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Type JL DISCAPS should be specified where the
application calls for capacitor with great stability over
an extended temperature range. Between —55° C and

+110° C, Type JL DISCAPS show a change of only

+17.59, of capacity at 25° C. g'c‘;‘]%
Type JL DISCAPS are a quality replacement for paper or \_,J/I
general purpose mica capacitors at a savings in cost.
Write today on your letterhead for information. |
|
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SPECIFICATIONS ’
LIFE TEST: As per E.I1.A-RS-198
POWER FACTOR: 1.5, Max. @ 1 KC (initial)
POWER FACTOR: 2.5% Max. @ 1 KC (after humidity) \
WORKING VOLTAGE: 1000 V.D.C. RMC
TEST VOLTAGE (FLASH): 2000 V.D.C. 0039 ;
LEADS: No. 22 tinned copper (.026 dia.)
INSULATION: Durez phenolic—vacuum waxed u
INITIAL LEAKAGE RESISTANCE: Guaranteed higher [

than 7500 megohms l'
AFTER HUMIDITY LEAKAGE RESISTANCE: Guaranteed
higher than 1000 megohms l
CAPACITY TOLERANCE: +£109, +209%, at 25° C.

DISCAP
ceramic |
CAPACITORS | [

RADIO MATERIALS COMPANY
A DIVISION OF P. R. MALLORY & CO., INC.
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, HI.
Two RMC Plants Devoted Exclusively 1o Ceramic Capacitors
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LECTRONIC manufacturers will be

interested to know that work on the
EIC (Electronic Industries Classifica-
tion) program has now been completed.
As a result, industry for the first time
will have a practical tool that will enable
a rapid determination of such things as:
(a) market potential for a new elec-
tronic product (b) potentials by geo-
graphical areas (c¢) sales performance
by local sales offices or by manufacturers
representatives (d) technical data on
competitive electronic products, ete.

Essentially what has been done here
is to transfer the product information
contained in our Annual Directory—All
Reference Issue onto some 70,000 IBM
cards. The name and address of each
company has been recorded on a plant
by plant basis and each plant has been
given a separate identification number.
Each address has been defined with the
official U. S. county and metropolitan
area codes. The number of employees
at each plant together with the number
of engineers (where available) is also
included. Each address has been classi-
fied to indicate whether the installation
involved is a manufacturing plant, a
branch manufacturing plant, a combina-
tion sales and manufacturing facility, a
sales office only, or a warehouse.

The data that has been tabulated in-
volves 4,694 individual electronic manu-
facturers. Open fields have been left in
the cards for the inclusion of additional
data. In our own operations we shall
be using open fields for such things as
circulation control and for the develop-
ment of industry statistical data.

For the use of electronic manufac-
turers, a second, basic market research
deck involving some 35,000 IBM cards
has been developed. This deck contains
the same information listed above ex-
cept for the open field data that we have
in the master deck. By leaving fields
open in the basic market research deck,
manufacturers will now have an oppor-
tunity to punch in their own private
sales or statistical data.

Since all of this data has been tabu-
lated on IBM cards and since many or-
ganizations have punching and sorting
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equipment in their plants already,
EIC market research deck can be readi-
ly accommodated. For organizations that
do not have equipment, the IBM Service
Corp. maintains service centers in some
83 principal cities throughout the U. S.
that can process our cards. Thus all
electronic manufacturers interested in
market research and statistical data can
now avail themselves of EIC.

The information in the EIC basic
market research deck is also available
in printed form. A new book has been
produced called the Electronic Industries
Marketing Guide. In this volume the
data is presented on a state-by-state
basis. Accompanying maps show loca-
tions of counties and metropolitan areas.
Related statistical data by state, such as
population, metalworking, and dollar in-
come figures, as well as an overall analy-
sis of types of electronic produets pro-
duced by manufacturers is also included.

The development of the EIC basic
market research deck and the Electronic
Industries Marketing Guide stems from
the need created by the lack of a valid
SIC in the industry and by the lack of
comprehensive industry statistical data.
There is also the fact that the electronic
industries are maturing. More and
more companies are adding marketing
manager posts to their staffs.

Until now there has been no real
workable tool for determining market
data. These new marketing tools em-
body sixteen years of directory publish-
ing experience coupled with more than
one year of concentrated effort by all
members of the E. I. staff and Chilton
Company’s Research Division. We know
that neither the EIC basic market re-
search deck nor the EI Marketing Guide
will resolve all problems but we do feel
that they will go a long way toward
establishing practical criteria. We feel
too that extensive use of this data will
establish an experience factor which in
turn can be employed to extend present
horizons even further. We are proud to
announce the availability of these mar-
keting tools which we have developed in
the interest of better service to our
industry.
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Highlights
Of This lssue

Capabilities of Coaxial Cable! page 55

An Air Force sponsored survey investigated potentially high-tempera-
ture-resistant 50 ohm coaxial cable. Six different types were tested.
The extensive tests, conducted impartially, revealed that a number
of types showed capabilities even beyond their manufacturers' speci-
fications. '

Predicting Radar Range page 58

The range performance of a new radar can be predicted from the
measured performance of another radar, preferably one operating at
the same frequency. But unless all the parometers are known, this
comparison can be misleading. The range can be most accurately and
quickly calculated from a chart based on known equipment parameters.

Thermistors For Linear Temperature Readings page 66

A thermistor may be used with a thermostat consisting of a linearly
calibrated potentiometer, or a linearly calibrated non-linear rheostat,
to obtain a voltage signal which varies linearly with the difference
between actual and desired temperatures.

Jacobians—For Converting Transistor Parameters! page 69

Converting transistor parameters from their common base or common
emitter h-parameters can involve difficult and lengthy calculations.
There are 6 types of parameters for each of the 3 circuit configura-
tions, or 300 in all and not all can be accommodated. Jacobians
reduces this complexity to a simple operation involving just two tables.

Magnetism and Ferrite Temperature Coefficients page 74

When ferrites are subjected to a magnetic field a pronounced change
takes place in their temperature coefficient of permeability. Just how
and why this takes place has been investigated with two commercially
availoble ferrites—with some surprising results.

Spark Gaps In Pulse Modulators page 78

Magnetrons do misfire, and they do arc back—and this problem is
always facing the designer. How to protect the pulse modulator, and
more specifically the pulse transformer, is the subject of this question-
and-answer type discussion on the ways that spark gaps can solve
the problem.

Microwave Power Tubes—A Survey! page 101

Spearheading the move into the upper frequency bands has been the
very considerable improvements and new designs in microwave tubes.
Over 800 tubes are now available covering the microwave spectrum,
including the long-established klystrons and magnetrons, and the
family of wave tubes, traveling wave and backward wave. Here are
the technical specifications on all, with introductory information to
guide the engineer in evaluating each parameter.

LUAAId] eV

“Jacobians”

Magnetism and Ferrites

Radar Performance




"RADARSCOPE

STORM DETECTOR RADAR

Air Force Weather Service personnel check dangerous storms up to
300 miles away using Raytheon's new AN/CPS-9 storm detector
radar to provide more accurate, better forecasting and safer flying.

AIRCRAFT AND MISSILE spending for Fiscal Year
1959 will fall behind the FY 1958 figure by about
$30 million, despite an estimated increase of about
$2 billion in expenditures by the Defense Dept. The
total Defense spending in FY 1959 will be about
$40.9 billion compared with $39.0 billion in FY 1958.
Expenditures for aircraft and missile will be $10.9
billion, as compared with $11.2 billion in the previous
vear.

DON'T LOOK FOR any immediate solution to the
“frequency allocations” problem. Last month a spe-
cial study group told the Senate Commerce Commit-
tee that the FCC is unable to solve the VHF-UHF TV
problem, and suggested a completely new one-to-
three-year study to reconsider all aspects including
the commission’s legislative authority and its budget.

AT THE STEREO SHOW the word was that the sup-
ply of stereo phonos is finally catching up with the
availability of stereo discs, eliminating one of the
most ridiculous imbalances that the electronic field
has seen in many a moon.

PRODUCTION RATE of the average American at
work will have to double by 1978 if present gains in
education, leisure and living standards are to con-
tinue at the rate they have in the past. The predic-
tion comes from Henry B. du Pont, of the du Pont
Co., by way of pointing out the need for automation.

4

THE AIR FORCE is nothing if not optimistic. They
are now speaking of the “LTO”—Lunar Theater of
Operations.

SMALL BUSINESS FIRMS will receive less than 2%
of the prime contract dollars being spent this year
in the $5 billion missile procurement program—and
the Senate Small Business Committee is becoming
increasingly concerned. Among the measures that
they are recommending: break missiles down into
small contractual purchase items for production re-
orders; make more information available to small
firms with respect to security clearance procedures,
types of contracts being used, the items desired and
the funds to be expended; encourage prime contrac-
tors to break down their subassembly requirements
so that they can be distributed among small firms.

REEL - TO - REEL magnetic tape recorders got a
strong vote of confidence from the Magnetic Record-
ing Industry Assoc. Some doubt has been raised
about the future of reel-to-reel units with the new
cartridge type playback design hitting the market.
MRIA discounted the threat, pointing out that the
tape recorder is a recorder first, a means of playing
music second. The recording feature is what the pub-
lic wants and will buy, whether dual track monaural
or four track stereo.

MICROWAVE LEAK DETECTOR

At Sperry Corp. a radar specialist is using a new lightweight meter
to survey tor high power microwave leakage. With new multi-
megwatt radar developments the laboratories are isolated in ab-
sorbent-lined test room for fire and safety requirements.

i
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Analyzing current developments and trends throughout the electronic ‘

industries that will s '
hape tomorrow's research, manufacturing,

Y

U. S. TRANSISTOR INDUSTRY is worked up over
the skyrocketing imports from Japan, and will
shortly ask the government for a full-scale investi-
gation. At last report, Japan shows a manufacturing
potential of 80 million transistors a year against the
U. S.’s 40 million. If even 209% of that 80 million were
exported to the U. S. it could seriously cripple the
U. S. transistor industry, with particularly harmful
effects to our defense capabilities. Most of the Jap-
anese transistors coming in are in portable radios.
The transistors are reportedly both low in price and
high in quality.

DARK HORSE in the closed-circuit TV field is the
“business meeting” link-ups, tying together the
country-wide operations of the nation’s larger busi-
ness firms, for sales meetings, stockholder gather-
ings, etc. One source estimates that industry spends
upwards of $500,000,000 annually on centralized
business meetings, that at least 109 of that figure
could be captured by closed-circuit.

STANDARDS COMMITTEE of the Institute of High
Fidelity Manufacturers is nearing final action on
standards for high fidelity tuners. They will soon be
circulated to all tuner manufacturers throughout the
country, and acceptance by a majority will constitute
adoption. The standards will then move on to IRE,
AES and EIAA for acceptance by these organizations
as well.

ELECTROMAGNETIC INTERFERENCE continues
to be a vital problem in the national defense picture
—and, if anything, is worsening. The military com-
plains that interference is not getting enough atten-
tion in the design stages, that applying interference
reduction measures after the equipment has been de-
signed is “truly the hard, inefficient, costly and often
impossible way.”

NATIONAL SCIENCE FOUNDATION announces
that English translations of Soviet scientific and
technical journals are being turned out at the rate of
about 60,000 pages a year. There are now available
53 English editions of Russian journals, four exten-
sive series of scientific abstract translations and
four series of partially translated Russian journals.

GUIDED MISSILE FLIGHT PATHS through space
are plotted in flight by small radio station in the
missile’s nose. Device is so accurate that it can plot
trajectory to within two yards of target at distance
of 30 miles. Setup includes ground transmitter linked
to three receivers paralleling missile’s route. By
measuring time lapse of three-cornered radio trans-
mission observers compute and plot trajectory from
launching to impact.
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FIRST FM STEREO MULTIPLEXING
operation last month at WFUV-FM, Fora
versity. The developments will be closely N
broadcasters around the country.

hY

HIGH COSTS of aircraft R&D and production is
flected in reports from five firms that have recen

delivered turbojet and turboprop aircraft. The ex-

penditures amounted to $1.8 billion, before the first
craft was delivered.

TEST-YOUR-OWN-TUBES business is getting its
first big name—Raytheon. The Waltham, Mass.,
tube and equipment manufacturer has arranged for
local radio-TV service dealers to install and service
do-it-yourself tube checkers in their local drug
stores, hardware stores and other retail outlets. The
tube checker will remain the property of Raytheon,
and naturally, the only tubes scld will be Raytheon
also. At a quick glance it seems to be a very logical
step for a major tube manufacturer to make. Most
important it will, we hope, squeeze out the operators
selling seconds and rejects through the check-them-
vourself scheme.

THERMOELECTRIC MATERIALS

In this special furnace at Westinghouse Research Labs a whole new
class of thermoelectric materials is being created capable of converting
heat directly into electricity.




SPRAGUE COMPONENTS:
INTERFERENCE FILTERS =

ILLUSTRATED IN
ACTUAL SIZE

NEW SMALLER SIZE KOOLOHM® RESISTORS

with improved perfonﬁance

Sprague’s new smaller size Koolohm
Resistors are designed to meet modern
industrial requirements for insulated-
shell power wirewound resistors that
will perform dependably under the
severe duty cycles encountered in heavy
duty industrial electronic equipment.

NEW CONSTRUCTION

IMPROVEMENTS

1. Leads are welded to drawn metal
cap ends.

-

. Finished

. Ceron (ceramic insulated) resistance

wire wound under controlled tension
on special ceramic core. Makes pos-
sible multi-layer non-inductive wind-
ings as well as very high resistance
value conventional windings.

resistance elements are
given unexcelled mechanical protec-
tion by non-porous ceramic outer
shells—sealed with high temperature
silicone end cement.

. Insulated shell permits mounting in

SEND FOR ENGINEERING BULLETIN 7300—SPRAGUE ELECTRIC COMPANY
233 MARSHALL STREET « NORTH ADAMS, MASS.

Circle 35 on Inquiry Card, page 149

RESISTORS
PULSE NETWORKS ¢

CAPACITORS ¢

direct contact with chassis or “live”
components,

5. Aged on load prior to final test and
inspection to stabilize resistance
value and assure outstanding per-
formance on load-life tests!

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

THE MARK OF RELIABILITY

-

MAGNETIC COMPONENTS
HIGH TEMPERATURE MAGNET WIRE 2

ELECTRONIC INDUSTRIES -

TRANSISTORS
PRINTED CIRCUITS
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As We Go To Press...

Japanese Radio
Exports Expand

Japan’s transistor radio exports,
particularly those destined for the
United States, have grown rapidly
in the past few months. At mid-
1958 total exports were at an an-
nual rate of over 1 million units,
recording to the U. S. Dept. of
Commerce.

Exports to the United States
during March-May 1958 have been
estimated at 50,000 to 70,000 units
monthly and industry sources in-
dicate that they hope to sell about
100,000 units monthly before too
long.

Production of transistor radios
at mid-1958 was at an annual rate
of 1.8 million units and production
capacity at about 2 million units.
Of approximately 40 companies
manufacturing transistor radios, 7
firms produce about 70% of the
total Japanese output.

The transistor manufacturing
industry was unable to keep up
with domestic demand during
much of 1957; this difficulty has
been overcome and it is estimated
that current output is about 2 mil-
lion transistors monthly.

Japanese production, total ex-
ports, and exports to the United

States of transistor radios, for
April 1957-March 1958 were as
follows:
{Quantity in units]

Pro- Total FExports
1957 duction exports to U.S.
April ..o L. 20,000 2,470 855
May ......... 30,000 2,600 21
June ......... 44,263 8,068 1,740
July ......... 67,466 15,100 11,352
August ...... 77,931 15,691 9,156
September 77,281 22,162 9,749
October ...... 98,472 38,992 27,811
November .... 105,718 25,923 12,842
December 94,959 40,916 28,714
1958
January ...... 90,898 39,716 26,309
February .... 104,493 46,126 27,583
March ....... 134,549 104,853 71,525
Total,

12 months .. 946,030 362,517 227,657
April-Sept. 1957 316,941 65,991 32,873
October 1957-

March 1958. 629,089 296,626 194,784

Note: Official Government statistics are
not available; the above data were sup-
plied by the Electronics Industries Asso-
ciation of Japan and the Japan Machinery
Exporters Association.

The rise in the ratio of exports
to production is expected to con-
tinue, as there is some evidence
that domestic sales may soon reach
a saturation point.

ELECTRONIC INDUSTRIES -

MOON POWER
STATION

Westinghouse scien-
tists are demonstrat-
ing this working
model of a moon
power station to show
how their revolution-
ary generating unit
would be powered by
light from the sun.

Narrower Bandwidth
Key To Space Radio

Communication between the earth
and Mars is well within reach, ac-
cording to William F. Main, man-
ager of the electronics research di-
vision of Lockheed Missile Systems
division in Sunnyvale, Calif.

He told a meeting of the Ameri-
can Rocket Society and I.R.E. that
while it is “fairly obvious” that
the moon now is within radio com-
munication range, it would take
“little extension of present tech-
niques” to communicate with a
space vehicle in the neighborhood
of Mars, some 35 million miles
away.

“This corresponds to a range in-
crease of some 140 times over that
to the moon,” he said.

To attain this interplanetary
range, Main said, would demand a
20,000 times increase in transmit-

PRECISION CENTRIFUGE

i

Delicate accelerometers for TITAN inertial
guidance systems will be tested in new
Genisco G-460 Ultra-Precision Centrifuge at
American Bosch Arma Corp., Garden City,
N. Y

November 1958

ter power over that required to
communicate with the moon which
would result in ‘“a clearly unrea-
sonable power level.”

But significant extensions of
range could be achieved without a
proportional increase in power, he
said, by utilizing a narrower band-
width for the communication link.

Since the rate of information
transmission is directly related to
the bandwidth used, if one was
willing to transmit more slowly the
bandwidth could be reduced pro-
portionately with a resultant sav-
ings in power requirements.

“Similarly,” he said, “if one is
willing to send less total data the
bandwidth could be further re-
duced.”

But, he added, it is far more im-
portant to work toward reducing
redundancy or extraneous data
rather than less data.

That's Shootin', Son!

While cruising the Pacific the
skipper of one of the Navy’s mis-
sile carrying submarines was
pressed for details on the accuracy
of their Regulus missile. “Well,”
he said, “we’re 1200 miles from
Los Angeles, but T have no doubt
that we could drop one of these
‘birds’ in the TLos Angeles Coli-
seum,” He added as an after
thought, “Not in the $4.50 seats.
perhaps. but certainly somewhere
in the ball park.”

More News on Page 8




ELECTRONIC SHORTS

» The next city scheduled to receive Missile Master protection again§t
air attack will be Philadelphia, Pa. Missile Master is the Army’s electronic
control system which coordinates the operations of Army defense weapons
such as the Nike-Ajax, Nike-Hercules and the Hawk. The first metropoli-
tan area to receive Missile Master protection was Washington-Baltimore,
which became operational at Fort Meade, Maryland, last December. Other
areas where the system is now being installed are New York City, Buffalo-
Niagara, N. Y.; Boston, Mass.; Seattle, Wash.; and, Detroit, Mich.

» The necessity for a code of Fair Trade Practice for the high fidelity in-
dustry was pointed out by Paul Butz of the Federal Trade Commission at
the 1958 New York High Fidelity Music Show. Mr Butz stated that five
years ago the Commission looked into the matter of misuse of the term
“high fidelity” and found that not even the experts in the field could agree
on a definition. “If the Institute of High Fidelity Manufacturers’ member-
ship can agree on standards of measurement and presentation of specifica-
tions in advertising to which the industry generally subscribes,” he said,
“then there would be a possibility of regulatory action by the FTC upon
complaint against those advertisers using other than the accepted stand-
ards.”

> A new data-processing system costing “significantly less” than com-
parable equipment now available has been introduced by Bendix Aviation
Corp. The CA-2, an accessory for the low-priced G-15 digital computer,
gives punched-card data-processing capabilities to the computer—capabili-
ties fomerly offered only by far more expensive machines. The complete
system may be leased for approximately $2500 per month.

» The relaying of congratulatory messages to American Legion National
Commander Preston J. Moore at his official homecoming in Stillwater,
Okla. officially inaugurated the AL’s National Amateur Radio Network.
Guthrie, Okla.’s, amateur radio station W5MQK, operated by R. B Phil-
lips, handled the avalanche of greetings for relay to Commander Moore.

P The University of Michigan’s 85-ft. wide steerable radio telescope—
one of the world’s best for mapping radio waves from the universe in fine
detail—is nearing completion. Though workmen are assembling the saucer-
shaped aluminum solid “dish” reflector, there remains installation of a
building to house the receiver which will chart radio waves of only a
few centimeters in length from distant galaxies in the universe. Full opera-
tion is expected no later than early next spring

p Civil Aeronautics Administration has purchased nine scan conversion
systems to provide air traffic controllers with television type displays of
radar information suitable for use in well lighted rooms. The systems will
be supplied by Intercontinental Electronics Corp. of Mineola, N. Y., under
a $1.6-million contract. The air route traffic control centers at Idlewild
International Airport, New York City, Washington National Airport, and
Chicago (Midway) Airport, will get the first three scan conversion Sys-
tems.

P A revised edition of the FCC’s compilation, “Use of Broadecast Facili-
ties by Candidates for Public Office” is now available in pamphlet form for
distribution to broadcast licensees, on individual requests, and other inter-
ested groups and individuals. The publication is of particular aid to broad-
casters handling various questions which arise under Section 315 of the
Communications Act concerning broadcasts by political candidates.

» The EIA Conference on reliable electrical connections, to be held at the
Statler-Hilton Hotel, Dallas, Tex., December 2-4, 1958, will feature men
instead of papers No papers will be read at the conference. Instead they
will be published in book-form well ahead of December and anyone may
purchase a copy. There will be no conference proceedings or recordings.
Participants can speak freely as individuals, and not as company repre-
sentatives. Consequently, no fears of being quoted in conference publi-
cations.

» According to the latest information tabulated by Air Force authorities
charged with investigation of unidentified objects, 1270 new UFO reports
were investigated during the 13-month period ending July 31, 1958. More
than 849% of the reported UFO sightings were definitely established as
natural phenemena, hoaxes, birds, or man-made objects. Insufficient data
was available to thoroughly analyze and evaluate 149% of the reports and
less than 29 were classified as unknown.
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As We Go To Press ...

Missile Delivers Ammo,
Rations To Army Units

A system for delivering supplies
by ballistic ecargo missile has been
developed for the U. S. Army by
Convair (San Diego) Division of
General Dynamics Corp.

The missile, which Convair calls
Lobber, can deliver rations, am-
munition, medicines, communica-
tions equipment or other vital sup-
plies accurately and in quantity to
front-line troops, wherever and
whenever needed. The missile and
its launcher can be handcarried, if
necessary, by a team of three men
in the field.

Quick - disconnect Lobber pay-
load sections can be pre-loaded at
the supply depots, and at least
70% of every missile will be re-
coverable and can be re-used. Nor-
mally, however, it would be an ex-
pendable item of equipment.

Maj. Gen. A. T. McNamara,
quartermaster general of the army,
was credited with sparking devel-
opment of the new missile system
by Convair-San Diego.

McNamara’s foresight was based
on a WWII situation wherein be-
sieged elements of the First Army,
cut off during a German counter-
attack at Mortagne in August,
1944, were supplied with food and
other emergency materiel packed
into 105-mm. Howitzer shells and
fired over the enemy’s head into
American-held territory.

"SHOT DOWN"

Intercepted and blasted out of the sky by
Talos guided missile this Lockheed Kingfisher
will be resurrected for still another target

mission. [ts recovery system consists of a
parachute and a long nose spike.
More News on Page 12
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The Hughes silicon capacitor is a new kind of device whose full
impact upon semiconductor electronics has yet to be determined.
Most certainly, the silicon capacitor uncovers an entire realm of
possibilities. Desirable equipment not now existing can be made
for the first time. And, in every instance, bonus benefits of reduced
size and weight plus greater simplicity resuit.

Non-Mechanical Tuning: The effect upon tuned circuit design is
iremendous. Hughes silicon capacitors replace butky air con
densors and permit remote-control tuning at the end of a long
wire. With these capacitors, instantaneous and non-mechanical
“signal seeking' features can be designed into tuned circuits.

Automatic Frequency Controls: Here the silicon capacitors re-
place a reactance tube. Output voliage from the discriminator
varies the voltage on the silicon capacitor —hence, the local-
oscillator frequency—to correct for any frequency drift.

Dielectric Amplifiers: Operation is based on the amplitude mod-
ulation of a high-frequency carrier source by a Hughes silicon
capacitor, and on the subsequent demodulation and fiitering at
the output.

Also: Pulse Circuits, Frequency Modulation, RC Oscillators,
Modu'ators, Electronically Controlled Filters.

|
Creating a new world with ELECTRONICS

ELECTRONIC INDUSTRIES + November 1958
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ELECTRONIC INDUSTRIES -

the Falcons clawr

Faster flying, higher climbing, farther reaching
...the new supersonic Falcon air-to-air guided missile.
Conceived,developed, and manufacturedby Hughes En-
gineers, it is today’s best performing air-to-air missile.

The Super Falcon GAR-3, newest in the family of
Falcon missiles, is powered by a new and longer-lived
solid propellant rocket engine. It can climb far beyond
the altitude capabilities of the interceptor and destroy
an enemy H-bomber in any kind of weather.

Hughes Research & Development Engineers, always
moving forward, are also developing the GAR-9, anew
atomic air-to-air missile which will be used with the
F-108, a fantastically swift long range interceptor
being built for the Air Defense Command.

The new atomic missile will be able to reach out over
extremely long distances and destroy enemy bombers
long before they reach their U.S. and Canadian targets.

Advanced Research & Development at Hughes is not
confined to just guided missiles. Investigations pres-
ently underway at the Hughes R&D Laboratories in-
clude Space Vehicles, Advanced Airborne Systems,
Nuclear Electronics, and Subsurface Electronics... just
to name a few. At Hughes in Fullerton engineers are
engaged in the Research, Development and Manufac-
ture of advanced three-dimensional radar systems. At
Hughes Products, the commercial activity of Hughes,
advanced Research & Development is being performed
on automatic control systems, microwave tubes, and
new semiconductor devices.

The challenging nature and diversity of Hughes proj-
ects makes Hughes an ideal firm for the Engineer or
Physicist interested in advancing his professional status.

Photo at left shows Convair F-102 firing salvo of Falcon GAR-1
air-to-air guided missiles.

An immediate need now exists for engineers in the following areas:

Systems Analysis
Microwaves
Circuit Design
Communications
Radar

Computer Engineering
Field Engineering
Semiconductors
Technical Training
Microwave Tubes

Write in confidence, to Mr. Phil N. Scheid,
Hughes General O ffices, Bldg. 6-V-1, Culver City, California.

© 1958. HUGHES AIRCRAFT COMPANY

November 1958

Sophisticated Hughes Electronic Armament Systems control
high-speed jet interceptors from take-off to touch down, and
during all stages of the attack.

Ground Systems being developed at Hughes in Fullerton
provide mobile three-dimensional radar protection and high-
speed data handling.

Creating a new world with ELECTRONICS

HUGHES AIRCRAFT COMPANY
Culver City, El Segundo,

Fullerton and Los Angeles, California
Tucson, Arizona

Circle 501 on “Opportunities” Inquiry Card, page 151



Coming Events

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

Oct. 30-Nov. 1: Electronic Devices
Mtg., IRE; Shoreham Hotel, Wash-
ington, D. C.

Nov. 6-7: 5th Annual Nuclear Science
Mtg., IRE; Villa Hotel, San Mateo,
Calif.

Nov. 10-14: NEMA Annual Conv.;
Hotel Traymore, Atlantic City, N.J.

Nov. 16-21: Conference on Scientific
Information, AFOSR/Directorate
of Research Communication, NAS,
NSF, ADI; Mayflower Hotel, Wash-
ington, D. C.

Nov. 17-19: Atlanta Section Confer-
ence, IRE; Atlanta-Biltmore Hotel,
Atlanta, Ga.

Nov. 17-18: 6th Annual Conv., Soc.
of Tech. Writers & Editors; Shore-
ham Hotel, Washington, D. C.

Nov. 17-20: Conf. on Magnetism &
Magnetic Materials, AIEE, APS,
IRE, AIME & ONR; Sheraton Ho-
tel, Philadelphia, Pa.

Nov. 17-21: Natienal Plastics Conf.,
SPI; International Amphitheatre,
Chicago, Ill.

Nov. 17-21: ARS Annual Mtg.; Hotel
Statler-Hilton, New York, N. Y.
Nov. 18-20: 9th National Conf. on
American Standards, American
Standards Ass’n; New York, N. Y.
Nov. 19-20: N. E. Research & Eng’g
Mtg. (NEREM), IRE; Mechanics

Bldg., Boston, Mass.

Nov. 19-21: 11th Annual Conf. on
Electrical Techniques in Medicine &
Biology, IRE, AIEE & ISA; Nicol-
let Hotel, Minneapolis, Minn.

Nov. 19-22: Annual Convention, Na-
tional Electrical Contractors Assoc;
Dallas, Texas.

Nov. 20-22: 56th Mtg. Acoustical So-
ciety of America, with IRE; Chi-
cago, Ill.

Nov. 20-23: Midyear Mtg. of Indus-
trial Instrument Sect., SAMA; The
Cloister, Sea Island, Ga.

Nov. 28-Dec. 4: Electronic Computer
Exhibition & Symp.; Olympia, Lon-
don, England.

| Nov. 30-Dec. 5: Annual Mtg, Ameri-

can Society for Mechanical Engi-
neers; Hotels Statler & Sheraton-
MecAlpin, New York, N. Y.

Dec. 2-4: 3rd EIA Conf. on Reliable
Electrical Connections; Dallas Tex.

Dec. 2-4: 7th Annual Wire and Cable
Symp., U. S. Army Signal Engin-
eering Labs. & Industry; Berkeley-

| Carteret Hotel, Asbury Park, N. J.

Dec. 3-5: Eastern Joint Computer
Conference, IRE, AIEE & ACM;
Bellevue-Stratford Hotel, Phila., Pa.

Dec. 3-5: 2nd National Symp. on
Global Communications, IRE &
AIEE, St. Petersburg, Fla.

Dec. 4-5: PGVC Annual Mtg., IRE;
Hotel Sherman, Chicago, Il

Dec. 5: Annual Banquet, The Radio
Club of America, Inc.; Columbia
University Club, New York, N. Y.

Dec. 7-9: Instrumentation Conf., IRE-

Instrumentation Group; Atlanta,.
Ga.
Dec. 9-11: Mid-America Electronics

Convention, IRE; Municipal Audi-
torium, Kansas City, Mo.

Jan. 11-13: Annual Convention, Na-
tional Appliance & Radio TV Deal-
ers Assoc.; Conrad Hilton Hotel
& Merchandise Mart, Chicago, Il

Jan. 12-14: 5th National Symp. on
Reliability & Quality Control, IRE,
AIEE, ASQC, & EIA: Bellevue
Stratford Hotel, Phila., Pa.

Jan. 21-23: Southwest Electronic Ex-
hibit; Arizona State Fairgrounds,
Phoenix, Ariz.

Jan. 23-25: Michigan State Confer-
ence, American Women in Radio
& TV; Detroit, Mich.

Jan. 26-29: 27th Annual Meeting, In-
stitute of Aeronautical Seciences,
Hotel Astor, New York, N. Y.

Feb. 1-6: Winter General Meeting, J.
AIEE-Technical Operations Dept.;
Hotel Statler, New York, N. Y.

Feb. 2-4: 7th Regional Tech. Conf. & |
Trade Show, IRE, University of
New Mexico, Albuquerque, N. M.

Feb. 2-7: Committee Week, ASTM; |
Penn-Sheraton Hotel, Pittsburgh,
Pa.

Feb. 3-5: 14th SPI Reinforced Plastics
Div. Conf., SPI; Edgewater Beach
Hotel, Chicago, Ill.

Feb. 5-8: 1959 San Francisco High
Fidelity Music Show, Institute of
High Fidelity Manufacturers, Inc.:
Cow Palace, San Francisco, Calif.

Feb. 12-13: Transistor & Solid State
Circuits Conf., IRE, AIEE, & Uni-
versity of Pennsylvania; Univ. of
Penna., Phila., Pa. |

Abbreviations:

ACM: Association for Computing Machinery

ADI: American Documentation Institute

AIEE: American Inst. of Electrical Engrs.

AIME: American Institute of Mining & Metal-
lurgical Engineers

APS: American Physical Society

ARS: American Rocket Society

ASQC: American Society for Quality Control

EIA: Electronics Industries Assoc.

IRE: Institute of Radio Engineers

ISA: Instrument Society of America

NAS: National Aeronautical Society

NEMA: National Electrical Manufacturers
Assoc.

NSF: National Science Foundation

ONR: Office of Naval Research

SAMA: Scientific Opparatus Makers Ass’n.

SPI: Society of Plastics Industry
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As We GoTo Press ...

AMB/CAA To Develop
Low Cost DMET Gear

The Airways Modernization
Board and the Civil Aeronautics
Administration are sponsoring a
project to develop low-cost, light-
weight, airborne distance measur-
ing equipment for “private flyer”
and ‘‘general aviation” types of
aircraft.

The project is being undertaken
to further increase the utility of
the common civil-military short
distance VORTAC navigation aid
adopted as standard for the U. S.

Development of the TACAN-
compatible distance measuring air-
borne equipment (DMET) will be
supported with funds allocated in
fiscal year 1959 to the CAA
“VORTAC in-service improvement”
program. Development of the
equipment will be done through
contract with private industry.

Rubber and Plastics

Firms Need Electronics

The rubber and plastics indus-
tries are waiting for electronic
instrumentation firms to produce
equipment tailor-made to meet
their needs, H. G. Shively of B. F.
Goodrich Co. said in a paper re-
cently presented at the 18th annual
ISA instrumentation - automation
conference.

According to Shively, a ready
market is assured for the firm
which can produce equipment for
such operations as temperature
measurement in high frequency
heating applications, non-destruc-
tive testing, chemical analysis, ply
separation detection and complex
cross-section extrusion measure-
ment.

1959 COMING EVENTS

Feb. 19-21: Winter Meeting, National
Society of Professional Engineers;
Dinkler-Tutweiler Hotel, Birming-
ham, Ala.

Mar. 2-6: Western Joint Computer
Conf., IRE, AIEE & ACM; at Fair-
mount Hotel, San Francisco, Calif.

March 23-26: IRE National Conven-
tion, IRE; New York City.

Apr. 5-10: 5th Nuclear Congress, IRE
& EJC; Cleveland, Ohio.

May 4-6: National Aeronautical Elec-
tronics Conference, IRE; Dayton,
Ohio.

May 6-8: Electronic Components
Conf., IRE, AIEE, EIA & WCEMA;
Ben Franklin Hotel, Philadelphia,
Pa.

November 1958



Through advanced crystal filter production techniques and
circuitry by Burnell & Co.,it is now possible to overcome numerous
design problems formerly believed insoluble with even the best
individual toroidal components.

Depending on band width and frequency, filters may be composed
entirely of crystals or in complex networks, combine quartz crystal
elements with stabilized toroidal coils to produce the desired band
width and shape factor. Frequency has been extended from

low range up to 20 megacycles.

Economy is achieved with standardized complex designs of lattice
networks and their three terminal network derivatives. Packaging
encompasses a wide range in standard, miniature and sub-miniature
sizes with considerable latitude in permissive impedance range
from transistor usage to pentode operation.

Whether you need crystal filters of standard design or custom units
engineered to specifications of center frequency, band width,
selectivity and impedance level, the facilities of Burnell & Co. are at

vour disposal. Write for new Burnell Crystal Filter Bulletin XT-455.

10 PELHAM PARKWAY
PELHAM, N. Y.
PELHAM 8-5000

TWX PELHAM 3633

720 MISSION STREET
PIONEERS IN TOROIDS, FILTERS AND RELATED NETWORKS T OIS, e
RYAN 1-2841
Dept. El-I TWX PASACAL 7578

TYPICAL RESPONSE CURVES INDICATING
THE VARIOUS SHAPE FACTORS AVAILABLE
IN STANDARDIZED BURNELL CRYSTAL FILTERS
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Recording and remembering data from outer space is the newest challenge for—

TAPES YOU CAN

Instrumentation Tape 159 —-NOW in extensive
use for missile and flight test recording

No room for failure in America’s missile Like to know how other “Scorcu’ Brand
tracking program. With the nation’s security =~ Instrumentation Tapes can help in your
at stake, ““‘ScorcH’’ Brand Instrumentation  critical jobs? FREE BOOKLET gives you

Tape No. 159 is preferred because it offers: complete facts and specs on America’s most
¢ Dropout free data recordings ® 50% longer  complete line of ‘““Tapes you can Trust”.
length on standard reels ® Greater short wave Write: Minnesota '
length output e High physical stability. Mining and Mfg.

This remarkably accurate tape is available  Co., Dept. PT-118,
for immediate delivery. St. Paul 6, Minn.

SCOTCH Instrumentation Tape

BRAND

14 ELECTRONIC INDUSTRIES - November 1958



Precision reel available as optional extra-
cost accessory in 10%2” and 14” diameters.

THE TERM *“SCOTCH!* IS A REGISTERED TRADEMARK OF 3M COMPANY, ST. PAUL 6, MINN. EXPORT: 99 PARK AVENUE, NEW YORK. CANADA] LDNDON, ONTARIO.

L“44<‘ ’»;&

Mnm:sorA N ininG anpd MANUFAC'I‘URING COMPANY&

o+« WHERE RESEARCH IS THE KEY TO 'I'OMC)RROW“QAA 77
SSSwess”
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Facts and Figures Round-Up ELECTRONIC
November, 1958 INDUSTRIES TOTALS
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T = " GOVERNMENT ELECTRONIC

CONTRACT AWARDS

This list clossifi d gi th ! f electroni
ELECTRONICS OUTPUT—1923-1958 ' equipment . selected  from  contracts awarded by

government ogencies in Sepfember, 1958.

(Millions of dollars)
Antennas & Accessories 812,590
Amplifiers 1,351,642
Home-type All other Amp|iﬁers. R. F. 30,044
radio and electronic Amplifiers, Synchro 49,158
television equipment Electronic Attenuators 33,868
receivers, except tubes components Batteries, Dry 42,340
and related and compo- Electron other than Computers & Access. 192,632
Year Total products nents tubes tubes Connectors 39,723
S S S SR Cable Assemblies 42,985
1958 6,900° 1,3500 3,250¢ 760¢ 1,540¢ Coder-Decoder N
’ Elect E + 261,856
1957 7,000 1,500 3,100 800 1,600 ST 54350
1956 6,500 1,470 2,800 780 1,450 Gyros & Gyroscopes 343,455
1955 6,200 1,500 2,500 800 1,400 :(Mercﬁdm;i fE_qUiPme"f ‘;‘;2.3;8
its, Modification ,
:ggg g'ggg :'ggg g'ggo ;]0 :'300 Kits, Radio Meodification 29,024
J J ,503 34 ,470 Loudspeakers 105,338
1952 5,500 1,340 2,330 690 1,130 Meters 87,732
1951 3,400 1,296 843 473 788 Me+‘er$. Aff\P- 60,625
1950 3,300 1,687 473 443 697 Radio Equipment Il
1947 1,750 810 469 122 349 Radio Receivers e
’ ot Radio Transmitters 73,990
1939 340 186 40 39 75 Radar Equipment 393,460
1937 350 182 54 43 7 Radio Transceivers 315,356
1935 240 135 31 32 42 Radomes 30,968
1933 135 73 14 27 21 Recorders & Access. 142,134
Recorders-Reproducers 152,724
1931 220 125 30 29 36 Rectifiers 47,815
1929 465 2752 8 82 100 Relays, Solenoid 29,631
1927 200 952 4 22 79 Single Sideband Equipment 694,824
2 Spare Parts 3,430,661
U = - - - L Switch, Electronic 35,995
1923 54 132 1 10 29 Switches 108,659
e—Estimate. Tape, Rec.:ording . 582,617
! Data cover manufacturers’ shipments in 1947 and later years, and production in 1939 and earlier Telemetering, Radio 299,950
years. The totals represent the factory value of production or shipments {output) of electronic products, Telephone Switchboards 52,654
whether incorporated in other products or used in maintenance and repair of end equipment. Test Equipment {various) 25,514
2 Includes all radio receivers, commercial as well as home-type. Test Sets 85916
S : Based dat tained in the C f Manufact , the A 1S f M -

chful?eusl:cfeslea:esseof ?lr:e Ealegfr:::zri‘call:gusf:?es :ssocei:sflil;n oMarkuel;iun;cDu;feas De:urfr:::?, anl:irv:fyhe? soulg:neus. ¥:;t‘s?::;eicdcr I:;':gg
—U. S. Chomber of Commerce Tubes, Electron 1,619,619
Telemetering Equipment 403,998
= : = Wire & Cable 41,594

DEFENSE ELECTRONICS BUYING FOR FISCAL YEAR 1958

Budget Category Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter TOTAL
Aircraft $340 $346.0 $359.0 $401 $1,446.0
Ships-Harbor Craft 23 25.0 24.0 27 99.0
Combat Vehicles 1 —.2 —1 1 1.7
Support Vehicles | N b 2 43
Missiles 273 299.0 319.0 377 1,268.0
Elec. & Comm. 204 214.0 183.0 274 875.0
Research & Dev. 73 74.0 75.0 96 318.0
Miscellaneous 11 9.0 9.0 9 38.0

TOTAL (FY 1958) $926 $967.5 $969.5 $1,187 $4,050.0

TOTAL (FY 1957) $637 $876.0 $938.0 $1,055 $3,506.0

—Electronic Industries Association
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PUIL.SE

TESTING

GENERATION

Five plug-in pulse generators
provide any code—1 to 5 pulses
— with completely independent
adjustment of width and delay
for each pulse.

PULSE WIOTH
as 10

PULSE DELAY:
variable 0 to 300 microseconds

PULSE WIDTH:
variable 0.2 to 2 microseconds

PULSE TIME MODULATION:
Sensitivity, 2 volts RMS per
microsecond

CODED
MULTIPULSE
GENERATOR

Model MP-TA

RISE AND DECAY TIME: GROUP REPETITION RATE:
0.1 microsecond 10 to 10,000 pps

Used to modulate r-f signal generators with
coded pulse groups. Internal or external
sync; square wave output, 10 to 10,000 pps.
Pulses can be independently pulse-time mod-
ulated by external signal.

APPLICATIONS: Design and testing of mis-
siles, radar, beacons, IFF, telemetry, etc.

MAIL THIS CARD
for complete specifications.
ON ALL POLARAD » Ask your nearest Polarad

I representative (in the Yellow
INSTRUMENTS 3 Pages) for a copy of '‘Notes
on Microwave Measurements’

POLARAD
ELECTRONICS
CORPORATION

43-20 34th Street Long Island City 1, N_ Y.
Representatives in principal cities

JITTER

PULSE JITTER TESTER

Model PJ-1

Displays the magnitude and waveform of
’ . ’ " pulse jitter (time deviation) in rate gen-
© erators, pulse width modulators, encoding

| devices and precision time generators.

- S i - MEASURES:

PULSE WIDTH JITTER: Peak-to-peak time de-
N viation (AT) at the half-amplitude points,

T ar between the leading and trailing edges of a
[’__'—'1 I:"':a recurrent pulse having a nominal width rep-

resented as ‘‘T" in the diagram at left.

ar ( far ABSOLUTE JITTER: Time deviation (AT) at
the half-amplitude points, from leading edge

— m my i
_J U'_']LJ U‘"h FLJI L_rL to leading edge of successive pulses (of

T T T——T—— T T-T duration '‘T'" in the diagram) in a pulse train.

RELATIVE JITTER: Peak-to-peak time devia-
fp——- —MNar tion (AT) at half-amplitude points of the

ppy— H leading edge of one pulse to the leading
| St ki l 1 edge of a reference pulse. The time difference

between the two is “‘T"" in the diagram.

Repetition Rate litter: 5 millimicroseconds to 100 microseconds
full scale. Relative or Width Jitter: 5, 10, 100 millimicroseconds.

'--7-"."---‘--"------'-_-------------------l

YT PR AT LR A Y PR g

POLARAD ELECTRONICS CORPORATION:

Please send me information and specifications on:

EON 7 Model MP-1A Coded Multi-Pulse Generator @
[] Model PJ-1 Pulse Jitter Tester
[] Model VS-2 Rapid-Scan Ratio-Scope (see reverse side of page)

] Model ESG Electronic Sweep Generator (see reverse side of page)

My application is:

Name

Title . Dept
Company.

Address

City _Zone___State




INSTANTANEOUS MICROWAVE ANALYSIS

Instantaneous
measurements
at a single
frequency or
over an entire
swept frequency
range can he
obtained with

an Electronic
Sweep Generator
and a Rapid-
Scan Ratio Scope

Postage
Will be Paid

by
Addressee

SINGLE

Complete VSWR pattern of a microwave compo-
nent over an entire frequency octave is dis-
played on a calibrated 7“ CRT.

VSWR at any single frequency is indicated on
the Ratio-Scope front panel meter.

No
Postage Stamp
Necessary

if Mailed in the
United States

BUSINESS REPLY CARD
First Class Permit No. 18, Long Island City 1, N.Y.

POLARAD ELECTRONICS CORP
43-20 34th 8t., Long Island City I, N_ Y.

AN

Model ESG

FREQUENCY OR OVER A FULL OCTAVE

Saves Engineering Manhours

1,000 to 15,000 me

ELECTRONIC SWEEP GENERATOR

Model ESG 1,000-15,000 mc

Sweep width continuously adjustable, single frequency
to an entire octave.

RAPID SCAN RATIO-SCOPE

Model VS-2

Displays the ratio of two input signals; gives visual plot
of VSWR as a function of frequency.

Measure and Analyze:

VSWR, transmission and reflection coefficients, gain and
attenuation, image rejection, sensitivity, selectivity, band-
width and filter characteristics, antenna patterns, etc.

Microwave Components :

Radars, receivers, beacons, waveguides, antennas, pads,
terminations, couplings and hybrid junctions, attenuators,
crystal mounts, preselectors, amplifiers.

Model VS-2

Typical set-up for measuring VSWR of a microwave com-
ponent. Directional coupler outputs feed incident and
reflected signals separately into the Ratio-Scope. Scope
displays the pattern of the ratio between the two inputs
over the entire frequency range swept.

MAIL THIS CARD

for complete specifications.
Ask your nearest Potarad
representative (in the Yellow
Pages) for a copy of ‘““Notes
on Microwave Measurements'’

ON ALL POLARAD
INSTRUMENTS

VYO TANGTAN AN AR, WY R K

POLARAD
ELECTRONICS
CORPORATION

43-20 34th Street Long Island City 1, N. Y.
Representatives in principal cities



“We are sold on Kester ‘44’ “Been using Kester Flux-Core “Kester Solder spools are al-

Resin-Core Solder, Jim. It's the Solder for almost half a cen- ways marked with the exact
fastest acting solder we have tury, Tom; nothing like it.” alloy, Joe; no code markings.”
ever seen.”

“Nothing like Kester Solder, “Our girls swear by Kester, Bert; ‘“*Kester ‘Resin-Five' Core
Fred, for keeping costs in line.” they claim soldering is much Solder is the choice for our pro-
easier.” duction, Paul.”

““Our work goes much faster “We had a tough soldering job,
now, Bill, since we switched to Harry, but Kester engineers
Kester Solder.” licked it in a hurry.”

SEND TODAY for
your free copy of the
Kester book, ‘‘Solder

. Its Fundomentals
and Usoge’*. . . 78

pages of technical How THE WORD GETs AROUND

information. oy p You hear comments like these everywhere informed
people in the electronics industry get together to “talk
shop.” It’s a fact . . . there is nothing quite like Kester
Solder. And that’s why it’s so universally popular.

ARTERSOLDER

4210 Wrightwood Avenue ¢ Chicago 39, lllinois
Newark 5, New Jersey ¢ Brantford, Canada
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"TAKE ME TO YOUR - - ="

i}

& According to Dymec Inc. this is a “precision waveguide
o attenuator”—and they should know, because they made it.
But we can't resist this other view that looks to us like
an out-of-the-world character with a book under his arm.
(For more on the technical specs, see page 87)

tronic Industries

w5 =

INERTIAL GUIDANCE ICE-BREAKING BY TV

Sperry engineers check out an experi- On ice-breaking duty in the Arctic the U.S.S. Glacier shown near Thule, Green-
mental auxiliary inertial “stable table” and land uses a television camera mounted in a helicopter to find the best route
astro-tracker for the supersonic B-58, through the ice fields.
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AUTOMATIC TESTING

Raytheon’s Industrial Tube Division is now using this auto-

matic tester for checking their line of subminiature tubes. - Y :

CHECKING THE MOON ROCKET

Final checks are shown here being made on “Pianeer”
the lunar probe rocket that set the world's altitude record.

ULTRA-PURE
SILICON

At Merck & Ca.,
Danville, Pa. these
new tanks are used
to purify raw ma-
terials used in the
production of ultra-
pure silicon.

MISSILE CONTROL

At Burrough’s Corp.’s Detroit plant, technicians install com-
ponents in a missile control console for the AF Atlas ¥CBM.

SIMULATED MISSILE "FOR OUTSTANDING CONTRIBUTIONS"
. . - . . Leonard Bernstein receives Inst. of High Fidelity Manufac-
Titeflex, Inc. used this realistic demonstration of a mis- s e e
sile launching to display their Springfield “400” teflon hose. turers award from pres. J. N. Benjamin for “music cantributions.




Electronic Industries' News Briefs

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

KLEINSCHMIDT LABORATORIES, INC,,
a subsidiary of Smith-Corona Marchant, Inc.,
will be consolidated with the parent company
and operated as the Kleinschmidt Div.

CORNING GLASS WORKS and ROHM &
HAAS CO. have developed a new method of
protecting the front face of TV picture tubes.
The new assembly consists of a glass panel
contoured to fit the surface of the tube and
rermanently bonded to the face by means of
an acrylie resin.

CBS-HYTRON is nearing completion of the
consolidation of its mechanical and electronic
equipment design, development and production
facilities.

SANGAMO ELECTRIC CO., special Apparatus
Dept., has assumed full responsibility for the
marketing of all products developed by the
D. G. C. Hare Co., New Canaan, Conn. The
Hare Co. is a subsidiary of Sangamo.

KEARFOTT CO. has synthesized polycrystal-
line Yttrium-iron garnet for microwave ap-
plications. The compound is a relatively high
density nonporous material consisting of tiny
tightly bonded sintered crystallites whose
crystal structure is identical to that of natural
garnet.

A. B. DU MONT LABS, INC., completed the
conversion of a former base hospital to a
50,000 sq. ft. modern general office and lab-
oratory facility for the Airways Moderniza-
tion Board’s new National Aviation Facilities
Experimental Center in 60 days. The site is
the former Naval Air Station in Atlantic City,
N. J

NARDA MICROWAVE CORP. supplied
bolometers, waveguide terminations, and filters
which were incorporated in the microwave
systems used for guidance and tracking of
the Atlas ICBM.

PHILCO CORP.S GOVERNMENT AND
INDUSTRIAL DIV. has formed a new Ad-
vanced Weapon Systems Group (AWS). Hay-
den N. Ringer will serve as manager of the
new group.

RAYTHEON MFG. CO. recently broke
ground for a $1.7-million super-modern flight
test facility at Bedford, Mass.

STROMBERG-CARLSON, Special Products
Div., is building and installing two-way radios
in all the busses in Rochester (N.Y.) Transit
Corp. The system will be the first installed
by any urban transit company in the United
States.

RADIO CORPORATION OF AMERICA can
now provide through its Radiomarine Sales n
fuel-saving auto pilot steering system that
keeps vessels on course even in rough weather.

SEQUOIA WIRE & CABLE CO. has estab-
lished new regional offices in New York City
to provide facilities for handling its expand-
ing volume of business in the East. W. Edward
Macbeth, Eastern Sales Manager, will be in
charge of the New York offices.

BENDIX AVIATION CORP.'S participation
in the USAF’S Dyna-Soar (dynamic soaring)
project to develop the first piloted space ship
will be headed by the Systems Div.

SYLVANIA ELECTRIC PRODUCTS INC.
has begun construction work on a new 70,000
8q. ft. computer products plant at Muncy, Pa.
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WESTINGHOUSE ELECTRIC CORP. now
has available a new Hall Generator, for use
in instrument applications as an analog com-
puter element.

SHIELDING, INC., of Riverton, N. J., has
contracted with Continental Mining and Oil
Corp. to permit the latter to purchase the
majority interest of the interference en-
closure manufacturer.

ALPINE ELECTRONIC COMPONENTS
CORP. is the name of a new firm in Water-
bury, Conn. It is engaged in the manufacture
of components and parts, including insulated
standoff terminals, feedthroughs, and panel
and chassis hardware.

TRANS-SIL CORP. has been awarded a
U. S. Patent covering methods and equipment
used in growing semiconductor materials.

ITEK CORP. has purchased approximately
43 acres, adjacent to Bedford Airport, near
Route 128 in Lexington, Mass.

AMERICAN MEASUREMENT & CON-
TROL, INC., of Waltham, Mass., is manu-
facturing electrohydraulic servovalves which
are used in the Terrier Missile Launchers.
The firm is one year old and employs fifteen
people.

VITRO CORP. OF AMERICA and KOP-
PERS CO., INC., have signed a joint venture
agreement which will enable them to team
in undertaking weapon systems work.

NUCLEAR PRODUCTS-ERCO, div. of ACF
Industries, Inc., will build the first USAF
full-mission capability flight simulator. It
will be used to train pilots for the Republic
F-105 Thunderchief.

MID-WEST

FARNSWORTH ELECTRONIC CO., Ft.
Wayne, Ind.,, and FEDERAL TELEPHONE
AND RADIO CO., Clifton, N. J., have been
consolidated by International Telephone and
Telegraph Corp. the parent company.

KELLOGG SWITCHBOARD AND SUPPLY
CO. gained a singular distinction when the
firm surpassed the mark of 3,000,000 man
hours work without a disabling injury.

GE’S LIGHT MILITARY ELECTRONICS
DEPT. has been awarded a $5-million contract
for a forward surveillance radar, designated
AN/APS-81 for the B-52 bomber. Contract
could reach $l4-million when completed.

TEXAS INSTRUMENTS INCORPORATED
will manufacture the transistors to be used in
International Business Machine Corp.’s first
all-transistorized medium-sized electronic data
processing system.

BURROUGHS CORP. built the data process-
ing systems which were formally accepted by
the USAF as the first portion of the Michigan
part of the SAGE system of air defense. The
systems operate at Battle Creek and Port
Austin as well as at Selfridge AFB.

POTTER & BRUMFIELD, INC., is publish-
ing the papers presented at the Sixth National
Conference on Electro-Magnetic Relays at
Oklahoma State University. This marks the
sixth consecutive year the firm has provided
this service to the industry.

ELECTRONIC INDUSTRIES -

WEST

LEAR, INC. has been awarded U. 8. Army
Signal Corps contracts totaling more than
$716,000 for modified Lear F-5 automatie
flight control systems for the deHavilland
DHC-4 and the Beechcraft L-23 Twin-Bonanza.
The Army designation for the Lear F-5 is
the ASN-22.

INTERNATIONAL BUSINESS MACHINES
CORP. will install at 3056 RAMAC in the Ven-
tura County (Calif.) office to speed handling
of the county’s growing governmental ac-
counting and engineering chores.

SPRAGUE ELECTRIC CO.s, SPECIAL
PRODUCTS DIV. has opened a west coast
branch at the new Sprague plant in Visalia,
Calif. Robert P. Sheehan will serve as chief
engineer of the Visalia department.

GENERAL ELECTRIC CO. has opened an
expanded electronic tube and components sales
office at 442 Peninsular Avenue, San Mateo,
Calif.

BENDIX AVIATION CORP., COMPUTER
DIV. has been awarded a contract for the
electronic computing unit of the missile im-
pact prediction system at Cooke Air Force
Base, Calif.

DATA-CONTROL SYSTEMS, INC. has re-
located their Western District Manager, Field
Services and Marketing, Mr. Charles J. O’-
Lone, to 16366 Ancep St., Whittier, Calif.

LING ELECTRONICS, INC. has acquired
all the common stock of the Calidyne Co., Inc.
Both companies are leading manufacturers in
the field of electronically driven vibration test-
ing systems.

BELL AIRCRAFT CORP., NIAGARA
FRONTIER DIV. has opened a west coast
office to represent the company’s Avionics,
Rockets and Space Flight and Missiles Divi-
sions. The new office is located at 6505 Wil-
shire Blvd., Los Angeles.

DIGITRON, INC. is the recipient of a con-
tract to develop a high-speed electronic func-
tion plotter for Holloman Air Development
Center.

LITTON INDUSTRIES has opened the first
unit of its new 60,000 sq. ft. tube plant at
Salt Lake City, Utah. The plant will be man-
aged by Vinton D. Carver.

EPSCO, INC. has set up a west coast di-
vision at Anaheim, Calif. Wallace E. Rianda
has been designated Vice-President and Gen-
eral Manager of Epsco-West, as the new divi-
sion is called.

JOBBINS ELECTRONICS has purchased
Western Coil Products Co., Palo Alto. The
latter, specializing in small coils for Ilocal
electronics manufacturers, will continue as a
division of the parent company.

GENESYS CORP. is now located at 10131
National Blvd., Los Angeles. The new modern
brick structure contains 10,000 sq. ft. of floor
space.

TAMAR ELECTRONICS INC. has been
awarded a contract by the Ramo-Woolridge
Corp. for specialized electronic components.
The amount of the contract was undisclosed.

HEWLETT-PACKARD CO. has acquired
809, of the outstanding stock of the F. L.
Moseley Co. The latter will continue to op-
erate as an independent corporation and Mr.
Moseley will remain as president.
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SILICON
GERMANIUM
SELENIUM

FEATURING

STANDARD CIRCUIT
TESTS

1. Visual dynamic voltage-current

characteristic.
2. Dymamic reverse-current leakage.
3. Dynamic forward-voltage drop.
4, Static reverse-current leakage.

5. Static forward-voltage drop.

ELECTRONIC INDUSTRIES -+ November 1958

OWV-

RECTIFIERS and DIODES

NOW . .. for the first time, production and laboratory users of power
rectifiers and signal diodes may perform five standard circuit tests with
one precision instrument . . . the CEDCO Metallic Rectifier Analyzer.

Versatile, accurate and rapid, the new CEDCO Analyzer exceeds the
highest standards of engineering quality. Three Weston meters, accurate
within 1%, AC Voltmeter (0 to 1500 V.), DC Voltmeter (0 to 1000 V.)
and DC Milliammeter (0 to 10 AMP.) assure dependable performance.

Model $-101—Self-contained featuring complete set of plug-in adapters,
accepting wide range of sizes.

Model $-102—Ideal for laboratory use. Adjustable test fixture for
remote testing permits shelf mounting away from the working area.

INustrated brochure, Bulletin R-250, is available upon request.

Circle 9 on Inquiry Card. page 149
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Worild’s Biggest Eater
Dines Without Interruption

Typical insulator and insulating
bolts used on power shovels.

24

Circle 10 on Inquiry Card, page 149

You are looking at 3 million dollars’
worth of power shovel, a 14-story
monster capable of biting off 70
cubic yards of dirt at a clip.

Continuous operation is essential
because downtime on a shovel of
this size could top 500 dollars an
hour. Reliability is shared by many
interrelated parts. Some are made
of Synthane laminated plastics.

WhySynthane? BecauseSynthane
laminated plastics have the right
combination of properties—dielec-
tric strength, mechanical strength,
and ease of machining. And Synthane
uses only first-quality raw materials,
watches every step in the produc-
tion and fabrication of the laminate,

ELECTRONIC INDUSTRIES -

is deeply concerned about delivery
requirements.

Good materials, competent peo-
ple, excellent tools and workman-
ship may not guarantee reliability
but they’re strong assurance of it.

If you are interested in a reliable
source of laminated plastics—sheets,
rods, tubes, or completely fabri-
cated parts, write for an interesting
catalog or call our representative
near you.

[SYNTHANE]
A

SYNTHANE CORPORATION, If RIVER RD., OAKS, PA,
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The New Brush Mark
whole new world

opens up

of direct writing applications

RECORDER MARK 11

sensitivity
* Q

» volts/cnartlin

o}

Sensitivity
10myfline (mm). Full scale deflection from
chart ceater 2= 200 my.

Measurement Range
.070v. to 4000,

Input Impedance
& megahm single-cnded, 10 megohm balarced.

T'requency Response
D.C. to 700 cps.

tecording Channels
Four, 2 eveat channels and 2 analog.

Chart Speeds
7,8, 25, 125 mm/sec.

Power Requirements
105-1250., 60 cps, 135 walts at 1150,

The portability and remarkable simplicity of the
Brush Mark IT make it practical to use anywhere.

Wherever you work—in rescarch, design and
development, production, ficld testing—you get an
immediate wltralinear record of performance . . . for
quick analysis and corrective action on the spot
for study at a later date . . . for reproduction by
conventional low-cost copy methods.

As foolprool as you’d hoped for, this recorder
has built-in amplifiers, permanent calibration, in-
stant paper loading and a “white glove” writing
system. Use it as a recording voltmeter . . . as a
supplement to your ‘‘scopes’.

CALL-WRITE-WIRE for immediate shipment from
stock — $1350 F.O.B. Cleveland.

.’.)l‘USh INSTRUMENTS

DIVISION QF

3405 PERKINS AVENUE | CLEVITE | CLEVELAND 14, OHIO
Compoaat o

Circle 18 on Inquiry Card, page 149



INDUSTRY'S BROADEST LINE OF

NEw POWER SWITCHING
TRANSISTORS

NEW P-N-P germanium power
switching transistors guarantee 5.5 W
dissipation at 25°C with voltage rat-
ings of 40, 60, 80, and 100 volts for
optimum design flexibility. The func-
o tional design of the heat sink assures
AT rapid installation requiring only one
(ACTUAL SIZE) mounting hole through the chassis.
You get guaranteed 20-t0-60 beta spread and a low 0.16
E ohm saturation resistance at the 3A maximum collector
s : e rating. In addition, a maximum 125 A collector reverse
ez URN.G.‘:CURRENT = X 20 - ' : current is guaranteed at one-half rated breakdown volt-
Yes TJRN-OFF CURRENT - SR tage with TI 2N1042, 2N1043, 2N1044, and 2N1045
, : { e =S alloy junction transistors.

TYPICAL SOLENOID RELAY DRIVER Thesg new devices are well sui‘ged for your switghing
circuits . . . relay drivers. .. audio and pulse amplifiers.
O mA. OFf

[
vz bima
FE

NEW MEDIUM POWER
SWITCHING TRANSISTORS

, S48 OHMS MIN

I, =1A MAX NEW P-N-P germanium medium
power transistors give you switching
times as low as 1.1 psec. TI 2N1038,
% 2N1039, 2N1040, and 2N 1041 alloy
junction transistors provide 800 mW
dissipation in free air at 25°C,450 mW

at55°C. .. withvoltage ratings of 40, 60,80, and 100 volts.
£ * DIODE J; S USED T0

CLIP 'REVERSE VOLTAGE In addition, guaranteed 20-to-60 beta spread and low
SWING ACROSS: SOLE- 0.2 ohm saturation resistance assure reliable perform-
1"8&0.‘&'"7'53;;;23"3';3{ ance for your high speed switching circuits. .. relay
: 3 sane drivers ... low power audio and pulse amplifiers.

Ry

)

i
H

{ACTUAL SIZE)

Dissipation - Collector Collector Beta Collector Reverse Current Saturation
at 25°C Voltage-V Current A . lgo max Resistance
; Type : max max min max uA ' Ohm
computer power Enp 2N1046 - 15w —80 -3 40 70 (Avg) —1lmA —40 0.75
medium power 2N1038 ] 800mw ~  —40 —1 20 60 —125 —-20 0.2
3 : mp 2N1039 £00mw —60 —1 20 60 —125 -30 0.2
2N1040 Q0mW 80 ~1 20 60 —125 -0 02
L) 2N1041 e 800mwW - —100 =1 20 60 —125 —50 02
powar 2N456 50w —40 -5 30@5A avg. —2mA —40 0.048
i pnp 2N457 50W —60 -5 30@5A avg. —2mA —60 ~0.048
2N458 = 50w —80 =5 30@5A avg. —2mA —80 0.048
2N1021 ~ sw_ - 100 =5 23@5A avg. —2mA_ —100 0.08
2N1022 : oW =1 =5 23@5A avg. —2mA 120 008
2N1042 55W -0 = 20 60 ~125 -2 016
N043 55W 60 -3 20 0 -I% -30 016
2NI108 ' 55W  —80 =3 2 60 —125 —40 016
~ 2N1045 55w —100 -3 20 60 - =125 —50 0.16

IMMEDIATELY AVAILABLE IN PRODUCTION QUANTITIES OR. ..

TEXAS 0

WORLD'S LARGEST SEMICONDUCTOR PLANT




GERMANIUM POWER TRANSISTORS!

TYPICAL SWITCHING CHARACTERISTICS

NEW HIGHEST FREQUENCY
COMPUTER POWER TRANSISTOR

-l

% 330

600 0 1y~

100 0

IN539

(ACTUAL SIZE)

o}
—i
(o]

TYPICAL SWITCHING TIMES

NEW TI 2N1046 combines high power, high fre-
quency and high voltage performance in a single
T, Rise Time 0.7 wsec transistor package! This P-N-P diffused base germa-
nium transistor has guaranteed dissipation to 15
watts and collector breakdown voltagz to 80 volts
with 12 mec typical alpha cutoff. Extremely low col-
lector reverse current averaging 0.2 ma at 40 volts
and a low 0.75 ohm saturation resistance dssure reli-
INPUT able operating characteristics.

kT Designed for your deflection circuits and computer
core driving applications, the 2N1046 has a typical
10me internal cutoff frequency, f. (point at which
forward current transfer ratio equals unity).

Td Delay Time 0.3 usec

T  Storage Time 1.2 psec

T, Fall Time 0.5 nsec

OuTPUT
PULSE

TEST CURRENTS

NEW HIGHEST VOLTAGE
lg; (Tum-on Current) = — 30mA TRAN s I STO R s

taq (Tum-off Currentl = + 30mA J—

ic (Collector Current) = — 1A

TYPICAL 20 WATT AMPLIFIER
POWER GAIN = 23 db

v [ TE] rroer |S §
20 WATTS | 0 | (ACTUAL SIZE)

NEW TI2N1021 and 2N1022 germanium transistors,
TN e with mazximum operating voltages of 100 Vand 120V
e Misimel st Oute Dtaan e Cll respectively, provide typical betas of 70 at 1A...
23 at 5A!

You get guaranteed 700 pA maximum collector re-
verse current at one-half rated voltage and 2mA
maximum at full rated voltage in addition to ex-
tremely low saturation resistance...0.08 ohm Rgs.

For your audio, servo and power applications, con-
« HEAT SINK sider these outstanding performance characteristics
and specify TI germanium transistors.

OFF THE SHELF IN 1-99 QUANTITIES FROM YOUR NEARBY TI DISTRIBUTOR

INSTRUMENTS o o s v
DALLAS . NEW YORK CHICAGO LOS ANGELES.

Should be Biflar Waund.

INCORPORATED DAYTON . DENVER . DETROIT
SEMICONDUCTOR -~ COMPONENTS DIVISION OTTAWA  +  PHILADELPHIA  »  SANDIEGO e«  SAN FRANCISCO
13500 N. CENTRAL EXPRESSWAY

POST OFFICE BOX 312 « DALLAS, TEXAS SYRACUSE WALTHAM . WASHINGTON, D. C.
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LONG PUNCHED
SHORT SLOTTED
THICK THREADED
THIN EMBOSSED

ROUND AND RECTANGULAR

CLEVELITE"

In every way CLEVELITE is the favorite phenolic
tubing . . . made in seven grades to assure you depend-
able performance in any application.

CLEVELITE is unaffected by oils and solvents . . . it
is easily machined, light in weight, yet mechanically
strong.

Dependable because of its non-tracking and insulation

resistance . . . low moisture absorption . . . dielectric

strength 150 v.p.m. . . . heat resistance over 250° F.
. diameters and wall thicknesses as required.

WRITE FOR OUR LATEST "CLEVELITE" BROCHURE . . . and men-
tion application you have in mind. Samples will be furnished.

call CLEVELAND!

*Reg. U. S. Pat. Off.

Cl[V[LAND\

Why pay more? For quality products . . .

[ PLANTS&  THE
SALES OFFICES: cnunk un
CLEVELAND TORONTO &
MEMPNIS SALES UFHCESI
,"MOU‘"‘ wl NEW YORK

WASHINGTON
MONTREAL

JAMESBURG, N. J.

OGDENSBURG, N. Y. 6201 BARBERTON AVE. + CLEVELAND 2, OHIO

ABRASIVE DIVISION at CLEVELAND, OHIO

REPRESENTATIVES:
NEW ENGLAND: R. S. PETTIGREW & COMPANY CHICAGO: PLASTIC TUBING SALES, 5215 N.
10 N. MAIN ST, W. HARTFORD, CONN. RAVENSWOOD AVE., CHICAGO
NEW YORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BARRON CO, 544
CENTRAL AVE, E. ORANGE, N. J. S. MARIPOSA AVE. LOS ANGELES
PHILADELPHIA: MIDLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA,
9 E. ATHENS AVE.,. ARDMORE, PA, LTD, BOX 1598 — STATION “"H", TORONTO

28 Circle 13 on Inquiry Cord, page 149
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Tele-Tips

TV’s OR BATHTUBS? Which is
more important? If one believes
in the value of statistics, then
the nod has to go to television.
The latest ‘“Television Factbook”
lists 42,400,000 U. S. homes, or
849 of the total, with one or
more TV sets. But only 41,500,000
have bathtubs.

ARMY’S MISSILE CENTER at
Huntsville, Ala., uses between 7%
and 8 miles of roll paper each day
to produce copies of drawings.

IT’S NOT THE HEAT, it’s the
humidity! The time-honored moan
of summer sufferers may be on
its way out. At the Univ. of
Michigan researchers have come
up with a “discomfort index” that
indicates exactly how uncomfort-
able a day really is. Designed for
the benefit of the air conditioning
industry and power companies,
the procedure takes two measure-
ments, the dry bulb temperature
of a Fahrenheit thermometer, and
the wet bulb temperature (de-
rived by putting a piece of wet
muslin around the bulb and
whirling it around). The second
reading will be lower because of
the evaporation. The sum of the
two readings is multiplied by .4
and added to 15. The result is the
discomfort index.

THE LATEST CENSUS figures,
based on the 1950 census, turns
up these interesting facts:
109,820 electrical engineers, ol
which 108,516 were male.
207,497 mechanical engineers,
of which 205,529 were male.
16,757 radio operators, of which
15,215 were male.

CLOSED-CIRCUIT TV was in-
stalled at one California Super
Market to prevent shoplifting and
vielded an unexpected bonus. I
not only chased away shoplifters,
it also attracted many, many new
customers intrigued by the pros-
pect of seeing themselves on TV.
In fact the daily receipts swelled
steadily to $500 over normal.
(Continued on page 30)
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THE NEW

This A-MP unit is more than new—it is the only solderless, direct-contact connector on
the market. Designed for both commercial and military requirements, it means faster
assembly, greater reliability and versatility to you—at lower cost!

You get construction of unmatched close tolerances in both the contact and the one-piece
molded housing. And—because each contact is wholly enclosed within its own housing
barriers, there’s no need for post insulation. Contacts feature spring-lock design which
assures positive contact with board—yet will not cause damage to board paths, even
after repeated insertions.

Assembly is easy: An A-MP high speed machine crimps contacts to circuit wires.
Contacts are quickly and completely snapped into housing, locked in place with a lance
to eliminate damage from shorts, bending or strain. The printed circuit board is then
inserted for unlimited circuit combinations.

Snap in . . . clip in—it’s that simple to save time, money and increase quality.

Send for full product information today.

ELECTRONIC INDUSTRIES + November 1958 Circle 14 on Inquiry Card, page 149

CONNECTOR

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

A-MP products and engineering assistance are available through subsidiary companies in: Canada « England = France  Holland Japan

29
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... for Complete Reliability Under
Severe Environmental Conditions

" TYPERS, RLS POWER RESISTORS

AT

Wire Wound, Precision, Miniature, Ruggedized

TYPICAL DERATING CURVE

g

g
A

N
s

% OF RATED POWER

o

75 125 175 225 275
AMBIENT TEMP-DEG CENTIGRADE

JUST ASK US

The DALOHM line includes precision re-
sistors and trimmer potentiometers (wire
wound and deposited carbon); resistor
networks; collet fitting knobs and hys-
teresis motors designed specifically for
advanced electronic circuitry.

If none of the DALOHM standard line
meets your needs, our engineering depart-
ment is ready to help solve vour problem
in the realm of development, engineering,
design and production.

Just outline your specific situation.

~
by

DALE
PRODUCTS

INC.

1304 28th AVE.
{COLUMBUS, NEBRASKA

Circle 15 on Inquiry Card, page 149

Designed for the specific applica-
tion of high power, coupled with
precision tolerance requirements.
Available with axial leads — RS
TYPE; with radial leads— RLS
TYPE (for printed circuitry).
Gives reliability under severe en-
vironmental conditions.

® Rated at 1, 2, 3, 5, 7 and 10 watts.

® Resistance range from 0.1 ohm to 175K
ohms, depending on type.

® Tolerance: *+0.05%, =0.1%, =:0.25%,
+0.5%, =1%, =3%.

TEMPERATURE COEFFICIENT: Within
0.00002/degree C.

OPERATING TEMPERATURE RANGE:
—55° C.t0 275° C.

SMALLEST SIZE: 3/32"” x 13/32” to
3/8" x 1-25/32"”

COMPLETE PROTECTION: Impervious to
moisture and salt spray.

WELDED CONSTRUCTION: Complete
welded construction from terminal to ter-
minal.

SILICONE SEALED: Offers maximum re-
sistance to abrasion, and has high dielectric
strength.

MILITARY SPECIFICATIONS: Surpasses
applicable paragraphs of MIL-R-26C.

ELECTRONIC INDUSTRIES -

Tele-Tips

(Continued from page 28)

TV is pretty much a community
project in most parts of Eastern
Europe. At Pecs, Hungary, the
television station is being financed
by a lottery organized by the
townspeople. In another Hunga-
rian town, Miskole, the inhabitants
of three neighboring communities
have pledged to lend a hand in the
construction of the TV station.

POCKET-SIZE 2-WAY RADIO is
being introduced by RCA. Called
the Personalfone, the equipment
operates in the 150-MC radio band.
It consists of a 10-oz. transistor-
ized receiver and a 28-o0z. trans-

mitter. It costs approximately
$500.
THE MAGNETICS BUSINESS

has its hazards. Ches Hammer, of
Stackpole Carbon’s sales staff is
recounting this latest embarrass-
ing brush which took place re-
cently in an elevator. Seems he
was carrying his new sample case
of ceramic magnets and the ele-
vator was getting more and more
crowded at every stop. And as it
did, a rather rotund woman
standing in front of him was
backing closer and closer. Then
suddenly it happened! His sample
case swung forward, swatted ner
in the rear and clung with grim
determination. The magnets were
being attracted by the metal
stays in her — uh — foundation
garment. Fortunately the eleva-
tor picked that moment to stop
and Stackpole’s embarrassed rep-
resentative slid swiftly out, mum-
bling his apology.

ELECTRONICS is also making a
very tidy little business for an
unexpected quarter—the moving
industry. Sensitive electronic
gear, computers, test equipment
and such, calls for delicate han-
dling. The household furniture
movers have found that their ex-
perience is particularly helpful in
handling these jobs, and many of
them have now set up special
Electronics Moving Divisions,
solely to handle this equipment.
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Personals

Lynwood Cosby, Electronic Sci-
entist at the U. S. Naval Research
Laboratory, will be awarded the
Navy’s “Distinguished Civilian
Award” for a “major breakthrough”
in the field of Electronics counter-
measures.

Leslie J. Ramsey, Jr. has been ap-
pointed Manager of Industrial En-
gineering, Electro Engineering Works
according to Wallace W. Wahlgren
president of the firm. Formerly Sen-
ior Methods Engineer at Friden Cal-
culating Machine Co., he will be re-
sponsible for establishment of meth-
ods and standards, cost reduction, and
machine design.

Dr. Kurt Schlesinger has joined
General Electric Co’s. Cathode Ray
Tube department as Advanced En-
gineering Consultant in the Indus-
trial and Military Section. He will be
responsible for special development
work and direct research.

John B. Olson is now Chief En-
gineer of Computer Measurements
Corp. according to J. L. Cassingham,
Vice President of the firm. He was
formerly with Beckman Instruments,
Inc.

J. B. Olson

N. L. Harvey

A. L. Chapman, President of CBS-
Hytron, has announced the appoint-
ment of Norman L. Harvey as Vice
President-Engineering of the Elec-
tronic Manufacturing Division Colum-
bia Broadecasting System, Inc. He
was formerly with Sylvania Electrie
Products, Ine.

Robert R. Haller, formerly with
Ryan Aircraft Corp. heads a new
group of twenty-five top-level space
and missile engineers recently added
to the staff of Southern California
Aireraft Corp.

Edwin A. Fink has been promoted
to Section Manager, Missile Fuse En-
gineering, G. & L Div., Phileo Corp.
He is a former vice chairman of the
Philadelphia Chapter’s (IRE) Pro-
fessional Group on Microwave Theory
and Techniques, and a member of
the sub-committee (EIA) on multi-
plex equipment.

ELECTRONIC INDUSTRIES -
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... for Complete Reliability Under
Severe Environmental Conditiens

TYPE DCH HERMETICALLY SEALED RESISTORS

Deposited Carbon, Precision, Miniature, Ruggedized

A true hermetically sealed deposited
carbon film resistor with outstand-
ing stability and rugged perform-
ance characteristics. Lxcellent volt-
age coefficient, low capacitive and
low inductive characteristics for de-
pendable operation under difficult
high frequency applications.

® Rated at Vs, Y4, V2, 1 and 2 watts

o Resistance range from 5 ohms to 50 Meg-
ohms

o Tolerance: =1%

TEMPERATURE COEFFICIENT: 140 to 500
parts per million per degree C., depending
on type.

RUGGEDIZED: Completely sealed with
high temperature alloy solder in newly de-
veloped envelope of non-hygroscopic ce-
ramic.

SMALLEST SIZE: .155” x 9/32" to 24"
x 4407,

RESISTANCE ELEMENT: Pure crystalline
carbon particles that contain no binder or
filler.

MILITARY SPECIFICATIONS: Surpasses
MIL-R-105098.

TYPICAL DERATING CURVE

;, 100

e 7s \\

£ s N

3

« 25

Ie]

. ozs 75 125 175 225 75
AMBIENT TEMP.DEG CENTIGRADE
JUST ASK US

The DALOHM line includes precision re-
sistors and trimmer potentiometers (wire
wound and deposited carbon); resistor
networks; collet fitting knobs and hys-
teresis motors designed specifically for
advanced electronic circuitry.

If none of the DALOHM standard line
meets your needs, our engineering departe
ment is ready to help solve your problem
in the realm of development, engineering,
design and production.

Just outline your specific situation.

DALE
PRODUCTS

INC.

1304 28th AVE.
COLUMBUS, NEBRASKA
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How You Can Cut Product Costs
With Indox V Ceramic Magnets

Experience in the design and production of Indox V, for such
products as the loudspeaker below, points the way to sub-
stantial savings in manufacturing costs for other products

using permanent magnets.

WHAT IS INDOX V
Indox V is a highly oriented bari-
um ferrite material. Its energy is
comparable, on an equivalent weight
basis, to that of Alnico V—the most

powerful permanent magnet mate-
rial available. Indox V magnets
possess unique advantages — light
weight, high-electrical resistivity,

NEW INDOX V LOUDSPEAKER DESIGN...

o Cuts magnet cost 20% e Saves 25% on weight * Reduces length 46%

High fidelity, permanent magnet loudspeakers normally
use an Alnico slug (A) or ring (B) magnet. Assembly (C) il-
lustrates how one loudspeaker was redesigned to use Indox V,
with the results indicated. Assemblies shown in proportion.

7 22

/A
céntte e

2
0

TOTAL WEIGHT IMAGNET, POT, CENTER POLEI = 15 1BS.

WORLD'S LARGEST MANUFACTURER
OF PERMANENT MAGNETS

THE INDIANA STEEL PRODUCTS COMPANY
VALPARAISO, INDIANA

32
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INDIANA
PERMANENT

MAGNETS

IN CANADA: The Indiona Steel Products Company of Canada limited, Kitchener, Ontario

ELECTRONIC INDUSTRIES -

great resistance to demagnetization,
and inexpensive, non-critical raw
materials — plus an energy product
over three times that of non-oriented
ceramic magnets.

APPLICATIONS
Indox V’s excellent magnetic qual-
ities and special properties suggest
wide usage in many applications.

Among them:

D. C. Molors of Medium Size with
Indox V fields have a high efficiency
and show high starting and stall
torques characteristic of series wound
motors.

Holding Devices can take advantage
of Indox V’s total potential energy
which, per pound of magnet weight,
is appreciably higher than that of
Alnico V.

Torque Drives using Indox V discs
can be magnetized with multiple-
pole faces.

The list of other promising applica-
tions is growing.

WHO MAKES INDOX V

Only Indiana Steel Products
makes this oriented ceramic magnet,
with an energy product of 3.5 mil-
lion B:H.. And, because Indiana
also produces Alnico and all other
permanent magnet materials, it is
uniquely qualified to recommend the
one best material for your design.
You are invited to consult with
Indiana’s design engineers for expert
help on any application involving
permanent magnets.

SEND FOR FREE
LITERATURE
Write for your
copy of the bulletin
“Indox V Ceramic
Permanent Mag-
nets,” describing |
magnetic properties,
design considera-
tions, and sizes and shapes available
from stock for experimental work.
Ask for Bulletin No. N-11.

Y8
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NEW DISTRIBUTION NETWORK MAKES IMMEDIATELY
AVAILABLE ALL THE IMPORTANT ADVANTAGES OF
BENDIX CONNECTORS

Orlando:
1922 Taylor Ave.
Winter Park, Fla,

Seattle:
8425 First Ave. §

Washington, D. C.
1701 K St., N. W,

Chicago:
4104 N. Harlem Ave.

Dallas:
2608 Inwood Rd.
Los Angeles:
117 E. Providencia Ave.
Burbank

CANADA
Aviation Electric Ltd.
200 Laurentien Blvd.

Montreal 9, P. Q.

Durbenk NORTHEAST & - —— !
545 Cedor Lone AP GREAT LAKES STATES A £ L . ]
Teoneck, N. J. Y | Avnet Electronic Cor N ey T Scintilla Division
1 poration T, - W o Bendix Aviation C tica |
. endix Aviation Corporaticn
= 70 State Street / Sidney, N. Y. ¢

Avnet Corporation
5877 Rodeo Road
Los Angeles 16, California

# 3 L
()
West Coast Branch N :
Scintilla Division i _
Bendix Aviation Corporation k\

117 E. Providencia Avenue
Burbank, California

DIAITES

Contact Electronics Inc.
2403 Farrington
Dallas Texas

A

. =
. o
L

Largeinventories of Bendix® Electrical Connectors are
now strategically located to assure you rapid dclivery,
regardless of your requirements or your location.

Each distribution center is factory-approved and
inspected, and is stocked with connectors and com-
ponents in an exceptionally wide range of types and
sizes. Assembly and quality control facilities are
maintained in complete accordance with factory
standards and recommendations. Their staffs are

Scintilla Division -2

SIDNEY, N. Y.

ELECTRONIC INDUSTRIES + November 1958

Westbury, Long Island, N, Y.

International Airport Branch

EXPORT

Bendix Internotional Division
Bendix Aviation Corporction
205 E. 42nd St.

New York 17, N. Y.

MIDDLE ATLANTIC
STATES

Harold H. Powell Company
2102 Market St.
Philadelphia 3, Penna.

SOUTHEASTERN
STATES

Airwork Corporation

Miomi 48, Florida

acequate to assure not only immediate service but
also reliable, efficient shipment of your order.

This expanded distribution system, combined with
our greatly enlarged factory production facilities,
makes available to all users the important advance-
ments in engineering and design for which Bendix
Electrical Connectors are favorably known.

We suggest vou check the map now for the source
ncarcst you.

AVIATION CORPORATION
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THE

HIGHER
THE

STAKES

THE MORE YOU NEED

Preclsmn Metal Film Resistor

Electra’s New Molded

IF YOU WANT. ..

® Low controlled tempera-
ture coefficient

® Low noise level

® Combination of high sta-
bility on load, in addition
to low controlled tempera-
ture coefficient

® Close tracking of the re-
sistance values of two or
more resistors over a wide
range of temperature

® High stability under severe
humidity conditions

® Special resistor combina- | |
tions to produce accurate
ratios. |

YOU WANT NEW ELECTRA
MOLDED METAL FILM §
RESISTORS 2

AVAILABLE IN THESE SIZES

<z sgl was AN R Sty \x“f, % L
~'Electra SRR T Ranges Y Maximum
Rated
Part No. Wattage Range Voltage ..
+ MF 1/8 1/8 100 ohms 250
. 300 K
MF 1/4 1/4 100 ohms 300
500 K “
s MF 172 1/2 100 ohms 350
® 1 meg
MF 1 1 100 ohms 500
2 meg »
MF 2 2 250 ohms 750
5 meg
34 Circle 19 on Inquiry Card, page 149

TEMPERATURE COEFFICIENT — Available T.C.
in three standard temperature 0

Razor Sharp Precision, plus Amazing Stability—
Here is new and greater-than-ever accuracy,
coupled with new and greater-than-ever
stability . . . the kind of a combination you
need to meet the continuing demand for
more and still more reliability. To give you
this truly outstanding combination, a metal-
lic resistive film is firmly bonded with exact-
ing precision to an especially compounded
ceramic core. This unit is then coated and
molded in a compound of resins selected for
the exceptional thermal stability it offers.
The result is a metal film resistor that offers
you performance which -equals or surpasses
that of a precision wire wound resistor, yet
is smaller, lower in cost, also gives you
better RF performance plus uniformity in
size over wide resistance ranges. Here is a
real “break-through” in resistor manufac-
turing. Why not get all the facts, today.

TYPICAL PERFORMANCE IN % OF CHANGE UNDER TEST

L . Short - " Yoo00
Temp. Low Temp. . Time Solder Hours
Type Cycle Exposure Overload Change Moisture @ 125°C
1 o, o, o, 9, o/ o/
MEVoan o 000%  OT%, O95% . 0 O3%,, 0%

50 PPM7/°C. ...

coefficient tolerances: ¢ 25 PPM/°C. ...

CODE MARKINGS**
.11

Proposed MIL-R-10509C specification calls for temperature coefficient measurements

from —55°C to +165°C. The lowest temperature coefficient is 0 =+

50 PPM/°C.

Code T-2 meets this requirement, Resistors in code T-5 are productlon tested over a
range of 4-25°C to +-105°C. Special temperature coefficients—Code T-3, 0 to +4-100
PPM, and Code T-4, 0 to —100 PPM—are available for special apphcatlons

*Parts Per Million Per Degree Centigrade (100 PPM equals 0.01%)
**The T.C. code marking is combined with the code for the date of manufacture

MANUFACTURING COMPANY

Electronics Division
4051 Broadway, Kansas City, Mo., U.S.A., Phone: WEstport 1-6864

ELECTRONIC INDUSTRIES -
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all standard sizes

order

and special sizes to

he New ARNOLD &/ Aluminum-Cased Tape Cores
give you 4 BIG ADVANTAGES... at no added cost!

NEW COMPACTNESS in Aluminum-Cased Cores permits you to
design for greater miniaturization, yet retain the distortion-free
strength of an aluminum case that resists winding stresses
Overall dimensions are smaller than older types of aluminum
cases and comparable in size with plastic-cased cores.

®

©)

HERMETICALLY SEALED, with Bullt-in Pratection against shack
and vibratian, Arnold 6T Cores provide the most complete
protection against deterioration of magnetic properties available
on the marker. Strain-sensitive core materials are completely
surrounded by an inert shock absorbent, hermetically sealed
within the cases. Trouble-free performance is virtually assured,
even over long standby periods. 6T Core design further guar-
antees that you can vacuum-impregnate your coils.

®

O,

1000-VOLT BREAKDOWN GUARANTEED!

The Arnold 6T Core employs a strong, inert covering with hard
gloss finish which carries a 1000-volt breakdown guarantee. Suit-
able radii and the elimination of sharp corners insure against
cutting the winding wire’s insulation. Its hard non-cold-flowing
finish protects the covering against cuts. Both features guarantee
against shorted wiring.

MEETS MILITARY "SPECS'" far Operating Temperatures and
Temperature Rise.

The Arnold 6T Core fully meets the requirements of military
specifications Mil-T-5383 or Mil.T-7210, wherever applicable.
These specifications call for case construction to withstand
ambient temperatures to 170° C, and a 25° C temperature rise.

wsw 7319

T e e

Arnold 6T Tape Cores are available in all standard
sizes, and special sizes may be made to order. . .

THE AmnowD ENGINEERING (OMPANY

T

all guaranteed for size, hermetic seal, dielectric
strength and temperature of operation.

@ We'll welcome your orders for prompt
defivery of pilot or production quantities.

ELECTRONIC INDUSTRIES + November

Repath Pacmc Division Nmm 641 East 61st Street, Los Angolu, c-m.

) Dlsfncf Sales Offices: .«
Boston: 49 Walrham St., Lexington Los Angeles: 34350 Wilshire Bivd.

" New Yo_rk. 350 Fifth Ave. quhmglon,’D C.: IOOI lSth St., N.W.

Ry

=N
g 5010

1
|
Main Offlce & Plant: Marengo, inois 5 i
i

& s it ok e s
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Typical
case styles

‘f‘
EN

the power source with

up to 5 watts/cu.in.
output!

HIGH EFFICIENCY, low weight, small size and unequalled
reliability are prime reasons for the acceptance of new Spectrol
Transidyne transistorized converter-inverters. Spectrol Transidyne
units completely replace obsolete motor-generator and vibrator type
devices for the conversion of ac or dc input voltages to ac and dc
outputs of different voltage levels or frequencies.

APPLICATIONS include aircraft radio, radar and utility power
supplies; missile instrumentation power supplies; mobile and marine
radio power supplies; remote radio telephone and telegraph; portable
powerpacks; and all types of military and commercial electronic and
electrical devices requiring rugged, reliable power supplies.

SERIES 760
DC In—DC Out
RANGES !
{nput Voltage 3 6.3vto32vdc

SERIES 770
AC In—DC Out

SERIES 780 :  SERIES 790
DC In—AC Out @ AC In-—-AC Out

6.3vto440vacf 1 6.3 v1to440vac
(60-2000 cps) ! 6.3 vto 32vdc ! "(50-2000 cps)

Output Voltage | 1.0 vto 10kvdc | 1.0vto 10 kvdc ! Cpuags o2 LOto 10 kv ac

'
'
'
i
v
'
'
'
'
'
'

(60-400 cps) (60-2000 cps)

Qutput Current 5 Up to 20 Amps Up to 1 Amp Up to 10 Amps
Qutput Power ! Up to 1 kw Up to 200 Watts Up to 1 kw
REGULATION To 0.01% i T0 0.5%
EFFICIENCY & 80% minimum for input voltages > 23 v dc

SIZE | ]
(depending on! From 1 cu. in.

: From 24 cu. in.
power output) ! 1

From 15 cu. in. : From 24 cu. in.

i i
1 '
i '
v ‘
' ’
’ H

New Spectrol Transidyne units are available with a wide variety of
options and offer more exclusive features than any other make.

For a demonstration and complete technical information, call your
nearest Spectrol sales engineering representative or write directly
to the factory. Please address department, 3211.

ELECTRONICS
CORPORATION

“*preciston electronic components’

1704 South Del Mar Avenue, San Gabriel, Calif.

ELECTRONIC
INDUSTRIES

International

The “Parametric Artificial Talker”
has been developed in Britain. The
machine not only creates all the
sounds normally used in speaking but
produces the illusion of complete
words and phrases.

A 530 mile submarine telephone
cable, to be in service by Oct., 1960
between England and Sweden, will
provide 60 two-way circuits over a
single core cable.

0ld Edison phonograph records in
his possession will disprove an Eng-
lish Widow’s claim that her husband
was the inventor of the sapphire
phonograph needle claimed Karl Jen-
sen, an American phonograph manu-
facturer. The English woman plans
to sue some American firms for pat-
ent infringement.

The BBC and Electrical & Musical
Industries Ltd., are jointly studying
a system invented by the British firm
for transmitting stereophonic sound
over a single radio channel.

Ten Caribbean islands — Trinidad,
Grenada, St. Vincent, Barbados, St.
Lucis, Martinique, Dominica, Guade-
loupe, Antiqua, and St. Kitts—are to
be linked by a ground-to-air and
inter-island VHF radio communica-
tions system covering 836 miles.

R. Haviland, internationally known
satellite engineer, has called for an
extension of the International Geo-
physical Year. A rocket to the sun,
with an assist from the moon, was
suggested as a project of extended
IGY activities.

“Trish” recording tape will be fea-
tured as “representative of the best
in American hi-fi” at the Brussels
World Fair. Three young Americans
have been invited to stage a hi-fi
demonstration in the American pavi-
lion.

A 6 million volt Van de Graaff
“Atom smasher” will be exhibited at
the Second International Atoms for
Peace Exhibition Geneva, Switzer-
land. The unit is destined for the
University of Strasbourg, France.

Siemens & Halske AG, Karsruhe,
West Germany, and RCA have reach-
ed an agreement under which RCA
will be the firm’s American distri-
buter. The company manufactures
electronic measuring apparatus.

(Continued on page 40)
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TYPE RC-20 (14-watt)
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TYPE RC-32 (1-watt)

This is the kind of

=
TYPE RC-42 (2-watts)

NO SMALLER RESISTORS AVAILABLE
IN THESE WATTAGE RATINGS!

PLUS PERFORMANCE

You get when you specify COLDITE 70+ resistors

This performance table for the RC-32 (short) 1-watt Coldite
70+ Resistors speaks for itself. Similar test data proving
equally good performance for the RC-20 (V2-watt) and
RC-42 (2-watt) units will gladly be sent on request to:
Electronic Components Division, Stackpole Carbon Company,
St, Marys, Pennsylvania.

NO SOLDERING PROBLEMS! You'll get faster, better pro-
duction—either manual or automatic—with Coldite 70+ than
with any other resistors of their type! Hot tin dipping of leads
assures real “solderability.” What's more, the resistors ¢an be
supplicd oriented and aligned on reel packs.

Average Percent Resistance Change

RESISTANCE-TEMPERATURE

CHARACTERISTICS
@ —15°C
@ —55°C
@ +65°C
@ +105°C

VOLTAGE COEFFICIENT per volt

LOW-TEMPERATURE STORAGE

LOW-TEMPERATURE OPERATION

TEMPER
MOISTURE RESISTANCE

SHORT TIME OVERLOAD

LOAD LIFE at 70°C
after 50 hours
after 250 hours
after 500 hours
after 1000 hours

LEAD TWIST TEST

EFFECT OF SOLDERING

DIELECTRIC STRENGTH A]l Stackpole Type RC-32 Coldite 704
Resistors withstand 1000 volts r.m.s. at atmospheric pressure
for 5 seconds as well as 625 volts r.m.s. at 3.4 inches of mercury

for 5 seconds without damage, arcing or breakdown.

(ololife JO*

ELECTRONIC INDUSTRIES < November 1958

10 ohms 270,000 ohms 22 megohms;
COLDITE 704 MIL-R-118 COLDITE 70+ MIL-R-11B  COLDITE 704 MIL-R-11B
1.5 3195 2.2 7.5 6.7 12.5
3.7 65 6.2 15.0 1i5%7; 25.0
1.6 2.5 51 5.0 4.0 7.5
2:1 5.0 5.7 10.0 387 15.0
Not applicable 0.0068 0.0200 0.0160 0.0200
0.1 240 0.1 2.0 170 2.9
0.1 3.0 0.2 3.0 0.5 3.0
0.1 4.0 151 4.0 0.2 4.0
387, 10.0 7.4 10.0 3.2 10.0
0.2 2.5 0.13 2.5 0.2 2.5
0.2 6.0 3.0 6.0 0.25 6.0
0.4 6.0 (e 6.0 0.9 6.0
0.5 6.0 1.9 6.0 1.9 6.0
0.5 6.0 1.5 6.0 23 6.0
0.04 1.0 0.0 1.0 0.1 1.0
0.2 3.0 0.6 3.0 0.4 3.0

TERMINAL SECURITY All Stackpole Coldite 70-} Resistors with-
stand the standard 5-pound pull test,

Setting the standards by which other
resistors will be judged.

FIXED AND VARIABLE COMPOSITION RESISTORS e« SNAP AND SLIDE

SWITCHES + CERAMAGrRr FERROMAGNETIC CORES ¢ FIXED COMPOSI-

TION CAPACITORS « IRON CORES - CERAMAGNET® CERAMIC MAGNETS

BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT ELECTRICAL

CONTACIS + AND HUNDREDS OF RELATED CARBON, GRAPHITE AND
METAL POWDER PRODUCTS
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OPERATING
\CONVENIENCE

MAIN CHARACTERISTICS

VERSATILITY
Nine Available Plug-In Preamplifiers—Wide Band, Dual Troce,
Low Level, Differentiol, and others for specialized applications.

HIGH PERFORMANCE
DC to 30 MC with fast-rise plug-in units.
DC to 24 MC with dual-troce plug-in unit.
0.02 psec/cm to 15 sec/cm sweep range.

EASY OPERATION
24 Calibrated Direct-Reading Sweep Rates.
Sweep Magnificotion—2, 5, 10, 20, 50, ond 100 Times.
Preset Triggering—Eliminates triggering adjustments in
most opplications.
Single Sweep Operotion—Lockout-Reset Circuitry for
one-shot recording.

HIGH WRITING RATE

250 cm/psec. 10-kv accelerating potential assures bright trace
for operation in single-sweep applications, ond with low sweep
repetition rates.

ENGINEERS —interested in furthering
the advancement aof the oscilloscope?
We hove openings for men with creative
design ability. Please write Richard
Ropiequet, Vice President, Engineering.

38 Circle 23 on Inquiry Card, page 149

TYPE 543

DC-to-30 MC
0SCILLOSCOPE

This new fast-rise oscilloscope with the
Tekeronix Plug-In Feature is extremely

versatile and easy to operate. With a
single Type 53/54 fast-rise plug-in pre-
amplifier the Type 543 handles the usual
applications in the DC-to-30 MC range.

Many other inexpensive plug-in units
are available for the more-specialized
jobs, including one for transistor rise,
fall, delay and storage time testing.

9" =Y Ko

— T T S RS v
"..‘2

%)
;= |
a4 2y
TYPE 543 PRICE, without plug-in units. . .. .. ., .. $1200
Type 53/54K Fast-Rise Unit. . ... .. .. ... .. ... .... $125
Type 53/54C Dual-Trace Unit. .. ... ... ... .. ..... $250
Type 53/54R Transistor Test Unit. . .. .. ... ......... $300

Prices f.a.b. factory.

Please call your Tektronix Field Engineer or Repre-
sentative for complete specifications and, if desired,
to arrange for a demonstration at your convenience.

Tektronix, Inc.

P.O.Box 831 ¢ Portland 7, Oregon
Phone CYpress 2-2611 ¢ TWX-PD 311 ¢ Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albertson, L.1., N.Y. » Albuquerque * Bronxville, N.Y. * Buffolo
Cleveland  Dollos ¢ Doyton ¢ Elmwood Park, lll. » Endwell, N.Y  Houston e Lathrup Village,
Mich. ¢ Eost Los Angeles » West Los Angeles ® Minneopolis * Mission, Konsos ® Newtonville,
Mass. # Palo Alto, Calif. » Philadelphio * Phoenix * Son Diego * Syracuse * Towson, Md.
Union, N.J. ¢ Willowdale, Ont,

TEKTRONIX ENGINEERING REPRESENTATIVES: Arthur Lynch & Assoc., Fi. Myers, Flo.,
Goinesville, Flo.; Bivins & Coldwell, Atlanto, Ga., High Point, N.C.; Howthorne Electronics,
Portlond, Ore., Seottle, Wash.; Hytronic Measurements, Denver, Colo., Solt Loke City, Utoh.

Tektronix is represented in 20 overseos countries by gualified engineering orgonizations.
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Announcing

An Important New Addition to

B&A’s line of “Electronic Grade” Chemicals

'« b ADg

1§ 9 special High Pu

Suautd

Dioxide

Now Baker & Adamson offers the electronic industry a
dependable, domestic source for high purity germanium
and germanium dioxide—part of America’s leading line
of electronic chemicals.

You get all these advantages with B&A Germanium:

Dependable, domestic source: Why rely on uncertain
foreign sources for this key raw material when B&A has
it — domestically produced, always readily available!
By using B&A as your source for both raw material
and scrap reclaiming you can cut inventory require-
ments, effect other economies.

Lower volatile! B&A Germanium Dioxide contains
about 0.5% less volatile than many other oxides . . . will

llied

BAKER & ADAMSON®
‘“Electronic Grade”
Chemicals

rit

GERMAN

First Reduction Metal

hemical

B&A supplies Ingots of iIntrinsie or first
reduction metal individually wrapped in
polyethylene, six to a corrugated shipping
box. Germanium dioxide is packaged in
standard screw-cap bottles.

[3-2

Intrinsic Metal

thus yield about 0.59, more metal when reduced.

Dustless! B&A Germanium Dioxide is free from fine par-
ticles. Dust losses, often a problem, are sharply reduced.

Higher bulk density! The bulk density of B&A Germa-
nium Dioxide is 609, to 709, higher than many other
oxides. Therefore the boats which carry oxide through
the reducing furnace will yield about 6097, more metal
for each furnace pass.

Save on scrap tolls! B&A can handle all grades of scrap
with lower toll charges on low assay material.

Investigate all these advantages of B&A Germanium
now. Call your nearest B&A sales office.

GENERAL CHEMICAL DIVISION

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

Offices: Albany * Atlanta » Baltimore * Birmingham ° Boston ¢ Bridgeport * Buffalo ¢ Charlotte * Chicago * Cincinnati * Cleveland (Miss.) * Cleveland (Ohio)
Denver ¢« Detroit * Houston ¢ Jacksonville « Kalamazoo ¢ Los Angeles * Milwaukee * Minneapolis * New York * Philadelphia ¢ Pittsburgh ¢ Portland (Ore.)
Providence ¢ San Francisco * St. Louis ¢ Seattle * Kennewick, Vancouver and Yakima (Wash.)

ELECTRONIC INDUSTRIES + November 1958
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IERC Heat-dissipating
“plug-in" Tube Shields
for Printed Circuits!

cast socket & ieads

IERC shield & base

/

heat sink

printed circuit board

soldered

Solves Design Problems of
Electron Tubes Associated with
Printed Circuit Boards!

IERC’s latest heat-dissipating tube shields for round button and flat
press subminiature electron tubes solve design and performance prob-
lems of tubes associated with printed circuit boards. Standard socket
and an Epoxy resin are integrally cast to the shield base. Socket leads
extend from the Epoxy casting 90° to plane of base permitting direct
plug-in to printed circuits for hand or dip-soldering of connections.
Bulb temperatures are maintained to within 5°C of the heat sink
temperature per watt of heat-dissipation when shields are attached,
as suggested, to a heat sink of proper thickness for conduction or hollow
duct types permitting air or liquid circulation. IERC’s patented design
provides maximum cooling, excellent tube retention, shock and vibra-
tion protection under severe conditions. Pertinent dimensions are to
.1 inch grid layout.

Patented and Patents Pending

International :

electronic research corpora!lonl

145 West Magnolia Boulevard, Burbank, California

IERC Research and Engineering experience on
improving electron tube life and reliability has
won industry-wide acceptance and established
IERC as the Authority for the best answers to
your tube failure problems. Write today for free
information on IERC tube shields—the only
complete line available for new equipment and
retrofitting programs.

Heat-dissipating electron tube shields for miniature, subminiature octal and power tubes
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International

(Continued from page 36)

Communist China doubled its prop-
aganda broadcasts to Western Europe
and Latin America, and Communist
broadcasts to the Arab world in-
creased 17% during the first six
months of this year according to the
U. S. Information Agency.

The Hamann Division of the Ger-
man Telephone Works and Cable In-
dustry has been acquired by Smith-
Corona Marchant, Inc. A new com-
pany has been formed to manage the
Hamann operation.

Lead-screw type potentiometers
will be made in Western Europe and
Australia by firms in those areas
under licenses of Bourns Labs. Ine.

Over 73 new foreign TV stations
have been put into operation this
year with the areas of greatest
growth in Japan, W. Germany, and
Italy. The most increase has been
made in those countries where com-
mercial advertising is permitted.

Yugoslavian authorities have or-
dered equipment from Marconi Ltd.
for the establishment of a television
link between Belgrade and Ljubljana.

A 20 mev microwave linear accel-
erator has been sold to Japan by
High Voltage Engineering Corp. The
linear accelerator will be installed at
the Japan Atomic Energy Research
Institute, Tookaimura.

Jordan has ordered a high-power
broadcasting transmitter to increase
the scope of the country’s broadcast-
ing activities. The transmitter will
be installed in Amman.

The U. S. Air Force radar base
at Kasatoriyama, Japan has been
turned over to the Japanese forces
for self operation. U. S. Forces have
been training Japanese in the techni-
ques needed to operate the site.

Corning Glass Works has estab-
lished a plant in Australia for the
manufacture of television bulbs. The
move was prompted by the increased
production of television sets in Aus-
tralia.

Mandrel Corp. has formed a new
subsidiary in Paris. The French firm
will produce electronic instruments
for seismic exploration.

Kelvin Hall, Glasgow will be the
site of the Third Scottish Industries
Exhibition to be held during Sept.,
1960. The exhibition will feature
nuclear and electronic industries.
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2 NEW OHEIMITE Precision Resistors

exceed Military Specifications

provide Low Temperature Coefficient of Resistance

Ohmite Molded Precision Power Resistors are exceptionally high-quality
N E w units providing excellent performance. They are wound in a single layer
on ceramic cores. Temperature coefficient of resistance is low, 0 +20
ppm/°C. Tough, molded, silicone-ceramic covering—abrasion and mois-
ture-resistant. Insulated units with high dielectric strength. Wide
MO l D ED selection of resistance tolerances: 0.19, 0.25%, 0.5%, 1.09%, and 3.0%,.
Uniform size—ideal for automated assembly. Designed to meet MIL-
R-26C. Maximum resistance: 3-watt, 10,000 ohms; 5-watt, 25,000

ohms; 10-watt, 50,000 ohms.
WIRE-WOUND 7_’ At

POWER
TYPE

BULLETIN Y= BLL NS 10-WATT
gﬁ' : i I )

Ohmite RITEOHM® Metal Film Resistors feature full 14-watt rating
at 150°C ambient. These new units may be used at full rated wattage in
higher ambients than other types of precision film resistors. Rated at
15 watt at 125°C. Excellent high-frequency characteristics; standard
temperature coefficient is 0 +25 ppm/°C over a wide temperature range
NEW of —55°C to +190°C. A T.C. of 0 +50 ppm/°C is also available at
lower cost; long term load and shelf stability, Resistance range: two
sizes provide over-all range of 25 ohms to 350K ohms. The smaller unit
provides resistances from 25 ohms through 150K ohms; larger unit

METAI_-F' l M covers the range over 150K through 350K ohms.
TYPE

5-WATT

BULLETIN
RHEOSTATS « RESISTORS + RELAYS Be Right with -
TAP SWITCHES » TANTALUM CAPACITORS oy ©
R.F. CHOKES » VARIABLE TRANSFORMERS @ HM“ TE
QUALITY
OHMITE MANUFACTURING COMPANY components

3662 Howard Street, Skokie, lllinois
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R Fuse

Sub-miniatures— hermetically sealed

Designed to protect

miniature devices and controls

TRON fuses make it possible to have
the fuse as an integral part of miniaturized
circuits, controls, electronic devices, and
electrical equipment. There is no need
to sacrifice space to provide built-in
protection.

TRON fuses have such small physical
dimensions that they can be easily in-
corporated into miniaturized devices or
components.

The fuse element is hermetically sealed
in a glass tube. Contact is made by pig-tail
lead-in wires.

TRON fuses are not affected by atmos-
pheric or surrounding conditions because
the hermetic seal protects the fuse element
from contact with them.

This means — TRON fuses may be
potted or encapsulated, if desired, without
any danger of the potting or surrounding
material affecting the operation of the fuse.

Or TRON fuses can be installed any-
where in the circuit as they are self-protect-
ing and operate without exterior flash or
venting.

Likewise, TRON fuses may be teamed

Circle 27 on Inquiry Card, page 149

in one capsule or replaceable unit with such
components as resistors — or anywhere
that sensitive protection is desired.

TRON fuses are made in two types. GLN
TRON fuses, made to carry 1009, load
indefinitely and to open within 10 seconds

at 2009, load. Available in 1/20 to 1/2

amperes.

GLX TRON fuses made to carry 1009,
load indefinitely and to open within 10
seconds at 1509, load. Available in 2/10

to 5 amperes.

Both GLN and GLX TRON fuses will
operate properly on circuits of 125 volts or
less capable of delivering 50 amperes or less.
The fuse body measures .140 x .300 inches.
Standard pig-tails are one inch long of
No. 24 copper wire.

When designing an electrical or elec-
tronic circuit — where space is of impor-
tance — consider the many advantages of
TRON fuses. Send us the details of your
requirements and our fuse engineers will
gladly work with you.

BUSSMANN MFG. DIVISION, McGraw-Edison Co.
University at Jefferson, St. Lovis 7, Mo. 1158

ELECTRONIC INDUSTRIES -
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MISSILE IMPACT PREDICTION
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TRICE, the world’s most advanced computer,
saves many minutes over time currently required
for ballistic missile impact prediction. TRICE
modules (Integrators, Multipliers, etc.) can be
assembled as a special purpose computer for
dynamic systems or as a digital differential analyzer.
Its incredible speed of 100,000 iterations per second
in parallel is unaffected by the size of the problem.
The first model is in operation at the U.S. Army
Ordnance Missile Command, Huntsville, Ala.

Write for literature describing TRICE
and its many uses: aerodynamic sta-
bility, control system stability, impact
prediction, stable platform calcula-
tions, satellite orbit predictors and
others.

PACKARD-BELL COMPUTER CORP.

a subsidiary of

PACKARD BELL ELECTRONICS

12333 W. Olympic Blvd.
Los Angeles 64, Calif. BR. 2-2171

ENGINEERING BEYOND
THE EXPECTED

TRICE (Transistorized Realtime Incre-
mental Computer, Expandable) is the first
computer to combine the accuracy and
repeatability of a digital computer with the
speed, flexibility and ease of programming
of an analog computer.
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For further information, phone nearest office of the G-E Receiving Tube Department below:

EASTERN REGION CENTRAL REGION WESTERN REGION
200 Main Avenue, Clifton, New Jersey 3800 North Milwaukee Avenue 11840 West Olympic Boulevard
Phones: (Clifton) GRegory 3-6387 Chicago 41, Illinois Los Angeles 64, California

(N.Y.C.) Wlsconsin 7-4065, 6, 7, 8 Phone: SPring 7-1600 Phones: GRanite 9-7765; BRadshaw 2-8566



MARKET DEMAND:

Consumers now want reliability in addition to good reception, quality pictures, and

advanced styling.

General Electric meets this need with new, complete line of Service Designed reliable
tubes for TV—dependable, backed by experience in military tube design and manufacture.

Production and field failures reduced, costs cut for set manufacturers.

T()day’s market for television sets calls for high stand-
ards of receiver performance. Having experienced, over
the years, the benefits of a constantly improving product,
buyers are accustomed to the best in picture reception.
Now they are adding reliability to their demands.

As a leading supplier of receiving tubes, we at General
Electric have leen aware of the television buying public’s
increasing insistence on quality performance all the time.
Moreover, there is a growing awareness on the part of TV
manufacturers that tube reliability is fundamental to good
set performance—that, as sometimes is said, “a receiver
is as good as the tubes that are in it.”

Charged with helping manufacturers supply superior
sets to an exacting market, General Electric now has. ap-
plied its resources, skills, and equipment to building
greater reliability into 70 G-E Service-Designed Tubes
for television. The range of these 70 types encompasses
virtually every socket requirement.

5-STAR HIGH-RELIABILITY EXPERIENCE APPLIED
Flying safety, fire-control accuracy, missile dependability:
these and other critical needs for military tube reliability
have given General Electric wide experience in high-
reliability manufacturing techniques.

The methods found essential for reducing military
tube inoperatives and stabilizing tube performance have
been heavily drawn on to increase the reliability of
General Electric tubes for television.

An example of such methods is “Snow White” manu-
facture. G-E workers who assemble tubes for TV now
wear lint-free dacron and nylon garments. Air is filtered
and conditioned to keep out dust and lint, the most
frequent causes of short-circuits throughout tube life.

NINE ACROSS-THE-BOARD RELIABILITY ADVANCES
Besides lint-free, dust-free manufacture, eight important
across-the-board steps are being taken to promote in-
creased reliability in G-E tubes for television. Many more
improvements are being made to individual types.

Progress Is Ovr Most Important Product

New tests are more exacting than any before applied to
tubes for TV. An accelerated heater-cycling test assures
that tubes will perform properly under wide variations
in household line voltage. A new G-E-developed direct-
current testing method for shorts and opens has 500%
greater sensitivity and eliminates human-operator error.

Glass-strain specification tests have been tightened to
a point where they match strict military-tube require-
ments. G-E life tests now are twice as rigid as the JAN
specifications for tubes in the entertainment class.

Other important across-the-board advancements are
being made in materials and manufacturing processes.
On individual tubes, as many as 20 specific improvements
bring higher dependability than ever before.

SAVINGS TO TV MANUFACTURERS
In addition to entrenching set manufacturers in a TV
market that demands quality performance at all times,
General Electric’s new Service-Designed tube program
offers cost savings that are direct and apparent.

First: fewer production-line slowdowns from tube fail-
ures. Second: less “dead inventory” of receivers in the
factory that won’t pass final inspection and must be re-
worked. Third: lower warranty costs, once sets have been
shipped and delivered.

GET THE FULL RELIABILITY STORY!
The complete account of what G.E. has done to increase
tube reliability is far too comprehensive to appear here.
Among the many improvements, however, are specific steps
that will interest every member of your designing staff.

I recommend, therefore, that you contact your nearest
G-E Receiving Tube Department office at left, and ask
for a G-E tube engineer to call at your convenience.

Besides posting you fully on the over-all General Elec-
tric reliability program, he will be glad to review with
you the details of this program, tube by tube, as they
affect TV circuits now in production, in the breadboard
stage, or on your designers’ drawing-boards.

\WORVY)

GENERAL ELECTRIC

12-11-103
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FLUOROCARBON
PLASTICS PARTS

B Gain greater design freedom without penalty in pro-
duction costs.

Send us your difficult TEFLON* and KEL-Ft part problems
for quotations. Intricate shapes, inserts, thin sections,
n}olding around metallic structures, threaded parts, pre-
cision tolerances—all are routine to U.S.G. production.

Unmatched experience and facilities for cold molding and

*du Pont sintering, injection molding and high speed machining—
Trademark guarantge the best parts made by the right methods and

PMM.EM. at the right price, when you come to the pioneers and
Trademark world leaders in fluorocarbon plastics fabrication.

For prompt service, contact one of The Garlock Packing Company’s
30 sales offices and warehouses throughout the U.S. and
Canada, or write

United States Gasket Company

n ite d Camden 1, New Jersey

tates

asket Porutec Division of
GARILOCK
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Books

Engineering Electromagnetics

By William H. Hayt, Jr. Published 1958 by
McGraw-Hill Book Co., Inc., 330 W. 42nd St.,
New York 36. 328 pages. Price $8.50.

The book introduces electromag-
netic theory in a way that enables
ready understanding of wmore ad-
vanced text. Thus it gives the reader
a broader view of the physical faces
on which electrical courses depend.
The material includes electrostatics,
the steady magnetic field, time vary-
ing field, and Maxwell’s equations,
and concludes with a number of
examples illustrating the application
of Maxwell’s equations. Vector analy-
sis is used throughout.

Principles of Noise

By J. J. Freeman. Published 1958 by John Wiley
& Sons., Inc., 440 Fourth Ave., New York 16.
299 pages. Price $9.25.

The book acquaints the reader with
enough of the principles, facts, and
techniques used in noise analysis to
take him to the level where he can
read the literature with enough ease
to use it as a professional tool.

The author deals with such topics
as probability, stationery random
processes and their transformation,
tower spectra, noise and factor of
various circuits. He explains the re-
lationship of one concept to another,
why each concept was created, what
its usefuliness is, and what its limita-
tions are.

Closed-Circuit Television Sysfems,

Color and Monochrome.

Published 1958 by RCA Service Co., Government
Service Dept., Camden 8, N. J. 348 pages.
Price $4.50.

This book is a valuable source of
information on the many aspects of
closed-circuit TV applications, par-
ticularly for management personnel
who must do the planning and for
technical personnel who must do the
system engineering. It is divided into
three parts: the first on basic por-
tions deals entirely with monochrome,
or black and white television; the
second part is the color supplement;
and the third contains addenda des-
cribing and illustrating specific ex-
amples of closed-circuit systems now
in use.

Handbook of Automation Computa-
tion and Control, Volume |I.

Edited by Eugene M. Grabbe, Simon Ramo, and
Dean E. Wooldridge. Published 1958 by John
Wiley & Sons, Inc., 440 Fourth Ave., New York
16, 1020 pages. Price $17.00.

In addition to general mathematies,
this volume includes sections on op-
erations research and numerical anal-
ysis for digital computation. The
major section on feedback control
consolidates available information in
the subject. Other sections present
pertinent material on information
theory, smoothing, filtering, and data
transmission.

(Continued on page 48)
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TEST ENGINEER touches Sperry Reflectoscope search unit to
completed jet rotor forging in test for material flaws. A
quartz crystal in the search unit converts high power pulse
supplied by a Tung-Sol/Chatham 1258 hydrogen thyratron

into ultrasonic vibrations. These traverse the forging . . .
then echo back to be seen as “pips” on the scope. Irregu-
larity of the “pip” pattern signals a material defect, thereby
stopping costly trouble before it even starts.

Tung-Sol/Chatham 1258 hydrogen thyratron
does “workhorse” job in <<Z==> Reflectoscope!

The Reflectoscope — non-destructive, pulsed.
echo inspection unit made by Sperry Prod-
ucts, Inc., Danbury, Conn.— serves across
industry. The Reflectoscope reveals hidden
material flaws to help businessmen avoid un-
necessary production expense and combat
premature product breakdown.
Tung-Sol/Chatham’s 1258 miniature hy-
drogen thyratron tube fills the “workhorse”
spot in the Reflectoscope. Despite small size,
1.75” ht., the 1258 generates high power pulse

. lack of jitter . . .
overall consistent electrical stability. This over

with precise triggering . .

long periods of almost constant operation,

1258 performance in the Reflectoscope
demonstrates the heavy duty reliability found
throughout Tung-Sol /Chatham’s extensiveline
of special-purpose power tubes, Bring this
same tube quality to your operation! In new
electronic equipment . . . as replacements,
specify Tung-Sol! Tung-Sol Electric Inc.,
Newark 4, New Jersey.

®TUNG-SOL
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Bobbin Cores

Not only G-L but our customers, too, claim consistent
uniformity with every G-L Tape Wound Core and
Bobbin Core. This consistent uniformity is the result
of: an accuracy of control never before achieved
in each and every step of the manufacturing
process; the use of the highest quality rawmaterials
and new and exclusive manufacturing technologies.

Prove our claims and the claims of our customers,
Write, wire, call or teletype us about your re-
quirements and for our technical bulletins.

6L CLEETREIES

2921 ADMIRAL WILSON BOULEVARD
CAMDEN 5, NEW JERSEY
WOodlawn 6-2780 TWX 761 Camden, N.J.
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Books

(Continued from page 16)

Logic Machines and Diagrams

By Moartin Gardner. Published 1957 by McGraw-
Hill Book Co., Inc., 330 W. 42nd St., New York
36. 259 pages. Price $5.00.

A complete survey of niechanical
and electrical machines designed to
solve problems in formal logic, and
of geometrical methods for doing
the same is presented. The book be-
eins with the eccentric logic of the
Spanish mystic, Raymon Lull; goes
through the fascinating history of
logic diagrams and machines; and
concludes with the complex, efficient
electrical machines of today.

Electronic Engineers Reference Book.

Edited by L. E. C. Hughes. Published 1958 by
the MacMilian Co., 60 Fifth Ave., New York 11,
1311 pages. Price $18.00.

This reference book provides sug-
gestions and possibilities to be taken
into consideration when problems are
examined from various points of
view; physical, chemical, production,
safety, reliability, maintenance. The
editor has gathered together a great
deal of useful information from the
origin of the various effects indi-
cated under the general definition of
the term electronics to the practical
realization of devices based on the
neutralization and integration of
these industrial plants.

Economic Operation of Power

Systems

By Leon K. Kirchmayer. Published 1958 by John
Wiley & Sons, Inc., 440 Fourth Ave., New York
16. 260 pages.

This book discusses computer
methods utilized by electrical utilities
to provide economy in production.
The book emphasizes theoretical de-
velopments and computer use in deal-
ing with and solving system prob-
lems. It shows how matrix methods
are employed to derive transmission
loss formulas, which in turn are the
basis for computation procedures ap-
plied to computers. The proper use
of analog and digital computers to
obtain transmission loss formulas
and generation schedules is also des-
cribed.

Electronic Digital Computers

By Franz L. Alt. Published 1958 by Academic
Press, Inc., Publishers, 111 Fifth Ave., New York
3, N. Y. 336 pages. Price $10.00.

This book is a complete, up-to-
date survey of the techniques avail-
able for using electronic computers.
It describes machines from a funec-
tional standpoint, concentrating upon
aspects of interest to the potential
user, and discusses all phases of prob-
lem formulations and analysis, pro-
gramming, coding, and machine op-
eration.

(Continued on page 50)
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PEAK CURRENTS UP TO 2 AMPS
WITH THIS SMALL THYRATRON

=ENE32 0l

This new inert gas filled thyratron by Mullard is ideally suited for
use in compact electronic control equipment. In addition to its small
size and high current capacity, it has the advantage of quick heating
time, high permissible grid resistance, negative control characteristics,
and the ability to operate over a wide ambient temperature range.
The combination of a Xenon gas filling and the modern Bantal
construction contribute to long life of the tube, and permit it to be
mounted in any position.

Brief technical details of the EN32 are given here; for further
information write to one of the distributors listed below.

TECHNICAL DATA

Maximum average cathode current 0.3 (A)
Maximum peak cathode current 2.0 (A)
Maximum peak inverse anode voltage 1300 (V)
Maximum peak forward anode voltage 650 (V)
Cathode type Indirectly heated
Heater voltage 6.3 (V)
Heater current 0.95 (A)
Minimum valve heating time prior to conduction 15 (sec)
Maximum seated height 2% inches

Base Octal

Supplies available from:

In the U.S.A.
International Electronics Corporation al
Dept. EI-10, 81 Spring Street, N.Y.12,

New York, U.S.A.

In Canada ELECTRONIC TUBES used throughout the world

Rogers Electronic Tubes &

gorflpor;jjfs 116 Vanderhoof “Mullard” is the Trade Mark of Mullard Ltd., and is registered (C___)
T:rpor;io |7'. Olnfcri:,n é;nzzc.Avenue, in most of the principal countries of the world. Q7

MULLARD OVERSEAS LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, EN(LL&N;)I
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THE N Ew HEAVY DUTY, 1/4"

fimerican Beauty / §
ELECTRIC SOLDERING IRON

# ul sl
%3;25 R sy f

/

Plug-type tip of
nickel-coated /’!
copper. i

e

4

casing provides
lightweight support -
between heating ’
element and handle. g

Easily replaced
heating element—

thick mica insulation

cuts current leakage.

Lead-wire insulator,
screwed to element

" . ossembly for added

"~ strength.

New design lead-tube
insulator protects
and separates
lead wires.

Super-flexible

6-foot cord. Rugged terminal
connector assembly

provides cord-strain

relief.

Available with dia-
mond or chisel
point; straight or
angled casing, as

Cool, comfortable, shown. 60 or 75

safety-flare handle. watts.

American Beauty soldering irons have led the field in
quality and production performance since 1894. There is a
model to meet every soldering requirement.

Write for our 16 page catalog, showing our complete line,
their use and care.

AMERICAN ELECTRICAL HEATER COMPANY Ypccabead

CLECTRIC IRONS
sinCeE
108e

176-H DETROIT 2, MICHIGAN

50 Circle 34 on Inquiry Card, page 149

ELECTRONIC INDUSTRIES -

Books

(Continued from page 48)

Computability and Unsolvability

By Martin Davis. Published 1958 by McGraw-Hill
Book Co., Inc., 330 W, 42nd St., New York 36.
210 pages, xxv pages. Price $7.50.

This is an introduction to the
theory of computability and non-
computability, usually referred to as
the theory of recursive functions. It
is concerned with the existence of
purely mechanical procedures for
solving various problems.

Principles and Applications of
Random Noise Theory

By Julius S. Bendat. Published 1958 by John Wiley
& Sons, Inc., 440 Fourth Ave., New York 16.
431 pages, xxi pages, Price $11.00.

This work is a systematic develop-
ment of fundamental topics, explain-
ing the basic ideas of random noise
analysis and optimum filtering tech-
niques in understandable terms. Phys-
ical meanings and mathematical re-
strictions are emphasized. The book
is especially written for use by re-
search scientists and the practicing
engineer. The author shows how to
formulate certain difficult noise prob-
lems, derive their solutions, and ob-
tain proper physical design and
interpretations.

Every effort has been made to blend
the basic fundamentals with material
on probability and statistics to illus-
trate the importance of applying
these factors conjunctively in the
analysis of random noise.

Books Received

The University Technilog on Loud
Speakers

Published 1958 by University Loud Speakers, Inc.,
b Og‘ Kensico Ave., White Plains, N. Y. Price

Bibliography on Medical Electronics

Published 1958 by Professional Group on Medical
Electronics, Institute of Radio Engineers, 1 E.
79th St., New York 21. Price $2.50. Over 2200
items in the numerical index.

Microwave Transmission Design Data

By Theodore Moreno. Published 1958 by Dover
Publications, Inc., 920 Broadway, New York 10.
248 pages, ix pages. Price $1.50.

Microwave Measurements.

Published 1958 by Polarad Electronics Corp., 43-20
34th St., Long Island City 1, N. Y. 27 pages.
Price 50¢.

Electrical Estimators Manual.

Published 1958 by Kast's Manual, P. O. Box 183,
Wyncote, Pa.

Photosensitive Devices and Cathode
Ray Tubes.

Published 1958 by Radio Corporation of America,
Electron Tube Div., Harrison, N. J. 32 pages.
Price 30¢.
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First copymaker ever to

FASTEST
&5 LOW-COST
WAY TO
COPY

YTHING

- I PLUGS IN ANYWHERE

1
oo Styled by Charles E. Jones & Assoc,

AUTO-STAT

cories o IIN aAnD OUT *iv finsTant sTepP

The new Apeco Uni-Matic Auto-Stat is the culmination of
years of research. It is an entirely new copymaker that makes
copies in less than half the time of any other all-purpose copy-
ing machine. It is so simple to operate anyone is an expert
the first time he uses it. The Apeco Uni-Matic Auto-Stat copies
any original—any color—on opaque or transparent paper—
printed on one or both sides. It offers hundreds of time and
money-saving uses for every business at a price within the
budget of the smallest firm.

SEND FOR NEW FREE BOOK

No matter what copying method you now use,
you will be interested in knowing how the excit-
ing new Apeco Uni-Matic Auto-Stat can save
you time and money. Fill in this postage paid
= reply card. You will be sent, without obligation,
/_/]ﬁ.,gmw,,.sv»c’-m ™ a new free book explaining the Apeco Uni-
Matic Auto-Stat in detail.

NB108
American Photocopy Equipment Co.

2100 W. Dempster St., Evanston, lll.

Company. Type of Bus.
American Photocopy Equipment Co. N ress
251‘:):"::;'?el;l;pster Street City Zone State
e tndividual Title

In Canada: APECO OF CANADA, LTD., 134 Park Lawn Rd., Toronto 14, Ont.
In Mexico: APECO DE MEXI.CO, S.A., Ignaclo Esteva, 7, Tacubaya 18, Mexice, D. F.
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Color Pencil
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TV IYMATIC

AUTO-STAT

A

APECO copies are
error-proof, legally-acceptable,
Jjust like the original

Apeco Uni-Matic Auto-Stat produces copies
that look exactly like the original. Whites are
copied white—blacks are copied black—and
middle tones in grays of matching intensity.
It makes clear sharp copies of anything—
copies that will last indefinitely —copies that
you will be proud to send out as representa-
55 e tive of your firm. Find out about this sensa-
tional new machine today.

FIRST CLASS
PERMIT NO. 226
EVANSTON, ILL.

BUSINESS REPLY CARD
No postage stamp necessary if mailed in the United States

5c postage will be paid by—

e — send for free book
AMERICAN PHOTOCOPY EQUIPMENT CO. e B — .
2100 West Dempster Street

Evanston, llilnois



12,000 Mc

directly displayed by a counter

Model 7580 Transfer Oscillator (hottom cabinet) with
Model 7370 EPUT and Timer (top cabinet):

Frequency measuring range . de to 12 K Mc

Types of signals accommodated CW, AM, FM
pulsed r-f

Sensitivity . . 100 mv rms

Input impedance . . . . 500hms

Accuracy . . . . . . . . upto =3pinl07

Fundamental range of trans. osc . 75 to 150 Mc &
7.5t015Mc

Harmonics available Up thru 80th

Stability of fundamental .0001 % /min

Four-step operation:
1. Tune to two adjacent zero beats identified by built-
in oscilloscope display.
2. Read harmonic number on calculator dial.
3. Set rotary switches to harmonic number.
4. Read frequency indication directly from counter.

Prices: Model 7580 Transfer QOscillator $1650

Model 7370 10 Mc EPUT & Timer. . . $1975
Model 7360) 2 Mc EPUT & Timer (price $1325) may also
be used with the transfer oscillator.

For more information on this and
other recent advances in digital
frequency measuring techniques,
write for the new Data File 111,
Address department F-11,

Used in combination with the computing transfer oscilla-
tor in the cabinet beneath it, the 10 Mc EPUT® and Timer
creates a direct decimal display of 12,243.15 megacycles
generated by the small klystron at the right. How? The
transfer oscillator contains a computing device which auto-
matically calculates the harmonic number of a harmonic
brought to zero beat with the frequency under test. Then,
the gate time of the counter is multiplied by the harmonic
number to produce a counter indication of actual klystron
frequency. By eliminating all manual computations, the
entire operation commonly takes less than one-fifth the
time required using equipment previously available.

This assembly of two independent units, compatibly de-
signed, offers an unprecedented combination of range,
accuracy and convenience. The transfer oscillator can also
be used with either of two other BECKMAN/Berkeley
EPUT Meters currently in wide use.

Beckman:

Berkeley Division

2200 Wright Avenue, Richmond 3, California

a division of Beckman Instruments, Inc.

Circle 39 on Inquiry Card, page 149



micro-alloy transistors from SPRAGUE?™ | surface barrier transistors

2N393
Min, Typ. ' E
hfe 40 155 2N128
MIL GENERAL PURPOSE
{MIL-T-12679A)
fmax 40 60

HIGH-SPEED, HIGH-GAIN 2N333 TRANSISTORS

for modern computer circuitry

2N240/SB5122

FOR COMPUTER
SWITCHING
Type 2N393 Micro-Alloy Transistors combine high gain with ex-

cellent high frequency response to meet demands of high-speed
computer switching applications in the megacycle range. Low sat-
uration resistance, low hole storage, and exceptionally good life
characteristics make micro-alloy transistors top performers in gen-
eral high frequency applications, as well as computer circuits.

D-C 8 is remarkably linear up to 50 milliamperes collector current.
The design of the 2N 393 is particularly well adapted to direct-coupled Fo:N::;(le (SMN
logic circuitry. The polarities of the emitter and collector voltages AMPLIFIERS
are similar to those of PNP junction-type transistors.

Both micro-alloy and surface barrier
transistors are now being made in
Sprague’s completely new semiconductor

. 5‘(@3 Eapimric e | facility. Quantity orders for the popular
o g, S types shown here are shipped promptly.
GERMANIUM MICR ey a3 0.0
Cr s Or get fast delivery on small quantities 2N345/58102
from your local Sprague Industrial Dis- FOR HIGH GAIN
. AMPLIFIERS
tributor.

For complete engineering data sheets
of the types in which you are interested,
write Technical Literature Section,
Sprague Electric Co., 233 Marshall St.,
North Adams, Massachusetts.

. 3 . 2N246/SB103
* Sprague micro-alloy and suvface barrier transistors are o e e

fully licensed under Philco patents. All Sprague and OSCILLATORS
Philco transistors having the same type numbers are
manufactured to the same specifications and are fully
interchangeable. You have two sources of supply when you
use micro-alloy and surface barrier transistors!

®
SPRAGUE COMPONENTS:

TRANSISTORS < RESISTORS « MAGNETIC COMPONENTS
CAPACITORS - INTERFERENCE FILTERS * PULSE NETWORKS : the mark of reliability
HIGH TEMPERATURE MAGNET WIRE +« PRINTED CIRCUITS
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A REPRINT
of this article can be obtained by
writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila. 39, Pa.

By E. T. PFUND, Jr., W. F. CROFT,
and BARD SUVERKROP

Extreme Environmental Testing Determined

Capabilities of Coaxial Cable

As a part of an Air Force sponsored world-wide survey of potentially high-tempera-
ture resistant 50 ohm coaxial cable, six different types have been tested. The exten-
sive tests, which were conducted impartially, exceeded the manufacturers' specifica-
tions in an attempt to find rugged co-ax cable. Some of the findings are enlightening.

HE environmental demands on coaxial cables are

becoming increasingly severe as the speed, ac-
celeration, and operational altitude of manned and
unmanned aireraft and guided missiles steadily in-
creases. Problems such as temperature extremes
and vibration place demands on dielectric and con-
ducting materials not previously associated with elec-
tronic applications.

To determine which commercially available non-
military approved coaxial cable designs might be
capable of operation at elevated temperatures while
exhibiting relatively low losses, a world-wide survey
of potentially high temperature resistant 50 ohm
coaxial cables was accomplished and six different
solid-sheathed-outer-conductor designs were procured
from domestic manufacturers.

The selection of cables for investigation in this
program was determined by the materials employed
and by the type of construction. In order to pro-
vide comparison measurements between aluminum-
sheathed solid, semi-solid, and air-spaced coaxials,
an aluminum jacketed Teflon version of RG-87A/U,
0.D. of 0.325 in.,, an aluminum jacketed ceramic
beaded type cable, O.D. of 0.8375 in., and an aluminum
jacketed threaded-core (Teflon) type cable, O.D. of
0.445 in., were selected for test. In addition, a cop-

By E. T. PFUND, JR., United ElectroDynamics, Pasadena, Calif.
P. S. KLASKY, United ElectroDynamics, Pasadena, Calif. BARD
SUVERKROP, Capt. US.AF. Air Research & Development Command.
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Part One of Two Parts

per sheathed ceramic beaded cable, was chosen in
order to provide comparison measurements with its
aluminum counterpart.

Finally, two experimental cables were procured. A
special irradiated mixture of polyethylene and undis-
closed additives, is employed as the dielectric in solid
and foamed, 0.225 in. O.D., coaxial versions. (A
Copperjak cable became available from Amphenol in
the closing days of the test program. The same is
true of a Teflon Spirafil cable now offered by Phelps
Dodge. Consequently, it was not possible to include
these cables in the test program.)

Thermal shock, high-altitude corona, cold bend,
attenuation, vibration, capacitance, dielectric strength
and heat exposure tests (for the most part in
excess of the manufacturer’s ratings) are now
described.

(Continued on the following page)

Fig. 1: X-rays of
threaded core co-
axial cable before
and after therma!
shock. Upper view
shows cable ends
before exposure to
cycling. Lower pic-
ture clearly depicts
contraction of
threaded Teflon core
from cable ends
after 50 cycles of
therma! shock.
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Co-ax Capabilities (Continued)

Thermal Shock

Nominal 2 ft samples of the 2 beaded cables, and
the 2 Teflon cables, were subjected to 50 cycles of
thermal shock, each evele consisting of two hours at
+4-250° *=2°C and two hours at —65° =2°C. VSWR
measurements at 500 MC/s, x-rays, and physical mea-
surements, were taken before and after test. The
inner conductor of all cables maintained continuity
throughout the test, and no detectable change in
length was observed.

X-ray techniques showed no noticeable change in
dimensional stability of the cables with the exception
of the Teflon samples. The connector ends of the
solid Teflon and threaded-core Teflon cables were
dissected, and contraction of the cable cores was
observed as shown in Figs. 1 and 2. This contraction
is apparently due to stress relief. In the threaded
core cable, it was serious enough to materially con-
tribute to the change in VSWR encountered (1.15:1
to 1.38:1 since the contraction was in the order of
inches at each end. The solid cable core contraction
was limited to a small portion of the connector vol-
ume as shown, resulting in very little increase in
the measured standing-wave ratio.

The connector did not loosen on the solid core coax,
while the connector emploved on the threaded core
samples, as well as the UG-1149/U and UG-1150/U
types emploved on the beaded ecables, did become
loose after thermal shocking contributing to the in-
creased VSWR’s noted. In addition, male connector
UG-1150/U in all cases had a burned and charred
gasket (Fig. 3).

The connector used with the threaded core cable
employs a self-threading pin which threads into the

Fig. 2: Core contraction after a thermal shock test.
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Table 1

60 CYCLE CORONA AT ROOM ENVIRONMENT

Cable Initiation Extinetion
Beaded Aluminum 2035V 1768V
Beaded Copper 2125V 1816V
Solid Teflon 3790V 2902V
Threaded Core 5228V 3393V
Solid Irradiated 2681V 2035V
Foamed {rradiated 1700V 1500V

60 CYCLE CORONA AT 80,000 FT. (SIMULATED)

Cable Initiation Extinction
Beaded Aluminum 480V 449V
Beaded Copper 447V 424V
Solid Teflon 990V 864V
Threaded Core 536V 511V
Solid Irradiated 650V 574V

hollow inner conductor of the cable. This eliminates
the requirement of utilizing soft solders to join Tef-
lon-insulated cables and connectors. The solid Teflon
core was movable in the perpendicular plane to the
cable, within its aluminum jacket. (The overall di-
ameter of the jacket apparently increased some 10
mils during thermal cycling.) The increased outer
diameter was probably due to the expansion and con-
traction of the solid Teflon core at the temperatures
encountered. As a result, the core returned to its
original O. D. of 0.280 in. while the O. D. of the
aluminum sheath was stretched some 10 mils. The
core was then easily removable from the jacket due
to the play provided by thermal cycling. Such a loose
jacket could be a source of noise,? especially in a vi-
bration environment. Similarly, the possibility of
corona is increased with loose jacketing.

Corona

A 60 cycle RMS voltage was applied to one foot
samples of each cable and increased gradually until
the initiation of corona. The voltage was then con-
tinuously reduced to the corona extinction point as
indicated on an oscilloscope. The ends of the outer
sheath of the samples were flared away from the
center conductor to increase the air gap and so limit
corona to the interior of the specimen.

Table 1 shows the results obtained at room en-
vironment and simulated 80,000 feet.

In a coaxial transmission line, the maximum voltage
gradient occurs at the surface of the inner conductor.
Bead insulators can cause higher gradients in their
vicinity resulting in premature voltage breakdown?
in the form of either corona or arcover, particularly
when they fit loosely on the inner conductor (as was
the case here).

Minute cavities, in the form of either discrete bub-
bles or films in the neighborhood of the conductor,
are often present in solid dielectric cables.” These
cavities are the seat of electrical discharges when a
certain critical voltage swing is exceeded.

In a theoretically perfect air-dielectric coaxial struc-
ture, breakdown or arcover will occur without co-
rona if the characteristic impedance of the line is less
than some 60 ohms.* However, practically manufac-
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tured coaxials seldom present perfectly smooth sur-
faces without points® so that corona will, in fact,
occur as measured.

Cold Bend

Three specimens of each cable were cut to a length
somewhat exceeding 150 times the diameter of the
cable concerned. One end of the test specimen was
clamped circumferentially at two points, approxi-
mately 45° apart, to a mandrel having a diameter 10
times that of the test specimen. The specimen was
then wrapped around the mandrel for one full turn.
The mounted specimen was then conditioned for 20
hours at —65° =£2° C. During this conditioning
period, the specimens were each kept reasonably
straight. After this conditioning, but while the speci-
mens were still in the cold chamber at the condition-
ing temperature, the specimens were wrapped for
three close turns around the mandrel at a uniform
rate of 15 =3 RPM, by an electrically driven motor.
The cable was guided in each case by a free moving
sheave or transversing device, in intimate contact
with the cable at the initial point of bend.

Each cable, in turn, was subjected to the above
test and then removed from the cold chamber and
x-rayed for evidence of cracks or fractures in the
dielectric or jacket (except at clamping points).

The ductility of the cable materials remained suf-
ficient to prevent damage to the cables during cold
bend, with the exception of the threaded-core samples
(Fig. 4). The outer conductor of the latter cable
wrinkled irregularly on the inner bending radius as
shown. In addition, both Teflon cable cores contracted
some 1/16 in. from each end.

Contraction of the irradiated polyethylene solid core
occurred at room temperature whenever the core was
cut through and was not related to cold bend but to
stress relief.

Attenuation

The attenuation of coaxial cables is temperature
dependent and related to conductor losses and dielec-
tric losses. The latter are directly proportional to
frequency, loss tangent and square root of the dielec-
tric constant. Conductor losses are directly propor-

Fig. 4: Section of coax after cold bend-
ing at —65°C
conductor

shows wrinkling of

outer on inner radius.

* ATTEN, db ——

Fig. 3: Connector after test showing charred washer insert.

tional to the square root of frequency and dielectric
constant but inversely proportional to the square root
of the conductivity. Table 2 depicts the measured at-
tenuation, at specific frequencies, of the Teflon and
beaded cables from 10 Mc/s to 10,000 mc/s. The
VSWR of these beaded coaxials increases above 1,000
MC/s due to reflections caused by the beads. Both
beaded cables are described in Fig. 5 for operation
above 6.5k Mc. Various patterns of bead spacing?
can provide low losses over selected bands of frequen-
cies, however, by shifting the existing resonance con-
ditions.

Cox8 points out that although concave beads in-
crease the flashover ratings of beaded coaxials, such
a bead design is just the opposite of what is needed
for low-loss constant impedance operation at UHF.

(To be continued next month)
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Fig. 5: Typical operation of beaded coaxial cables at discrete
frequencies above 6,500 MC/S showing resonance effects.

* See Figure 5.
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FTable 2
COAXIAL CABLE ATTENUATION vs. FREQUENCY
Freq. Mc/s 10 100 300 400 1000 3000 6000 10,000
Aluminum Beaded 0.35 1. 2,19 2.63 4.46 13.45 22.75 19.1*A
Copper Beaded 0.36 1.1 2.08 2.285 3.61 11.62 16.10 25.7*A
Solid Core 0.55 1.75 3.07 3.285 5.48 10.95 17.26 23.25
Threaded Core 0.45 1.28 2.45 2.92 4.38 8.44 12,5 20.65

A Approximately one quarter wavelength at 10k Mc was cut off sample and no
appreciable change in attenuation was observed.
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Predicting

The range performance of a new radar can be predicted from the measured perform.-
ance of another radar, preferably one operating at the same frequency. But unless all
the parameters are known, this comparison can be misleading. The range can be accu-
rately and quickly calculated from a chart based on known equipment parameters.

THE maximum range R obtainable with a pulse
radar equipment scanning in azimuth is deter-
mined by the following parameters:

P,
G

Transmitter pulse peak power.

Antenna power gain in beam maximum, assumed to be
the same on transmit as on receive. If separate antennas
are used to transmit and to receive, G 1s the geometric
mean of their respective gains.

A = Radar wavelength.
N = Receiver noise figure.

k = Boltzmann’s Constant, = 1.37 X 1072 watt-seconds
per degree Kelvin per cycle.

T = Equivalent noise temperature scen by receiver input

terminals, usually assumed® to be 290 °K.
kT = 4 X 1072 watt-seconds per cycle, if T = 290 °K.
7 = Pulse length.

B = Receiver pre-detection bandwidth. (The video band-
width is assumed adequate to pass the echo pulse with-
out distortion.)

L = Loss factor taken as a power ratio and greater than

unity.
L=LLL,L, L,
where
Ly = Transmission line and duplexer loss during trans-
mission.b

L; = Transmission line and duplexer loss during reception.b
L; = Antenna pattern loss, taken as 1.45 (1.6 db). Sce

Reference 2.
. (0.2 « R),
L. = Atmosphere attenuation factor = 10 a b
ing the atmospheric attenuation in db per unit length.
This is normally negligible.

L. = Observer loss. Flight test data indicates that L, lics
between 1 and 1.7 (0 to 2 db). This probably represents
conditions of maximum observer efficiency.

* More accurately, if the antenna noise temperature is T, and
the transmission line is matched and at a temperature T,
then’ replace kTN in equation (2) by

k; Ta+(L:— 1T,
L

LN = 1) 200 °Kelvinz

58

H = A factor giving the effect on range of specifying various
probabilitics of detection, with cither non-fluctuating
or fluctuating targets.

F = Pattern propagation factor, taken greater than unity.
F = 1 for free space propagation. F is Increased due to
reflections from the ground or sea, but is always less
than 2.

o = Mean radar cross section of equivalent isotropically re-
radiating target. A typieal value for a small jet plane
at microwave frequencies is 1 square meter,

V = Visibility factor, taken greater than unity. Tt is_the
product of two factors, Vi and V, which are obtained
from Fig. 1.

Vi is a function of n and C,, where

n = Number of pulses per beamwidthe, taken between the
3 db points of the one-way pattern,

C=— " 11 with

2Tl-‘sec

T u sec being the pulse length in microseconds, and

m = Number of nautical miles per inch of display tube.
V: is a function of n and C,, where

B+
=713
(47)% = 1984

Radar Range
Define the “base range” R, by

Py, G2 )\2 2
Rt = o ™) (1277 ®

Then the radar range is given by

Rt F4
LHV

4 =

b T,y is strictly speaking a function of the transmitter also when
the line and antenna are not reflectionless, Ly may be de-
fined as the ratio of P, to the actual power leaving the
antenna. Similarly, L. depends on the receiver in this case.
L. may be defined as the ratio of the noise figure which would
be seen at the antenna space terminals, to N,
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By LEO YOUNG

Radar Equip. Eng'g
Electronics Div.

W estinghouse Electric Corp.
Baltimore, Md.

Accurate Radar Ranges

The radar range R as given by equation (3) is
such that when H is set equal to unity, the prob-
ability of detection (“Blip-scan ratio”) is 50%,
and the probability of false alarm is 1 in 10!, with
a non-fluctuating target. Both probability of detec-
tion and probability of false alarm are defined in
terms of a threshold amplitude which, if exceeded, is

construed by the observer as a signal. For other
cases, see Table 1.
The visibility factor V is given by
V=V C) Va(n Cy) 4)

defined above and obtained from Fig. 1, which was
computed from the several curves given in Refer-
ence 3. These are based on certain premises, ex-
pressed as an “integration loss” for a large number

of pulses (n) per beamwidth, a sampling loss of
too large an i-f bandwidth B, and a “collapsing ratio”
due to a minimum resolvable spot size on the display
tube (assumed to be 1 mmd) ; a square law detector is
also assumed.

Example

Calculate the free space range of a radar having
the following parameters (assume a non-fluctuating
target to begin with).

(Beam width in degrees) X (Radar pulses per second)

‘n = - :
6 X (Antenna revolutions per minute)

Py = 1 megawatt.
G = 562 (27.5 db).
A = 0.23 meters.
L, = 1.4 (1.5 db).
L. = 1.8 (2.5 dh).
L, = 1.45 (1.6 db).
4 If the spot diameter is greater than 1 mm and equal to d

mm. then replace m in the expression for C; by the product
md.

Fig. 1: Chart is used to determine the visibility factor, V.

V = Vl (n, Cl) ° vg (n, CZ) R‘ ; Pt GZ )\2 6 F4
m . Bt . 3 :
C = E"E,\J:' L e (47 )3 (kTN)(r2/T) LHV
8 7 6 db 5 4 3 2
i 7 7 B 5= 2 :
’ / /
: /I /I ‘,/ - P ﬁ{ i % -
v VA f el > o
“ 4 / /1 A
>
ik 1 ,/ P 1 // 1)
L~ A
2 / / 1/ / - "l «f Pt - = L -2
7 / L~ g
/ / / / / v } / /// |
/ r / L~ -3
; / Z @
1 2 3 4 5 6 7 8910 20 30‘ 40 50 60 70 8090100 200 300 400 500 6007%9%90:)0
NUMBER OF PULSES PER BEAM WIDTH, N. %
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Radar Range (Continued)

L. =1 (0 db).

Lo =1 (0 db).

H =1 ©dh).

F = 1 for free space range.
¢ = L6 squarc meters,

N = 6.3 (8 db).

KT = 4 X 1072 watt-sceonds per eycle.
7 = 4.2 microscconds.
B = 475 kilocycles per second.
m = 30 nautical miles per inch.
Horizontal beamwidth = 1.4°,
Pulse repetition rate = 360 pulses per second.
Scan rate = 6 RPM.

1.4 X 360 ,
Hence n = —L— = 14 pulses per beamwidth.
6 X6
Therefore,
Ry — (10%) (562)? (0.23)? (1.6)

(1984) (4 X 1077 X 6.3) (1.2 X 106/4.2)
1.89 X 102! meter *
Now, L = Ly L, L, L. L,

L(db) = (1.5 + 2.5 4 1.6) db = 5.6 db
Hence L = 3.63
To obtain V = V| V,,

Radar systems must perform under all kinds of conditions,
This surface-search radar antenna is mounted on a ship mast.

= metert

C o O s
= — = —_ = 4,57
" 727 ke 24X 4.2

From Fig. 1, forn = 14 and C = 4.57,
Vi (db) = 4.1db
Br

Also, C, = 12 = 1.67
From Fig. 1, for n = 14 and C = 1.67,
V. (db) = 2.6 db
Hence V (db) = 6.7 db
or V. = 468

Therefore R = Ll'g)—x—l 0*) Xﬂ meter-
(3.63) X (4.68)

1.11 X 102 metert

1.03 X 105 meters

55.6 nautical miles,

6076.10333 - - - feett

1852 meters

R

since 1 nautieal mile

Probability of Detection

The range of 55.6 nautical miles computed in the
above example applies to a 50% probability of detec-
tion, with a false alarm rate of 10-1 under ideal
conditions for a non-fluctuating target in the absence
of ground or sea reflections. Still assuming an ob-
server at his best, free space conditions, and the
same false alarm rate, the effect on range of various
probabilities of detection for both non-fluctuating
and fluctuating targets (the latter applying to targets
large in terms of a wavelength) is given in Table 1,
where3 :

H. = Factor to be used in equation (3) for a non-fluctuating

target.

H; = Factor to be used in equation (3) for a fluctuating
target. .

Thus in the example, if target fluctuations are
taken into account, H, (db) = 1.3 db, and the range
is reduced to 51.6 nautical miles, which is yet for
a 50% probability of detection.

One may more explicitly write:

R;opet == 51.6 nautical miles for a fluctuating
target. Similarly from the table one could find:

R7o pet == 48.1 nautical miles for a fluctuating
target.

Experimental Results

One of the first difficulties encountered when test-
ing the theory in a practical situation is that usually
the decision whether or not a target has appeared
on the display is made by a man, not a machine, and
that as a result the concept of threshold detectinn
becomes difficult to apply rigorously. The “proba-
bility of detection” can reasonably be identified with
“blip-scan” ratio, but the probability of false alarm,
especially when it is set as low as 1010 (correspond-
ing to one false alarm in 3 hours for one micro-
second pulses), becomes a condition impossible to
enforce in practice. One is, therefore, frankly re-
duced to forego this refinement of the theory. Tt is
hoped that the observers quoted here and elsewhere
are all equally alert.




In an extensive and carefully conducted series of
flight tests of a Westinghouse radar, coverage dia-
grams were constructed for various constant blip-
scan ratios. Ground reflection was small in this case
and could easily be eliminated as a factor by aver-
aging through the regular peaks and troughs in the
antenna elevation pattern. Using the best available
information on target area, and allowing L, to absorb
any differences between ‘“theoretical” and observed
maximum range, L, turned out to be 0 db. Less ex-
tensive tests on another Westinghouse radar, with
flights over a smooth sea, indicated L, = 1 db. In
this case, the vertical free space radiation pattern
was known from scale model measurements, and
1009 refiection from the sea was assumed for the
horizontally polarized radar in calculating the propa-
gation factor F.

Hall3 suggests a figure of L, = 2 db. In both the
tests referred to, the general location of the target
plane was known to the observer before he could
see it. A considerable degradation in performance
must be expected, when neither the place nor time
of appearance of the target is known in advance, so
long as a human operator is the last stage in the
detecting process.

Often, the range performance of a new radar is
predicted from the measured performance of another
radar, preferably operating at the same frequency,
Unless all the parameters are known, this compari-
son can be misleading. Generally, the one parameter
at once most difficult to measure and yet having a
very great effect on range is the pattern propaga-
tion factor F, which can double the free space maxi-
mum range. This corresponds to 12 db improve-
ment in maximum range performance (at the expense
of “holes” in the radar coverage). For the effect of
ground and sea reflections, see Reference 5. Two
radars having the same free space maximum range
may behave very differently over a reflecting surface,
if one has a round-nosed beam spilling power into
the ground, and the other has a blunt beam with a
sharp cut-off above the ground.

Appendix
Minimum Detectable Signal: A comparison of the
radar range equation (8) with the maximum range
expressed in terms of the “minimum detectable sig-
nally” S_;, shows that
2 uy.

T

1

Smin = KTN ( ®)
kTN and < are well defined quantitied for the radar;
H equals unity for a 509 Blip-Scan ratio, or else is
given by Table 1; and V is again obtained from
Fig. 1.

Recommendation: Radar maximum range is not
uniformly expressed in terms of any particular prob-
ability of detection (or blip-secan ratio). Fifty per
cent, 70%, 75%, 909% and probably other percentages
have been used. Nor is it sometimes clear whether
a fluctuating or non-fluctuating target should be used
to find the H-factor. This depends on the target
shape, the direction of polarization in the case of
long thin targets, and the magnitude of the appro-
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Table 1
Probability of

Detection H, (db) H;¢ (db)
5% —-2.6 db —4.9 db
109, —1.8db —-3.7 db
30% —0.8 db —-0.9 db
509%, 0 1.3 db
709% 0.8 db 4.4 db
90% 1.6 db 9.8 db
999, 2.6 db 20.0 db

Table 2

Range Voltage Power Range
db Ratio Ratio Ratio db Ratio

0 1.00 1.00 1.00
1 1.06 1.12 1.26 21 3.35
2 1.12 1.26 1.59 22 3.55
3 1.19 1.41 2.00 23 3.76
4 1.26 1.59 2.51 24 3.98
5 1.33 1.78 3.16 25 4.22
6 1.41 2.00 3.98 26 4.47
7 1.50 2.24 5.01 27 4.73
8 1.59 2.51 6.31 28 5.01
9 1.68 2.82 7.94 29 5.31
10 1.78 3.16 10.00 30 5.62
11 1.88 3.55 31 5.96
12 2.00 3.98 32 6.31
13 2.11 4.47 33 6.68
14 2.24 5.01 34 7.08
15 2.37 5.62 35 7.50
16 2.51 6.31 36 7.94
17 2.66 7.08 37 &.41
18 2.82 7.94 38 8.91
19 2.99 8.91 39 9.44
20 3.16 10.00 40 10.00

priate target length to wavelength ratio. Many of
these uncertainties can be removed or minimized by
specifying a 30% probability of detection, as can be
seen from Table 1, since then H, and H; very nearly
coincide. In view of the experimentally unconfirmed
nature of the ratios in Table 1, and the relatively low
value of a 309% probability of detection, it is recom-
mended that all radar ranges be expressed in terms
of a 509 probability of detection.

Decibels Into Range Ratio: Table 2 converts be-
tween db and range ratio. This conversion can be
applied directly to any of the parameters P,, N, L, H,
V, in equations (2) and (3). Since G enters both on
transmit and receive, and, therefore, appears squared
in equation (2), a change in db of antenna gain must
first be doubled before referring to Table 2.
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ARM
IMPEDANCE = Z,

—

RING
IMPEDANCE

Zp= \/2— Zoy

Multiplexing Circuits
(Continued)

case the return conductor is assumed to be present
although not shown.

As a matter of fact such a 3-to-1 coupler or tri-
plexer will work successfully. Power entering at one
of the input terminals, say Jg, splits evenly three
ways. One-third proceeds to J,, and the remainder
divides evenly into the resistance paths to J; ahd Jp,.
In a manner similar to that described for the duplexer
or 2-to-1 coupler, voltage zeros are created at J;, and
Jo, effectively isolating arms C and D from arm B.
These shorts are transformed to very high im-
pedances across the line at J,. The result is that all
the power leaving J; for J, proceeds out the matched
arm A while practically none is dissipated in the
very high impedances at J, offered by the lines to
Jp and Je. In a similar manner power entering the
triplexer from any input arm B, C, or D, is effec-
tively isolated from the other input arms while losing
two-thirds of its initial value in passing to the ouput
arm A,

This behavior as described occurs only when the
correct value of resistors are used and the quarter
wave lines are of the correct characteristic impedance.
If the input and output terminals of the coupler are
all to be matched to a real impedance of Z, ohms, then
the unknown parameters can be determined as fol-
lows. The impedance looking into the coupler at Jg
must be Z, ohms. As there is an even three-way
power split at this point, each of the three paths
must have an input impedance at J; of 3 Z, ohms.
Since there are apparent shorts across the line at
Jp and J. to power entering at Jy, the two resistive
paths to these points will have an input impedance
of 3 Z, each when the resistors each have a value of
3 Z,. The quarterwave line connecting J; to Jy is
terminated at the latter point by Z, yet must have
an input impedance of 3 Z, at Jg. The characteristic
impedance of the line then will be given by the square
root of the input and terminating impedances.

To summarize: for a 3-to-1 coupler,

Zr = \/3 Zo, ohms

Rs = 3 Z, ohms
While L = 10 logi 3 decibels
= 1.78 db

where Zg, Rg, and L have the meaning already given.
For a Z, of 50 ohms, Z;, — 86.5 ohms, and Ry =
150 ohms.

Higher Order Multiplexing

A 4-to-1 coupler would be as shown in Fig. 5.
Four quarter-wave lines join the ecommon output
junction J, to the different input junctions. Series
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Microwave

Multiplexing

Fig. 6: Four-to-one
coupler star con-

nected B E

resistors connect all input junctions. The parameter
values for optimum performance are as follows:

ZR=2Z0
Rs =47,

Where Z, is 50 ohms, the quadruplexer line impedance
is 100 ohms, and the series resistances are 200 ohms
each. The minimum theoretical loss from any input
junction to the output is given by

L = 10 logi 4 = 6.02 decibels.

The isolation between inputs should be over 30
decibels.

An N-to-1 coupler could be constructed along simi-
lar lines to connect N inputs to a single output. The
isolation between inputs should remain above 30
decibels, while the insertion loss from any input to
the output would be given by

L = 10 logi N decibels.
The coupler line impedance would be given by
Z, VN,

while the series resistors would be equal to Z, N.

Any of the series resistors can be replaced by a
full wavelength of line of characteristics impedance
7. VN, with a parallel resistor of value Z, placed
one-quarter wavelength from either end. In any
practical design some substitutions of this nature
might simplify the packaging problem.

For multiplexers of a higher order than 2-to-1, the
resistive paths between input junctions can be star-
connected. This is shown in Fig. 6 for a 4-to-1
coupler or quadruplexer. The advantage is that fewer
resistors are required, and packaging is made easier.

For instance an N-to-1 coupler, star connected,
requires N resistors while the same coupler cross-
connected as previously described would require a
number of resistors given by the sum 1 - 2 + 3
4 -4 — — — — -+ N-1. The value of the resistors
in the star connection can be quickly determined as
follows. Power entering the coupler at J; should see
an apparent short at every other input junction. For
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this to be the case N-1/N of the input power at Jg
must go into the resistive network, while 1/N of the
power proceeds to J,. This will take place and the
impedance at Jp will mateh Z,, if the impedance at
Jp of the line to J, is N Z, if the impedance at
N Zo

the resistive network is Then if the resis-

tors each have a value given by Rg, the

N Z, Rs
" R, 4+ —
N -1 +N—1

Solving for Rg we get

So for the 4-to-1 coupler illustrated in Fig. 6 the
resistors would have a value of 50 ohms each, in the
case where the arm impedances were also 50 ohms.

A Practical Application

A three to one coupler like the one shown in Fig. 4
was constructed for the purpose of connecting three
telemetering transmitters to a common antenna. The
three transmitters operated at fixed frequencies in
the neighborhood of 220 McC with frequency spacing
between adjacent channels of 4 MC, and 2 MC. It
was desired to have a minimum of 20 db of isolation
between transmitters, with the loss from any trans-
mitter to the antenna kept as small as possible. The
design was intended for a missile application and had
to perform satisfactorily over a typical range of
missile component environmental temperatures. It
can be readily imagined that constructing such a
coupler by using frequency sensitive elements, or
filters, could lead to a bulky, expensive item, requir-
ing close machining tolerances and temperature com-
pensation.

Since the system in this case could tolerate the 4.8
db loss inherent in the 3-to-1 coupler of Fig. 4, this
type of design was decided upon. The close frequency
proximity of adjacent channels was no longer a prob-
lem with this circuit. The wide bandwith of the
coupler made it relatively insensitive to temperature
variations.

Since the coupler was to connect 50 ohm trans-
mitters to a 50 ohm antenna, 150 ohm resistors and
86.5 ohm quarter wave lines should be used. The
transmission line actually used was a 90 ohm teflon
dielectric miniature coaxial cable. This was found
to perform quite satisfactorily. Fig. 7 shows in-
sertion loss and isolation obtained on this coupler as
a function of frequency. Fig. 8 shows the VSWR of
both an input arm and the output or antenna arm,
again as a function of frequency.

Impedance Transforming

Capabilities

The multiplexers so far described need not be
limited to devices connecting N inputs of Z, ohms
impedance to an output of the same impedance. The
multiplexer can also serve as an impedance trans-
former without changing its isolation and insertion
loss characteristics. For instance, assume it is de-
gired to connect N inputs of Z, ohms (real) to a eom-
mon output of Zq ohms, also real. Power. entering
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the multiplexer and arriving at an input junction
must split as previously described for the star con-
nected coupler. For this to be the case, the resistors
must have the value previously determined, that is,
Ry = Z,.

The matching to Z, is accomplished in the quarter
wave lines joining each input junction to the output
junction. These now have the job of transforming Z,
to Ny, the required input impedance of the quarter
wave lines at the input junctions. Thus the lines will
all have a characteristic impedance, Zy, given by

Zw = VN Z Zr.

1t is conceivable that multiplexer designs can often
result in an impedance for the quarter wave lines not
commonly available in coaxial cable. At some fre-
quencies, and for some applications, these quarter
wave lines can be made of stripline. Control over the
strip width and ground plane spacing gives one the
ability to fabricate lines of any characteristic im-
pedance, within reasonable limits. Graphs relating
stripline impedance to line cross-sectional dimensions
are given in the literature.3.

Fig. 7: Insertion loss and isolation as function of frequency
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Fig. 8: VSWR of an input arm and the output of antenna arm
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Thermistors
for Linear
Temperature

Readings

A thermistor may be used with a thermostat
consisting of a linearly calibrated potentiometer
or a linearly calibrated non-linear rheostat

to obtain a voltage signal which varies linearly
with the difference between actual

and desired temperatures.

By A. B. SOBLE,
Ass't. Professor
Lehigh University
Bethlehem, Pa.

N an earlier paper? we showed how thermistors
(ceramics whose electrical resistance decreases
exponentially with increasing temperature), may be
compensated so as to obtain a signal which varies
linearly with temperature.
Here we shall show how thermistors may be used
to obtain a signal which varies linearly with the dif-
ference between actual and desired temperature, when
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the desired temperature is indicated by a manually
preset thermostat consisting of a linearly calibrated
potentiometer or a linearly calibrated non-linear rheo-
stat. The error signal may be fed to a system for
control of temperature.

Potentiometer Circuit

Consider the temperature differential circuit of
Fig. 1. The output voltage V, is

v R, R.

Ric + Re  Re ] ’
where R;c = R, (Rg+Rqp)/(Rp+Rg+Ry) is the re-
sistance of the thermistor confpensated by constant
resistances Rp and Ry so as to approximate! 2 linear
decrease of Ry with increasing temperature.

Let R, be the resistance of a coil of resistance
wire, increasing linearly with increasing temperature
according to the formula

Ry =mT+ K,

where m is a positive slope, K a constant resistance,
and T actual Kelvin temperature (centigrade -+
273°).

Let R, be the tapped resistance of a manually pre-
set potentiometer whose maximum resistance is
R

¢ max-*

Let Tmin £ T < Tanx a0d tmin < t < toae define the ranges
of actual and desired temperature, respectively,

For linear calibration of the potentiometer we
have

_ Rc max (t - tmin)

R, =
¢ tmm( - t'min
R
Define M= —2"" 5 = Mty
tmax t"’lll"l
Then Re=Mt — s

By proper choice of the constant resistors Rs and
Rp (either removed from the varying temperature
area, or else, like the Weston vamistor, having zero
temperature coefficient in the range Tiny Tumayx) ; the
resistance Ryc of the compensated thermistor may
be made to approximate —m T 4 K, (T, Toax)
where K, is a constant resistance.

Then the output voltage is approximately

V.~ v m'T-l-K _Mt—é:l.
K, + K Re max
m 1
Take = :
e Ko ¥ K foe — tom
Consequantly
A% K
‘70 = [(T — t) + — + !min) ].
tmax - tmin m

which is linear in the temperature differential (T-t),
as desired,

To prevent self-heating of the thermistor, the cur-
rent through it must not exceed the manufacturer’s
rating i,. (Caution: Self-heating, not destruction.)

Thus we require that

ReV/I(K+K) Re + Rs + Rr) | < iy

for all T in the range (T, Tyax).
Since Ry decreases with increasing temperature,
it is sufficient to satisfy this inequality at T-T

max-
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Potentiometer Application

The slope m and constant resistance K are given
by the coil of resistance wire.

The key Kelvin temperatures Tpin, Tmax (actual),
and tyi, tme: (desired), are given by the operating
conditions.

Take R, oy, the maximum resistance of the control
potentiometer, arbitrary.

The self-heating rating i, is given by the thermistor
manufacturer.

The thermistor resistance R, is given by the
thermistor (catalog graph, table, or formula).

The constant resistances Rp, Ry, K, are chosen
byt 2.

Take tpay — twm = (KA4K)/m.

The applied constant dec voltage V is chosen so
that

V < (K + K.) (Rp + Rg + R1) i,/ Rpat T = Trax.

Rheostat Circuit

Consider the rheostat circuit of Fig. 2, with out-
put voltage signal V..
The current i through the constant resistance

i [

Constant DC Voltage Source

1 1
AY E —_
/[{L+1/(Rc + I{Tc):"
where

Rrc = [ (AB 4+ AC + BC) + (B + C)Rer] / [ (A + B) + Rl
is the resistance of the thermistor compensated by
constant resistances A,B,C so as to approximate®
linear increase of the conductance 1/Rpe with in-
creasing temperature.

Let T,,;-.,, < T < Tmax a0d tmin < t < tmax define the ranges
of actual and desired temperature, respectively.

Let R, be the resistance of a manually preset non-
linear rheostat, such as a Vari-Ohm, calibrated
linearly.

Let the non-linear construction of the rheostat
be expressed by

1

Re = =0

where k, and m are positive constants.

By proper choice? of the constant resistors A,B,C
(either removed from the varying temperature area,
or else, like the Weston vamistor, having zero tem-
perature coefficient in the range T Tmax) 3 the con-
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ductance 1/Ryc of the compensated thermistor may
be made to approximate
T k

TR

throughout the range (T Tmax), Where k and K?
are constants.

Take m = 1/k2

Then ixV/(RL+1/[m(ko—t+T+k)])-

When R m [ (k + ko) + (T — t) ] is small compared to unity,
i=Vm[k+k)+ (T -1}

which is linear in the temperature difference (T —t).

Hence the output voltage signal V, = Ry, i varies
linearly with (T —t), as desired.

To prevent self-heating of the thermistor, the cur-
rent through it must not exceed the manufacturer’s
rating i, (Caution: Self-heating, not destruction.)

Let R; be small compared to R..

Thus we require that

BV/(BC+ A +R)B+C +RA+B+R)] <

for all T in the range (T Tmax) -
Since Ry decreases with increasing T, it is suf-
ficient to satisfy this inequality at T = Ty

Fig. 1: (1) Temperature differential circuit
Fig. 2: (below) Rheostat circuit

R —
R

heostat
RT A (od
4 A\ 7’\/\/\r—-—‘ Ty
Thermistor 'zhermistor s
. Compensators AL Vo
B B

Constant DC Voltage Source

Rheostat Application

The key Kelvin temperatures Tuiny Tmax (actual)
and tyn, tmax, (desired), are given by the operating
conditions.

The self-heating rating i, is given by the thermis-
tor manufacturer.

The thermistor resistance Ry is given by the
thermistor (catalog graph, table, or formula).

Take m=—1/K2 and k, > tuaw with m(k, — tnay)
small compared to 1/Ry; and Rym[ (k-+k,)+ (T—t)]
small compared to 1.

Calibrate the rheostat so that the resistance cor-
responding to desired temperature t is 1/[m(k,—t)].

The applied constant de voltage V is chosen such
that

V<BC+A+R)B+O
+RL(A+B+RT)]ir/BatT=Tmax-
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"Frequency Scanning Radar”

The Army’s new “three-dimen-
sional” radar detects airborne tar-
gets at extreme range and for the
first time simultaneously computes
distance. bearing and altitude.

Called Frescanar, the new radar,
developed by the Hughes Aireraft
Co., is the eves of “Missile Moni-
tor,” an Army air defense guided
missile fire distribution system for
mobile use with a field army and
is ready for operational use with
air defense missile batteries.

The new radar and its electronic
system is considered one of the

most important advances made in
electronic detection since the de-
velopment of radar. Five basic
advantages of the new “3-D” Sys&-
tem over conventional radars were
cited:

1. Range performance. All avail-
able power is concentrated in sharp
pencil beams.

Two scopes (right)
display all informa-
tion necessary for
tracking. Scope at
left displays range
and bearing, that on
right, altitude. Data
is instantaneously
transmitted to AA
batteries.

(Left) Sideflaps
peeled back, power
truck is ready to
supply power to
Frescanar under field
conditions.

Entire console section (above) of 3-dimen-
sional radar slides out on rollers for easy
testing and quick replacement of parts.

Plastic ballocn (left) forms a protective
housing for Frescanar antenna. Both are
transported in the mobile trailer shown.

2. Single antenna and operator.
Conventional systems need two or
more radars, operators and master
consoles to achieve similar results.

3. Triple funetion. Irescanar
computes range, bearing and alti-
tude at the same time.

4. Greater speed

5. Sees nmiore targets clearer.
Electronie beam scans rapidly and
greatly increases number of tar-
gets which can be tracked at the
same time, provides better separa-
tion of closelv-spaced targets with
minimum of ground clutter, and
pinpoints targets faster.




For Converting
Transistor Parameters

Jacobians —
A New Computational Tool

Conversion from one to the other of the six types of
parameters for each of the three circuit configurations

involved lengthy calculation.

By THOMAS R. NISBET

Electronic Research Engineer

and DR. WILLIAM W. HAPP

Solid State Electronics Dept.
Lockheed Missile Systems Div.
Palo Alto, California

NE of the interesting things about Jacobians is

that one need not know anything about them to
be able to use them successfully in transistor work.

Most of today’s transistors are specified by their
common base or common emitter h-parameters, and
most of today’s text-books give tables for the con-
version of those parameters to other commonly used
parameters. Quite a lot of calculation is involved.
Also, not all types of conversion can conveniently be
accommodated, for there are 6 types of parameters
for each of the 3 circuit configurations. This is a
total of over 300 different types of conversion. The
use of Jacobians reduces this complexity to a simple
operation involving Tables 1 and 2.

Identification

The Jacobians in this article are printed in bold
type: they are not to be confused with the transistor
parameters which bear the same letters, but with
subscripts 1, 12, ete. '

Table 1 shows, without any reference to the mean-
ing of the Jacobians themselves, that

Zig = — b/z = — b/h o z/h = hlz/hgz

Similar manipulations yield the formulas for any
required parameters in terms of any other param-

'2

—_—) m‘— Fig. 1: Generalized
— -+ circuit of transistor

which is used in the
theoretical consider-
el 92 atiofis. All possible
Jacobians are speci-

tied by six symbols.
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The use of this new
system reduces this burden to a simple operation.

Staff Scientist

W. W. Happ

T. R. Nisbet

eters, provided that both refer to the same circuit
configuration.
Identification Example

Knowing the h-parameters, assess the curve of
input impedance vs. load impedance, using the fact
that z,, varies from hy, to z;;, as the load varies from
Zay 1O oo

Table 1 shows that

zy = gfz = g/h + z/h = A/hyp

Zp = h/z = l/hzz
gz = y/g = y/h + g/h = hy/A*
where AP = hy; by — by by

Inserting values of the h parameters gives the asymp-
totes of the required curve.

Conversion Facility

Table 1 is a general table, which refers to any
circuit configuration. In Table 2, the Jacobians are
given subscripts to denote the circuit to which they
refer. The columns have been arranged to facilitate
conversion between the parameters of the different
circuit configurations, common base, common emitter
and common collector. The method by which the
table is used is shown in the example below, which
incidentally points out at once the terms which can
be neglected in a practical calculation. The only thing
that need be known about Jacobians at this stage is
that, since they are in the nature of derivatives, any
one Jacobian in the set can be given an arbitrary
numerical value. If the common base z-parameters
are known, it is convenient to set the Jacobian
zz = 1, or if the common emitter h-parameters are
given, let hgy = 1.
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Jacobians (Continued)

Conversion Example

Given the common base h-parameters, find the com-
mon collector y-parameters.

Hiven }111]3 = 32 Q, h12B =3 X 10_“1, hle = — 095,
hxp = 1 X 1076 mho

Caleulate A" = hyp - hws — hps - hus = 3.17 X 10~
Set hy = 1. From line 4, Table 1, yg = 32, by = — 3 X 107,
ag = 0.95,z3 =1 X 1075, gy = 3.17 X 107

With the advent of improved, and perhaps stand-
ardized transistors, more elite design methods may
become popular. These will no doubt demand a much
greater degree of freedom than is in evidence today
in transferring from one set of parameters to an-
other.

Theoretical Considerations

In the generalized circuit of a transistor, Fig. 1.

oer |
Zn = |

ohy |y

by interposing an arbitrary variable, k, this can be
written

oe
From Column 2, Table 2, a0, ?kl- o (e, i)
ac = 0.9997, b¢ = — 0.05, g¢c = 1, h¢ = 500.17 X 1074, = i = ~ or G i)
2 1 1
yo =32, zc = 1 X 107 ' ar

iR i i i i ' izc

E C B C . B E
TelB B % e =oF fic € l'ec

Fig. 2: Upper case subscripts denote the three types of circuit configuration: B, common base; E, common emitter; and C, common collector.

From line 5, Table 1,
yuc = 1.562 X 107 v = 1.56 X 1075,
vac = — 31.24 X 1078, yoc = 31.25 X 1073

Current trends in transistor manufacture indicate
a continuing improvement in predictability and a
tightening of tolerances. The ease with which given
parameters can be converted to required parameters
is an important factor in the economics of circuit
design, for it tends to govern the number of transis-
tors which a designer will consider for a particular
stage in his design.

Table 1
Subscripts
Transistor T
Parameters | 11 12 21 22 Determinant
|
h b
a i - l i — — -_— = Al
a a a a a
h
b | 2 EA— i 2
| b b b b b
b a h
. =z b 2y | B_
g g g g g
b
| XL _k _a oz e
h h h h h
h b a z
y — — — — £ — = AY
y y y y y
b a h
zZ i — — — — l = A?
z z z z z
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On the right is shown the Jacobian form of writ-
ing this partial derivative. Numerator and denomi-
nator behave in the same manner as algebraic sym-
bols, and for convenience a single letter is chosen
to represent each. Thus

(ey, 1)/ (s, 1) = gfz

A negative sign applied to a Jacobian can be trans-
ferred to either component, so that, for example,

— g = — (ely 12) = ('—ely 12) = (ela — 12)

It can be shown! that (eq, i,) is the same as
— (1, &;). This equivalence is a general one, and by
making use of it, we can specify all possible Jaco-
bians for Fig. 1 by 6 symbols:

Jacobian. Denoted by
(ez, iz) a
(ey, iy) b
(ey, i2) g
(i1, e2) h
(ey, €2) y
(iy, i) z

What has been done for z,; can be done for all the
remaining types of parameters, and this information
appears in Table 1.

Inter-relation

It can be shown! that the 6 Jacobians are inter-
related by the formula ab 4+ gh — yz, and this
enables the determinants, Table 1, to be calculated,
e.g.,

A% = 7y 22 — Ziz2n = (g/z) (h/z) + (b/z) (a/z) = y*/2* = y/z
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Table 2

JACOBIAN CONVERSIONS
(Subscripts Denote Circuit Configuration)

C. Base to C. Collector

in Fig. 2, subscripts are used to denote the circuit
configuration. Conversion of the Jacobians from one
to another is done by re-defining the individual volt-
ages and currents involved. It may be noted that,
by definition, a Jacobian such as (e;, €;), which con-

tains only one term, is equal to zero. The following ap = ap — g8 ac = by + hy
examples illustrate the method: bg = by + g8 bc = — hp + an
i i ;= — gn gc = hs
he = (iic, e20) = (iig, —ep) = —he gk
g = = he =b h — a
yi = (e, 028) = (— ey, €2 — ep) = — (€1, 28) = — VE he hy — by +an — g8 ¢ - pt+hntes b
be = (e, itg) = (— e, — his — i) = (e1n, i) + A LA yo =y
Zy, = — ZB Z¢c = Zp

(c18, is8) = bp + g8

gn = (o1, hp) = (e2c — €10, — hic — iac) C. Emitter to C. Base C. Emitter to C. Collector
= (= esq, o) — (e2c, i2e) + (10, hie) + (ercs dec) — _
= he — ac + be + 2c ap = ap — g ac = — hg + ax
.. . . . bg = bk + gr be = be + hg
Application of this method results in the informa- g = — b . by + an
g g a g = — 8E ¢ = — b — 8x — K 4
tion given in Table 2.
g hg = — hg — brg + ac — gn he = — hg
References yu = — VE ye = — VE
1. W. W. Happ, I.LR.E. Convention Record, P.G.C.T., 1954. o = = zc = — zn
2. G. L. Mattoei, I.R.E. Circuit Transactions, Sept. 1957. ’
3. Hunter, Handbook of Semiconductor Electronics, s.18-4, .
with g parameters replacing m parameters. C. Collector to C. Base C. Collector to C. Emitter
A REPRINT ag = be + go ag = — he + ac
. R - bs = ac — gc bE=bC+hc
of this article can be obtained by writing on company letterhead to gs = he — ac + be + go s = — bo — go — he + ac
The Editor hy = gc hg = — he¢
ELECTRONIC INDUSTRIES, Chestnut & 56th Sts., Phila, 39, Pa. yB = Vo yE = — Yo
Zyp = Z(', zE = - zC
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What's New

Law Enforcement
Microwave

N the uptrend nationally is in-
terest by law enforcement
agencies in microwave for com-
munications expansion purposes.
State police agencies and sheriff’s
patrols particularly lean toward
microwave because it provides suf-
ficient channels to handle consid-
erable essential traffic which often
crowds mobile radio systems,
Shown here is a maintenance
technician for the Colorado State
Patrol, Denver, Colo., working on
system equipment. General Elec-
tric Quadriphase equipment em-
ploved in the system features

ELECTRONIC INDUSTRIES -

swing-out panels for easy servic-
ing.

Electric utilities are also show-
ing interest in Microwave com-
munications systems. An example
is the El Paso Electric Company.
Included in the El Paso system is
the longest reflected microwave
hop in private industrial use in the
United States. Huge mirror-like
reflectors, 20 ft square, relay in-
telligence eliminating the need for
repeater stations. An 80 watt am-
plifier is used to provide the high
gain necessary to meet path mar-
gin requirements.

Technician working
on the Denver, Col.,
police multichannel
microwave system.
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ONTINUOUS wave (CW) radar
is superior to other types for
airborne Doppler navigation sys-
tems because it provides lighter,
simpler, more reliable and more
compact equipment for comparable

flight requirements. Ryan Aero-
nautical Company, San Diego,
Calif,, is demonstrating these ad-
vantages in producing CW radar
navigators for Army and Navy air-
craft, and hovering systems for
Navy helicopters.

Continuous wave and pulse type
Doppler navigators use the “Dop-
pler effect” to obtain essential navi-
gational data for an aireraft in
motion. This requires the trans-
mission of radar energy from the
aircraft and the reception of the re-
flected waves which bounce back
from the earth or sea. By measur-
ing the apparent shift in frequency
of the reflected energy, due to the
movement of the airplane, an ac-
curate measurement of ground ve-
locity can be obtained.

Continuous wave radar systems
can transmit and receive this
energy simultaneously and continu-
ously. Pulse type radars ecannot.
They must transmit radar energy
in short pulses, or ‘“bursts,” then
stop to “hear” the returning echoes.
This means that CW systems re-
ceive data 1009 of the time-—con-
tributing to highest accuracy. Pulse
systems have a lower data receiv-
ing rate, and under certain altitude
conditions receive none at all.

Inherently, CW systems have no
altitude limitations, operating ef-

What's New . . .

Dipped sonar mission
is made possible by
Ryan CW velocity
indicator which per-
mits hovering at any
altitude down to zero.

ficiently from zero altitude to above
70,600 ft. This capability makes
Ryan systems uniquely useful for
low altitude . helicopter anti-sub-
marine missions. These hovering
operations require precisely pat-
terned flights, usually at altitudes
below 200 ft.

Pulse type systems cannot oper-
ate at very low altitudes, or below
200-300 ft, because they cannot
transmit and receive at the same
time. At these low altitudes, the
transmitted pulse is reflected back
so quickly that it arrives while the
transmitter is operating and the
receiver is shut down. The receiver,
then, is “blind” to this echo energy.
These dead areas of reception are
called “altitude holes.” They occur
at successive higher altitudes when-
ever the time required for the

This tiny klystron, created by Varian Associates, provided breakthrough in CW development.

CW Doppler Radar

transmitted pulse to go from the
aircraft to ground and return coin-
cides with the intervals between
pulses, or multiples of them.

Broadly speaking, there are two
ways by which the efficiency of
pulse type systems can be increased.
One method is to increase the “peak
power” of the transmitter. This
creates a stronger signal, but re-
quires more power. The other
means is to increase the pulse
width, in an attempt to approach
the CW concept. This method also
requires more power, and the ef-
ficiency level is still below that of
a CW system, which is operating
continuously.

The Ryan CW direct-to-audio de-
tection technique employs a micro-
wave crystal mixer and a Doppler
amplifier. In addition to the re-
ceived signal, a small portion of
the transmitter energy is coupled
into the crystal for proper excita-
tion. Thus, the difference fre-
quency, or Doppler signal, is ob-
tained directly from the crystal
output. Intermediate frequency re-

(Continued on page 190)




NEW fluorine-based elastomer

which resists oils, fuels, and
solvents at high temperature, has
been adapted to a recently devel-
oped wiring fastener, making it
useful for missiles and high-speed
aireraft. A synthetic rubber manu-
factured by Du Pont, it is called
“Viton.”

The fastener consists of a U-
shaped nylon cradle and a flexible
clip of “Viton” which cinches
across the open end of the cradle
and locks under inverted lips, hold-
ing a bundle of wires securely in
place. Not only does this fastener
provide a neater and more secure
wire bundle than tape, string, or
wire wrapping, but it can be in-
stalled in about half the time.

The fastener was designed origi-
nally with a clip of neoprene syn-

Missile

Wiring Fastener

Easy application,
adaptability to vari-
ous sizes, and neat-
ness of this new
“Viton” cradle clip
wiring fastener are
demonstrated on this
model.

thetic rubber. This combination of
materials still is available and will
give excellent service under most
conditions. But with temperatures
as high as 300°F., accompanied by
the presence of lubricants, aromat-
ic fuels, hydraulic fluids, and other
strong oxidizing agents, “Viton”
is required for the clip material.
“Viton” has the further advantage
of being even more resistant than
neoprene to ozone, sunlight, and
weather. Four sizes are available

to accommodate bundles of wire
from Y4-in. to 2 Y4-in. in diameter.
If an anchoring system is used,
the cradles may be screwed to sup-
porting members before fastening
the wire bundles.

The fastening system, marketed
as “Insuloid Cradle Clip System”
(U. 8. patent applied for), is
manufactured in both the United
States and Canada and sold by
Electrovert Inc., 124 East 40th
Street, New York 17. New York.

#

An Improved Audio-Frequency Volt-Ammeter

CCURATE voltage and current
measurements are now pos-
sible over a frequency range from
5 to 50,000 cps with a self-con-
tained, portable volt-ampere con-
verter recently developed at the Na-
tional Bureau of Standards. The
increasing use of audio frequen-
cies, especially in airborne devices,
has made necessary the develop-
ment of special equipment and
transfer standards for tests of in-
struments operating in this range.
As the primary electrical units ara
maintained by dc standards, all ac
measurements of voltage, current,
and power are actually based on
transfer instruments, which are
standardized on direct current and
then used on alternating current.
The instrument was designed
and constructed for the NBS Elec-
tronic Calibration Center at Boul-

ELECTRONIC INDUSTRIES -

der, Colo. It has 12 voltage ranges
from 0.5 to 600 v. and 11 current
ranges between 7.5 and 20 amp.
These ranges may be used either
for de or ac measurements with a
1.5 v. potentiometer or for ac-dec
transfer tests of instruments.

The improved volt-ammeter util-
izes a thermal converter as the sen-
sitive component. This consists
essentially of a conductor, heated
by the ac to be measured, and a
thermocouple, thermally attached
near the center of the heater. The
heater is connected in series with
appropriate resistors for voltage
measurements and in parallel with
appropriate shunts for current
measurements.

The output emf produced in the
thermocouple is first balanced
against the voltage from an inter-
nal de “bucking circuit.” Then the

November 1958

heater is switched to an internal
de circuit, which is adjusted to give
the same output emf and therefore
equivalent heater current and volt-
age drop. A simple multiplication
of the voltage measured across a
portion of this de circuit yields the
unknown alternating voltage or
current. The 7.5 ma thermal con-
verter used has excellent transfer
characteristies, its ac-de difference
being less than 0.019 at audio fre-
quencies.

Changes in heater resistance are
compensated by connecting addi-
tional resistors in the circuit. The
accuracy of the instrument is de-
pendent only on the potentiometer
used to measure the voltage and on
the highly stable internal resistors.

Relatively simple switching per-
mits the same resistors and shunts

(Continued on page 190)
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Fig. 1: Toroidal core NN \
is made of ferrite \,
under test and \
wound with the r-f

coil.

Fig. 2: Effect on r-f winding when the magnetizing force is changed.
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Reversing
Ferrite
Temperature
Coefficients

The presence of a dc magnetic field
produces changes in the temperature
coefficient of incremental permeability
of ferrites and garnets.

A thorough investigation, and

its results, are presented here.

URING the development of ferrite saturable core

reactors in our laboratory, a pronounced change in
the ferrite temperaturs coefficient of permeability was
noticed in the presence of a magnetic field. It was
decided to investigate this phenomenon more closely.
The results of the investigation are described here.

Ferrites Tested

Two ferrite materials were chosen for extensive
tests: Ceramag 27 made by Stackpole Carbon Co. and
Croloy CR-20 made by Henry L. Crowley & Co.

Ceramag 27 material has very high permeability
(920) and is suitable for frequencies up to approx.
1.5 Mc (for a minimum Q of 20). It has a very low
temperature coefficient of permeability in the absence
of magnetic fields, Fig. 4, which is fairly constant
down to —60° C.

The CR-20 material has medium permeability
(150) and is suitable for frequencies up to approx.

ELECTRONIC INDUSTRIES + November 1958



8 McC. It also has a low tempera-
ture co-efficient, Fig. 3, and Iis
satisfactory for operation down to
—60° C.

Procedure

The materials used were of a
toroidal shape and were assem-
bled in laminated yokes, Fig. 1.
The r-f coil was wound on the fer-
rite toroid and the two control
coils of 368 turns each, placed on
both legs of the U-shaped yoke,
provided the magnetomotive force.

The change in inductance of the
r-f winding, with changes in mag-
netizing force, was measured at
room temperature of 20° C. The
curves for both materials are
shown in Fig. 2. For simplicity
the current in the control wind-
ings is used instead of the actual
magnetizing force. The difference
between the two is approximately
constant, depending on the number
of turns in the control winding and
the length of the magnetic flux
path. It can be seen from these
curves that at 100 ma. the CR-20

material is approaching satura-
tion, while the Ceramag 27 mate-
rial  still changes inductance
rapidly.

Findings

Fig. 3 shows the change of in-

ductance, or permeability, with
temperature for different flux
densities. The material tested was

CR-20 ferrite. It can be seen that
the positive temperature coeflicient
of permeability, usually associated
with ferrites, applies only at very
low flux densities. At high flux
densities the coefficient changes
polarity and becomes negative. The
numerical value of the coefficient
increases with flux density until
saturation of the ferrite is ap-
proached.

Fig. 4 illustrates the effect of
flux density on the temperature co-
efficient of permeability for the
Ceramag 27 ferrite. The same
trend is apparent. As expected,
the temperature coefficient is larg-
er, because of the very high per-
meability.

Both of these materials were
chosen because of their compara-
tively high stability in their re-
spective ranges. They do not ex-
hibit any discontinuities in their
characteristics in the commonly
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Fig. 3: Change of
inductance for dif-
ferent flux densities
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Fig. 4: For Ceramag
27 the effect on
the inductance is
much greater at the

t

U

L
higher flux densities. <2 s

used temperature range of —60° C
to -+-80° C, which were common
in the early high permeability fer-
rites.
Garnet Test
For comparison, tests were made
on a sample of Yttrium garnet
obtained from Microwave Chemi-
cals Laboratory, Inc. As far as we
know, this is one of the first appli-
cations of this materal for satura-
ble ecore inductors at low radio-fre-
quencies. This material is usually
used to replace ferrites in the
microwave range,
Because of the different applica-
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tions for which the garnets were
developed some of their character-
istics, applicable to the low fre-
quency saturable core inductor use,
are not known. Initial tests on the
available sample indicate that its
low frequency permeability is ap-
prox. 400. The material used was
suitable for initial frequencies up
to approx. 1.5 MC and was rather
easy to saturate.

Fig. 5 indicates the change im
inductance with the magnitude of
the saturating field. Unfortunately
this figure cannot be compared di-
rectly with the curves for the two
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Ferrites (Concluded)

ferrites tested, since a different
physical configuration had to be
used to accommodate the shape of
the available garnet. The number
of turns of the control winding
was 4000, but the efficiency of
the saturating field structure was
lower than previously. The maxi-
mum inductance change can also
be increased by using a more fav-
orable shape of the garnet.

The effect of magnetic field on
the temperature coefficient of per-
meability of the garnet is pre-
sented in Fig. 6. The behaviour is
as expected and is very similar to
that of the higher frequency fer-
rites, but the permeability is con-
siderably higher. Without any
magnetic field applied, the tem-
perature coefficient is positive, As
a magnetic field is applied the tem-
perature coefficient ‘goes through
zero and then becomes negative.
Its value increases with the applied
field. The temperature coefficient
of the coil does not increase at
very high saturation levels since
then the total inductance is mainly
determined by the coil alone and
not by the garnet,

Applications

Numerous samples of ferrites
were tested during this investiga-
tion and the results were very con-
sistent. In view of this, several
interesting applications become
obvious. One of the more impor-
tant ones would be a zero or ad-
justable temperature coefficient
coil. Since the change of polarity
of the coefficient occurs at rather
low saturation levels, most of the
initial permeability is still avail-
able. Therefore, high inductance
coils with a specified low positive
or negative temperature coefficient
can be constructed. Since the re-
quired fields would be low, a perma-
nent magnet could be used to sup-
ply the necessary field.

While our experience with the
garnets at these frequencies is
rather limited at the present time,
the preliminary results indicate
that their stability with tempera-
ture is better than that of ferrites
of comparable high permeability.
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meability,

It is therefore possible that they
are inherently more stable and
thus more suitable for applications
which require swept frequency cir-
cuits. Otherwise, in performance,
they are very similar to compara-
ble ferrites for low frequency ap-
plications,

It should be pointed out that the
temperature coefficient of the coil
was neglected in this discussion,
since it is at least an order of mag-
nitude lower and would be rather
difficult to measure. Slight wavi-
ness of the curves may be attrib-

ELECTRONIC INDUSTRIES -

[ +Z6 +40Q +eQ +80

TEMPERATURE, DEGREES CENTIGRADE

uted to the accuracy (10% or bet-
ter) of test equipment used and to
measuring techniques since the
readings were taken every few
hours to allow the coils to stabilize.
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External view of the simulator cockpit and
12 x 15 #. screen on which TV image is
projected. Pilot can then see his position
and altitude in relation to an airport.

DC-8
Flight

Simulator

A miniature relief map, built to a 300:1 scale, is scanned by a TV camera on a travelling
crane (center) in the “map room” of the Douglas DC-8 Simulator. Movement of the
camera is governed by the electronic response of the simulated Jetliner to the pilot’s con
trols, and an enlarged image is projected on a large screen in front of the simulator cockpit.

Pilots learning o fly the DC-8 will have their first “‘check out” in this
simulator produced by Link Aviation, Inc. A portion of the cockpit
and some of the projected image of a landing field are shown.

Course of simulated flight is traced on these maps in the control
room. Operator makes appropriate tower and check-point communi-
cations. Radio and navigational signals introduced by controls at right.
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Pulse Modulation Designers,

Treat Spark Gaps as Components

The design of spark gaps has advanced to the point where
these devices, formerly a second thought of the designer,
now deserve prime consideration as protective compon-
ents. Questions of critical importance are answered here.

By KEITH W. OLSON

Sr. Project Engr. Electron Tube Sect.
Red Bank Div., Bendix Aviation Corp.
Eatonfown, New Jersey

N the past, spark gaps have generally been con-
sidered for use principally as brute force devices.
They were used in protection against very high
power surges, as high power energy transfer devices,
and, in some cases, as very jittery driver tubes for
early modulators. As a laboratory device large sphere
gaps have been used as high voltage “meters.” In
general, all of these units have been cumbersome, and
with few exceptions highly specialized in their appli-
cation.

In the last 10 years, much progress has been made
in the design and process control of hermetically
sealed spark gaps. Now information may be sup-
plied to the systems designer to enable him to con-
sider the spark gap as a protective component.

Considerations

In general, a pulse modulator systems designer
initially considers the use of the usual components
per his rated electrical requirements. Frequently, he
may consider a clipper diode across the PFN but no
further protection. In airborne systems, or systems
in which at least part of the modulator is remote
from the operator, size is a very definite considera-
tion. Further, most modulators drive magnetrons.

Unfortunately, the present state of the art of
magnetron construction is such that magnetrons do
misfire and they do arc back. With this thought in
mind, the systems designer, by not considering a pro-
tective device, could be faced with a paradox. The
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bulk of the totality of components could force his
system to be larger than the physical space available,
if he were to rate all components high enough to
be assured of not losing them at the first fault con-
dition.

Let us consider various features of the pulse modu-
lator from a protective standpoint. The questions
and answers given are of critical importance to the
systems designer. We will concentrate principally on
protection of the pulse transformer. Throughout, the
terms “normal operating voltage” and ‘“operating
voltage” will be used in referring to the voltage
appearing at the pulse transformer secondary when
the magnetron is firing normally. The term “insula-
tion rating” will refer to the insulation breakdown
rating of that secondary.

Missing Pulse

1. Q. For a missing pulse, which could occur for
any of several reasons but particularly because of
magnetron misfire, what ts the open circuit voltage
that appears across the secondary of the pulse trans-
former?

A. Frequently at the secondary of a pulse trans-
former the open circuit voltage, when the magnetron
misfires, may be 5-10 times the normal operating
voltage. In the past, pulse transformers generally
have been built with insulation ratings adequate to
handle such open circuit voltages. It is a fair ap-
proximation that the size and cost of a pulse trans-
former would be linear with its insulation rating.
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Pulse Transformer

2. Q. If it would be necessary to rate the pulse
transformer and PFN at a sufficient insulation break-
down to protect against open circuit voltages, whal
additional size and cost would be mecessary?

A. Present applications demand much smaller and
generally less costly pulse transformers so insulation
ratings can drop to about 200% of operating voltage.
More recently, units with insulation ratings of 170%
of operating voltage are being used, and projected
units may have ratings of 150% of operating voltage.
To the systems designer this means that he must
protect because he cannot over-rate. His question
then is “How can I protect?”

Successive Missing Pulses

3. Q. In the case of successive missing pulses, what
voltages appear on the PFN, on the magnetron, and
on the thyratron.

A. Before the systems designer can decide on any
particular kind of protection, he must be assured that
the protective devices are available over the appro-
priate voltage ranges. Production gaps are available
in the range of 400 to 50,000 v.

Transformer Insulation

4. Q. Even if an occasional missing pulse spike
does mot puncture the transformer insulation, how
many spikes and what amplitude can the pulse trans-
former stand?

A. Assurance must be had that the tolerances on
the protective devices are adequate to guarantee that
the device always will fire when the fault condition
exists and never will fire during normal operating
conditions. This assurance is guaranteed by the fol-
lowing procedure:

Pulse testing of present gaps is divided into two
tests. The first test is the Initial Pulse Breakdown.
If unloaded pulses of increasing amplitude are ap-
plied, at the repetition rate specified, to the gap
after the gap has not been operating for a period of
the order of minutes or more, the initial pulse break-
down is the first breakdown. The second test value,
called the Repetitive Pulse Breakdown, is the ampli-
tude of the pulse appearing across the gap as the gap
is firing at the rate specified. In general, the initial
pulse breakdown is higher than the repetitive pulse
breakdown because of the finite deionization times of
most existing units.

With these considerations in mind, present produc-
tion units are being built to Initial Pulse Break-
down specifications of a common center value =139
and Repetitive Pulse Breakdowns around a different,
lower, center value also with a tolerance of +13%.
In general, these ranges overlap. Consequently, this
implies a total spread of =+=20-25% around Ssome
nominal center for the overall gap performance.

For example, in Fig. 1 we see schematically the
voltages of importance to the systems designer. The
ordinate is plotted in units of the mormal operating
voltages. The left half of the figure shows various
voltages which could appear at the pulse transformer

(Continued on page 185)
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Fig. 1: The relative voltages at the pulse transformer secondary.
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Fig. 2: The three important pulse characteristics are: t,, rise time;
t,, pulse width at 50% amplitude; and, prr, pulse repetition rate.
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For the Designer . . .

A REPRINT
of this article can be obtained by
writing on company letterhead to
The Editor
ELECTRONIC INDUSTRIES
Chestnut & 56th Sts., Phila. 39, Pa.

Using Cascading Charts

Presented with the required voltage gain and bandwidth,

the circuit designer can now readily determine the number
of transitionally-coupled double-tuned interstages needed.

Results are given for equal and one-sided damping.

'l‘WO types of transitionally-
coupled (maximally flat) double-
tuned amplifier interstages are
considered in this article. In both
types, Fig. 1, the primary and sec-
ondary resonant frequencies (each
measured with the other side
shorted) are equal. In Type I, the
primary and secondary dampings
are equal, but in Type II, all the
damping is on one side, so that the
other side has a large value of Q.
The damping may be placed on
either side—the choice is dictated
by practical considerations. At
high frequencies, however, the grid
side is considered to be the better

choice. The capacitances, C; and
C,, consist only of the distributed
capacitances.

Interstages such as those shown
in Fig. 1 can be used as building
blocks to design broadband, high-
gain amplifiers. The charts pro-
vided eliminate the guess work
and trial and error involved in de-
termining the number of stages
required in a cascade to obtain a
given center - frequency voltage
gain and a given 3-db bandwidth.

Using the Charts

The data usually supplied to a
designer are the required voltage

M
N
% R, [ L, Le =RCe Re %
Type I
M
N
Fig. 1: Both of these
interstages have
=L L, =€, SR, equal resonant fre-
quencies; Type | has
equal damping, Type
il unilateral.
Type II
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gain and the required bandwidth.
From Figs. 2 and 3 the designer
can determine the number of
double-tuned interstages needed to
meet these requirements. Fig. 2
is to be used for Type I inter-
stages; Fig. 3 for Type I

The type of vacuum tube to be
used must first be chosen. Then
the gain-bandwidth product, or fig-
ure of merit, F, of the tube must
be determined. This is given by:
F = gm
2r \/ C, C,

where g,, is the transconductance
and C; and C, are the output and
input capacitances, respectively, of
the tube including all distributed
capacitances when actually wired
into the circuit.

The next step is to determine the
normalized bandwith, which is the
ratio of the required bandwidth to
the figure of merit. That is,

B

8 = —
F

normalized bandwidth

where 8
B
F = tube figure of merit

required bandwidth

The charts are entered with 8
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and the voltage gain in decibels as
coordinates. Any line lying above
the point so defined represents a
satisfactory solution; the most eco-
nomical solution is represented by
the nearest line above the defined
point. The value of n given on the
line is the number of stages neces-
sary.

Example

It is desired to determine the
number of transitionally-coupled
double-tuned stages to achieve a
3-db bandwidth of 10 Mc and a
center frequency voltage gain of
63 decibels.

The tube to be used has a g,
of 3000 micromhos, and the circuit
capacitances are: C;, = C, =
10 ypf. From the values given, it
is found that:

3 X 1073
2r X 10 X 1072

= 48 me
Then
g = 10 = 0.208
S

The dotted lines in Figs. 2 and 3
indicate the solutions: 6 stages of
Type I; or, 4 stages of Type II.

Derivation

Valley and Wallman! give the
following formulas for transition-
ally-coupled double-tuned inter-
stages: The gain-bandwidth prod-

uct of n identical cascaded
stages is:
AB = V2 (g _ 1) _ Bm
2xV C G,
=V2F@nh 14 (TypeD
AB =2 (2 — 1y gm
2r \/ C1 Cz
=2F (2/n — 1)1 (Type II)
where
A, = center frequeney voltage gain of
one stage
B = over-all 3-db bandwidth of n
stages.

The voltage gain for n stages
becomes:

\/3 un . 1)U/ !
A, = [——(ﬁ— ) , Type I

2 (2Un — 1)1/4 n
A, = I:_(_ﬁ—) —] , Type 11

1. G. E. Valley, H.L Wallman, Vacuum
Tube Amplifiers, M.I.T. Rad. Lab. Series
No. 18, McGraw-Hill Book Co. N. Y.,
1948, p. 211.
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Fig. 2: Curves for n cascaded Type |, equal damping, maximally-flat interstages.
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Fig. 3: Curves similar to Fig. 2 except for use with Type |l amplifier interstages.

A, can be expressed in decibels by
taking 20 logys A,. The results

are:
Ap (db) =.3n 4+ 5n logwe (2V/» — 1)

— 20n logye B, Type I
A, (db) = 6n 4+ 5n logy, (2V/» — 1)

— 20n loge 8, Type IT

If B is plotted horizontally on a
logarithmic scale, and A, (db) is
plotted vertically, each value of n
will determine a straight line.
Families of such lines are plotted
in Figs. 2 and 3.

The credit for using a logarith-
mic horizontal scale and a decibel

November 1958

vertical scale to get straight line
plots must go to B. A. Wightman?
who drew such lines for cascades
of maximally flat amplifiers, each
amplifier consisting of stagger-
tuned single-tuned circuits. Wight-
man also gives the formulas for A,
without deriving them and without
providing charts for the double
tuned circuits.

2. B. A. Wightman, “A Graphical
Method for Determining the Number and
Order (N) of N-uples in Stagger Tuned
Amplifier Design,” Report ERA-212, Na-
tional Research Council of Canada, Radio
and Electrical Engineering Division, De-
cember, 1951.

* * *



By DR. DANIEL LEVINE

Consulting Engineer
3826 North 55th Drive
Glendale, Arizona

Selection of the dynamic compression curve for a radar receiver is a system

problem influenced by several factors. A discussion of some of these factors

is included with a graphical analysis of the different types of receivers.

Dynamic Compression
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Fig. 8: The procedure for determining the film density.
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The Editor
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Radar Receivers

Part Two of Two Parts

Photographic Recording

a. General—The discussion of the preceding was
devoted to receiver performance in terms of CRT
brightness. The implication was that a human ob-
server was utilizing the displayed information. If,
however, the output of the CRT is to be recorded on
film, the characteristics of the film must be taken
into account.

b. Linear Density Receiver — The procedure for
determining film density is illustrated in Fig. 8,
which is drawn for the lin-log receiver discussed
earlier. The H and D curve in the upper left quadrant
has 10 log (exposure) for its abscissa rather than the
usual log (exposure); thus, its units match those of
the brightness scale in the lower left equadrant.”
The basis for this correlation of scales is the equation

10 log (exposure) = 10 [log (intensity) + log (time)]
brightness + 10 log (time).

Consequently, if the signal duration is independent
of its intensity, the scales can be matched. In Fig. 8
the density of 3.0 was arbitrarily set to coincide with
a brightness of 30, and the curve was drawn to scale
according to Eq. 25% Since many measurements of
radar films developed to realize this H and D curve
have shown a peak density of 2.2, some justification
of this step is necessary. The higher value of density,

(25)

f Since the standard H and D curve does not include the effect
of camera flare, Jones and Condit employ a modified curve in
their analysis of photographic images (e. g., Fig. 324, p. 916).
Since a suitable flare factor has not been determined, this re-
finement was not included.
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while admittedly arbitrary, can be approached by the
following means: (1) employing a lens having a
wider aperture, (2) using faster film, and (3) in-
creasing the anode potential, since intensity is given
by Lenard’s equation,®® light intensity o I(V - V,),
where I is the anode current, V is the anode potential,
and V, is the lowest anode potential at which phos-
phorescence is observed. Of course, a different film
type or an increase of anode potential would change
the curves of Fig. 8, and the details of this discussion
would be altered. These considerations emphasize the
“systems” nature of the problem of specifying
dynamic compression.

Using the method outlined above, density curves
for the receivers described earlier were prepared
(Fig. 9). The toe of the H and D curve depresses
the low-signal ends of these curves as compared with
the low-signal ends of the curves shown in Fig. 7.

A new receiver, the linear density receiver, appears
as a straight line between the end points of the lin-
log receiver. By performing in reverse order the steps
indicated in Fig. 8, the dynamic compression curve
for this receiver may be obtained.

To apply photographic recording methods to a sys-
tem, it is necessary to obtain both CRT- and film-
characteristic curves. Neither curve is readily

¢ After completion of this section it was realized that a more
reasonable procedure would be to associate points at the low
density portion of the film, or else to position the H and D
curve so that both toe and shoulder are within the range of
the exposure interval. Consequently, the statement in the sum-
mary of this report is in accordance with this footnote rather
than with the main text.

b See Eq. 15.18, p. 427.

List of Symbols

D = dynamic range of the input signal, expressed in db above
noise of the maximum signal level.
GL = voltage gain in a linear receiver.
I = anode current.
P = plateau level in contrast receiver, expressed as voltage
ratio vom+/ VoM.
V = anode voltage. .
V, = lowest anode voltage at which phosphorescence 1s ob-
served.
vi = input voltage to receiver. ) ithmi
vie = input voltage at the crossover from linear to logarithmic
compression of a lin-log receiver.
viy = maximum input voltage. o of
viM: = maximum input voltage before “plateau saturation oI a
contrast receiver or for change of slope of a bilinear
receiver. | )
viy = Input noise voltage to receiver.
v, = nuItput voltage of the receiver measured at the cathode-
ray tube. . . .
Ve = output voltage at the crossover from linear to logarithmic
compression of a lin-log receiver. . ;
Ve = Muximum output voltage, determined by saturation o
the crt. . i
Vou: = output voltage for “plateau saturation” of contrast
receiver.

Von = output hoisc voltage.

measured, and their association also offers difficulty.
All problems of this type disappear if measurements
of CRT grid voltage against film density are made
directly, with use being made of the actual indicator
and optical system for the installation. If measure-
ments are made in this way the influence of spectral
response, reciprocity failures, periscope mirrors,
sweep speed, pulse-repetition rate, scan speed, lens
aperture, etc., are all included in the result.
(Continued on following page)

Fig. 9: All of the receivers density curves are shown together to readily permit comparison.
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Dynamic Compression (Concluded)

When the receiver performance has been carried
through to include the negative there is no difficulty
in extending the analysis to cover a positive print or
transparency. Since this subject has been treated” it
will not be discussed here. With the background of a
linear brightness and a linear density receiver it is
obvious that no difficulty would be experienced in
describing a receiver that is linear in terms of the
print characteristics.

Summary

Selection of the dynamic compression curve for a
receiver is a system problem influenced by the
strength of important targets and their relative
frequency of occurrence, as well as by whether the
display is to be viewed by a human observer or re-
corded on film, and whether an image on the negative
is to be analyzed directly or printed on film or paper.
In short, system compression must be selected before
the receiver compression can be decided.

If, for the purposes of this summary, it is assumed
that the desired system behavior is that of a linear
density type, the following steps must be taken to
obtain the receiver dynamic compression curve:

1. A set of curves must be obtained for density vs.
grid voltage applied to the crT for different
development times, using the following: (1) the
specified indicator (or equivalent), phosphor,
sweep speed, prf, and scan speed; (2) the specified
optical system, including periscope mirrors, filters,
and camera lens; and (8) the specified film,
developer, and developing procedure.

2. From the set of curves obtained, one is selected
on the basis of having a satisfactory range of
densities, with the lowest usable density occurring
at a fairly low drive voltage. If no curve is suit-
able, it is necessary to redesign the indicator or
the optical system before proceeding to the next
step. The curve selected is placed in the upper
left quadrant (Fig. 10).

3. With selected minimum and maximum densities,
the linear density system response may be drawn
in the upper right quadrant, based on the specified
dynamic range of signals.

4. The mean mnoise voltage is computed, based on the
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Fig. 10: Finding receiver compression for a linear density receiver.

receiver specification. The difference between this
value and the voltage corresponding to the mini-
mum density is the bias voltage to be applied to
the CRT. This information permits the drawing of
the lower left quadrant of Fig. 10.

The receiver compression curve follows by simple
point plotting, with the final result being placed
in the lower right quadrant.

.Ul
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CLOSED-CIRCUIT TV as a teaching aid is encoun-
tering mixed reactions. The report on the first year
of a three-year experiment in Chicago City Junior
College enthusiastically recommends closed-circuit
TV, points out the students were hardworking and
enthusiastic and appear to be more strongly moti-
vated than the regular in-class students. Their aver-
age age was 35, sixteen years beyond the average
age of day students. The college courses were being
otfered over open-circuit television. One of the sig-
nificant points in the report was that college instruc-
tion was being made available to students who nor-
mally would be unable to attend college classes.

84

Another experiment, at Los Angeles City College,
and using closed-circuit TV for classroom instruc-
tion has been termed “a costly failure.” It was a
complete reversal from a preliminary find made last
fall after the first year of the 3-year pilot study. The
report by the City Board of Education said that the
system had “devitalized teaching” and did not help
to alleviate the teacher shortage. In the experiment
a single instructor was simultaneously lecturing to
500 students. The monitor, however, was present.
The report suggested that the detached classroom
would have been better off if the monitor had been
employed in active instruction.
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Do ... for the Electronic Industries

WIDE-BAND RECEIVER

The Model 301 is a high-sensitivity
receiver for intercept and analysis of
pulsed signals over wide frequency
ranges. Comprised of 4 traveling
wave tube pre-amplifier-crystal video

SPECTRUM ANALYZER

A new microwave analyzer having
wide dispersion has been developed.
The Model TSA-W permits visual
analysis of microwave pulse signals
in the 10 to 44,000 McC range. It

ANTENNA ROTATOR

A high speed, power-driven rotator
for microwave antennas, the VAR
Variable Speed Antenna Rotator, is
now available. The device accommo-
dates antennas up to 200 lb. It will

channels, the receiver provides cover-
age of the 1000 to 12,000 Mc spec-
" trum. Total frequency coverage is
divided in three 2:1 bands and one
1.5:1 band. Each channel provides
a stretched (300 usec) output for
recording and aural monitoring, and
an unstretched output for pulse
width and prf analysis. Granger
Assoc., 966 Commercial St., Palo Alto,
Calif.

Circle 203 on Inquiry Card, page 149

ZIPPERTUBING

A copper shielding method which
supplies a copper shield and a jacket
for wires in a single operation is
now available. Copper shielded zip-
per-tubing is closed by a plastic or
metal zipper track and thus may be
zipped around wires and cables. For
regular r-f shielding, either the cop-
per or an aluminum foil is laminated
to a vinyl saturated fiberglas to pro-
vide grounding of r-f interference.
For magnetic shielding, Co-netic

steel laminated between layers of in-
sulating materials is also available.
Zippertubing Co., 752 S. San Pedro
St., Los Angeles, Calif.

Circle 204 on Inquiry Card, page 149

ELECTRONIC INDUSTRIES -

analyzes pulses as short as 0.1 micro-
seconds. The instrument provides
frequency dispersion up to 70 McC.
It may be used for all microwave
spectrum analysis work. For wide
pulse analysis the instrument pro-
vides a narrower display bandwidth
with 7 KC resolution. It features a
logarithmic amplitude display. Polar-
ad Electronics Corp., 43-20 34th St.,
Long Island City, N. Y.

Circle 205 on Inquiry Card, page 149

SILICON RECTIFIER

The addition of a new member to
their low current silicon rectifier
family has been announced. Desig-
nated as the “H” series, this “top hat”
type hermetically sealed silicon recti-
fier features a welded case and extra
heavy duty junction for high relia-
bility. Ratings range from 100 to 600
peak inverse volts and 750 ma at
55° C. In addition to its small size,
the low price resulting from mass
production, and availability from

stock of many ratings should make
this a popular low current rectifier.
Sarkes Tarzian, Inc., Bloomington,
Indiana.

Circle 206 on Inquiry Card, page 149
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simultaneously tilt the antenna ugp to
180° and rotate 370° at variable
speeds up to 30° per second. The
rotator is remotely operated by means
of a variac control and joy stick.
Position indicators for both azimuth
and tilt are in the control panel. It
is built for service under severe
weather conditions. Houston Fearless
Corp. 118183 W. Olympic Blvd., Los
Angeles, Calif.

Circle 207 on Inquiry Card, page 149

REFERENCE GENERATOR

The Manson Model RD-170 gener-
ates both sinusoidal frequencies of
100 Mc and 1000 McC and harmonic
signals covering a major portion of
the microwave spectrum. Output
frequency stability is governed solely
by the stability of a 1 Mc signal
which it uses for a reference. The
unit is intended for use as a precise
source for reference, monitoring, or
calibrating purposes. The power
delivered is 100 mw across 50 ohms.

The generator employs crystal syn-
thesizer design techniques. Manson
Labs., Inc., P. 0. Box 594, Stamford.
Conn,

Circle 208 on Inquiry Card, page 149
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New Microwave Products

"ATOMIC"™ AMPLIFIER

The “atomic” ampli-
fier, shown demon-
strates the possible
et Voo ‘ " o uni-lateral {one-way)

s gain in microwave
energy of two elec-
trically isloated cav-
ities which are con-
nected only by a
beam of neutral am-
monia gas molecules
without aid of elec-
tronic effects. Philco
Corp.

Circle 161 on Inquiry Card, page 149

"A" FRAME FOR REFLECTORS

A 3-point suspension
mounting frame for
spun aluminum para-
bolic reflectors can
be adjusted indepen-
dently. The 3 load
points absorb equal
wind forces and of-
fer maximum resis
tance to antenna
twisting with mini-
mum tower reaction
stresses. Gabriel
Electronics Div.

Circle 162 on Inquiry Card, page 149

IMAGE-REJECTION FILTER

Compact, single-sec-
tion, dual mode fil-
ter designed for
lower power use in
X-band systems,
employs two orth-
ogonal TE.,; modes.
Filter provides per-
formance equaling
that of a two-sec-
tion filter. Insertion
loss is less than 1.0
db and VSWR is less
than 1.20. Airtron
Inc.

Circle 163 on Inquiry Card, page 149

ROTARY WAVEGUIDE SHUTTER

Rotary waveguide
shutter for use in
RG-52/U X-band,
exhibits greater than
30 db attenuation
over the band. In
the closed position,
shutter sharply at-
tenuates radar leak-
age power from
nearby radars thus
preventing degrada-
tion or burnout of
diodes in radar re-
ceiver. Microwave
Associates, Inc.

Circle 164 on Inquiry Card. page 149
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SLOTTED LINE

Designed primarily to
cover 2600 to 40,000
MC using one car-
riage and appropri-
ate slotted sections,
the instrument fea-
tures speed and ease
of measurement at
the testing bench.
The carriage accom-
modates slotted sec-
tions ranging from
Ka through S-Band.
Sage Labs., Inc.

Circle 165 on Inquiry Card, page 149

WAVEGUIDE WATERLOAD

A broad-band, power
absorbing, waveguide
waterload, the B-
570, absorbs up to
400 watts of CW
power over the fre-
quency range of 4.95
to 10.5 KMC, and
the VSWR is under
1.20 over this range.
This represents a
reflected power of
under 1%. Bomac
Laboratories, Inc.

Circle 166 on Inquiry Card, page 149

TRAVELING WAVE TUBE SHIELD

A ducted Netic
traveling wave tube
shield which directs
the magnetic field
developed by the
enclosed solenoid
structure, acts as a
diversionary shield
for fields originating
in associated equip-
ment, and provides
more uniform cool-
ing. Magnetic Shield
Div. Perfection Mica
Co.

Circle 167 on Inquiry Card, page 149

WAVEGUIDE SWITCHES

Rotary waveguide
switches for general
purpose applications.
These switches, No.
39375 and 39475,
are designed for
standby operations
or reversing direc-
tion of transmission.
They have 4 arms,
one of which can be
terminated in a
dummy load. N.R.K.
Mfg. & Engineering
Co.

Circle 168 on Inquiry Card, page 149
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New Microwave Products

PRECISION WAVEGUIDE ATTENUATOR

Specifications  for
the Model DY 5029,
which may be used
as a laboratory or
production instru-
ment, include O-
100 db attenuation,
=+29% accuracy, and
an 8.2-124 KMC
frequency range.
The SWR is less
than  1.15, max.
power is 10 w aver-
age and 5 kw peak.
Dymec, Inc.

Circle 169 on Inquiry Card, page 149

COAX TO WAVEGUIDE ADAPTERS

Adapters are for
special applications
where insufficient
space is available
for standard transi-
tions. Illustrated
are an ‘“‘H” plane
transition with a
maximum height of
% in. and an “E"
plane transition with
a maximum height
of 1% in. Temco
Aircraft Corp.

Circle 170 on Inquiry Card, page 149

HETERODYNE REPEATER

Heterodyne tech-
niques are used in
the 10 w RT-3 for
TV intercity relay-
ing, remote pickups,
and TV-STL. The
repeater relays vis-
ual and aural por-
tions of a TV signal
without  demodula-
tion and features
crystal  control.
Meets color and
monochrome stand-
ards. Adler Elec
tronics, Inc.

Circle 171 on Inquiry Card, page 149

"TEW" RADAR ANTENNA

A scale model of
the U. S. Marines’
“TEW” (Tactical
Early Warning) sys-
tem antenna. The
new system, one-
quarter the size and
weight of previous
systems, has ex-
tended detection
range and accuracy
to pick up super-
sonic targets at ex-
treme ranges. Sperry
Cyroscope Company.

Circle 172 on Inquiry Card. page 149
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SCIMITAR ANTENNA

The Scimitar An-
tenna is a linearly
polarized antenna
that provides cover-
ages in both vertical
and horizontal pol-
arizations. It is de-
signed to handle
500 w of CW power
through a broad-
band, low residual
VSWR, high effi-
ciency matching
network. Tamar
Electronics, Inc.

Circle 173 on Inquiry Card, page 149

X-BAND MICROWAVE WATTMETER

The Type U-182 is
a portable, double-
vine, torque-oper-
ated, feed-through
wattmeter for use
with X-band wave-
guide, size 16. Mea-
surements can be
made in the power
range of 10 to 200
w over the fre-
auency range of
8690 to 9840 MC.
Wayne Kerr Corp.

Circle 174 on Inquiry Card, page 149

OCTAVE BANDPASS FILTER

The Model FS-1
covers the 2 to 4
KMC band with less
than one db inser-
tion loss in the pass
band and greater
than 50 db attenua-
tion down to dc and
up through the X-
band. The filter is
used in broadband
microwave systems.
e.g., eliminating spu-
rious outputs from
TWT circuits. Me-
labs Inc.

Circle 175 on Inquiry Card, page 149

S-BAND MICROWAVE BEACON

A subminiaturized
Radar Beacon Re-
ceiver - Transmitter
iIs a redesigned, rug-
gedized version of
the AN/DPNI19, de-
signed to conform to
MIL - E- 8189 and
MIL-1-6181 and to
withstand the se-
were environmental
requirements of su-
personic airborne ve-
hicles. Resdel Engi-
neering Corporation.

Circle 176 on Inquiry Card, page 149
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1959 Directory of

Microwave Equipment Manufacturers

Latest compilation provides names and addresses of companies
who make the principal microwave products for today's markets.

AMPLIFIERS

Admiral Corp 38500 W Cortland St Chi-
cago 47 111

Aeroncea Mfg Corp Middletown Ohio

Aircom Ine 354 Main St Winthrop Mass

Airtron Ine 110§ W Elizabeth Ave Lin-
den N J

Alfred Electromics 897 Commercial St
P’alo Alto Calif

Amerac Ine 116 Topfield Rd Wenham
Mass

Amerne Ine Dunham Rd Beverly Mass

American Electronic Laboratories 121
N 7th St Philadelphia 6 Penna

American Machine & Foundry Co Gen-
eral Eng’g Labs 11 Bruce Pl Green-
wich Conn

Americean Microwave Corp 11754 Vose
St N Hollywood Calif,

Antennavisfon Ine 2949 W
Phoenix Ariz

A R F Products Inc P O Box 57 Ran-
ton M

Andicon Electronies Inme 216 Lyon St
Paterson 4 N J

Avion Div ACF Industries Ine 11 Park
Pl Paramus N J

Bolton Laberatories Ine¢ W Main St
Bolton Mass

Canoga Corp 5955 Sepulveda Blvd Van
Nuys Calif

Clegxr Laboratories Div  Clegg  Inec
Ridgedale Ave Morristown N J

Ceollins Radio Co 855 35th St N E Cedar
Rapids Towa

Continental Electronies Mfg Co 4212
S Buckner Blvd Dallas 27 Texas

Control Electronies Co Ine 1925 New
York Ave Huntington Sta N Y

Dynawmic¢ Eleetronkes Ine 73-29 Wood-
haven Blvd Forest Hills N Y

Electronie Specialty Co 5121 San Fer-
nando Rd T.os Angeles 39 Calif

Farnsworth Electronic Co DivI T & T
3702 E Pontiac St I't Wayne Ind

F-R Machine Works Ine Flectronic &
X-Ray Div 26-12 Borough Pl1 Wood-
side 77 NY

Gabriel Electronies Div Gabriel Co 135
Crescent Rd Needham Heights 94
Mass

General Eleetrie Co Communications
Prt;duct Dept P O Box 1122 Syracuse
NY

Osborn

Granger Associntes 966 Commercial St
Palo Alto Calif
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Gulton Industries In¢ 212 Durham Ave
Metuchen N J

Haller Raymond & Brown Circleville
Rd State College Penna

llazeltine Klectronies Div  Hazeltine
Corp 59-25 Little Neck Pkwy Little
Neck 62 N Y

Hewlett-Packard Co 275 Page Mill Rd
Palo Alto Calif

International Resenrch Associntes 2221
Warwick Ave Santa Monica Calif

J-V-M Engineering Co 4633 S Lawn-
dale Ave Lyons 11l

Kearfott Co Ine 1378 Main Ave Clifton
NJ

bda-Pacific Engineering Co 14725

Arminta St Van Nuys Calif

Levinthal Electronics Prodmets Inc 3180
Hanover St Palo Alto Calif

Mathis Co G E 6100 S Oak Park Ave
Chicago 38 111

Maxson Corp W L 475 10th Ave New
York 18 NY

Menle Park Eng’z 721 Hamilton Ave
Menlo Park Calif

Microflect Co 2300 S 25th St Salem Ore

Microwave Eng’g Laboratories Inc 943
Industrial Ave Palo Alto Calif

Otis FElevator Co Electronic Div 35
Ryerson St Brooklyn 5 NY

Philco Corp Tioga & C Sts Philadel-
phia 24 Penna

Phileo Corp G &I Div 4700 Wissahickon
Ave Philadelphia 44 Penna

Polarad Eleetronles Corp 43-20 24th
St T.ong Tsland City NY

Polytronic Research Ine 7660 Wood-
hury Dr Silver Springs Md

Pye Teleccommnnieations Ltd New Mar-
ket Rd Cambridge FEngland

Radio Corp of Amerien Commercial
Flectronic Products Front & Cooper
Sts Camden NJ

Ranland-Borx Corp 3535 W  Addison
St Chicago 18 TI11

Resdel Eng’z Corp 230 S PFair Oaks
Ave Pasadena Calif

R S Electronies Corp P O Box 268 Sta
A Palo Alto Calif

Sierra Electronie Corp 3885 Bohannon
Dr Menlo Park Calif

Spectralab  Instruments 404 N. Hal-
stead Ave Pasadena Calif

Sperry Gyroscope Co Microwave Elec-
tronics Div Great Neck NY

Standard Electronies Div Radio Eng'g’
Laboratories 30 & Borden Sts Long
Island City NY

ELECTRONIC INDUSTRIES -

Stavid Eng'g Ine U S Route 22 Plain-
fleld NJ
Technieal 0il Tool Corp 1057 N La
Brea Los Angeles 38 Calif .
Telerad Mfg Corp Route 69 Flemington
J

Telerad Mfg Corp 1440 Broadway New
York 18 Y .
Uniwave Imc 109 Marine St larming-
dale NY

Varinn Associates 611 Hansen Way
Palo Alto Calif

Wave/Particle Corp P O Box 252 Menlo
Park Calif

Westinghonse Eleetrie Corp P O Box
868 Pittsburgh 30 I’enna

White Electron Devices Ine Roger 92
4th Ave Haskell NY

COAXIAL CABLE

Accurate Insulated Wire Corp 25 FFox
St New Haven 1 (onn

Aircom Inc¢ 154 Main St Winthrop Mass

Afrcom Inc 139 E 1st St Roselle N.J
NY

Afrtron Inc 1108 W Elizabeth Ave
Linden NJ
Alpha Wire Corp 209 Varick St New
York 14 NY
American Electric Cable Co 181 Ap-
bleton St Holyoke Mass
Ameriean Super-Temperatures Wires
Inc West Canal St Winooski Vt
Amphenol Electronies Corp 1830 8 54
Ave Chicago 50 II1
Anaconds Co 25 Broadway New York
NY
Andrew Antenna Corp 606 Beech St
Whitby Ontario Can
Andrew Californin Corp %41 E Mary-
lind Ave Claremont Calif
Andrew Corp 363 E 75 St Chicago 19
111

Ansonin Wire & Cable Co 111 Martin
St Ashton RI

Avnet Eleetronic Suapply
Moore St New York 13

Barker Sales Co 996 Edgewater Ave
Ridgefield NJ

Bart Mfg Co 315 Seigel St Brooklyn

Beam Instrnments Corp 350 5th Ave
New York 1 NY

Belden Mfg Co 415 S Kilpatrick Chi-
cago 44 111

(Continued on page 92)
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Westinghouse Aero 13 Armament Control System, mounted in nose of Nary
F1D Douglas carrier-based intercepior, is typical of systems using FLEXoLON
wire for faster assembly, lower production costs.

FLEXOLON hook-up wire with“Teron"tape
proves most flexible

Developed and manufactured lo answer industry’s demands
for increased wire flexibility, new FrexoLoN high tem-
perature hook-up wire meets with ease the extra-flexibility
requirements of loday’s mosl intricate circuit layouls.

FLExoLON wire's grealer flexibility was proven in a recent
series of tests on the new hook-up wire and wires of other
construction. In test after lest FLEXOLON wire, insulated with
Ravbestos-Manhattan “Teflon™ tape. proved consistently more
flexible than all other high temperature hook-up wires tested.

The flexibility advantage of FLEXOLON wire is culling
assembly costs for many manufacturers. At Weslinghouse,
for example, the new hook-up wire makes an easier job of
wiring intricate harnesses for armament control systems . . .
assuring faster assembly and production.

Surpassing the requirements of MIL-W-16878C . . . and
providing greater dielectric strength and higher average
concentricity . . . new FLEXOLON hook-up wire is another
example of Tensolite’s continuous leadership in miniature
wire development.

<+—— HIGH <——— FLEXIBILITY Yicinch —> LOW —>

20 24
X—Extruded E AWG X FLEXOLON Wire E caumermmcas
O—Extruded Ef o w= o= © FLEXOLON Wire EE mmm e v o =

FLEXIBILITY COMPARISON OF FLEXOLON WIRE AND EXTRUDED WIRE

Plot of flexibility as recorded in tests proves greater flexibility of
FLEXOLON wire with R/M “Teflon” tape insulation. For complete
testing data, call the man from Tensolite, or write for free FLEXOLON
hook-up wire bulletin.

; W% INSULATED WIRE CO., INC.

West Main Street, Tarrytown, N. Y., « Pacific Division: 1516 N. Gardner St., Los Angeles, Calif.

FLEXOLON is a trodemark of Tensolite Insulated Wire Co., Inc.

TEFLON is a registered trademark of the DuPont Company

Circle 48 on Inquiry Card, page 149



Directory of Microwave Manufacturers (cont)

Birnbach Radie Co 145 Hudson St
New York 13 NY

Boston Insulated Wire & Cable Co
65 Bay St Dorchester Mass

Brand & Co William 41 North St Will-
imantic Conn

Budd Stanley Co 43-01 22nd St Long
Island City 1 NY

Cable_Electric Products 235 Daboll St
Mt Vernon NY

Calecon Mfg Co 100
Washington Pa

Chester Cable Corp 1000 Top St Ches-
ter NY

Coaxinl Connector Co 37 N 2nd Ave Mt
Vernon NY

Coleman Cable & Wire Co 3919 Wes-
ley Terr Schiller Park 111

Columibia Wire & Supply Co 2850 Irv-
ing Park Rd Chicago 18 IIl

Counsolidated Wire & Associnted Cos
1635 S Clinton St Chicago 16 Il

Continental Wire Corp Wallingford
Conn

DeMornay-Bonardi Corp 780 S Arroyo
Pkwy Pasadena Calif

Diamond Antenna & Microwave Corp
2517 E Norwich St Milwaukee Wisc

Dielectric Materials Co 5315-17 N
Ravenswood Ave Chicago 40 IIl

Dittmore-Freimuth Corp 2517 E Nor-
wich St Milwaukee 7 Wisc

Douglas Microwave Co 252 E 3 St Mt
Vernon NY

Electrical & Physical Instrument Corp
42-19 27 St Long Island City 1 NY

Electro-Physics Labs 2065 Hunting-
ton Dr San Marino Calif

Federal Cable Div Royal Electrie
Corp 95 Grand Ave Pawtucket RI

F-R Machine Works Inc Electronic &
X-Ray Div 26-12 Borough Pl Wood-
side 77 NY

Gavitt Wire & Cable Co Central St
Brookfield Mass

General Cable Co 420 Lexington Ave
New York 17 NY

General Insunlated Wire Works 69
Gordon Ave Providence 5 RI

General Radio Co 275 Massachusetts
Ave Cambridge 39 Mass

General RF Fittings Inc 702 Beacon
St Boston 15 Mass

Gulton Industries Inc 212 Durham Ave
Metuchen NJ

Hallett Mfg Co 5910 Bowcraft St Los
Angeles Calif

Haveg Industries Inc 900 Greenbank
Rd Wilmington 8 Dela

Hitemp Wires Inc 1200 Shames Ave
Westbury NY

Industrial Accessories In¢ Line R4
Matawan NJ

Instruments Ime 122 N Madison St
Tulsa Okla

Internantional Telemecter Corp 200
Stoner Ave I.os Angeles 25 Calif

Jefterson Products Corp Pleasant Val-
ley Rd Sutton Mass

JED Electronic Corp 6101 16 Ave
Brooklyn 4 NY

Kaiser Alnminum & Chemieal 919 N
Michigan Ave Chicago Tl1

Kings Electronics Co Inc 40 Marble-
dale Rd Tuckahoe NY

Lenz Electric Mfg Co 1751 N West-
ern Ave Chicago 47 Tl

Lewis Eng’z Co 339 Church St Nauga-
tuck Conn

Liep; Inc 3610 Oceanside Rd Ocean-
side

Meridinn Metaleraft Ine 8739 S. Miller-
grove Dr Whittier Calif

Microdot Inc 220 Pasadena Ave S
Pasadena Calif

Microlab Okner Pkwy Livingston NJ

Microtech Inc¢ 2975 State St Hamden
17 Conn

Mohawk Wire & Cable Corp 320 River
St Fitchburgh Mass

Mutual Electronic Industries Corp 85
Beechwood Ave New Rochelle NY

NR K Mfg & Eng’z Co 4601 W Addi-
son St Chicago 41 111

Okonite Co 220 Passaic St PPassaic NJ

Organic Development Corp 10052 Lar-
son Ave Garden Grove Calif

Phalo Plasties Corp 530 Boston Twpk
Worcester 8 Mass

Philadelphia Insulated Wire Co 200
N 3 St Philadelphia 43 Pa

Philco Corp G & I Div 4700 Wissa-
hickon Ave Philadelphia Pa

Plastic Wire & Cable Corp Box 486
Jewett City Conn

Oakland Ave

92

Precision Tube Co Church Rd & Wisa
sahickon Ave North Wales Pa

Pr;\;dclln Inc 307 Bergen Ave Kearny
J

Progress Electronies Co 296 Broad-
way New York 7 NY

Pye Telecommunications Ltd Newmar-
ket Rd Cambridge England

Radar Design Corp 2360 James St N
Syracuse 12 NY

Radio Corp of Americn Commercial
Electronies Produets Front & Coop-
er Sts Camden NJ

Radio Corp of America Communications
Products Dept Bldg 1-5 Camden NJ

Rego Insulated Wire Co 830 Monroe
St Hoboken NJ

Revere Corp of America N Colony Rd
Wallingford Conn

Rex Corp Hayward Rd W Acton Mass

Rockbestos Prodncts Corp Nicoll &
Canner Sts New Haven Conn

Sanders Associates 95 Canal St Nashua
NH

Saxton Products Inc 1661 Boone Ave
New York 60 NY

Sequoia Wire 2201 Bay Rd Redwood
City Calif

Sperry Gyroscope Co Microwave Elec-
tronies Div Great Neck NY

Standard Wire & Cable Co 3440 Over-
land Ave Los Angeles 34 Calif

Super Electronies Corp 53 Worth St
New York 13 NY

Superior Insulated Wire Co Route 9W
W Haverstraw NY

Surprenant Mfgz Co 172 Sterling St
Clinton Mass

TA-Mar Inc 11571 W Jefferson Blvd
Culver City Calif

Technicraft Labs Inc Thomaston-Wa-
terbury Rd Thomaston Conn

Telegraph Construetion & Mainte-
nance Co Ltd Mercury House Theo-
balds Rd London W C 1 England

Telernd Mfg Corp Route 69 Fleming-
ton NJ

Telerad Mfg Corp 1440 Broadway New
York 18 NY

Tenna Mfg Co 7530 Garfield Blvd
Cleveland 25 Ohio

Tensolite Insulated Wire Co 198 Main
St Tarrytown NY

Time Electronic Sales 373 Broadway
New York 13 NY

Times Wire & Cable Co Aft Int’l Sil-
ver Co 358 Hall Ave Wallingford
Conn

Union Electronics & Machine Corp 71
Broadway Wakefield Mass

Union Plastic Corp Wire & Cable Div
1627 Paterson Plank Rd Secaucus
NJ

Univox Corp 102 Warren St New York
17 NY

U 8§ Wire Cable Co Progress & Mon-
roe Sts Union NJ

Victor Electric Wire & Cable Corp 618
Main St W Warwick RI

Victor RF & Microwave Co 36 W Water
St Wakefield Mass

WI::Il“'or(h Co 750 3rd Ave New York 17

Y

Waveline Inc P O Box 718 Caldwell NJ

CONNECTORS

Antenna ........................ 1
Coaxial Cable ..... N0aa60000 .. 2

2—Accurate Insulated Wire Corp 25
Fox St New Haven 1 Conn

1—ACF Industries Nuclear Products
—EKrco Div 48 Lafayette St River-
erdale Md

1—Adler Electronies Inc¢c 1 Lefevre
New Rochelle NY

1—Admittance Nameco Corp Marine St
Farmingdale LI NY

1—Aiunslic Corp 312
Quincy 69 Mass

1—Airborne Instruments Lab Inc¢ 160
Old County Rd Mineola NY

1—Aircom Inc 354 Main St Winthrop
Mass

l—Alircom Inc 139 E 1st St Roselle NJ

1 & 2—Airtron Inec 1108 W Elizabeth
Ave Linden NJ

1—Alford Mfgx Co 299 Atlantic Ave
Boston 10 Mass

2—Alpha Wire Corp 200 Varick St
New York 14 NY

2—American Electric Cable Co 181
Appleton St Holyoke Mass

1—American Elecctronic Labs 121 N
7th St Philadelphia 6 Pa

Quincy Ave

ELECTRONIC INDUSTRIES -

I—American Machine & Foundry Co
Gen Eng’g Labs 11 Bruce Pl Green-
wich Conn

1—Americnn Machine & Foundry Co
Defense Products Group 1101 N
Royal St Alexandria Va

1—American Microwave Corp 11754
Vose St N Hollywood Calif

2 — American Super-Temperatures
Wires Ine West Canal St Winooski
v

t

1 & 2—Amphenol Z¥Xlectronics Corp
1830 S 54 Ave Chicago 50 Ill

2—Anaconda Co 25 Broadway New
York 4 NY
& 2—Andrew Antenna Corp 606
Beech St Whitby Ontario Can

1 & 2—Andrew Calif Corp 941 Illast
Marylind Claremont Calif X

1 & 2—Andrew Corp 363 E 75 St Chi-
cago 19 Tl

2—Ansonin Wire & Cable Corp 111
Martin St Ashton RI

1—Antennn & Radome Research Assoc
1 Bond St Westbury NY

1—Avion Div ACF Industries Ine 11
Park Pl Paramus NJ .

2—Avnet Electronie Supply Co 36 N
Moore St New York 13 NY

2—Barker Sales Co 996 Edgewater
Ave Ridgefield NJ

1—Barkley & Dexter Labs 500 Frank-
fort St Fitchburg Mass

1—Bart Mfg Corp 227 Main St Belle-
ville NJ ~ ~

2—DBeam Instruments Corp 350 5th
Ave New York 1 Y .

2—Belden Mfg Co 415 S Kilpatrick
Chicago 44 Tll

1—Bell Aireraft Corp P O Box 1 Buf-
falo 5 NY .

2—Birnbach Radio Co 145 Hudson St
New York 13 NY -

RSN

1—BIlaine Electroneties Inc
Keswick St Van Nuys Calif

1—Blaw-Knox Co/Blaw-Knox Eqnuip
Div Pittsburgh 38 Pa . .

1—Bogart Mfg Corp 315 Seigel St
Brooklyn 6 NY

1—Bogart Mig Corp/Div General

Bronze Corp 200 Central Ave New-
ark 3 NJ .
2—Boston Insulated Wire & Cable Co
65 Bay St Dorchester Mass

1—Brach Mfz Corp/Div General
Bronze Corp 200 Central Ave New-
ark J

2—Brand & Co Willinm 41 North St
Willimantic Conn

1—Budd Stanley Co 43-01 22 St Long
Island City NY .

1—Budelman Radio Corp 375 Fairfield
Ave Stamford Conn

2—Caleon Mfg Co 100 Oakland Ave
Washington Pa

1—Californin Technical Industries Div
Textron Ine 1421 Old County Rd Bel-
mont 10 Calif

1—Canoga Corp 5955 Sepulveda Blvd
Van Nuys Calif .

1—Ceramatronies Inc 364 Highland
Ave Passaic NJ

2—Chester Cable Corp 1000 Top St
Chester NY .

1—Chu Associntes P O Box 387 Whit-
comb Ave Littleton Mass

1—Coaxinl Connector Co 37 N 2 Ave
Mt Vernon NY

2—Coleman Cable & Wire Co 3919 Wes-
ley Terr Schiller Park Il

1—Collins Radio Co 855 35 St N E Cedar
Rapids Iowa a

2—Columbin Wire & Supply Co 2850
Irving Park Rd Chicago 18 Ill

2—Consolidated Wire & Associated Cos
1635 S Clinton St Chicago 16 Il1

2—Continental Wire Corp Wallingford
Conn i

1—Convair-San Diege P O Box 1950
San Diego 12 Calif )

1—Dalmeo Victer Div Textron In¢ 1515
Industrial Way Belmont Calif

1—Defiance Eng’g & Microwave Corp
Beverly Airport Beverly Mass

1—Demornay-Bonardi Corp 780 S Ar-
royo Pkwy Pasadena Calif

1—Dianmond Antenna & Microwave
Corp 7 North Ave Wakefield Mass

2—Dielectric Materials Co 5315-17 N
Ravenswood Ave Chicago 40 Il1

1—Dieleetrie Products Eng’z Co Ray-
mond Me

1—Dittmore-Freimuth Corp 2517 E
Norwich St Milwaukee 7 Wisc

1—Dorne & Margelin 29 New York Ave
Westbury NY

1—Douglns Microwanve Co 252 E 3 St
Mt Vernon NY

1—D & S Mfg Co 424 Burk Ave Rid-
ley Park Pa

1—Dwyer Engineering Co Pine St Ext
Nashua NH

(Continued on page 94)
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Simply slide together
and lock with thumbscrew on back.

New Triplett Unimeters

Decrease Inventory Cost. .. Increase F/eX/b///ty

]

With the New Select-Your-Range Triplett Unimeters flexible inventory by stocking the minimum number
two basic meter mavements can be combined with any of basic meter movements and a large variety and
number of Dial-Component units for a wide variety of maximum quantity of theinexpensiveDial-Components.

panel meter ranges—~you can even create your own
ranges with available dial blanks by following simple
instructions furnished.

Unimeter features are: self-shielded Bar-Ring move-
ments: AC and DC linear scales o extreme accuracy e
dustproof construction » error proof assembly s instant
Since the basic movement accounts for the greater conversion ¢ standard mounting. .
part of the meter cost—you can have a much more

L)

For complete deta’ls see your.Electronic Parts Distributor, or write

FCT-YOUR- RANGE
L T

TRIPLETT ELECTRICAL INSTRUMENT COMPANY
Three Stndard Kits, too. Kit A (makes 8 ranges),
BLUFFTON, OHIO _, Kit B (ma<es 12 ranges), Kit C (makes 23 ranges).




Directory of Microwave Manufacturers (cont)

1—Dynd ¢ Electronics Inc 73-29
Woodhaven Blvd Forest Hills NY
?—Electrieal & Physical Instrument
Corp 42-19 27 St Long Island City 1

NY

1—Electroniec Specialty Co 5121 San
Fernando Rd Los Angeles 39 Calif

1—Electron-Radar Products 4806 W
Chicago Ave Chicago 51 Tll

Electro-Physies Labs 2065 Hunting-
ton Dr San Marino Calif

1—Emerson & Cuming Ine 869 Wash-
ington St Canton 1 Mass

1—Farnsworth Electries Co Div IT &
T 3702 E Pontiac St Ft Wayne Ind

2—ITedernl Cable Div Royal Electrie
Corp 95 Grand Ave Pawtucket RI

1—Federal Telecommunications [abs
Div IT & T 500 Washington Ave Nut-
ley NJ

1—Gabriel Flectronics Div Gabriel Ceo
135 Crescent Rd Needham Heights
94 Nass

2—Gavitt Wire & Cable Co Central St
Broolkfield Mass

1—General Brounze Corp 711 Stewart
Ave Garden City NY

2—General Cable Corp 420 LeXington
Ave New York 17 NY

2—General Insulated Wire Waorks (9
Gordon Ave Providence 5 RI

2—General Radio Co 275 Massachusetts
Ave Cambridge 39 Mass

1—General RF Fittings Inc¢ 702 Beacon
St Boston 15 Mass

1—Gombos In¢ Co John 111 Montgom-
ery Ave Irvington 11 NJ

1—Goodyear Aireraft Corp 1210 Mas-
sillon Rd Akron 15 Ohio

1-——Granger Assoclates 966 Commercial
St Palo Alto Calif

1 & 2—Gulton Imndustries Iue 212 Dur-
ham Ave Metuchen NJ

1—Haller, Raymond & Brown Circle-
ville Rd State College Pa

2—Hallet Mfg Co 5910 Bowcraft St Los
Angeles Calif

2—Haveg Industries Inc 900 Green-
bank Rd Wilmington 8 Dela

1—1Hazeltine Electronics Div/Hazeltine
Corp 59-25 Little Neck Pkwy Little
Neck 62 NY

2—Hitemp Wires Inc 1200 Shames Ave
Westbury NY

l—ll_uuver Eleetronies Co 112 W Tim-
onium Rd Timonium Md

Z—Iundustrial Accessories Ine¢ Line Rd
Matawan NJ

2—Instruments Ine 122 N Madison St
Tulsa Okla

Z—International Telemeter Corp 200
Stoner Ave Los Angeles 25 Calif

1—I-T-E Circuit Breaker Co Special
Products Div 601 E Erie Ave Phila-
delphia 34 Pa

“—Jefferson I'roducts Corp Pleasant
Valley Rd Sutton Mass

2—JFD Electronie Corp 6101 16 Ave
Brooklyn 4 NY

1—J-V-M Eng’z Co 4633 S Lawndale
Ave Lyons 111

2——K:|i§er Alnminum & Chemieal Co 919
N Michigan Ave Chicago I11

l—Kearfott Co Ine 14844 Oxnard St
Van Nuys Calif

I—Kearfott Co Inc¢ 1378
Clifton NJ

1—Kelsey-tayes Co 3600 Military Ave
Detroit 32 Mich

l—Kennedy Co D § 155 King St Co-
hasset Masx

1—Kings Electronies Co Ine 400 Mar-
bledale Rd Tuckahoe NY

Lambda-I"acitic Eng’gs Inc 1475 Ar-
minta St Van Nuys Calif

1—La Point Industries Ine 155 W Main
St Rockville Conn

2—Lenz Eleetric Mfg Co 1751 N West-
ern Ave Chicago 47 Il

2—DLewis kEng'z Co 339 Church St
Naugatuek Conn

1—Lieco Ime¢ 3610 Oceanside Rd Ocean-
side NY

1—Mark Products Ce 6412 W Lincoln
Ave Morton Grove 111

1—Maryland Electronic Mfg Corp 5009
Calvert Rd College Park Md

1—Mathis Co & 1 6100 S Oak Park Ave
Chicago 38 111

1—Maxson Corp W L 475 10th Ave New
York 18 NY

1—Meridian Metaleraft Ine 8739 S
Millergrove Dr Whittier Calif

1—Metal Fabricators Corp 63 Pond St
Waltham 54 Mass

Rl

Main Ave

1

94

2—Mierodot Inc 220 Pasadena Ave S
Pasadena Calif

1—Microtech Inc 2975 State St Hamden
17 Conn

1—Microwave Associntes Inc Burling-
ton Mass

1—M¥Model Eng’g & Mfg Inc 50 Frederick
St Huntington Ind

2—Mohawk Wire & Cable Corp 320
River St Fitchburg Mass

2—Mutunl Electronic Industries Corp
85 Beechwood Ave New Rochelle NY

1—Narda Microwave Corp 118-160 Her-
ricks Rd Mineola NY

1-—Nichols Produets Co 325 W Main
St Moorestown NJ

I—NRK Mfg & Eng’s Co 4601 W Addi-
son St Chicago 41 I1l

1-—Nuclear Products—Erco Div ACH
Industries Inc Riverdale Md

2—Okonite Co 220 Passaic St Passaic
NJ

1—Omega Labs Ine Haverhill St Row-
ley Mass

2 Organic Development Corp 10052
T.arson Ave Garden Grove C(Calif

1—Panl & Beekman 1801 W Courtland
St Philadelphia 40 Pa

2—Phale Plastie Corp 530 Boston Twpk
Worcester 8 Mass

2—TI’hiladeiphia Insulated Wire Co 200
N 3 St Philadelphia 43 Pa

1—Philco Corp Gov’t & Ind Div 4700
Wissahickon Ave Philadelphia 44 Pa

2—Plastiec Wire & Cabie Corp Box 486
Jewett City Conn

1T—Polarad Electronies Corp 43-20 34th
8t T.ong Island City 1 NY

1—T1"olytrone¢ Research Ine 7600 Wood-
bury Dr Silver Spring Md

2—Precision Tube Co Church Rd &
Wissahickon Ave North Wales Pa

1-—Premier Instrument Corp 52 W
Houston St New York 12 NY

1 & 2—Prodelin Inc 307 Bergen Ave
Kearny NJ

1—Production Research Corp Thorn-
wood NY

2—Progress Electronies Co 296 Broad-
way New York 7 NY

1—Pye Telccommunieations Ltd New-
market Rd Cambridge England

1—Q-Line Mfg Corp 1562 61 St Brook-
lvn 19 NY

1—Radar Design Corp 2360 James St
N Syracnse 12 NY

T—Radintion Eng’z Labs Main St May-
nard Mass

1—Radiation In¢ P O Box 37 Melbourne
Fla

1—Radio Activities Ine 119 Dawson
Ave Boonton NJ

1 & 2—Radio Corp of America Com-
mereinl Eleetronie Produets Front
& Cooper Sts Camden NJ

Itadio Corp of Ameriea Communi-
cations I’rods Dept Bldg 1-5 Camden
NJ

I—Rmmo-Wooldridge Corp Electronie
Instrumentation Div P O Box 8405
Denver 10 Colorado

1—Raytheon Mfg Co 100 River St Wal-
tham 54 Mass

1—Raytheon Mig Co Commercial
Equipment Div 100 River St Wal-
tham 54 Mass

2—Rego Insulated Wire Co 830 Mon-
roe St Hoboken NJ

2—Revere Corp of Amerieca N Colony
Rd Wallingford Conn

2—Rex Corp Hayward Rd W Acton
Mass

2—Rockhestos Products Corp Nicoll &
Canner Sts New Haven Conn

1-—Sage Labs Ime 159 Linden St Wel-
lesley 81 Mass

1—Sanders Assoctates 95 Canal St Na-
shua NH

1-— Sarkes-Tarzian Ine¢ 415 N College
Ave Bloomington Ind

Saxton Products Ine 1661 Boone
Ave New York 60 NY

1—Scientific-Atlanta Inc 2162
mont Rd NE Atlanta 9 Ga

2—Sequoin Wire 2201 Bay Rd Redwood
City Calif

1—Sperry Gyroscope Co Microwave
Electronics Div Great Neck NY

1—Spincraft Inc 4122 W State St Mil-
waukee 8 Wisc

Spinform Inc 65 Mechanic St Attle-
boro Mass

1—Stainless Ine 3 St North Wales Pa

2Standard Wire & Cable Co 3440
Overland Ave Los Angeles 34 Calif

1

2
Pied-

1

ELECTRONIC INDUSTRIES -

l—Stavid Engineering Inc¢ U S Route
22 Plainfield NJ

1—Suammit Industries Ine 2104 W
Rosecrans Ave Gardena Calif

>—Super Eleetronies Corp 53 Worth St

vew York 13 NY

2—Superior Insulated Wire Co Route
IW W Haverstraw NY

2—Surprenant Mfg Co 172 Sterling St
Clinton Mass

1—Swedlow Plastics Coe 698¢ Bandini
Blvd Los Angeles 22 Calif

1—Sylvania Electric Products Co Elee-
tri¢ System Div 100 First Ave Wal-
tham 54 Mass

1—Tamar Ine¢ 11571 W Jefferson Blvd
Culver City Calif

1—Technical Appliance Corp 1 Taco St
Sherburne NY

1—Technical 0il Tool Corp 1057 N lLa
Brea Los Angeles 38 Calif

1—Techniceraft Labs In¢ Thomaston-
Waterbury Rd Thomaston Conn

1—Telectro Industries Covp 35-18 37th
St Long Island City 1 NY

2—Telegraph Construction & Maiute-
nance Co Ltd Mercury House Theo-
balds Rd London W C 1 England

1—Telerad Mfg Corp Route 69 IFlem-
ington NJ

1—Telerad Mfg Corp 1440 Broadway
New York 18 NY

I—Temeo Aireraft Corp P O Box 6141
Dallas 2 Texas

2—Tenna Mfg Co 7580 Garfield Blvd
Cleveland 25 Ohio

2— Tensolite Insulated Wire Co 1948
Main St Tarrytown NY

1—Texas Instrnmenis Inc¢ 6000 Lem-
mon Ave Dallas 9 Texas

2—Time Electronic Sales 373 Broadway
New York 13 NY

2—Times Wire & Cable Co Aff 1ut’l
Silver Co 358 Hall Ave Wallingforad
Conn.

1—Tower Construction Co 2700 Hawk-
eyve Dr Sioux City 2 Towa

1—Transco Products Ine¢ 12110 Ne-
braska Ave Los Angeles 25 Calif

2—Union Plasties Corp Wire & Cable
Div 1627 Paterson Plank Rd Secau-
cus NJ

2—Univox Corp 102 Warren 8t New
York 17 NY

1—1I 8§ Testing Co 1415 Park Ave Hon-
boken NJ

2—U S Wire Cable Co Progress & Mon-
roe Sts Union NJ

1—TUniwave Inc 109 Marine St Farm-
ingdale NY

2—Vietor Electric Wire & Cable Corp
618 Main St W Warwick RI

1—Vietor RF & Microwave Co 36 W
Water St Wakefield Mass

2—Warren Wire Co Pownal Vt

1—Waveguide Inc¢ 14837 Oxnard St Van
Nuys Calif

1—Waveline Inc P 0 Box 718 Cald-
well NJ

1—Westbhury Elec¢tronies Ine 300
Shames Dr Westbury NY

2— Western Int'l Co 45 Vesey St New
York 7 NY

1 & 2—Weymonth Instrument Co 1440
Commercial St E Wevmouth 89 Mass

2— Wireceraft Products Ine 10 Lake St
W Brookfield Mass

1—7Zenith Plasties Co 1600 W 135 St
Gardena Calif

2—7Zippertubing Co 752 S San Pedro St
Los Angeles 14 Calif

MICROWAVE COMPONENTS

Antennas  ..........cc i 1
Assemblies ..................... 2

Attenuators .................... 3
Bends ......ciiiiiiiiiiiiiiiann 4
Cavities ....... e 5
Converters .. 6
Couplers .... 7

Duplexers
Filters ..
Flanges .
Hornes ............

Hybrid junctions ................ 12
Isolators ........ 500 00800000000 13
Joints, fixed ................... 14
Joints, rotary ............... ... 15
Mixers .........ciiiiiiiiiin.
Oscillators
Parabolas ..
Phasers

(Continued on page 96)
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i i
. o B R  LATea— A
VERTICAL BLANKING INT:RVAL
MODEL 1008A TEST SIGNAL KEYER

Portable or standard rack mounting. Self-con-
tained regulated power supply.

-

VERTICAL BLANKING INTERVAL
TEST SIGNAL KEYER
1008-A

The Telechrome Model 1008-A Vertical Blanking Interval Keyer is a self-
contained portable unit that makes possible transmission of television
test and control signals between frames of a TV picture. Any test signal
(multiburst, stairstep, color bar, etc.) may be added to the composite
program signals. The keyer will operate anywhere in the TV system
and operates from composite video, sync, or H & V drive. The test
signals are always present for checking transmission conditions with-
out impairing picture quality. The home viewer is not aware of their
presence.

These continuous reference signals may be used in connection with
various Telechrome devices for automatic correction of video level,

Video picture with multiburst test signai in-
serted, as seen on picture monitor,

Test signal is thin line between frames. All test

frequency response, envelope delay, differential gain and differential signals can be transmitted during vertical blank-
phase. ing portion of video signal.

IMPORTANT: Checking after programming is costly and at best highly
inefficient since conditions constantly vary. The Telechrome Vertical
Interval Keyer minimizes post-program checking and overtime ex- Sengat,

penses. It provides instant indication of deteriorating video facilities » *f'é,ﬁq}%f;{:ﬁq
so that corrective measures can be undertaken immediately — manually RSO
or automatically during programming.

Now in use by CBS, NBC, ABC, BBC ITA (Brit.), NHK (Japan)

S ¥

s

Write for Specifications & Details

1003-C VIDEC TRANSMISSION
TEST SIGNAL GENERATOR

Completely self-contained, portable. Produces
multi-frequency burst, stairstep, modulated stair-
step, white window, composite sync. Variable
duty cycle. Regulated power supply. 12Y4” stand-
ard rack mounting or in carrying case. Integrates
with above model 1008-A Test Signal Keyer.

1043-DR VERTICAL INTERVAL
DELETER-ADDER

Integrates with model 1008-A to recognize in-
coming test signals. Deletes incoming test sig-
nals and/or adds new test signals,
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Directory of Microwave Manufacturers (cont)

Probes ........ 560800 e ... 20
Shutters ......... 560 00000000000 2]
Sliding loads ........ 06006000600 . 22
Slotted lines ................... 23
Switches ...................... 24
Terminations ................... 25
Towers ....................... . 26
Transformers ... .. 5000800000060 00 27
Tuners ........................ 28
Waveguides, flexible ............ 29
Waveguides, rigid ....... HoB0 00 s . 30

Waveguide switches

1-26—ACF Industries Nuclear Prods
ﬁ::ico Div 48 Lafayette St Riverdale

1-27-31—Admittance Namco Corp -
rine St Farmingdale LI NY v Ma

1 — Adler Electronics Ine 1 LeFevre
Lane New Rochelle NY

26—Aerial Tower Mfg Co P O Box 9142
Oklahoma City Okla

1-11-14-15-18-26-30-31 — Ainslie Corp
312 Quincy Ave Quincy 69 Mass

11-26 — Airborne Electronies Co 6813
Troast Ave N Hollywood Calif

1-2-3-17-18—Airborne Instrument Lab
In¢ 160 Old County Rd Mineola NY

1-2-3-4-5-9-10-11-14-15-17-20-22-23 -25'-
30—Afrcom 1Imc 354 Main St Win-
throp Mass

1-2-3-4-5-8-10-11-14-15-19-20-21-25-27-
30-31—Aircom Inc 139 E 1st St Ro-
selle NJ

1-2-3-4-5-8-9-10-11-13-14-15-16-18-19 -
i()i-%l-22-123-241-1258—27-28-29—30—‘.31—

rtron Ine 08 W Eliz 4

Lingeon b abeth Ave

1-3-27 — Aiford Mfg Co 299 Atlantic
Ave Boston 10 Mass

17—Alfred Electronics 897 Commercial
St ’alo Alto Calif

26—Aipar Mfg Corp 2910 Spring St
Redwood City Calif

26 — Aiprodco Inc 540 Weakley Ave
Memphis Tenn

17—Amerace Inec Dunham Rd Beverly
Mass ’

17—Amerac Inc 116 Topsfield Rd Wen-
ham Mass

1-9—American Electronics Laborato-
ries 121 N 7th St Philadelphia 6 Pa

1-8-14-15-18-27—A merican Machine &
Foundry Co Gen Eng’g Labs 11 Bruce
Place Greenwich Conn

1-17 — American Machilne & Fonndrv
Co Defense Products Group 1101 N
Royal St Alexandria Va

1-3-4-5-11-13-17-18-26-29-30-—American
Microwave Corp 11754 Vose St N
Hollywood Calif

10—American Radar Components Inc
Rt 10 Whippaney NJ

26—Ameriean Tower Co R F D 2 Box
29 Shelby Ohio

27 — American  Transformmer Co Dlv
Standard Eiectronics 285 Emmett St
Newark 5 NJ

1—Amphenol Electronics Corp 1830 S
54th Ave Chicago 50 Ill

5-8—Amtron Corp 17 Felton St Wal-
tham 54 Mass

1-23-30 — Andrew Antenna Corp 606
Beech St Whitby Ont Canada

1-18-23-30-31—Andrew Calif Corp 914
E Marylind Ave Claremont Calif

1-11-18-23-30-31—Andrew Corp 363 F
75th St Chicago 19 Ill

1-3-5-8-9-11-13-14-15-18-22-23-25-31 —
Antenna & Radome Resenrch Assoc
1 Bond St Waterbury NY

26 — Antlab Ins 6330 Proprietors Rd
Worthington Ohio

5-——Appiied Radiation Corp 2404 N Main
St Walnut Creek Calif

3-6-9-25—Applied Research Inc 76 S
Bayless Ave Port Washington NY

9—Ark Eng’zg Co 431 W Tabor Rd Phil-
adelphia 20 Pa

27—Atlas Eng’x Co 176 Blue Hill Ave
Roxbury 19 Mass

14—Audicon Electronies Ine 216 Lyon
St Paterson 4 NJ

25—Automatic Eieetrie Co 1033 W Van
Buren St Chicago 7 Tll

24— Auntomatic Metal Producets Corp 323
Berry St Brooklyn 11 NY

24—Automatic Switch Co Hanover Rd
Florham Park NJ

1-2-5-8-23-27—Avion Div ACF Indus-
tries Ine 11 Park Pl Paramus NJ

3-5-8-9 — Avionies Ltd P O Box 200
Niagara-on-the-Lake Ont Canada

10-29-30— A vuet Electronics Supply Co
36 N Moore St New York 13 NY

926

1—Barkley & Dexter Laboratories 50
Frankford St Fitchburg Mass

1-4-5-11-30—~—Bart Mfg Corp 227 Main
St Belleville NJ

28—Bnasler Electric Co Box 269 Rt 143
Highland Tl1

30—Bean & Co Morris Hyde Rd Yellow
Springs Ohio

1—Beli Aireraft Corp P O Box 1 Buf-
falo 5 NY

1—Bellaire Electronies Inc 62 White St
Red Bank NJ

26—Bergen Wire Rope Co 456 Gregg St
Lodi NJ

27—Berkshire Transformer Corp Route
341 Kent Conn

1-18-26—Blaine Electronics Inc¢ 14657
Keswick St Van Nuys Calif

1-26—BIaw-Knox Co/Blaw-Knox LEquip
DIv Pittsburgh 38 Pa

1-2-3-4-5-8-11-16-17-22-24-25-31 — Bo-
’énll\-ItYMfg Corp 315 Seigel St Brooklyn

6—Bogue Electric Mfg Co 52 Towa Ave
Paterson 3 NJ
3—Bolton Labs Inc W Main St Bolton

Mass
3-5-8-16 — Bomane Labs Inc Salem Rd
Beverly Mass
1-2-3-4-5-6-8-10-11-14-15-18-25-29-30-31
—Brach Mfg Corp/Div General
Bronze Corp 200 Central Ave Newark
J

3 N
18-30 — Brooks & Perkins Ine 11655
Vanowen N Hollywood Calif
11-18—Brooks & Perkins 1950 W Ford
St Detroit Mich
1-2-3-4-5-6-8-9-10-11-14-15-19-20-21-24-
30-31—Budd Stanley Co 43-01 22nd
St Long Island City 1 NY
1-8—Budelman Radio Corp 375 Fair-
field Ave Stamford Conn
24-25—Cnble Electric Products 234 Da-
boll St Providence 7 RI
1-17-23—Calif Technical Industries Div
Textron Inc 1421 Old County Rd Bel-
mont 10 Calif
1-2-8-11-13-15-18 — Canoga Corp 5955
Sepulveda Blvd Van Nuys Calif
9-27—Carad Co 2850 Bay Rdad Red-
wood City Callf
5—Cnavitron Kleetron Oscilintor Co Div
Short Wave Plastic Forming 355 N
Newport Blvd Newport Calif
27—Central 'Transformer Co 900 W
Jackson Blvd Chicago 7 Tl
1—Ceramatronles Ine 364 Highland Ave
Passaic NJ
5-17—C G S8 Laboratories Ime Routes
7 and 35 Ridgefield Conn
22-30—Chemailoy ISlectronics Corp Gil-
lespie Airport Santee Calif
1—Chu Associntes P O Box 387 Whit-
comb Ave Littleton Mass
8-17T—Clezgz Labs Ine Div Clegg Inc
Ridgedale Ave Morristown NJ
1-2-3-4-8-10-18-20-23-25-30 — Coaxial
Connector Co 37 N 2nd Ave Mt Ver-
non NY
27—Coii Winders Inc 30 New York Ave
New Cassel Westbury LI NY
1-9—Coiiins Radio Co 855 35th St NE
Cedar Rapids Jowa
9-27 — Commuuication Accessories Co
U S 50 Hwy Lee's Summit Mo
10—Connector Corp of America 3223
Burton Ave Burbank Calif
9—Coutrol Electrounles Co Ine¢ 1925 New
York Ave Huntington Sta NY
29—Co-Operative Industries Inc 100
Oakdale Rd Chester NJ
2-3 — Consolidnted Productions Ine
lligi'oward Int'l Airport Ft Lauderdale

a

1—Convair-San Diego P O Box 1950
San Diego 12 Calif

3—Corning Glass Works Corning NY

26—Craig Systems Ine 90 Holten St
Danvers Mass

4-25-29-30 — Cuhie Corp 5575 Kearny
Villa Rd San Diego 11 Calif

13-25-31—Custom Compoenents Inc P O
Box 248 Caldwell NJ

1-28-30—Dalme Victor Div Textron Ine¢
1515 Industrial Way Belmont Calif

1-2-3-5-8-9-10-11-14-15-18-19-29-30 —
Definnce Eng’z Microwave Corp Bev-
erlv Airport Beverly Mass

1-2-3-4-5-6-8-9-10-11-14-15-17-20-21-22-
23-24-25-28-30-31 — DeMornay - Bon-
ardi Corp 780 S Arroyo Pkwy Pasa-
dena Calif

2-11—Designers for Industry 4241 Ful-
ton Pkwy Cleveland 9 Ohio

Y—Dentsechmann Corp Tobe Providencd
Hwy Norwood Mass

1-2-3-4-5-8-9-10-11-14-15-17-18-19-20-
22-23-24-25-30-31—Dinmond Antenna
& Microwave Corp 7 North Ave
Wakefield Mass

1—Dieleetric Products Eng’sz Co Ray-
mond Maine

ELECTRONIC INDUSTRIES -

1-3-10-11-14-15-20-25-30 — Dittmore-
Freimuth Corp 2517 E Norwich St
Milwaukee 7_Wisc

24-28-31—Don-Lan Electronics Co 1101
Olympic Blvd Santa Monica Calif

1—Dorne & Margolin 29 New York Ave
Westbury NY ~

1-2-3-4-5-8-9-10-14-15-20-22-23 - 24 - 25 -
30-31—Douglas Microwave Co 252 K
3rd St Mt Vernon NY .

26—Dresser-Ideco Co 875 Michigan Ave
Columbus 8 Ohio

1-8-11—D & S Mfg Co 424 Burk Ave
Ridley Park Pa .

1-18—D3:vyer Eng’s Co Pine St Lixt
Nashua NH

17"—Dynac Inc 395 Page Mill Rad Palo
Alto Calif -

1-9 — Dynamic Eiectronices Inc 73-29
Woodlawn Blvd Forest Hills NY

2-3-5-8-10-16-23-30—Elco Mfx Co 137
Herrick Rd New Hyde Park NY

3-25—KElectrical & Fhysleal Instrument
Corp 42-19 27th St Long Island ity

NY

3-4-20—Electro Impulse Lab Ine¢ 208
River St Red Bank NJ B
3—Electronies Devcelopment Co 3743
Cahuenga Blvd N Hollywood Calif
1-5-8-9-13-31—Electronic Specialty Co
5121 San Fernando Rd Los Angeles
39 Calif .
1-3—Flectron-Radar Prodncts 4806 W
Chicago Ave Chicago 51 111 .
3-20-25 — Electro-Physicnl  Lahs 2065
Huntington Dr_ San Marino Calif
j-3—Emerson & Cuming Inc 869 Wash-
ington St Canton 1 Mass .
26 — Emerson-Sack Warner Corp 59
Washington St Somerville 43 Mass
3— Empire Devices Products Corp 38-15
Bell Blvd Bayside 61 NY .
3-16-17—Empire Products Sales Corp

37 Prospect St Amsterdam
17—Engineering Associates 434 Patter-
son Rd Dayton 9 Ohio
9.5-29-31 — Engiehard Industries Ine
113 Astor St Newark NJ
27—Espey Mfg Co Congress & Balls-
ton Ave Saratoga Springs NY
27— Essex Wire Corp Magnetic Wind-
ing Inc Easton Pa R N
26—K-Z Way 'Towers Ine 5301 D)
Broadway Tampa 5 Fla .
i—Farnsworth Electronics Co Div 1
& T 3702 E Pontiac St Ft Wayne Ind
1 — Federal Teiecommunications Lab
Divl1 T & T 500 Washington Ave
Nutley NJ
3—l<‘iln1¥)hn Corp 48 W 25th St New
York 10 NY
‘J—Filtro?l Co 10023 W Jefferson Blvd
r City Calf L
3-§5u-12‘18e—300—-l¥0x Co Thomas T 95 Sum-
mit St Newark NJ _ o
27— KFreed Transformer Co 1718 Weir-
field St Brooklyn 27 NY .-
5-8-9-17—Frequency Standards Inc¢ PO
Box 504 Asbury Park NJ .
9.3-4-5-8-9-10-11-13-14-15-17-20-22-23 -
24-25-97-28-31—F-R_Machine Works
Inc Electronic & X-Ray Div 26-12
Borough Pl Woodside 77 NY
1-4-5-8-11-15-18-23—Gabriel Electron-
ics Div Gabrlel Co 35 Crescent Rd
Needham Heights 94 Mass .
30—Gar Precision Parts Co 703 Pa-
cific St Stamford Conn . _
1-9-26-27 — General Bronze Corp 711
Stewart Ave Garden City NY L
3-5 Genernl Communieation Co 670
Beacon St Boston 15 Mass
27__General Electric Co Apparatus §is
Div | River Rd Schenectady 5 NY
5-8—Generai Electrie Co Power 'I‘u!ug
Dept Bidg 267 Schenectady 5 N3Y
2-25— General Eiectric Co Communica-
tions Products Dept P O Box 1122
Syracuse NY
17— -Generai Radio Ceo 275 Massachu-
setts Ave Cambridge 39 Mass
1-2-3-4-5-8-10-20-22-23-28—General RE
frittings Inc 702 Beacon St Boston 1.
Mass
T G & M Equipment Co 7315 Varna
Ave N Hollywood Calif
1-2-4-5-6-11-15—Gombhos Co Inc .lnl!n
111 Montgomery Ave Irvington 11 NJ
4 _Goodrich Sponge Prodmcts B ¥ Div
B ¥ Goodriech Co Canal St Shelton
Conn
1—Goodyear Alreraft Corp 1210 Mas-
sillon Rd Akron 15 Ohio .
1-9-4-9-18 — Granger Associates 966
Commercial St Palo Alto Calif
1-5-18-23-26-27—Guliton Indmstries Inc
212 Durham Ave Metuchen NJ .
1-17—Hniler Raymond & Brown Cir-
cleville Rd State College Pa
3-25—Hansen Electronics Div Ilazel-
tine Corp 59-25 Little Neck Pkwy
Little Neck NY
1-17—1inzeltine Electronics Div Hazel-
tine Corp 59-25 Little Neck Pkwy
T.ittle Neck NY .
Hermetic Seal Transformer Co 555
N 5th St Garland Texas
(Continued on page 9%9)
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SWITCHING TRANSISTORS
from Sylvania

0.2,13210ma)

Heg (Vee

designed to give you this same
reliability you've come to expect from
Sylvania’s full line of NPN types

HERE 1s an important line of PNP switching transistors
to complement Sylvania’s line of NPN types. Manufac- TECHNICAL DATA
turing techniques developed for producing high-tem-

perature stability in NPN types have been incorporated Mox.
in these new PNP switching transistors. For designers v v v fu.b h Dissipa-
this means the high reliability and stability synonymous T9ne vi?.‘ VoEIEs VoCIOEs e 'I'yz?cul i
with Sylvania NPN types, and permits circuit designs
which take full advantage of the complementary aspects 2N404 _2s 12 —2 4.0 50 120
of NPN and PNP. 2N425 —30 ~20 —20 25 30 150
These transistors feature a new hermetically sealed 2N426 —~30 —20 —18 3.0 40 150
inverted base T'O-5 package which offers better heat 2N427 —~30 —~20 15 5.0 55 150
dissipation to easily provide up to 150 mw at 25°C. 2N428 —~30 —20 —12 10.0 80 150

Electrical, mechanical, and environmental tests ap-
plied to these PNP transistors are in accordance with
MIL-T-19500A.

SyLvania ELectric PropucTs INc.
1740 Broadway, New York 19, N.Y.
In Canada: P.O. Box 1190, Station “O”
Montreal 9

LIGHTING + TELEVISION + RADIO + ELECTRONICS * PHOTOGRAPHY + ATOMIC ENERGY + CHEMISTRY-METALLURGY

Temperature range —65°C to +-85°C
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WASHINGTON

LARGEST FOR YEAR—The largest amount spent
by the military services for defense electronics pro-
curement in a single year was recorded during the
government fiscal year 1958, ended last June 30.
The total was $4.05-billion, the Electronic Industries
Association recently reported. The EIA based its
announcement on its formula to extract the portion
of military spending for electronics from all major
defense procurement categories. In the fourth quar-
ter of the 1958 fiscal year, total expenditures were
$1.187-billion, a considerable increase over the third
quarter buying of $969,500,000 and the $967,500,000
spent in the second quarter of fiscal year 1958.

SPECTRUM SPACE SURVEY—Despite the failure
of Congress to enact legislation to create a five-man
commission of experts to investigate the government
and civilian uses of the spectrum which was blocked
by television interests in the final days of the Con-
gressional session, moves for the creation of such a
body have been going forward in several sectors of
the National Capital. The White House has under
consideration the appointment of a high level spec-
trum analysis commission. At ELECTRONIC INDUS-
TRIES’ press deadline, it was indicated the President
might hold in abeyance such a step if the new session
of Congress gives assurance of legislation, but, to
get the spectrum survey ball rolling, an “advisory
committee” of experts to the President might be
established prior to the Congressional session in
January.

UNIFIED CONTROL—A powerful voice in Con-
gress, Chairman Oren Harris (D., Ark.) of the House
Interstate & Foreign Commerce Committee which
handles communication and radio legislation, in an
address in his home state, emphasized that the time
has arrived “where unified control of the spectrum
space will become necessary in order to make pos-
sible the best use of available spectrum space for
civilian and military purposes.” Citing the legisla-
tion providing for unified control of airspace for
both civilian and military planes, he stated “it may
very well be that a similar program will have to be
devised dealing with the spectrum problem as it was
with aviation.” Rep. Harris declared that “it is my
hope that establishment of unified control over spec-
trum allocations may result in more frequencies be-
coming available for civilian uses.” He added the
availability of increased number of frequencies
would make the task of the FCC in distributing these
frequencies “among competing civilian applicants a
less arduous one” and pressures on the FCC by TV
interests would be reduced or eliminated.

98

E e

News Letter

CRAVEN’S VIEWS—FCC Commissioner T. A. M.
Craven, the leading engineering authority of that
agency, in an address before an institute of Radio
Engineers’ broadcasting professional group on his
widely publicized plans for regrouping television
frequencies into 25 or 30 channels warned that the
need of other non-broadcast services for spectrum
space puts non-efficient TV bands in a vulnerable
spot. He stressed that TV allocation plans, advocated
by certain segments of the television industry, do not
give adequate consideration to the problems of non-
broadcast radio services “in spite of the significant
importance of these other services to the national
economy.” He proposed the release of some non-used
uhf TV broadcast frequencies so the balance be-
tween a spectrum space assigned to entertainment
and to non-broadcast services “would be more rea-
sonable from the standpoint of the national economy
and general public interest.”

REAFFIRMS POSITION—The EIA has reaffirmed
its position in favor of the establishment of a gov-
ernment commission to make a long range study of
the entire radio spectrum and its administration
either by the President or Congress. The EIA mem-
ber manufacturing and research companies under
the action would make available competent technical
personnel from industry to serve on the task forces
of the spectrum analysis body. At the same time, the
ETA asked the FCC in its investigation of present
and future uses of the spectrum between 25 and 890
MC to consider the possible expansion of subsidiary
communications activities of FM broadcast stations.

INADEQUATE ON TV ALLOCATIONS—The FCC,
as presently constituted, is inadequate to cope with
the television frequency allocation problems which
should be studied by an independent group, an ad-
visory group created by the Interstate & Foreign
Commerce Committee in 1955 has recommended to
the Senate Committee. The advisory committee,
headed by Massachusetts Institute of Technology
Industrial Management Professor Edward L. Bowles
and composed of broadcast industry, manufacturing,
and FCC representatives and consulting engineers,
said the FCC appears “powerless to anticipate, eval-
uate or deal decisively” with the television problem.
The advisory group proposed that $600,000 be appro-
priated for the independent TV study to be made by
a nationally recognized professional institution.

ROLAND C. DAVIES
Washington Editor

National Press Building
Washington 4
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Microwave Directory
(Continued from page 96)

3-9-13-17-22-23-25-28 — Iewlett-Pack-
ard Co 275 Page Mill Rd Palo Alto
Calif

3-20-25 — Holland Electronics 772 E
53rd St Brooklyn NY

1-11-19—Hoover Electronics Co 112 W
Timonium Rd Timonium Md

18—Houston Fearless IDiv Color Corp
of America 1180k W Olvmpic Blvd
Los Angeles 64 Calif

4-11-30—Howard Foundry Ce 1700 N
Kostner Ave Chicago 39 Il

27 — Industrial Transformer Corp
Gouldsboro Pa |

1-2-3-4-11-23-28-30-31 — I-T-E  Circnit
Breaker Co Special Products Div 601
E Erie Ave Philadelphia 31 Pa

9-25 — Jackson Electronics Inc 23
Woodcrest Rd West Chester Pa

26—Jamac Products Co 8845 N E Sandy
Blvd Portland 20 Ore

1-2-3-4-5-6-8-9-10-11-13-14-15-17-18-19-
20-21-22-23-24-25-30-31—J-V-M Eng’e
Co 4633 S TLawndale Ave Lyons Ill

1-2-3-4-5-8-13-14 — Kearfott Co Ine
14844 Oxnard St Van Nuys Calif

1-2-3-4-5-6-8-10-11-13-14-15-16-19-20 -
23-24-29-30-31—Kearfott Ce Inc 1378
Main Ave Clifton NJ

1-2-14-18—Kelsey-Hayes Co 3600 Mili-
tary Ave Detroit 32 Mich

16—IKemtron Electron Products Inc 14
Prince Pl Newburyport Mass

1-4-29—Kennedy & Co D S 155 King St
Cohasset Mass

4—Kent Corp F C 64 Howard St Irv-
ington 11 NJ

27—Keystone Products Co 904-6 23rd St
Union City NJ

1-2-3-4-5-8-10-11-15-20-24-25-28-30-31—
Kings Electronies Co Inc 40 Marble-
dale Rd Tuckahoe NY

26—Kline Iron & Steel Co P O Box 1013
1225 Huger St Columbia SC

26—Kuss Industries Inc¢ Tacony and
Lewis Sts Philadelphia Pa

2-3-5-6-13-17-19-25-28—Laboratory for
Electronics Ine 75 Pitt St Boston 14
Mass

1-3-8—Lambda-Pacific Eng’g Inc 14725
Arminta St Van Nuys Calif

1-2—Ln Point Industries Inc 155 W
Main St Rockville Conn

f—Laveie Labs Inc Matawan-Freehold
Rd Morganville NJ

30—Lenach & Garner Co Industrial Div l
Leach & Garner Bldg Attleboro Mass

9 — Leonard Electrie Products Co 67
34th St Brooklyn 32 NY

1-2-83-4-5-8-9-10-11-14-15-18-19-21-22- ey
25-28-30-31—IN.deco Imc 3610 Ocean- Republic’s F-1G58
side Rd Oceanside NY

13-14-15-27-30 — Litton Industries of g 0 :
Galif 336 N Foothill Rd Beverly Hills A 7-pound blower that delivers 180 cfm at 12 inches of static pressure! . .

Calif . that’s IMC’s new unitized vaneaxial blower.
13—Litton Industries Components Diy

5873 Rodeo Rd Los Angeles 16 Calif l

Integrated into the main cooling system of Republic’s F-105B supersonic
fighter-bomber, this high-powered lightweight blower automatically cools

26—Ilorentzen Inc H K 391 W Broad-
way New York 12 NY
3—NMeMillan  Industrial Corp Browns-

ville Ave Ipswich Mass vital electronic gear when the aircraft is on the ground and at low altitudes.
26—Madigan Corp 526 Mineola Ave . 5 . 5
Carle Place NY A specially designed flapper valve, much like that which regulates blood flow
26—Magnesium Products of Milwankee 8 : 3 : o 3 o P 3 3
Ine 745 W Virginia St Milwaulee s | in human l\}/ﬁ:m;, resft’rlct§ air ﬂolw in the Fevefrslei dlI'C.CIIOn‘ at (}jugh alutEQes tg
15e onserve t . . At n
§-10-30_Makeplece Div D M Engle- C rve the aircraft’s air supply. Write for full engineering data on this a
hard Industries Ine Pine & Denham other IMC blowers.
Sts Attleboro Mass
ITG Manson Laboratories Ine 807 INPUT: 24 T¥
reenwich Ave Stamford Conn
1—Mark Produets Co 6412 W Lincoln 200V-, 400 CPS, - 12 i 5 200\ | ]
Ave Morton Grove 111 i ] P <
1-9-11—Maryland Eleetronies Mfg Inc 3 phase’ 1100 B 4@ Z . |
5009 Calwvert Rd College Park Md watts ﬂ T~———~ = |
1-26—Mathis Co G E 6100 8 Oak Park . . F
Ave Chicago 38 111 RPM: 21.500 630 4%y i €22l a0 2 m ~ { ~
1-15—Maxson Corp W L 475 10th Ave Dcsp W) g \
New York 10 NY i e N
1-2-3-4-5-8-Y-10-15-22-24-25-30-31—Me- FLAPPER VALVE: v € v ® AV
ridinn Metaleraft Inc 8739 S Miller- ! i N % N
grove Dr Whittier Calif 1 CFM leakage Jd oA 4
1-26-30 — Metal Fabrieators Corp 63 . L ey R !
Pond St Waltham 54 Mass max. at 10 psig o
LG OSSR reverse pressure o 7e0 300 300 00
So%0lo-22-a8 81 o JHerolab  Okner IMC MANUFACTURES A COMPLETE LINE OF ''PRECISIONEERED"’ FRACTIONAL AND SUB-FRACTIONAL MOTORS: SERVO MOTOR SIZES
5-5-9.51 — Microphise. Corp Box 1166 8 T0 18; DRAGCUP AND TACH GENERATORS; DC MOTORS AND DYNAMOTORS; AXIAL, VANEAXIAL, AND CENTRIFUGAL BLOWERS;
Greenwich Conn HYSTERESIS ANO TORQUE MOTORS; SYNCHROS AND SOLENOIDS.

1-2-3-4-5-6-8-10-11-14-15-19-20-21-22-
23-24-25-28-29-30-31 Mierotech Ine

2975 State St Hamden 17 Conn
28 Microtran Co 145 E Mineola Ave INDUCTION MOTORS CORP
1y ey e N 16.21-22-23-24-25 X
-3-4-5-8-10-11-14-15-16-21-22-23-24-25- : : 2 :

31—Mierowave Associntes Ine Burl- : 570 Main St., Westbury, L. I., N. Y., Phone: EDgewood 4-7070

ington Mass 5
(Continued on page 144) 6058 Walker Avenue, Maywood, Califormia
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MICROWAVE_

AND SPECIAL TUBE

Sylvania Klystrons offer better performance
at lower cost per year

Rigid quality control extends average service
life of Sylvania Microwave Relay Klystrons
by thousands of hours

A random sample of 10 tubes selected from recent pro-
duction have provided a total life of over 45,000 hours,
more than 4,500 hours for each tube, without a single
failure. This outstanding result demonstrates why cost-
conscious users select Sylvania Microwave Relay
Klystrons for economy.

In performance too, Sylvania Klystrons are setting
the pace by maintaining exceptional frequency stability
throughout life. This superiority in both performance
and economy results from Sylvania’s experienced know-
how in rigidly controlling electron tube quality.

The Sylvania Klystron line covers over 20 different
types from Disc Seal types to the C-Band metal types
listed. Many other klystrons specially designed for
specific equipments are also available. Contact your
Sylvania representative or write direct for full informa-
tion on the Sylvania Klystron line.

Fully specified parameters simplify
equipment designs

Every Sylvania Klystron approved for shipment is fully
specified. Beyond the information contained in ordinary
data sheets, Sylvania offers full information on im-
portant characteristics such as:

¢ Internal Noise Modulation
e Distortion

e Effective Resonator
Position
e Beam Voltage Sensitivity e Reflector Capacitance

Availability of complete and exact data on every im-
portant klystron characteristic helps cut the guesswork
out of design for the microwave engineer. Equipment
specifications can be met accurately, confidently, and
design adjustments can be avoided. Get complete in-
formation when you order Klystrons—specify Sylvania.

¥ SYLVANIA

PHOTOGRAPHY -

LIGHTING + TELEVISION « RADIO + ELECTRONICS -
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Sylvania Microwave Relay Klystrons

TYPE

Characteristics K-8418 K-840B K-8398
Mechanical Tuning Range - MC 6125 - 6425 6575 — 6875 7125 - 7425
Resonator Voltage — Volts 750 ) 750 750
Reflector Voltage — Volts -250 to -400 Ewo -400 +250 to -400 B
Cathode Current — MA 80 (max) 80 {max) 80 {max)

Power Output - Watts 0.7 (min) 0.7 {min) _0-.7 {min)
Heater Voltage — Volts B 6.3 6.3 6.3 o
Heater Current — Amperes 0.8 0.8 0.8 o

Flange Mates with — UG 343 A/U UG;‘A/U UG343A/0

SyLvaNIiAa ELEcTRIC PrODUCTS INC.

1740 Broadway, New York 19, N. Y.
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ELECTRONIC INDUSTRIES

STAFF  REPORT

Microwave Power Tubes—
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Fig. 2: Elements of the reflex Klystron
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Fig. 3: The split-anode magnetron

ELECTRONIC INDUSTRIES -

A Survey

In the forefront of the move toward the higher frequencies has
been the very significant improvements and new designs in micro-
wave tubes. In addition to vastly improved magnetrons and kiy-
strons the field now includes a wide variety of traveling wave

and backward tubes.

ICROWAVE tubes employed
today as oscillators and power
amplifiers at frequencies above ap-
proximately 500 Mc fall into two
general categories in accordance
with their performance character-
istics and certain aspects of de-
sign.

The first group comprises the
relatively narrow-band amplifiers,
and consists of the planar elec-
trode tubes, klystrons and magne-
trons which require for their oper-
ation sharply resonant, high-im-
pedance tuned circuits. Klystrons
and magnetrons are characterized
by high power, wide power ranges,
and upper frequency limits ex-
tending well into V-band. Several
planar type triodes are available
with 30-409, efficiency ratings at
high power levels in S-band.

The second category opens a
whole new frontier in amplification
over extremely wide bands of fre-
quencies. In this group are the
recently developed traveling wave
amplifier tubes which usually re-
quire no resonant elements to re-
strict the passband. Presently
available broadband types capable
of octave frequency coverage are

November 1958

limited to power output levels of
only a few watts. Present high
power types require a heat dis-
sipating structure which exhibits
relatively narrow frequency vre-
sponse and thus restricts the band-
width.

Planar Triodes

Higher measures of amplifica-
tion and operating efficiency at
microwave frequencies are achieved
in the construction of the disc-seal

triode. As shown in Fig. 1, the
plate, grid and cathode of this
tube are arranged in parallel

planes, instead of coaxially, to per-
mit closer spacing of elements and
thus reduce electron transit time
with little or no increase in inter-
electrode capacitance. Lead in-
ductance and losses are lowered by
the disc-seal terminals which are
fused in the envelope and brought
out at the sides of the tube. How-
ever, transit time effects usually
limit the usefulness of these tubes
to frequencies below about 5000 Mc.

Klystron Oscillators

The klystron is a device which
uses the transit time effect to ad-
(Continued on page 106)
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SCIENTISTS at Sylvania’s Microwave Components Labo-

ratory are probing advanced concepts in magnetic ferrites,
gaseous electronics, and electromagnetic wave propagation.

A SPECIAL REPORT

104

ENGINEERS at Sylvania’s Mountain View microwave tube
plant are incorporating the findings of advanced research into
new microwave components for mass production.

ON SYLVANIA

MEN OF MICROWAVE

TWT, BWO, BWM, TR, ATR — At Sylvania’'s Special
Tube Operations, vital microwave components like
these are the products of dedicated scientists and
integrated plant facilities

ADVANCED RESEARCH AND DEVELOPMENT

Today, nearly 500 scientists, engineers and technicians in
three integrated facilities make up Sylvania’s Special Tube
Operations. Sylvania scientists, physicists and mathema-
ticians, all leaders in their fields, are making bold new
investigations in the fields of magnetic ferrites, gaseous
electron physics, electromagnetic wave propagation and
microwave circuitry. Their findings are being applied to the
development of advanced microwave devices to meet the
increasing needs of industry and government.

Some of the important developments already made pos-
sible include PM focus Traveling-Wave Tubes, Ka Band and
Backward Wave Magnetrons, Coaxial Transmit-Receive

Microwave tube plant, Mountain
View, Calif.—one of the integrated
facilities of the Special Tube Operations

Tubes, Four-port ferrite circulators and C-Band Klystrons.

TRAVELING-WAVE TUBES

PM Focus Traveling-Wave Tubes sharply reduce size and
weight and eliminate the need of a power supply. Sylvania
is producing over 15 Traveling-Wave Tube types, one of the
most complete lines available in terms of frequency cover-
age and power levels.

MAGNETRONS AND KLYSTRONS

New Sylvania magnetrons range from six-ounce miniatures
and rugged Ka band types to Backward Wave Magnetrons.
New BWM’s have been developed for several frequency
bands in medium to high power outputs. Current Klystron
production includes over 20 types—from Disc Seal types
to C-Band metal types.

TR-ATR TUBES AND FERRITE DEVICES

Transmit-Receive Tubes in the new coaxial construction
are also in production at Sylvania, along with over 20

ELECTRONIC INDUSTRIES + November 1958



TECHNICIANS shown here working side by side with
engineers at Sylvania’s Williamsport, Pa., plant, are applying
new testing techniques to mass production.

LETTERS

different types of Klystrons. A full commercial line of
ferrite devices ranges from wave guide and coaxial isolators
to variable attenuators and other ferrite devices.

MICROWAVE DIODES
Long an acknowledged leader in microwave crystal diodes,
Sylvania is continuing to add new and improved versions to
its extensive line. New mixer diodes are available that can
extend radar coverage by as much as 18 per cent. New dual
duty S and X band types that can be used in either forward
or reverse applications are also available.

OTHER S.T.0. PRODUCTS
In addition to a full range of microwave components
Sylvania’s Special Tube Operationsalso producesa complete
line of counter tubes, planar triodes and trigger thyratrons.

S.T.O. stands ready to meet the industry’s microwave
components needs—for present production items in volume
—for custom modifications—or for pure research and
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