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PRECISI!)N SWITCHES

Speed Precision Balancing

With this Mallory-equipped Gisholt Dynetric
Balancing Machine. an operator can
quickly locate and measure unbalanced forces
in high speed rotating parts. By means of a
strobo"lo“ lamp and elettromc circuits, pre-
cise measurements—that once took hours—
are now obtained in a few seconds.

Ten Mallory Circuit Selector Switches assure
swift, smooth control of all circuits in this balanc-
ing machine. Each Mallory switch is a standard
part, yet each includes special precision features:
low-resistance, self-cleaning silver-to-silver
contacts; “hill-and-vzalley” index for smooth,
positive switching action; heavy moisture-
proof insulation; sturdy one-piece terminals.

P. R. MALLORY & CO.,

i j’?“%‘? M" - Y

inc., INDIANAPOLIS 6, INDIANA

In this Dynetric Balancer, Mallory Type M
Potentiometers are used in the amplifier cir-
cuits to adjust grid bias. This potentiometer is
not a special item—it’s another standard part
from the diversified line of Mallory precision
products—switches, resistors, voluine controls,
condensers, jacks, plugs and other parts.

While the new circuits you're planning are
still on the “bread-board”, you can probably
save time and money by specifyinﬂ standard
Mallory parts, built for precision. 1t’s easy to
draw up specifications when you use the latest
Mallory catalog. Ask your nearest Mallory

Distributor for a free copy.
—
\%‘/, »

Or write us today.
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Colloquially speaking, we of Amperex have “broken our necks” to provide
dependable service to our customers during these war years. This statement,
we feel sure, will be supported by those who have made us their source of
tube supply. Important to note is that the “Amperextra” of dependable
service has been matched by the “Amperextra” of dependable quality. In
commercial broadcasting — AM, FM, Television — in electro-medical appa-
ratus, in communications systems, in industrial applications, Amperex tubes
have delivered and still are delivering high efficiency over a longer period
of time. The Amperex Application Engineering Department, another
“Amperextra”, will be glad to work with you on present or postwar prob-
lems. This is Service.

Many of our standard tube types are now
available through leading radio equipment
distributors.

| AMPEREX

oo o the high

performanee tube

AMPEREX ELECTRONIC CORPORATION

25 Washington St., Brooklyn 1, N. Y., Export Division: 13 E. 40th St., New York 16, N. Y., Cables: ""Arlob’’
Conodian Distributor: Rogers Electranic Tubes, Limited ® 622 Fleet Street West, Toronte

WASTEPAPER IS VITAL WAR EQUIPMENT =S A VAENSERY B\ R Y - SsG, R AR
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Our new booklet

“MERIT SALUTES
THE SIGNAL CORPS”

with illustrations
in four colors
is now available.

Please write for your copy.

TELEPHONE
4427 North Clark St. Long Beach 6311  CHICAGO 40, ILL.

THE COVER

® Our cover this month shows a
rather striking example of an un-
usual use for high power sound in-
stallations, here used on a fire-
boat by the city of New Haven.
The equipment is supplied by Gen-
eral Electric of Bridgeport, using
the system of C. F. Dilks, as de-
scribed in Electronic Industries.*

Notwithstanding the many new
forms of communications that have
been developed during the past few
years for many applications, the
ideal communication system still
uses the ear as a receiver, since
no additional equipment is needed
at the receiving point and those
addressed are free to go about their
work without handicap.

High levels

In many locations the necessity
for intensely high sound levels,
sometimes even more than is eas-
ily obtalnable by direct amplifica-
tion, has brought about new de-
velopments. In these cases the use
of tube amplifiers to actuate spe-
cial devices that modulate the flow
of a steady air stream is one
method of getting sound systems
having the equivalent levels of
many hundreds of watts.

Even when competing with really
cheap sources of audio frequency
tone for signalling, such as fog
horns and whistles, the old rule
that the amount of intelligence
imparted by a communication path
depends on the bandwidth, makes
such competition keen. Voiced sig-
nals when of sufficient intensity to
be easily heard are faster and re-
quire less concentration on the part
of the listeners than code signals
and are vastly better than the
cumbersome use of written orders.

The old objection to the use of
verbal orders for giving instruc-
tions on any important job has
been obviated by the correlation
of a good PA system with one of
the numerous voice-recording de-
vices which make all orders spoken
over the system permanent on film,
tape, wire or discs. In systems
using tape and wire, long-playing
records are possible, so that an
eight to twelve-hour day can be
completely covered on a single rec-
ord. The combination of these two
divergent applications of elec-
tronics will do much toward elim-
inating the cumbersome and time-
consuming system wherein all
orders must be transmitted in
written form.

*Sound Coverage for Airports, May 1943,
page 76; Sound Amplification by Air Modula-
tion, Nov. 1944, page 84.

ELECTRONIC INDUSTRIES o July, 1945



STEEL-JACKETED, WATER-COOLED

IGNITRON

TYPE FG-271... $51

An efficient and economical tube

. . . for welder-circuit and other
controls where substantial peak
currents are encountered.

...for low-power a-c to d-c con-
version.

RICEDat $51—a figure which rep-
resents important value—G.E.’s
Type FG-271 ignitron is one of the
most capable, reliable electronic tubes
in the industrial field for current con-
trol or conversion purposes.

cooling—these features further im-
prove performance. Useful as a
welder-control tube, Type FG-271
also is adapted to other controls in-
volving heavy maximum currents. In
addition, the tube handles rectification
in low-power circuits

they serve industrially.

@ Be sure to ask for your free copy of G.E.’s new Booklet
ETI-21, *Ignitron Tubes and How They Are Used.”” Just
off the press, this 24-page profusely illustrated booklet, com-
plete with selected circuits, tells the full story of ignitrous,
their characteristics and performance ratings, and how

efficiently.

The FG-271 offers
you (1) a wide range of
useful application, (2)
economical first cost,
with no mechanical

Steel-jacket construction plus mer-
cury-pool type cathode give Type
FG-271 the qualities of sturdiness,
large peak-current capacity, and long
life which are typical of the ignitron
group. Special sealed design, low-
current ignitor poircts, uniform water-

maintenance charges,
(3)lengthof servicemeasuredinyears,
fromactual recordsofthousands of G-E
ignitronsinindustry. Basicratingsare
givenattheright. For further informa-
tion see your nearest G-E office or dis-
tributcr, or write Electronics Dept.,
General Electric, Schenectady 5, N.'Y.

’2/ CHARACTERISTICS
OF TYPE FG-271

Steel-jacketed, water-cooled ignitron tube
with mercury-pool cathode. Sturdy, compact,
easy to install. For welder-control service, a
popular application of Type FG-271, ratings
are: max kva demand 600, with carrespond-
ing avg anode current 30.2 amp—max avg
anode current 56 amp, with corresponding
kva demand 200. (These ratings are for
voltages of 600 v rms and below.) Ignitor
requirements are 200 v and 30 amp. . .
Ratings for current conversion will be sup-
plied upon request, in which case please in-
clude a brief description of the application
or circuit.

Heor the G-E rodio progroms: ‘“The World
Today” neus, Monday through Friday, 6:45
p. m., EWT, CBS. "The G-E All-Girl Orches-
tra,” Sunday 10 p. m., EWT, NBC. "The G-E
House Party,” Monday through Friday, 4 p. m.,
EWT, CBS.

There are 265 Main Supply Outlets for G-E Electronic Tubes, Eacked Up by Centrally Located Stocks in 26 Large Cities from Coast to Coast

GENERAL

TRANSMITTING, RECEIVING, INDUSTRIAL, SPECIAL PURPOSE TUBES *

ELECTRONIC INDUSTRIES o July, 1945
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A forward-looking American manufacturer
offers Advanced Careers to
a few qualified engineers and scientists

*

*

Top salaries plus high royalty earnin g5

*

*

Excellent laboratory in fine buz'ldz’ng

N order to carry out a highly developed program

of growth and expansion, we seek to augment
the staff of our creative engineering laboratories
with outstanding talent...and are prepared to do
the things necessary to obtain it.

Applications are therefore invited from key engi-
neers, research men and physicists experienced in
industrial electronics, industrial control equipment,
the design of automatic machines and allied fields.
There are openings to satisfy the chief engineer,
department head, project engineer, research engi-
neer and the basic research scientist.

Salaries will at least equal those paid by other
leading companies in the field, but in addition, each
candidate will receive a graduated percentage royalty on
the sale of all products he develops. A portion of this
royalty continues even if he later leaves the company.

The conditions under which you will work are
ideal. Our laboratory —housed in a splendid build-
ing—is well-equipped. You will be furnished with
everything necessary to carry out the projects under
your direction. The laboratory is located in one of
the most charming residential communities of
southern New England within commuting dis-

tance of New York — fine homes, excellent schools,
modern shops and stores.

In order to receive fullest possible consideration,
your application should present a detailed and
comprehensive account of your experience and
accomplishments, with particular emphasis on
patents you may have obtained and contributions
you have made to the origin or improvement of
devices or techniques in your field.

The engagement of any candidate, of course,
must be in accordance with War Manpower Com-
mission and wage and salary regulations. If your
present status precludes a change in position at this
particular time, contractual arrangements can be
made for you to join the staff at a later date.

We choose not to reveal the name of this corpo-
ration in this advertisement but every candidate
interviewed will have the fullest opportunity of
learning everything he wants to know about us.
Further, your letter of application will be seen only
by principals and will be held in the strictest con-
fidence. All our staff knows of this advertisement.

Please address your letter to
Box 7593, ELECTRONIC INDUSTRIES
480 Lexington Avenue, New York 17, New York

ELECTRONIC INDUSTRIES e

located in beautz'ful Southern New England commaunity

*
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- RECORD CHANGERS
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FEWER MOVING PARTS
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% NewCatalog and Handbook of Taylor Laminated Plastics

design engineers, and manufacturers

Just off the press! A 54-page catalog
and handbook containing the latest
factual data, standards, and engineering
information on Taylor Phenol Fibre and
Vulcanized Fibre sheets, rods, tubes,
and fabricated parts. An invaluable
reference book for purchasing agents,

whose products contain laminated
plastic parts. The scarcity of paper has
forced us to make this a ‘“limited edi-
tion,” so if you want to be sure of getting
a copy before the supply is exhausted,
write today on your business letterhead.

TAYLOR FIBRE COMPANY

LAMINATED PLASTICS: PHENOL FIBRE * VULCANIZED FIBRE - Sheets, Rods, Tubes, and Fabricated Parts

NORRISTOWN, PENNSYLVANIA » OFFICES IN PRINCIPAL CITIES - PACIFIC COAST HEADQUARTERS:544 S. SAN PEDROST.. LOS ANGELES 13
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ELECTRONIC INDUSTRIES

HERE’'S WHAT WE DO:

WESTINGHOUSE MAKES A TUBE
SURVEY OF YOUR PLANT

A Westinghouse tube representative will in-
spect your electronic equipment and deter-
mine the type, the manufacturer, and the
catalogue number of each tube and its esti-
mated life. This analysis will cover all of the
tubes you use, regardless of make.

WESTINGHOUSE MAKES A TUBE SUR-
VEY OF OTHER PLANTS IN YOUR AREA
A Westinghouse tube representative will

make a tube survey of the other plants in
your area which have electronic equipment.

WESTINGHOUSE BASES ITS LOCAL
TUBE STOCKS ON THESE SURVEYS

With these surveys your Westinghouse tube

VVestinghouse

© 1945, Westinghouse Electric Corporotion

® July, 1945

distributor has an\accurate picture of tube
requirements of yopr entire area. He bases
his tube stock on these-surveys. This stock
will include not only Westinghouse tubes
but also the tubes other makes which
your equipment requi

HERE’'S WHAT YOU GET!

A copy of the completed survey of your
electronic equipment.

A complete report on
your plant.

tubes from the
se in your area.

Prompt delivery on the
Westinghouse tube wareho

If you would like us to make akurvey of your
plant . .. call your local Westinghouse repre-
sentative or write Westinghouse Electric
Corporation, Lamp Division, Bloomfield,
New Jersey.
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Rear view of new FOSTER “ROBOT”
TESTING APPARATUS. Open panel

reveals zomplex electrical units.

Front view of "ROBOT.” Controls
are few and easy to operate. High-
precision readings visible at a glance.

FOSTER AUTOMATIC “ROBOT” ELIMINATES HUMAN
ELEMENT IN TRANSFORMER INSPECTION

This is the new Foster "Robot"—an ingenious Foster
development designed to eliminate fallible human
judgment in the final test and inspection of Foster
transformers.

The "Robot" is never tired. lts judgment never fails. It
has no memory, and no conscience—it accepts or
rejects automatically. All in one operation this stern
mechanism tests core loss, turns ratio, leakage resist-
ance and winding resistance. All Foster transformers
must meet the "Robot's" requirements, both for usual
running conditions as well as a high specified safety
margin. And the "Robot" does this vital work faster,

BOB REID
810 West S7th Street
Indianapolis S, Ind. *
Telephone Broadway 2725

BAUMAN AND BLUZAT
2753 West North Avenue
Chicago 47, IMI.
Telephone Humbolt 6809-10-11-12

more accurately and more uniformly than was ever
possible before.

Designed to meet the heavy demands of Foster's was-
time commitments, the new Foster “Robot'* will con-
tinue as an integral part of Foster testiag equipment
cfter the war. It is one more assurance that your
Feacetime Foster transformers will maintain the high-
est possible standard of performance. And, because it
is a time-saver, the '"Robot”, togethe~ with Foster's
other streamlined techniques, will actually save you
money.

THE A. P. FOSTER COMPANY
BARRETT BORDER
11 W. 42nd St., New York 18, N. Y,
Telephone PEnnsylvania 6-9133

SPECIALISTS IN BUILDING TRANSFORMERS SINCE 1938

A. P. FOSTER company

TRANSFORMER

ENGINEERS &
719 WYOMING AVENUE,

MANUFACTURERS
LOCKLAND 15, OHIO

ELECTROMNIC INDUSFRIES o July, 1945
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@ Wterever compact power is essential, Ken-Rad Minia-
cure Tubes are serviag staunchly . . . Now this famous
rmake of tubes inproxec still further by important new

research aad maaufacruring facilities, will meet petter
thar ever the exactiag specificatioas bein3 laid down by

Zesigners, builders anc users of electronic equipment.
/\—— B e

K ol

Write for your coby of E N’ D
*Cssential Characte-isics”
the nost complete digest of

tube information available.
; OWENSBORO, KENTUCKY

ELECTRONIC INDUSTRIES ® July, 1945




Plant and Generaol Offices, CLIFTON, N. J

MYCALEX 400

WITHSTANDS HIGH TEMPERATURES

An outstanding characteristic of MYCALEX 400 is that it can withstand
temperatures above 400° C. without softening or any permanent change
in dimensions or properties.

Thus MYCALEX 400 has proved of great value as a lew lfoss insulator in
communications and other high frequency apparatus intended for use at
elevated operating temiperatures.

MYCALEX 400 is inorganic, free of corbonizotion...impervious to oil
and water. .. not subject to cold flow. It meets all Army and Navy
specifications as Grade L-4 material (JAN-I-10). It combines low loss fac-
tor with machinability to close tolerances. In sheets and reds. Fobricated
to specifications,

THE INSULATOR

TRADL MARK REC. U. & PAT. OFF.

"“"Owners of ‘"MYCALEX’ Patents’

annnnnnE Y —

ELECTRONIC INDUSTRIES
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OTHER

MYCALEX
CORPORATION
PRODUCTS
®

MYCALEX K

A series of ceramic capoci-
tor dielectrics, with dielec.
tric constant selectable
from 8 to 19. Low power
factor, high dielectric
strength. Meets Army and
Navy requirements as
Closs H moterial (JAN-I-
12). To specifications,

MOLDED MYCALEX

Low loss, high tempera-
ture injection molded in-
sulotion. Molded in union
with metols in irregulor
shopes. High production
rotes result in economical
prices.

MYCALEX K ond MOLDED

MYCALEX will also with-
stand 400° C,

MYCALEX CORPORATION OF AMERICA

Executive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y.

® July, 1945
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“FP” CAPACITORS
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7HEN it comes to top chassis mounting, no
other capacitors have ever matched the all-
around excellence of Mallory “FP’> Capacitors.
That's why, as a matter of course, the Hewlett-
Packard Co., of Palo Alto, California, uses them
in this finely-constructed Low Frequency Vacuum
Tube Voltmeter.

Mallory “FP” Capacitors are precision-built,
thoroughly dependable, noted for their long life.
The smallest capacitors available for a given elec-
trical rating, they save chassis space, permit

highly compact circuit designs. Moreover, they
are easy to install and service.

Compact size, low cost, completely standard
features—these have combined with uniform
quality to win for Mallory “FP* Capacitors the
official approval of RMA and the confidence and
respect of engineers everywhere. There’s a place
for them in your equipment too. Contact your
Mallory distributor or write us direct for the
latest Mallory Catalog.

W P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA
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The Collins-designed trans-
mitter as operator sees it from
his station in a Superfortress.

Superfortresses blast
and roast Japs. Offi-
cial photo U.S.AAAF.

.
..........'O............

16
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Boeing—Wichita Photo.

In the Boeing B-29 from the first

THE FIRST MESSAGE from the Army’s first Boe-
ing Superfortresses over Japan, on the Yawata
mission of June 15, 1944, was transmited by a
Collins radio transmitter of the type shown
above. From that time on, this transmitter has
been standard equipment for all the Superforts,
as it is also for the larger Naval aircraft.

As the Army and Navy demand increased,
requirements exceeded the capacity of the exten-
sive Collins facilities, and other manufacturers
of radio equipment were drawn into the produc-
tion program, aided by Collins engineers. Total
deliveries have been very large.

| pmmm——
IN RADIO COMMUNICATIONS, IT'S . . . —M

Collins engineering and production have gained
much valuable experience during the war in
providing reliable radio communications under
all operating conditions in practically every
quarter of the globe. This experience will be
available to commercial and personal users as
soon as military requirements permit. Collins
Radio Company, Cedar Rapids, Iowa; 11 West
42nd Street, New York 18, N. Y.

=

|
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Just write us, on your
letterhead, for your copy
of this valuable booklet

on permanent magnets

@ As a service to industry,

The Arnold Engineering Com- R "f:,-,:--,:; ..........
pany is ‘‘lending a hand" in U
the distribution of what Arnold Ty
engineers believe to be a very

informative study on the subject of permanent magnets.

This 39-page book of permanent magnet theory, de-
sign data and references was published by the govern-
ment. Arnold is pleased to make it available to you free

of charge and without obligation. Write for it today!

THE ARNOLD ENGINEERING (COMPANY

147 EAST ONTARIO STREET, CHICAGO II, ILLINOIS

Specialists in the Manufacture of ALNICO PERMANENT MAGNETS

ELECTRONIC INDUSTRIES e July, 1945 7
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WW&J GEARED TOGETHER

IN THE NEW AUTOMATIC ELECTRIC CLASS “B” RELAY

® Check over one by one the qualities you want most in

any relay. Here, in this new relay, you will find them ONLY THE CLASS "B"” RELAY HAS

all—combined to give outstanding performance in any ALL THESE DESIGN .FEATURES

electrical control application.

Sensitive enough to operate on minute current, the Twin Contacts—providing dual circuit
Class “B” has also the high contact pressure needed Paiiit For michiaiing Aaiprye
for perfect closure— Efficient Magnetic Circuit—for sensi-
Compact enough for multiple mounting in small space, IR TIR NG ESRTE e
yet with ample power for operating up to 28 contact Unique Armature Bearing—for long
springs— wearundersevere service conditions.
With inbuilt quality needed for long service under Compact Design—for important sav-
tough conditions, and the dependability provided by dual e U bl oR ARG

circuit paths through independent twin contacts— Versatility—Available for coil volt-
It will pay you to get the full story on this remarkable . '°d3°° :°"s AR e

) . . -c, it tact iti
new relay. It is one of the forty basic types described iy agcidingry s L S Ty

. . . - to 28 springs; also with magnetic
in Automatic Electric’s catalog 4071-D. Write today

shielding cover if desired.

for your copy.

27 .

AND OTHER COJNTROL DEVICES

AUTOMATIC ELECTRIC SALES CORPORATION
1033 West Van Buren Street ¢ Chicago 7, Illinois

AUTOMATIC
ELECTRIC O Ceamata) timned, Toramt
PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED

18 ELECTRONIC INDUSTRIES @ July, 1945




“QST #1 Filoment ond Grid
suoport wire s ‘‘miked ond
weighe® to mest specificotions
since sBghtest -oriotions offect
tube °cyorocteristics ond per-

“ 7 FOR TRANSMITTING TUBES

STEP-BY-STEP, from raw material to final product, nothing is taken for granted

at United. For instance, all raw materials that enter into the evolution of a United
tube are checked and tested with searching chemical and metallurgical care in

QST #2 Quontitotive anolysis our own laboratory pictured above. These tests complement our regular inspec-
of Filorment Spreys ond Chemi- . . .

ol Ge@ers is mode to insure tions for exacting mechanical standards.

correct “otios of the octive in-
gredienm o . . 3

Such vigilant Quality Standard Tests of raw materials are essential to assure

the sterling qualities of United Tubes. For the name United carries a great
responsibility with engineers everywhere. It is a trusted standard for comparing
transmitting tubes which must be zealously guarded and always maintained.

But the final test rests with you, so let United tubes prove themselves by
actual performance. Try them when you make your next replacements. Write

for a copy of our latest catalog. Order direct or from your Electronic Parts Jobber.

QST 23 Althwugh triole dis-
stillea  the Maercury wsed in *Quality Standard Test
United tube is -urther processed

to prevant contcminotion by mi- .
nute freces of imopurities Maslerplece Of

Ruggedizing: A
United feature
which enables
tubes to with-
stand terrific
shocks.

ELECTRONICS COMPANY

NEWARK, 2 m NEW JERSEY

Transmitting Tubes EXCLUSIVELY Since 1934

ELECTRONIC INDUSTRIES @ July, 1945 19
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more efficient
...1n miniature

The modern high speed grinder can perform many
tasks that are impossible with the old fashioned
grindstone. Like the miniature electronic tube, it is
a striking example of the modern trend of increased
efficiency with reduced size.

TUNG-SOL foresees great possibilities in the use of
miniature tubes. In most circuits miniatures do a
better job than large tubes. Their lower capacity
and high mutual conductance and their shorter
leads with resulting lower lead inductance make
them practically essential for many high-frequency
applications.

The added advantages of miniatures are their small
size and reduced weight.

TUNG-SOL engineers will be ready
to assist the manufacturers of radio
sets just as they have assisted the Navy

and Signal Corps by designing and |
planning circuits and selecting tubes ~ ACTUAL SIZE
best suited to give the most efficient performance.
Yourfuture plans will be held in strictest confidence.

TUNG-SOL

vibralion - lesled
ELECTRONIC TUBES

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY
Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beam Headlight Lamps and Current Intermittors

ELECTRONIC INDUSTRIES o July, 1945



THERE'S a good deal more to an efficient, de-
pendable electrical coil than a routine wind-
ing. Basic engineering, for one thing. Engi-

Add to these features Anaconda’s excellent
manufacturing facilities and expertly trained
personnel.

neering that thinks right from the conception
of each problem.

The proper relationship of many variables
must be analyzed, weighed. Anaconda coil en-
gineers put emphasis on the correct type, size,
shape, insulation, cost, as well as winding.

Anaconda engineering service for coils and
magnet wire is always yours for the asking.
Contact any sales office, w301

The quality of the magnet wire also is im-
portant. Anaconda controls it from raw cop-
per, through fabrication, to application on
the finished coil.

This means that as a coil producer Ana-
conda also has the advantage of its long expe-
rience in making magnet wire. By the same
token, Anaconda magnet wire production
benefits by Anaconda coil experience.

ayor —7 Tk 4 . A pA
, r 4 >
I/ CAGNRE UL~ Ll g

ANACONDA WIRE & CABLE COMPANY

GENERAL OFFICES: 25 Broadway, New York City 4
CHICAGO OFFICE: 20 North Wacker Drive 6 ¢ Sales Offices in Principal Cities

i

'
"\

(

Subsidiary of Anaconda Copper Mining Company
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How to beat a woman—TO0 A DOOR

One way to startle the lay public into
awed pleasure is to show them a door
opened by means of a photocell.

The practical beauty of this stunt is
that you can do it over and over again
without failure, even where shattering
vibrations exist as part of norma! op-
erating conditions. For the Luxtron®
photocell is really rugged.

Another advantage is that Luxtron
photocells convert light into electric

®¥. M. REG. U, S. PAT. OFF

PHOTOCELLS—MASTERS OF LIGHT

energy for the direct operation of
meters and meter relays without am-
plification. They are lightweight, too.
They are a good way to beat competi-
tion to a customer.

If you have any conto!l problem
that has defied solution with a simple,
durable piece of apparatus, perhaps
Bradley can throw some light on it—
and make that light do the work for
you. Write for literature and samples.

BRADLEY

Another “Coprox’’ Rectifier

This center tap, full wave rectifier for
high frequency current is one of o use-
ful group of copper oxide rectifiers
developed by Bradley. lilustrated
*Coprox’’ bulletin mailed on request.

MASTER OF PHOTOCELLS

BRADLEY LABORATORIES, INC., 82 MEADOW STREET, NEW HAVEN 10, CONNECTICUT

ELECTRONIC INDUSTRIES @ July, 1945




MALLORY
POTENTIOMETERS

Help Keep Aircraft Engines
from Getting
“Hot Under the Collar” ===

P‘LEXIBLE shaft power units, built by Lear Avia, Inc., Piqua, Ohio,
for operating aircraft cowl flaps, radiator shutters and exit flaps, use
Mallory “M” Type wire-wound Potentiometers as remote indicating
controls. Ruggedly constructed and electrically efficient, these precision
potentiometers are specified for equipment that must give top per-
formance under tough conditions.

If your product requires potentiometers or resistors, capacitors or
switches, jacks, plugs, vibrators, power supplies or rectifiers—see your
nearest Mallory %istributor. He has these standard precision electronic
parts in stock ready for your use. Ask him for the Mallory catalog, or
write us today.

Make it a policy to consult Mallory for engineering assist-
ance while your designs are still in the blue print stage.

P. R. MALLORY & CO,, Inc., INDIANAPOLIS 6, INDIANA

VARIABLE CARBON RESISTORS—In
standard and midget types from 5,000
ohms to 9 megohms. Noiseless in opera-
tion. Rugged terminal construction and
improved resistance to humidity.

VARIABLE WIRE-WOUND RESISTORS
—Auvailable in three standard types, from
0.5 to 150,000 ohms, 2 to 9 watts. Single
and multiple units, with or without

AC switch.

FIXED AND ADJUSTABLE WIRE-
WOUND RESISTORS—Available from
1 to 100,000 ohms and 10 to 200 watts.
Maximum wattage dissipation. Resistant

\\NN\\\\\vmmumm\\mmm\\\\\\ ‘N to humidity.
= e ]

.

MALLORY

FIXED AND VARIABLE

RESISTORS
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HOW EXCELLENCE IS BUILT INTO

//;/2732/;3 &

———————
MICA
CAPACITORS

: :

® Vacuum impregnation tank apnd waxing equipment tor special treatment of mita films.

SANGAMO ELECTRIC

- ESTABLISHED 1898 -« - - MICA CAPACITORS - - »
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¢ Impregcrating and spinning equipment far
vacuum wax impregnating mica capacitar
cartridges and spinning off excess wax,

® Impregnating tank far vacuum impregna-
tion of capacitars and capacitar cartridges.

COMPANY g

~ ++ - WATT HOUR METERS - - - TIME SWITCHES - -

RsRlY TS V. R
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.. . Hene's what Simpson has neady

1. This new Simpson Mutual Conductance Tube Tester
tests tubes with greater accuracy than any commercial
tube tester ever designed.

2. Provides greater flexibility for future tubes than any
other tester.

3. Tests tubes with voltage applied automatically over the
entire operating range.

4. Simplifies as never before the interpretation of tube
condition from mutual conductance readings.

SIMPSON ELECTRIC COMPANY
5200-18 Kinzie Street, Chicago 44, lll.

INSTRUMENTS THAT STAY ACCURATE

26 ELECTRONIC INDUSTRIES @ July, 1945



IT'S THE MATING SEASON FOR GLASS AND METAL
thanks to Corning Metallizing !

ORNING has long been interested in the mating

qualities of glass and metal. Out of this interest
has developed a metallizing process which can be ac-
curately controlled . . . and which lasts.

Corning’s metallizing process, combined with the
excellent mechanical and dielectric properties of
Corning’s glasses, produces hermetic seals berween
glass components and metal by ordinary soldering

C NN Electronic Glassware B

means
Research in Glass
«PYREYX

ELECTRONIC INDUSTRIES o July, 1945

methods or furnishes accurate and constant capaci-

tances and inductances or electrostatic shielding.

Metallized glass as developed by Corning offers a wide
variety of new applications in the field of electronics.
Perhaps you have a problem where the union of glass
and metal can help. Why not write us about it? Address
Electronic Sales Department, 1-7, Bulb and Tubing
Division, Corning Glass Works, Corning, New York.

VIC0R
(cujz,m.'fo?;; %

“A1

YYCOR® and -~CORNING” are registered trade-marks and indicate manufaciure by Corning Gluss Works. Corning, N. Y.
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WiLco
Now EQuUIPPED

for large scale production of

WILCO wire, tubing and other products are used in various electronic applications for the
Army and Navy. In response to the wartime demand for these various products, the H. A.
Wilson Company has enlarged its plant, increased its manufacturing facilities, added essen-
tial new equipment and developed new products and techniques. Both present and future
customers will find these new WILCO developments of great advantage.

The H. A. Wilson Company manufactures and is interested in receiving inquiries regard-
ing the following typical products—

WILCO JACKETED WIRE WILCO JACKETED TUBING
Silver (Fine, Sterling or Coin) Silver Tubing (Fine, Sterling or Coin)
Silver Jacketed Copper Gold Tubing (any Color or Karat)

Silver Jacketed Brass or Bronze (one or both sides)
Gold Jacketed Silver (one or both sides)
GoHd Jacketed Brass or Bronze (one or both sides)

Silver Jacketed Invar
Silver Jacketed Brass
Silver Jacketed Steel

Gold Jacketed Silver (Fine, Sterling, Coin) WILCO STRIP MATERIAL

Gold Jacketed Brass or Bronze Silver (Fine, Sterling or Coin) on Brass or Bronze (Inlay or Overlay)
Copper Jacketed Monel Gold on Silver (any Karat on Fine, Sterling or Coin)

Nickel Jacketed Copper Gold on Brass or Bronze

Other WILCO products include Electrical Contacts—

Silver. Platinum, Tungsten. Alloys, Powder Metal. Thermostatic Bimetal (High and Low Tem-
perature with new high temperature deflection rates.) Precious Metal Collector Rings—For Rotating
controls. Silver Clad Steel. Rolled Gold Plate. Special Materials.

Let us analyze your problems.

THE H. A. WILSON COMPANY

105 Chestnut Street, Newark 5, N. J.
Branches: Detroit *+ Chicago
ELECTRONIC INDUSTRIES @

July, 1945



HERMASEAL/

HERMETICALLY SEALED TRANSFORMERS
’ LE IN SEA WARFARE!

ol . - - "
Ny .o

Uniform Characteristics

,,,,,,,

Correct Terminations

A HERMASEA'. Vacuum Immersion Test

Vacuum Impregnation—Varnish or Wax

AND GET Vacuum Filling—Oil or Wax*

Strong Mechanically

A'.l Soldered by Induction Heating
Infra-red Pre-heating
Continvous Inspection

42 years Experience

HERMASEAL BY AMERTRAN

THE AMERICAN TRANSFORMER CO., 178 Emmet St., Newark 5, N. J.

HERMASEALR

® May ncw e specified instead of compousd filling,

Pie1eer Manufacturers of Trans=>rmers, Reactors and
Redtifiers for Elactronics and Power Transmission

ELECTRONIC INDUSTRIES @ July, 1945 29



lMustrated are just a few examples of Cole

Steel Equipment '‘know-how.”” Qur complete
stamping—welding—plating—finishing—and
packing departments are at your command.
Whatever your problem . . . instrument hous-
ings, water-tight boxes, chassis . . . we're
geared to design, fabricate, and finish to
your exact specifications,

L ]

Send for our brochure
“THE PLANT BEHIND YOUR PLANT"'

COLE

STEEL EQUIPMENT COMPANY

349 Broadway, New York 13, New York Factory: Brooklyn, New York

30
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checked by men who know

Here this Cornell-Dubilier series 50 capacitor is checked If yau have a capacitar prablem, ane of

to make sure that the current and frequency ratings are aur basic innavatians in design, engineer-
correct. ing ar manufacture may be the answer.

Write ta Carnell-Dubilier Electric Carpa-
This is one of many routine production tests to safe- ratian, South Plainfield, N. J. Other Plants
guard the quality and reliability of C-D Capacitors. ot New Bedford, Brookline, Warcester

Mass. and Pravidence, R. |

It is responsibility, not novelty, that makes C-D crafts-
men so intent on the outcome of this test. This capacitor
has a reputation to live up to . . . it must be capable of

sustained performance, continuously, under heavy duty. co n N Ell. n “ B ' l' E R

This preoccupation with the details that make for per-

fection has rated C-D capacitors the finest by men who c APACII“RS SR,
know and use them. The name Cornell-Dubilier is their \ ( l/i
guarantee of better-than-specified quality. You, too, can v,

depend on them. MICA - DYKANOL « PAPER - ELECTROLYTICS

ELECTRONIC INDUSTRIES @ July, 1945 5



® An important contribution by Raytheon tube-design engi-
neers to the eflicient generation of ulira ligh frequency
power is a miniature triode designated as type 6N-4.

This cathode type tube combines the (lesiraﬂple features of
reduced interelectrode capacitunces and lead inductances
with high transconductance. Thus the inevigable internal
losses are minimized, making the 6N4 partienlarly adaptable
as an amplifier, doubler, or oscillator at freuencies up to
approximately 500 megacycles. ‘

The foregoing characteristics can be used 1 advantage in
many types of equipment which may not be publicized.
However, such impertant functions as those performed by

e |
B teln,

All Four Divisions Have Been
Awarded Army-Novy
*'E"" with Stars

e

b

UFAC

DEVOTED TO RESEARCH AND

32

Maximum Diameter

RATINGS :

nected to cothode.

SPECIFICATIONS OF

6N4

DIMENSIONS:
Maximum Overall Length 1% inches
Maximum Seated Height 1% inches

Y% inches

Hecter Voitoge 6.3 volts
Heater Current 0.2 omps.
Maximum Plate Voltage 180 volts
Maximum Plate Dissipation 3 wots

DIRECT INTERELECTRODE CAPACITANCES: *

Grid to Plote A wuf
Input 3.0 wuf
Output 1.6 wuf
TYPICAL CLASS A CHARACTERISTICS:

Plate Voltoge 180  volts
Grid Voltoge ~3.5 volts
Plote Current 12 ma
Amplification Foctor 32

Transconductonce 6000 umhos

* Approximate — with clase fitting shield con-

the local oscillator i a u-h-f television or FM receiver are
readily visualized porsibilities.
In zddition. Raythiron type 6N4 will be an ideal tube for

RAYTHEON

TURING COMPANY
0 Receiring Tul) i
55 A

civilian *walkie-lalkigs” and other poriable radio equipment
of the fulure. It hasi moderate heater power requirements
asd perfornis efficiently in the 460-470 megaeycles region
of the spectram which is expected to be approved, by the
Federal Conmmmunications Commission, for civilian use.

Whether or not Rélylheon type 6N4 fits your particular
pkans, he sure to consider Raytheon High-Fidelity Tubes for
your postwar producis. There’s a Raytheon tubce that will
fiil your need efficiertly and dependably,

“MEET YOUR NAVY'

Svery Saturday Night

AMERICAN BRO. ASTING CO.
Coost te Coost

181 statiens

-;‘1

NEW ERA OF ELECTRONICS

ELECTRONIC INDUSTRIES @ July, 1945



Deriving the most from frequency contrel and selection
circuits employing quartz crystals calls for a recognition
of the fact that a-crystal is also a circuit element and, as
such, is influenced by and in turn influences other circuit
characteristics. It is a case of fitting the key to the lock.

The interdependence of crystal and tube in any circuit
application poses design problems that are common to the
crystal engineer, the tube engineer and the circuit engi-
neer. Solutions are more readily arrived at by a pooling
of specialized knowledge.

As manufacturers of crystals and tubes, the North
American Philips Company has an intimate knowledge
of both. Our engineers are therefore particularty well
equipped to cooperate with circuit design engineers in any
application problems involving the use of crystals. As an
example, the circuit shown at right was suggested by our
crystal applications laboratory as one means of employing
crystal control in a push-button tuned receiver.

Although the armed forces have first call on our crystal
production facilities, we invite inquiries from manufac-
turers interested in the utilization of low-cost precision
quartz crystals for industrial and commercial applica-
tions. A hooklet “[low Quartz Crystals are Manufactured”
is available on request.

Crystal.controlled
oscillatorcircuit
for push-button
tuned receivers,
using the series res-
onance of the crys.
tal as the control
factor. No adjust- |
ment is required

over a frequency

range as great as |
2t0l. ]

l
|
n

@ eAANA
vy
=

oreé /0 O Flectronic Products by

@ v s Puon

ELECTRONIC INDUSTRIES

July, 1945

»’ OTHER PRODUCTS: Amplifier, Transmitting, Rectifier and Cathode Ray Tubes; Searchray

(Industrial X-ray) Apparatus; X-ray Diffraction Apparatus; Medical X-ray Equipment, Tubes and
Wire; Diamond Dies. ®@We invite you to

Accessories; Tungsten and Molybdenum products; Fine
visit our office and showroom when in New York City.

NORTH AMERICAN PHILIPS COMPANY, INC.

Dept. H-7,100 East 42nd Street,New York 17, N. Y.
Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. (Metalix Div.); Lewiston, Maine (Eimet Div.)
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CAPACITORS FOR

Gl JOBS

G-E fixed paper-dielectric
capacitors built to the exacting
requirements of (proposed)
Joint Army-Navy Specification
JAN-C-25 are now available in
Characteristic F, in case styles
CP-50, -51, and -52. These
small compact “bathtub” ca-
pacitors, hermetically sealed in
metallic cases, are built to
withstand the severe conditions
encountered by electronicequip-
ments for the armed services.

Single-, dual-, or triple-
section units can be supplied for voltages of 600 or 1000 volts,
in sizes from 0.05 to 2 microfarads. All units provided with
solder-lug “B” terminals. Ask for Bulletin GEA-4357.

LITTLE INSTRUMENTS THAT
CAN “'TAKE’’ A LOT

Internal-pivot construction of G-E
small panel instruments makes for
compact construction. Accuracy is
high, and construction strong. These
instruments will withstand momen-
tary overloads of ten times their rated capacity, are resistant to
vibration and to temperature, giving accurate reading in the
ambient temperature range from —50 C to 70 C. This line
(DW-51 and DW-52) includes 15 d-c voltmeters, 10 d-c am-
meters, 14 d-c milliammeters, 8 d-c microammeters, 9 r-f
ammeters, and 9 r-f milliammeters, all calibrated to cover a
wide range of applications in shiclded and unshielded types.
Send for Bulletin GEA-4064,

INDUSTRIOUS TUBES FOR INDUSTRIAL USES

From the ignitron, supplying
hundreds of amperes, to the
tiny photo tube that inspects
sheet metal at speeds as high as
1000 feet per minute, you'll find
G-E tubes putting electronics
to work, on all sorts of industrial
jobs.

Phanotrons convert a-c to
d-c. Kenotrons and ignitrons
convert a-c to d-c, and also serve as high-speed circuit inter-
ruptors. Thyratrons give “trigger action” or controlled rectifi-
cation; pliotrons act as amplifiers. Photo tubes are applied to a

wide range of control and measurement functions. Ballast
tubes, vacuum switches, and indicator tubes complete the G-E
line, which is sufficiently broad to cover nearly any electronic
application. Send for Bulletin ETI-12.

Q—"‘, ALNICO MAGNETS—

-~ POWERFUL
AND PERMANENT

Alnico magnets make pos-

| sible compact designs of elec-

| tronic and electric equipment,

| because of their high energy

| content per unit volume. They

are highly resistant to de-

| magnetization by vibration,

| heat, or stray magnetic fields.

Sintered alnico lends itself to

large-quantity production of

‘ small magnets both simple and

intricate in shape. Cast alnico,

available in five different

grades, including the high-

energy alnico 5, is best suited

for magnets weighing more than 1/10 lb. Ask for Bulletin
GEA-3682B on sintered alnico magnets.

TERMINAL BOARDS FOR EASIER
CONTROL WIRING

With G-E Type EB-2 terminal boards, you just strip the
wire end, and screw the connector down on the bare wire.
These solderless pressure connectors will take one No. 8 Awg
stranded conductor, two No. 12 stranded, or three No. 12
solid conductors. Type EB-1 is the same as EB-2, except for
connectors, which are the conventional washer-head screw
type. Both boards are molded from strong, durable Textolite,
both are available in 4-, 6-, 8-, and 12-pole sizes, and both
come equipped with marking strips. Covers are available.

For small wires, a fabricated terminal board (EB-3) is avail-
able in sizes ranging from 4 to 38 poles. Send for Bulletin
GEA-1497A.

34
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' w" Tlmely Htghhghts

TRANSFORMERS AND
REACTORS SEALED
AGAINST SALT WATER

G-E compound-filled her-
metically sealed transformers
and reactors are built to
withstand the rigorous salt-
water immersion and salt-
spray tests, as specified by the
Signal Corps, Air Forces, and Navy. This hermetic sealing also
keeps out dust, dirt, and micro-organisms. The line includes
transformers for plate and filament supply; also microphone,
input, interstage (or grid), and modulation transformers and output
units for the audio-frequency range. Reactors are included for filter,
modulation, microphone, and plate circuits. Standard hermetic
cases vary from approximately two cubic inches to 150 cubic
inches in volume. Send for Bulletin GEA-4280.

RESISTORS IN WHICH
| VARIES AS E°

In Thyrite*, G.E.’s nonlinear,
silicon-carbide resistance mate-
rial, current varies as a power of
the applied voltage (I varies as
E"). Doubling the voltage in a
wire-wound resistor doubles the
i current. Doubling voltage in
=" Thyrite increases the current
16 times, where the exponent (n) of the Thyrite is 4. Because of
this characteristic, Thyrite has solved ‘many problems in elec-
tronic circuits, by protecting them against voltage surges, stabiliz-
ing power voltages, controlling voltage-selective circuits, etc.
Thyrite is usually supplied in disk or rod form, in diameters j ¢
ranging from 0.25 in. to 6.00 in. Send for Bulletin GEA-4138A. < ' ﬂ 4 \

2 g i

i
1
1
|

A LITTLE SWITCH FOR BIG JOBS Capacitors ® Sensitive control and time-delay
| ) « veiays® Limit switches ® Motors, dynamotors,
ThesC it byt siiaigit s giitn _ amplidynes ® Motor-generator sets ¢ Alnico ;

one-third of an ounce; its case measures

2 only 15 by 21/32 by 114 inches, yet it magnets ® Small panel instruments ¢ Formex"
is ratcd 230 volts; 10 amperes a-c. magnet wire *Radio transformers®Switchettes ]
Low-inertia moving parts, and high, e Selsyns ® Chokes ® also tubes, crystals, plastics |
contact pressure assure fast, positive ac- products, insulation materials, and many others ¢

tion even wherc vibration is severe. The spring-return button can
be actuated manually, or by cam or bellows. Switchettes are avail-

' -—-———-——_--_I - - =
able in three general-purpose double-break contact arrange- 1 General Eleceric Company Sec. 642 & g
ments with terminals on top or at ends. Switchettes are designed to 1 Schenectady 5, N.Y W ]
meet the 50-hour Government salt-spray test, and operate from §  Pleasc send me !
sea level to 50,000 feet altitude. Bulletin GEA-3818A describes ! ~-GEA-4357 1
more than 100 t d ! e GEA-4064 --.GEA-1497A }
ypes and arrangements. i .‘ETIA 4064 GEA-4280 1
*Trade-mark reg. U.S. Pat. Off. ] ‘Vj:GEAE§68ZB GEA-4138A I
{ ‘GEA-3818A !
NAME .. LR
COMPANY. o =
ADDRESS = B
CITY.
o .STATE N
-— &o10
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g the Swastiza does not mean to:a. Vistory. There is still the Rising
- Sun':o be taken care of . . . But, the vicory in E1rope is one step nearer tc cor-

version to peacetime pursuits.

.

Here at JENSEN tosal conversion will bs mars_y a matter of continuing tc pro-
duce outstanding, imoroved, high quality czoustic equipment. This is a ccr-
tinuing tradition at JENSEN . . . One examgalz of advaricemen't will be JENSER
Loud Speakers wih Aarce 5. ‘_ :

 Sfpecialisls ére Fesign and Alanuficture of Acowslic

g

UFACTURING COMPANY, 6601 SOUTH LARAMIE AV
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You’ll find WHITAKER
is a dependable source
—if your production needs include CABLE ASSEMBLIES

Let specialists who are experts produce tration above shows positive continuity
the cable assemblies, wiring harnesses or check of assemblies being made for an
bonding jumpers required in units you electronic manufacturer).

manufacture. Turn the job over to Whitaker In addition to an engineered wiring
—and it will be right from the start. service, Whitaker also offers a qual-
Throughout every stage of our ity line of standard cable require-

production we make exacting in- ments . . . Write us for comolete

spections, tests and checks. (Illus- information.

WHITAKER CABLE CORPORATION

General Offices: 1311 Burlington Avenue, Kansas City 16, Missouri
Factories: Kansas City, Mo. ¢ St. Joseph, Mo. ¢ Philadelphia ¢« Oakland

ELECTRONIC INDUSTRIES @ July, 1945 37
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Kovar, the alloy thot seals to glass, available
as wire, rod, tubing, strip or foil

N

ILLUSTRATED are some of the various forms in which Kovar

—the alloy that seals to glass—are available from STUPA.
KOFF. Kovar—a cobalt, nickel, iron alloy, was developed spe-
cifically for sealing to hard glass and has been used commercially
for that purpose since 1936.

Kovar forms a seal to hard glass through a heating process,
in which the oxide of Kovar is dissolved into the glass. The result
is a pressure and vacuum tight.seal, effective under all atmos-
pheric conditions.

To manufacturers equipped for glass working, STUPA.-
KOFF supplies Kovar as wire, rod, tubing, strip or fabricated
into cups, eyelets, leads or special shapes.

Completed seals are available as terminals with single or
multiple, solid or hollow electrodes which can be quickly and
easily soldered to a metal container. STUPAKOFF also manu-
factures meter windows, gauge glasses, graded seals and seals for
special applications.

STUPAKOFF engineers will be glad to assist in developing
Kovar-glass hermetic seals for your product. The booklet, ""Kovar
—The Ideal Alloy for Sealing to Glass,” will be sent on request.

Kovar fobricated into cups,
eyelets and speciol shapes

% % Buy More Bonds * %

Kovar-Glass meter
windows, gauge glosses,
oaod speciol seals

Complete Kovar-Glass terminals with single
or multiple, solid or hollow electrodes

* YRADE MARK 337062 REGISTERED IN U S. PATGNT

\ -
\ﬁw; STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.

‘ . Products for the World of Electronics

38
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¢ Ceramicon is the registered
trade name of silvered ce-

ramic condensers made by
Erie Resistor Corporation.

ALMOST a decade has passed since the need for
extremely stable capacitors with dependable operat-
ing characteristics led Erie Resistor to develop and
introduce Ceramicons®*. These silvered ceramic con-
densers immediately found wide acceptance through-
out the entire communications field.

Augmented by the tremendous requirements of
war, millions of Ceramicons, subjected to the sever-
est service tests, have proved unexcelled in depend-
able performance, particularly as general surpose
condensers, where a moderate degree of capacity
change with temperature is permissible.

As general purpose condensers Erie Ceramicons
have proved superior to other types of condensers in
a great many applications. For example, Ceramicons

CAPACITY RANGE | JAN-C-20 ERIE | MAXIMUM OVERALL
IN MMF STILE STYLE DIMENSIONS
CC20 A 200 x 400
b 1ws1 | éca | kO F 256.x 5620
cc2s B 200 x .656
52t 110 | CC26 | L | 250 x .812
cc3s c 265 x 1.125
111 t0 360 | CC36 M -340 x 1.328
361 to 510 | CC40 D | 375 x1.110
511 to 820 | CC45 E .375 x 1.560
821 to 1100 | ccas F .375 x 2.00
| — e —

are ideal as coupling condensers, particularly plate
to grid, where high insulation resistance is of para-
mount importance.

Ceramicons may be selected from any one of
10 standard temperature coefficients, ranging from
P120 to N750.

The capacity range for equivalent physical size
is given in table above. We will gladly send you
samples of Erie Ceramicons for your general pur-
pose applications.

Electnonies Diviec :

ERIE RESISTOR CORP., ERIE, PA.

LONDON

ENGLAND

July, 1945

TORONTO, CANADA
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No.100 600 800
SINGLE SERIES SERIES

FLANGE 1° 1V
DIAMETER DIAMETER DIAMETER

'.A " D ' " G o o o feet first is a first-class feat, in war or peace. 3/1¢7 (Aep) (952) {1.235)
To land business now and postwar, consider FUSITE hermetic termi- INSERTS IN @ O 1
nals. They make it so much easier for you to hermefically seal your @ s

2

3/16° HOLE 802
electronic component parts. FUSITE's pass the salt water

PRODUCTION HINT
and thermal immersion cycling tests. Another FUSITE feature Scldergontheliead
wires; then bend the

flottenedterminafends 4603 803
is the flattened and pierced terminal ends. Maximum dis- iohagetymdsipumiiig : :
side clearonce.
tance from disc to terminal end is only 5/16”’. This means @ @
FUSITE hermetic terminals are stronger, sturdier, more com- 604 804
pact. When space inside the "can” is limited, FUSITE fits '} ;I' ‘I’
in nicely. See “Production Hint" how to do it. Discover for Holls pundlied and 405 Hic

. . adapter socket
yourself how FUSITE hermetic terminals save parts and formed to receive
multi - terminal  panel.
labor, down costs and up production. Write for samples.
A (hatdal) R i
Today! This mark Fusité is your assurance of the best in her- ? i
metic terminals . . . plus the addifional satisfaction of im- Fusite multi-terminal

panel used as cover for
container. A single

proving the performance of your product. NIt E i
‘ A LANDING RAMP,

1S WHAT THEY TRAMP,
THE MOBILE STUFF GOES WHEELING/
BUT ACTIVE AMPS,

CANT STAND THE DAMP
SOTHEY GET FUSITE SEALING/,

CINCINNATI ELECTRIC
PRODUCTS COMPANY

NO DAMP AMPS./
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Offiecial U S Naxy Photo

accepts ntHing less than

Perfection—

That's why KENYON HERMETICALLY SEALED TRANS-
N# FORMERS AND REACTORS have been selected to play their

part in the great forward march of the world’s greatest Navy which
demands and accepts nothing less than perfection :
of all its personnel and resources.

The construction employed in the unit illustrated
will meet present government specifications from
any branch of the armed services. KENYON'S
high standard of quality has been diligently main-
tained to insure a product of perfection.

Designs available employ both glass-to-metal
and steatite-to-metal sealed terminals.

Overall dimensions and mounting dimensions con-

form to the KENYON T-line case except that Manufac-

4 9 & tured f th
the mounting is single ended at top or bot- b 95 BN
tom. It may be necessary to increase case THE MARK OF EXCELLENCE ;:ef;’;c:';;";

height.

Inquiries invited. Write for our new 1945 illustrated catalogue

KENYON TRANSFORMER CO0., Inc. x>
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ﬂ} a dognat bohind the dudless

chweitzer Condender Papet

Long years of experience in the
production of thin gauge insulating papers
has taught Schweitzer what to look for.

A system of rigid inspection at

every point of manufacture insures the
perfection...and results in fewer rejections
...of the finished products whether

they be condensers, coils, transformers

or other insulating units.

M
SCHWEIIZER PAPER CO.

142 MILLER STREET, NEWARK. N. J.

Plants: Newark, Jersey City, N. J.; Mt. Holly Springs, Pa.
Research Laboratories: Chrysler Bldg., New York, N. Y.

ELECTRONIC INDUSTRIES o July, 1945

Aml\aﬂo“l

43



On every fighting front . . . on land, at seq, in the air . . . Delco Radio prod-

ucts aid in the cocrdination of military operations. Their assignments

include ccmmumcahon, cetecting and ranging, directional- -finding and all

the other varied phases of radio and radar activity. It's a full-time job,

continving and continuous, to which Delco Radio products bring

an effective combination of engineering vision — manufacturing preci-

sion. Delco Radio Division, General Motors Corporation, Kokomo, Indiana.

adio

DIVISION OF

@'35‘9@&\&& MOORS

The Road to Tokyo is Tough —
-Keep Buying War Bonds
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FOR ALL ELECTRICAL APP‘LlCA'l‘IONS-—

BH EXTRA FLEXIBLE FIBERGLAS SLE

EVING

‘“"/’/ A

WHY give a few cents worth of electrical in-
sulation a chance to be the weak link in your
product? Use BH Extra Flexible Fiberglas
Sleeving—the one insulation with all these
advantages:

It is permanently non-fraying, non-stiffening
and non-burning, by virtue of the exclusive BH
process. It will not dry out, crack or rot, retain-
ing its original unusual resistance to high and
low temperatures, moisture, oil, grease and
chemicals indefinitely.

If you want an all-purpose sleeving that sim-
plifies assembly and maintenance and gives
longer maximum protection, standardize on BH
Extra Flexible Fiberglas Sleeving. Available in
all standard colors and sizes from s4’’ to No. 20,
inclusive. Write for free samples today and com-
pare by actual test!

HOW TO KEEP CUSTOMERS COOL AT 1200°F!
Direct contact with heat up to 1200°F does not
harm BH Special Treated Fiberglas Sleeving, the
non-burning, unsaturated, flexible-as-string sleev-
ing that stays supple and won’t fray when cut.
Made in natural color only—all standard sizes.
Get this extra protection now and keep custom-
ers’ temper cool, too!

ALL BH PRODUCTS AVAILABLE IN STANDARD
36” LENGTHS and 500-FT. COILS

Dept. X, Censhohocken, Penna.
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Components for your industrial—

duty ELECTRONIC DESIGNS

A E—

INDICATING (4 pp:
WIRING DEvices

GENERAL PURPOSI SWITCHES
RELAYS AMD PEYICES

rd
/

/
‘/,*‘

PUSHEUTTONS,
GNTROL
SWircKes

-~

GENE, RAL
PURPOSE
€l ays

CONIaCrORs

PRESSURE
YACUUMm AN,

This new book includes complete engineering data
applying to Westinghouse “industrial-duty” contacting
devices already proved useful to communications and S
electronic engineers.
It shows devices refined over many years to meet
the rigid demands of the engineer responsible for his

plant’s performance — devices that will help gain ‘ ‘ ), C h

acceptance for your equipment. eStlng OuSe
A free copy of this fact-packed book is waiting for RSN SICT ES el I CESTEV ERAERD

you at your nearest Westinghouse office. Ask for de-

scriptive data SA-802. Westinghouse Electric Corpora-
tion, P. O. Box 868, Pittsburgh 30, Pa. J-9a670 & e S

46 ELECTRONIC INDUSTRIES o July, 1945



...one of many Westinghouse
contributions to progress in

electronic and communications
equipment design.

This informative collection of technical data is
just one of many Westinghouse services developed
especially for those designers who must win
engineers’ approval for their product.

Here is a quick check list of some of the
Westinghouse products described in this book...
what they are, where to use them, what they
will do.

Your nearest Westinghouse office will be glad
to work with you in applying these products to
your own designs.

A QUICK CHECK LIST OF WESTINGHOUSE PRODUCTS IN THIS BOOK

Indicating Lamps

Whether for racks, miniature panel-
boards and desks or for full size,
erect switchboards, a Westinghouse
indicating ldmp— especially de-
signed for the purpose—is avail-
able. In round, rectangular and
large sizes, all are available in
various colors and for 25 to 250
volts. The rectangular Minalite
(illustrated) is readily visible from extreme angles.
Compact, attractive.

Pushbuttons and Control Switches

Westinghouse heavy -duty
pushbuttons permit inter-
changeability of pushbutton,
rotary selector switch, and
indicating lamp units provid-
ing almost unlimited combi-
nations of functions. Control
switches—M inatrol, Type W
and auxiliary styles—are
widely accepted for their
simplicity,ruggedness,adapt-
ability and reliable opera-
tion. Available with remov-
able handles, crank arm, solenoids, stay-put or return-
to-neutral mechanisms in combination with variety
of contacts for all control circuits.

e

e———

e e e |

P

EQUIPMENT FOR THE
. COMMUNICATIONS INDUSTRY

ELECTRONIC INDUSTRIES @ July, 1945

Timers

Standard electronic timers are ad-
justable from .1 to 45 seconds.
Mechanical timers or relays accu-
rately driven by synchronous mo-
tors are adjustable from 2 seconds
to 50 minutes for industrial duty.

Contactors

“De-ion” breakers used on
many of these contactors, are
recognized as a Westinghouse
development of unusual sig-
nificance to quickly and posi-
tively extinguish arcs drawn
between opening contacts. Ap-
plications range from the
smaller contactors to large oil
circuit breakers.

Protective Relays

As segregated in this book, protective relays are
those which think and act for themselves. Included
are thermostatic flow switches (for liquids), and re-
lays which may be adjusted to operate on varying
degrees of overload, underload, overvoltage, under-

voltage, temperature and

A Ay reverse current
P '} .
‘ " -8

Thermostat Catalog . . .
new Westinghouse cata-
log helpful in problems
involving the control of
heat. These thermostats
are also used in the
newer applications by
electronic engineers as

e

ler‘l‘ll‘mul;llu !
/G (ontrols 7= |

@ Oew®.

time-delay relays.

a7



I HAVE AN IMPORTANT ANNOUNCEMENT.
ALBION CAN SHIP ALL THE COILS YOU NEED.”

SUPER-QUALITY COILS AT REASONABLE PRICES
More and more every day, the industry is turning to Albion o
for fast, quality and quantity production of coils, chokes,

and transformers. That’s because here you benefit from

the unbeatable combination of management “know how,” ‘ ° I L ‘ ° M pA "Y

skllle.d workmanshn}?, streamlm.ed fac:l.mes, and central ALBION, ILLINOIS &
location. Your requirements will be given prompt and P.F. AND TRANSMITTING COILS AND CHOKES;
thoughtful attention. I.F. TRANSFORMERS

48 ELECTRONIC INDUSTRIES o July, 1945
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- PLASTIC PARTS

.... PRODUCED TO YOUR SPECIFICATIONS

- et . s 2= e T A —— -—._“aj

PRINTING
DIE CUTTING
CEMENTING

Wide experience by all known
processes in the application of
printing, engraving, silk screen-
ing, die cutting and cementing
of ali thermoplastics.

FORMING

Specialists in deep drawing radio
dial windows, embossing, swag-
ing and bending in Acetate,
Vinylite and Acrylics.

MACHINING

Precision threading, screw ma-
chine, milling, drilling, turning
of Polystyrene, Acrylics, Pheno-
lics, Nylon, Tenite; sheets, tubes
and rods; through spindle capac-
ity up to 24" rod.

ASSEMBLY

Our engineers can assist you in
problems of design and assembly
of your plashc units.

- PRINTLOID, Zue. 20,

T I i . "
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; ROM one Pacific island to another, until Tokyo

B E A c H itself is taken, grim American warriors will continue to

visit the enemy without invitation. And with our invasion

P A R T Y forces will go Spencer precision-made assault wire —

light, highly flexible and strong—to warn of enemy
infiltration . . . to speed reinforcements to a threatened

.« . . Where all the guests

sector. Proved under fire, Spencer precision steel and

are gate-cras/zers alloy wire is your guarantee of superior quality, un-
excelled performance.

Photo U. S, Signal Corps.

x Kk k k & Kk *

ALLOY WIRE

Spencer Wire Company

WEST BROOKFIELD PLANT

FINE STEE

WEST BROOKFIELD ¢ MASS.
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TYPE “A"” POWER BIT FOR

SAFER, FASTER,
LOWER COST ASSEMBLY

AN EASY-TO-HIT TARGET. The visibility of CLUTCH HEAD’s wide
roomy recess substitutes operator confidence for slow-down hesi-
tation. Saves “breaking-in”’ period.

NO DRIVER CANTING. The Center Pivot column guides the bit
directly into full-depth dead-center entry. Makes straight driv-
ing automatic.

NO "CHEWED-UP™ HEADS to stop or slow up the line. Definite grip
also protects manpower and material against slippage.

NO RIDE-OUT TENDENCY. With CLUTCH HEAD the driving contact of
bit and recess walls is all-square. No ‘‘kick-out’® as in tapered
driving. Disposes of end pressure as a fatigue factor and slippage
hazard.

EFFORTLESS DRIVING steps up speed for smoother, higher production.
Checks out end-of-the-shift lagging.

DRIVE EXTRA THOUSANDS OF SCREWS with the rugged Type “A”
Bit . . . without interruption for tool change.

NEW BIT LIFE IN 60 SECONDS. No back-to-the-factory
shipment. Simple 60-second application of the end
surface to a grinding wheel restores this bit to original
efficiency.

Investigate what these exclusive CLUTCH HEAD
features mean to you in reconversion. Write

UNITED SCREW AND

CHICAGO 8

CLEVELAND 2

THE COMMON SCREWDRIVER FOR

SIMPLIFIED
FIELD SERVICING

THE ONLY MODERN SCREW on the market that is basically de-
signed for operation with a common screwdriver.

FIELD SERVICE "HEADACHES™ ELIMINATED. No time wasted hunting
special tools. No needless multiple tool expense.

WIDTH THE ONLY FACTOR. The only requirement is that the screw-
driver blade be reasonably accurate in width. Thickness of the
blade is secondary.

CLTS NON-OPERATING TIME. This simplified servicing expedites
adjustments in the field to keep your product in consistent oper-
ation . . . an important selling point to users.

TYPE “A"” HAND DRIVERS TOO. The same rugged bit is available
for field service. While not essential, this bit has special ad-
vantages found in no other similar tool.

THE CLUTCH HEAD LOCK-ON enables service men to withdraw

screws undamaged and saved for re-use, the reverse action
securely locking the screw to the end of the Type “A”
Bit. The same Lock-On feature operates in replacing
screws, permitting of easy one-handed reaching to
hard-to-get-at spots . . . frequently saving disassem-
bling of surrounding units.

for details, illustrated Brochure, package as-
sortment of screws, and sample Type ‘A"’ Bit.

BOLT CORPORATION
NEW YORK 7

52
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buut IRC Type BT and BW
RESISTORS i

Here's a brand new file size Engineering Bulletin, just off
the press! It offers you essential authentic information on
IRC Type BT (Insulated Metallized) and BW (Insulated Wire
Wound) Resistors. Concise, easy-to-read and an excellent
ready-reference source, it contains eight pages of
"meaty” material that will save you valuable
time by quickly answering many of your resist-
ance problems. Interesting construction facts,
characteristics data, JAN Type Numbers,

dimensional drawings, as well as

a complete list of resistance values are
compactly presented in this new BT-BW
Bulletin. It should be in every Engineering
and Design file. Write for your copy
today. Address Dept. 2-G.
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. IRC makes more types of resistance units, in more shapes, for
more applications than any other manufacturer in the world.
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Scope in application-
1)

E-E Power Oscillators
serve ever-widening
requirements!

Saecifically engineered to meet the diversification of present-day
needs, tkese E-E vacuum tube units offer high functional efficiency.
They are reggedly designed to mainta n irta--electrode spacing,
whether ut lized in industrial fixed or mobile applicaticns.

Virtually immune to mechanical shock and vibration, irtegrated
material: and component parts are subjact ¥o rigid inspaction and
selection to insure long tube life with maximum performmn:ce.

E-E 808, iliustrated, is recommended ¢s Class B or C amplifier,
modulater ot esdllator. This triode is suitable for plate voltages
to 1500. Carrier output, Class C, 140 watts. ‘Write teday for Data
Bock descr bing the complete E-E line of quality vacuun tukes

ELECTRONIC ENTERPRISES-INC

-
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ELECTRONIC INDUSTRIES @

...LET'S CREATE

Only by the creation of new markets, can we, as a
nation, keep a high standard of living.

No longer is it sufficient to exploit only the existing
markets, many of which are already worn thin. To
create new markets should be the goal of all Industry
—not only from a sense of duty to the peoples of this
country, but from a plain common-sense dollars and
cents viewpoint.

One of the best and surest ways to accomplish the
most good for the nation—and more sales for the
electric appliance industry—is the intensive develop-
ment of our natural resources.

THE TVA PLAN HAS SHOWN THE WAY

It's hard to put TVA into words. It is not just the
generation of electric power, nor flood control alone,
or merely soil conservation. All these are a part of
TVA—but basically it is the growth of a people and
the growth of the soil they live on. It has metamor-
phosed a stunted region and backward people into a
new economy—profitable both from a humane as
well as a commercial standpoint.

Cheap electricity, a prime result of TVA, has been
one of the important elements that have enabled the
people of the TVA region to become prosperous and
to lead a life more in keeping with the American way.
And inevitably, it created an entirely new market for
the sale of electrical appliances and machinery.

NEW MARKETS

A market, for instance, that showed a 374% in-
crease in the sale of electric ranges over the pre-
ceding year; water heaters by 774%), refrigerators by
3299%! This, from a former undeveloped “poor
market” area!

Every one of the electric farm machines, washers,
refrigerators, ranges, radios and other appliances
that went into the Tennessee Valley provided work
and income for the dealers, distributors and service
men who sold, installed and maintained them; jobs
and profits for the workmen and manufacturers who
produced them —Yes and for you and us.

ESTABLISH A MISSOURI VALLEY AUTHORITY

Now that TVA has shown the way, what is more
logical than to follow up with an MVA? The Mis-
souri River Basin, about one-sixth of the land area
of the nation, has problems similar to the Tennessee
Valley. It presents a definite challenge to a forward-
looking nation. Aud an unprecedented profit oppor-
tunity for the manufacturers of electric machinery and
appliances!

So let us urge Congress to set up a Missouri Valley
Authority to develop all the resources of this vast
region for the benefit of all the nation. Let us urge
Congress to act immediately, so that when the war is
over, the plans will have been made, and we can go
forward. For further information, send for free
booklet.

First of a serres of advertisements
designed to encourage the
creation of new markets

July, 1945

1250 West Van Buren Street .

GENERAL TRANSFORMER

CORPORATION
Chicago 7, lllinois

%



This Hoist Can’t Go Too Far

Y

There’s a limit to how far a hoisting operation can safely go. These Meteor
Electric Hoists protect themselves automatically, should the operator fail
to stop the hoist in time.

Chisholm-Moore Hoist Corporation of Tonawanda, New York, use two
Micro Switch snap-action switches in the safety limit which make it impos-

sible to jam the lower hook block into the drum.

When the hook block reaches its uppermost limit of travel, it raises a limit
lever. This is mechanically connected to the two Micro Switch snap-action
switches which break the pilot circuit, stop the flow of current to the motor,
and apply a quick-acting moror brake.

IIRTIIIII7 970774

Ty
)\\ B\%
AN

When hook block “A” reaches the uppermost polnt
of travel it strikes lever "B" which is connected by o
shoft to cams “C". One cam is set slightly ahead of
the other in order that one switch may be operated
first.

N~
¥ g~
a
[/C
> oy

a q o 8 " Two roller lever ed switches are used.

These streamlined Meteor Electric Hoists, backed by 50 years of hoist build- v M o

ing experience, make use of Micro Switch products in a design which utilizes
all space to advantage . . . avoids all cumbersome bulk and excess weight.

Operotion of switch "D” opens the pilot circuit of the
holsting motor. Should the gear train continve to
move in excess of a predetermined amount, the sec-

This use of these dependable, long-lived, snap-action switches is typical of

the increasing use which every branch of industry is finding for Micro
Switch products. In some applications their sensitivity, the small operating
force and small travel required to operate them are important. In other
applications the ability of these tiny switches to handle substantial amounts
of power at line voltages without the use of relays is of prime importance.
Their millions of accurate repeat operations make these switches valuable
components of the highest type of industrial products.

ond cam operates switch “E" which closes the lower-
ing pilot circvit, momentarily reversing the motor,
This lowering circuit is again opened as soon as the
hook is lowered a small amount.

DO YOU NEED A SWITCH TO...

control temperatures, help to package prod-
ucts, bottle fluids, record airplane flights, make
change, dispense drinks, heat water, contral
electronic tubes, or steer ships? Micro Switch

snap-action switches successfully contral many
such aperations . . . and thousands more. Micro
Switch engineers, experienced in the applica
tion of millions of these precise, snap-action
switches fo products for both war and peace,
will be glad to show you how they can add
long life and reliability to your product at
fower cost. Write for the Micra Switch Hand-
book-Catalag today.

LET'S ALL BACK THE ATTACK \ \’k BUY EXTRA WAR BONDS

@ First Industrial Corporation AN\

MICRGWEswiTCOH

A DIVISION OF FIRST INDUSTRIAL CORPORATION

The basic switch is a thumb-size,
feather-light, plastic enclosed, pre-
cision, snap-action switch, under-
writers’ listed and rated at 1200
V. A, ot 125 1o 460 volts g.c.
Capacity on d.c.depends on laad
characteristics, Accurote repro-
ducibility of performance is main-
tained over millions of operations. Basic switches of differ-
IndnS/ ent characteristics are cambined with various actuators and
metal housings to meet @ wide ronge of requirements.

Freeport, Illinois, U.S. A., Sales Offices in Principal Cities
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OTHER STACKPOLE PRODUCTS
BRUSHES and CONTACTS
(Al carbon, graphite, metal and composition types)
RARE METAL CONTACTS
WELDING CARBON PRODUCTS . BEARINGS
BRAZING BLOCKS '« ANODES
ELECTRODES . CARBON PILES
PACKING, PISTON, and SEAL RINGS
RHEOSTAT PLATES and DISCS
SPECTROGRAPHITE NO. 1
CARBON and MOLDED METAL POWDER
SPECIALTIES

INSULATED RESISTORS

Desigued to Hateh War
Standards Specifications

Integrally molded in one operation under laboratory con-
trollec production standards, Stzckpole Type CM Resistors
in 13- RC-10): 14-(RC-21): and 1-wartt (RC-30) sizes have
been specifically designed to meet the newly issued Army-
Navy specifications. The construction of these new resistors
is such that they offer an exceptional degree of stability under
load—the average change being less than 5% after 1000 hours
under test at full load. In addition 10 having highly satisfactory
humidity characteristics well within today’s exacting require-
ments, Stackpole Type CM Insulated Resistors meet up-to-
the-minute salt water immersion specifications.

Samples to any required tolerance on request.

STACKPOLE CARBON COMPANY, ST. MARYS, PA.
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$100,000

SAVING IN 1 YEAR

here’s what ecame out ...

when electronics went in

A manufacturer of metal cabinets recent-
ly installed resistance welding with elec-
tronic control—to replace other forms
of fabrication.

Here’s what came out of his fabrica-
tion costs in one year: 600 tons of
steel, 10,000 man-hours of labor, 3,000
pounds of welding rod. The total saving
amounted to $100,000.

The reasons? Resistance welding
with precision electronic control per-
mitted use of lighter gauge stock in
the whole structure—with strength and

tolerances maintained. This, in turn,
permitted better-planned shearing that
greatly reduced scrap losses.

Resistance welding control is but one
of the many ways electronics is serving
industry as a production tool—speeding
fabrication, cutting costs, improving
products.

For full information on electronic ap-
plications for your industry, consult your
nearest Westinghouse office. Or write
Westinghouse Electric Corporation, P. O.
Box 868, Pittsburgh 30, Pa. 3-91080

TUNE IN JOHN CHARLES THOMAS, SUNDAY—2:30 EWT, NBC.
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ELECTRONIC EQUIPMENT FOR INDUSTRY AND HOME

ELECTRONIC INDUSTRIES @ July, 1945

Westinshouse £7.7:.

PLANTS IN:25 CITIES . , .

OFFICES EVERYWHERE

ELECTRONIC CONTROL for re-
sistance welding equipment

provides accurate control of
weld time, heat and timing
sequence. Through the" pre-
cision of electronic tubes, ac-
curately controlled electric
current may be sent stabbing
through metal as many as
1,800 times per minute.

0

ELECTRONIC TUBES

aZ ok

RADIO AND TELEVISION




FOR 34 years Magnavox has served the radio in-
dustry—supplying the finest quality components
and perfecting advanced engineering techniques.

* * Engaged now in supplying demands of the armed
services, Magnavox will again serve the radio industry

in the traditional manner after conversion.

% % Specializing in FP (fabricated plate) Electrolytic
Capacitors, Magnavox is able to effect a full standardiza-
tion program with all the advantages that it provides.
Our technical department is available for individual
consultation regarding capacitors for special applications.

MCI nNAavox

THE OLDEST

Quality, Economy and
Durability are Assured

with Capacitors
by Magnavox

TYPE FP
Improved processing technique insures fine

performance, long life, economy, speedy delivery

% K Thirty-four years experience, plus the additional advan-
tages of new Magnavox developments and the superb equipment
i our modern six-acve plant, is your guarantee of the best in
quality components now and in reconverted civilian production.

The MAGNAvOx Company, Components Division

* % % % Fort Wayne 4, Indiana

1

NA ME IN RADIO

SPEAKERS - CAPACITORS - SOLENOIDS - ELECTRONIC EQUIPMENT
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RUNZEL CORD & WIRE CO.

4723-31 MONTROSE AVENUE - CHICAGDO




Yes, Here’s Why Bridgeport's the Answer to Postwar Coil Supply Proolems

e D
* (,"
sl

Bridgeport has the personnel
and facilities. Right now, they’re
turning out highly important
search coils and variometers for
the armed Zorces. After their
war job is done, the same skilled
technicians will be able to give
you the benefits of this experi-
ence in high production of qual-
ity radionic equipment.

And look at Bridgepcrt’s central
location! Becaus2 it is located
near the populaior center of
America, Bridgeoor: can give
you fast, trunk line service to
any part of the country. Place
your order with Eridgeport
NOW to insure 2arly postwar
delivery.

BRIDGEPORT

MANUFACTURING COMPANY

R, F. Coils «

Bridgeport, Nlinois

R. F. Chokes o I. F. Transformers

Transmitting Coils o Tronsmitling Chokes
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HERMETICALLY
SEALED

against humidity and fungus

4

—another G-E “’FIRST’ in

electric-instrument design

® The Pacific war area is probably the toughest instrument-proving
ground in the world. To meet the requirements of such severe service,
G-E engineers have designed a 2Vo-tnch panel instrument that IS
hermetically sealed. No detail has been overlooked to make this
critical radio component impervious to the tropical conditions of
high humidity, extreme temperature, and fungus growth.

Sealed Throughout. Vacuum-tight secaling assures a hermetic
enclosure: Thick, strain-free glass 1s fused to a metal ring by a glass-
to-metal seal; then, this assembly is sealed to a steel case. The two
terminals are sealed, glass-to-metal; then, this assembly is sealed to
a steel base. Lastly, the steel base is sealed to the steel case by a
synthetic-rubber gasket, which is treated with a special sealing
compound and compresscd and secured by a crimped-over metal
ring.

Filled with Inert Gas. The final assembly is evacuated, filled
with an inert gas through a tube in the base, and is secaled off at a
pressure slightly above atmospheric.

Internal-pivot Design. The combination of this hermetic en-
closure and the combat-proved G-E internal-pivot clement makes
an outstanding instrument. It is not only sealed against jungle
humidity and fungus, but it is also well able to withstand thermal
shock, mechanical shock, and fatigue vibration and still maintain
its rated accuracy.

For advance information, ask the nearest G-E office for Booklet

GEA-4429, or write to General Electric Co., Schenectady 5, N.Y.

HEADQUARTERS FOR ELECTRICAL MEASUREMENT
e

A
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Buy all the BONDS you can—and keep all you buy

GENERAL @ ELECTRIC &

Type DW-61 d-c voltmeters, am-
meters, milliommeters, and mi-
croammeters

Type DW-62 radio-trequency am-
meters and milliommeters

AN INTERNAL-PIVOY DESIGN

[ R i 3

w \
| - :\H—L‘,

External Pivot Internal Pivot

For thinness—pivots are mount-
ed on the insideof the armature

For sturdiness —parts that re-
quire a definite location in re-
lation to each other are secure-
ly fastened together to assure
permanent alignment

Iligh factor of merit —resulting
from a featherweight moving
element and high torque

Plus Hermetic Sealing—
Another G-F First

- S

602-85-6200

i, S R 3
ﬂ;l{/;:{g‘"; f", :
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RAYTHEON
VOLTAGE STABILIZERS

Keep Varying Input Voltages Uniform
at +%4% of 19

Built into new equipment or incorporated into equipment
already.in use, Raytheon Voltage Stabilizers improve the
operation of electrical equipment by stabilizing varying input
voltages to 149, of 19, within 2 cycles.

Because they have no moving parts. .. nothing that wears out
they require no adjustments or maintenance. Simply hook them
up and Raytheon Voltage Stabilizers will give years of trouble-
free service,

Many models and ratings are available for practically every
application requiring uniform voltage. All stabilize voltages
at any load within ratings to =149,

Standard Raytheon Voltage Stabilizers may be had for controlling
A. C. input variation of 95 to 130 volts or 190 to 260 volts.
Write for bulletin DL48-537. It gives dimensions, operating
characteristics and other important data.

HARMONIC CONTENT

/\ '7[ The high magnetic density in
one of the transformers intro-

duces harmonics in the output

voltage wave, The actual har-

monic contenf is usually unimportant except when

instruments are being calibrated.

The output wave form is illustrated in the accompanying

figure and table.

ANALYSIS OF OUTPUT VOLTAGE

Curve Input Percentage Harmonic
__No. Volts dst . o 3rd _Sth 7th
i 95 99.4 7.1 2.2  Trace
il 131 96.8 24.0 7.0 3.6

MANUFACTURING COMPANY over all four Raytheon Plants
Electrical Eouipment Division where over 16,000 men and wom-
190 WILLOW STREET, WALTHAM, MASS, en are producing for VICTORY,

Devoted to research and manufacture of complete electronic equipment ; receiving, transmitting and hearing aid tubes; transformers: and voltage stabilizers.

k The coveted Army-Navy “E,’ for
/ Excellence iin the manvufacture of
war equipment and tubes, flies
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Matars, Generator:, Mstor Gen-
eratars and Voltage Regulctors

THE Lelan d ELECTRIC COMPANY

% DAYTGON. OHIO « IN CANADA LELAND ELECTRIC CANADA, LTD.... GUELPH, ONTARIO
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® The electrolytic capacitor has its
own special field of application in elec-
fronic, radio and electrical equipment.
This type provides the equipment de-
signer with an unusually lightweight
unit of high capacitance in a compact
container. Also, it effects considerable
savings. Bur...

Electrolytic capacitors must be prop-
erly applied for long life and stable

66

AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S. A.
Export: 13 E. 40 ST., New Yorx 16, N. Y. -

characteristics. There are essential dif-
ferences between electrolytics and
other types that restrict their use, such
as over-voltage, allowable ripple cur-
rent, capacitance, tolerance, tempera-
ture. WHICH MEANS...

The proper type and rating must be
used for the given application, along
with meeting mechanical considera-
tions, if the basic advantages of electro-

o

Cable: 'ARLAB’ -

N

lytics are to be gained. THAT 1S WHY...

Aerovox, picneer of the dry electro-
lytic, continues to offer the outstanding
selection of electrolytic capacitors.
There is the PEECISE capacitor for the
PRECISE application, which guarantees
satisfactory service and long life. Don't
improvise!

@ Write for literature ...

-

P anan o

/?
4

INDIVIDUALLY TESTED

SALES OFFICES IN ALL PRINCIPAL CITIES
In Canada: AEROVOX CANADA LTD., HAMILTON, ONT.

ELECTRONIC INDUSTRIES
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ROCKWELL C

CLARE
TYPE “C" RELAY

t&- .
i q' 97213 W
RUSHETALER %0000 fHMS. )
0 CLARY & G0,

TEMPERATURE °F

CLARE "Custom-Built” RELAYS

Help Micromax Electric Controls
Maintain Precise Furnace Temperatures

Clare Type “C” Relay is used to regulate the flow of electric
energy in the Micromax Electric Control. This product of Leeds
& Northrup Company of Philadelphia, Pa., proportions the
duration of “on-heat” to “‘off-heat” which provides the precise,
even heat control demanded in the operation of electric furnaces,
ovens and baths.

To maintain precise temperature the Micromax Electric Con-
trol employs two electrical balances: one to measure tempera-
ture; the other to carry out control action. A knob on the control
instrument is set to prevent temperature from overshooting the
control point . . . especially important when a furnace is being
brought to temperature under a full heat-head.

Whenever the temperature leaves the control point, a Clare
Relay modifies the on-off action of the contactor to readjust
heat-input and restores balance in the control circuit.

Leeds & Northrup engineers chose a Clare Relay for this im-
portant part of their control unit because the flexibility of Clare
“custom-building” gave them the sensitive, positive action, the
absolute dependability; and the accuracy to meet most exactly
their requirements.

This use of Clare “Custom-Built” Relays to operate delicate
controls is typical of the way in which engineers and designers
everywhere are finding Clare the exact rela:iy for the unusual
application. The Type “C” Relay offers you a design that permits
a wide range of contact ratings, the choice of five different con-
tact forms or any combination of them, either flat or hemis-
pherical contacts of rare metals or special alloys, coil windings
to match the circuit and application.

What is your problem? Let Clare “custom-build” a relay to
your specifications. Investigate the gossibilities for higher effi-
ciency and reduced relay costs. Send for the Clare catalog and
data book. Address C. P. Clare & Co., 4719 Sunnyside Avenue,
Chicago 30, Illinois. Sales engineers in all principal cities.
Cable address: CLARELAY.

Contact springs employing any of these forms can be furnished.

e 5 U= , |

FORM D

[ ] ——FC
FORM E

i} Hi

-

High voltage pile-up
insulation withstands metals cnd speciol
heavy break-down alloys, welded to
tests. nickel silver springs.

>

Corlacts of rare

> ‘3“
4

Spring bushing in
sulators made by a
potented process
from Bakelite rod

Double arr arma-
ture, stainless steel
shaft in beass yake
can be furnished.

CLARE RELAYS

ELECTRONIC INDUSTRIES @ July, 1945
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The precision required of Connecticut
Telephone & Electric Division’s production
keeps us on our toes . . . developing new
and better manufacturing methods . . .
devising improved techniques of quality
control. One example is the crystal tester
developed by our engineers which gives

us a quality check in quantity.

'GREATNESS IS NOTHING BUT MANY SMALL TRIFLES”

This is one of many special instruments
in Connecticut Telephone & Electric Divi-
sion’s plants. Each is designed to assure
our armed forces of better products. Each
one contributes its trifle of greater de-
pendability and higher accuracy to the

electronic and communications equipment

you will use after the war.

Eliminating the element of human error

To meet modern standards of manufacturing,
random spot checks are not enough. At the
left is a sweep balance recorder, recently
developed in our engineering department,
for making 100% production tests of radio
crystals. 1t makes a permanent and simul-

taneous record of frequency deviation and
activity vs, temperature. |t plots 71 two-
curve diagrams with a total af 4,000 meas-

urements, in less than an hour. This instru-
ment is adaptable to diversified industrial
applications which require the recording of
two sets of varicbles,

CONNECTICUT TELEPHONE & ELECTRIC DIVISION

GREAT AMERICAN INDUSTRIES, INC.+« MERIDEN, CONNECTICUT ¢
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It’s like putting a big liner into water. Like
a launching. Only here at Utah, we don’t
take time for celebration. R: dio makers and
electronics dealers appreciate the highly spe-
cialized product that has been manufactured
... the way a skipper appreciates a fine eraft.
Radio listeners, like ships® passengers take
all this precision for granted.

Here at Utah our workers (assisted by

% This speaks for itxelf: Utah is itx own transformer
supplier for speakers, vibrators, wire recorders, eiretera.

UTAH SAYS..."0OK—SHIP”

Utalins*) begin with nothing but the raw
materials from which they make the tools
that turn out Utah radio parts and elec-
tronic devices. At each step in manufacture
. . . punch press, electroplating, welding, coil
winding . . . from the beginning through to
the finished product, Utah workers check,
re-check, test and prove to Utah standards.
When Utah says...“OK—SHIP” products of
quality that stand up under every condition
known to man leave to broadeast Utah per-

formanece around the world.

*Utah’s Helpers

UTAH RADIO PRODUCTS COMPANY, 820 ORLEANS ST, CHICAGO 10, ILL.

({Utah Electronics (Canada) Ltd., 300 Chambly Road, Longueuil, Montreal (23) P.Q. * Ucoa Radio, S. A.. Misiones 48, Buenos Aires

ELECTRONIC INDUSTRIES @ July, 1945
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Medivm Duty
Power
Switches

® 7% amp. 115V.60 cycle A.C. ® 25,000 cycles of operation
without contact failure
® Voltage breakdown 2500 V
to ground D. C. ® Fixed stops to limit rotarion

® Solid silver contacts ® 20° indexing

Centralab medium duty power switches are now available for
transmitters (has been used up to 20 megacycles) power supply
converters and for certain industrial and electronic uses.

It is indicated in applications where the average Selector Switch
is not of sufficient accuracy or power rating. Its accuracy of con-
tact is gained by a square shaft, sleeve fit rotor, and individually
aligned and adjusted contacts. It is assembled in multiple gangs
with shorting or non-shorting contacts. Torque can be adjusted
to suit individual requirements. Furnished in 1 pole ... 2 to 17
positions (with 18th position continuous rotation with 18th posi-
tion as “off"); and 2 or 3 pole .. .. 2 to 6 position including “off".

L Division of GLOBE-UNION INC., Milwaukee
PRODUCERS OF ¥ to Insel

riable Resistors ® Selector Switches @ Ceramic Capocitors ® Fixed o d Voriab Hver Mica Capacitors
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THIS FAMOUS WEBSTER ®

ASSy é/ﬂéf/f /%ﬂ/ oF RECORDED MUSIc
RES A
...i'sNOW AVAILABLE on Rated Orders

The value of Webster Model 26 Record Changer can be measured by the following out-
standing features—all of which combine to produce a flawless flow of music and enjoyment.

D CHANGER

% Capacity to handle a large stack of standard phonograph records. Ten 12"—or twelve 10”
records can be loaded at one time.

# Light needle pressure—means longer record life, more enjoyment, greater economy.

% Thirty-five minutes of musical pleasure at one sitting—a greatly appreciated convenience.
# No noise distraction—Model 26 operates quietly.

# Easy on records is the velvet soft, heavy pile turntable

covering.
# Dependable, trouble free operation—it will last for BUY AN EXTRA
oot WAR BOND

TODAY

SPEED VICTORY ON IVS WAY

ASK YOUR

DISTRIBUTOR Ej
R
ik ot WEBSTE || CHICAGO
3825 W. ARMITAGE AVENUE
CHICAGO 47, ILLINOIS

31 YEARS OF CONTINUOUS SUCCESSFUL MANUFACTURING
7
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HQA AND HQB HIGH Q INDUCTORS

»Q"120 / -~
Y- //HQA This series of toroid wound high stability in-
¥ / i o ductors are available from 5 Mhy. to 2 Hys.
B Voltage stability is excellent, hum pickup is
g ¥, pickup
0 very low. Temperature effects are negligible.
o 1% P Toe HQA units 1-13/16” in diameter by 1-3/16"
FREQUENCY high.

FS

P

-

TYPE VI-C VARIABLE INDUCTORS

These inductors are available in optimum
values from 10 Mhy. to 10 Hys. They are tun-
able over a wide range by inserting an Allen

INDUCTANCE—HENRYS
~

(=

Min e HoR Head wrench in the adjusting screw. Units
SCREW SETTING measure 1%4" x 1.7/16" x 1-7/16".
1
= ] 1 SENSITIVE SATURABLE INDUCTORS
v .6
§ 4 3 UTC Saturable Inductors cover a wide range
g of application for magnetic amplification and
2 — — = control. These units are supplied to specific
> requirements. The curve shown illustrates a

2 4 & B8 high sensitive type, showing DC saturation
MILLIAMPERES vs. AC watts into load.
15 '\:;-
\4*

o

POWER SUPPLY INDUCTORS

]

UTC supplies power supply components for
every type of application, ranging from a one-
5 10 15 2 third ounce reactor, which measures %" x
D.C. AMPERES 7/16" x %", to the 10,000 pound, broadcast
station, plate supply reactor, illustrated.

(=

INDUCTANCE—HENRYS

"51. LS STREET © NEW YORK 13, N. Y,
34 ‘ s ﬂS‘I’ 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"’
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Industrial Uses of Scanning Technique

The introduction of television scanning processes
to industrial problems may open up an entirely new
method of attack fer many special measurements. In
one form or another, such scanning may become an
important part of research technic.

In one plan there is the opportunity to unite the
two methods of analyzing mechanical action—visual
and oscillographic, because it is not difficult to com-
bine, in alternate sequence, a visual picture of the po-
sition of certain mechanical parts and an oscillogram
of one or more effects taking place at the same time
on the same or adjacent parts of the screen.

The setup would be more elaborate than many in
prewar use, but it is in reality no more complex than
many of the newer industrial tests that are finding
present-day utility.

Radio Industry Unites for FM-Tele Action

The prospect that engineering tests and studies may
delay action on FM and television until late in 1945
(or even into 1946), imperiling the whole postwar start
of both new services, has brought about a united front
in the radio industry. All hands now urge immediate
FCC authorization of Alternate No. 1. (Even though
for FM this involves a needless shift away from the
present setup).

The FM and television broadcaster groups (FMBI
and TBA) initiated the move to get immediate action
on No. 1 as the best compromise. RTPB panels have
supported this position. The independent pioneer FM
manufacturers have petitioned FCC for prompt au-
thorization. And RMA members have discussed simi-
lar action.

As the result of this united industry demand for im-

'y

mediate approval of Alternate 1, it is to be hoped that
FCC may consider ratification of the No. 1 arrange-
ment at the earliest moment—in July if possible.

Pasteurized Meat?

Experiments have been carried out to sterilize meats
suspected of harboring virus of the hoof-and-mouth
disease. Several schemes have been tried. Dielectric
heating for a short time immediately prior to freezing,
seems to hold some promise. Bones, fats, sinews and
red meat, however, all have different dielectric proper-
ties and so heat up at different rates. If this hurdle
can be overcome, we may see the pasteurizing of meat
become another of the expanding electronic industries.

FDR’s Early Aid to American Radio

Among the many tributes paid to Franklin D.
Roosevelt’s memory, we have seen no mention of the
debt which all radio owes him for his timely insight
and swift action, in radio’s infancy, circa 1919. In
that year Captain (now Admiral) S. C. Hooper dis-
covered that the Alexandersen patents were to be sold
abroad, a step which would have stripped the U. S. of
technical control of the new radio art. Hooper in
alarm went to Admiral Bullard, who in turn reported
the danger to the young Assistant Secretary of the
Navy, F. D. Roosevelt.

From that point on, official action was swift, and
shortly, at the request of President Wilson himself,
the contracts to sell the patents were cancelled, and
instead, a U. S. radio patent pool was formed, with
Admiral Bullard on the board. But back of this crit-
ical nick-of-time move, which made radio preemi-
nently an industry with American leadership, stood
the vision and quick action of FDR!

FM-TELE ALTERNATIVE NO. 1 ON WHICH RADIO GROUPS UNITE—AND PRESENT SET-UP

Frequencies In megacycles—Am, Amateur; F, Facsimlle; T, Television; G, Government; N, Non-Government fixed and mobile

Here is the FCC's No. 1 Alternative for FM and television,

which all groups in radio—broadcasters,

manufacturers and engineers—are now petitioning the Commission to adopt without delay. For comparison,
the present set-up in the same frequency channels, is also shown. There seems a possibility that the new FM-
tele allocation may be made official by FCC during the present month. (Engineers have further proposed, how-
ver,that if No.1 is to be adopted, a slight modification would start FM with its present band, so that existing FM
sets could continue to receive future FM broadcasts in part, at least).

ELECTRONIC INDUSTRIES @ July, 1945

73



Fig. 1.
utilizes a form of the feedback principlc for its operation.
plate circult of the cathodc-follower amplifier with an impedance load circuit

FEATURES

® The cathode-follower amplifier,
shown in basic form in Fig. 1, is
a single - stage inverse - feedback
amplifier. It is characterized by
high input impedance, low output
impedance, and voltage amplifica-
tion less than unity. Like other in-
verse-feedback amplifiers, it is
capable of handling high input

Basic cireuit of a cathode-follower amplifier stage.

Such a stage
Fig. 2. Equivalent

OF

by HERBERT J. REICH

Department of Electrical Engineering
University of Iilinois, Urbana

v
r 4 i
Fig. 5. Basic test setup which can be used

for the dctermination of the effective out-
put terminal impedance (or admittance)

CATHODE

Characteristics and applications of such units together
with practical design data covering special conditions

voltage without producing excessive
nonlinear distortion. Applications
of the cathode-follower amplifier
include the following:

1—As an input stage in a multi-
stage amplifier. In this application
its high input impedance makes it
useful when the flow of current
through the source of input voltage

Fig. 3. Voltage amplification of the cathode-follower amplifier with non-reactive
load, derived for several values of u+ The gain approaches unity when r, is large
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is objectionable. A typical example
is in cathode ray oscilloscope am-
plifiers.

2—As a coupling stage in video
amplifiers. When a cathode-follow-
er stage is used in coupling two
high-gain stages, its high input im-
pedance and low output impedance
make possible high amplification
over a wide frequency range.

3—As an impedance-matching
stage. Since the output impedance
of a cathode-follower stage may be
made very low by proper choice
of the tube, it may be matched to
a cable or other low-impedance
load. The input may be matched

Fig. 4. RC-coupled cathode-follower amplifier,
C2 includes input capacitance of next stage

8-
ELECTRONIC INDUSTRIES
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Fig. 6. Equivalent circult of cathode-follower amplifier when excited across its output terminals.

The

condition for the tube only is shown at (A). For the entire amplifier stage, the passive network (B)

hotlds.

A low output impedance results with the wsual operating conditions with this type of excitation

FOLLOWER AMPLIFIERS

to a high-impedance source by
proper choice of the input coupling
resistor. The advantage of the
cathode-follower amplifier over a
transformer in impedance match-
ing is its wide frequency range. It
has the disadvantage, however,
that only relatively low power or
current output can be delivered to
the load without danger of non-
linear distortion.

4 As a means of obtaining a
variable output voltage from a
high-impedance source. Because of
its low output impedance, a
cathode-follower amplifier may be
shunted by a low-resistance voltage
divider for gain control purposes.
The high input impedance prevents
current drain from the source of
input voltage.

5—As a driver stage in Class B
amplifiers. The cathode-follower
amplifier meets the requirements of
high input impedance, low output
impedance, and high current out-
put that must be satisfied by a

driver stage in order to avoid high
nonlinear distortion, and it can be
used over a wide frequency range.

6—As an output stage in applica-
tions in which the output voltage
must be essentially independent of
external impedance connected
across the output terminals of the
amplifier. Since the output im-
pedance readily may be made as
low as a few hundred ohms, the
output voltage will be practically
unaffected by impedances of the
order of several thousand ohms or
greater.

T7—The fact that the output
voltage of a cathode-follower stage
is in phase with the input voltage
(both being measured relative to
the grounded terminal) is occa-
sionally useful.

I1—Voltage amplification

Fig. 2 shows the equivalent plate
circuit of a cathode-follower with
impedance load z.. The load zv is
made up of r and any external

load or coupling impedances that
may shunt or replace r. (Since the
heaters and the negative side of
the plate supply voltage are usually
grounded, the heater-to-cathode
capacitance is usually in parallel
with C. and r.) Solution of the
equivalent circuit shows that the
voltage amplification is

(J“‘cqx';’“)z; (€}

4 o
Ju(cgk - c‘“‘\rﬂz‘1 er, e {us1)zy

For values of r or z. that are
generally used, the effect of the
interelectrode and wiring capaci-
tances upon the voltage ‘amplifica-
tion usually is negligible at fre-
quencies below about 1 mc. Eq. (1)
then reduces to

u z

A _A—:'Ih(u0l) (12)

Examination of Eq. (la) shows
that A approaches the limiting
value p/(x 4 1) as the ratio of z. to
r. becomes infinite. Curves of A

Fig. 7. Three typical amplifier stage arrangements. In each, the bias of the tube can be adjusted when the output load resistance is higher

than required for correct bias.

(a)

ELECTRONIC INDUSTRIES o
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g__4

INPUT

(8)

The resistance of r’ should be large, compared to the reactance of C al! lowest frequency to be amplified

(¢)
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Fig. 9. Curves comparing the non-linear distortion in a cathode-follower stage
with that found in a conventional stage using the same tube and Joad reslstance

vs. Iv/rp, derived from Eq. (1) for
nonreactive loads at several values
of x are snown in Fig. 3. (The sig-
nificance of the dotted line for
matched load is explained in Sec.
6.) For values of » and r, found in
ordinary tubes, A is of the order
of 0.9 or higher when r. is equal to
10,000 ohms.

Fig. 4 shows a resistance-capaci-
tance - coupled cathode - follower
amplifier stage. C» is the sum of
the effective output capacitance of
the given stage (approximately C,.
+ 0.1C.x, as will be shown in Sec. 3)
and the effective input capacitance
of the following stage. The voltage
amplification at frequencies in and
above the mid-band range can
readily be found from Eq. 1 if it
is noted that the load is the paral-
lel combination of r;, r», and Co.
In the mid-band range the effect
of C- is negligible and 2z, is the
resistance of r; and r: in parallel.
The mid-band amplification A. can
therefore be determined from Fig.
3 or Eq. la by using ryra/(ry + rs)
for ry. If this substitution is made in
Eq. 1, we obtain

Ay * 95y’ (2)
where
' 'n/(qm'n + 1N (2a)
and
' i "% (20)

Hrysfrgeifr, TP T Tl

The midband voltage amplifica-
tion of a conventional amplifier is

Ay 9y (3)

Comparison of Eqs. 2 and 3 shows
that the mid-band voltage amplifi-
cation of a cathode-follower re-
sistance-coupled amplifier is less
than that of a conventional re-
sistance-coupled amplifier in the
ratio 1/(gmrn + 1).
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At frequencies above the mid-
band range the load consists of
the parallel combination of ry, rs,
and C: and the effective load im-

1

1/r1 4+ 1/re + jwCa
stitution of this value of z. in Eq. 1
gives for the voltage amplification
at high frequencies:
"l'h' & ‘m
|+ )uczrh' I+ ) xczr,,‘

pedance is . Sub-

Ay

(v)

For a conventional resistance-
coupled amplifier the amplification
at frequencies above the mid-band
range is

A

R (s)
L+ joCory

A(l
Inspection of Eqs. 4 and 5 shows
that at any value of A./A., w'y’Cg
for a cathode-follower stage is
equal to «r.Co for a conventional
stage. Since rv Is normally much
smaller than r., the product of the
effective capacitance C- and the
upper limiting frequency of uni-
form response is much greater for
a cathode-follower stage than for
a conventional stage. A consider-
ably higher frequency limit may
therefore be attained with a cath-
ode-follower stage, even when the
stage is followed by a high-gain
stage having a larger value of ef-
fective input capacitance. It is of
interest to note that the gain at
high frequencies is down 3 db rela-
tive to the mid-band gain when
wCary’ or wCor. equals unity.

As an example, consider a cath-
ode follower amplifier using a 6J5
tube operated at normal voltages.
Assume that the circuit constants
are u = 20, r, = 17,700 ohms, ry
10,000 ohms, r. = 100,000 ohms, and
Ca = 250 uuf. Computation shows
that r.’ — 352 ohms. This amplifier
is essentially flat to approximately
500 kec.

A conventional amplifier using
the same tube and circuit constants
has a voltage amplification approx-
imately 12 times as great in the
mid-band range, but is flat only to
approximately 42 kc. The gain of
the cathode-follower amplifier is
down 3 db at 1.8 mc, whereas that
of the conventional amplifier is
down 3 db at only 152 ke.

The amplification and phase
shift of the cathode-follower am-
plifier at frequencies below the
mid-band range is given by the

|

. e —— 6)
Am|‘|/‘,,1cc (

relation *2
rarg luctderye, orpr,
70 r'(., ¢ })

(sa)

where rg

Eq. 6 is the same as for conven-
tional amplifiers. (Note that A.
and A: are smaller than in a con-
ventional amplifier, however, in the
ratio r’/r..)

2—Input admittance

A complete analysis of the input
admittance of the cathode-follower
amplifler Is beyond the scope of
this paper. Such an analysis indi-
cates, however, that capacitance
which invariably shunts the load
causes the input conductance to
become negative at frequencies in
excess of a few megacycles, The
magnitude of the negative con-
ductance increases with frequency,
approaching a limiting value
gx2/4(k, + Kv + g.) at frequencies
of the order of 100 megacycles.

Values of negative conductance
observed in actual circuits are suf-
ficiently high so that oscillation
may take place in resonant input
circuits. At these frequencies suit-
able oscillatory circuits may be
formed merely by the distributed
capacitance and inductance of the
grid coupling ecircuit. Oscillation
may usually be prevented by the
use of a resistance of one or two
hundred ohms in series with the
grid.

An expression for the effective
input capacitance at frequencies
lower than a few megacycles can
be readily derived. Examination of
Fig. 1 shows that the interelec-
trode-capacitance current flowing
through the source of V, is made
up of a component that flows
through C., and a component that
flows through C,.. The former com-
ponent is equal to V.jwC,,. The lat-
ter component is caused to flow by
the vector sum of V, and the volt-
age across r, which is equal in mag-
nitude to AV, and opposite in phase
to V.. Hence this component of
current is equal to jV,(1 — A)wC.
and the total current through the
source is ¥ [Cp + (1 .‘}c“,.

The effective input capacitance is
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,”O(I-‘)qu (7)

When z. is zero, A is also zero and
C. has its maximum value, C., +
C... As 2z. is increased, A ap-
proaches /(¢ + 1) in magnitude;
for nonreactive load A Is real and
C, approaches its minimum value,
C.o + Ca/(p + 1). In many prac-
tical cathode-follower circuits A
approximates 0.9 and C: has the
approximate value Cg, 0.1 Cy.
For a conventional amplifier the
effective input capacitance is

G o Cqu + (hal + 10Cy, (8)

which has a maximum value Cu +
(» + 1)Cg.» at infinite load imped-
ance and a minimum value Cu +
C.. at zero load impedance. Com-
parison of Egs. 7 and 8 shows that
the effective input _capacitance of
a cathode-follower stage is very
much lower than that of an ordi-
nary amplifier stage. The grid-
plate capacitance of voltage-ampli-
fier pentodes is of the order of 0.005
u«f and the grid-cathode capaci-
tance is of the order of 6 wuf.
Hence effective input capacitances
of less than 1 wuf may be readily
obtained with such tubes.

Circuit analysis indicates that at
frequencies greater than a few
megacycles the capacitance Cu
shunting the load resistor r causes
the effective input' capacitance to
depart from the value given by Eq.
7. C, approaches the limiting value
Ce» + CuxCu/(Cax + Cu) at frequen-
cies of the order of gm/(Cu + Co).
This value of C. is normally less
than that given by Eq. 7, but may
be greater if C. is large. If C, were
zero, C: would approach zero as the
frequency became very high. Ex-
amination of Fig. 1 shows that this
is to be expected, since the react-
ance of Cua is negligible at very
high frequency and the input is
then shunted only by the parallel
combination of r and the plate-
cathode path of the tube. Actually,
C. can never be zero, since r is
shunted by C. and distributed cir-
cuit capacitances.

3—O0utput impedance

The effective output terminal
impedance or admittance can be
determined by finding the current
that flows as the result of applica-
tion of an alternating voltage V to
the output terminals, as shown in
Flg. 5. Under the assumption that
the circuit is linear, i.e., that the
equivalent plate circuit theorem is
valid, any current flowing in the
plate circuit as the result of ap-
plication of additional exciting
voltage to the grid clrcuit is inde-
pendent of the current that flows
as the result of V. The grid excita-
tion voltage may therefore be as-
sumed to be zero and the grid cir-
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Fig. 10. Curves giving ratio of allowable crest input voltage to operating plate

voltage.

cuit to contain only the internal
impedance Z. of the source of grid-
excitation voltage.

It can be seen from Fig. 5 that
the output terminals are shunted
not only by the plate-cathode path
of the tube, but also by r, by Cu,
by the parallel combination of Cw
and z. in series with Cu, and by
any external load or coupling cir-
cuits connected between the termi-
nals. If the output admittance of
the tuwe itself is known, it may be
added to the admittances of any
or all of the other paths to find
the resultant admittance. Applica-
tion of the equivalent-plate-circuit
theorem to the circuit of Fig. 5
yields Fig. 6A for the equivalent
plate circuit of the tube alone. The
effective admittance of the tube
alone is seen by Fig. 6a to be
(9)

B W (VI B )iy

The alternating grid voltage E.
is equal to the impressed voltage V
less the voltage drop through z.
resulting from the flow of current
through the grid-cathode capacl-
tance C... Since the capacitance of
C.. is of the order of 4 uuf, its re-
actance is about 40,000 ohms at 1
megacycle. If z. is non-reactive and
less than about 10,000 ohms in
magnitude, the alternating grid
voltage E, exceeds 0.97V at frequen-
cies below this value. Little error
then results from assuming that E:
is equal to V, and Eq. 9 becomes

el 20 o llrgs G (10)

The reduction of E, resulting
from impedance drop in z. at high
frequencies when z. is large reduces
Y. below the value given by Eq. 10.
This effect is, however, usually
small or entirely absent.

Eq. 10 shows that, between the
output terminals, the tube behaves

Large input voltages are permissible if u is low and ":/’p is high

like a conductance of value some-
what greater than the transcon-
ductance. Between these terminals,
therefore, the cathode-follower am-
plifier may be represented by the
passive equivalent circuit of Fig.
6B. Actual values of g~ are large
enough so that the output terminal
impedance Z., i.e., the reciprocal of
Y,, may be smaller than 170 ohms
with single tubes and does not ex-
ceed 1,000 ohms, under the assump-
tions made in the derivation of Eq.
10. Very low output impedance
may be obtained by the use of two
or more tubes in parallel.

In many applications the admit-
tance of the load and of the ca-
pacitances that shunt the output
terminals is so small in comparison
with the tube admittance Y. that
they have little effect upon the re-
sultant admittance. Eq. 10 then
gives a close approximation to the
overall admittance. The interelec-
trode capacitances and cathode-to-
ground wiring capacitance may be-
gin to have an appreciable effect
upon the resultant output admit-
tance at frequencies above a few
megacycles.

4—Amplifier circuits

Fig. 7 shows three practical cath-
ode-follower circuits in which the
grid bias can be adjusted to the
correct value when r exceeds the
value required to give the correct
grid bias. The resistance r’ should
be large in comparison with the
reactance of C at the lowest fre-
quency to be amplified. Circuits
(A) and (C) are superior to circuit
(B) when high input impedance is
of primary importance. Under the
assumption that the reactance of
C is negligible in comparison with
r’ the input conductance of circuit
(B) at low frequency changes from
11" to (1 — A)/r’ as the slider of
the voltage divider is moved from
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the grounded end to the cathode
end. A serious disadvantage of cir-
cuits (A) and (C) is that the dc po-
tential of the input terminals is
above ground. The proper bias can
also be obtained by connecting the
lower input terminal to a tap on a
voltage divider across the voltage
supply.

Fig. 8 shows a video amplifier
incorporating a cathode - follower
input stage to give high input im-
pedance and a ecathode-follower
coupling stage to give high am-
plification over a wide frequency
band. The low effective input ca-
pacitance of the cathode-follower
stage T3 prevents the falling off of
amplification and large shift in

B+ * P

The cathode - follower amplifier,
in common with other inverse-
feedback amplifiers, has low non-
linear distortion. The curves of
Fig. 9 show that the ratio of the
distortion factor of a cathode-fol-
lower amplifier to that of a conven-
tional single-stage amplifier having
the same ‘tube and load.! The
curves show that this ratio is low
for high values of amplification
factor.

It should be borne in mind, how-
ever, that high-mu tubes have high
plate resistance. Since low load im-
pedance is desirable in order to
minimize the effect of interelec-
trode capacitances at high fre-
quencies, the use of a high-mu tube

INPUT

AAA o

.
.

3

Fig. 8. Video amplifier incorporating cathode-follower input and
coupling stages, giving good response over a wide frequency band

phase of the output voltage of the
preceding high-gain stage T. at
high frequencies; the low effective
output impedance of the cathode-
follower stage T. prevents the input
capacitance of the following high-
gain stage T. from causing similar
effects.

The combined use of the cathode-
follower stages and inductance in
the plate circuits of the high-gain
stages makes possible uniform am-
plification throughout a frequency
range extending from low audio
frequency well into the radio-fre-
quency range. In spite of the re-
duction in amplification produced
by the cathode-follower stages,
higher amplification over a wide
band may be obtained than by the
use of conventional stages alone.

3—~Choice of tubes

In general, pentodes such as the
6AGT and 6AG5 are the most suit-
able for use in cathode-follower
amplifiers. The low interelectrode
capacitance and high transcon-
ductance of such tubes result in
low effective input capacitance and
low output impedance. Low- and
medium-mu triodes, on the other
hand, use higher grid bias and can
therefore handle higher grid swing
and deliver correspondingly higher
output voltage.
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may result in a low ratio of load
impedance to plate resistance,
which is favorable to high non-
linear distortion. For this reason
it may sometimes be desirable in
video-amplifier circuits to use tubes
having only medium values of am-
plification factor and relatively low
plate resistance, such as the 6J5.

6—Amplifier design

Usually the best method of pre-
dicting the performance of a cath-
ode-follower stage and of deter-
mining the optimum bias and the
maximum allowable input voltage
is to use graphic analysis. The
graphic analysis of cathode - fol-
lower amplifiers, which has been
admirably treated by Shapiro (see
bibliography) is beyond the scope

Distortion factor is defined as the ratio of
the square-root of the sum of the squares of
the amplitudes of the harmonics and inter-
modulation components of the output to the
amplitude of the fundamental component.
Feedback changes the distortion factor in the
ratio—1/(1—AB), where A is the amplifica-
tion without feedback and B Is the portion of
the output voltage that is fed back (see, for
instance, H. J. Reich, Theory and Application
of Electron Tubes, 2nd edition, Sec. 6-30). In
the cathode - follower amplifier A:-.-#rb/rp-f-r,,)
and B= —1. (Note that A is the amplifica-
tion when the input is impressed between grid
and cathode.) For these values of A and B
the ratio 1/(1—AB) becomes (k+1)/14
k (#+1), where k:rb/rp.

of this paper. A number of inter-
esting general facts, however, will
be pointed out.

In choosing r, it should be
borne in mind that a low value is
desirable in order to minimize the
effect of tube capacitance and in
order to prevent large direct volt-
age drop in the resistance. A high
value is desirable, on the other
hand, in order to make possible
high excitation without excessive
non-linear distortion and in order
to make the amplification nearly
unity. The best value in a given
amplifier will depend upon which
of these factors is the most impor-
tant in the application for which
the amplifier is designed. A value
of approximately 10,000 ohms is
satisfactory in many applications,
and there is usually little or no
advantage in the use of larger
values.

7—Overloading conditions

An analysis based upon Eq. 1la
and Fig. 1 shows that the ratio of
the crest input voltage E.. to the
grid swing E.» of a cathode-fol-
lower amplifier is given by the
following equation where k = r./r,:

I+ k{z + )

E'“/E" ) I +k

(1)

Excessive distortion occurs as the
result of grid-circuit overloading,
ie., clipping caused by cut-off on
negative peaks or the flow of grid
current through the grid coupling
resistor on positive peaks. The
greatest input voltage can be han-
dled when the bias is approximate-
ly half the cut-off grid voltage.
Clipping then commences simul-
taneously on both peaks when the
crest alternating grid voltage be-
comes approximately equal to the
bias.

An expression for the maximum
allowable crest input voltage of tri-
ode cathode-follower amplifiers can
be obtained from Eq. 11 by making
use of the fact that the bias which
causes clipping to commence simul-
taneously on both peaks of input
voltage in triode amplifiers is
roughly equal to

Ewo(k + 1) /(K + 2)p,

where E.. is the operating plate
voltage (not the plate supply volt-
age) and k = r./r;,2 Substitution
of this value of bias for E.. in Eq.
11 gives the following expression
for the maximum crest input volt-
age of triode cathode-follower am-
plifiers:

Tek(l
('u)E
sk

Jok(tou)
{2 + k)

Max, E;, Epo (12)

(Continued on page 170)

2 See, for instance, H. J. Reich, Theory and
Applications of Electron Tubes, 2nd Edit., Sec.
7-19.
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REMOTE

e In a centrally located communi-
cations traffic office, reception con-
ditions ‘are sometimes quite bad
due to the amount of power and
other electrical equipment in use
nearby. If the receiver can be lo-
cated at a distance in a quiet spot
and the audlo frequency signal
after reception brought in to the
traffic office over a standard tele-
phone loop, performance is much
improved. However, tuning in-
structions telephoned to a guard
located at the point of reception
do not produce entirely satisfactory
results as it is difficult by this
means to get the exact point of
optimum tuning.

To give the operator at the traf-
fic office a certain amount of con-
trol over the receiving set tuning,
a remote tunlng attachment man-

Fig. 1 (left) —Control panecl for remote tuning of receiver.
switch; C—Tuning control; D-—Volume control; E—Phono jack; F—Pi

Original station tuning must be done at recelver. Fig. 3 (right)—Chassis view of remote co

A g C
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types of recelvers. Fig. 5 (right)—Control
{s grounded to complete simplex circuit

CONTROL TUNING

Simplex circuit controls solenoid operated capacitor

ufactured by the Electronic Prod-
ucts Co., Ltd., of Vancouver, Can-
ada, is used by the Royal Canadian
Air Force. This remote tuner is
intended to vary the frequency of
the recelver approximately 20 kc
on each side of the tune point for
the purpose of clearing up the sig-
nal after the receiver has’ been
tuned by the operator at the re-
celving point.

The remote tuning attachment,
Flg. 2, consists of a solenoid
controlling a 4 mmfd variable con-
denser. This condenser is connect-
ed in parallel with the oscillator
tuning condenser of the remotely
controlled recelver. The capacity
of this condenser is varied by vary-
ing the voltage applied to the coil
of the solenoid, which in turn
raises or lowers the movable plate

of the condenser. Upon installing
this unlt in a receiver it is neces-
sary to readjust the trimmer con-
denser of the oscillator section of
the receiver. To transmit the sig-
nal, a receiver-to-line transformer
is connected in the plate circuit of
the receiver output tube. Its sec-
ondary matches a standard 600-
ohm line impedance.

At the control station there is a
control panel. This includes an
input transformer by which the
signal is placed on the grid of a
6C5 amplifier tube. The output of
this tube is resistance coupled to a
6F5 output tube which operates a
loudspeaker or a pair of earphones
through a jack. An ordinary tele-
phone line can be used for the
transmission of the audio signals

(Continued on page 178)

Control A—on-off switch; B—Band sprcad control and voltage regulated power
lot light. Only final adjustments can be made with remote control unit.
ntrol unit showing 6 in. pm specaker on 19 in. panel



TELEVISION SYMPOSIUM

® The eventual type of home tele-
vision receiver that will be most
popular with the public likely will
depend upon public preferences
and the particular kind of service
the home owner wants. Certainly,
both the familiar direct-view type
and the still untried projection
type will be built, the latter either
designed around the Schmidt sys-
tem advocated by RCA and several
others, or around a refractive lens
system. Each of the three methods
has advantages and disadvantages
both from an engineering and
manufacturing viewpoint and in
the eyes of the public. In an ef-
fort to let in more light on the
subject, the New York Section of
the Institute of Radio Engineers
called together a panel of experts,
middle of June, who outlined their
versions of each type, pro and con,
and later answered questions fired
at them from the well-filled audi-
torium of the Engineering Society
Building.

The symposium was opened with
a talk by George Adair, chief en-
gineer of the Federal Communica-
tions Commission. He reviewed
briefly the allocations plan and the
three alternative proposals for FM
and television allocation between
40 and 108 megacycles. He also
emphasized the Commission’s allo-
cation of a 480 to 960 megacycle
band for television which could be
used for television relay work and
high fidelity and color television
experiments. The military alloca-
tions around 520 megacycles are to
be vacated as quickly as possible so
that these frequencies would be
available for television.

The FCC will not permit the
sound channel of a television sta-
tion to operate alone during periods
when the video carrier is not be-
ing used. This was made clear by
Mr. Adair who said that the Com-
mission felt that television should
render a service on the frequencies
allotted to it and should not be
permitted to run sound programs
alone. The widespread interest in
television, as characterized by 117
applications for commercial sta-
tions, said Mr. Adair, was a good
indication of the future of this art.

The Schmidt optical system as
used in the RCA home televi-
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Engineers discuss

as

sion receiver which has been
demonstrated (see the April issue
of Electronic Industries) was de-
scribed by Dr. I. G. Maloff of the
Advanced Development Department
of RCA. An optical projection
system using a Schmidt mir-
ror was demonstrated in which
a test pattern was used to
show the uniformity of focus and
overall resolution of the Sys-
tem. The advantages of the
Schmidt. optical system were de-
scribed as (1) high light gathering
power; (2) freedom from off-axis
aberrations; (3) freedom from
chromatic aberration; (4) relatively
simple component parts to the op-
tical system; and (5) probable
economy as compared to other
methods.

Schmidt optics

The simplicity of the Schmidt
optical system is due to the fact
that only the spherical aberration
and curvature of field need be cor-
rected for by the addition of an-
other lens. This lens is made very
weak in power, and in this way
introduces extremely small aber-
rations of its own. The lens is
asymmetrical and because of its
complex surface is more easily
molded from plastics than ground
from glass. These molded plastic
correcting lenses for the Schmidt
system are Lucite, and can be
made inexpensively. The spherical
mirror is glass and its top surface
aluminized.

Dr. Maloff described the typical
Schmidt projection system as hav-
ing a cathode ray tube about one
third the diameter of the spherical
mirror and a correcting lens about
twice the diameter of the tube. The
curvature of the tube face is half
the radius of the curvature of the
mirror. Typlcal magnifications are
6 to 8.

Lens systems

The characteristics of refractive
or lens projection systems for tele-
vision were discussed by Dr. K.
Pestrecov of the Scientific Bureau
of the Bausch and Lomb Optical
company. He described the prob-
lems of projecting a television
image in a home receiver by the

relative

compared with refractive and Schmidt

merits of direct view

systems

use of lens because of low bril-
liance on the fluorescent screen,
and the wide angle of field required
of the lens system.

Mr. Pestrecov said that an /15
to f/1 lens would probably be
necessary to do an adequate job.
He stated that he doubted if a lens
faster than f/.1 could be made
satisfactorily for the job. From
data which he presented, it was
brought out that an f/.1 lens at a
magnification of 8 has approxi-
mately the same efficiency as the
Schmidt system proposed for home
receivers. The importance of the
degree of image magnification on
expressing the efficiency of an op-
tical system was emphasized. Un-
der certain conditions the refrac-
tive optical method of producing
projection pictures might prove to
be the answer particularly where
low magnifications are involved, he
added.

Direct viewing

The use of a large diameter pic-
ture tube for direct viewing of an
image 13 x 18 in. was described by
Dr. A. B. DuMont of the DuMont
Laboratories.

Dr. DuMont emphasized that
with a direct view tube 20 in. in
diameter this size picture can be
obtained on a face which is re-
latively flat, and that the high-
light values are about 20 foot lam-
berts as compared to about 3.5 foot
lamberts for the best projection
television system giving the same
size picture. The improved con-
trast range which is possible with
a direct view tube also was em-
phasized and figures which he
quoted gave a 35 to 17 contrast
range in favor of the direct view
tube. The greater angle of viewing
was given as plus or minus 80 de-
grees for a direct view tube as com-
pared to about plus or minus 15
degrees for a projection system.

The lower anode voltage required
on the 20 in. tube was also em-
phasized. The 20 in. tube which
has been demonstrated by DuMont
Laboratories operates at 15,000
volts, whereas the projection tubes
of the 4 and 5 in. variety are op-
erating between 28 and 30 kv.
Longer life was forecast by Dr. Du-
Mont for the large size tube, figures
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given being for over 1,000 hours
for these large types as contrasted
to about 1/2 to 1/3 that amount for
projection tubes.

The spot slze problem in the 20
in. tube is simpler than obtaining
the necessary small spot size in 5
in. tubes. The spot size of course is
one of the factors which determines
the resolution power of the tubes.

Another point brought out in
favor of the direct view tube was
the simpler focus problem in which
the 20 in. direct view tube s
focused by electrical control only.
Projection tubes of course require
optical adjustments of the various
parts such as the lens or mirror
system relative to the tube, and
also the viewing screen as well as
an electrical adjustment of the
voltage.

Color television

Dr. Peter Goldmark of the Co-
lumbia Broadcasting System de-
scribed the advancement that Co-
lumbia is making towards color
receivers. He stated that Columbia
is working on a new transmitter
operating at 485 megacycles with
a 525 line full color picture, and
expects this equipment to be In

operation soon. A 10 mc video band
width will be required for the pic-
ture and a 25 per cent better
horizontal resolution is expected
with this wider band.

Better color

Dr. Goldmark stated that consid-
erable improvement has been made
in sychronizing the color disk and
that it is noiseless in operation.
He also stated that Columbia is de-
veloping a direct view receiver with
a T in. tube and a plastic lens to
produce an image equivalent to
that obtainable on a 10 in. diameter
tube. Two projection receivers are
also being developed, he said, one
using a Schmidt optical system,
the other conventional lens optics.

Further Columbia developments
include a dlirectional antenna for
frequencies in the neighborhood of
480 megacycles, complete with a
self-contained rotating mechanism
which Is proposed to orient the ar-
ray to the best receiving direction.
Dr. Goldmark stated that it was
the opinion of Columbia that the
problems of ghosts and shadows at
480 megacycles would be approxi-
mately the same as those at 50
megacycles and that he felt it

would be necessary for an antenna
array “to be directed toward the
station which was to be received at
any particular time. He stated that
the directional antenna would oc-
cupy approximately the same vol-
ume as the present 50 megacycle
double dipole double reflector array.

In connection with a question re-
garding the development of an-
tenna systems for apartment
houses and similar multiple dwel-
lings, F. J. Bingley, Chief Televi-
slon Engineer for the Philco cor-
poration stated that at the recent
convention of the Television Broad-
casters Association, 26 television re-
ceivers were operated from two an-
tennas mounted on top of the
Hotel Commodore in New York
City. One of these antennas was
used to pick up the DuMont tele-
vision station WABD while the
other was used on the National
Broadcasting company station
WNBT. Two transmission lines con-
nected the antennas to booster am-
plifiers which in turn distributed
the output through 26 transmssion
lines, one to each of the receivers.
Mr. Bingley cited this example as
the probable way in which the
apartment house problems would
be solved.

FEDERAL COMMUNICATIONS COMMISSION ALLOCATION ENGINEERS

Back row, left to right: C. M., Braum, C. H. Owen, J. H. Woffard, John A. Russ, L. C. Quaintaince, E. W. Allen and V. R, Simpson,

Nielsen, K. A, Norton (Army Air Forces), Howard C. Looney.
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Scated,
left to right, C. B. Plummer, T. E. Danicls, George P. Adair (Chiet Engincer), Dr. L. P. Wheceler (Technical Service Information Chief), G, E.

It Is expec.cd that allocation of the complete spectrum will be completed this month



MODERN MEASUREMENT

® The primary concern of the artil-
leryman is to hit his target, and if
that is accomplished, it doesn’t
matter much how fast the projec-
tile was going when it left the gun.
On the other hand, there are many
factors involved in hitting the
target. These include the angle of
the gun; the air density; the wind
velocity; the shape, weight, and
surface of the projectile; and
finally, the muzzle velocity.

If you only observe the impact
point, all of these factors come
into play, but if muzzle velocity is
measured directly, a direct check
is obtained on what is going on in-
side the gun. These factors include

By T. H. JOHNSON, chief Physicist

Ballistic Research Laboratory
Aberdeen Proving Grounds, Md.

Numerous electronic devices aid ordnance design and
permit checking ammunition at Aberdeen and in field

friction in the bore of the gun, and
the sealing of the bore by the ro-
tating band. If the projectiles are
not hitting their target, a measure-
ment of the velocity determines
whether the trouble is inside or
outside the gun. This requirement
for a velocity measurement applies
not only to the proof officer on the
proving ground but also to the
artillery officer on the firing line.
In the advance base, there is also
need to check both ammunition
lots and the condition of the
weapons issued for battle, Fig... 3,
At the proving ground, it is also b“Met
necessary to measure velocities to

Spark photograph of a .50 «cal.
used for accurate position finding

obtain the data from which firing
the burning of the powder, the tables are constructed. These tables
Fig. 1 Top left. Oscillograph record of signal from solenoid screen. The sharp voltage reversal
gives an accurate reference mark. Small vertical lines are time marks. Fig. 2 Bottom left)
Pick up screen for electrostatic chronograph. The solenoid screen is quite similar. Fig. 3 Top
right. Telephoto screen for field use. This equipment can be used anywhere to check ammuni-
tion and no proving ground installation is required. Fig. 4 Lower right. Photoelectric screen for
small arms. Two slits, a fluorescent lamp and a photocell complete this simple installation

give not only the range as a func-
tion of gun elevation for the stand-
ard velocity, but they also include
the variations in range for varia-
tions from standard of velocity,
air density, wind, and projectile
weight. In order to evaluate each
of these differential effects, meas-
urements are required. Another
important characteristic of a
projectile is the drag due to air
resistance, and this is determined
by measurements of the change of
velocity between two points on the
trajectory.

In general, velocity is not a quan-
tity that is subject to direct ob-
servation. It is usually inferred
from a measurement of the time
required for the projectile to travel
between two points at a known
distance apart.

v s+t

There are, therefore, two parts to
the measuring device. First, we
must have a pair of screens at an
accurately determined distance
apart, each of which generates a
signal at the instant the projectile
passes through it; and second, we
must have an accurate means of
measuring the time interval be-
tween the two signals.

In order to analyze the dispersion
of the ammunition, it is necessary
to measure velocities to about 1 ft.
per sec. or .04 per cent. That is to
say, a base line of 100 ft., between
the two screens must be measured
with an error of less than .04 ft.
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(about % in.) and the time of
flight between the two screens,
which is about 1/24 sec., must be
measured with an error of less
than 1/60,000 sec. As regards Know-
ing the distance, the problem is not
so much one of obtaining a meas-
urement as it is in designing a
screen having a position that is
definite to within % in. In the
measurement of time, it is clear
that a special device is called for

Fig. 6.
aerodynamics

Spark stations in

speed plotting

photography
range permit

to achieve the required accuracy.

Several different types of screens
have been used. The Boulengé
screen consists of a lattice of fine
wires strung on a wooden frame.
The wire is continuous and it car-
ries an electric current. When the
projectile pierces the screen, the
wire is broken, and the cessation
of current in the circuit marks the
time of passage. This screen is sub-
ject to several obvious errors. The
screen can be bowed outwards by
the projectile before breaking oc-
curs and in varying degree. Also,
the broken wires may remain con-
nected through the projectile for
an uncertain time. The error in a
screen of this type can be several
inches.

Aberdeen screen

The Aberdeen screen consists of
two folls or wire screens separated
by a sheet of paper or other in-
sulator, and a potential is estab-
lished between the two screens.
When the projectile pierces the
screen, connection is made between
the two sides, and a signal is gen-
erated. While more accurate than
the Boulengé screen, this device is
subject to some uncertainties of
contact which may amount to an
inch or more. Both the Aberdeen
and Boulengé screens have the
further disadvantage that they dis-
turb the flight of the projectile,
and they cannot be used if meas-
urements of range are also to be
made.

ELECTRONIC INDUSTRIES @ July, 1945

The solenoid screen consists of
a coil of about 100 turns of wire,
accurately wound on a wooden
frame. The projectile is fired
through the coil at right angles to
its plane. Before loading, the
projectile is magnetized by placing
it inside a solenoid through which
a large current is passed by the
discharge of a condenser.

When the magnetized projectile
is fired, the rate of change of mag-
netic flux in the solenoid screen
induces an electromotive force in
the coil, which varies with time in
the manner shown by the oscillo-
gram in Fig. 1. As the projectile
enters the coil, the flux increases,
causing a positive emf. When the
magnetic center of the projectlle
reaches the center of the coil, the
rate of change of flux is zero, the
emf swings in the opposite direc-
tion. The rapid crossover from
+ to =— occurring as the magnetic
center of the projectile passes
through the plane of the coil is
used as the signal from which time
is measured.

The solenoid coil has the ad-
vantage that it does not interfere
with the flight of the projectile

Fig. 7 Top left. Boulengé chronograph units connected to ranges in adjoining room.

PROJECTILE SPEEDS

and it is accurate, for although one
does not know just where the mag-
netic center of the projectile is,
one may be sure that it is the same
for each successive coil. Also, it
has been shown that the time of
occurrence of the signal is not
sensitive to the distance from the
center at which the projectile
passes through the coil.

Electrostatic screen

The use of these screens is
limited, however, to projectiles
made of magnetic steel, and it has
not been possible to use them for
some of the armor-piercing, high-
velocity projectiles made of light
metal with a heavy non-magnetic
case.

The electrostatic screen Fig. 2 is
useful when the solenoid screen
fails. It consists of an insulated
loop antenna which picks up the
changes in potential due to the
passage of an electrostatically-
charged projectile. Projectiles are
usually charged to a certain degree
by air friction, but the effect can
be intensified by deliberately spray-
ing charge onto the projectile from

Marks

made on a falling rod at time of first and second impuise show elapsed #Hime. Fig. 8 Bottom
eft. Aberdeen chronograph measures time by sparks through paper in an accurately revolving
wheel. Fig, 9 Bottom right. Dsum camera chronograph. Light beam falling on revolving film
makes a trace. Oscillograph galvanometer mirror moves beam when pulsed. Fig. 10 Top right. Por-
tion of drum camera record. The vertical lines mark 1 miilisecond intervals. Each turn makes a line

s
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a brush discharge before it ap-
proaches the antenna. The signal
generated in this case is propor-
tional to the field strength, and
hence, it rises to a broad maximum
as the projectile reaches the center
of the antenna. However, if this
signal is differentiated electrically,
the resulting signal exhibits the
cross-over characteristic of the
magnetic solenoid screen, with the
attendant accuracy of that type of

Lg"w n';? .J: 7'; :

ter chronoscope used with
n in combat areas to
‘model confahs 4 dua‘e\
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Circuit diagram of chronoscope decade.
elapsed in discrete numbers by mecans of lighted ncon lamps.

signal. These screens, however, have
the limitation that they cannot be
used with tracer ammunition since
all electrical charges are quickly
discharged by the burning powder
in the base of this type of projectile.

Photoelectric screens (Fig. 4), in
various forms also are used. The
telephoto screen (Fig. 3) consists of
a photocell placed behind a slit and
an objective lens which casts the
image of the projectile upon the
plane of the slit. When the image
of the projectile silhouetted against
the sky passes over the slit, the
photo-electric current is reduced
and a signal is generated. This is
amplified and differentiated, and
the timing is generally measured
between the resulting positive pulses
generated by the sharp increase of
light at the base' of the projectile.

Time measurements

For measurements of small arms
projectiles in closed ranges, the
photo-screen (Flg. 4) may consist
of a fluorescent lamp and photo-
cell. In this case, the optical sys-
tem consists simply of two slits.
the lamp and the photocell. For
very accurate determinations of
position, a spark photograph of the
shadow of the projectile is taken.
Where the projectile comes into the
field of view, a signal is picked up
on an antenna which after a suit-
able time delay, fires a spark and
a silhouette image of the projectile
is obtained on a photographic plate
(Fig. 5). The same plate contains
the shadow of a plumb line whose
position Is known with extreme ac-
curacy, and by careful measure-
ment, the exact position of the

Using the binary counter scheme of Wynn Williams, it shows the time
Marked 1,2,4, 8 their sum in each row gives correct count

projectile can be determined to a
fraction of a millimeter. Succes-
sive sparks from two or more such
stations also afford signals for
marking the time intervals.

Up to the end of the last war
and even now in many ordnance
testing establishments, the time of
flight between screen signals was
generally measured by the Boulengé
chronograph (Fig. 7). In this in-
strument, the distance of free fall
under gravity is used as the basis
of the time measurement. This
is expressed by the well known
equation:
2s
g

The signal from the first screen
breaks the current in a magnet,
allowing a weight in the form of
a long rod to fall. The second sig-
nal allows another weight to fall
which strikes a trigger plate, caus-
ing a knife to fly out and strike
the rod-shaped weight, which has
generally attached to it a replace-
able strip of soft metal. The dead
time of the instrument is deter-
mined by tripping both weights
51multaneously Then: t=t,—t.

25
v g
S, are measured from the nick made
by releasing the knife without trip-
ping the weights.

Under the conditions of measure-
ment, an error of .001 in. in s cor-
responds to an error of 1/20,000
sec. in time. The actual errors are
somewhat greater than this, and
an accuracy of about 10 ft. per sec.
is the best that can be realized in
the velocity measurement. How-
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ever, the system has the advantage
of simplicity, and the constant of
gravity can be relied upon from
day to day.

The Aberdeen Chronograph is
also a simple instrument but de-
pends upon a source of 60-cycle
power, accurately controlled as to
frequency. Fig. 8 shows one of
these instruments with its small
drum driven by a synchronous
motor. A strip of paper thrown
into the drum is held against the
circumference by ‘centrifugal force,
and it is marked by sparks which
strike through the paper from a
sharp point adjusted to be close to
the paper. These sparks can be
triggered by signals from screens
of any of the types just described.
The paper speed s exactly 1500
cms. per sec., and an error of
mm., therefore, corresponds to
1/60,000 sec., the accuracy required
for 1 ft. per sec. accuracy in muz-
zle velocity with a 100 ft. screen
distance.

Drum camera

The Drum camera Fig. 9 is an-
other very reliable, but more
cumbersome, method of measuring
time. Here, a photosensitive paper
or film is attached to the outer
surface of a cylindrical drum,
which rotates at high speed and
at the same time, moves slowly
along its axis to prevent over-
lapping of the record. A light beam
reflected from an oscillograph
galvanometer mirror makes a trace
on the paper, and deflections
caused by the screen signals are
recorded.

On the same record, another
galvanometer driven by a standard
1000-cycle frequency generator pro-
duces time marks at 1 millisecond
intervals. The timing galvanometer
is generally arranged to deflect in
the direction of motion of the pa-
per and with such an amplitude
that in one direction, the light spot
is moving across the slit at the
same speed as the paper. Thus, dur-
ing that phase of the motion, the
light beam is on one area of the
paper for a relatively long time,
and an intense bright line is pro-
duced. A record of this type is
shown in Fig. 10.

A refinement of this technic con-
sists of photographing the spot of
a cathode ray tube on the drum
camera. The signals from the
screen are applied to the trans-
verse deflecting plates of the CR
tube, and time marks are made by
deflecting the beam in the same
direction, at 1 millisecond inter-
vals, to form short pips on the
trace. The accuracy of such a rec-
ord is about 2 microseconds.

During the past few years, the
so-called electronic counter chrono-
scope (Fig. 11) has been used on
an ever increasing scale. This de-

ELECTRONIC INDUSTRIES o July, 1945

vice is based upon an electronic
counting circuit first used by Wynn
Williams in England for counting
radio-active rays registered by a
Geiger counter. It has the great
advantage that the time, in units
of ten or even one microsecond, can
be read from its dial directly and
without any measuring, just as you
would read the answer from an
adding or calculating machine.

The complete instrument con-
sists of three parts, a crystal-con-
trolled oscillator which supplies
consecutive pulses at intervals of
1/100,000 sec., a gate circuit which
is opened by the signal from the
first screen and is closed by that
from the second screen, and a
counter which registers the number
of pulses which get through the
gate while it is open.

A pair of triodes are linked to-
gether as a trigger circuit which
has two stable states. The left side
may have a positive grid and the
plate circuit be conducting a
saturation current while the right
side is completely cut off by a nega-
tive grid, or the circuit can be in
the opposite state, with the right
side conducting and the left side
cut off. The circuit reverses from
one state to the other wherever
negative pulse is applied at the
input.

Negative pulses

It is important to note that nega-
tive, and not positive, pulses will
effect the turnover. If, for exam-
ple, the left side is conducting, posi-
tive pulses applied to the right-
hand grid are short-circuited by
the impedance of the left-hand
plate, which is low since that tube
{s conducting. Of course, positive
pulses applied to the left-hand grid
do not tend to reverse the state of
the circuit since that grid is al-
ready positive.

A negative pulse, on the other
hand, applied to the left-hand side
is shunted only by the non-con-
ducting plate of the right side, and
since this is a high impedance, it
is not attenuated. Hence, it effects
a reduction in the plate current on
the left. This reduction generates
a positive potential on the right
grid, which turns on the plate cur-
rent on the right and this, in
turn, generates a negative voltage
on the left grid, which reinforces
the original negative pulse. Simi-
larly, when the right side is con-
ducting, it again takes a negative
pulse to bring the circuit back to
the original state.

Now, let us look at this circuit
as a generator of pulses which
might be used to actuate a second
unit of similar design. For each
reversal from conduction on the
left to conduction on the right a
positive pulse is generated at the
output, but, as already seen these

Fig. 15. Shutter and film winding mech-
anism of ribbon frame camera. Slits in
turning drum act as focal plane shutters

would be ineffective if applied to
another similar circuit. On the op-
posite reversal, negative pulses are
generated. Thus, only half as many
tContinued on page 170)
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VERTICAL

BOTTOM VIEW

SIDE
VIEW

DIRECTION
OF RECORD

CUTTING STYLUS SHAPE

Fig. 1—Cross sections of adjacent grooves of a lateral and a vertical record having the same groove pitch and depth of modulation. Fig, 2—

Approximate shape of a typlcal recording stylus.

Tralling faces at 45 deg. scrape the groove sides when lateral and forward speecds are equal

PHONOGRAPH DYNAMICS

2
9

® Phonograph records for enter-
tainment purposes are principally
made by cutting a spiral groove on
a disk of suitable material. The tip
of the cutting stylus is made to
vibrate in accordance with the
speech or music signals, causing a
modulation of the spiral groove.
This modulation may be either
lateral, in which the cutting stylus
vibrates along a radius of the disk,
or vertical, wherein the depth of

Fig. 3

the velocity peaks. Fig. 4

By W. S. BACHMAN, tngineer

General Electric Receiver Division, Bridgeport, Conn,

Groove

spacing restricts amplitude of reproduction

while cutter, stylus shape, and mechanical @ limit fidelity

penetration of the cutting stylus
into the disk is varied.

To produce copies of the original
recording, it is usual to plate the
cut disk after making its surface
electrically conductive by sputter-
ing or silvering. This results in a
metal negative which may be used
as a stamper or may be used to
produce a mother from which other
stampers are made. Since the sput-
tered or silvered surface is too soft

(Left) —Illlustrating the reduction in the included angic of the cut groove at
(Right)—Sharp change of direction of the reproducing

stylus when the radius of curvature of the groove is cqual to the effective stylus tip radjus

86

TRACED WAVE

to serve for many pressings, it is
also necessary to “front plate” the
stamper with some hard metal,
such as chrome or nickel. This
extra layer of metal on the working
surface and the subsequent wear of
that surface have much to do with
the choice of shape for a repro-
ducing stylus.

As in other communications sys-
tems, the amplitude of a phono-
graph reproducer is limited and
depends on the spacing between
adjacent grooves. This is clearly so
if lateral recording is considered,
and it may be shown that vertical
recording suffers from the same
limitation.

Fig. 1 is a comparison between a
lateral and vertical recording sys-
tem., This assumes a 90 deg. in-
cluded angle on the face of the
cutting stylus. Using the same
average penetration it is seen that
both require the same groove
spacing to accommodate the same
depth of modulation without inter-
ference. Of course, if the included
angle of the cutting stylus face
were reduced, vertical recording
would have the advantage of more
grooves per inch, but it is clear
that the amplitude is limited both
by the groove spacing and the
average depth of penetration, the
former being the limiting factor in
an economical system,
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Since lateral recording is used in

all present day commercial pressings -

for home use, this discussion will
be concerned with that method, al-
though most of the considerations
apply as well to vertical recording.
The cutting stylus commonly used
has the shape shown in Fig. 2. At
low frequencies the limitation on
the amplitude of cut is the adjacent
modulated groove. Assuming .006
in. groove width at the surface of
the record and .010 in, groove
spacing, a peak displacement of
.002 in. would be permissible with-
out interference between adjacent
grooves.

Lateral velocity limit

As the frequency increases, an-
other limitation is imposed which
is a function of the peak lateral
velocity of the stylus with respect
to the groove velocity. When these
two are equal, the angle between
the recorded wave and the un-
modulated groove is 45 deg. as
shown in Fig. 3.

Now reference to Fig. 2 reveals
that there is an angle of 45 deg.
between the front face of the cut-
ter and the trailing faces, and also
45 deg. between the front face and
the tangent to the groove being
cut. Thus, at this critical value of
stylus to groove velocity ratio, the
slope of the recorded wave is paral-
lel to the trailing face. Any in-
crease in lateral velocity will cause
interference between the trailing
edge of the cutting stylus and the
cut groove. The angle between the
trailing face of the cutting stylus
and the tangent to the unmodu-
lated groove is called the clearance
angle. In this case it is 45 deg.
with no modulation, and 0 deg.
when the lateral velocity equals the
groove velocity.

Assuming that a sinusoidal wave
having a peak displacement of
.002 in. is recorded, the displace-
ment x at any time is,

x = .002 sin wt
the lateral velocity
A\ is,
dx
V=— .002 w cos wt
dt

Assuming also that the minimum
usable record radius is 2 in., and
the speed of rotation is 78 rpm the
groove velocity is
2r X 2 X 78
Ve = —— —— = 16.4 in./sec.
60
This may be equated to the peak
permissible lateral velocity (.002w)

0020 = 16. 4
164

w = —
002
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Fig. 5—Plot of groove displacement, curve $1; its first derivative, peak veclocity, curve $2;
program level about 10 db lower, curve £3; the sccond derlvative, peak acceleration curve $4;
also shown are the limits on accelcration imposed by the effective radius of the stylus tip

w 8180 Thus it is seen that the peak dis-
f=—= = 1300 cycles/sec. placement of .002 in. cannot be
2r 2r maintained above 1300 cycles/sec.
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SPRING >

(F) COMPLIANCE MASS (M)
(©

Fig. 6-—Mechanical system representing the necedle t(force), the tone arm (mass) and

the suspension (spring) between them.
contact pressure.

Stiffness of suspension is limited by allowable
Fig. T—Electrical analogy to system of Fig. 6. Damping applied across

the spring would be represented by resistance In secries with the capacitor in Fig. 7

for this value of groove velocity
and a 45-deg. clearance angle.

If the reproducing stylus is a ball
tip, as is usually the case when
new, it will have vertical as well
as lateral movement imparted to it
because of “pinch effect,’ the re-
duction of the width of the groove
when it is at an angle to the zero
axis. This effect* is illustrated in
Fig. 3. The amount of vertical
movement may be shown to be pro-
portional to the tip radius of the
reproducer, and the fundamental
frequency of the vertical movement
is twice that of the recorded wave.

Another serious limitation, which
is a function of the stylus tip radius
at the points of contact, is the
radius of curvature of the recorded
wave also shown in Fig. 3. This
minimum radius is that of the re-
corded wave at its displacement
peak, and may be shown ‘to be
equal to

Xw?

where Vg is the groove speed, X is
the peak displacement of the wave,
and w = 2n.

If the radius of the ball stylus tip
is equal to or greater than the
radius of curvature of the recorded
wave, a discontinuity in the traced
wave results as illustrated roughly
by Fig. 4.

Of course, the distortion increases
as this condition is approached,
and it rises very rapidly above this
point.

If we assume a .003 in. stylus tip
radius, a very generally used value,
running in a 90-deg. unmodulated
groove, the effective radius in the
plane of contact with the groove
will be

.003 in.

V2

Suppose that we calculate the
smallest radius of curvature of the
wave limited by the clearance angle
as described above and which has
a maximum displacement .002 in.

P = 00212 in.

* Distortion in Tracing Phonograph Records,
Pierce and Hunt

Journal Acous.

88

Soc. Amer. 10, 14 (1938)

at 1300 cycles per sec.

16.4%
R=—+  — 00201 in.
002 X (2x 1300)2

This shows that the radius of

curvature is actually smaller than

the effective tip radius, indicating

that the recorded velocity is higher

than may be tolerated when the tip

radius factor is considered. Since
V =X wcos wt,

the acceleration

dv
a=—=Xuw?sin ot
dt
Examination of the equation
Vg*
R= —
Xuw?

shows that the denominator Xw® is
equal to the peak acceleration of
the recorded wave, and therefore,
for a given groove velocity, if the
radius of curvature is to be held
greater than the radius of the

stylus tip, the peak acceleration
must be kept below
Vg2
a —

r

For a .003 in. tip radius at 4 in.
diameter on a 78 rpm record this
acceleration becomes

16.42

00212

128 X 10% in./sec.2

322 X 10 ¢cm./sec.?
or328¢g

Where g = acceleration of gravity,
980 c¢m./sec.?

To summarize we find three
limitations on the depth of modu-
lation:

1. The amplitude is limited by the
pitch of the grooves.

2. The velocity, for a given rota-
tional speed and mean groove
diameter, is limited by the clear-
ance angle of the cutting stylus.

3. The acceleration is limited, for
a given groove speed, by the
tracing stylus diameter at its
points of contact with the
groove.

Since the signal to noise ratio in-

creases as the depth of modulation
is raised, it is only natural that the
ceilings indicated above are closely
approached and often exceeded in
cutting records.

Recording characteristics

The National Association of
Broadcasters has set up tentative
standards for recordings for radio
broadcasting, and since many mod-
ern recordings are made to them,
or nearly so, it is of interest to ex-
amine them in the light of the
limitations analyzed above.

The two curves 2 and 3 in Fig. 5
are based on the recommended
standards of the National Associa-
tion of Broadcasters Recording and
Reproducing Standards Committee.
The lower one corresponds to “pro-
gram level” which is equivalent to
a lateral velocity of 5 cm/sec at
1000 cycles. The upper one corre-
sponds to the contemplated pro-
gram peaks which, experience has
shown, run about 10 db (approxi-
mately 3 to 1) above the sine wave
load handling capacity of the sys-
tem. These curves all show the
maximum sine wave values.

Curve 1 shows the peak displace-
ment from the unmodulated groove
position. It is seen that this is
about .00266 in. at the lower fre-
quencies, somewhat greater than
the value discussed previously for
.010 in. groove spacing. This is rea-
sonable, for the probability of op-
posite peaks on alternate grooves
occurring at the same radial posi-
tion is not very great.

This displacement is maintained
up to 500 cycles. From 500 to
1580 cycles the displacement drops
linearly with frequency. From 1580
cycles upward the displacement is
held constant. It should be men-
tioned that the actual characteris-
tic does not have the sudden
changes in slope indicated on these
curves, but is smooth as indicated
by the dashed line. The sharp
cornered curves are plots of the
asymptotes of the actual charac-
teristic, since it is much easier to
indicate the crossover points in this
way. It should also be noted that
a rise in displacement at the low
frequency end, recommended by
NAB, has been omitted for sim-
plicity.

Curve 2 is the first derivative of

curve 1. Since the velocity is the
dx
rate of change of displacement-——
dt

this then is a plot of the velocity
of the recorded wave. A line indi-
cating the groove speed of a 78 rpm
record at a radius of 2 in. is also
indicated, and curve 2 reaches this
value at 3000 cycles. Of course, at
the outside of a 12 in. record, curve
2 would cross at 8700 eycles. Thus
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the bearing of groove speed on the
allowable recording level Is illus-
trated. Fortunately, the proba-
bility of difficulty from this source
is not very great, for the distribu-
tion of energy in speech and music
is such that the recording velocity
on program material levels off very
nearly along the dashed extension
of curve 2.

The acceleration of the recorded
wave is indicated in curve 4

dv d=x
a -

dt dt?
which is the derivative of the
velocity characteristic. The magni-
tude of these accelerations is in-
deed startling, and for comparison
the scale is indicated also in terms
of the number of times g (the ac-
celeration of gravity) each value
represents.

CAPTIURED ENEMY

Above (left) Japancse Walkic-talkic with a frequency range of 2.5—4.5 mc powered by a 1.5, 135 volt battery.
and moritoring type covers four bands 100 to 6670 kc, and is used with pack
prototype of our BC-778. Note antenna reel, lead in,

modecl SCR 194,
transmitter In forward echclon,
ground wire and crank.

—
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(Right) German man pack receiver, intercept
Below (left) German emecrgency transmitter for sea rescue,
(Right) German Handle-talkie compared with our SCR 585 at right.

In the foregoing analysis it was
shown that the minimum radius of
curvature of the recorded wave is
proportional to the square of the
groove velocity and inversely pro-
portional to the acceleration. Thus,
for a given radius of contact with
the groove and groove speed, It is
possible to find the allowable ac-
celeration.

Vg2
Maximumacceleration — X«”
r

Several values are indicated for
various tip radii in a 90 deg. groove,
and the range from inside to out-
side of the record. Here it is seen
that, at the inside of the record,
frequencies as low as 2000 cycles
are subjected to serious distortion
when traced with, say, a .003 in.
tip radius stylus. The dotted line
shows the maximum allowable ac-

celeration for a .003 in. tip radius
stylus at 4 in. groove diameter run-
ning at 78 rpm. Some relief might
be had by using a smaller tip
radius, but this causes other dif-
ficulties.

Groove wear

As mentioned in the introduction,
the front plating of the stamper,
and the wear it suffers in produc-
tion causes an increase in the
radius of the bottom of the groove
on the pressed record. If the stylus
radius is smaller than that of the
groove, it will be intermittently
driven by one side or the other, and
will give an unnecessarily high
“scratch” level in the reproduction.
Although .003 in. radius is too small
for some commercial pressings, it

(Continued on page 124)

RADIO EQUIPMENT

Set is comparable to our

The one foot ruler shows the relative size.
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MEASUREMENT TECHNIC

® In an effort to determine the
amount of Interference that will be
encountered in future FM broad-
casting on new allocations, the
Federal Communications Commlis-
slon in June launched a three
months’ program to monitor a se-
lected group of broadcasting sta-
tions for interference from ground
radiation, shadows, sporadic E and
tropospheric effects.

The program being conducted at
the present time by the govern-
ment technical experts in conjunc-
tion with industry englneers is

By HOWARD D. EVANS

Electronic Industrles, Washington Bureau

Methods and equipment that will be used by FCC and in-
dustry engineers in determining FM and tele interference

based on the broadcasting of pres-
ent stations and new stations that
are expected to start operating
within the next thirty days. The
system also uses some emissions
from stationary radar stations.

For the most part, the system
covers the eastern states, but lines
have been extended as far west as
Nebraska and into the southern
region; however, the focal point
at the present time is New York
city.

The monitoring program is de-
signed to determine which of three

Map showing location of the monitoring and measuring stations (marked R) set up by FCC for

tests to determine interference at various frequencies,

Transmitters (marked T) are in the East
© American Map Co., Inc, No. 10682

! MR "®.|’dw‘lvgh’;w
| ®) suam ao .
|

Ko 009\ onams Oty
.

alternative allocations in the 44-
108 mec region will best serve the
public. The plan will attempt to
cover the entire field with some
tests (mobile) being conducted on
small local stations. George P.
Adair, chief engineer for FCC, late
in May enlisted the aid of twenty-
five radio engineers who formed 2a
sub-committee to direct the actual
recording monitoring in the pro-
gram.

Recording sites

The following list shows the re-
cording sites that are being used
by the Federal Communications
Commission, and the stations or
transmitters that will be the object
of the monitoring program:

Transmitters

Recorder Site
New York City

Paxton

W2
WGTR RADAR XMN

WABD RADAR
Princeton, N.J. — — 428 8375 105
Philadelphia . — — 428 8375 105
Laurel ...... 44.3 — 428 8375 105
Roanoke .. ... 44.3 —_— — 8375 105
Atlanta . .... 44.3 —_ — 8375 105
Montgomery . 44.3 —_ — 8375 105
Detroit 44.3 101 — 8375 —_—
Allegan ..... 443 101 — 8375 —_—
lowa City .... 443 101 — 8375 —_—
Grand Island . 44.3 101 — 8375 —_

The Radar frequencies are ap-

proximate, as no frequencies can
be selected until more definite in-
formation is available on the units.
Inasmuch as the directivity of an-
tennas is comparable to FM broad-
cast antennas, the units are being
used without modifications, except
that terrain at the transmitter sites
sometimes makes it advisable to
increase the antenna height above
normal.

One unit has been placed at Al-
pine, N. J., near W2XMN, and di-
rected along the southwestern line
of recorders. The antenna furnished
with the unit has been placed be-
tween crossarms of the W2XMN
tower. The second unit has been
placed at Paxton (Mass.) and di-
rected along the western line of
recorders. The lowest frequency
station for recording Sporadic E
is at Paxton, 44.3 mc, so that the
results of the survey may be co-

ELECTRONIC INDUSTRIES @ July, 1945



Am|

.0

Am

44

Am

50 56

RADIO INDUSTRY

62

777
F / 7/
/: ,/ : 7/
& L7 LY 2L

N

I

68 74 86

Megacycles

80

In thls chart, showing FCC’s three Alternatives for the 44-108 mc portion of the radio spectrum, AM stands for Amateur; F, Fac-
simile; Ed FM, Educational FM; T, Television; N, non-governmental fixed and mobllc stations. Additional chart appears on page 73

UNITES ON ALLOCATION ALTERNATIVE NO. 1

FCC's proposal of three alternate allocation plans for FM and Television, with the prospect that engineer-
ing tests and studies may delay action until late in 1945, imperiling the whole postwar start of FM and video,
has brought about a united front in the radio industry, urging immediate FCC authorization of Alternative No.
1. The FM and television broadcasting groups (FMBI and TBA) initlated the move to get immediate actlon
on No. 1 as the best compromise. RTPB meetings supported this position. The Independent pioneer FM manu-
facturers petitioned FCC for prompt authorization, and RMA members were discussing similar dction.

As the result of this united industry demand for immediate approval of Alternate 1, it is learned that
FCC may consider ratification of the No. 1 arrangement early in July,

92 98

104 108

ordinated with previous measure-
ments.

For continuous tropospheric
measurements, W2XMN at Alpine
has been chosen, because path dis-
tances more nearly coincident with
WABD are required for comparable
results. For this purpose the orig-
inal antenna array at W2XMN will
be satisfactory. This may be
changed if the engineering com-
mittee determines that Alpine
rather than Schenectady represents
better terrain for making a com-
parative coverage survey.

The question of comparative cov-
erage on three frequencies has been
brought up several times, but the
general opinion of engineers in-
volved was that the present con-
cern is with tropospheric and spo-
radic E propagation effects. Hence
no extensive coverage survey for
the evaluation of comparative
shadow effects and ground wave
attenuation over various types of
terrain is now being made. The
FCC advises that it is the inten-
tion of the commission that such a
survey be made, and feels that
Schenectady is the proper place for
it. This location provides the sim-
plest solution, since but one addi-
tional transmitter and antenna are
required, for which modified radar
units can be used. Other possible
locations having FM transmitters
in the 40-50 and 72-84 mc ranges
are New York city and Philadel-
phia, but it is doubtful that sta-
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tions reasonably near and with
antennas comparable in height to
the present antennas can be found
to which the radar equipment can
be adapted for furnishing the third
frequency, as is the case at Sche-
nectady.

The New York and Philadelphia
stations have the further disad-
vantage that higher noise levels
may obscure the signals throughout

Block diagram showing the nature of the equipm
by FCC and industry engineers. For complete Iist

a large percentage of the area, par-
ticularly for the highest frequency,
where a lower power is available.
Extensive mobile and fixed location
measurements are being made by
commission -engineers over a period
of several weeks at the selected
locations.

In addition to the above coverage
survey the industry has agreed to
continuous comparative measure-

ent being used In monitoring-measurement tests
of the instruments being used see text of article

Va2 Wave Doublet

Coaxial line

]
CHECKER - RECEIVER RECORDER
i g, |
SIGNAL VOLTAGE |——
GENERATOR REGULATOR|———
] -

91



STATION
OCCURRENCES OP

RECORDED AT
MICROVOLTS/METER

2

i
2
. TC 3 &3]
IEEREHERS L

p—

FCC styles this form an Occurrence Sheet, five being required for a completc record of five dif-

ferent levels.

ments on two or more frequencies
at other locations. All frequencies
are being measured at the same lo-
cations and distances from the
transmitter so that the highest fre-
quency will be above the noise level
at all times but stations will be
far enough apart so that fading
will occur at all frequencies. Re-
cording equipment at these sites
will be set up and during certain
periods as agreed, recordings and
analyses of each will be taken.
Equipment at each of the record-
ing sites that were listed above
and at any other sites that have
been chosen for continuous re-
cording is as follows:
Hallicrafters S27 receiver or equal—
1 per frequency
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C1aracter ot propagation intertcrence will be entered and charts currently analyzed

RF converter, sensitivity of 1 uv or
better, 40-50 mc¢ output—1 per
frequency above 48 mc

Esterline - Angus graphic recorder
or equal—1 per frequency

Raytheon voltage regulator or equal
—125 watts

Ferris 18C signal generator or equal
—1 per frequency

Frequency indicator for accurate
tuning in the absence of signals

(GR 620AR or Hallicrafters HT7
and receiver for WWV)—1 per
frequency

Halfwave

doublet antenna and

lead-in—1 per frequency.

Antennas are erected at a height
of thirty feet or as near there as
practical, since it is not possible to
correct for height for waves arriv-

ing at various vertical angles. A
separate half-wave doublet is be-
ing used for each frequency, erect-
ed broadside to the transmitter and
so as to have as little efTect as pos-
sible on the other antennas. An-
tennas supported end to end are
found to be satisfactory for the
western line of recorders even
though the 83.75 mc antenna will
not be exactly broadside to WABD.

Lead-ins are coaxial cable, either
beaded or solid polystyrene, or of
twisted pair if coaxial is not avail-

able. Open wire lines and rubber
insulated coaxial are not being
used.

Calibration method

The ratio of field strength to re-
corder input is obtained for each
recorder by setting up a constant
field at or near the desired fre-
quency by a small transmitter
placed as far as practical from
the antenna in the direction of the
station to be recorded, noting the
input microvolts indicated by the
recorder, removing the recorder
antenna and substituting the an-
tenna of a field strength meter in
its place, measuring the field at
that point, replacing the recorder
antenna and rechecking the re-
corder indication for constancy of
field. The ratio thus obtained for
each recorder will remain essential-
ly constant throughout the period
of recording and does not need re-
checking unless changes are made
in the antenna or lead-in.

Calibration of recorder input vs.
graphic meter indication has been
made at sufficiently frequent inter-
vals so that the microvolts indi-
cated at any level on the chart
will be within five per cent of the
indication for the previous calibra-
tion. The meter indication will be
logarithmic and calibration is made
in steps of 1, 2, 5, 10, 20, 50, etc., uv
throughout the range of the re-
corder. Each calibration is dated
and marked with the ratio used for
converting recorder input micro-
volts to field strengths in micro