/8"
1-1/4" x 1/2"

.0-10,000
.0-100,000
5-100,000
5-100,000
1-100,000
1-200,000
1-300,000
1-400,000
1-600,000
1-1,000,000
1-2,500,000

1
1
0
0
0
0
0
0
0
0

0.

10-5,000
25,000
-250,000

1-1,000,000

0
5
1

0.
0.
0.

Special dimensions, tolerances, wattage ratings, etc. can be made to your exact specification.
Either axial or radial leads available on all rectangular types.

Write for further detatls todayv.

CANADIAN SUBSIDIARY

C.C. Meredith & Co., Ltd
Streetsviile, Ontario

Phone: Taylor 6-1141
Founded 1896

(H“CAGE TELEPHONE SUPPLY
‘goyméw/io/n

EAST COAST OFFICE
5 Haddon Avenue
Haddonlield, New Jersey
Phone: Haddonlield 9.5512
TWX No. Haddontield 529
Phita. Phone: Market 7-3129

SOUTHWESTERN U. S. A, SOUTH AMERICA

(Texas,Oklahoma)

John A. Green Company Buenos Aires, Argentina

137 Parkhouse Street
Dallas 7, Texas

Phone: Riverside 3266

Jose Luis Pontet

Montevideo, Uruguay
Rio de Janeiro, Brazil
Sao Paulo. Brazil




Portable "TEW"
Line For Marines

A new, highly portable, tactical
early warning (TEW) system is
being developed by Sperry Gyro-
scope Co. to satisfy the Marines’
requirement for helicopter trans-
portable equipment, adaptable to
rapidly changing tactical situations
in any environment.

The new AN/MPS-21 long-range,
search and height finding svstem—
the first of comparable size and
weight—can be quickly transported
by helicopter, cargo-type aircraft,
truck or amphibious vehicle. The
system may be brought into oper-
ation in a battle area within a two-
hour period.

A compact “V-beam” antenna, de-
veloped for the system by Sperry’s
Microwave Electronics Div., using
special molding techniques, super-
imposes both search and height-
find radar paraboloidal-shaped
“dishes’” into a single antenna. The
face of each reflector is energized
in such a manner to produce a com-
posite, simultaneously transmitted
radar beam consisting of a verti-
cal beam for search and slant beam
for height finding.

The dome-like radar antenna
shelter, designed by Birdair Struc-
tures, Inc., resembles in appear-
ance the permanent radomes used
on the DEW line. The transporta-
ble MPS-21 system, however, uses
an inflatable, dual wall, air-mat-
tress-like radome. It is cooled or
heated as needed.

Norris To Govt. Post

Sam Norris, president and chair-
man of the board of the Nuclear
Corp. of America Inc., has been
named Assistant Director, Elec-
tronics Division, of the Business
and Defense Services Administra-
tion, U. S. Dept. of Commerce. Mr.
Norris will be on loan to the BDSA
from his company, and will serve
without compensation from the
government.

‘Blast’ Parts Into Shape

The Aircraft industry is experi-
menting with a new method of
forming extra-tough metals. They
believe that titanium and alloy
steels can best be handled by using
explosive charges; the metal is
punched or formed “before it
knows what happens.” These
metals are so tough that they can-
not be handled by conventional
presses or rams.

More News on Page 13
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ELECTRONIC SHORTS

P A contract for the production planning of facilities for the U. S. Army
Tonizing Radiation Center to be built at Sharpe General Depot, Lathrop.
Calif. has been awarded to Irradiated Products, Inc. IPI was formed
for the purpose of undertaking the radiation enterprise, the first and
most comprehensive pilot-production-size food radiation facility in the
Wor.ld by 4 stockholder-companics representing major areas of the food
business: Armour & Co., Continental Can Co., Food Machinery and
Chemical Corp., and General Food Corp.

P More than 100 scientists, both American and foreign, attended a
recent 4-day workshop held by Varian Associates in the labs and lecture
rooms of that company’s new instrument building. Purpose: to learn
more about the operation and application of nuclear magnetic resonance
and electron power magnetic resonance spectrometers. Like conven-
tional spectroscopy, these radio frequency units are used to identify

the constituents of a sample but with finer distinctions and without
destroying the sample.

P The Electrical Insulating Materials Assoc. has been formed for the
purpose of disseminating practical information ahout the properties and
uses of electrical insulating materials. This association will provide a
means of establishing better communications in the electrical and
electronics industries, specifically on the application of these materials.

P The Radiation Effects Information Center has heen established by the
USAF at Battelle Memorial Institute. Reason: to gather and dis-
seminate data concerning the effects of nuclear radiation on materials
and systems which may be required in aircraft of the future. The Center
will compile, evaluate, and summarize all pertinent data and make it

available to those designated by the Air Force. Coordinator of the Center
is Battelles C. B. Voldrich.

P The Navy has awarded a $518.700 contract for 133 small-hoats radars
to the Raytheon Mfg. Co. The new equipment, a modification of Ray-
theon’s commercial radar “Mariners Pathfinder,” permits the Navy for
the first time to economically place radar on small amphibious landing
craft. The radars will enable small craft, LCPL (personnel) and LCV
(vehicle) to navigate safelv through uncharted or danmerous waters hv
providing needle-sharp. hiegh definition targets on a 10-in radar scope.
Navigational hazards also will appear on the scope.

P The USAF will begin construction of a missile site at Francis E.
Warren AFB, Wyoming during the middle part of ecalendar year 1958.
The construction of facilities required to support the missile program
is estimated to cost in excess of $65-million at this one air base.

P The Civil Aeronautics Administration has opened up the continental
United States airspace above 24.000 ft. to pilots desiring CAA traffic con-
trol service. Up to now, CAA has offered such service only on the 100,000
miles of designated Federal airways and around some major terminals.
Over huge areas like the Grand Canyon, pilots had to rely entirely on
“see and be seen” as a means of separation. This is a first stage in the
CAA program to improve air traffic control system for the civil jet age.

P A tenfold extension in the range of radar has been brought about
through a new method of sending and receiving signals. Work was done
by a team of Columbia University physicists. The new radar can dis
tinguish echoes more rapidly over much greater distances and with much
less power. The system separates weak signals from background electrica
“noise,” and amplifies them, broadeasting a continuous stream of micro-
waves, instead of pulses, and analyzes the incoming signal.

p Airlines lack the earning power and financial strength to serve the
public adequately and to finance new jet equipment, according to Mr,
Donald N. McDonnell, chairman of the Aviation Securities Committee
of the Investment Bankers Assn. Mr. McDonnell, quoting from an 8-man
committee report to investment bankers who have financed the growth of
aviation, charged that the CAB rate regulation restrictions are responsihle.

ELECTRONIC INDUSTRIES - January 1958




.. applied to weather radar |

Announcing the ...

HUGHES
FAMILY OF
TONOTRON"~
DISPLAY TUBES

| MAGNETIC DEFLECTION S” DIAMETER
Representative applications: plan position indicator Information; slow-
scan television. (Complies with Aeronautical Radio, Inc. speci.izations.

... applied to slow-scan television ...applied to complex radar systems

ELECTROSTATIC DEFLECTION 5” DIAMETER ELECTROSTATIC DEFLECTION 5” DIAMETER
Representative applications: “‘B”’ scan radar, oscillography, arma- With two writing guns, Representative applications: multiple **B'* scan
ment control radar. radar, oscillography, and armament control radar.

..applied to "'B'" scan projection

High brightness, multiple halftones, superior storage
uniformity, controllable persistence, and compact
design are the outstanding characteristics of the
Hughes TONOTRON electron tube. All TONOTRON
tubes present a complete scale of grey shades for
high-fidelity picture reproduction. Hughes offers the
only complete line of cathode-ray storage tubes, in-
cluding the infinite persistence tubes—TYPOTRON

Type 6577 (character-writing storage tube) and the
MEMOTRON® Type 6498 (oscillograph storage tube).

Complete technical information — specifications, operating

characteristics, suggested circuitry, etc., will be sent you

on request. Write: HUGHES PRODUCTS, Electron Tubes, Inter-
ELECTROSTATIC DEFLECTION 3” DIAMETER national Airport Station, Los Angeles 45, California.

Representative applications: optical projection systems, miniature
radar indicators.

Creating a new world with ELECTRONICS

HUGHES PRODUCTS

‘Trademark of Hughes Aircraft Company
® Registered Trademark

© 1958, HUGHES AIRCRAFT COMPANY
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THESE ARE THE REASONS WHY

Exclusive self stabilized woofer cone structure
and dual spids constmctlon ensure lifetime
centering.of mcving system for all extreme

excursfons.

mver -“ " obmported Tolel e

rm dis-

orm wide-

\¥ "1--54-"A',J"'
Exclustv multl sectiomal lefusmone provides
controlanear mid-range re-

sponse and disgersion.

2690,237;

Continuously variable dual control network in-
tegrates and blends mid-range and tweeter for
concert realism regardless of room acoustics.

Response: 25 cps to Inaudibility: Power capacity: 50 watts, integrated program; Total
magnet wt.: 6! lbs. Alnico 5; Impedance: 8-16 ohms; Depth: 12”; User net: $156.00.
UNIVERSITY LOUDSPEAKERS, INC., 80 SO. KENSICO AVENUE, WHITE PLAINS, N. Y.

University sounds detr
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As We Go To Press ...

Computer Elements
(Continued from page 5)

tudinal to a helical path. Informa-
tion is inserted into the wire by
using the coincidence of the circu-
lar field and the longitudinal mag-
netic field of the central conductor.
The magnetic wire itself is used as
the sensing means.

A. H. Bobeck tests the memory characteris-
tics of the “Twistor’” at Bell Labs

The speed of operation and out-
put of the “Twistor” are compara-
ble to ferrite memory systems. But
the manufacturing of memory de-
vices reportedly becomes much
more economical using “Twistors.”

Fink New IRE President

Donald G. Fink, Director of Re-
search of the Philco Corp., has
been elected president of the Insti-
tute of Radio Engineers for 1958,
succeeding John T. Henderson of
the National Research Council, Ot-
tawa, Can.

Carl-Eric Grangvist, Director of
Svenska Aktiebologet Gasaccumu-
lator, Stockholm-Lidingo, Sweden,
becomes IRE vice-president.

ARMY "HUT"

An easily assembled lifting device simplifies

the Army’s task of raising this Craig
Helicop-Hut to level of truck bed. Shelters
are designed to house complete radar,
microwave or other installations

ELECTRONIC INDUSTRIES -

Electronic Scanning

For '"Fastest Printer"

Electronic scanning and the light
sensitivity of selenium have been
combined into the world’s fastest
printer, Stromberg-Carlson’s SC-
5000, demonstrated last month.

The new printer will print the
output of electronic computers at
4,680 lines (about 65 ft) per min,
five to ten times faster than the
speed of present electro-mechanical
printers.

The system is designed around
two unique devices, an electronic
display tube which forms and pro-
jects the figures to be printed and
a new selenium coated printing
drum which is the heart of the
high-speed xerographic printing
method used in the system. The
Haloid Co. was primarily responsi-
ble for the design of the printing
equipment.

The figures to be eventually
printed are first formed in S-C's
Charactron tube by an electron
beam passing through an aperture
shaped in the form desired. Once
the beam has been ‘“extruded’” to
shape it is deflected to the proper
position on the display tube.

From the display tube the fig-
ures are focussed on to a revolving
drum coated with light sensitive
selenium, leaving a pattern of
charges corresponding to the ma-
terial to be printed. The surface
is then dusted with a charged pow-
der and the excess quickly removed.
Powder clings to the charged
areas, duplicating the figures to be
printed. The pattern is trans-
ferred to paper through a mag-
netic attraction.

FTC Says Tube Firm
Sells 'Rejects’ As New

The Federal Trade Commission
charged last month that Rad-Tel
Tube Co., 604 Market St., Newark.
N. J. is misrepresenting ‘“rejects”
as first quality radio tubes.

Though the firm’s advertisements
specify that their tubes are brand
new, the FTC complaint says that
the tubes are not first quality but
are seconds which tube manufac-
turers have rejected. Neither the
cartons in which the tubes are
packed nor the firm’s invoices dis-
close the true nature of the tubes,
says the commission.

A hearing is scheduled Feb 4.
1958 in N.Y.C.

January 1958

“"Printed’’ Transistors
For Army Equipment

Army electronic equipment may
be reduced to 1/10th the present
size through a new method of
printing transistors developed at
Diamond Ordnance Fuze Laborato-
ries.

The transistors produced by the
new method are 1/20th in. wide
and 1/100th in. high. When

printed on a board together with
printed components, a highly shock

Transistor is tiny dot on printed circuit

resistant circuit is produced which
lends itself well to automatic pro-
duction.

Technically the new method of
producing transistors starts with a
tiny wafer of germanium. Photo-
sensitive film provides precise po-
sitioning masks on a ceramic plate
for the pin-point electrodes of the
transistor. The electrodes are
formed by vapor deposit.

The process was invented by Dr.
J. W. Lathrop and James R. Nal
of Diamond Ordnance Fuze Labo-
ratories.

LONG-LIFE LAMP

GE president Ralph ]. Cordiner lights replica
of Edison’s first practical incandescent lamp

at GE Lab, Schenectady, N. Y. Special
memorial lamp will burn for over a century.
Observers are Dr. W. D. Coolidge (1) and
Dr. Guy Suits, GE director of resecarch.

More News on Page 15
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INDUSTRY'S MOST ADVANCED DESIGN!

(Patent No. 2,790,882)

FRONT VIEW
(unmounted)

Direct reading dial
is calibrated to 120
on one side—132 on
the other, for line or
overvoltage connec-
tions respectively.

-2

~lao

3/8-32- 3|2' ."IL
BUSHING - LA,

13 D1a

N

NON-TURN-
PROJECTION
3/32" HIGH, FITS
3/16" DIA. HOLE

'_l "\':;-,- -

\

OHMITE'
oy

\
. VARIABLE
wsformer 7

& %

MORE CAPACITY FOR EQUAL SIZE

MODEL VTIR5—1.5 AMPERES. The rating of 1.5 amperes
represents a continuous current rating at any brush setting
even at full overvoltage! This “bonus™ in current capacity is
the result of a unique core design by Ohmite. This new com-
ponent from Ohmiite is made to the same high standards as the
famous Ohmite resistors, rheostats, and other components.
Other models in larger sizes will be announced soon.

In addition to its greater capacity for equal size, the new
Ohmite VARIABLE TRANSFORMER, representing indus-
try’s most advanced design, features the following quality
features:

® Heavily Plated Rhodium Brush Track . . . Generous, nonoxidizing
plating assures unsurpassed life under demanding conditions.

® Positive Current Transfer . . . The contact arm carries no current
in this unit! A pigtail shunts the current from the brush, directly
to a large copper-graphite slip ring which contacts a large area
of the terminal. The spring-like contact arm provides its own
completely independent pressure.

® Rugged INTERNAL Stop eliminates possibility of damage to con-
tact arm and brush due to application of torque at rotation limits.

® Ceramic Hub . . . Mounts and aligns the contact arm, provides
3000 volts ac msulauon between parts at line potential and shaft.

AVAILABLE FROM STOCK:
SPECIFICATIONS—MODEL VTIRS
INPUT VOLTAGE—120V, 60 CYCLE.
MAX. OUTPUT AT ANY BRUSH

SETTING—1.5 AMPS. OUTPUT

VOLTAGE-—0-132—0-120.

ANGLE OF ROTATION—320°.

Includes knob, reversible dial plate,

washer and nut.

Tandem assemblies available soon.

BACK VIEW

@ H M n T E ® RHEOSTATS - RESISTORS « RELAYS -
WRITE FOR BULLETIN 151 O“Mli'o At TAP SWITCHES - TANTALUM CAPACITORS -

’][/{[ 5 compnnents / VARIABLE TRANSFORMERS

"’/f mm%‘“
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OHMITE MANUFACTURING COMPANY
3662 Howard Street, Skokie, lilinois
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Signal Corps Tests
New Radio Terminal

An air-transportable radio com-
munications terminal with an an-
tenna that inflates like a balloon is
being evaluated at the U. S. Army
Electronic Proving Ground, Ft.
Huachuea, Ariz. The unit will pro-
vide beyond the horizon communi-
cations for fast-moving tactical
groups.

The equipment can be completely
packed in two metal “huts” that
serve as shelters when the station
is erected. They would be carried
in transport aircraft, or by motor
vehicles.

The “Transhorizon” method pro-
vides extremely reliable UHF radio
communication for ranges of 50-
150 miles without relays. Up to 12
voice or 96 teletypewriter mes-
sages can be transmitted or re-
ceived simultaneously at the single
station.

Two 15 ft. dish antennas are
used. The inflatable portion of the
antenna consists of two pieces of
plastic fabric clamped together at
a hoop-shaped girder to form an
enclosed envelope. The rear piece
of fabric is coated with aluminum
to reflect the radio energy.

A motor-driven blower inflates
the antenna in about 12 minutes
and then maintains the pressure.

New TV Is 10 In. Deep

Sylvania introduced a new ultra-
slim 21 in. TV console last month,
the “Sylouette,” that is housed in
a cabinet only 10 in. deep.

The slimness is achieved by a
“floating picture” design that pro-
Jects the 110° picture tube out four
inches from the cabinet.

NUCLEAR REACTOR

R. Marcott and E. Lodi demonstrate Amer-
ican Machine & Fdry. Co.’s nuclear reactor
control console at the recent Nuclear Show
at New York's Coliseum. AMF is a leading
mfr. of educational reactors.

ELECTRONIC INDUSTRIES -

Coming Events

A listing of meetings, conferences, shows, efc., occurring
during the period January to May that are of
special interest to electronic engineers

Jan. 6-8: 4th National Symp. on Re-
liability & Quality Control, IRE; at
Hotel Statler, Washington, D. C.

Jan. 7: Annual Business Mtg., Vet-

eran Wireless Operators Ass’n;
New York, N. Y.

Jan. 13-15: Annual Conv., NARDA;
Conrad Hilton Hotel & Merchan-
dise Mkt., Chicago, Ill.

Jan. 14-15: Yankee Instrument Fair
& Symp. ISA; Hotel Bradford,
Boston, Mass.

Jan. 22-24: Conf. on Automation, by
EIA; at Arizona State College,
Tempe, Ariz.

Jan 27-28: Scintillation Counter
Symp., IRE, AIEE, AEC & NBS;
Shoreham Hotel, Washington, D. C.

Jan. 27-30: 11th Annual Symp. on
Modern Methods of Analytical
Chemistry; at Louisiana State
Univ., Baton Rouge, La.

Jan. 27-30: I’lant Maintenance & En-
gineering Show; International Am-
phitheater & Palmer House, Chi-
cago.

Jan. 27-31: 26th Annual Mtg., IAS;
Hotel Sheraton-Astor, New York,
N. Y.

Feb. 10-14: Committee Week, by
American Soc. for Testing Mate-
rials; at Hotel Statler, St. Louis,
Mo.

Feb. 20-21: Conf. on Transistor &
Solid State Circuits, by IRE; at
Univ. of Pennsylvania, Philadel-
phia, Pa.

Feb. 20-21: 14th Annual National Wir-
ing Promotion Conf.; Statler Hotel,
Detroit, Mich.

Feb. 20-24: Industrial Relations Conf.,
by EIA; at Town & Country Hotel,
San Diego, Calif.

Mar. 11-13: 8th Annual Conf. on In-
strumentation for the Iron & Steel
Industry; at Roosevelt Hotel, Pitts-
burgh, Pa.

Mar. 16-21: Nuclear Engineering &
Science Conf., IRE, ASME, EIC &
ANS; Chicago, I1.

Mar. 24-27: IRE National Convention;
at Waldorf-Astoria Hotel & Coli-
seum, New York, N. Y.

Mar. 25-28: Packaging Machinery &
Materials Expos.; at Convention
Hall, Atlantic City, N. J.

Mar. 26-28: American Power Conf.
Illinois Inst. of Tech.; Hotel Sher-
man, Chicago, Il

Mar. 27-29: Electrical Industry Show;
Shrine Exposition Hall, Los An-
geles, Cal.

January 1958

Apr. 2-1: Conf. on Automatic Optimi-
zation, AIEE, IRE, ISA, AIChE &
ASME; Univ. of Delaware, Newark,
Del.

Apr. 8-10: Symp. on Electronic Wave-
guides, IRE & Polytechnic Inst.;
Engineering Societies Bldg., New
York City.

Apr. 10-12: Regional Conf. & Elee-
tronics Show, by IRE; at Munici-
pal Audit.,, San Antonio, Tex.

Apr. 14-16: Conf. on Automatic Tech-
niques, by IRE, ASME & AIEE;
at Statler Hotel, Detroit, Mich.

Apr. 14-17: 15th Annual Radio Com- |
ponent Show; Grosvenor House &
Park Lane House, London, W. 1,/
England.

Apr. 16-25: Instruments, Electronics
& Automation Exhibition; at Olym-
pia Hall, London, England.

Apr. 22-24: Electronic Components
Conference, IRE, WCEMA, AIEE,
& EIA; at Ambassador Hotel, Los
Angeles, Calif.

Apr. 23: Annual Meeting, PACE;
Governor Ciinton Hotel, New York
City.

Apr. 30-May 2: Tech. Conf. & Trade
Show, IRE; Sacramento, Calif.

May 4-7: 4th National Flight Test
Instrumentation Symp., IAS; Park
Sheraton Hotel, New York City.

May 5-7: National Symp. on Micro-
wave Theory & Techniques, IRE;
at Stanford Univ., Stanford, Calif.

May 6-8: 1958 Western Joint Com-
puter Conf., IRE, ACM & AIEE; at
Ambassador Hotel, Los Angeles,
Cal.

May 7-17: 2nd U. S. World Trade
Fair; at New York, N. Y.

May 12-14: National Aero & Naviga-
tional Electronic Conf., IRE; at
Dayton, O.

May 19-21: 1958 Electronic Parts Dijs-
tributors Show: Conrad Hilton Ho-
tel, Chicago 3, Ill.

Abbreviations:

ACM: Association for Computing Machinery

AIChe: American Institute of Chemical Engi-
neers

AlEE: American Inst. of Electrieal Engrs.

ANS: American Nuclear Society

ASME: American Society of Mechanical Engi-
neers.

EJC: Engineers Joint Council

EIA: Electronic Industries Assoc.

JAS: Inst. of Aeronautical Sciences

IRE: Institute of Radio Engineers

ISA: Instrument Society of America

PACE: Producers of Associated Components
for Electronics

WCEMA : West Coast Electronic Manufacturers
Association
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FROM ““GIANT’* 10-INCHERS TO ““SUPER-COLOSSAL" FROM PRIMITIVE “TRF'S” TO THE HIGHEST OF THE
27's . . . early black-and-white to the latest “f1” . . . the earphone era to the most mod-

rainbow colors . . . ern of radios.

KESTER SOLDER

COMPANY « 4210 WRIGHTWOOD AVENUE » CHICAGO 39, ILLINOIS
NEWARK S5, NEW JERSEY + BRANTFORD, CANADA

FOR MORE THAN HALF A CENTURY,
one of the “constants’’ of the ever-expanding
electronics industry has been Kester Solder.
Equipment and components originally sol-
dered with Kester continue to give excellent
service; regardless of their age, the soldered
joints stay in perfect condition for the life of
the unit. That's why Kester Flux-Core Solder
has the greatest acceptance in the industry

. why you should always insist on Kester.

WRITE TODAY for the KESTER 78 page text-
book “Solder . . . Its Fundamentals and
Usage.” Free!
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MICROWAVE
SIGNAL
GENERATION

Complete Coverage
650 to 11,500 mc.

Each Polarad Microwave Signal Generator is equipped
with the unusually simple UNI-DIAL control that tracks
reflector voltages automatically while tuning
continuously. Frequency. accurate to +1%, is read
directly on the single frequency dial. These

rugged instruments include internal modulation,
pulse and FM; internal square wave modulation;
synchronization outputs. delayed and

undelayed; provision for multi-pulse

modulation input; provision for

external modulation and synchron-

ization; variable attenuator

calibrated directly in dbm;

engineered ventilation

to insure specification

performance over long

operating periods.

These Polarad Microwave

Signal Sources are direct

reading and continuously tuned

with Polarad's UNI-DIAL control

that automatically tracks

the reflector voltage as the

klystron cavity is being tuned.

Maximum power output is assured
throughout the entire range of each
instrument by means of a power set control.

For improved stability, a klystron tube is

in an external precision cavity. All Polarad Signal
Sources can be externally modulated with

either square wave or FM signals.

*
(Model SSX-E 7.850-11,500 available on special order)




MICROWAVE gt
SIGNAL vy,
GENERATION

Complete Coverage

12,400 to 50,000 mc
EHF Microwave Signal Generators

o A completely integrated self-contained signal
generator covers 12,400 to 17,500.

e 7 plug-in r-f tuning units and a basic unit cover &
the frequency range from 18,000 to 39,700 mc. ;

o Direct-reading calibrated output attenuator,
accuracy +2db.

e Frequency calibration accomplished by
a +0.1% direct-reading wavemeter.

® |nternal 1000 cps square-wave _,,,,-i
modulation.

o Capable of external modulation,
both pulse and FM.

e Equipped with integral
electronically-regulated
power supplies.

o
4

%‘z’,‘ﬁ:’: - | f : "4 o EHF Microwave
\ | ) ' Signal Sources

< ® A completely integrated

@ self-contained signal source
e covers 12,400 to 17,500 mc
@ 9 plug-in r-f tuning units
and a basic unit cover the frequency
range from 18,000 to 50,000 mc.

e |nternal 1000 cps square-wave
modulation.

e (Capable of external modulation,
both pulse and FM.

o Equipped with integral electronically-
regulated power supplies.

e Frequency calibration accomplished by a
+0.1% direct-reading wavemeter.

POLARAD
ELECTRONICS

CORPORATION
43-20 34th St., long Island City 1, N. Y.

REPRESENTATIVES: Abington, Albany, Atlanta, Baltimore, Boelng
Fleld, Chicago, Cleveland, Dayton, Denver, Detroit, Englewood,
Fort Worth, Kansas City, Los Angeles, Portland, Rochester,
St. Louis, Stamford, Sunnyvale, Syracuse, Washington, D. C.,
Westbury, Westwood, Wichita, Winston-Salem, Canada: Arnprior,
Ontario. Resident Representatives in Principal Foreign Cities.

Madel SG-1218
Signal Generator
12,400 ta 17,500 me¢ -
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a RESISTORS

" «..A NEW SERIES OF COLD-MOLDED
RESISTORS DESIGNED FOR THE MOST
STRINGENT REQUIREMENTS
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Characteristics of Stackpole Coldite 704
Resistors far exceed requirements of MIL-R-
! 11B, Amendment 1. The performance records
- in the tables on the next two pages speak for
themselves. Recent developments in Stack-
\ pole’s unique cold-mold resistor
= ,  processing methods achieve new Tyrn Page for

standards of reliability with truly

TYPE Bcar B outstanding performance in such es- Engineering

v, VATT \ senFial characteristics as load life and Data
-, moisture resistance.
TYPE RC-32 New, Coldite 70- .- Resistors are now available
L il in MIL-R-11B Styles RC-20 (1/-watt) RC-32
TYPE RC-42 (short 1-watt), and RC-42 (2 wauts) . . . in all
2 WATTS standard resistance values . . . and at regular

resistor prices.
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STACKPOLE (0/olfe 70*
TYPE 5c3-20 ('/2-v'vc|tt)
| 2 ! Aot |

3 o
W (Ormpore

/

10 chms 270,000 ohms 22 megohms TH ESE SPECS .
COLDITE 70+ | MIL-R-118 | COLDITE 704+ | MIL-R-118 | COLDITE 70+ MIL-R-118B
RESISTANCE-TEMPERATURE
CHARACTERISTICS
1.6 3.251 5241 7.5 5.6 @ —15°C
3.8 6.5 71 15.0 16.2 . @ —55°C
1.4 245 0.1 5.0 3.7 . @ +65°C
2.0 50 | 3.2 10.0 35 : @ +105°C

not applicable | 0.0164 0.0350-5 0.0277 | 0.0350 VOLTAGf)ef?‘)E'fFlc'ENT
i

0.2 20| 02 | 20 1.5 2.0
005 | 30| o 3.0 02 | 30
0.1 40 | 01 4.0 0.4 4.0

LOAD LIFE at 70°C

0.3 6.0 1.6 6.0 0.2 ! after 50 hours
0.5 6.0 0.9 6.0 07 | after 250 hours
0.2 60 | 0.6 6.0 1.2 E after 500 hours
0.3 6.0 0.5 6.0 1.0 after 1000 hours

0.02 1.0 | o1 1.0 05 | 1 LEAD TWIST TEST
0.4 30 | 05 3.0 0.5 4 .3 EFFECT OF SOLDERING

All Stackpole Type RC-20 Coldite 707 Resistors withstand standard
tests of 700 volts r.m.s. at atmospheric pressure for 5 seconds as
well as 450 volts r.m.s. at 3.4 inches of mercury for 5 seconds
withou! damage, arcing, or breakdown.

All Stackpole Coldite 70" Resisters withstand the standard 5-pound
cw g SECURITY OF TERMINALS

DIELECTRIC STRENGTH

... A Major Resistor Development for Major

TOPS IN SOLDERING TOO!

@\\“’ Thanks to an extra solder coat- . 'PACKAGED for AUTOMATION

ing—applied as the final step in
manufacture after the usual tin-
lead coating—Stackpole Coldite
70} Resistors solder perfectly
by any method . . . dip or ircn.

For fast, convenient assembly . . .
manual or automatic . . . Stackpole
Coldite 704 Resistors are sup-

plied either in Reels, or Strip-

required.
Moreover, the effects of normal solder- pack as required

ing heat on Coldite 704 Resistors causes
average resistance variations far below
today’s critical requirements.

Circle 12 on Inquiry Card, page 103 ELECTRONIC INDUSTRIES =+ January 1958



STACKPOLE (0/olfe JO*

TYPE RC 32 (l-wott)

TL

—

ol
s

Average Percent Resistance Change

10 ohms

COLDITE 704 | MIL-R-11B
1.5 3.25
3.7 6.5
1.6 2.5
2.1 5.0

|

l not applicable

! 0.1 2.0

I oa 3.0

oo 4.0
37 10.0
0.2 2.5
0.2 6.0
04 6.0
0.5 6.0
0.5 6.0
0.04 1.0
0.2 3.0

270,000 ohms

COLBITE 70+

0.0068

0.1
0.2
1.1

0.13

oo—a_‘_au
o o lmnovwo

MIL-R-11B

7.5
15.0

100

2.0
3.0
4.0
10.0

oo o
[eNeNel

6 0
1.0
3.0

22 megohms
COLDITE 70+ | MIL-R-118
6.7 12.5
15.7 25.0
4.0 7.5
3.7 15.0
0.0200] 0.0160}| 0.0200
1.0 2.0
0.5 3.0
0.2 4.0
3.2 10.0
0.2 2.5
0.25 6.0
0.9 6.0
1.9 6.0
23 6.0
0.1 1.0
04 3.0

STACKPOLE (0/offe JD*

TYPE RC 42 (2-wotts)

i
|3

F' 1'6_ l

y /

7L

o)

Average Percent Resistance Change

10 ohms

CDLDITE 70+ | MIL-R-118

1.5 3.25
37 6.5
1.6 2.5
2.1 5.0

not applicable

0.2 2.0
0.1 3.0
0.1 4.0
1.4 10.0
0.1 280
07 6.0
1. 6.0
1.6 6.0
2.0 6.0
09 1.0
0.1 3.0

120,000 ohms

COLDITE 70+{ MIL-R-11B

21 7.5
59 15.0
1.2 5.0
4.4 10.0

0.25 2.0
101 3.0
E 0.8 4.0
| 4.4 10.0
| 0.2 2.5
2.2 6.0
2.6 6.0
2.7 6.0
2.1 6.0
0.03 1.0
0.07 3.0

0.0051 0.0200} 0.0177

All Stackpale Type RC-32 and RC-42 Coldite 70t Resistors withstand standard tests af 1000 volts r.m.s. at atmospheric pressure
for 5 secands as well as 625 volts r.m.s. at 3.4 inches of mercury for 5 seconds withaut damage, arcing, ar breakdown.

Commercial

a//////

SAMPLES

for your critical appraisal

All Stackpole Coldite 70t Resistors withstond the standard 5-paund pull test.

available either from your local electronic
parts distributor or direct from Stackpole.

ELECTRONIC INDUSTRIES -

January

1958
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FIXED COMPOSITION

RESIS‘I'ORS

o

22 megohms
COLDITE 70+ | MIL-R-11B
9.8 12.5

227 25.0
7.2 7.5
8.0 15.0

0.0200
1.3 2.0
0.7 3.0
04 4.0
1.8 10.0
0.4 2.5
0.2 6.0
04 6.0
0.8 6.0
0.6 6.0
0.08 1.0
04 3.0

Electronic Components Division

STACKPOLE CARBON COMPANY, St Marys, Pa.

In Canada:

Toronlo 14,

Canadian Stackpole
ltd., 550 Evans Ave.,

Ont.

Circle 13 on Inquiry Card, page 103

Etobicok

e,

2]



Electronic Industries’ N@WS Briefs

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

HENDIX AVIATION CORP. has opened a
new district office to handle sales, service and
applications of its general-purpose electronic
computer and accessories in the New York
are:

WESTINGHOUSE ELECTRIC CORP. has
added a new wing to its Air Arm Division,
Baltimore, which increases the area hy 100,-
000 sq. ft.

GE'S TECHNICAL PRODUCTS DEPT. has
been awarded a $5-million contract for pro-
duetion of over-the-horizon seatter communica-
tions.

BALLANTINE LABORATORIES, INC., is
celebrating its 25th anniversary.

UNITED STATES RADIUM CORP. has re-
vealed a new process for marking and finishing
lacquered instrument dials which extends func-
tional life under extreme environmental and
operating conditions by as much as 1009%.

MINNESOTA MINING & MFG. CO. has ap-
pointed Vitex Plastics Co.. 830 Broadway, New
York City., as distributor for '‘Fura-Tone”
NC 1002, a new liguid molding material from
which highly-detailed vacuum-forming molds
can be made.

A. B. DUMONT LABORATORIES. INC,,
has announced the development of an all
electronic contact analog generator. The de-
vice presents an all weather flying aid, contact
analog, on a standard CRT.

ANACHROME CORP,, Afliliate Company of
Anadite, Ine., in conjunction with Hughes
Aircraft Co., has developed n new process of
insulating cireuitry chassis whieh has greatly
increased the dielectric strength. The new
process equally distributes the heat from the
transistor.

PHILCO CORP. has announced a new line
of *“field accelerated” transistors—Micro Alloy
Diffused-base Transistor (MADT). They should
make possible the transistorization of high
gain, high frequeney amplifiers, high speed
computers, ete.

BENDIX-SCINTILLA has appointed Air-
work Corp. in Miami as a jobber to assemble
all types of Scinflex connectors.

D. S. KENNEDY & CO., designers and
builders of the MIT antenna at Westford,
Mass. which is being used for research in bal-
listic missile defense will have 6 new addi-
tions completed within a few weeks for the
U. 8. "*downrange” for guided missiles.

AUDIO DEVICES, INC. has created a new
manufacturing division to produce silicon rec-
tifiers. The new division will oceupy a plant
in Santa Ana, Calif.,, with 30,000 sq. ft. of
operating space.

GENERAL TRANSISTOR CORP. has leased
an additional 16,000 sq. ft. building at 87-11
130th St., Richmond Hill, N. Y. The new one-
story structure will be used to house the new
Diode Manufacturing Div.

RADIO RECEPTOR CO., the semiconductor
division subsidiary of General Instrument
Corp., has introduced a versatile subminiature
silicon junction diode, 1N658. It features high
conductance, fast recovery, high peak inverse
voltage, and a broad operating temperature
range.

22

RAYTHEON MFG. CO. has been awarded a
Navy contract for 133 small-boat radars for
small landing eraft. They will be used to help
invasion troops at strategie, tactical beach-
head positions in fog or other conditions of
zevo visibility day or night.

GULTON INDUSTRIES have established an
Alkaline Battery Div. for the production and
marketing of nickel eadmium, nickel iron bat-
teries and associated charging equipment.

UNITED STATES GASKET, Plastics Div. of
the Garlock Packing Co., is now in limited
production with Teflon 100-x tetrafluoroethy-
lene resin.

MID-WEST

CHICAGO TELEPHONE SUPPLY CORP.
has expanded the territory covered by its
Eastern oftice in Haddonfield, N. J.. to include
New York City and the entire New England
seacoast.

MINNEAPOLIS - HONEYWELL REGULA-
TOR CO. has completed enlargement of pro-
duction and engineering facilities of the Hei-
land Div. The added 12,000 sq. ft. will be used
to increase production of osecillographic in-
struments.

FANSTEEL METALLURGICAL CORP. has
appointed Eastern Radio Corp., Clifton, N. J.,
as its authorized vrectifier-capacitor products
distributor.

LENZ ELECTRIC MFG. CO. has released a
new sample board of shielding and grounding
braid. Actual samples of the various standard
sizes of braid are provided.

MOTOROLA COMMUNICATIONS & ELEC-
TRONICS, INC., has constructed a new ad-
ministrative headquarters for the 10-state
southern sales area at Duallas, Tex.

TEXAS INSTRUMENTS INCORPORATED
has opened a new sales office at 401 Monument
Bldg.. 11 W. Monument St., Dayton 2, Ohio.

BELDEN MFG. CO. has become a par-
ticipant in the Howard W. Sams engineering
analysis and Photofact listing services.

DALE PRODUCTS, INC., hus completed a
new 16,000 sq. ft. resistor production facility
at Columbus, Nebraska. The new space will
be used for precision wire wound and de-
posited earbon resistor production.

PYE TELECOMMUNICATIONS LTD. has
designed and built what is believed to be the
world’s first all-electronic telephone exchange
for commercial use.

MARCON!I'S WIRELESS TELEGRAPH CO.,
LTD., is supplying equipment for the new
Cyprus television service which will be located
near Nicosia, the capital.

RADIO CORIP. OF AMERICA has received
an order for 38 AVQ-10 weather avoidance
radar units from Sud-Est, one of France's
largest aireraft manufacturers. An order for
34 similar units has been received from Trans-
Canada Airlines.

ELECTRONIC INDUSTRIES -

WEST

PLASTIC FACTORS, INC.. has moved to
expand facilities in a 9,000 sa. ft. modern
production plant at 926 Broadway. Redwood
City, Calif.

WESCON, IRE-LOS ANGELES, WCEMA
have moved into new and larger quarters a
1435 S. La Cienegan Blvd., Los Angeles, Calif
Telephone number is OLeander 5-8462.

HOFFMAN RADIO DIV, has appointed Mer-
chandising Distributors, Inc., San Diego, as
its distributor in San Diego and Imperial
counties,

CANNON ELECTRIC CO. has begun pro-
duction in its new 106,000 sq. ft. Santa Ana
Div. It is expected to employ 1.500 within
3 years.

NATIONAL CASHN REGISTER CO.. [lec-
tvonies Div., recently conducted a seminar on
digital ecomputer techniques. The purpose of
the course was to acquaint government per-
:onnel with the latest advances.

BEAUMONT ELECTRONICS has veceived
a sub-contract to produce miniature electrical
connectors for the Deutsch Co. The company
is completely tooled up for the job and has
gone into immediate production.

CURTISS-WRIGHT CORP. has purchased
all the outstanding stock of H. A. Wagner
Co., Van Nuys, Calif., 2 corporation devoted
to design and production of missile systems
and components.

CALIFORNIA TECKNICAL INDUSTRIES
will manufacture a three-axis dynamic flight
simulator, and an associated dynamic altitude
simulator. Both are developments of Air Arm
Div. of the Westinghouse Electric Corp.

INTERNATIONAL BUSINESS MACHINES
CORP. will install its first two production
models of its 305 RAMAC, computer and ac-
counting machine at the Denver operational
headquarters of United Air Lines. United
will lease the systems to speed the processing
of thousands of ticket reservations made dajly.

AUTONETICS DIV.. North American Avia-
tion, Iune., has received a contract from Re-
publie Aviation Corp. for a monopulse radar.

SPRAGUE ELECTRIC CO. will expand its
Pacific coast manufacturing operations avith
coustruction of a new plant covering more
than 21,000 sq. ft. at Visalia, Calif.

FILTORS, INC., have opened a West Coast
branch office at Suite 208, 13273 Ventura Blvd.,
Studio City, Calif. R. B. Moon is manager of
the new branch.

INTERNATIONAL RECTIFIER CORP. is
supplying full calibration data with its new
zener diodes which feature exceptionally low
temperature coefficient and zener impedance
over the voltage range.

BELIPPOT DIv., BECKMAN INSTRU-
MENTS, INC., officially dedicated its new $3-
million facility in Newport Beach, Calif. The
ultra-modern 156,000 sq. ft. building overlooks
Balboa-Newport Bay.

RAMO-WOOLDRIDGE CORI'. has presented
the John Traey Clinie of Los Angeles with a
“Teletac’ unit, a new device which will pro-
vide the deaf with additional means of in-
stant communication,

January 1958



helps solve rocket thermal in:

New Formico laminated plastic thermo-insulater
provides protection from hot launching gases

peration with Rocket Fuels Division, Phillijs
Petroleum Company, Formica application engince
ing applicd Grade I'I°-34 (modified) with the precise
characteristics for protection against hot gases
This Formica fabricated liner protects the steel blast
tube through a time cycle of intense heat in a ne
target drone.
This solution called for three of the Formica~4
services that assurc the right laminated plastic fcr
every requirement
1. Application engincering to select the right grade
2. Research to adapt it to this particular application
3. Fabricating to produce a complete componer.t
recady for assembly fourth—Customer Stock
Service—provides a ready supply of sheets and rocs

for prompt shipment.

This unique laminated plastics service can be of
assistance 10 vou in your own product design prob-
lems. For complete information, send for frec
Formica-4 bulletin 584. Formica Corporation, a
subsidiary of American Cyanamid, 4536 Sprirg
Grove Ave., Cincinnati 32, Ohio.

CVYANANT T I
1. Application Engineering 2. Research 3. Fabricating 4. Customer Stock Serdce
Circle 14 on Inquiry Card., page 103 FI-1586
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NEW EECO "T-SERIES”
émmmu’xm
TRANSISTOR

PLUG-IN CIRCUITS

FEATURES

® Low Cost

® 250 kc circuits

¢ High Packing Density:

1 square inch per container
214 cubic inches per container
Muitiple circuits per container

All units compatible with ail others

Low power consumption
(e.g., Flip-Flop: 60 mw)

Repairable

Long life and reliabie operatlon
(Deslgn Criteria on request)

Sealed

Use standard hardware and
standard punching

Separate case and signal grounds

Pin connections arranged for easy
buss wiring of power, signal
ground, and case ground.

Diode Logic circuits contain integral
Emitter Followers to permit
cascading. Any dc logic can drive
any other dc logic. For example,

Or” circuits can drive *And”
circuits and vice versa.

e Both NPN and PNP Emitter Followers

AVAILABLE CIRCUITS

Flip-Flop, three types:

e RST (Reset, Set, Trigger)

o RS tReset, Set)

o T (Trigger)

Squaring Amplifier

One Shot

Emitter Followers, PNP, single, dual,
and triple

Emitter Followers, NPN, single, dual,
and triple

DC *‘And"’ Gates

DC Or" Gates

Reset Generator

Pulse Inverting Amplifier, Dual

Pulse Amplifier

Pulse *And"’ Gates

ALSO AVAILABLE SOON

Ring Counter
Linear Amplifier
Multivibrator
Blocking Oscillator
Crystal Oscllator
Pulse '‘Or'' Gates

WRITE FOR FULL INFORMATION

AND PRICE LIST

WE CAN PACKAGE YOUR SPECIAL OR
CUSTOM CIRCUITS, BOTH QUICKLY AND
AT LOW COST. WRITE FOR DETAILS.

Plug-in Circuits
mounted on a 19” x 312" panel.

GUARANTEED SPECIFICATIONS

e Dimensions: Body 7%” diameter;
seated height 21a”; mount on 1”
centers.

fFrequency Rangg: 0-250 kc.

Temperature Range: —45°C to 4-65°C.

Power Requirements: —12 volts dc
~10%. (If diode logic is used, a
second voltage of 412 volts dc
10% is also required.

Signal Range: '0'' is — 10 volts

“1" is — 3 volts

¢ Rise Time: (Positive-going output)

0.8 us or better
{Negative-going output)
2.0 us nominal

Emitter Followers: One Emitter
Follower will drive 10 "And'’ gates,
each loaded with a Flip-Flop (see
Schematlc 1); g

wlll drive three fully loaded gate
legs. (See Schematlc 11 for example
of three gates fully loaded. Note
that this totals 27 Flip-Flops and
39 "And" gates all driven by a
single Emitter Follower.)

DESIGN CRITERIA

EECO Germanium Transistor Plug-in
Circuits safely and dependably meet the
guaranteed specifications because of the
conservative design approach that has
been consistently observed in developing
them. No selection of transistors or other
parts has been permitted. Clrcuit design
is based on saturated transistor opera-
tion. Units are typically designed for
50% greater frequency range than rated
in specifications.

Detailed design criteria are avaliable
on request to aid the systems engineer
in properly evaluating the circuits from
an engineering standpoint.

" ENGINEERED
Ee \ aecrronics
N{’]

SCHEMATIC | —One Emitter Follower
will drive 10 "And' gates, each

. . . A compatible series of LOW-COST
EECO plug-in circuits that operate safely
and reliably in —45°C to +65°C en-
vironment . . . permit you to concentrate
on system design instead of routine

circuit design.

SAVE TIME!

SAVE COST!

loaded with a Flip-Flop

FF EF

&

SAVE SPACE!

10 '‘And"’ Gates

10FF's

[39 and" Gates |[27FF's]
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(a subsidiary ot Electronic Engineering Company of Callfornia)
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SCHEMATIC Il — One
Emitter Follower wil
drive three fully loaded
gates, each gate
driving three more
gates in parallel and
each of these gates,
in turn, loaded with
three more paraliel
gates, each driving a
Flip-Fiop. Total: 27
Flip-Flops and 39
*‘And’’ gates all driven
by a single Emitter
Follower.

Company

Circle 15 on Inquiry Card, page 103
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MULTI-FREQUENCY BURST
AMPLITUDE vs FREQUENCY.
Check wide band coaxiol ca-
bles, microwave links, indi-
vidual units and complete TV
systems for frequency response
characteristics without point
to point checking or sweep
generator,

WHITE WiNDOW
LOW & HIGH FREQUENCY
CHARACTERISTICS. Determine
ringing, smears, steps, low
frequency tilt, phose shifr,
mismatched terminations, etc.
in TV signals or systems.

STAIRSTEP  SIGNAL mody-
lated by crystal controlled
3.579 me for differentiol om-
plitude and differential phose
measurement. Checks ampli-
tude linearity, differentiot
amplitude lineority ond dif-
ferential phase of any wunit
or system.

Model 1003-C includes vori-
able duty cycle stairstep (10.
90% average picture level).

Mode! 608-A HI-LO (ROSS
FILTER for Signa! onolysis.

% Completely self contafned % Portable
MODULATED STAIRSTEP sig-

* Multi-frequency burst ® Stairstep % Modulated stairstep { < nal thru high poss filter.

® White wiridow % Composite sync % Reguiated power supply. Checks differential amplitude.

MODULATED STAIRSTEP sig-
nal  thru  low pass filter.
Checks linearity.

.

ELECTRONIC INDUSTRIES - January 1958 Circle 16 on Inquiry Card. page 103




I'T°S NEW!

..a Silicon Rectifier
which SCREWS and PLUGS in too!
for powering your Radio / Television / and Electronic Devices

Weite for further information on

v Rectifier

v N b d 1 N 4

Replacement Kits, Power Rectifiers for "&L D I O D L V I C K 'S o I 1\ C ¢ ‘ Division
Militory and Commerciol uses.

620 EAST DYER ROAD C SANTA ANA ¢« CALIFORNIA

26 Circle 17 on Inquiry Card, page 103 Circle 18 on Inquiry Card. page 103 S



OUR MILLIONTH FILTER SHIPPED THIS YEAR

FILTERS

FOR EVERY APPLICATION

TELEMETERING
FILTERS

UTC manufactures a wide variety of
band pass filters for multi-channel
telemetering. llustrated are a group
o- filters supplied for 400 cycle to
4) KC service. Miniaturized units
have been made for many applica-
toons. For example a group of 4 cubic
inch units which provide 50 channels
between 4 KC and 100 KC.

b
y

A/

§ Qs as

Dimensions:
(3834) 114 x 1% x 2-3/16’
€000, 1) 14 x 13 x 158"

CARRIER
FILTERS

% wide variety of carrier filters are
available for specific applications.
This type of tone channel filter can
be supplied in a varied range of band
widths and attenuations. The curves
shown are typical units

DISCRIMINATORS

These high Q discriminators provide
exceptional amplification and linear-
ity. Typical characteristics available
are illustrated by the low and higher
frequency curves shown.

For full data on stock UTC transformers,
reactors, filters, and high Q coils, write
for Catalog A

Oimensions:
(46824) 112 x 2 x 4~

AIRCRAFT
FILTERS

UTC has produced the bk of filters
used in aircraft equipment for over
a decade. The curve at the left is
that of a miniaturized (2020 cycles)
range filter providing high attenua-
tion bBetween voice aid range fre-
quencies.

Curves at the right are that of our
miniaturized 90 and 150 cyde filters
for glide path systems.

i

FREQUENCY FREQUENCY

Dimensions:
(7364 series) 1% x 1% x 2",
(9649) 112 x 2 x 4”.

>

S
O adl

e

Oimensions:
(6173) 1-1/16 x 13 x 3”.
(6174A) 1 x 114 x 2%s”

0KC
FREQUENCY

FREQUENCY

UNITED TRANSFORMER CORP.

150 Varick Street, New York 13, N. Y.

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: '"ARLAB~™
PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLYD.. LOS ANGELES 16, CALIF.



MULTIPLIER
PHOTOTUBES

Another way to do it—with Du Mont!

Du Mont potted circuit multiplier phototubes
require only three connections instead of
the usual twelve, thus minimizing chances of
leaky or noisy connections, as well as
pickup between long leads. The resistor
network for the bleeder system is
encapsulated within the base of the tube

eliminating the need for this associated
circuitry in an external unit.

pUMONT

Industrial Tube Sales

Do it the better way—do it with
Du Mont. Send for complete

details on Du Mont potted
circuit multiplier phototubes.
ALLEN B. DU MONT LABORATORIES, INC Available in a wide range
2 Main Ave., Passaic, N. J.
28 Circle 19 on Inquiry Card. page 103

of sizes and characteristics...
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velzsprinted messages sent, relayed
and received...in seconds!'

To coordinate the action of
widely-dispersed groups,
Kleinschmidt reperforator
teletypewriters at communication
centers immediately re-transmit
printed messages to
headquarters, exactly as
received from outlying positions.

Reception and transmission of in-
formation to higher echelons must
proceed smoothly, accurately and
quickly. Kleinschmidt reperforator
teletypewriters, developed in coop-
eration with the U.S. Army Signal
Corps, save valuable time because
the printed message on perforated
tape facilitates fast reading...im-
mediate action. The same tape
activates the transmitting equip-
ment; the original message reaches
its ultimate destination without
delay, without change.

The Kleinschmidt equipment of
today reflects almost 60 years of
engineering and research in the
teleprinted communications field.
Now this vast fund of technical
experience, joined with that of
Smith-Corona Inc, points toward
new accomplishments in electronic
communications for business and
industry.

KLEINSCHMIDT LABORATORIES, INC.

PIONEER IN TELEPRINTED COMMUNICATIONS EQUIPMENT

A SUBSIDIARY OF SMITH-CORONA INC « DEERFIELD. ILLINOIS

ELECTRONIC INDUSTRIES - January 1958 Circle 20 on Inquiry Card. page 103 29
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All the right connections for

AERIAL PERFORMANCE

High-flying Deutsch Miniature
Electrical Connectors are designed to
thrive on the punishment of space travel. In
ballistic missiles, rockets, supersonic
aircraft - even space satellites.

For daring performance in the face of extreme
temperature, vibration, altitude and shock,

specify Deutsch 9600 Series push-pull receptacles

and Deutsch 9700 Series push-pull plugs. These

miniature teammates make all the right connections

in crowded, remote, blind and ballistic

installations. Ideal for breakaway units. They make

from 3 to as many as 61 contacts . . . without

lockwiring or twisting, without bayonet or coupling-nut.
Simply push in for positive lock and seal:

pull back for instant disconnect.

Scientific manhandling in the Deutsch laboratory proves
their performance. Durability: 500 eycles of engagement.
Insulation resistance: minimum 5,000 megohms.

Physical shock: deceleration force of 100 G's.
Temperature: operative from minus 67°F. to plus 250°F.
And all Deutsch Miniature Electrical Connectors exceed MIL specs
for rating, humidity, corrosion, vibration and air leakage.

Down-to-earth facts on the construction and operational features
of Deutsch miniatures are available in Data File 121.

The Deutsch Company

7000 Avalon Blvd. + Los Angeles 3, Calif.
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Tele-Tips

FOUR R's of another sort are
needed to keep engineers happy
and contented says Walter W.
Finke, of Minneapolis-Honeywell.
He calls for: Recognition, Respect,
Responsibility and Reward. There
are too many wrong conceptions
about engineers, he said, and chief
among them are: the idea that en-
gineers are anti-social; that they
put professional prestige far above
economic stature; that they are in-
different to the ‘‘commercial’’
problems of industry.

THE ELECTRONIC INDUSTRY
is the fifth largest in the U. S,
with a sales volume of over $10
billion a year, yet electronics
standards account for less than
2% of the 1,700 American stand-
ards.

WORLD'S ROCKET PIONEER
has been identified as the 15th
century Chinese scholar, Wan-H oo,
the first man to be transported by
rockets. Wan contrived an ingen-
ious flving chair. He attached two
large kites, and on the rear. 47 of
the largest rockets he could find.
He carefully instructed his assis-
tants how to light the rockets and
then strapped himself into the
chair. The blast-off proved Wan
was right—but unfortunately Wan
went in several directions at once.

THE SATELLITE was made an
unwilling accomplice to a N. Y.
advertising stunt. Sputnik signals
picked up by technicians at RCA
Laboratories in Riverhead, L. I.
were amplified and used to trip a
switch that lit up a 35-by-80 ft.
whisky advertisement.

UNDERWATER TV camera solved
a knotty problem for the Tennessee
Valley Authority—how to inspect
the face of Wheeler Dam for
cracks and erosion. Bludworth
Marine demonstrated a unit that
not only clearly detected signs of
deterioration but also magnified
the cracks 2 or 3 times normal size
on the system monitor.

(Continued on page 32)
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New PEAK POWER METER
gives direct indication

BARRETTER
CiRCyn

-

"
Fe
ey

630 PEAK POWER METER SPECIFICATIONS

REPETITION RATE: 50 to 5000 pps
RISE TIME: 0.15 microsecond

VIDEO OUTPUT (RF Pulse): 300 millivolts
SIZE: 19 in. long x 83 in. high x 10 in. wide

WEIGHT: Approx. 20 Ibs.

MOUNTING: Standard relay rack type
CASE: Integral shield and dust cover
FREQUENCY RANGE: Depends on barretter mount used

Meter indicates
actual peak of

BARRETTER MOUNT: Any mount with less than
100mmf output capacitance

BARRETTER: Microline 823 or 825 barretter
POWER RANGES: 0-30, 0-100, 0-300 mw

ACCURACY: +10%

PULSE WIDTH: 0.25 to 10 microseconds

This new Sperry development now
makes it possible to measure peak
power directly and continuously. It
climinates tedious calculation and
risky guesswork in evaluating pulsed
microwave systems.

Designed as alaboratory instrument
for development work and production
testing, the Microline® 630 Peak-
Power Meter eliminates chance of
error by replacing less accurate aver-
age power methods which require

ELECTRONIC INDUSTRIES -

January 1958

conversion of pulse shape and duty
cycle factors. Employing the barret-
ter integration-differentiation method,
the 630 supplies indication independ-
ent of input pulse width, pulse shape
and repetition rate. In addition, video
output is available for observing in-
put pulse shape. Internal calibrating
circuit eliminates the necessity for
auxiliary calibrating equipment.
This new Sperry meter requires
only an appropriate low-capacitance

power pulse, re-
gardless of width,
shape, rate, or duty
cycle.

barretter mount to perform measure-
ments at any microwave frequency.
For further information, write our
Microwave Electronics Division.

MICROWAVE ELECTRONICS DIVISION

s Y&‘l’lﬂ."&'ﬂ/’l COMPINY
Great Neck, New York

DIVISION OF SPERRY RAND CORPORATION
BROOKLYN » CLEVELAND - NEW ORLEANS - LOS ANGELES
EATTLE - SAN FRANCIS IN CANADA: SPERRY GYROSCOPE
COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC.
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[F VOLTAGE REGULATION IS
A PROBLEM THIS MESSAGE

IS DIRECTED T0 YOU

Developments at Victoreen open up many new
applications which heretofore have been restricted
to complex, expensive, conventional methods of
regulation due to high current requirements.

Current ratings have been increased to as much as
4, 6 or even 8 ma in the new Victoreen corona reg-
ulators. These are produced for MIL and other
applications in T6!2 and T-9 envelopes in voltage
ranges below 3500 v.

They offer many opportunities to simplify cir-
cuits . . . to decrease complexity and costs . . . to
provide a type of regulation never before available.

Our Applications Engineering Department is
eager to help you out of your voltage regulation
dilemma. A letter or call may solve your problem.

AA-5760

The

Components Division
5806 Hough Avenue, Cleveland 3, Ohio

wctoreen Instrument Company
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Tele-Tips

(Continued from page 30)

EAST GERMAN TV changed to
Western technical standards to
tap the large potential audience
in West Germany. Nine new TV
stations have gone on the air in
the Soviet satellite countries.

THE WORST FATE! The coun-
¢il of Blaydon-on-Tyne, England
warned the tenants of municipally
owned houses who were behind
in their rent to either pay up or
their television sets would be
taken away.

VERSATILE CAR RADIO being
offered in 1958 Oldsmobiles can
also double as a portable radio.

SEMICONDUCTOR theory may
explain some of the mysteries sur-
rounding photosynthesis, the proc-
ess by which sun energy is stored
by the green plants. Chemists had
formerly considered it primarily
a chemistry problem. New tests
indicate that the electrical resis-
tance of dried chloroplasts changes
as heat is applied, which would
seem to mean that trapped elec-
trons are being freed, much as
happens in semiconductors.

EDUCATIONAL TV already has
an audience of 12,000,000 viewers.

IGY ROCKET fired in the Arctic
region located massive sheets of
electrie current, estimated as high
as 10,000,000 amperes, forming a
3-mi. thick cap over the northern
sky. Scientists believe that these
highly charged areas explain the
phenomena of the Northern Lights.

TAPED FEAR. At Floyd Bennett
Field in Brooklyn, N. Y. pilots
complained that sea gulls were
being sucked into jet engines
or smashed against windshields.
Since it is illegal to kill sea gulls,
there seemed little hope of driving
them away. But base personnel
came up with the idea of driving
a jeep down the middle of the run-
way, playving a tape-recorded cry
of frightened sea gulls. It worked!

January 1958



More maferials: Rugged, versatile composi-
tions to resist impact, stress, vibration, pres-
sure, heat, thermal shock, wear, chemical
reactions. Superior electrical characteristics
for higher temperatures and frequencies.

Mare equipment: Complete and separate
production facilities devoted exclusively to
finer quality AlSiMag Aluminas.

Mcre “know how'’: Years of experience in
formulating and fabricating Aluminas. The Py,
wider range of exacting designs produced
have led to new, improved techniques. Pre-
cision tolerances. Dependable uniformity.
Constant research.

Bring your prablem to the source most apt S5 ’

to supply the right answer! Send blue- K
print with details of operating procedure
for complete information.

AMER.CAN tAVA CHATTANQOGA 5, TENN.
C O RPORA TI1I O N 56TH YEAR OF CERAMIC LEADERSHIP

For service, contact Minnesola Mining & Maaufacturing Co. Offices in these cities (se2 ycur loczl telephone directory): Atlantz, Ga. * Bosion: Newton

Center, Mass * Buffalo, N. Y. * Chicago, lll. » Cincinnati, O. * Cleveland, O. * Dalles, Texas > Detroit, Mich. * High Point, N. C. * Los Angeles,

Calif. + New York: Ridgefield. N. J. * Philadelphia, Pa. * Pittsburgh, Pa. * St. Louis, #ho. * $1. Paul, Minn. * So. San Francisca, Calif. * Seattle, Wash.

Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, tondon, Ont. All other export: Minnesota Mining & Manufacturing Co.,
International Division, 99 Park Ave., New York, N. Y.

A Subsidiary of
Minnesota Mining and
Manufacturing Company
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the Editor

Proven RELIABILITY in user* e
VY

Universal DC-DC

static converters

—the heart of every dependable mobile system!

* FULLY TRANSISTORIZED
» RECTIFIED
 FILTERED

TYPICAL SPECIFICATIONS

TRANSCEIVER SUPPLY
Input: 12 VD(C

RECEIVER SUPPLY
12 vDC or 13.6 VDC

Outputs:
500 VOC @ 165 MA
270 VDC @ 150 MA

250 VDC @ 130 MA

or
290 VDC @ 130 MA

SHE: 31, x 5" x 3”7
WEIGHT: 29, Ibs.

—55VDC @ 10 MA

TEMPERATURE

RANGE:

—55°CtoT1°C —55"Cro71°¢
EFFICIENCY: 859, 85%

3!/4" x '7/5" x 3’4”
14 02,

Faor Roilroad Applications:

In much of the importont new electronic equipment
being designed today for marine, mobile and aircraft

applications, designers hove found Universol

Transistorized stotic converters to be highly efficient,
compact, rugged improvements on dynamotors

and vibrator power supplies.
*For leaders such as Bendix Radio, Dumont,

General Electric, RCA, Sperry Products and Western
Electric, their high tronsistor reliability (up to 95% in
10,000 hours of use) . . . low maintenance . . . minimum
size and weight . .. long life . . . and high efficiency
‘from 80% to 92%) are paying important dividends.

Because there are no moving parts, there is no
wear, no tear, no brush interference.

Whether your engineering problem is in a receiver,

transceiver, public address amplifier, or any

application where space is at a premium, Universal

has the unit to outlast and out-power
conventional supplies by far.

Same Specifications with 64 ta 72 VDC Input ot odditional cost.

£ TUAC Electronics

CTTINI

Dept. EI 18
Edgewood 3-3304

A DIVISION OF

VE RS.A. I_l Procducts Corp.

38 Sylvester S, Westbury. I.. I. N. Y

Transistor

Cable: Univatoms

IN CANADA — ELECTRONIC ENTERPRISES REGD. 551 OAKWOOD AVE., TORONTO 10. ONT,
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"Diode Specifications”

Editor: ELECTRONIC INDUSTRIES:

In view of the widespread interest
in my group in your publication of
the 1958 Semiconductor Diode Speci-
fication in the December 1957 issue of
ELECTRONIC INDUSTRIES AND TELE-
TECH, I am writing to ask if it is
possible to obtain copies of this table.

I would like to take this opportu-
nity to thank you for giving me a
subscription to ELECTRONIC INDUS-
TRIES AND TELE-TECH. In my opinion,
it is the most interesting and valuable
magazine of its type being published
today. I receive four other magazines
of this type and as far as the pub-
lication of reference data, design
articles and articles of general inter-
est is concerned, you're tops.

MARTIN RABB

Senior Engineer, Data and Display
Laboratory, Research and Develop-
ment Division.

Allen B. Du Mont Laboratories, Inc.

Editors, ELECTRONIC INDUSTRILS:

Some dirty rat made off with my
copy of your very fine September,
1957, issue of TELE-TECH. Would
you please send me another copy if
it is available.

Thank you for this and for your
fine magazine.

Ira Ritow
Asst. Chief Dynamics Engineer

Republic Aviation Corp.
Farmingdale, L. I., N. Y.

Ed.: We're more than happy to
send Reader Ritow another copy-

"Polarize The Plugs"

Editor, ELECTRONIC INDUSTRIES :

Your September editorial “Polarize
the Plugs” is to be commended. Here
in Canada the Canadian Standards
Association, in conjunction with the
Provincial Governments, has been
pushing the use of the NEMA three-
point, polarized (compatible), recep-
tacle for several years, and with
considerable success. Your closing re-
mark, that it has not been enforced,
is not true here. The Canadian Elec-
trical Code Part I (somewhat similar
to your National Electrical Code)
requires the use of such receptacles
in locations where grounded metal is
prevalent, ie., kitchens, laundry
rooms, basements, etc. Where perime-
ter heating is used they would prob-
ably be required throughout the home.
Compliance with the C.E. Code is a
legal requirement in practically all
provinces.

(Continued on Page 36)
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Representatives:

AHMCO

_ BOEING FIELD
KING CITY AIRPORT
SEATTLE 8, WASH.

A & M ASSOC.
1145 19th ST, N.W.
WASHINGTON, D. C.

HYTRONIC
MEASUREMENTS INC.
1295 S. BANNOCK ST.
DENVER 23, COLORADO

KADELL SALES ASSOC.
5875 N. LINCOLN ST.
CHICAGO 45, ILLINOIS

VAN GROOS CO.
21051 COSTANSO ST.
WOODLAND HILLS, CALIF.

SZUCS INT'L CORP.
50 BROAD STREET
NEW YORK 4, N. Y.

ELECTRONIC INDUSTRIES

WASHINGTON
OREGON

WASHINGTON, D. C.

COLORADO

NEW MEXICO fov .

UTAH Precision Microwave

WYOMING Test Equipment

ILLINOIS

INDIANA

WISCONSIN

CALIFORNIA £ l’ectmm'm X-&w Hl-”l-d ]

ARIZONA & on
F-R MACHINE WORKS, Inc.

EXPORT Woodside 77, N. Y

AStoria 8-2800
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Induction Mators Corp. has developed another new dynamotor series to
meet increasing'y critical missile and telemetering requirements. The
1500 Frame DC series is designed for applications where light weight,
compactness, high reliability and exceptional resistance to vibration

pnaanc
GY LA

$OLOWYNAG
AotL

and shock are essential.

The BD 159D shown meets military specifications with regard to
resistance to corrosion, salt spray, sand and dust, and other enviren-

mental influences.

SPECIFICATIONS - BD1509D

SIZE: 114" x 115" » 3"

POWER OUTPJT: 10 w continuous; —551730
up to 25 w, depending on duty
cycle and cooling. 40| 200

WEIGHT: 1 1b.
LIFE: 100 krs. brush ke at 56,000 ft. _ 30| 150

AMBIENT TEMPERATURE RANGE: I
~40°C to + 71°C standard. . _120]100
VIBRATION: 3 g’s from 5.600 cps

 along 3 mutcelly-perpencicular o |,

. axes.

] iervic

¢ availab e 01 reque
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INPUT: 28¥ G 1 C AMP.

PUT: 220V (30.05 AMP.
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Letters

to the Editor
(Continued from Page 34)

You may be interested to know that
much of our electronic equipment,
purchased in the United States, is
now being received with the compati-
ble (NEMA U-ground) plugs and
receptacles you mention.

W. G. Hoyle
Defense I Section
National Research Council of Canada
Ottawa 2, Ontario

"Closed Circuit TV Standards"

Editors, ELECTRONIC INDUSTRIES:

Regarding the editorial in the July
issue of ELECTRONIC INDUSTRIES call-
ing for standardization in the field of
closed circuit television:

Our EIA (formerly RETMA) En
gineering Committee TR-17, on Closed
Circuit Television has been active
since December, 1954, and currently
has four sub-committees operating in
areas of Distribution Systems. Dis-
play Devices, Camera Chains and
Environmental Conditions.

In addition, there is an Ad Hoc
Committee of SMPTE studving the
area, with which EIA is maintaining
a close liaison in order to avoid
wasteful duplication of effort.

Since the democratic formulation
of industry standards is a lengthy
process, there are, as yet no formally
issued EIA Standards available. How-
ever, the first proposed standard will
probably be circulated for industryv
comment by the end of 1957. This
will cover certain phases of the R. F.
distribution system.

Industry as represented by EIA
and SMPTE, is acutely conscious of
the need for technical standardization
in CCTV and is taking steps that
should ultimately result in acceptable
standards.

J. A. Caffiaux

Staff Engineer
Electronic Industries Association
(EIA)

IRE Awards Announced

The 1958 W. R. G. Baker Award
of IRE will go to R. L. Kyhl and
H. F. Webster of the Research
Lab.,, General Electric Co., Sche-
nectady, N. Y., for their paper.
‘Breakup of Hollow Cylindrieal
Electron Beams” which appeared
in the October 1956 issue of IRE
Transactions on Electron Devices.

Arthur Karp of Bell Telephone
Labs, Holmdel, N. J,, is the winner
of the 1958 Browder J. Thompson
Memorial Prize Award for his
paper, “Backward-Wave Oscillator
Experiments at 100 to 200 KMC,”
which appeared in the April 1957
issue of Proceedings of the IRE.

———
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subminiature

Monitors Transistorized Circuits

e with higher information density

e with simpler associated circuitry

e without ionization- and deionization-time problems

e with increased circuit protection

e with lower power requirements

e with lower cost per unit

e with ultra-compact assembly on printed circuit boards

The AMPEREX 6977 is a high-vacuum filamentary subminia-

ture indicator triode which gives a bright blue-green indica-
tion when the control grid is at zero potential. It has been
developed specifically for transistorized computers, where
its high input impedance and small signal requirements
enable it to monitor the transistor circuits withcut loading
them and affecting their operation. It replaces tae conven-
tional and much more expensive high-voltage zransistor and
neon lamp combination so far used in transiszor computers
for the same purpose. Since its high input impedance permits
the use of a series grid resistor, it will not shert out the
transistor circuit if it should ever fail. Manufactured with
special computer tube techniques, the 6977 is designed for
20,000 hours life.
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The tube that makes

present computer
indicator system designs
obsolete...

indicator tube

Heater voltage is only 1 volt, 30 ma, AC or DC. The anode
will draw only 0.5 ma from a 50 volt DC supply during the
zero-bias “on” condition. A 3.0 volt DC voltage is sufficient
to cut-off plate current and light. Write for data sheet to
Semiconductor and Special Purpose Tube Division, Amperex
Electronic Corp., 230 Duffy Avenue, Hicksville. LI, N.Y.

about products and services for the computer industry

AMPEREX ELECTRONIC CORP., 230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND, N. Y.

In Canada: Rogers Electronic Tubes & Components, 11-19 Brentcliffe Road, Leaside, Toronto 17.
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New 20kw Klystron
for important L band

Exclusive Space-Charge Focus
assures long life and reliability

Specify the SAL-81 when you are looking for a reliable tube
in L band which will have extremely long service life.

Exclusive Sperry Space-Charge Focusing design eliminates
heavy magnets—the SAL-81 is a complete microwave

unit requiring no external equipment. This pulsed klystron
amplifier features high gain and rugged construction to
withstand shocks and vibrations.

. Available for immediate delivery, the SAL-8 1 can be used as
a driver for higher-powered kiystrons in radar and linear
accelerator systems. as a power source in laboratory work
or in airborne navigation systems. Its unusually long
service life and reliability make it the choice for systems
work in L band. Write or phone your nearest Sperry

district oftice for details.

ELECTRONIC TUBE DIVISION
SP[ H HY GYROSCOPE COMPANY

DIVISION OF SPERRY RAND CORPORATION

BR K N+ C VE N . R AN . N . * SAN
IN CANADA: SPERRY GYROSCOPE COMPANY F ANADA, LTD., MONTREAL, QUEBEC

CATHODE

SAL-81 SPECIFICATIONS Sperry’s Space-Charge Focus principle of

beam control eliminates need for heavy,
unwieldy magnetic structures. New Sperry
tube design using this principle cuts

weight, size, power consumption and
Voltage Requirements.................. . cooling requirements.

COLLECTOR

Frequency Range
Power Qutput

SRic/ I+ o< e Bl Hinte falomrBrase '+ o o0 45 dromen o st b b b s o o i
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Z’?&H/ HAS THE KNOW-HOW AND

EXPERIENCE REQUIRED TO PRODUCE
CUSTOM-BUILT DELAY LINES TO

YOUR EXACTING SPECIFICATIONS.

1st in sales! 1St to submit the most definitive laboratory

reports with all custom-built delay line
prototypes!

manufacture of delay lines!
* ken-—vision, knowledge, perception...
1st

in research, design and development of as, ESC has the ken to produce the finest
custom-built delay lines! custom-built delay lines in use today.

1st company devoted exclusively to the

| ODoEmD Exceptional employment opportunities for engineers experienced in pulse techniques.
7vvs [ i

]
4

CORPORATION

all 531 Bergen Boulevard, Palisades Park, New Jersey
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of it’'s a capacitor. ..
C=-D makes it...

and makes 1t better!

The World’s Tiniest! Miniature and Sub-Miniature Electrolytics!

Designed particularly for applications where space is at a premium.

C-D’s Type “EC” ceramic-cased electrolytic capacitors are less than
14" in diameter, only 3 ” long. Ideal for hearing aids, transistorized
devices, remote control assemblies etc.

For sub-miniature applications, C-D’s 3 Tantalum Type capacitors
feature low P-F; hermetic seal, long shelf life. Type “TX” with
sintered anode; “TAN” miniature foil-type; “NT” sub-miniature,
wire anode-type.

For all-around reliable service, C-D’s type “UP” is made in the
smallest tubular aluminium can for any given capacity and voltage.

For printed circuit applications, C-D now has available the type
“NL” hermetically sealed electrolytics.

For the finest capacitors in miniature and sub-miniature sizes —
specify Cornell-Dubilier: consistently dependable since 1910. En-
gineering samples sent on request. Write for Engineering Bulletins
to Cornell-Dubilier Electric Corporation, South Plainfield, N. J.

CORNELL-DUBILIER CAPACITORS

SOUTH PLAINFIELO. N. J.; NEW BEDFORD, WORCESTER & CAMBRIDGE, MASS.;
PROVIDENCE & HOPE VALLEY, R 1 INDIANAPOLIS, IND.; SANFORD., FUQUAY
SPRINGS & VARINA, N. C.; VENICE. CALIF.: & SUBSIDIARY. THE RADIART CORPORA-
TION, CLEVELAND. OMIO; CORNELL-DUBILIER ELECTRIC INTERNATIONAL, N. Y.
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Books

Basic Mathematics for Radio and
Electronics

By M. Colebro ok W. Head. h
1957 by Philosophical Li Inc., 15 East 40
St., New York 16, N. Y. pages. > $6.00.

This new addition is wider in seopo
and includes much new material. Pui
marily written for those interested :n
radio and electronic engineering, who
find themselves handicapped by their
lack of mathematical knowledge, it :
suited to researchers in other sub-
jects. The lively style has vitalized in
human eves what can so easily be
made a dull subject.

The book deals with the basic prin
ciples of those branched in mathe
matics which many years of practical
experience in radio and electronics
has shown to be definitely necessary,
or especially useful.

In recent yvears many radio en
gineers have found it increasingly
necessary to become familiar with
such subjects as operational, or
Heaviside, calculus, linear differental
equations, matrices, elementary sta
tistics, and numerical computations.

Computers, Their Operation and
Applications

By Edmund C. Berkeley and Lowrence A. Wain
wright. Published 1956 by Reinhold Pub. Corp
;gol&Pmk Ave., New York 22. 366 pages. Price
Late developments in hoth tech

niques and equipment of automatic

computing are described, illustrated,
and compared in this book.

Here, the reader will find the prac-
tical down to earth information need-
ed on exactly how these machines
work and what they can do. All the
basic elements of digital, analogue,
and miniature computers are fully ex-
plained, as are such important con-
siderations as computer reliability
advantages, imitations and mainte-
nance.

A large chapter is devoted to pres-
ent and potential application of com-
puting machines in scientific labora-
tories, government, military instal-
lations, and many business markets.

Communication Engineering—
Third Edition

By W. L. Everitt, Ph.D. and G. E. Anner. Pub-
lished 1956 by McGraow-Hill Book Company,
Inc., 330 West 42nd Street, New York 36. 644
pages. Price $9.00.

In this edition emphasis is placed
on the area which must precede the
study of all other division of com-
munications, namely, the fundamen-
tals on linear-netwoerk analysis and
synthesis, including the use of inter-
lateral elements. In order to demon-
strate the design requirements which
are imposed on the linear portions of
communications systems networks,

(Continued on Page 48)
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AMP-lok

the new concept in multiple connector design

... IT'S SELF-ANCHORING

AMP-lok obsoletes all it replaces because of the
following design features:

e contacts are identical . . . self-cleaning

AMP-lok eliminates the necessity for supplementary recessed for safety

mounting devices in through panel multiple con- : ; ;
nector applications. e finger grip engagement and disengagement
polarized to eliminate circuit error

Additional literature and samples available on request. e wide panel thickness accommodation —one simple

mounting hole required
e color-coding available

AMP-lok can be used as a safe, free-hanging
multiple connector, also.

AMP INCORPOBATED

GENERAL OFFICES:
4039 Eisenhower Bilvd., Harrisburg, Pa.

Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada o Aircraft:Marine Products (Great Britain) Ltd., London,
England e Societe AMP de France, Le Pre St. Gervais, Seine, France « AMP — Holland N. V. ‘s-Hertogenbosch, Holland
Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan
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WIElls NATITONAIL SCIENIE

WEATHER PREDICTIONS FROM OUTER SPACE. Far more accurate weather
forecasts will be one of America’s scientific achievements during the
International Geophysical Year. Thev will begin when America’s

earth satellite hurtles int

WEATHER EYESTO MEASURE CLOUD RADIATION
In the U.S. satellite, two “Weather Eyes”
will peer from outer space at earth’s cloud
layer. Planned by the U.S. Army Signal
Corps lngincering Laboratories and de-
veloped by the Perkin-Elmer Corp., Nor-
walk, Conn. to measure cloud radiation.
these 4-ounce instruments ure hardly larger
thana pack of cigarettes. Each usesan /0.7
mirror to pick up infrared cloud radiation
and focus it on a tiny detector unit

42 Circle 33 on Inquiry Card, page 103

space. Pres:nt predictions are based on

moisture content

PHEMOLITE WINS BERTH ON EARTH SATELUTE. In
the *““Weather Eyes” and in the satellite’s
silicon solar batlery system. tiny but essential
pieces of National PHENOLITE laminated plastic
serve as printed circuit base and insulating
spacers. T'o qualify for this job, PliENOLITE had
to meet stringent specifications in dimensional
stability, light weight and ability to withstand
a wide range of operating temperatures. Perkin-
Elmer sclected PHENOLITE Grade G-10-865
because it meets all of these requirements.

ELECTRONIC INDUSTRIES -

data covering only 5% of the earth’s surface. But forecasters soon
will draw clues from cloud patterns, radiation, thickness, types and
revealed by
earth. Natiomal's PHENOLITE will help.

our satellite orbiting around the

NATIONAL CAN HELP YOU...

reduce product cost or improve prod-
uct performance at no added cost.
Here’s why . . . you can select “the
one best material” from over 100
grades of PHENOLITE®, Vulcanized
Fibre and National Nylon—without
compromise in properties or cost. You
can simplify production and purchas-
ing with the timed delivery of 1009,
usable parts — from a single reliable
source. You gain competitively with
National’s new materials and grades
—the direct results of programmed
materials research.

You benefit by calling National
first. Check Sweets PD File 2 b/na,
the telephone directory Yellow Pages,
or write Wilmington 99, Delaware,
Dept. F-1.

g VATIONAL

In Conado:
NATIONAL FIBRE COMPANY OF CANADA, LTO., Toronto 3, Ontario

January 1958
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MAINTENANCE-FREE \ LONG LIFE
INDEFINITE STORAGE NON-GASSING

HIGH PEAK CURRENTS SINTERED PLATES

HERMETICALLY SEALED
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miniature
rechargeable
nickel cadmium

BUTTON- CELL

BATTERY

Gulton Button - Cell batteries are
available in capacities of 250 and 500
milliampere hours. Each Button- Cell
has a nominal capacity of 1.2 volts.
Multiple cells are packaged in any
desired voltage combination to meet
your specifications.

The Button Cell is only one of a
complete line of nickel cadmium, nickel
iron and battery and charger units
from a new source — Gulton Industries
Alkaline Battery Division.

Write today for complete technical
information — please mention
your application.

I I |

Alkaline Battery Division

ulton Industries, Inc.

METUCHEN, NEW JERSEY

ulton

ALKALINE BATTERIES
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SUBMINIATURE

BURNELL

Hion
FREQ.CPY

Adjustoroid

BITERMEDATE
FREQ.CPS

Adjustoroid

§s

Variable
Inductors

SpAT. 2,702,020

44

ADJUSTOROIDS
HANDLE BIG JOBS g
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The new subminiature Burnell Adjustoroids utilizing an ingenious pat-
ented method of magnetic biasing cover a wide range of frequencies,
occupy less space and are available at low cost.

New Burnell Adjustoroids possess in addition all the outstanding char-
acteristics of non-adjustable toroids:

Precise continuous adjustment of inductance over a 10% range.
No need for external control current.
Hermetic sealing to meet Government MIL E # 15305-A specifications.

If your adjustoroid needs can't be met from our stock catalogue, we'll be
glad to manufacture to your specifications.

Length/ Max L
Dia. Width Hgt. Wt. Useful Freq. Range Max Q in hys

AT-0 | W%, | i 202 1 ke to 20 ke 'T 10 ke | 3 hys
ATV 1134 (134 |1 | 7Va oz | 2k 1o 10 ke 4ke | 15hys
AT-2 | 234 (234 (214" | 24 oz | Below 2.5 ke ‘ 2.5ke | 125 hys
AT-4 | 1%, 14| 4oz | 1kcto16ke 6ke | 15hys
AT-6 | 1% | 1" | 20z | 10ke 1o 100 ke 30ke | 75hys
AT-10 | 1'%, | [14" ] 40z | 3keto 50 ke 20ke | .75 hys
AT | %%, %% | Y’ | 830z | 2keto25ke | 15ke | Shys
AT-12| 90 | 9 | %" | 83oz | 15kcto 150ke | 60ke | .5hys
AT-15 | 17 | 17" | 140z r Below 5 ke _.‘- 4ke | 125 hys
AF-51 J 1% | | 2 50z | 30cpsto 500 cps | 120 cps | IOOQ hys
AF-52 l‘x‘r 2 50z | 50cpstol ke 250 ¢ps | 1000 hys
AF-87 | @4 | 9% (1 | 1.7 0z | 90 cps to 2 ke 80 hys

| 7400 cps |
| 800 cps I

S

first in toroids, filters and related networks
EASTERN DIVISION \“"{ PACIFIC DIVISION
10 PELHAM PARKWAY A (2 720 MISSION STREET
PELHAM MANOR, N. Y. |={ — SOUTH PASADENA, CALIFORNIA
PELHAM 8-5000 -’, [~ RYAN 1.-2841
TELETYPE: PELHAM 3633 k
Dept. 1-1

TELETYPE: PASACAL 7578
ELECTRONIC INDUSTRIES -

AF-88 | 45, | 95 [1Va" [1.70z | 1.6 keto 4 ke 42 hys

January 1958



First From PH II-CO =l

New Micro-Miniature Transistor Family

shown here actual size

<9 High Voltage : ' : <9¢ High Beta
<9¢ Excellent Switch

<4¢ Low Saturation Voltage
9¢ Outstanding Performance

Here is a completely new family of micro-miniature
transistors, featuring proven reliability in industrial
control systems, miniature hearing aid amplifiers,
computers and business machines, direct-coupled
amplifier and switching circuits, and audio output
for miniature radios.

Among these six new transistors will be found the
low-cost answer to a tremendous variety of important
transistor problems. Our engineers will be happy to
discuss specific applications with you.

Make Philco your prime sonrce of infor-
mation for all transistor applications.

Write to Lansdale Tube Company, Division of
Philco Corporation, Lansdale, Pa., Dept. EI-158

. L

& > e
! L l ED COLLECTOR CHARACTERISTIC MICRO-MINIATURE FAMILY APPLICATION DATA
“ T e T AN MAX. DISSIPATION = 50 MW.
{4 e ] e - o Tadeaire At MAX. RATING TYPICAL PERFORMANCE
;%‘. ; R —29 — ——1p 1120 ua
a LA | I VcE Ic NOISE
et 28 / - — Hls 100 4a e e, e fab be | FiGURE
: é 2 // Lo Ig= —80 ka 2N207 12 20 ma 100 | 12db
g5 710 // —‘,B—L_ o] 2N207A 12 | 20 100 9 db
£z /14 I 2N207B 12 | 20 100 | 44db
E ~-10 1= —40 #a’
£z // S 2N534 50 | 10 100
§_u ~SH-A lg=—20 vaJ 2N535 20 | 20 20mc| 100 | 12db
: |l Vm-: = 0.3v and
9 o1 -0z —03 —04 —05 —06 —07 0.8 —09 aN536 20 30 2.0 me Vfg = ;)gv with
] COLLECTOR VOLTAGE, Vg IN VOLTS Jg =10 EZ
.

" PHILCO. CORPORATION

LANSDALE TUBE COMPANY DIVISION
LANSDALE, PENNSYLVANIA




WATCH FOR THESE EVENTS
IN ELECTRONIC INDUSTRIES

MARCH ISSUE-IRE CONVENTION

You'll receive your March IRE issue a full month in advance of the 1958 [RE
Convention. It will give you the complete convention program, topics of all technical
papers, symposia, and their location.

This big issue will preview IRE Show exhibits, describe new products scheduled
for unveiling at the show, and give the booth where they can be seen.

JUNE ISSUE-ELECTRONIC DATA
PROCESSING ADDS NEW DIMENSIONS
TO 1958 DIRECTORY ISSUE

The Directory issue you receive in June will owe its extra usability to a high speed
electronic data processing system. The directory will list more products than ever
before. More precise distinctions will be made between similar products. You will
find information previously unavailable in standard industry directories.

Data processing techniques developed by electronic engineers are now ''feeding
back™ to produce the most comprehensive directory their own industry has ever seen.

AUGUST ISSUE-WESCON

Eleventh hour review of the program lists, of technical papers, exhibitors, meetings,
new western products. Two west coast directories will be included in this issue. A
directory of west coast manufacturers and their products, ond a directory of dis-
tributors and manufacturers representatives on the west coast. Both os o guide to

WESCON and as a reference source on west coast electronic activity, you won't want
to be without this August 1958 issue.

THIS month . . . NEXT month . . . EVERY month

More than 30,000 O.E.M. subscribers will read ELECTRONIC INDUSTRIES . . . oll

month

O.EM. circulation of 32,500 and total distribution in excess of 50,000 guaranteed
by 3-1-58

ADVERTISERS:

Closing dates are Ist of the month preceding dates of issue. Insertion orders are
already being received for these issues.

PLAN NOW FOR A SPREAD, AN INSERT, OR MULTIPLE PAGES FOR THESE
IMPORTANT ISSUES.

46
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arass Grows Here!
rieT

g .
" T ™Y | 4
i’f | ﬁ 9% The 1958 IRE Convention and Show
: | 14 will be the source of new ideas for
"' more than 50,000 radio engineers.

Be sure you are there.

MARCH 24-27

..1'1 ONAL G OFN v EN1T ION

: Waldorf-Astoria Ii) L

- o= === "and The Radio Ergineering Sh (
A Coliseum -

__New York Ci{y

.r”~ﬁ-

'

S o e

Non-members $3.

__.R!§T ON: IRE Members $1.00

!

THE INSTITUTE OF RADIO ENGINEERS 1 East 79th Street, New York 21, N.Y.
ELECTRONIC INDUSTRIES

*  January 1958
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New, Improved

= V1BBULATOR

_—_-A W Model 7200

Features
New Technique
In Electronic
Swept Frequency
Signal
Generators!

One of the objectives in the design of the Canoga Wobbulator 7200 is to
obtain high sensitivity without the “hum” problems normally experienced with
other swept frequency generators. The swept frequency output voltage of the
Wobbulator 7200 is modulated at approximately 50 Kc; the probes, with their
internal diodes, detect this modulation which is then amplified in the vertical
CRT band-pass amplifier. This new principle allows the use of swept generator
techniques for evaluation of low gain or lossy circuits where point by point
frequency measurements were previously necessary.

Frequency Range: 2.0 to 1000 mc
Swept Frequency Band: 2.0 to 55 m¢, continuously variable
Butput:  More than 0.03 volts, 50 ohms
Sweep Circuit:  All electronic
Swept Qutput: 1) Constant within =1 db over 40 mc
2} Constant within fractions of db over 30 m¢
Attenuator Dial:  Calibrated in 1 db increments
Probe Detectors: 1) Low impedance 50 ohms
2) High impedance
High Sensitivity Vertical Amplifier: 50 microvolts input gives at least 2" deflection
Cathode Ray Tube:  5UP1, with camera mounting bezel
Calibrated Panel Controls:  Center frequency
Output Attenuator
Panel Controls:  Deviation
Vertical Amplifier Gain Control
Vertical Amplifier Gain Switch, high-low
CRT intensity, focus
CRT Vertical & Horizontal Centering
On-off switch

Power: 115V, 60 cps, 175 Watts
Output Impedance: 50 ohms, BNC connector

WRITE TODAY FOR COMPLETE DETAILED INFORMATION

Radar Systems c o G
Antennas AN A
*  Receivers CORPORATION

Test Equipment 5955 Sepulveda Boulevard
Microwave Components Van Nuys, California

Books

(Continued from Page 40)

both an analysis of various types of
modulation and the transformation of
transients from the time of fre-
quency domain are developed.

Digital Computer Programming

B8y D. D. McCracken. Published 1957 by Joh
Wiley & Sons, Inc., 440 4th Ave. New York 16,
253 pages, vii pages. Price $7.75.

This volume treats the down-to-
earth details involved in actually
working with digital computers. In
clear and logical terms, it discusses
many of the points that are especially
troublesome to beginners, and bares a
sound understanding of programming
by means of lucid presentation of its
basic fundamentals. Tts coverage is
far more comprehensive than that
provided by instruction manuals for
specific computers, yet is on a more
practical level than the broad surveys
written primarily for non-users of
computers.

Books Received
Radio Aids to Air Navigation

By Grover. Publishe :
soph Li /) | 15 40th St York
6. 138 X pages. ice $6.0

V. H. F. Television Tuners

By H. Fishe sblished 1957
ry 0th St
ce

RCA Transistors and Semiconductor

Diodes

Published 19 y R nduct 1!
h St.. Harrison, N. J. 5

) 24
F 1

Receiving Tubes Substitution Guide
Book, 3rd Supplement

By H. A. Middleton. Published 1957 by John F.
Rider, Publisher Inc 116 W. 14th St., New
York 11. 72 pages, paper bound. Price $1.35.

Industrial Rectifying Tubes

Published 1957 by Philips Tect I Library, Eind
hoven, Holland. 116 pages. Price $2.15. To &
ordered from your book seller.

Registry of Radio Systems in

Public Safety Services

Published 957 by mm . ng

k C Rad Hill, Monter 1ss. 132
pages, paper bound. Price $4.00.

ASTM Standards on Thermo
Installating Materials
Published 1957 by American Society

e
Materials, 1916 Race St., Philade phia 3. 214
00.

e §3

for

Servicing Color TV

By Robert G. Middleton. Published 1957
back Library, In 154 14th St., New York
11. 224 pages, paper b . $2.9¢.

Symposium on Solder
Published 1957 by The American Society for Tes

ing Materials, 1916 Race St., Philadelphia 3. 190
pages, paper bound. Price $3.00.
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When You Need
Reliable Contro.

-

onees Miake

wmuuf-‘l’o-wwmq

Match these Adlake abilities against your needs:

¢ Perfect function under vibration

e Perfect snap-action. No pitting, burning, sticking

® No dust, dirt or moisture intrusion—hermetically factory-sealed
e Time delay characteristics fixed, unchangeable.

* Quiet. Chatterless. Require no maintenance whatever.

Our engineers will be happy to help you solve your control
problem. No obligation. Just write THE ApamMs & WESTLAKE

Company, 1182 North Michigan, Elkhart, Indiana. Original
and largest manufacturers of plunger-type relays.

ELECTRONIC INDUSTRIES + January 1958 Circle 40 on Inquiry Card, page 103 49



You have no
size barrier

with ARNOLD
MOLYBDENUM

PERMALLOY
POWDER CORES

Starcing with the smallest up to the largest, Arnold leads
the way in offering you a full range of Molybdenum
Permalloy Powder cores for greater design flexibulity .
from 0.500"” O.D. to0 5.218"" O.D.

As long ago as 1953 Arnold pioncered and developed
for production use the small “Cheerio” core illustrated
above. Today, hundreds of thousands of Arnold ““Cheerio”
cores are filling the requirement for miniaturization in
circuit design in industrial and military applications. And
even smaller sizes are now under development at the
Arnold Engineering Company.

Arnold also is the exclusive producer of the largest 125
Mu core commercially available. A huge 2,000 ton press

For more information write for
Bulletin PC-1048B
Lists complete line of Mo-Permalloy Powder
cores . . . available in 23 sizes from 0.500"” O.D,
to 5.218"” O.D. Furnished also with various types [M
of temperature stability from Type “A” un- Inas
stabilized to Type *\W” stabilized over the tem-
perature range of —65° F to +185° F,

ADDRESS DEPT. T.81

50 Circle 41 on Inquiry Card, page 103

is required for its manufacture and insures its uniform
physical and magnetic properties. This big core is also
offered in the other three standard permeabilities of 60,
26 and 14 Mu.

Most core sizes can be furnished with a controlled
temperature coefficient of inductance in the range of 30° F
to 130° F. Many can be supplied temperature stabilized
over the wide range covered by the MIL-T-27 specification
of -55° C to +85° C . . . another of the special features
only Arnold provides. ® Let us handle all your magnetic
materials requirements from the most extensive line in the
industry: Powder cores, tape cores, cast or sintered Alnico
permanent magnets, and special magnetic materials

WSW 6961

THE ARNoLD [ENGINEERING (JOMPANY

Boston: 49 Waltham $t., Lexington

Main Office & Plant: Marengo, lllinois

Repath Pacific Divisian Plant: 641 East 61st Street, Los Angeles, Caolif.

District Sales Offices:
Los Angeles: 3450 Wilshire Bivd.

New York: 350 Fifth Ase. Washington, D.C.: 1001-15th St., N.W.

ELECTRONIC INDUSTRIES - January 1958



Electron Tube News

-from SYLVANIA

Engineering New Developments—Everywhere in Electronics

IN MOBILE COMMUNICATIONS...

Sylvania designs the 12EK6, an RF-IF pentode for
auto radio and two-way radio applications

Type 12EK6, a Sylvania-originated T-5% RF-IF pentode, is
available for wide application in vehicular radio. Originally
intended for use in 12-volt AM or FM service, the type is
finding growing application in two-way radio service for
commercial, industrial, amateur and experimental mobile
communications.

The new 12EK6 features high gain in IF and RF applica-
tions. It is controlled for operation at both 10.0 vand 159 v.
These maximum ratings provide an increased safety factor for
the wide voltage variations possible in mobile power supply
systems. The [2EK6 is life-tested at the maximum rating
of 159 v. to insure top performance.

The new 12DY8 is a triode-tetrode designed for relay
service in signal-seeker 12-volt hybrid auto radios

Sylvania introduces the 12DY8, a triode-tetrode specifically
controlled for operating relays in signal-seeking hybrid auto
radio. The new tube combines in one T-615 package all of the
requirements for signal-seeking operations, including cutoff
controls at high supply voltage and zero bias plate control at
low supply conditions.

Type 12DY8 can also be used as an audio amplifier-tran-
sistor driver in hybrid auto radios. Although primarily
intended for automotive service, the new audio power tetrode
is applicable wherever a 5 ma. relay on a 12 v system is used.

As in the new 12EK6, the heater ratings of the 12DY8 span
the entire 10.0 volts- 15.9 volts range to provide a greater safety
factor for possible wide variations in fluctuating battery
system supply voltages.

Type 12EC8, Sylvania’s first mixer for FM service
in hybrid communications receivers

New triode-pentode, type 12ECS, is now in production for
broad application wherever 12-volt or 26-volt systems are in
use. The 12EC8 is particularly well suited for good mixing
action through the 100 MC FM band.

By superimposing even higher quality controls on its already
exacting tube manufacturing processes, Sylvania has been able
to insure steady long-life operation for the 12ECS.

As with Sylvania’s other new tubes for vehicular communi-
cations, the heater ratings of the 12EC8 have been extended to
cover the range from 10.0 volts to 15.9 volts—for an added
safety factor in battery system operation.

Sylvania's
new 12EK6

Sylvania’s
type 12EC3
New Sylvania
120Y8
Type 12EK6
Typical Operating Conditions & Characteristics
Plate voltlage « & s o i 'a o o & « 4§ « & 5 4 o @ 12.6 volts
Grid #l valtage. . . . . . . . . . ..o 4]
Grid #2 valtage s « « 'a s « b ww & 5 « ® B A e & 12.6 volts
Grid L resistor « o & o« s w o 4 @@ B D@ & o1 - 2.2 megahms
Transcanductance . . . . . . . . . . ... L L 4200 ymhos
Plate resistance (approx.}) . . . . . . . . . . . . 40,000 ohms
Plofa.cOrmant « 4 s o' i & o'd & o 8w g '¢d's 4 4.4 mo.
Screomicwront) . o« o/ i sl ole & L'a ® » i L e 2.0 ma.
Grid #1 voltoge for Ip=10wa. . . . . . . . . . . . =4.2 volts
Direct Interelectrode Capocitances Without Shield
Grid to plate: (gltop) max. . . . . . . . . . . . 0.032 vuf mox.
input: gl to (h+K+4g24g3) . . . . . . . . . .. 10.0 vut
Output: p to (h+k+4g24g3) . . . . . . . . . .. 5.5 vut
Type 120Y8
Typical operating conditions and characteristics
Triode Tetrode
Plate Voltage. . . . . . . . . . . . . . 12.6 12.6 volts
Grid #1 voltage. . . . . . . . . . . .. 0 0
Grid #2 voltoge . . . ., . . . . . . . . . — 12.6 volts
Grid #1 Resistor . . . . . . . . . . .. —_ 2.2 megohms
Grid #1 resistor bypass condenser . . . . - 1.0 vt
Transconductonce. . . . . . . . . . . . 1,500 5,400 umhos
Amplification Factor. . . . . . . . . . . 20 —_
Plate resistance (opprox.}) . . . . . . . . 15,000 4,000 ohms
Zero Signol Plate Current . . . . . . . . 1.0 14 mo
Zero Signal Screen Current . . . . . . . . - 3 ma
Relay Pull-In Plate Current . . . . . . . . 5 ma. min.
Eb-Ec2-E¢~10 volts; Ec1-O; Rp-1500 ohms; Rg-10 meg.
Reloy Drop Out Plate Current. . . . . . . 3 ma. max.

Ep-Ec2-E4-15 volts; Ec1- 5.5 volts; Rg1-O; Rp=1500 ohms.

Type 12EC8
Typicol Operoting Conditions and Characteristics
Triode Pentode
Plate Valtage. . . . . . . . . . . . . .. 12.6 12.6 volts
Grld #2 voltoge. . . . . . . . . . . . . . —_ 12.6 volts
Grid #1 voltoge . . . . . . . . . . .. .. 0 0
Grid #V Resistor. . . . . . . . . . . . . . 4,700 33,000 ohms
Amplificotion Foctor . . . . . . . . . . . . 25 —_
Plate resistonce (opprox.) . . . . . . . . . 6,000 750,000 ohms
Tronsconductonce . . . . . . . . . . . . . 4,700 2,000 umhos
Plate current . « . « « « « » o « « » 2 o o 2.4 0.66 ma
Grid #2 current . . . . . . . . L L oL - 0.28 mo
Grid #1 voltoge for Ib-10 vo (approx.) . . . =22 =1.6 volts




Engineering New Developments

IN TELEVISION...

Sylvania upgrades the 10DE7 for a better
safety factor in 110° deflection circuits

A new IODE7 to give a better safety factor in 110° vertical
deflection circuits has been designed by Sylvania. Most

important upgrading in the new tube is:

e Peak pulse plate voltage —raised from 1,000 to 1,500 volts.

The reserve power of the I0DE7 is achieved through use of a
newly designed plate which has been increased in size to

provide greater power handling capacity.

Special care in manufacturing and extensive tests have
paved the way for the increased peak pulse plate voltage in

Sylvania’s 10DE7.

Nine types are added to Sylvania’s
extensive line of receiving tubes for
complete coverage of TV set requirements

Sylvania expands its broad line of TV
receiving tubes with the addition of nine
new types:

¢ Types 6CX8 and 8CX8, triode and
sharp cutoff video pentodes. The pentode
section of these types is designed for use as
a video amplifier. The triode section is
adaptable to a wide range of low frequency
amplifier and oscillator applications.

¢ Types 6DT5 and 12DT5, miniature
beam power pentodes featuring high zero
bias plate current for 110° vertical deflec-
tion service. They are designed for superior
performance with both plate and screen

MIDRANGE .~
CONTROL ™

CUTOFF
CONTROL

o
=3
z
=
»
=]
b4

PLATE CURRE

The tronsfer choracteristics in the new
10DE7 ore rigidly controlled for proper
verticol deflection operation.

GRID NO.l VOLTAGE

Averoge Chorocteristics Triode No. 1 Triode No. 2

Plote Voltoge . . . . . . . . . . 250 150 volts

Grid No. ) Voltoge . . . . . . . -1 =17.5 volis

Plate Current . . . . . . . . . . 5.5 35 mo

Tronsconductonce . . . . . . . . 2,000 6,500 umhos

Amplificotion Foctor . . . . . . . 17.5 6.0

Plate Resistance (approx.}) . . . . 8,750 925 ohms
Sylvonia’s Grid Voltage for Ip=10 wa . . . . -20 — volits
improved Grid Voltage for Ip=50 va . . . . -_— -44 volts

10DE7 Zero Blas Plate Current
Ep=60 V [Ec-O (Inst. Values) . . - 80 ma

operating at the B power supply potential.
¢ Types 6CU5 and 12CUS5, miniature
beam power pentodes for TV audio output
in low B+ TV receivers. Both the 6CU5
and 12CUS exhibit characteristics similar
to those of the 50CS5.

¢ Type 6CQ8, medium mu triode and
sharp cutoff pentode for use in series
string TV receivers. It is intended as a

IN GUIDED MISSILE TYPES...

combined vhf oscillator and mixer tube.
o Types 1J3 and 1K3, high voltage
rectifiers. The 1K3 is the short bulb
version of the 1J3 and has identical
characteristics.

These timely new additions indicate why
more manufacturers contact Sylvania for
complete tube service from one convenient
source.

Full line of guided missile types is now in
factory production to meet expanding military needs

Sylvania expands production of its Guided Missile line to meet
growing military requirements as the U. S. missile program
moves into high gear.

The entire line of Sylvania Guided Missile tubes from type
6943 to 6948 is designed specifically to meet and surpass the
most stringent military specifications. The Guided Missile line
passes Sylvania's many exacting quality tests such as the White

Noise Tests, flicker shorts tests and fatigue tests.

Type No. Description

6788 Pentode oudio voltage amplifier
6943 . . . . Sharp cutoff RF pentode

6944 . . . Semi-remote cutoff RF pentode
6945 . . . Avdio beom power pentode
6946 . . . . Medium mu single triode

6947 Double, medium mu triode
6948 Double, high mu tricde

Sylvania’s Guided Missile tube line goes Into moss production



Everywhere in Electronics

IN RELIABLE TUBES...

IN VIDEO AMPLIFIERS...

New engineering booklet tells the
story behind the Gold Brand lines

Svivanio's New Gold
Brand booklet

Sylvania offers a new booklet on its Gold Brand lines with a
full run-down on the characteristics, specifications, ratings and
production techniques for the reliable tubes. The booklet tells
why the Gold Brand has become the sign of premium depend-
ability in reliable receiving tubes. It shows the extra critical
specifications that are met throughout the entire manufactur-
ing process. It illustrates how the Gold Brand has become the
industry’s assurance of military and industrial tubes with extra
reliability and excellent performance.

For full information on Sylvania reliable tubes send for
your copy of the new Gold Brand booklet.

IN INDUSTRIAL
AND MILITARY
C-R TUBES..

New multi-gun tube development
nears completion as Sylvania
pushes military and commercial designs

Out of Sylvania’s broad basic experience in

Sylvania introduces type 6EB8, a high mu triode—
sharp cutoff pentode in a T-6%2 envelope

Type 6EB8 is a high mu triode, sharp cutoff
video pentode. The pentode section is con-
trolled for low knee characteristics and high
zero bias plate current. It provides sub-
stantially higher video output than its
predecessors.

Sylvania’s new 6EB8 may also be used to
excellent advantage in oscilloscopes and
other visual presentation instruments.

New Sylvonio
type GEBS

Typical Operating Canditions and Characteristics, Class A1 Amplifier

Triode Pentode

Platevoltage . . « . . + « « « « ¢ « v v s o 0 4 b s 250 200 volts
Grid #2 voltage . . . . . . . . . . ... 0. .. - 125 volts
Grid #1 voltage . . . . . . . . . . L .o e e e -2 0 volts
Cathode bias resistor . . . . . . . . . . . . . . ... - 68 ochms
Amplfication factor . . . . . . . L L L L0 L 100 —_
Plate resistance (approx.) . . . . . . . . . . . . . . . 34,000 75,000 ohms
Transconductance . . . . . . . . . . o . ... ... 2,700 12,500 umhos
Plate current. . . . . . . . . . .« 4 o ¢ o 4o a s 2 25 ma
Grid #2 current . . . . . . . . 4 e e v s e s e e e — 7.0 ma
Grid #1 voltage {approx.) for Ib=100 va . . . . . . . . -— -9 Vdc
Grid #1 vollage (approx.) for b=20wa . . . . . . . . . -5 — Vdc¢
Zero Bias: With Eb=40 V; and Ec2=125 V; (Instantaneous values)

Plate Curment . . . . o s 5 a2 & 2 © = o « & » 54 40 ma

Grid #2 current . . . . . . . . . . e v e e e e e 15 ma

color TV picture tubes come new develop- Dev
ments in multi-gun cathode-ray tubes for
commercial and military applications.
Sylvania engineers are now completing de-
velopment of the type 6DP7 shown, an
intricate triple gun C-R-T designed for spe-
cial military purposes. Other multi-gun de-
velopmental types incorporating as many
as five separate guns are in development.

For airborne use, Sylvania is developing
the SBCP7, a miniaturized lightweight

Postage

Will be Paid
by

Addressee

tal model of itl-gun 6DP7

r-------------------------I

Na
Postage Stamp
Necessary

if Mailed in the
United States

C-R-T that meets the stringent requirements
of today's aircraft.

Whatever the need in special cathode-ray

(First Class Permit No.46687,New York19,N.Y.)

BUSINESS REPLY CARD

tubes—from multi-gun types to wide-angle
special-phosphor tubes—Sylvania’s engi-

neering know-how and unsurpassed manu-
facturing facilities can meet it. Discuss your
special C-R tube problem with Sylvania's
Industrial and Military Cathode-Ray
Tube Department.

SYLVANIA ELECTRIC PRODUCTS INC.
1740 Broadway
New York 19, N. Y.



Engineering New Developments

Everywhere in Electronics

IN 110° PICTURE TUBES ...

Sylvania replaces hand tipping with a new automatic exhaust tip
sealing process that increases 110° picture tube reliability

Sylvania adds new and greater uniformity
and reliability to its 110° picture tube line
with an automatic tipping process. Now all
Sylvania 110° types incorporate the rugged
squared seal shown.

The extreme rigidity of the new ruggedized
exhaust tip seal virtually eliminates cracking
or breakage possibilities. By automating the
old hand tipping process, uniform reliability
is assured for complete tube runs.

The new automatic sealing process allows

greater control of tip length as well as shape.
This is of particular benefit where rigid pin
bases are used. It results in more highly
uniform base fitting and pin alignment.

Improvements such as the new tipping
process indicate why Sylvania continues to
lead the way in 110° picture tubes. All
Sylvania 110° types, from the 14's and 17's to
the newest 24’s now incorporate the squared
exhaust tip seal. In 110° picture tubes, it
pays to specify Sylvania.

IN NEW HEATER

Sylvania now offers the design engineer a
broader horizon within which to explore,
with the development of a sound and proven
300 ma., 6.3 volt heater for picture tubes.

* SYLVANIA

Originally developed for export markets, the
300 ma., 6.3 volt heater can be made available
in sample 90° and 110° tubes for the design
engineer's evaluation.

1. *Old"* Hand-Tip—Cross section of
carlier style base showing seal ob-
tained employing previously used
hand tipping

2. ““New"* Automatic Tip—Cross sec-
tion of conventional base used on
110° picture tubes

3. “New" Automatic Tip—Cross sec-
tion of rigid pin base used on 110°
picture tubes

Sylvania Electric Products Inc.
1740 Broadway, New York 19, N. Y.
In Canada: Sylvania Electric (Canada) Ltd.
Shell Tower Bldg., Montreal

LIGHTING . TELEVISION . RADIO - ELECTRONICS - PHOTOGRAPHY « ATOMIC ENERGY « CHEMISTRY-METALLURGY
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Please send additional information on the

items checked below:

[C] Type 10DE7
[] Type 12EK6
(] Type 12DY8
(] Type 12EC8
[] Type 6EBS

[] Types 6/12DT5

[[] Type 6CQ8
(] Types 1J3, 1K3

Name .

[] Types 6/12CU5

[] Gold Brand Brochure
[] Types 6/8CX8 [] Guided Missile Line

(] 110° Picture Tubes

[ Industrial and Military
C-R Tubes

[] The 300 ma., 6.3 volt

heater

Address

Use this handy
business reply card

to request

additional information
on these important new
Sylvania developments

Company

¢



You can rely on BUSS FUSES
to operate as intended.

Here’s why — With BUSS fuses,
dependable electrical protection isn’t
left to chance. BUSS fuses are tested in
a sensitive electronic device. Any fuse
not correctly calibrated, properly con-
structed and right in all physical di-
mensions is automatically rejected.

The result,—BUSS fuses provide
maximum protection against damage
due to electrical faults. And just as
important, they eliminate useless shut-
downs caused by faulty fuses blowing
needlessly.

BUSS fuses are made to protect - not to blow, needlessly m farm,

ELECTRONIC INDUSTRIES -

January 1958

With a complete line of fuses avail-
able, it is just good business to stand-
ardize on BUSS. The “trouble-free”
operation of BUSS fuses helps to assure
that your product will operate as in-
tended . . . thus, BUSS fuses help to
maintain the reputation of your prod-
uct for quality and service.

If you have an unusual or difficult
protection problem, let the BUSS fuse
engineers work with you and save you
engineering time. If possible, they will
suggest a fuse already available in local

wholesalers’ stocks, so that your device
can be easily serviced.

For more information on BUSS and
Fusetron small dimension fuses and
fuseholders . . Write for Bulletin
SFB, Bussmann Mfg. Division, Mec-
Graw-Edison Co., University at Jef-

ferson, St. Louis 7, Mo.

Makers of a complete
line of fuses for home,
commercial,
TRUSTWORTNY NAMES IN electronic, automotive
CLICTRICAL PROTECTION ond industrial  use.

Circle 43 on Inquiry Card, page 103 55



Nominal Performance Characteristics of Typical SPRAGUE Magnetic Shift Registers

OPERATING FREQUENCY
Maximum (kc) * 0-25 0- IOO 0-200
Recommended (kc) | 0-20 0-90 0-190

VOLTAGE SIGNAL LEVEL | 4 [ 15 [ 30 4 | 15 | 30 4 | 15 | 30

~ SHIFT PULSE | |
- Nominal Operating Current (ma) | 160 | 160 | 160 140 | 200 | 200 | 220 ]'l 220 | 220
Voltage Drop per Stage (v) 34 | 80 * 9.5 80 [100] 135 | 68 | 60 | 95
Duration (ysec at Y cmpllfude) T 7.0 | 65 5.8 2.0 2.0 2.5 1.2 T 1.2 + 1.2
Rise Time (ysec) 1.8 1.8 1.8 0.8 ] 0.8 0.8 0.3 0.3 0.3
Fall Time (usec) 09 | 1.8 [ 09 | 08 | 08 | 08 | 03 | 03 |03
Peak Pulse Power {watts) I 55 | 1.5 1.6 1.12 20 | 27 1.5 | 1.4 |21
1 INPUT PULSE I ' 7 I T
g Amplitude (ma) 15 10 5 15 10 15 15 10 | 10
- ——=- - ——— — - t —— +—
: g Duration (usec) 10 |10 | 10 3 3 | 3 1 (7
PARALLEL OUTPUT PULSE l | ' ' '
1 Ampiitude (ma) 4 | 16 | 32 5118 | 30 |45 16 | 30
1 o - — { P
'E Ratio (min.) l 100 | 10:1 | 1040 | 101 | 107 | 1001 L 81 | 8
| _Load Impedance (ohms, min.) 2000 | 6000 | 25,000| 1800 | 8000 115,000 | 10,000 | 10,000 | 18,000 |
| DIODE TYPE (or equivalent) .7 | 17 | 17 7| 17 ] 15 7 | 15 | 15
ENGINEERING DATA SHEET 9111 [9113 | 9115[9121 [9123 | 9125 | 9131 | 9133 | 9135

core-diode type magnetic shift register assemblies

. 100% pulse performance tested

Wherever you use Sprague Magnetic
Shift Register Assemblies . .. in the
air or on the ground ... in counters
for industrial controls or basic logic
circuits for computers . . . chances are
you'll be looking for uniformity and
reliability. That's why Sprague uses
truly reliable components throughout
their construction. Why every core
used is subjected to rigid switching
tests before installation, And why every
assembly is 100% pulse performance
tested before shipment.

Packages matched to the application

SPRAGUE COMPONENTS:
MAGNETIC COMPONENTS -
FILTERS

56

TRANSISTORS -
PULSE NETWORKS + HIGH TEMPERATURE MAGNET WIRE

Circle 44 on Inquiry Card. page 103

assure long register life at minimum
cost. Register assemblies for ground
use are available in hermetically sealed
corrosion-resistant metal cases with
glass-to-metal solder-seal terminals for
severe environmental conditions, or
embedded in plastic for moderate en-
vironments. Special minimum volume
airborne packages are ideal for limited
space applications.

All standard packages are character-
ized by terminal spacing that simplifies
external mounting of semi-conductor
diodes, or they can be permanently

RESISTORS -

CAPACITORS -

ELECTRONIC INDUSTRIES -

packaged as integral assembly com-
ponents in Sprague special designs.

Single and multiple stage register
assemblies are available with read and
write provisions to meet most system
requirements. Standard designs can
casily be modified with additional
windings to perform various logical
operations.

For Data Sheets on core-diode type
magnetic shift register assemblies,
write the Technical Literature Section,

Sprague Electric Company, 233 Mar-

shall St, North Adams, Massachusetts.

the mark of reliability

INTERFERENCE
PRINTED CIRCUITS

January 1958
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McKENNA,

WHAT'S AHEAD
FOR '58

ELECTRONIC INDUSTRIES

Publisher \d

In 1957 some 4,365 manufacturers re-
ported themselves engaged in making
electronic products. Of the 4,365 manu-
facturers, 1000 are located in New York
State, over 600 in California, 575 in II-
linois and 500 in New Jersey. Other
states with 200 or more manufacturers
include Massachusetts, Pennsylvania,
Connecticut and Ohio. The value of the
products produced by the electronic in-
dustries total nearly $10.5 billion. Prin-
cipal contributing segments were:
military electronic equipment which ac-
counted for $3.5 billion; radios, tele-
vision sets, high fidelity equipment and
other consumer electronic products had
a retail value of approximately $4.5 bil-
lion; industrial electronic equipment
swells the total by another $1.3 billion.
Sales of new equipment for communi-
cations, which includes broadcasting,
microwave relay svstems and mobile
radio systems, total more than $150
million,

MILITARY

The rise of Sputniks I and II during
the Fall of 1957 will trigger greater ex-
penditures in military electronics dur-
ing 1958. The Sputniks and the NATO
meetings have undoubtedly been prime
causes of program re-evaluations. This
in turn could account for the relatively
heavv fall-off in military business at
vear’s end. A continual increase in mili-
tary business is anticipated after the
first quarter of 1958 with heaviest pro-
curements occurring after June. For
1958 the total dollar volume for military
electronics is expected to rise to $4.5
billion.

RADIO & TELEVISION

Black and white television set sales
were lower than anticipated in 1957.
Production amounted to about 6,500,-
000 receivers. In 1958 production esti-
mates are for 7,000,000 sets with the
bulk of sales going to the portable de-
signs. Portable set sales should account
for about 359% of the total. Completely
transistorized printed circuit designs
still have not been announced, but with
the transistor makers anticipating an-
other doubling in production output,
unit costs should come down and make

January 1958

BERNARD F.

OSBAHR, Editor
their use more attractive to set makers.

Radio set production made unexpected
gains in 1957. 15,500,000 units were
produced. One explanation might be that
the novelty of TV viewing is wearing
off and programming such as music and
news leaves the listener free to do other
things. Another might be that with
the constantly expanding interest in
high fidelity equipment more and more
consumers are listening to radio. FM
broadcasting, which had been sagging
continuously in past vears, is on an up-
swing that should continue through
1958. In radio, portable designs will
again account for about 259 of total
sales. If the 1957 growth pattern for
radio projects through 1958, production
should be up by another 109%.

INDUSTRIAL ELECTRONICS

Sales in the industrial electronic field
are estimated at $1.3 billion for 1957.
Principal segments include analog and
digital computing devices, $180 million;
electronic machine tool controls, $115
million; industrial ultrasonics, $30 mil-
lion. Dielectric heating devices, X-ray
equipment, nuclear instrumentation
medical electronics, electronic timing
and inspection devices are among the
many other elements contributing to
this phase of electronic activity. In
1958 many new facilities of expanding
manufacturers should be in operation to
swell this total to $1.5 billion.

SEMICONDUCTORS
Transistor production in 1958 is ex-
pected to again more than double itself.
60 million units are anticipated with
about 929 in germanium and 8% sili-
con. Approximately 159% of the pro-
duction will be for automobile sets;
radios and consumer electronic prod-
ucts, 509% ; industrial electronic equip-
ment, 25% ; military applications, 10%.
Power transistors will account for ap-
proximately 15% of production; high
frequency transistor types, 45%; high
temperature applications, 8% ; special
purpose semiconductors, 139 ; all others,
20%. Considerable research is under-
way on new semi-conductor materials
and announcements in this connection

are anticipated during 1958,
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1957-1958

Statistics of the

1958 ELECTRONIC MARKETS

PROJECTED TOTAL TRANSISTOR MARKET
Consumer Goods ................... ... .. ... ... .. . S 4,500,000,000 200 T I
Military & Government ........ .. ... ... . ... . . . 4,500,000,000 125
Industrial ... .. 1,300,000,000
Commercial Communicatians ......... ... .. ... . 150,000,000 100 1 T -
$10,450,000,000 = 60 _
50 (— 1
— { -
L { 27| | ~
ANNUAL BILL OF U. S. FOR RADIO-TY 1957 ~1
Sale of Time By Broadcasters. ......... ... ... ... . ... $1,925,000,000 &
Electricity, Batteries, etc., to operate 193,400,000 z 1]

Radio & TV Receivers ..................... . . .. . .. 804,000,000 > 0 I | # =
15,500,000 Rodio Sets, at Retail Volue............ ... ... 603,000,000 :‘5 - | I
6,500,000 Television Sets, at Retail Value. .. ... ... ... .. 1,270,000,000 » - | :
Hi-Fidelity Audio ...................... ... ... . . . . .. 190,000,000 z ~ —
Phono Records, 300,000,000 ot Retail Volue.......... ... 380,000,000 g 5 | I B
Radio-TV Servicing and Instollation (Retail Value): - ™ 3.5

182 Million Replacement Receiving Tubes. .. ....... .. . . 310,000,000 3 = | I 1

6.3 Million Replacement TV Picture Tubes. .... ... .. .. . 230,000,000 |

Rodio-TV Component Parts, Antennas, - | | \ ' al

ACCOSSORIES o iinibuwon as s 1 b 1g s wals B60 E T 5 oo 760,000,000 % | [ |
LObOta p it o as 818 g 5 A2 RETCr® e e o o s o 1,100,000,000 5 ‘ l
_—_— 3 | | |
TOTAL oo i i i 17,572,000,000 1or T i e
™ Jos -
oSt | i
-] |
SERVICE i ! . i
During 1957 the annual retail bill for servicing of home electronic ! l | .
appliances is summarized:
182,000,000 replacement receiving fubes.............. $ 310,000,000 1| l | !
6,300,000 replocement picture tubes (Includes Rebuilds}) 230,000,000 0.1 =5 7955 YT 1957 1958 1959
Antennas, components, parts, instruments. .. ...... ... . 760,000,000 YEAR
LaBOF e 15 iy i i (of 40 48 55 7 o Pe B ST 0w 0 1 8 1 8 mas e 1,100,000,000 "The Tronsistor Market in the United States” prepared for ;h”co f‘?’p;'
Total servicing bill . ....................... $2,400,000,000 Lonsdale Tube Co., Div., by Stanford Research Inst.
U.S. PRODUCTION OF RADIO SETS—1922 TO 1957
Homes Total
Auto with Radio Sets
Total Radio Sets Total Receiving Tubes* Automobile Sets Sets Radio ln"l?sg
Manufactured Manufactured Manufactured in Use Sets inU.S.
i Number
Number Retail Value Number Retail Value Number Retail Value Number Number

1922 100.000 $ 5,000,000 1,000,000 $ 6,000,000 A 260.88(0) ] :%.% l :ggg

1923 550,000 30,000,000 | 4,500,000 12.000.000 2.(;00.000 3.000-(»0 19%4

1924 1,500,000 100, 000. 000 12, 000,000 36,000,000 . 00.000 4'(1)0.000 a2

1925 2,000.000 165,000.000 20,000,000 48,000. 000 g.SOO.OOO 5.700'“)0 1928

1926 1,750.000 200, 000,000 30,000,000 58,000, 000 G.g%.m 7.000-000 1937

1927 1,350,000 168.000.000 41,200,000 67,300,000 7.5 0.000 8.500'000 1928

1928 | 3,281,000 400, 000.000 | 50,200,000 110,250,000 e 0 .000 | 10.5(11'000 1929

1929 4,428,000 600,000,000 69,000,000 172,500,000 .000.762 13.000.000 1930

1930 3,827,000 300,000,000 52,000.000 118,600,000 [ 34,000 $ 3,000,000 12.048.000 | '5.000.000 1931

1931 | 3,420,000 225,000,000 53,000,000 69,550,000 108,000 5,940,000 100,000 | 14.000.562 18'000'000 1932

1932 3,000,000 140,000, 000 44,300,000 48,730,000 143,000 7,150,000 250,000 | 16,809, 1 el gt it

1933 3,806,000 180,500, 000 59,000, 000 49,000,000 724,000 28,598,000 500,000 20,402, 3| 28'000'000 1934

1934 4,084,000 214,500,000 58,000, 000 36,600,000 | 780,000 28,000,000 1,250,000 21 .426.% o500 o o

1935 6,026,800 330,192,480 I 71,000, 000 50,000,000 1,125,000 54,562,500 2,000,000 22,869, 33-000-000 1938

1936 l 8,248,000 450,000, 000 98,000, 000 68,000, 000 1,412,000 69,188,000 3,500,000 | 24,600,000 37'600'000 Hes

1937 8,064,780 450,000,000 91,000,000 85,000,000 1,750,000 87,500,000 5,000,000 26,666,500 40'800'000 1338

1938 6,000,000 210. 00, 000 75,000, 000 93,000, 000 800,000 32,000,000 6,000,000 28.083.3% 45.300.000 1939

1939 | 10,500,000 354,000,000 | 91,000,000 114,000,000 1,200,000 48,000,000 6,500,000 28.700.000 51.000.000 1340

1940 11.800, 000 450,000,000 115,000,000 115,000,000 | 1,700,000 60,000,000 7,500,000 29'200'000 56'000'000 1843

1941 | 13,000,000 460,000,000 I 130,000,000 143,000,000 2,000,000 70,000,000 8,750,000 29,7 .000 59.340.000 L0

1942 | 4,400,000 154,000,000 | 87,70C,000 94,000,000 350,000 12,250, 000 g.g%.ggg gg.ggg.ow .000.000 i 1043

000,000 9,000,000 ,000, . . 000,

Tous Coo L 3000000 25.:000.000 | 7,000,000 | 33,000,000 57,000,000 tads

1945 500, 000 20,000,000 30,000,000 35,000,000 6,000,000 34.000.% 68.9'060'000 1808

1946 14,000,000 700,000,000 190,000,000 200,000,000 1,200,000 72,000,000 7,000,000 35,000, 66'000'000 1945

1947 17,000,000 800, 000, 000 220,000, 000 260,000,000 3,200,000 194,000,000 9,000,000 37,000,000 74.000.000 1845

1948 14,000,000 600,000, 000 200,000,000 230,000,000 4,100,000 293,000,000 11,000,000 | 40-%.% 81'000'000 1549

1949 | 10,000,000 500,000,000 190,000,000 350,000,000 3,500,000 240,000, 000 14,000,000 42,000, 90-000-000 1950

1950 14,600,000 721,000,000 383,000, 000 644,000,000 4,760,000 248,000,000 17,000,000 45.028,833 100.000.000 1961

1951 13,000,000 605,000,000 430,000,000 840,000,000 4,800,000 255,000,000 20,000, 000 45,8 .000 114.500'000 1 1952

1952 | 10,000,000 500, 000.000 330,000,000 740,000,000 2,750,000 148,000, 000 25,000,000 46.000.000 120'5(11'000 1953

1953 13,400, 000 536,000,000 410,000,900 920,000,000 4,800,000 250,000,000 29,000,000 48,000.000 127.000.000 1553

1954 | 10,000,000 400,000, 000 400,000.000 880,000,000 4,300,000 220,000,000 3?.000.000 50.000.000 138.700'000 1955

1955 14,400,000 559,000,000 481,000,000 852,000, 000 6,900,000 346,000,000 35,700,000 22.000.000 | 143'500.000 . 196

1956 14,000,000 553,000,000 465,000, 000 906,000, 600 5,000,000 258,000,000 37,500,000 3,200, o | 146'4001000 oo

1957 | 15,50¢,000 603,000,000 | 450,000,000 882,000,000 5,500,000 303,000,000 39,600,000 53,400, 01 ,400,

* Tubes used as replacements accounted for about 35% in 1957.
58 ELECTRONIC INDUSTRIES - January 1958



Radio-TV-Electronic Industries

VITAL TELEVISION STATISTICS 1946-57

Total Tolal
Receiving Tubes Total TV AM-FM-TV TV Sets At
Total TV Sets Used in New TV Sets Picture Tubes Receiving Sets TV Station: in Use Close
Manufactured and for Renlacements Manufactured Manufactured on the Air inU. S of
Number Relail Value Number Retail Value Number Retail Value
1946 16.000 S 05,000}000 350.000 $ 588,000 20.000 $ 1,000.000 14.010.000 5 8.000 1946
1947 250.000 100.090.000 8.500.000 15,000.000 300,000 15.000.900 17,250,000 20 230.000 1947
1948 1.000.000 350.000,000 32.200,000 53.000.000 1.500.000 75.009.000 17.000.000 44 1.000.000 1948
1949 3.000.000 950.000. 000 87.000.000 146,000,000 3.500.000 210.000.000 13.000.000 100 3.800.000 1949
1950 7.500.000 2.700.000,000 225.000.000 378.000.000 8,000,000 400,000,000 22.100.000 107 10.500.000 1950
1951 5.600.000 2.100.000.000 161.000.000 270.000.000 6.000.000 300.000.008 19.100.000 108 15.750, 000 1951
1952 6.300.0C0 2.360.000.000 168.000.000 380.000.000 6.500.000 260,000,000 16,300.000 123 21.800.000 1952
1953 7.300.,000 1.675.000.000 210,000.000 400,000. 000 9.000, 000 360,000.000 20.700.000 350 28.000 000 1953
1954 7.300.000 1.278.000.000 215.200.000 409.000.000 10.300.000 360.500.000 17.700.000 415 33.000.000 1954
1955 7.800.000 1.263.600,000 220,000,000 407.000.000 10.600.000 371.600.000 20,000,000 157 39.400.000 1955
1956 7.590,000 1.237,500.000 200.000. 000 400,000.000 11.000,000 318,000.000 21.900.00C 491 42.300.000 1956
1957 6.500. 000 1.270.000.000 175,000,000 371.000.000 10.000.000 340.00G,000 22.000,000 519 45.590. 000 1957
RECORDERS PHONOGRAPHS

ELECTRONIC FIRMS

—BY STATES
Headquarters offices by number ond
state for the 4,365 electronic manufac-

turers

NO. OF
STATE COMPANIES
Alabama 2
Arizona 7
Arkansas 2
Californio 617
Colorada N
Connecticut 200
District of Columbia 14
Delaware 10
Florida 24
Georgio 5
Illinois 571
Indiana 87
lowa 21
Konsas 4
Kentucky 7
Louisiana 5
Maine 3
Maryland 42
Massachusetts 254
Michigan 89
Minnesata 56
Mississippi 2
Missouri 51
Nebraska 8
Nevada |
New Hampshire 24
New Jersey 485
New Mexico 9
New York 999
North Caralina 8
Ohio 230
Oklahama 10
Oregan 12
Pennsylvania 292
Rhade Island 31
South Caralina 5
Tennessee 10
Texas 43
Utah 5
Yermant 7
Virginia 17
Washington 13
West Virginia 2
Wiscansin 69
Wyaming |

4,365

ELECTRONIC INDUSTRIES

January 1958

Estimated 1958 sales of phono players in
new units and retail $ volume

{non-commercial )
Estimated 1958 tope recarder sales in new

units and retail $ volume 1955
1955 4,000,000 $120,000,000
325,000 $48,750,000 ' ! 1956 ! !
1956
425,000 463750000 4 150,000 $124,500,000
1957 1957
475,000 $95,000,000 4,700,000 $142,000,000
1958 1958
535,000 $100,000,000 5,000,000 $147,000,000
The Electronic Components Industry
5 — = . -
4L

Circuit accessoties

Capacitors, resistors, transformers,
and other elements

4 - —

/ Semicanductors

i | Other electronic tubes

Picture tubes

—1 Receiving tubes

195( 53 55 56 ‘60 ‘65

—NEDA Journal, Sent. 1957, Vol. 13—No. 9

APPROPRIATIONS AND EXPENDITURES FOR MILITARY AVIATION
Millions of Dollars

U. S. Air Force Naval Aviation

Total Cash Total Cash

Fiscal Year Appropriations Expenditures Appropriations Expenditures
1939 $ 7 $ 83.4 $ 48.2 $ 479
1944 23,656.0 13,087.7 4,583.7 4,490.1
1949 939.8 1,059.2 588.3 875.1
1953 22,076.2 15,089.6 4,873.0 3,061.3
1956 15,681.3 16,748.8 1,711.7 2,836.1
1958 (estimate 16,481.0 17,383.3 2,810.0 2,710.0

—Aircraft Industries Association of America, Inc.
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1957-58 Statistic

S (Continued)

Broadcast Stations in the U.S.

= — AM M TV

Stations on Air 3,124 498 429 VHF

90 UHF

TOTAL RADIO & TV TALENT COSTS  CHART BELOW describes the approximate Dediiemrucn.  Wea TS T IME

quantities produced of the principal com- \ ARl
1958 wavaraizegpesyinG s $1,780,000,000 Bandnts sad in radio aid TH" receirars.The ‘educational lg l\mE
1987 ... $1.925,000,000 quantities indicated include both components
used in original equipment and those used Applications .. . .. 327 44 87 VHF
1958 .. $2,085,000,000  for replacement purposes. 32 UHF
PRODUCTION OF PRINCIPAL COMPONENTS USED IN RADIO-TV RECEIVERS
Trans- Resistors | Resistors
formers Capacitors = Capacitors = Capacitors Capacitors Composi- Wire Loud-

Year Iron Core Coils Electrolytic Mica Ceramic Paper tion Wound speakers Year
1946 49 149 22 69 284 155 477 29 14 1946
1947 70 193 27 84 349 196 608 37 17 1947
1948 46 250 28 86 357 212 654 42 17 1948
1949 39 196 25 74 310 218 670 50 13 1949
1950 65 332 44 106 417 351 1090 70 22 1950
1951 47 288 38 90 394 284 862 59 19 1951
1952 56 305 42 100 433 312 948 67 17 1952
1953 63 323 43 103 455 325 900 69 21 1953
1954 54 276 37 88 390 278 770 59 18 1954
1955 50 274 51 86 378 338 852 a1 24 1955
1956 43 283 45 88 423 369 963 35 25 1956
1957 39 272 38 74* 463 267 934 33 29 1957

* Drop in capacitor production reflects the increased use of orinted circuits.

Figures are in millions of units.

ELECTRONIC MANUFACTURERS—BY PRODUCT CATEGORY

The 1957 Electronic Industries Directory lists some 4,365 manufacturers.
electronic industries in 101 major categories.

Amplifiers, Audio

Amplifiers, RF-|F

Amplifiers, Special Purpose

Amplifiers, Television

Analyzers

Antennas, Commercial

Antennas, Home

Antenna Accessories

Aviation Auxiliary Electronic
Equipment

Batteries, Chargers & Accessories

Cabinets, Racks, Panels &
Accessories

Capacitors, Fixed

Capacitors, Yariable

Chassis Accessories

Chemicals, Coatings & Related
Products

Chokes

Coils

Communications Systems

Computers

Connectors & Terminals

Control Equipment, Communications

Control Equipment, Industrial

Crystals, Accessories & Cores

Detectors

Dials & Front Panel Accessories

Filters

Gages

Hardware

Headphones

Indicators

Industrial Electronic Equipment

Insulation Materials & Compaunds

Insulators

Kits

Lighting Equipment & Accessories

60

313
241
582

76
314
241
226
406

609
99

295
139

94
353

413
150
508
233
390
381
126
715
343
195
228
373
119
550
29
346
352
354
315
1
150

of the major categories.

Magnetics

Measurement & Test Equipment—
Bridges

Measurement & Test Equipment—
Counters

Measurement & Test Equipment—
Decade Boxes

Measurement & Test
Generators

Measurement
Monitors

Measurement
Oscillators

Measurement & Test
Oscillographs

Measurement & Test
Special Purpose

Measurement & Test
Standards

Medical Electronic Equipment

Metals

Meters, Audio

Meters, Electrical Measurement

Meters—RF

Meters, Special

Microphones

Microphone Accessories

Microwave Components

Equipment—
& Test Equipment—
& Test Equipment—
Equipment—
Equipment—

Equipment—

Purpose

Military  Equipment
Military Systems Engineering
Missiles

Mobile Communications Equipment
Mobile Communications Accessories
Motion Picture Equipment

Motion Picture Equipment Accessories
Motian Picture Film

Motors & Generators

Navigation Systems

Nuclear Praducts

213
108
186
35
217
68
326
69
558

59
185
403
87
224
107
215
67
122
303
396
291
282
108
212
67
112
12
352
[
314

ELECTRONIC INDUSTRIES -

Photoelectric Equipment

Power Supplies & Converters

Printed Circuits

Production Machinery & Equipment

Radar Devices

Receivers, Communication

Receivers, Home

Receivers—Navigation & Special
Purpose

Recorders, Audio

Recorders, Special Purpose

Recordig Accessories

Rectifiers

Relays

Resistors & Volume Controls

Seals

Semi-Conductors

Services, Broadcast

Services, Industrial

Sound Reproducing Equipment, Disc

Sound Reproducing Equipment
Magnetic

Sound Systems, Intercommunicators &
Hearing Aids

Speakers

Speaker Accessories

Studio Equipment

Studis Accessories

Switches

Testers

Tools, Hand

Transformers

Transmitters

Transmitter Accessories

Tubes

Tube Parts

Tuners

Wire & Cable

The directory reflects the many products of the
Here broken down are the number of manufacturers reporting products in each

123
463
389
398
184
180
153

82
105
303
152
102
340
289
132

56
230
616
197

67

212

62
118
268
130
348
265
181
334
184
103
149
272

82
429
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Three

Output Immittance
Theorems

Formulated here are theorems designed to assist the engi-

neer in treating linear networks in transistor circuitry. Their

validity is not disturbed by variations in the power supply.

By DR. HARRY STOCKMAN

Sr. Research Physicist
Neutronics Research Co.

165 Loke St., Waltham, Mass.

\’ HILE the principles behind these theorems are
well recognized in the network analysis and syn-
thesis fields, the existence of theorems such as the
Thevenin-Norton theorem and the Maximum Power
Transfer theorem does not generally imply the ex-
istence of direct methods for the calculation of output
immittance,.

With the advent of the transistor, the calculation of
output immittance, i.e.,, output impedance or output
admittance, became paramount, partly because of in-
creased need for maximum output, and partly because
the input circuit of one transistor amplifier can

Fig. 1: Common-base amplifier, represented by hybrid-parameters,
and with output impedance calculated with Theorem Il and Iil.
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scarcely be defined unless the output conditions of the
previous transistor amplifier are known.

A typical example of a transistor amplifier, repre-
sented by means of its hybrid-parameters, is shown in
Fig. 1. We wish to know how one calculates the out-
put immittance directly and quiekly. This problem
will be solved later with the aid of the presented
theorems.

For conventional methods of calculating output im-
mittance, consider the networks shown in Fig. 2,
which do not necessarily represent transistors. Fig. 2a
shows an active network represented by its equivalent
TEE with an internal constant-voltage-source, cvs, E,
Fig. 2b shows the same active network represented by
its equivalent PI with an internal constant-current-
source, ccs, /.

First, we will assume that the ecvs E and the ces /
are not present. If then both networks represent
equivalent circuits of one and the same ‘“physical
model.” we may at a specified frequency consider one
of the networks obtained from the other one by means
of TEE-PI and PI-TEE transformation respectively.
A simple method of carrying out such transformation
from memory, without the use of hand-book formulas.
has been given in the literature.l.
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Immittance Theorems (continued)

Symbolic Notation

Employing symbolic notation for the periodic steady
state, we may use either V,=V,or1I, I, as refer-
ence quantity, essentially, but not necessurily, de-
pendent upon whether the network is exposed to cvs-
driving or ces-driving % The input and output loop
impedances Z; and Z,, Fig. 2a, are defined for the se-
lected side as input side and the opposite side ac open-
circuited, in accordance with the ‘“open-circuit im-
pedance” concept. Z,, as indicated by the subscript r,
is the reverse transfer impedance, obtained with a
signal current applied to port 2-0, and with port 1-0
ac open-circuited.

Similarly, Z, designates the forward transfer im-
pedance, with a signal current applied to port 1-0. and
port 2-0 ac open-circuited. These svmbols are the
most recent ones adopted in the transistor field, and
apply both to passive and active two-port networks.?
Z, Z; obtains only for passive networks.

The most fundamental and direct method for calcu-
lating input and output immittance of passive net-
works is the Element Combination Method, in which
we refrain from introducing currents and voltages.
In accordance with this method we obtain from Fig. 2,
with // signifying “in parallel with,” with 7,,

2):2;-2,

- —E= +*
25:2,-2, EHUY,)

(9)

V, produced by an infinite voltage in series with an
mnfinite impedance, the ratio of the 2 being the input
current), then Z,, 1/Y;, will remain the same,
while Z,,, 1/Y,, will become different from the
value calculated in Eq. 2. It is seen that in this case
Zoul l.lyout = Z,.

Under all circumstances, as long as we observe
whether the input should be ac open-circuited or ac
short-circuited, the Element Combination Method al-
ways gives the correct result, and saves us the trouble
of introducing voltages and currents with associated
possibility of a wrong sign.

Transfer Functions

Still vestricting the discussion to passive circuits,
we should note that the transfer functions

I3

Ja

Va
Iv(w) = v Alw) =

may be read-off from either one of the networks in
Fig. 2, since they are equivalent. Further. they can
be read-off directly, without calculation, if the prac-
tical variable divider method is used. (This method
is discussed in reference 1 under the name ‘Poten-
tiometer Method”).

The Variable Divider Method implies that the vari-
able, whether voltage or current, is proportioned to

I 4 5 1,
L oot AN oh—
f +f
+ V. y el
2 T=F(Uy) = 4
]
”m—‘k’ vislvay, vy ey, Tout
) ) )
(b)

Fig. 2: Active TEE (a) and active Pl (b) networks, which may represe ent transistor amplitier. Input and output immittance to be determined

Z,+ Z;, and for cvs drive (V, produced by a zero im-
pedance source) :

2
cid

Zin =4 Z ZE = E ’ (1)
- Zo + Z1 '
Zr2
Zout e Z'z = Za Zl = Zu A (2
4

In Fig. 2b, we have used the “short-circuited ad-
mittance” concept.?-¢ The input and output admit-
tances Y; and Y, are defined for the selected side as
input side, and the other side ac short-circuited. Y.
is the reverse transfer admittance, obtained with a
signal voltage applied to port 2-0 and with port 1-0
ac short-circuited.

Similarly, Y, designates the forward transfer ad-
mittance, obtained with a signal voltage applied to
port 1-0 and with port 2-0 ac short-circuited.

Continuing the idea of cvs-drive from Fig. 2a,
we obtain from Fig. 2b equations similar to Egs. 1
and 2. The Element Combination Method holds
equally well here, and if the final results for Y,, and
Y, are inverted, it will be found that they agree
precisely with Z,, and Z,,,.

If the 2 networks in Fig. 2 operate with ces-drive
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fit the existing pattern of the network. Accordingly,
applying the Voltage Divider Method to the network
in Figs. 2a and 2b, respectively, we obtain directly

Z 73/ /% ,
Agle) = T2 , 3
) = w7z ‘ ‘
A ) B Ylll ~ )' 4
v(w yul + Y I )r“ + )"‘ /

where Y,” = Y” + V,.

Similarly, applying the Current Divider Method
to the network in Figs. 2a and 2b, respectively, we
obtain directly

A 4 £l (5)
) = = {
he Za 1 2 Z, + 7, o

)/ Y}ll V ” )
Ai(w) = A § 5 (6

I S R T

It is significant to note that Egs. 4 and 5 are
very much simpler than the other 2 equations; they
are “‘naturals” also when written in terms of short-
circuit and open-circuit parameters. The reason for
this is quite obvious: the Y’-branch “disappears”
in voltage ratio calculations, and the Z,-arm ““dis-
appears” in current ratio calculations: transform-
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ing the PI and TEE, respectively, to simple ELLS

i.e.,, L-formed sections).

1f we have a free choice in deriving equivalent cir-
cuits for a “physical model,” it is quite desirable
that we settle for a PI, if we wish to calculate
Ay(w), and a TEE to calculate A;(w). There may
be some other factor present, however, forcing our
hand in the choice of equivalent circuit.

It is seen that the simple writing in Egs. 4 and 5 is
due to 2 simultaneous, beneficial actions, (1) choice
of proper equivalent circuit, and (2), the applica-
tion of the Variable Divider Method. It will be shown
later how the existence of the simple “three-quan-
tity formulas” of the type shown in Egs. 4 and 5
make possible the formulation of Qutput Immittance
Theorem 11, which is perfectly general, although
originated under conditions which at first may ap-
pear restricted.

Transformation Characteristic of A(w).
One may ask at this time why the Thevenin-Norton
theorem was not used in obtaining the output im-
mittance. Actually, the Element Combination Method
to find looking-in immittance is precisely the method
adopted in the most conventional application of the
Thevenin-Norton theorem.
We will now relax our requirement on a passivated

A REPRINT

of this article can be obtained by
writing on company letterhead to

The Editor
ELECTRONIC INDUSTRIES

Chestnut & 56th Sts., Phila., Pa.

circuit, and include the internal function-sources F
and /, Fig. 2. If we maintain that the networks in
this figure are equivalents, both representing one and
the same ‘*‘physical model,” then we note, (1) that
the passive parts of the networks are not related via
PI-TEE-PI transformation. and (2) the networks
have been obtained merely by solving the common
basic equation syvstem in 2 different wayvs.

To obtain the network in IFig. 2a, we write the
equation system in terms of Kirchhotl’s voltage-sum
equations: the network in Fig. 2b, in terms of Kirch-
hoff’s current-sum equations.?: - ¢

In an attempt to obtain the output immittance of
the complete “phyvsical model.” we may first be in-
clined to apply the Thevenin-Norton theorem, but
will find this to no avail, since the Thevenin-Norton
theorem applies only to networks with constant
sources; our networks being provided with function-
sources. In other words. we cannot directly recognize
a Thevenin generator or a Norton generator in the
2 networks in Fig. 2.

We may, however, be able to transform the fune-
tion-sources to constant sources. whereupon we are
free to utilize the Thevenin-Norton theorem as indi-
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Ay Tp19ml

AglW) =¥ /Y, Zout = [t

Fig. 3: Unknown ckt demonstrates use of known transfer function.

cated. Before discussing this possibility, we may re-
call that one of the most common methods in use
for the calculation of output immitttance is the Ap-
plied Source Voltage-Current Ratio Method. We sub-
stitute the source V,I, for the load Z,, and if the
output impedance is required, we make 1, V, the
reference quantity; if the output admittance is re-
quired, we make [, I, the reference quantity.”

One attraction of this method is that it appears
the same way on paper, as when it is used in the lab-
oratory, the output immittance being measured by
means of ac ammeters, voltmeters, or immittance
bridges. The ratio V, /I, or I,/V,, vields the output
immittance to prime direction part and j-part, or
to magnitude and phase angle.

The method is very useful when function-sources
such as f(U,) and F(U,)are involved, where U,
and U, could be any of several possible variables,
considering both tube circuits and transistor cir-
cuits. As an example, U, may represent I, (for the
common-base transistor), but may instead represent
V, or I, 4 I, or 0.8 I, -+ 0.7 I, or any such com-
bination.

For non-linear functions, when the treatment is
restricted to linear properties of the network, tech-
niques such as the ones developed in the frequency-
conversion field may be adopted to allow us to cir-
cumvent the problem of non-linearity.

Special Case

A special case is at hand when E and ] are func-
tions of their local current or voltage, so that the
application of Compensation Theorem I transforms
the function source into an impedance or an admit-
tance.! In such a case the prime direction parts may
be negative, thus providing stimulance (negative re-
sistance or negative conductance).

In either case, within the realms of stability, and
for the simple type function-sources assumed. a new
network free from internal sources apparently re-
sults. The method then degenerates right back to
the simple Element Combination Method. When a
voltage or a current from another part of the cir-
cuit is involved, however, this degeneration does not
take place, and we are forced to employ the Applied
Source Voltage-Current Ratio Method. or other
equally powerful method.

Returning to the approach of making the network
look either like a Thevenin generator or a Norton

(Continued on page 153)
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Fig. 1: The electron
microscope: an orig-
inal instrument in
medical electronics.

Part One of Two Parts

( VER five vears ago the Institute of Radio Engi-
neers (IRE) formally recognized the potentiali-
ties of electronics in the medical field by creating the
Professional Group on Medical Electronics (PGME),
to “implement the use of electronic theory and tech-
niques in problems of medicine and biology.” The
membership of the group has now grown to almost
2000.

Most biologists, physicians, and others in similar
fields had no major interest in electronics, so a way
had to be devised to attract them to the group. The
problem was solved with the institution of the
Affiliate grade on January 4, 1957. Open to IRE non-
members who have an interest in some phase, or
joint science, covered by one of the Professional
Groups. applicants must belong to organizations in
the affiliate science recognized by the PG., e. g., the
AMA.

Though Affiliate membership in the PGME is still
less than fifty, the picture is actually much brighter.
Not contradicting the former statement, there are

Ed.—This article is based on a paper that Mr. Stranix pre-
sented at MAECON, Nov. 14, 1957
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A Prospectus on . .

Medical

Electronics

By RICHARD G. STRANIX
Assistant Editor
ELECTRONIC INDUSTRIES & Tele-Tech

A quick survey of recent developments
A calculated guess of what's anticipated

How to get into this interesting field

Selling to the medical profession

several physicians, biologists. and
others, men with a keen interest,
who joined the IRE as Associates
or qualified for other membership
grades before the institution of the
aftiliate grade.

It must be remembered that this
new grade is less than a year old.
Publicity has been mainly by word-of-mouth. When
national recruiting gets under full speed and the
biologists and physicians are approached directly, it
is anticipated that the Afliliate grade membership
will mushroom.

To insure proper professional coordination the IRE-
PGME has a medical advisory committee composed
of six outstanding members of the medical profession.
It also has a liaison committee with the Council on
Medical Physics of the American Medical Associa-
tion (AMA).

In spite of the activity in the last decade, elec-
tronic engineers should not feel ignorant if they are
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unaware of the field. Actually, nothing, per se, has
been accomplished which could be considered a major
contribution to the practicing medical profession.
That is, nothing that has a direct bearing on the
general public; contributions such as the Salk Polio
Vaccine.

DIAGNOSTIC DEVELOPMENTS

Familiar to us all are such devices as X-ray ma-
chine, audiometers, phonocardiographs, Dballisto-
cardiographs, and various other “G's,” such as EK,
EE, and EM. These devices have been in use for
sonme time and are pretty well accepted by all in the
medical profession. We will not consider these as
recent developments.

Not so well known are the microscopes utilizing
ultraviolet (u-v) radiation. In this category we have
a great deal of activity in the study of many types of
cells including cancer cells. These cells transmit
visible light with a high degree of uniformity. Under
this condition, details of cell structure and the chemi-
cal constituents of various parts of the cell can not be
clearly distinguished. There is a considerable degree
of variation in light transmittance over the cell
structure when u-v radiation is used.

U-V photographic teehniques which have been and
are still being used with unstained cells suffer from
three disadvantages: First. the u-v irradiance re-
quired to adequately expose the photographic plate
generally proves lethal to the cells; second, when
using quartz refractive optics the focal length of the
lens is a function of the wavelength of the u-v
irradiance used and a number of pictures must be
taken with different lens setting to obtain a high
resolution picture; and, third, the process is slow
because the photographic plates must be developed.

Ultraviolet Microscopy

Presently, most forms of u-v microseopy incor-
porate closed-circuit television (CCTV). One well-
known system, used by Dr. Philip O’B. Montgomery.
Southwestern Medical School, Dallas, and the Philco
Corporation uses the flying-spot scanning technique,
in which each elemental area of the specimen is
scanned in a time sequential manner by a small spot
of u-v having a diameter of approximately 0.25
mierons. In addition, as shown in Fig. 2, the u-v
radiation passes through the microscope in reverse
of what we might consider the conventional manner.
A small scanned rectangle, or raster, is produced on
the face of the u-v tlying spot scanner tube. The
vaster image is then projected down through the eye-
piece and objective lens utilizing Grey optics, a type
of lens which holds a conskant focal length through
the visible and deep into the u-v portions of the
spectrum. This focusses the greatly reduced raster
on the specimen under observation.

The amount of radiation emerging from each
elemental area of the specimen is inversely related
to the u-v absorption of each minute portion of the
specimen.

The emerging radiance is channelled through a
grating monochromator whieh seleets a wavelength
band to selectively produce contrast of the displayved
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Fig. 2: This u-v microscope uses the flying spot technique.

image. An u-v sensitive photo-multiplier tube con-
verts this radiance into an electrical signal which is
channelled through an amplifier to a viewing monitor
employving a long persistence phosphor. Time-lapsed
movies are then made. Living cancer cells have been
viewed for over ten hours on this system.

The u-v flying spot scanner tube used in this system
was developed in the laboratories of the Philco Corp.

The equipment used by Dr. Montgomery at the
Southwest Medical School, Dallas, employs a slow
scan television system, in which each field is scanned
once every two seconds. In standard television each
field is secanned in 1/60 of a second. This slow scan
equipment was designed by Dr. Roberts and Mr.
Bonner of the Southwest Medical School. The Philco
Corporation is presently working on a gimilar system
emploving ditferent methods of scanning. By means
of the flving spot system any small selected area of a
cell may be irradiated if desired.

Another svstem, developed by Dr. Vladimir K.
Zworvkin, Rockefeller Institute. stains cells electroni-
cally with arbitrarily selected colors—red, green, and
biue. 1t should be pointed out here for those un-

Fig. 3: Operating details of the spectrophotofluorometer
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Medical Electronics (Continued)

familiar with microscopy that biologists. studying

cellular anatomy by means of visible light must stain,

or otherwise modify, the cells to make the structures

more visible. This treatment not only kills the cells

but may also alter the natural state of the cells, some-

times killing them. The U-V, Color-Translating Tele-

@, vision Microscope (UCTM). Fig. 9, is the first prac-

tical instrument to “translate” u-v absorption data

of living cells into colors instantly by TV methods.

Ditferent materials selectively absorb, or soak up,

different wavelengths of u-v radiation. The UCTM

provides a translation of these selective absorptions

. into color. It thus helps to show the location in the

_an.t4 :abmc)" c“"eh"e photometer is used with an ox- cell of the various absorbing chemical constituents.

VIS BT engpegge) L% MRMEOE O @jEeD (D, U [leod This system uses a pulsed radiation, in which the u-v

radiation is applied to the cells in short bursts which
helps prevent lethal damage.

Fig. 5 (below): Typical use of oximeter and phonocatheter.

oo | mecorper | veant oventias (xd) Closed-circuit TV probably is the most readily
s ‘% applied device in the electronic sphere to the prob-
lems of medicine. A runner-up for this distinction
é{ must be the counter. Already there are numerous
1 = PREAMP U blood cell counters and a few bacteria counters on
e ot £ A
OXIMETER o the market.
\SIGNN.
o = Analyzers
PHOTOMETER ARE ; 1 . g

HEART A practical Oximeter incorporating a cuvette
photometer, Fig. 4, has been developed by American

DOUBLE -LIJMEN ’ N s = . R
PHONOCATHETER Electronic Laboratories. This is a device which mea-

sures the amount of oxygen in the blood. It can be

used in conjunction with its intracardiac phono-

i catheter, a device which is used for acoustic mapping

[ within the heart. Typical employment of the two is
s I; shown in Fig. 5. By using a double lumen catheter, a
1 ; Bl ; sample of the blood may be removed from the heart
camERTER I | aeioRSiRy I r‘“""".':::”""‘I *_{-“"- ]' and its oxvgen content determined while the sounds

¥ 4 ‘ -I” o el within the heart are being recorded. The second
- T ; *f‘ri;l'l‘ lumen could have been used for measuring the blood

e i

;Evﬁ;g;’;:l ‘:'j—c,o'f!ko,u ] J!..g.?him] _1"" s I}—" L pressure instead, if desired.

' - The Spectrophotofluorometer, developed by Dr.
puaLTRER Robert L. Bowman, N. 1. H. is finding its way

[ S == =

Fig. 6 (above): The function diagram of a cytoanalyzer. into almost every pharmaceutical house in the coun-

trv. The device, Fig. 3, marketed by American In-
Fig. 7 (below): The cytoanalyzer will be used in large strument Co., activates and measures fluorescence
programs to distinguish exfoliated from abnormal cells. throughout the visible and ultraviolet regions. Rapid

quantitative assays are obtained in less than a
minute by the appearance of a tluorescent spectrum
on the CRT secreen.

Radiography
Television equipment using flying spot scanner
techniques and special video circuits have been de-
veloped to provide contrast enhancement of X-Rav
negatives. The objective as to obtain more diagnostic
information from X-Ray films that is possible b
conventional means. By means of special video cir-
cuits, minute differences of contrast between adja-
cent areas which are hardly perceptible to the human
eve are increased in contrast so as to be readily per-
ceptible on a monochrome picture monitor. This
equipment was recently developed in the laboratories
of the Phileco Corporation.

1 ‘l

sl |
*
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THERAPEUTIC DEVELOPMENTS

It is appropriate that we make mention of our
ultrasonics policy at this point. We will consider this
as a branch of electronics because the main com-
ponents of an ultrasonic system are an electronic
generator and a transducer.

The diathermy console is a familiar sight in most
medical offices. But two new forms of diathermy
equipment have made their debut in the last few
vears—microwave (we're probably all familiar with
the commercial advertising for the two minute roasts.
etc.), and ultrasonic. In the final analysis the latter
may not be considered diathermy, but rather, a
purely therapeutic tool in itself.

Defibrillator

A device which has had a quick rise to popular
usage is the defibrillator. Ventricular fibrillation is
a rapidly fatal condition occurring in organic diseases
of the heart and following ordinary cardiac surgery
in which various groups of the heart’s muscle fibers
beat independently and without rhythm. A defibril-
lator is a piece of electronic equipment which may
be used internally or externally. When used internal-
lv, the chest is opened and the two defibrillator elec-
trodes are held against the sides of the ventricles in
firm contact with the myocardium. Controlled pulses
of current up to three amperes are passed through
the heart from one electrode to the other, forcing the
fibrillating heart muscles into one massive contraction

producing defibrillation and putting the ventricles
into standstill. Sometimes the heart will then begin
its own normal sinus rhythm. If it doesn’t, drugs,
massage, and continuous controlled pulses are com-
bined to restore the normal rhythm of the heart.

Externally, it is applied through the unopened chest.

Heart associations have recognized the value of
electro-shock and have prescribed it as standard pro-
cedure for ventricular fibrillation. Further, they
specify that a defibrillator should be readily avail-
able in every surgery. Each average-sized hospital
can anticipate about 1 cardiac arrest in 1000 opera-
tions, a major number of these occur with good-risk

Ultrasonic Surgery

Probably the most well-known use of ultrasonics
for surgery is that involving the brain. An outstand-
ing treatment of this operation has recently been
published in a comprehensive review of ultrasonics
in the medical and dental professions.

Prefrontal Lobotomies have been performed with
sound waves, both with and without removing the
skin and skull bone. Heating effects, secondary phe-
nomena of sound wave treatment, result from the
fact that some tissues have high acoustic absorption
coeflicients.? It has been found that more consistent
results can be obtained. if skin and bone are removed.
Also, it has been pointed out that bone is highly
absorping at ultrasonic frequencies and therefore
must be removed to prevent overheating.

(To be continued next month)

ELECTRONIC INDUSTRIES *+ January 1958

Fig. 8 (above) Keep
inz cyes on patient,
surgeon requests at-
mospheric correction
from this distant con-
troller. Electronic
sensing and control
fulfills his desire.

Fig. 9 (right): The
UTCM, which in-
stantly translates u-v
absorption data of liv-
ing cells into colors,
uses pulsed radiation
to help prevent leth-
al damage to cells.

Fig. 10 (right): A
scintillation dectector
is used in performing
thc radioiodine la-
beliecd rose bengal
test which evaluates
functioning of the
liver and gall bladder.

Fig. 11 (below): An
clectronic thermistor
used here for oral
measurements, can
record temperature of
the body to an accu
racy of 0.1° in less
than 30 seconds.
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New Technique for

Winding Subminiature Coils

IN miniature repeater and pulse
circuit work, the need fre-
quently arises for subminiature
cup transformers, as in Fig. 1. The
winding in this transformer is a
tiny solenoid, perhaps 10 turns
long and 2 to 10 layers high.
When the transformer is assem-
bled, this winding is completely
encased in ferrite.

The inside diameter of this
typical winding is 0.140 in.,, and
the cross-section at most 0.030 x
0.030 in. These dimensions ex-
clude the possibility of using per-
manent winding forms, so a ma-
chine was designed to make self-
supporting coils using the adhe-
sive properties of Bondeze wire.

Handling these small coils and
safely putting them in the window
of the ferrite core can be a taxing
and delicate operation. With this
in mind, certain features were
incorporated in this machine and
its arbor to make the handling
operation comparatively simple.

The machine, Fig. 2, has an ar-
bor 0.140 in. in diameter, two ad-
justable collars to control the
width of the winding, a wire
guide controlled by a micrometer,
a counter, and facilities for slid-
ing the coil into the groove of a
transformer cup.

70

Coils for subminiature transformers create a manufacturing
problem because conventional winding forms can not be used.
This new method uses modification of an established process

and adhesive-coated wire to make self-supporting coils.

Fig. 1: L.D. of this coil is 0.140 in. With ferrite cup it forms subminiature transformer.
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By W. F. KALLENSEE

Electrical Communications Groups
Bell Telephone Laboratories, Inc.
Murray Hill, New Jersey

Micrometer 5 is emploved to set
the width of the winding space.
Collars 2 and 8 are held tightly
against the driving gear; collar 3
being locked to the arbor. Microm-
eter 5 is advanced the required
amount, depending on the desired
coil width, and collar 2 is pushed
back against the driving gear and
locked to the arbor. Fig. 3 shows
the collar arrangement after the
coil width has been set.

The wire is threaded through
the wire guide which is held

A REPRINT
of this article can be obtained by
writing on company letterhead to
Editor,
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila. 39, Pa.

Fig. 3: Collar (3), locked to arbor, is moved by micrometer to coil
width. Collar (2), held to driving gear, is then locked to arbor.

DRIVING GEAR

BUSHING - SLIDE mT
ON ARBOR -~
- ) _

Fig. 2: Principal parts of winding machine are: (1) arbor, (2 & 3) adjustable collars, (4) coup-
ling between adjusting micrometer (5) and arbor, (6) wire guide, (7) micrometer to control
guide, (8) movable platform for wire guide, (9) counter, (10) lock for arbor, (11 & 12) out-

riggers.

against micrometer 7 by spring
pressure. The guide is therefore
accurately controlled by the mi-
crometer. After fastening the
wire to outrigger 11, the coil is
wound with the required number
of turns and the wire brought out
and fastened to outrigger 12. If
multiple windings are required,
this process is repeated.

After the winding is finished, a
drop of ethyl alcohol is placed on
the Bondeze wire. This softens
the adhesive and after drying for
5 to 10 min., the wire will be
bonded together.

When the coil has thoroughly

WINDING SPACE

dried, collar 3 is removed. The
arbor lock is dropped in place to
keep the arbor from turning as it
is retracted by the micrometer.
The transformer cup is placed on
the stud at the end of the arbor
as shown in Fig. 4, and the coil
pushed into the slot by retracting
the arbor. In this way the coil is
slid directly off the arbor into the
slot in the ferrite cup with very
little danger of damaging the
winding.

Details of this machine may be
altered to adapt it to winding a
wide variety of subminiature
coils.

Fig. 4: Transformer cup is placed on stud at the end of the arbor
and the coil is then pushed into slot by retracting the arbor.

— DRIVING GEAR

-

1 = 1 BUSNING - SLIDE FIT
L j ON ARBOR
___..__l'r______ {
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Fig. 1: Folded-line
circuit for a 100-
watt S-band Back-
~vard-Wave Oscilla-
tor developed by |.
L. Putz and W. R.
Luebke.

FIYHE essential elements of a backward-wave oscilla-

tor are shown schematically in Fig. 2. As in the
traveling-wave amplifier,* the beam travels near the
slow-wave structure at a velocity near the phase
velocity of the wave on the circuit, the only difference
being that here the circuit must carry power in the
direction opposite to the direction of beam travel to
provide a wave having a phase velocity in the direc-
tion of beam travel.

In this device, power fed in at the collector end of
the tube will be amplified in traveling toward the
output at the gun end of the tube. With perfect
terminations at each end of the circuit the system will
reach a condition of oscillation, if sufficient beam
current is supplied. The oscillation results from a
process of continuous feedback along the circuit and
is not dependent on reflections from the ends of the
circuit. As a result, the system is capable of oscil-
lating at any beam voltage, given sufficient beam
current and no discrete “modes.”

An inherent property of a circuit having oppositely
directed phase and group velocities is that the phase
velocity varies continuously with frequency. As a
result, this device, when operated as an oscillator,
tunes continuously over the frequency range of the
circuit when the beam voltage is varied. When

72

By DR. DONALD A. DUNN
Research Associate

Stanford Electronics Labs.

Stanford University

Stanford, Californio

ave Oscillator

A series of logical steps, each representing
an easily visualized physical occurrence,
leads to an understanding of backward-
wave oscillation. This is the second in a
series of articles on the basic principles and
recent developments in microwave tubes.

operated as an amplifier, the device
has a very narrow range of fre-
quencies over which it will give
gain. The center frequency of this
bandpass amplification curve may
be changed by varying the beam
voltage. In both cases. no tuning
adjustment is required other than
ﬂ‘ changing the beam voltage.

/v

€

&AW
v

Amplification

Dr. D. A. Dunn

The amplification process of this
device is somewhat different from the process oc-
curring in the traveling wave amplifier, but the same
form of analysis may be employed. First, visualize a
constant-amplitude applied field wave applied to the
circuit of Fig. 2. This wave is introduced at the r-f
input at the collector end and has a power flow from
right to left and a corresponding phase velocity from
left to right. Insofar as the beam is concerned, the
picture is just as in the traveling-wave amplifier.
Electrons are injected into a field having a phase
velocity substantially equal to the electron velocity,

*See Dr. Dunn's Understanding the Traveling Wave Amplifier
in November ELECTRONIC INDUSTRIES,

ELECTRONIC INDUSTRIES - January 1958



with the result that the electrons form into bunches.
The density of the bunches increases as the square of
the distance traveled, providing a current which in-
creases as the square of distance traveled from gun
fowards the collector.

Bunched Beam

The next step in the analysis is to consider the
field wave induced on the circuit by the bunched
beam. It is at this point that the backward-wave
circuit exhibits an essentially ditferent behavior from
the forward-wave amplifier circuit. Fig. 3 shows a
beam traveling near a backward-wave circuit. The
tube is considered to be divided into many infinitesi-
mal gaps of length dz, and, as before, the ac current
induces infinitesimal field waves on the circuit at
every point along the circuit. Each field wave is
propagated (i.e., power tlows) both to the left and
to the right; and the sum of all these infinitesimal
waves forms a total wave traveling with a group
velocity to the left and a similar wave traveling with
a group velocity to the right.

Consider the field waves dE, and dFE, in Fig. 3.
The portions of these waves propagated to the right
in the direction of beam travel will, in this case,
almost cancel. if we consider paired elements a quar-
ter wavelength apart, because in this circuit power
flow to the right corresponds to a phase velocity to
the left, i.e.,, a decrease in phase as the power travels
to the right. In Fig. 3, the current at z, will have
advanced 90° in phase in traveling from z, to z,, and
hence will induce a field dE, that is 90° advanced in
phase with respect to the field induced at z,. The
field dk, that has been traveling to the right on the
circuit has been decreasing in phase, because in this
tvpe of circuit the direction of power tlow must be
associated with a decrease in phase. Thus, when the
portion of dF, that travels to the right arrives at z,

Fig. 2: Schematic diagram of a backward-wave amplifier. Note that
power flows in a direction opposite to that of the electron stream.

ANODE R-F OQUTPUT R“F INPUT (OPTIONAL)

—yy! l“ BACKWARD - WAVE CIRCUIT __\ “l

POWER FLOW B PHASE
P S—
GROUP VELOCITY

LY

e — i
DIRECTION OF
BEAM
AM TRA
ELECTRON BN JRAVEL
GUN

] —IF

it has decreased in phase by 90°, and is therefore
130° out of the phase with dF,. There is not a per-
fect cancellation because the inducing current grows
with distance.

Phase Relationships

For the backward-wave circuit the induced field
waves traveling in the direction opposite to the di-
rection of beam travel add in phase. The current at
2, is 90° advanced over the current at z, so dF, starts
90° ahead of dE,. The wave dE, traveling to the left
decreases 90° in phase in traveling back to z, from z,

ELECTRONIC INDUSTRIES -« January 1958

so that it arrives at z, in phase with the portion of
dE, traveling to the left.

The phase advance experienced by any current
element in traveling a distance z is exactly cancelled
by the decrease in phase experienced by the wave
traveling back over the same distance. Thus all in-
duced field waves traveling from collector to gun add
to form a total induced field wave that grows with
distance from the collector to the gun. The form of
this growth mayv be obtained in exactly the same
fashion that the induced field wave for the traveling-
wave amplifier was obtained except that here waves
from L to z must be added, instead of waves from
O to z. The inducing current may here be written
as i i,z¢ where z is now distance measured from
gun to collector, with z = O at the gun and z = L at
the collector. Then dE = Kigz?dz, and adding all dE’s
from L to z, again neglecting phase factors because
this is an addition of in phase quantities, we obtain

Total indueed field at 2 f dl f Ki,z%dz
[ L

- ()]

The induced field thus is zero at z L and rises
to a maximum value at z 0, Fig. 4. As in the
amplifier analysis, an infinite series of waves may be
obtained by repeating this process. Each field wave
induces a current wave and each current wave re-
induces a field wave. ad infinitum. One qualitative
difference between the forward-wave and backward-
wave tubes is evident from Fig. 4. Each induced field
wave in the backward-wave tube increases from zero
at the collector to & maximum at the gun end, where
the current is zero. There is thus a strong induced
field available at the input to start the next current
wave each time.

Fig. 3: Schematic diagram of the mechanism by which an electromag-
netic field is induced on backward-wave circuit by electron stream.

I BACKWARD * WAVE  CIRCUIT I
1 \ I
[ ge, o€ o, <€, 2 ]
e WA Lo 9 ;
| Y v "
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gty |- TR
ll zz

The form of the secondary induced current wave
will be very similar to the primary wave except near
the collector where it will grow less rapidly than the
primary wave. If, however, the tube is long enough,
the first induced field wave will be larger than the
applied wave at the gun end. In this case a secondary
current wave can be induced that is greater than the
primary current wave at every value of z. The
tertiary field wave will then, of necessity, be greater
than the secondary wave and all subsequent waves
will be successively higher. Mathematically, the series
expression for the field at the gun end will ultimately
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Backward Wave Oscillator
(Continued)

be a divergent series with each term greater than the
previous term for a tube of sufficient length.

Oscillation

The condition for which a divergent series first
occurs, as length is increased, corresponds to a con-
dition of start oscillation. This condition mayv be met
by 4 series with decrexasing successive terms but with
an infinite sum, and need not be quite as extreme as
the case described above.

It should also be noted that the physical length of
the tube is not the only parameter of importance in
determining start oscillation. In the detailed analysis,
it is found that an increase of the ratio of current to
voltage can perform the same function as an increase
in length. Also “length” is of fundamental impor-
tance in terms of the number of wavelengths in the
structure rather than the actual physical length.

Gain Factor

An additional factor in the gain of a backward-
wave amplifier, or the condition for start oscillation
in a backward-wave oscillator, is the relative phase-

the structure is a minimum. It turns out that this
condition is met at start oscillation when the net
phase shift over the length of the structure between
a wave traveling at the circuit velocity is approxi-
mately 180°. Typical phasor diagrams are shown in
Fig. 5. Thus, although start oscillation can oecur
for the case of equal circuit and beam velocities
where a divergent series is obtained with successive
terms 90° out of phase, for the same current and
voltage there will normally be another frequencyv at
which the circuit velocity is slightly difterent and
at which the difference between circuit velocity and
beam velocity is such as to provide optimum phase
addition of the induced waves at the gun end of the
tube. The tube may be considered to be bevond start
oscillation for both frequencies, but it will prefer to
oscillate at the frequency for which the phase condi-
tion is optimum. The condition of optimum phase
addition of the waves at the gun end of the structure
permits a minimum value of length to provide a
divergent series. So, two simultanecus conditions are
imposed at each frequencv to determine start oscil-
lation.

Summary

To summarize, the backward-wave amplifier or
oscillator is an intrinsically regenerative device. Field

E°= APPLIED FIELD
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FIRST  INDUCED CURRENT WAVE amplitudes obtained
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£, BEAM VELOCITY ADJUSTED FOR OPTIMUM
Fig 5 Gun-end fle'd [ ——— PHASE ADDITION FOR GUN ENC
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2 = start-oscillation cur- =
o COLLECTOR rent. 4

shift between the induced waves which occurs over
the length of the structure. If the beam and the cir-
cuit waves on the structure have exactly synchronous
velocities, each induced field wave travels at the syn-
chronous velocity and each successive wave lags the
previous one by 90° throughout the entire length of
the structure. This means that, at the output (gun
end) of the tube, each successive induced wave adds
at a 90° phase angle to the previous wave, and, hence,
alternate induced waves cancel each other if they are
of equal amplitude.

The series expression for field at the gun thus
diverges very slowly, even when each successive wave
is greater than the previous one. If, however, there
is a slight difference between wave and beam \eloclt\
each induced field wave will have a phase shift dif-
ferent from 90° relative to the previous wave,

Optimum Voltage

For a given circuit velocity, there is an optimum
beam voltage at which the net phase difference be-
tween successive induced waves at the gun end of
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BEAM AND CIRCUIT
VELOCITIES EQUAL

waves induced by ac current in the beam and travel-
ing in the direction opposite to the direction of beam
travel add in phase, supplying a total induced field
wave rising from zero at the collector to a maximum
value at the gun. Such an induced field wave can
effectively provide its own ac current, it the tube is
sufficiently long, since the new field wave can re-induce
an ac current of greater magnitude than the current
which set it up. This is the first condition for start
oscillation in this device.

When the phase difference between the applied
field wave on the circuit and a wave traveling at the
beam velocity is about 180° over the length of the
structure, an optimum phase addition of the infinite
series of field waves on the circuit takes place at the
gun end. This is the second condition for start oscil-
lation, and it assures a minimum value of tube length
to provide an infinite sum for the series expression
for output field for a finite applied input field.

Simple Circuit
In conclusion, an explanation will be given of one
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of the simplest sorts of circuit capable of supporting
a “backward” wave (a wave with oppositely directed
phase and group velocities). The basic concept in-
volved is that of space harmonics, or “Hartree”
harmonics. In the device shown in Fig. 6, two par-
allel plates are used to propagate a wave from left to
right. These plates have periodic corrugations in
them which slow down the wave to a velocity in the
z-direction considerably smaller than the velocity of
light. Electrons pass through the hole in the center
indicated in the end view.

Consider a wave traveling from left to right at
the velocity of light along the wrapped-up path. It
may have a wavelength much longer than the dis-
tance around one corrugation or fold. For example,
in Fig. 6 a field plot has been indicated in which the
fundamental wave has about one-half wavelength
over the entire distance shown.

From the standpoint of an electron, the important
field component is the field in the axial direction at
the position of the hole. It will be noted that, at any
instant of time, there is an intrinsic reversal of this
fleld at each corrugation. This field will now be
examined from the standpoint of an electron travel-
ing through the hole.

First, consider an electron traveling from left to
right in Fig. 6 at a velocity u,, lower than the veloc-

—_—

END VIEW

SIDE VIEW

ity in the z-direction of the circuit wave. If an elec-
tron travels from A to B during the time it takes a
small fraction of a cycle of the circuit wave to pass
this hole, the electron will have experienced a field
of constant direction, but of slightly varying ampli-
tude. The amplitude is varving slightly due to the
spatial variation in field from A to B and due to the
time variation resulting from the sinusoidal varia-
tion in amplitude of the wave passing byv. Next, the
electron finds itself between B and C, which is a
region of very weak longitudinal field.

If the transit time of the electron from A to C
(a distance d) is made equal to the time it takes the
wave in the structure to move forward along the
wruapped up path a half wavelength plus the distance
around the bend from AB to CD (a distance L),
each electron will see a field between C and D) having
the same amplitude and phase as the field experi-
enced between A and B. If the free space wave-
length is long in comparison with the distance L, the
circuit wave must move past the electron very rapidly
to provide a reversal in the dirvection of the field at
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CD by the time the electron arrives there.

In other words, the electron must be traveling at
a velocity much lower than the axial velocity of the
wave in the circuit, to see a field at CI that is equal
to the field it saw at AB. The net result is the same
as if the electron were traveling in a constant-ampli-
tude field of lower amplitude than the peak field
present on the structure. The *space-harmonic am-
plitude” is the amplitude of this equivalent constant
amplitude field, in this case the space harmonic is
what is normally denoted as the 41 space harmonic.
The condition for synchronism with the -1 space
harmonic may be formulated mathematically as fol-
lows:

Transit time ol eleetron =

Wo
T . A I
Pransiy time of wave = = +
P4 (4
d _ ‘)\L % L
o 2¢
Ao ]
= +
1, 2d d
where: ) o
¢ = velocity of light
A, = free space wavelength
u, = eleetron veloeity

Fig. 6: “Serpentine” structure is one of the simplest backw_ard-wave
circuits. Interaction of beam and wave is at discrete points only.
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Insofar as this tvpe of interaction is concerned, it
makes no essential difference to the electrons whether
they are going in the same direction as the wave or
in the opposite direction. In either case they can see
essentially a constant-direction axial field, if they
travel at the correct velocity. An electron traveling
from right to left in Fig. 6 must travel from D to B
during the time it takes the circuit wave to progress
a halfwavelength minus the distance L, i.e, a little
faster than an electron traveling in the same direc-
tion as the wave. As before, the electron would see a
strong field from D to C, only a very weak field from
C to B, and again a strong field from B to A in the
same direction as the field experienced between D
and C.

The equivalent constant-amplitude field seen by a
beam traveling in the opposite direction to the direc-
tion of power flow, as described above. would be called
the —1 space harmonic amplitude. This is the only
field “seen™ by electrons traveling at the specified
velocity. for all practical purposes. An electron auto-
matically integrates the effects of the time varying
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field it sees to produce a total displacement equivalent
to that which would be caused by the constant-ampli-
tude space harmonic. The condition for synchronism
with the —1 space harmonic is:

Transit time of electran

Transit thne of wave

d A !

19

u,
L1 A l
W, 2d d
For a free space wavelength much greater than L,
the velocity required for synchronism with the 41
harmonic is almost equal to that required for the —1
harmonic:

An important feature of a backward-wave circuit
hased on the space harmonic principle is the fact that
the phase velocity of the —1 space harmonic intrin-
sically varies as a function of frequency. This fea-
ture makes possible an oscillator utilizing backward-
wave interaction that is voltage tunable. From the
preceding formula, it is seen that for an electron to
be in syvnchronism with either the 41 or 1 space
harmonic, it must have a velocity that varies in in-
verse proportion to the free-space wavelength (in
direct proportion to the frequency). Since electron
velocity is proportional to the square root of voltage,
frequency in a backward-wave oscillator is approxi-
mately proportional to the square root of voltage To
cover a 2 to 1 frequency range requires a 4 to 1
change in beam voltage. At frequencies where the
distance [ becomes comparable to a fundamental
wavelength, more voltage change is required to ac-
complish the same change in frequency, tyvpically
10 to 1 in voltage to give 2 to 1 in frequency.

It is possible to regard the field in the hole of the
circuit of Fig. 6 purely from the circuit point of view.
as a sort of traveling field with regular “pulses” of
spatial variation. These ‘“pulses.” when subjected to
an analvsis that is analogous to a Fourier-series

analysis of a time-varying function, turn out to be
representable by an infinite series of constant-ampli-
tude waves each traveling at a different velocity.
Their relative velocities are related to each other by
the spatial "period” of the structure.

Restating the above argument, a periodic struc-
ture having spatial variations of the sort shown in
Fig. 6 can be thought of as carrying power in one
direction in a series of constant-amplitude waves
traveling in both directions. One of these waves
having a phase velocity in the opposite direction to
the direction of power flow is seen by electrons travel-
ing at a velocity very near the phase velocity of such
a wave as the total field of a circuit that appears to
propagate a wave having intrinsically oppositely
directed phase and group velocities.

1t is easy to visualize a circuit having a phase
velocity in the opposite direction to the group veloc-
ity. It is also evident that, if an electron can see a
field of constant direction in traveling in the direc-
tion opposite to the direction of power flow and
group velocity on the circuit of Fig. 6, the circuit
has provided a wave at the position of the electron
beam having oppositely directed phase and group
velocities.

It is less obvious that the circuit of Fig. 6 can be
treated as if it were a circuit having the intrinsic
property of propagating all waves on it with opposite-
lv directed phase and group velocities. It is more
convenient to establish this latter fact with the aid
of a mathematical analyvsis of the fields in this cir-
cuit, and the present discussion is primarily aimed
at lending an air of plausibility to the fact that
oppositely directed phase and group velocities in a
phvsical circuit are obtainable.

Additianal References Helpful in Obtaining A Physical
Understanding of Traveling-Wave Tubes

1. D. A. Dunn, Understanding the Traveling Wave Amplifier,
Electronic Industries, November 1957.

2. J. R. Pierce, Waves in Elcctron Stream and Circuits. Bell
Syst. Tech. J., 30: 626-652 (1951).

3. R. Kompfner, Traveling-Wave Tubes, Reports on I'rogress
in Physies, 15: 275-327 (1952).

H. J. Reich, P. F. Ordung, H. L. Krauss, and J. G. Skal-
nick, Microwave Theory and Techniques, Van Nostrand, New
York, 1953, esp. Ch. 15.

5. J. C. Slater., Microware FElectronics, Van Nostrand, New
York, 1950, esp. Chs. & and 12

6. R. Kompfner and N. T. Williams, Backward-Wave Tiubes,
Proc. I.R.E., 41: 1602-1611 (1953)

7. J. R. Pierce. Traveling-Wave Tubes, Van Nostrand, New
York, 1950, esp. Chs. 1 and 2.

Gassing of Dry Cells

The National Bureau of Standards has been in-
vestigating the production of gas in dry cells to
find some relationship between the rate of gassing
and battery life.

Runs were made at 21°, 35°, 45° and 55°C be-
cause these temperatures have previously been
used in shelf-life studies of dry cells. Some cells
were left on open circuit and some were subjected
to two different standard specified discharge rates.
One of these discharges is intermittent through a
6.67-ohm resistor, and the other continuous through
an 83.33-ohm resistor.

On open circuit, gassing proceeds at a nearly
constant rate for amy given temperature. The rate
is greatly affected by temperature; for the tempera-
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tures given above, the cells evolved respectively 0.1,
0.6, 2.0, 6.0 ml of gas per day.

Conclusions from the electrical discharge tests are
that evolution of a certain volume of gas during
storage of a cell at high temperature is less detri-
mental than at low temperature. However, the time
required to produce a given volume at higher tem-
peratures is far less than at lower temperatures.

For each temperature and type of cell, there ap-
pears to be a critical volume of gas a cell may evolve
before there is a substantial loss in its capacity to
generate current. Once the critical volume has been
evolved, the cell deteriorates more rapidly.

It appears that no correlation exists between the
rate of gassing and the initial capacity of the cell
when the discharge test begins. When the cell is put
on discharge, the immediate effect is to reduce the
rate of gassing.
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HE schematic diagram and

equivalent circuit are shown in
Fig. 1. This configuration produces
an input impedance of better than
one megohm at temperature rang-
ing from 28 C° to over 110° C and
with proper use of shunt-series
peaking coils the frequency re-
sponse ranges from de to better
than 3 Mc. Fig. 2 shows that the
unit is made very small and by pot-
ting is made shock, moisture, and
vibration resistant.

The input impedance was found
to be dependent on the value of the
grounded emitter current gain or
h;.. The actual input is always par-
allel shunted by the 5.1 megohm
balancing resistors. The dependence
of the input impedance on h,, can
be seen from the approximate ex-
pression for input impedance Z,,
h,2 Ry, where Ry is the load re-
sistance.

The output impedance depends on
the internal source impedance, but
in no case can it exceed the maxi-
mum value of the load, R;, which is
here 10K ohms. The equality con-
dition would occur when the source
impedance is infinite. The output
impedance is also dependent on op-
erating conditions, such as loading
of the output- and input-signal
levels.

A damped peaking coil inserted
in the emitter of the first transistor
will isolate it from the input capaci-
tance of the second transistor and
improve th