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30 to 60 DAY DELIVERY
ON ATTENUATORS

We've progressed o long way from those early war days when, regrettably,
deliveries were too often a hope and o promise. While we're not yet back
to the luxury of filling many arders from the shelf, present production
schedules assure prompt Daven: Attenuator deliveries. Some standard models
are avoilable in small quantities for almast immediate shipment. 30 to 60
doy delivery may be had on average quantities of most standard type
Attenuators and many speciol types not requiring new engineering. Write
for details on your specific requirements.

miz ) AV EIN comere

191 CENTRAL AVENUE
NEWARK 4, NLW JERSEY
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MULTIPLE UNIT GROUND STATION TRANSMITTER

Flexibility is on outstanding feature of the CT-3000 series transmitter. Its design provides for the
expanding requirements of a station and offers operational advantages. A station may consist
initially only of a power supply, a modulator and one RF unit, being later enlarged by addition of
RF units as needed. In operation, simultaneous transmission over several channels is available.

For airway and airport service, this newly designed product of RADIO RECEPTOR engineers and
craftsmen represents the most advanced practice. This transmitter is intended for use at an airport

for communication between ground and plane, or between two airports of an airway system for
both long distance and local communication.

OPERATING CHARACTERISTICS .

The transmitter assembly is composed of individual units, one for each RF channel, one for each
modulator, and one for the rectifier power supply unit. The RF and modulator units are interwired
and connected to operate from the common rectifier power supply unit.

FREQUENCY RANGE~—2 to 20 mc. RF vnits are supplied with coils
and capacitors to operate at a single specified frequency and
ouvtput load. Components are available for operation on any

other frequency and output load impedance within the limits
specified,

POWER OUTPUT—2.5 KW continuous, 3 KW intermittent service.

FREQUENCY CONTROL—Low temperature coefficient crystal con-
trol at o sub-multiple of output frequency.

RF LOAD IMPEDANCES—Grounded or balanced transmission line
loads—50-700 ohms. Loading inductor or series condenser avail-
able on special order for working directly into reactive antenna.

TYPE OF TRANSMISSION—A-1 (CW Unmodvulated telegraph),
vp to four simultaneous channels: or A-3 (telephone Modulated
carsier), up to two simultaneous channels.

MODULATION—High leve! modulation of RF power amplifier by
means of Class B audio modulator.

NOISE LEVEL—Carrier noise 40 db. below 100% modulation.
KEYING——High speed (200 words per minute) electronic keying

standard. Slow speed keying of oscillator available on special
order. '

POWER SUPPLY REQUIREMENTS—230 volts 50/60 cycles, 3 phase,

Also available in output powers of 1 and 5 KW. Circular on request.

RADIO RECEPTOR COMPANY. In~c.

251 WEST 19th STREET

NEW YORK 11. N. Y.

Engineers and Manufacturers of Airway and Airport Radio Equipment

SINCE 1922 IN

RADIO AND

ELECTRONICS
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LEWIS WINNER, Editor
F. WALEN, Assistant Editor

e See...

THE ACCELERATED TREND TOWARD RADIO 43
the dominant medium of world-wide com-
munications has provoked intense Con-
gressional interest. Congressional com-
mittees have heard testimony on the Hexi-
bility of radio. its economical forms of
operation and its speed of transmission.
Currently a subcommittee of the Senate
Committec  on  Interstate Commerce i
conducting hearings on international com-
munications to determine its global appli-
cations, frequency assignments, and par-
ticularly mean. of operation and control.

Press groups who have become ex-
tremely interested in the art and its appli-
cation to news transmissions, are seeking
extra channels and independent control for
their activity. They emphasize that mod-
ern needs for high speed; multiple-ad-
dress press: voice, photo and facsimile
transmission ; and direct circuits to vari-
ous parts of the world, demand a global
radio communications system that will
enjoy all the privileges of the free Amer-
1can press.

THE INCREASED USE OF U-H-F AND S-H-F
radio circuits for commercial trafhe has
also prompted many unusual projects.
Western Union, for instance, is planning
the installation of 2,000 to 11,372-mc¢ ra-
dio links between Camden and New York
to study tratfic control. In their applica-
tion to the IFCC, they said that . . . “In-
formation now available leads us to be-
lieve that radio-relay systems, operating
in the u-h-f and s-h-f ranges. will provide
very reliable transmission at a cost which
will make it economically practical to use
theni between the major trathc centers
throughout the country.”

NEARLY 509% OF THE NATION'S STATIONS
are operating on low-power todav, ac-
cording to data prepared by the FCC.
There are 406 stations using 250 watts,
unlimited ; 12 with 2350 watts, limited: 3
with 250 watts, sharing time; 1! with
100 watts night, 250 watts day, unlim-
ited; and 1 with 200 watts, limited time.

Most plan to use increased power as
soon as possible!

THE ALL-IMPORTANT RADIO TECHNICAL
COMMISSION FOR AERONAUTICS has initi-
ated an intensely thorough research pro-
gram. Three major technical committees
have already been appointed. These com-
mittees will study airborne navigation and
communication ; ground navigation and
communication; and test procedures and
standards. Dr. J. H. Dellinger of the
Bureau of Standards, is chairman of the
Commission.

Significant progress is in the ofhng for
aeronautical communications, TuHE IRE
Bumping Funp needs your support. We
urge you to contribute now. —L. W.

including Television Engineering, Radio Engi-
neering. Communication & Broadcast Engi-
neering. The Broadcast Engineer. Registered

U S. Patent Office.
Member of Audit Bureau of Circulations.
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Maniature Pentode
Designed for Use
In UHF Curcuats

Tube Type 6AKS5, a new addition to Syl-
vania Electric’s line, is a miniature sharp
cut-off pentode in the short bulb, and is
especially suitable for use in ultra high

N g it
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frequency equipment. Small size and high
eficiecncy make it useful in portable
equipment,

Full technical information may be ob-
tained from Sylvania Electric.

SYLVESTER SURVEY

“Would you say your postwar radio
choice would be the large console type
or the smaller, table-top model?”

Oscillographic Technique Traces
Tube Performance in New Regions

Method Deuvised by Sylvania Electric
Throws New Light on Characteristics

Y

B s A

The measurement of tube characteristics
in regions where previous test methods
were inapplicable has been made possible

through the development, by Sylvania
Electric. of a new procedure, based on
photographing an oscillographic trace.

EARLIER METHODS

Formerly, tube characteristics were taken
by a point-by-point method. This was ex-
tremely slow, and had the still greater
disadvantage that it could be used only

in those parts of the characteristics where

the tube would not be damaged by con-
tinuous operation. In many recent appli-

cations. characteristics must be known in
regions where a plate or grid would
vaporize if left on for even a second.

PHOTOGRAPHIC RECORDING

The new technique permits taking of
characteristics in these regions. The oscil-
lographic trace of the characteristics is
shownonaspecial Sylvania 7-inch cathode
ray tube, and may be photographed.

Improved tubes and circuits are ex-
pected to result from the use of the new
method, equipment for which was built
in Sylvania Electric’s Commercial Engi-
neering Laboratory.

SYLVANIAS ELECTRIC

SYLVANIA ELECTRIC

PRODUCTS INC., Emporium, Pa.

MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, ACCESSORIES; INCANDESCENT LAMPS

COMMUNICATIONS FOR APRIL 1945 e 3
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ANTENNA SPREADERS
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How ZIRCON PRESTITE compares

Illustration from Westinghouse book B-3244

NEW HIGH-STRENGTH IMPROVES = High-
Locon Tension
INSULATION ON EVERY TYPE OF Property Erestit® Porcelain
COMMUNICATIONS PRODUCT “?ecxﬁc Gravity....... . > 4 3.68 2.4
ater Absorptionin %........ .. ... 0.00 0.00
T Zi p ) d b "Dye Peaetratlott_\'r ] Y ( 0 None None
1 ron 1ircon restite create Linear Coeff. of Therma xpansion (2
his new, Strong q q y 200700deg C) per deg € : 49x106 53 x 10-6
1 1 1 ensile Strength, 1bs per sq in.. ... .. 12, ,000
Westinghouse brmg.} many advantages t;) esigners %ompresswg Stm:g U Tbs ber 5 in. 92'000 a8
1 1- ransverse Streng Ibs per sq in. . ... 25,000 11,000
and manufacturers of every type and size of communi oo S o P Chmpy
cations equipment. method) in gm per sq c¢m. 17,800 6,000
Zircon Prestite is a low-loss ceramic with excep- *ﬁpprovcd as L-4 material by the Army-Navy Electronics Standards
gency
: g S 3 **This is one of the characteristics that gives Zircon Prestite its
tlonally hlgh resistance to thermal and mechanical remarkable thermal shock properties and warrants comparison with
shock (see table). Combined with the exclusive e _othcrllow’loss, hishefreyuencysceramic, materiala:

Westinghouse Solder-Seal process, it provides a gas-
tight hermetic seal that excludes dirt, moisture and
corrosive atmospheres permanently and maintains
dielectric characteristics of enclosed gases regardless
of temperature, humidity and pressure cycles.

|
-4

e e — e B —

Your nearest Westinghouse office can give you
complete information on the many uses of this versa-
tile Zircon Prestite for modern communications and
electronics equipment. Or write Westinghouse Electric
& Mfg. Co., P.O. Box 868, Pittsburgh 30, Pa. J-94660

¢ e COMMUNICATIONS FOR APRIL 1945
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A QUICK CHECK LIST OF WESTINGHOUSE COMMUNICATIONS PRODUCTS

...one of many Westinghouse

contributions to improve
electronic and communication
design

Zircon Prestite is just one of many Westing-
house developments to improve modern elec-
tronic and communications design.

Weight reduction, high altitude and humidity

resistance, greater strength and sensitive

!Hipersil ‘e

Hipersil cores—made of new electrical steel
with 1/3 greater flua-carrying capacity—elimi-
nate time-wasting stacking of tissue-thin core
laminations by hand. Available in 3 types for
low to very high frequencies, pre-assembled
Hipersil cores are delivered in two ready-to-
assemble pieces for each core. (B-3223-A)

l Dynamotors...

i gt

Smooth, functional design gives Westinghouse
dynamotors high flexibility for radio equipment
where space is precious. Lightweight and com-
pact, these long-lived dynamotors are supplied
for input ratings from 12 to 28 volts. (B-3242)

| Capacitors ...

Light weight, small volume and high reliability
are advantages of Westinghouse Inerteen Ca-
pacitors for d-c service at 400 to 250,000 volts.

- — ——

!

COMMUNICATIONS

EQUIPMENT FOR THE
INDUSTRY

www americanradiohistorv. com

measurement are typical of the problems solved
by these new Westinghouse developments.

Here is a quick check list of these important
products . . . what they are, where to use them,
what they will do. Like Zircon Prestite, each
possesses characteristics giving designers greater
freedom in design.

Your nearest Westinghouse office can give
complete data on any of these exceptional com-
munications products. Ask for the book number
shown in parentheses on each item.

Aluminum foil electrodes, noninflammable
Inerteen and Westinghouse Solder-Sealing
give these capacitors outstanding perform-
ance values. (B-3300)

Insulating Materials...

Westinghouse ‘“Tuffernell” Insulating Ma-
terials will supply the right grade needed
for numberless communications jobs. Backed
by more than 50 years of field tests, these
materials are adequately tested and proved
for every application. (B-3322)

Electronic Tubes...

Uniform, trouble-free, long-life service of
electronics equipment depends to a high
degree on the tube itself. Westinghouse
electronic tubes are made with complete
quality control in every stage of production
for the complete Westinghouse line . . .
Pliotrons, Kenotrons, Phototubes, Thyra-
trons and Ignitrons.

Instruments...

Westinghouse instruments range in sizes
and types from miniature panel instruments
to 4-foot boiler room indicators for all types
of mountings—round, wide-flange; round,
narrow-flange; rectangular; and American
War Standard. (B-3283)

COMMUNICATIONS FOR APRIL 1945 o §
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no longer cares about
the cigarette shortage,
the meat shortage...or
oas shortage!

It's just a question of time when all We, the management and employees

shortages will be replaced by plenty  alike, at Kenyon, are building better

—thanks to this boy and to millions  transformers than we ever built

like him. before — and building them faster
Give them a helping hand. for the armed forces THE MARK OF EXCELLENCE
Buy Bonds — Donate Blood.

KENYON TRANSFORMER CO., Inc. ... |

s o COMMUNICATIONS FOR APRIL 1945
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[ ]
FM carri
| carrier Adapting the principles of radio to train communication
e ° is a simple matter — up to a point. Standard space radio
d induction P ptoap P

equipment will do in a pinch. But railroads necessarily
' demand more than adaptations. A coordinated system, for

one thing: reliability of performance for another; and the

,‘ privacy of wire lines. ¥  Aireon engineers tackled the
problem and came up with an FM carrier-current system that
makes use of the wayside wires. Communication with trains
is established by inductive means. Performance is of tele-
phonic quality. Equipment and operating costs are self
liquidating. @ The first Aireon FM carrier induction
system was installed on the Kansas City Southern Railway,
where it is in daily operation. Similar installations have
been made on other railroads. All have proved their de-

pendability. @  (Creative engineering of this nature has

contributed to the steady growth of Aireon in the electronics

4 MANUFACTURING ORPORATlON field. Behind it is a type of thinking that gets things done.
Formerly AIRCRAFT ACCESSORIES CORPORATION We’ll show you what we mean any time you say.

| Radio and Electronics » Engineered Power Controls

b NEW YORK « CHICAGO « KANSAS CITY « BURBANK

. L COMMUNICATIONS FOR APRIL 1945 o 7
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No. 541 Mugnetic
Cutterbeal

Laboratory tests measure a distortion freedom of less than
1% when a 400-cycle note is recorded . . . with a Fairchild
No. 541 Magnetic Cutterhead . . . at a level of —+ 18db
(reference .006 watts) to produce a stylus velocity of 2.5
inches per second.

Exceptional design and precision skill has produced a
magnetic cutterhead that successfully damps the moving
armature — through the use of unusually long cushion blocks
and a positive means of adjusting and maintaining the
armature in correct balance.

The result is the long sought correct bass response that
remains free from distortion while producing the finest
possible full volume recordings up to 8,000 cycles.

When mounted in a Fairchild adapter, the No. 541 Mag-

WM CAMERA

EQUIPMENT ~ precisionized - mechanieally and electronically - for finer perlormi

Fairchild
Portable Recorder

less than 1% at 400 cycles |

1

netic Cutterhead also provides a sapphire advance ball o
swivel mount that permits instant change from “in-out’ri
“out-in” cut direction . .. a micrometer-threaded screw contd
of cut depth . . . and an easily accessible screw adjustmef
of the cutting stylus angle.

Standard with the No. 539 Fairchild Recorder, the ou:
standing performance and operating qualities of the No. 5¢
Magnetic Cutterhead are now available to all owners «
earlier Fairchild portable models and many other typs
of recorders.

Descriptive and priority data are available. Address Nei
York Office: 475 - 10th Avenue, New York 18; Plant: 88-0
Van Wyck Boulevard, Jamaica 1, N. Y.

AND INSTRUMENT CORPORATION

4 e COMMUNICATIONS FOR APRIL 1945
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/% MF-66 Glass base material is ready!
Material, facilities and techniques are
at last available for the production in quantity
of the new Formica grade which is superior
to all other grades in low losses at high frequencies.
This material, created to extend the useful working
range of laminated plastics, is ready for prompt
shipment to high priority customers.

e — ——

THESE ARE ITS CHARACTERIST

Grade MF-66 is recommended for radio and radar coil
forms, antenna bases, terminal strips and molded parts.

| Fungus resistance of MF-66 is outstand- sulating parts, Iis low water absorption
ing due to the absence of cellulose. The insures high electrical and dimensional
material is readily machinable to close stability in humid climates. Ask for quo-
tolerances into strong, shock-resisting in- tationsl

4635 Spring Grove Ave., Cincinnati 32, Ohio

4 all

" THE FORMICA INSULATION COMPANY

,.J - COMMUNIZATIONS *0OR APRIL 1945 o 9
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i 1‘1 DUCK,"G e o o the issue is old stuff. A good ducking can spell finis for
electronic equipment. When moisture wades in, the best transformer, coil, relay
fold up. Protect them with FUSITE Hermetic Terminals. FUSITE keeps out the wet
and seals in the dry. No damp amps are the positive result, regardless of outside

atmospheric conditions. Time, place and temperature can be discounted. This means

dependable performance. FUSITES pass the tough thermal shock test of dry ice

to boiling water. They withstand production hand-

ling in your plant and manhandling on the job.

FUSITE is an inorganic-insulated, hermetic ter-

i

minal interfused within a reinforced metal shape,
all in one piece. One and only one
sealing operation is required to pro-
vide a perfect hermetic seal. FUSITE
saves parts and labor, downs costs,
ups production and helps to guaran-

tee the performance of your elec-

tronic component parts. Look for this
| mark m‘ stamped in every seal.
l “ It is your guarantee of "proved
‘ T‘% performance.” Write for samples
! g on your business letterhead.
|

A"GI" AMP,
OUT ON A PRANK,
IS GOOD FOR NOTHING- REALLY/
WET MAKES HIM HIGH,

SO KEEP HIM DRY,
“MP-WITH FUSITE SEALING/,

CINCINNATI ELECTRIC =3 |
PRODUCTS COMPANY

R R T

NO DAMP AMPS/

COMMUNICATIONS FOR APRIL 1945 e I/
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A NEW RELAY

This plug-in relay is a modification of a popular Ward Leonard
type now used in small radio transmitters, aircraft control circuits
and for similar applications. It is enclosed in a dust-proof
cylindrical metal case (2 1/16" x 3V/s") rigidly supported against
shock and fited with standard octal base. Operates on standard
voltages up to |15 V., AC and DC. Double pole, double throw
contacts. Write for price list and further particulars

WARD LEONARD ELECTRIC CO.

Radio and Electronic Distributor Division

53 WEST JACKSON BLVD. CHICAGO, ILL.

ACCEPTED MEASURE OF QUALITY T\

12 e COMMUNICATIONS FOR APRIL 1945

www americanradiohistorv com


www.americanradiohistory.com

52

"IN RADIO MANUFACTURING

From Wilcox’s war experience, as one of the largest
manufacturers of radio communications equipment, has
come many new products...a completely modern mass b
production factory...a trained engineering staff ... |
plans and the knowledge needed for both war and ;
peacetime products of highest quality. Look to Wilcox

RECEIPI———

for leadership in radio communications equipment!

Model 50A Modulator — The 1600
watt 50A Modulator, shown at
right, may be used for transmit-
ter modulation, or high-powered
audio needs.

E..'.-N N e e e ] e

i

WILCOX ELECTRIC COMPANY, INC.

Manufacturers of Radio Equipment
FOURTEENTH AND CHESTNUT KANSAS CITY, MISSOURI
COMMUNICATIONS FOR APRIL 1945 o I3 ;;:
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The DART that pierced a postwar plan in mid-air

Coming in to work on the bus each morning, the man read his newspaper. This morning
was no exception. And he smiled to hignself as he read the headlines. Americans Ham-
mering Germany from the West . . . Russians Closing In from the East. That sounded
good. The war would soon be over . . .

As he put away his topcoat and hat, the feeling of satisfaction clung to him. *. .. well,
soon as we lick Germany . ..” and he mentally surveyed his own postwar plan.

Even at noontime, when the people of the plant were to be addressed by a young veteran
just back from the Pacific, the man was still optimistic. He listened attentively to the
stories of brave men and strange lands.

® The khaki-clad youth told his audience about the islands and the jungles and the
mountains . . . about fighting and living conditions.

® Calmly, he spoke of the basic nature of the Japanese . . . how they are taught that
it is an honor to die for the Emperor . . . and why few Japanese soldiers have
" ever surrendered.

® And he told of the resentment among many of the men in the Pacific area about
the feeling at home that the war would be over—as soon as Germany was defeated.
If that was so, why did hell break loose around them every day?

To the man who had smiled at the headlines that morning, these words were the dart
that pierced his postwar plans in mid-air. Of course, he had always been conscious of
the fact that we were fighting Japan. But that seemed a matter of cleaning up details
. . . and good old MacArthur would take care of them. But now, he wasn’t so sure. And
he began to think. There was more to go, he reflected solemnly, much more to go . . .

There are many people like this man . . . people who are tempted
to forget that Germany’s defeat won’t mean the end of the war.
Military authorities predict that the fight with Japan will be a
. long, painful struggle . . . perhaps more costly than any we have
_yet experienced. This, then, is no time for rejoicing. Final victory
. will be a hard-earned commodity purchased only by consistent
> working, fighting, sacrificing.

mertcan Radio Hardeware Co., Fne.

152 MACQUESTEN PARKWAY SOUTH .  MT. VERNON, NEW YORK

\Ao=cal
& J

MANUFACTURERS OF SHORT WAVE o TELEVISION o RADIO . SOUND EQUIPMENT

YOU INVESTED ALL YOU CAN IN THE SEVENTH WAR LOAN DRIVE?

14 e COMMUNICATIONS FOR APRIL 1945
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MONG the many types of tubes

produced by North American
'Philips for war purposes is the 5-inch cath-
ode ray tube illustrated here. The problem
with this type tube was to produce it in
volume with evenly coated screcens having
no pinholes or other defects.

The ability to produce, in volume,
NoRELcO cathode ray tubes that meet rigid
specifications, is the result of experience
gained by an organization with a back-
ground of over half a century of research
and dgvelopment in the electrical field.

Although NoreLco tubes now go to our
armed forces, a list of tube types we are
especially equipped to produce will be sent
on request.

North American Philips will have post-
war facilities available for the development
and production of tubes for projection tele-
vision; also amplifier, transmitting, rectifier

and special purpose tubes.

Write today for interesting booklet on “How
and Why Cathode Ray Tubes Work” and the
brochure describing the background of North
American Philips in the science of electronics.
o When in New York, be sure to visit our
Industrial Electronics Showroom,

OTHER PRODUCTS: Quartz Osciflator Plates; Searchray (Industrial X-ray) Apparatus, X-ray
Diffraction Apparatus; Medical X-ray Equipment, Tubes and Accessories; Tungsten and
Molybdenum Products; Fine Wire; Diamond Dies.

Electronic /’oa’ucfsby NURIH AMER'CAN P H".'P 3 CUMP ANY, INC.

Dept. E-4, 100 East 42nd Street, New York 17, N. Y.
Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. (Metalix Div.); Lewiston, Me, (Elmet Dlv).

COMMUNICATIONS FOR APRIL 1945 o /5
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TOWARD
THE FUTURE—
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OMMUNICATION —WITHOUT -

wIRES—the keynote of the
nation’s ability to wage modern
war—has brought in its train a
great paradox: A need for more
and different cables. And the same
needs will extend into the post-
war world.

In the solution of the current
problems that this need has raised,
we at Ansonia, in all modesty,
have played no small part. Anko-
seal polyvinyl and polyethylene
cables have been designed to
meet the particular needs of
our Army and Navy — needs
which, of course, must remain
secret, but which involve using
engineering techniques in the solu-
tion of the problems they present.

To other government agencies
requiring ‘‘fussy’’ cable jobs,
Ansonia offers the “"Yankee in-
genuity” which has enabled this
organization to meet these re-
quirements —accurately and on
time. And to business men now
and in the post-war world,
Ansonia, through its Ankoseal
thermoplastic cables, offers
the same ability to meet simi-
lar problems to their satisfaction.

THE ANSONIA ELECTRICAL COMPA

Specializing in “Ankoseal” a Thermoplastic Insulation’

ANSONIA ¢ CONNECTICUT

Why ANKOSEAL -
solves cable problems

Ankoseal, a thermoplastic insu-
lation, can help solve many elec-
trical engineering problems,
now and in the future. Polyvinyl
Ankoseal possesses notable
flame-retarding and oil resisting
characteristics; is highly resist-
ant to acids, alkalies, sunlight,
moisture, and most solvents.
Polyethylene Ankoseal is out-
standing for its low dielectric
loss in high-frequency transmis-
sion. Both have many uses, par-
ticularly in the radio and audio
fields. Ankoseal cables are the
result of extensive Jaboratory re-
search at Ansonia—the same
laboratories apply engineering
technique in the solution of
cable problems of all types.

A Wboll}v?Owtzed Subsidiary of

NOMA ELECTRIC CORPORATION

GENERAL OFFICES » NEW YORK, N. Y.

7In-peacetime makers of the famous Noma Lights—the greatest name in decor::uiv(l
lighting. Now, manufacturers of fixed mica dielectric capacitors and other radio, raday

and electronic equipment.

16 e COMMUNICATIONS FOR APRIL 1945
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2 A new star has been added

BLILEY ELECTRIC COMPANY

Bliley acid etched* crystals persist-
ently show up wherever there is an
important communications job to be
done such as the combination two-
way telephone and telegraph and
range finder systems of Pan Amer-
ican World Airways. In peace and
in war Bliley crystals have flown
millions of world-wide miles with
their famous Clippers.

Bliley crystals are pre-conditioned
for just such rugged assignments. In
the Bliley Electric Company plant
there is a large section where Bliley

CRYSTALS

* UNION STATION BUILDING

wWWww.americanradiohistorv.com

fly with Pan America

acid etched* crystals receive their
pedigree. Here each crystal gets
“the works”. Its activity and fre-
quency are proved under tough labo-
ratory created service conditions of
altitude, humidity, temperature, im-
mersion, shock and vibration.

But licking tough assignments is a
tradition with Bliley engineers and
craftsmen. This background of re-
search and skill has been responsible
for the distinguished record of Bliley
Crystals in every field of radio com-
munication. Whatever your crystal
problem may be—specify Bliley.

=
*Acid etching quartz crystals to fre-

quency is a patented Bliley process.
United States Patent No. 2,364,501

Do more than before . . .

buy extra War Bonds

* ERIE « PENNSYLVANIA
COMMUNICATIONS FOR APRIL 1945 o 7
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RAYTHEON VOLTAGE STABILIZERS
Provide Stabilized Voltage 2% WITHIN 2 CYCLES

All precision as well as other types of electrical equip- 7 !

ment requires steady, uniform voltage for accurate g T
operation. Raytheon Voltage Stabilizers meet this H l
INPUT  SeittioHerar & .
need by providing accurately controlled voltage to vs. ol ] ?é[ {II ’ .
, OQUTPUT [ t
C .
=+ 34% of 197 VOLTAGE E AT |
i el ; (Type VR 2) © 4ot @ FULL LOAD 80 WAITS |
Entirely automatic in operation, the Raytheon Voltage u % tyvonp o wars LT T LT 1T
ond d . A o T @. NO LOAD LINE YOLYAGE DECREAS'ED FROM_ 135+
Stabilizer requires no maintenance, no adjustments. AnE I T

80 e o

Simply incorporate it into new products or equipment INPUT VOLTAGE
’

already in use and it will take care of itself providing

uniformly stabilized voltage.

) | 5 [ R P
Raytheon Voltage Stabilizers provide these ad- OUTPUT é T3 MASTV toap % :3;;_;?{; e FacTon fosiea ]
-~ " . vs. > st + v
vantages: Stabilize voltage at any load within their INPUT El i 1 *"j{
ratings . . . Hold constant varying AC input. voltage to YOLTAGE £ % g
(Type VR 4) O 1 7
+ 14 of 19, — within 2 cycles . . . Control wide AC < [ )AREE

A. C. INPUT YOLTAGE

input variation — 95 to 130 volts. Write for Bulletin

DL48-537. It gives the complete story.
Tune in the Raytheon radio program: “MEET YOUR NAVY,’ every Saturday night on the Blue Network. Consuit your local newspaper \{ -l for time and station

The coveted Army-Navy “E,” for
Excellence in the manufacture of

7

Devoted to research and manufacture ot complete electronic equipment ; receiving, transmitting and hearing aid tuhes; transtormers; and voltage stabilizers.

190 WILLOW STREET,

RAYTHEON

MANUFACTURING COMPANY

Electrical Eauipment Division

18 o COMMUNICATIONS FOR APRIL 1945
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WALTHAM, MASS.

war equipment and tubes, flies
over all four Raytheon Plants
where over 16,000 men and wom-
en are producing for VICTORY.
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Fire Alarm Headquarters, Boston, Mass,

Sunt A. L. 0’Banion, Chief Operator J. E. Laughlin.
Radio Supervnsor J. E. McCarron.

FCBand WPB 0-K 3- -Way Radio for Fire Stations

i ——— H

| Fire departments serving over 150,000 peoplb. are Chiefs whose cars are equipped with Motorola
i now being licensed by the FCC to operate thel«g F-M two way radiotelephone units.

own radio stations. Your Fire Department may . This is another notable Motorola Radio First in
addition to the famous ‘‘Handie Talkie,”” an ex-
cludye development of Motorola engineers, now
being wsed by our front line

| now have its own license and operate on its own
| wave length distinct from that of the Police.

infantry. s
ANOTHER MOTOROLA FIRST The MO}NOIa ‘‘Handie
Boston Fire Department Radio System Talkie’® will besavailable for

Emergency, Fire and Police
use as soon as obllgat’gons to
the armed forces have “hgen

| The Fire Department of Boston, Massachusetts,
| is now operating its own radio station, WEY,
| consisting of one central control station and 33 completely fulfilled. In the
| mobile units. This means that the Fire Chief at meantime, you can get started\\
! Fire Alarm Headquarters is in instant touch by on the radiotelephone system

"“a radiotelephone with his Division and District for your fire department.

WRITE zeday for full detadts

GALVIN MFG. CORPORATION - CHICAGO SI

COMMUNICATIONS FOR APRIL 1945 o 19
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THE VALUE OF MUSIC...

to America during this war can never be fully
measured. At the U.S. O., in the jungle, in the
factory and in the home, music has been a vital

factor as a builder of morale and unity.

Brush is proud of its many contributions in the field of e
acoustics; notable among these is the Brush PL-20 pick-
up. Its proven superiority in reproduction, its delicate

but sturdy construction make it the leader in the field.

Write today for descriptive literature on the Brush

PL-20 Crystal Phonograph Pickup.

THE BRUSH DEVELOPMENT COMPANY

e R o

3503 PERKINS AVENUE . e CLEVELAND 14, OHIO . -

Ex

e

3

20 e COMMUNICATIONS FOR APRIL 1945

www americanradiohistorv com


www.americanradiohistory.com

G RS sy

/y
P

»

-7

The Most Powerful
High-Frequency Tube

200 Kilowatts—developed especially for high-power,

§
SEAY

i}

high-frequency broadcast and industrial applications.

e e
=

=

Into this development has gone all the knowledge
and experience of the tube-building art that make
the name Federal stand for dependability — a repu-
tation earned by more than 35 years of service in
the electronics field.

Federal tubes are built for long life . . . produced
with all the care and precision of fine craftsmanship.

Federal always has made better tubes.

COMMUNICATIONS FOR APRIL 1945 e 21
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A VIUMETER

COMMUNICATION AND CONTROL .lNSTRUMENTS

. 370 WEST 3571+ STREET NEW YORK 1, N . |
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® The reproducer unit in this loud speaker was espe-
cially developed by JENSEN for use in the intercom
systems in navy vessels. It reproduces speech
clearly and sharply through high levels of noise.
Ruggedly built, it withstands extreme shock and
vibration, and is weatherproof against severe
weather exposure conditions, dust and smoke . . .
Like all 7ENSEN military models, this speaker is built
around the most powerful permanent magnet mate-

rial ever developed, ,4[///6’0 5. as all JenseN PM
Speakers will be when conditions permit.

Now being introduced for the intercom systems on
trains, and specifically designed for that purpose,
this particular model has many possibilities for use
wherever a heavy, rugged speaker with clear, sharp
speech reproduction is needed. Write for complete
engineering data on this speaker. Samples can be
furnished on proper priority.
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STRUTHERS-DUNN
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Each available in
countless coil combinations

! 1321 ARCH STREET, PHILADELPHIA 7, PA.

|

] DISTRICT ENGINEERING OFFICES: ATLANTA ¢ BALTIMORE ¢ BOSTON ¢ BUFFALO ¢« CHICAGO ¢ CINCINNATI ¢ CLEVELAND

|l DALLAS ¢ DENVER ¢ DETROIT ¢« HARTFORD » INDIANAPOLIS ¢ LOS ANGELES « MINNEAPOLIS « MONTREAL
NEW YORK ¢ PITTSBURGH o ST, LOUIS » SAN FRANCISCO ¢ SEATTLE ¢ SYRACUSE « TORONTO » WASHINGTON

COMMUNICATIONS FOR APRIL 1945 o 25
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At Connecticut Telephone and Electric
Division, production is unhurried, as it must
be to maintain accuracy and quality in pre-
cision electrical and electronic manufactur-
ing. We substitute time -saving methods for
hustle and bustle. This has enabled us to
keep abreast of the ever-increasing need
for military communicating equipment of
uniform dependability.

After the war, you will very likely use

CONNECTICUT TEI.EPHONE & ELECTRIC DIVISION

GREAT AMERICAN INDUSTRIES, INC.» MERIDEN, CONNECTICUT

26 e COMMUNICATIONS FOR APRIL 1945

‘D0 NOT SQUANDER TIME"

...Benjamin Franklin

electrical equipment, electronic devices, or
communicating systems made at Connecticut
Telephone and Electric Division. .. Or you
may be one of the many manufacturers
who will use our engineering and manufac-
turing facilities in connection with your own
products . .. In either case, our time-saving
methods will be your gain, measured by
the important standards of uniform high
precision, and speed of filling your orders.

Freshly painted telephone
chassis run the gantlet of
automatically controlled
infra-red dryers, which cut
drying time to half an hour,
This system, designed by our
own engineers, is one of
many examples of time-sav-
ing installation throughout
the Connecticut Telephone
& Electric Division plant,

www americanradiohistorv com
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€D-604, CD-605 TRANSFORMER-CORD SETS

UTC production facilities for these Signal Corps headset adapters permit acceptance of
odditional quantity orders for quick delivery. Also available in hermetic construction.

6. S ALL PLANTS

May we cooperate with you on design savings for your applications...war or postwar?

www americanradiohistorv com
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Above—Specially designed B-L
beavy duty transformer—used in
battery charger. Delivers 12 volts,
stepped down from 115 volt power
supply.

At left— Another example of B-L.
Battery Charger designed to mees
spectfic needs.

Above—Specially designed B-L
Selenium Rectifier converts AC to
DC in the Battery Charger.

This B-L Battery Charger was designed
to meet special need in Airport Fire Truck

It maintains 2 12 volt, 6 cell heavy-duty storage battery,
which is 2 component part of the fire truck shown at the
right, and furnishes power for mechanical operation of
the booms directing the mass carbon dioxide discharge.

Since the nozzles must be directed to the proper posi-
tion in extinguishing a fire, reliability of the mechanical
drive, including the battery, is very important.

The battery is kept fully charged at all times by means
of a trickle charge supplied by this B-L Charger. When
the truck returns after use, the charger provides a 12
ampere rate for rapid recharging and automatically reduces
to the trickle rate when battery charge reaches a pre-
determined value. The battery is thus fully recharged within
a short period of time and maintained at full charge. The
operation of this charger is fully automatic and it requires
no attention.

The charger is mounted in the body of the truck and
is of rugged construction, capable of withstanding severe
shocks such as those encountered in operating mobile

equipment over rough terrain. It is provided with a B-L
selenium rectifier comprising two stacks, a heavy-duty
B-L transformer, relays for automatic charge rate con-
trol and adjustable pre-set resistors. The entire equip-

ment is housed in a heavy gauge steel cabinet.

Cardox Airport Fire Truck— (capacity, 3 tons of liquid CO2 supple-
mented by 500 gallonsof foam) —extinguishing in 20 second's simulated
crash fire, snvolving 400 gallons of gasoline and 150 gallons of osl,

Have You a Conversion Problem?
Twenty-five years of B-L specialized skill in AC-DC con-
version problems is available to you. We are designers of
Selenium and Copper Sulphide Rectifiers, Battery Chargers,
and DC Power Supplies for practically every requirement.
We invite your inquiries—address Dept. E.

COPPER

SELENIUM ELECTRICAL SULPHIDE

RECTIFIERS }

THE BENWOOD LINZE COMPANY

1815 Locust Street

. . . St. Louis' 3, Mo.

DESIGNERS AND MANUFACTURERS OF SELENIUM AND COPPER SULPHIDE RECTIFIERS,
BATTERY CHARGERS, AND D.C. POWER SUPPLIES FOR PRACTICALLY EVERY REQUIREMENT.

)
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The Most Complete Line of

R T—— s

U.H.F. Cables and Connectors.

wme SIZE

- 00
AM R- - \ 5
312
00 SHIELD = Yi \ 3
DUUOR \D\ELEC““C\ : \ CcK Viqsa';
N : g™ Ly

TRWWLVER'
T 21 \ 1 i

R J——
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In the production of polyethylene dielectric cables Amphenol
ranks first. This is the solid, flexible dielectric which was
‘ developed by the Army, Navy and Air Corps for wartime

=
:\
n—-

75, | 3 electronic use! Amphenol lists thirty-two sizes and types
____—"| approved by the Army and Navy and most satistactory results
74. are obtained thru the use of Amphenol low-loss connectors

—— 1 designed specifically for these cables.
' Complete assembly components may be obtained from
Amphenol. For manufacturers using U.H.F. cables and con-
nectors in quantity there is a definite advantage in having
52. them assembled by Amphenol’s highly expert Cable Assembly
Department. This assures accurate and skilled workmanship
2G-18/Y 52 | and a definite saving of materials and labor.
Your request for Catalog D will bring you the latest infor-
m 3 mation on high frequency cables and connectors. Complete
information on Amphenol assembled units will be furnished
on request.

" B L —
i) ER coPP . - | 250
gILV R NEL It
. T pOLYETHYLE M
Sy NNED | \ ' 20
Y MA
6
|
.
NYL |
LENET |
. - | TINNED \" _—
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This compact Thermex unit measures 28 inches by 28
inches, stands 47 inches high, and wecighs only 614
pounds. Itis a practical and flexible piece of equipment
with built-in heating cabinet and removable 12 inch by
15 inch drawer-electrode. \

Being completely automatic, there is nothing to do

but plug this Thermex in and load and unload the pre--

form drawer. No dials, no tuning, not even a button to
push. Closing the preform drawer all the way in, turns
on the high frequency power and timer. At the end of
the prescribed time, which may be anywhere from 5 to
10 seconds up to 2 minutes, the red indicating light
goes out, the opcrator removes the tray and unloads
the preforms into the mold cavities.

The Thermex Model No. 2-P, which is illustrated,
operates at a frequency of 25 to 30 megacycles using 230
volt 60 cycle single phase current. It has an outputin ex-
cess of 3400 BT Us per hour, and it uses a pair of Eimac
450-TH tubes. The use of clectronic heating has in-
creased production for many plastic manufacturers who

THERMEX meets the demand

for high frequency equipment
for pre-heating of plastic preforms.
Preforms are placed on thisdrawer

whichslidesintounitshownbelow.

THERMEX MODEL 2-P

have been leaders in utilizing the science of electronics.

The Thermex Division of the Girdler Corporation of
Louisville, Ky., is a leader in supplying equipment for
this and other industrial applications. It’s natural that
Eimac tubes are used, since these tubes are first choice
of feading electronic engineers throughout the world.

Follow the leaders to

m““'

nw.\‘"’é ’
Tu B EITEL-McCULLOUGH, Inc.

985 San Mateo Avenue, San Bruno, Californio

Plants located at: San Bruno, California and Salt Lake City, Utah
Export Agents: Frazar & Hansen, 301 Clay $t., San Francisco 11, California, U. $. A.

Eimachasreceived 7 ARMY-NAVY “E“ AWARDS for

production efficiency » San Bruno 5, Salt Lake City 2

www americanradiohistorv com
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When you need an inductor for any purpose consult Johnson Engineers.
Their files will probably contain a design tor your required inductor, but
if not, they can design one and make it to do your particular job.

Inductor design is quite a special study and no one conductor, no one
insulator, no one type of construction is suitable for every requirement.
Johnson may select a copper tubing conductor to handle high currents in
one design, while edgewise strip is selected in another because of its narrow
width and the ability to get a greater inductance in the same length. Other
conductors are available too, such as solid wire, litz wire, flat strip, square
Bars and special shapes, some plated, some polished and lacquered according
to their use. In order to make contact to the conductor and bring off taps
Johnson has produced a complete line of clips and connectors for use on
fixed taps as well as sliders and rollers for continuously variable taps.

Insulation requirements vary. While steatite or mycalex may be used
for low losses in a certain high frequency coil, plastics may be better for
another because they stand more mechanical shock. Production facilities at
Johnson provide for working any insulating material so the best one or the
best combination, can always be selected to fit the special job.

Johnson inductors are designed and built for efficient operation and
they have high @. Some are fixed and some are variable. Some designs require
special features such as rounded parts to minimize corona discharges at high
voltages, water cooling, variation of inductance or variation of coupiing.

What is your inductor requirement?

JOHNSON

A\

OTHER

JOHNSON
COMPONENTS

SOCKETS
CONDENSERS
INSULATORS
PLUGS and JACKS
COUPLINGS

Aok fon
Catalog 968-E

a famous name in Radio
F.JOHNSON COMPANY + WASECA

COMMUNICATIONS FOR APRIL 1945 o 3/
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Plan now to use this Fastes
Communication System

\
-
With Finch Faesimile vou will be able to send writ-
ten, illustrated communications . . . with absolute
accuracy at high speed . . . to any point on the globe
which you can reach by wire or radio.

By Finch Faesimile you will be able to broadcast
or receive by radio. .. newspapers, books, maga-

zines, complete with photographa and drawings as
well as text . . . faster than they can be read!

Plan now to use this “Instant Courier”—Finch
Facsimile —in your post-war world.

DELIVERSIPIICIT}RS NDT facs lmlle

FINCH TELECOMMUNICATIONS, INC. o PASSAIC, N. ]J.
N.Y. Office: 10 E. 40th St., New York 16, N. Y.

xa iy

WWwWWwW americanradiohistorv com
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“QST-1—Life testing is an important Quality Stondard QST-2—A unique test is applied to every United tube
test ot United. It is o strictly observed procedure to ossure noise-frez operation.
whereby life expectancy is controlled in ’‘run-of-produc-

tion” tubes.

Who sets the
@M@tf

FOR TRANSMITTING TUBES  gsr-a united tubes derigned tor very roush service

severe Bump Test each tube must pass.

Brilliant United craftsmanship is steadfastly veri- achieved recognition for leadership. To engineers
r fied and maintained by skillful and vigilant testing— everywhere, the name United is the trusted stand

truly representative of daily production. For this ard by which other transmitting tubes are judged

reason every United tube must pass through a series and measvred.

of critical examinations that do not permit any de- For every electronic application including radio

fects, no matter how minute they may be, to escape communication, physiotherapy, industrial control

unnoticed. and electronic heating, standardize with tubes that

| . " Hne .
By maintaining Quality Standard Tests of the are the Quality Standard. “Tube up” with United.

highest order United engineers and technicians have Order direct or from your electronic parts jobber.

Masterpiece of
Skilled Hands

WITED

NEW JERSEY

Ruggedizing: A
United feoture
which enables
tubes to with-
stond terrific
shocks.

¥

ransmitfing Tubes EXCLUSIVELY Since 1934

COMMUNICATIONS FOR APRIL 1945 o 33
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I'T'S SPRING...

and the Plants are Booming!

P lO, THAT'S NOT A TYPOGRAPHICAL

ERROR. We're not speaking of the agr
cultural vanety of plants. We mean WAR
plants—like this one at Eastern—and we mean
booming!

When the Japs dive-bombed us into war, all
America prayed for a quick ending. Yet here
is still another Spring—a fourth peace-shattered
Spring—and the enemy 1s sull fighting back.

It's a tough war and we at Eastern Amplifier
know it! Eastern is all-out for Victory, doing its
utmost to help end the conflict before another
Spring comes. Eastern-built equipment 1s help-
ing America’'s war machines to navigate with

Buy MORE War Bonds

U. S. Reg’n. Applied For

794 East 140th Street o

3¢ o COMMUNICATIONS FOR APRIL 1945
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certainty—to bomb with accuracy. But we're
not stopping there! Eastern engineers are avail-
able tor consultation on any electronic problem.
They areserving NOW”!

With the advent of peace, we shall turn our
skill to the creation of better electronic products
for a better America. Meanwhile, on request, lec
us send you the next of a series of articles on
important phases of electronics, prepared by
our engineering statf. Ask for Brochure 4G.

Mannfacturer’s Represeniatives — write
today for our post-war distribution plan. Please
outline your present operations.

CORPORATION

New York 54, N.Y.
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3 EXAMPLES OF -hp- ENGINEERING
TO SOLVE SPECIAL PROBLEMS

=
o it

SR R TR A

his instrument automatically varies the output frequency This special unit was developed to supply a readily adjusted
om 1000 cps to 3000 cps and back to 1000 cps once each frequency between 24 and 26 kc, and is now in use testing
'cond. It’s another example of a special oscillator on which secret devices for the war effort. To give an accurate incremen-
sformation has not been restricted during the war. tal variation of the frequency, a separate control was provided.

The Hewlett-Packard organization has had wide g
experience in the development of special equip-

ment for laboratory and production work where

AN

specific and exacting problems are encountered.

The answer quite often requires only an adapta-

tion of a standard -Ap- instrument, but in some

cases new instruments are developed for the par-

e TR TS

! ticular problem. Today all of the standard -bp-

: . : : : instruments are confined to war work. However,
o facilitate rapid production tests for a prominent western

idio manufacturer, this special oscillator was designed and
onstructed. Seven fixed audio frequencies are instantly ob-

nined by means of a single control knob. Small incremental ~ assist in solving your individual problem. A letter
ariations of frequency are controlled by another knob.

-hp- engineering facilities are at your service to

will bring further information without obligation.

HEWLETT-PACKARD COMPANY

BOX 1014 E ¢ STATION A PALO ALTO, CALIFORNIA
- Canadian Office: 560 King Street West, Toronto 2, Canada

COMMUNICATIONS FOR APRIL 1945 o 35
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IS FOR “TROPICALIZED

. which means that STANDARD Sprague I
Koolohms now have the saume EXTRA HUMIDITY

PROTECTION formerly obtainable only on
special order.

All Sprague Koolohm Resistors are now sup-
plied with glazed ceramic shells and a new type of end seal as 1
standard construction.

These features provide maximum protection against the most
severe tropical humidity and corrosive conditions. Extensive
tests in the laboratories of the armed forces and prime con-
tractors have proven the ability of the “KT" construction to
“take it” under the most brutal air thermal shock, humidity,
and corrosive conditions.

WOUND WITH

CERAMIC
INSULATED

WIRE

Type “KT" Koolohms correspond to characteristic *'J” of
resistor specification JAN-R-26.

All previous catalog designations remain the same except
for the addition of the letter “T” to the old type numbers to
designate the new standard construction.

Thus “T" is for “Tropicalized”—and all Sprague Koolohms
have it. One type of Koolohm, the standard type, does the
job—under any climatic condition, anywhere in the world.

SPRAGUE ELECTRIC CO., Resistor Division, North Adams, Mass.

(Formerly Sprague Specialties Co.) f

KQOI.. 1M RESISTORS

TRADEMARK REG. U. S. PAT. OFF.
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ELECTRONIC COMPONENTS
SERVE ON OUR NAVY’S

NEWEST AND FINEST
BATTLESHIPS

=

LS

Official U. 8. Navy Photograph

i As the new giants of the U. 8. Navy leave the ways for
| their history making battle missions, among their most
| essential equipment are electronic devices. Mec-Rad’s
éntire productive capacity is now devoted to the manu-
facture of vital mechanical and electro-mechanical
i components for these electronic units. Bow-on view of the U.S.S. IOWA, arche-

Our work includes "fancy brass plumbing” of all types 1‘ type of the Navy’s newest class of battleships.
involving soft and hard soldering, close tolerances,
precision machining, careful assembly and finishes
ranging from lacquer to silver and rhodium plating.

After the war our specialized facilities will be avail-
iable to the electronic industry for peacetime needs.
‘You can use our engineering “know-how” based on
iyears of experience in this field, for planning your
i post-war products today.

] -V
TS

DIVISION-BLACK INDUSTRIES

1400 EAST 222ND STREET 9% CLEVELAND 17, OHIO
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74 .! ’ This year we've got
W weue to make 2 —=—=3! We've
w é 2 - 3 / got to lend Uncle Sam

W “&¥ ¢ in 2 chunks almost as
much as we lent last year in 3. Which means that, in the

approaching 7th War Loan, each of us is expected to buy
a BIGGER share of extra bonds.

The 27 million smart Americans on the Payroll Savings
Plan are getting a headstart! Starting right now they are
boosting their allotments for April, May and June—so that
they can buy more bonds, and spread their buying over
more pay checks.

Our Marines went over-the-top at Iwo Jima in the greatest,
and hardest, battle in the Corps’ history. Now it’s your turn!
Your quota in the 7th is needed to help finish this war, side-
track inflation, build prosperity. So, captains of industry,
plant your flag on top — like the Marines at Iwo Jima!

CAPTAINS OF
INDUSTRY
Plant your flag
on top, too!

|
|
i
1

CAPTAINS of INDUSTRY—here’s your

*

* %

Clieck List

for a successful plant drive:

Get your copy of the “7th War Loan Com-
pany Quotas’ from your local War Finance
Chairman. Study it!

Determine your quota in E Bonds — the
backbone of every War Loan.

Arrange for plant-wide showings of “Mr. &
Mrs. America”—the new Treasury film.
Distribute “How to Get There”’—a new
War Finance Division booklet explaining
the benefits of War Bonds.

Circulate envelopes for keeping bonds safe.
Display 7th War Loan posters at strategic
points.

And—see that a bench-to-bench, office-to-
office 7th War Loan canvass is made.

*

The Treasury Department acknowledges with appreciation the publication of this message by

COMMUNICATIONS

* This is an official U. S. Treasury advertisement prepared under the auspices of Treasury Department and War Advertising Council
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: This Blueprint Must Wait

|

‘April, 1942...nearly 3 yearsago
| Rola girded itself for War work

i since has confined its Speaker

!nufacturing to authorized exper-
iental models and needed repairs.
_ﬁ)m that time, and to meet rising
Inands for intricate military com-
finications equipment, Rola’s
dilities have been expanded until
iw, nearly three times as many
pple are employed. New
fichinery has been designed
i built and new manufac-
éing processes have been
tveloped and perfected.

==ROILA

#.KERS OF THE FINEST

Until wartime obligations are
completed all needed manpower
and equipment must continue in
the production of vital communica-
tions components, but after that,
Rola firmly intends to keep 2/l its
employees and «// its equipment
busy. This is a reasonable expecta-
tion. The latest developments and
discoveries. .. by-products of Rola’s

SOUND

WwWWwWWw.americanradiohistorv.com

REPRODUCING AND

wartime activities . . . are finding
application in new Speaker designs,
that set new standards of Speaker
performance. And beyond this,
other things are projected that will
enable Rola to serve more custom-
ers, in more ways than ever before.

Specific announcements must wait,
but this, in short, is Rola’s declara-
tion of policy to its Employees, to
former Customers and to the
ElectronicIndustry...Rola’s
blueprint for the future.

THE ROLA COMPANY, INC.
2530 Superior Ave., Cleveland 14, Ohio

ELECTRONIC EQUIPMENT
COMMUNICATIONS FOR APRIL 1945 o 39
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“As one of our DFC boys puts it:
‘“Going on twenty-five missions is a tough job—

‘but it’s getting back to the base that counts.”.

. . . Super-Pros are on the job every minute with the AACS.

THE HAMARLOND M. G0, NG 450 W, 36° ST KL1.C

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

ESTABLISHED 1910
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LEWIS WINNER, Editor

STUDIO FACILITY EXPANSION

sing Spare Parts and Converted

Equipment

by LAWRENCE A. REILLY

!
| HE descriptive OWTI slogan. ..

l “Patch it up,; wear it out; muke
! it do; go without,” . . . has
i:rved as the basic engineering pro-
lram of all of our broadcasting sta-
ons, since Dec. 7, 1941. At some
ations the program presented a vari-
)y of knotty problems. In many in-
dllances the difficulties increased as the
lonths went by, particularly where
cpanded operations required enlarged
1gineering facilities. The latter was
e problem we faced in 1942.

In 1936 we received our license to
perate as a limited-time local station.
.cconomics demanded a minimum of
juipment. In 1942 we became a net-

Chief Engineer, WSPR

work affiliate of the Blue system, re-
quiring full-time operation. The con-
trol-room setup was far from adequate
for this added service. A new layout
was necessary but priority regulations
made it impossible to buy new equip-
ment. And the MRO rating didn’t
help much either.

That meant a rearrangement of
equipment on hand. An inventory of

Tllustration above shows modified WSPR mixer
panel-console. Keys, top row, left to right: re-
cording amplifier input; monitor amplifier I
input; monitor amplifier 2 input; push-to-talk
buttons between these keys. Bottom row, eight
mixers with associated key switches for air-oudi-
tion. Left to right: network, nemo, turntable 7
and 2, and four microphones.

.il’ARTIME BROADCAST-STATION MODIFICATIONS

wWWwW americanradiohistorv.com

equipment in use, spare parts in the
bins and what could be legally pur-
chased indicated the possibility of a
flexible three-channel system that
would last for the duration and per-
haps past that period, too. The system
that resulted from this plan is shown
in Figure 1.

Four factors governed the system
requirements. They were: (I)-—Tech-
nical reliability and sound design; (2)
—Simultaneous use of three channels;
(3) — Patchcord-less routine opera-
tion; and (4)—Simplicity of operation
for inexperienced wartime personnel.

Although a few later additions have
been made since WPB authorized the
$500.00 maximum single-project pur-
chase, the setup has remained the same
for almost three years.

Naturally, some substitutions were
necessary. These included a masonite
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panel for the mixers and a wooden
console cabinet.  These should be sup-
planted by aluminum as soon as pos-

sible,

We decided to usc an eight-position
mixer. This appceared to 1ulfill éur
needs and was not too awkward to
handle.  Experience indicated  that
when the control operator has more
than eight faders to manipulate, con-
fusion results. The eye can easily en-
compass eight. however,

The eight positions (ifrom right to
left in page 41 illustration) are:
Microphones 7. 20 3 and 4 turntables
1 and 2, remote pickup; and network.

[
Figure 1

Block diagram of the WSPR mixer-amplifier. De-
tailed design of sections 4, B and C, appear
in Figures 2, 3 and 4,

@
combiation cail be ad, but that pro-
cedure 1s rarely necessary.

Lach microphone has an RCA-41-B
two-step  pre-amplifier while  cach
turntable has an RC.\ 87-B two-step
booster-amplifier.  Thus, the level de-
livered to the mixer from microphones
and turntables 1s about —30 db,

Fig-
ure J.

This requires & 20-db drop be-
°
Figure 2

Details of 4 microphone mixer circuit. Mixers

. 5 n
tween the mcoming network and
mote  hnes, before  their

respectiy
faders,

Unbalanced Ladder Attenuators
[

ladder attenuators al
to permit their use with one sig;
of each grounded, a parallel mixer §
used. 1t was found essential to hay
but onc¢ point of grounding and 4
audio circuit grounds fed to this con}
mon point. The faders have a resxk
tance of 250 ohms (Daven LA-220
lrach fader goes to a multi-pole ~.\\|tcm
The switches are Federal 1424 tyyy
having 12 springs.  Although in sonj
positions a few of the springs are un

U'nbalanced
used ;

3 . ) . A, B, C and D are identical. . . .
Of course, by patching, any desired e used, it seemed wise to standardize g
S
1
X AR CHANNEL INPUT TO |
| . NO.l 40°C AMPLIF
i3 Yy v S - ol
l AR
219 OHMS +
AN A e ¥
|
e NO. 1 250 OHMS Ry l
PRE-AMP FADER
v -© 5[
AUD.
\ / *— 469 OHMS —»
RCA 41-B PRE-AMP — / ) - 4 ;
DAVEN LA-220 | I
LA DDER NI TENUATORT=" = = J L AUDITION CHANNEL mvur T0
: . nat han NO.2 40°C AMPLIFIER
= — i . !
75 1
-————
15 owms L o l W/V\% AUDITION N AR
10 W 3 OHMS
—— FEDERAL >
\ = NO. 1424 SWITCH
—0
LIGHT RELAYS IN
! STUDIO
g o] W.E. SPEAKER 12V D-C PACK
"A" MONITOR SPEAKER AUDIO OUTPUT NO.| MONITOR CUT-OUT RELAY :O
1.5 OMMS VOICE cCoOIL AMP. AT VOICE COIL IMPEDANCE =
15 OHMS =
42 o COMMUNICATIONS FOR APRIL 1945
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Y 12-contact switch to provide for
. addition of signalling or interlock
¢ circuits at some later date.
fo aveid feedback from monitor
:akers to microphones, we provided
speaker cutout relay that operated
‘'ore the microphone was inserted
o the system. By bending the
'ings on the key switches one way
the other it is possible to secure any
sired sequence of opened or closed
isition.  The springs connecting the
J-ohm dummy resistors were bent
as to be normally closed when the
itch is in neutral and open individ-
lly when thrown to air or audition,
gure 2. These resistors maintain
> correct input load conditions at all
1€s.

ibmputation of Mixer Constants

We applied the equations of Slay-
ugh (Broadcast News, March 1940)
find the values for the series resis-
*, Ry, and the proper terminating im-
dance, Z, for the -eight-position
xer with 250-ohm inputs, Figure 6.
The 59-ohm value indicated that a
‘lacial mixing transformer would be
cessary to match the output impe-
nce of the mixers to the input of the
“ogram amplifier at 250/500 ohms.
fnce it was impossible to buy such a
rstom-built item, an alternate : ethod
as introduced.
+We selected the split primary input
ansformer of a RCA 40-C amplifier
RT-248). By unsoldering and re-
tnnecting as shown in Figure 7, we
tured a primary resistance value of
{% ohms. Feeding a 59-ohm source
ito a 62¥-ohm load did not introduce
iy mismatch problems. Frequency
isponse runs (Figure 8) proved that.
“INo 219-ohm resistors were available,
ther. However, a search of the bins
ith an ohmmeter provided several
1% tolerance l4-watt carbon units of
fat value. We located 469-ohm
tmmy load resistors by the bin-search
«2thod too. These resistors are
fritched in when the keys are in
futral,

larmaling Jacks

{All inputs and outputs to each com-
fnent are connected through normal-
g jacks to permit substitution and
kxibility., For regular operation,
bwever, no patching is used for chan-
5:1‘1 (air) or channel 2 (audition).
inannel 7 feeds the transmitter at 0 db
ver a 1%%-mile line, equalized to 8,000
kcles, but good to 10,000. The 2
fannel is identical in every way up
i its output. A small p-m speaker,
#ith narrow frequency range, is kept
gross channel 2 for cueing purposes,
| for monitoring auditions without

AMPLIFIER

iy s AN
= iy OHMS
st e

DAVEN LA-220

=

230 OMMS LADDER ATTENUATOR

i)
219 z:
|
y
T 4
— - I3
= = e
Y
FEDERAL NQ 1424 A-C SWITCH ..-.-LI__—:
AUDITION AR

T N P e = TEra—
interfering with aural monitoring of
channel I on the large control-room
speaker. To prevent coniusion when
the speakers are used simultaneously,
a marked difference in tone quality
between the regular monitor and the
small cueing speaker is provided.
The second channel, which can be
used to feed the transmitter in an emer-
gency, serves as an audition channel
for feeding any of the offices or moni-
tor speakers in any studio as well as

Figures 3 (above) and 4 (below)

Figure 3, details of unit B; turntable I pickup

mixer circuit. Circuit 2 is identical to I, Fig-

ure 4, details of C unit; mixer circuits for nemo

and the Blue network. Both these circuits are
identical.

aL n-c ocoL 1 4

10 4 #ap
800 OWM3 TO 230 Onws

1
a 1 a1 cHanagy

[ILEITTY

5 =S gt
=M= e = f
FIOEAaL ¥ 1420 AC SwITCH - _[L——,- -:.:.'-::.:4’_—-_—4.-—_-

the control room. It is used also to
record one program while another is
on the air.

The third channel is generally used o
to record network programs for de-
layed broadcast without interfering Figure 5

with the full use of channels / and 2.
The recording amplifier is normally
bridged across the output of channel 3.

To drive the cutting heads, a power
amplifier had to be built of available
parts.  Since the amplifier would
bridge a program source at about 0

NETWORK AND REMOTE
PICGKUP LEVELS INGOMING

20 db PAD

'204b GAIN IN
|p7-4 TURNTaR

~30 + BODOSTERs

SIGHAL LEVEL AT

40 db GAIN IN
RGA 41=-B

T FRE-AMPLIFIER

[ PickuPs LEV

MICROPHONE SIGNAL LEVEL

#MRTIME BROADCAST-STATION MODIFICATIONS
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€0db GAIN IN 40-C
PROGRAM AMPLIFIER

INPUT_TO FADERS 30 i
LOS

LEVEL
PROGRAM AMP

The signal level chart fer the modified WSPR
studio facilities.

MAXIMUM UNDISTORTED OUTPUT
40-GC PROGRAM AMP. +12.5 db

NORMAL OUTPUT LEVEL
40-C PROGRAM AMP. O-db

IXER
5 1L db

MAXIMUM  SIGNAL

INTO

NORMAL SIGNAL LEVEL
INTO PROGRAM AMPLIFIER
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) Z| (16=1)
TTea

. 250(8-1
8

= 59 OHMS

X
No, &

= 219 OHMS

8 (bel

Figures 6 (left),

o
Figure 6. fundamental Figure 7 |
parallel mixer - circuit Input connections to program and auditio
for 8 to 250-ohm plifier transformers. The dotted line indic
sources. Figure 8, the normal 500-ohm input; solid line as alterg

overall response of the

WSPR amplifier sys- removed.
tem. Figure 9. single- -
stage recording ampli-

fier.

O e e e e
o
PRIMARY
o z
NC
e EI——
® '

ow), 9 (bottom}

approximately 59 ohms, with jumper from M

level (1274 milliwatts at 500 oh
we used but one stage, Figure 9.
2A3 tubes were selected for their
Gm and good damping factor. Th
important since the cutterhead ir¥
dance will vary almost 10 to 1 d
their useful audio range. Low
quency deemphasis is provided by#
RC circuit in the output. In additg
a small degreec of inverse feedbf
(about 5 db) helps to equalize cuf
response peaks and dips. ]

To accommodate our increased B
cording work a separate record)
shop 1s now under construction.
will house two rim-drive turntali

with mmproved cutterheads.  WI§

ready, 1t will supplement, not replal

the present facilities.

Talkback to studio or otl}

1,000

FREQ. CYGLES PER SEGOND
Aupjo al-B MIXER 40-C NOJ
QSG PRE -AMP . PROG ?,AM

500 OHMS
LOAD

10000 15,000

any

point in the bhuilding equipped with
monitor spcaker is provided by a ¢
namic microphone located atop
console. Two push-buttons located §
the upper left of the console are cd
nected so that when the first is push
the input to monitor amplifier I

TO BRIOGE
ACROSS
500 OHMS

800 OHMS

o—
"s v 523 5 H
SoI, * 150 MA
O—e

2 AMP

FUSE

25 MFD
I 500 v

FEEDBACK

RESISTORS

litted, and the microphone is connect!
across it.  When the second button §
pushed, the input-to-monitor amplifi
2 is lifted and the talkback microphor
appears across it. Both buttons md
be depressed to provide talkback to a
points for studio paging. Of courd
any studio that may be on the air ha
its speaker cutout and is inoperativ
for talkback while in use. To obtai
sufficient level a single stage pre
amplifier had to be provided in thi
talkback circuit. [t is labelled TB-pri
in the diagram.

NO.2
CUTTER

Speaker cutout relays and warningl
or signalling lights as well as the indi 8
cator lights on the console are operated|
by a 12-volt, 5-ampere d-c pack with 4
dry-disc rectifier. A 2,000-mfd, 154
volt capacitor prevents hum being fed
into audio circuits. The induction field
around this pack proved a very seriou
matter. We therefore oriented theél

pack to minimize hum pickup in all

54

NO.I
GUTTER
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A big family — 29 types of high frequency cable — yet
so high are their standards of construction and per-
formance that every one of the following Intelin High
Frequency Cables meets all the requirements ot the
most exacting specifications: ~

1. Coaxial, Solid-dielectric, Semi-flexible Lines: “RG-5/U,
6/U, 8/U, 9/U, 10/U, 11/U, 12/0, 13/U, 14/U, 15/U,
17/U, 18/U, 19/U, 20/U, 29A/U, 54/U, 54A/U, 58/U,
59/U.
2. Coaxial, Air-spaced, Low Capacitance Lines: 7/U, 62/U,
63/U.
3. Coaxial, Attenuating Lines: RG-21/U, 42/U.
4. Coaxial, High Impedance, Spiral Delay Line: RG-65/U.
5. Dual (balanced) Lines: RG-22/U, 57/U.
6. Dual-coaxial, Highly Balanced Lines: RG-23/U, 24/U.

To date, for everynew high frequency cable need,
Intelin has developed and produced the answer.
*Type number designations are those - 0 =% o 0 N TS
e s S B ot e Whatever yom requirements in high frequency
nating Committee. (‘al)lc’ (‘()nSllll ]' cdcral flrSt.
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nonlinear element
biasing device

FREQUENCY CONVERSION

A Comprehensive

Review of the

Development of Frequency Conversion

Circuits, Citing the Progress Made

Here and

in Europe

[PART ONE OF A TWO-PART PAPER]

by HARRY STOCKMAN

Cruft Lahoratory, Harvard University

HE first application of frequency
conversion, known to the writer,
was made in radio transmission
circuits. If two waves, differing by a
low frequency, were transmitted at dif
ferent points and then received at a third
point on a nonlinear-circuit-clenient re-
ceiver, the difference frequency became
audible in a properly connected tele-
phone. A patent covering this idea was
filed in 1901 by R. A. Fessenden (an
American engineer). He not only used
a system in which both waves were pro-
duced outside of the receiver, hut later
described a system in which one of the
waves was produced inside the receiver.
With the latter arrangement he was able
to vary the pitch of the audible differ-
ence-frequency tone produced hy the dots
and dashes in code transmission; a great
improvement. As a nonlinear circuit ele-
ment Fessenden utilized an iron-core in-
ductance?
The latter system used by Fessenden
laid the foundation for so-called hetero-

46 e COMMUNICATIONS FOR APRIL 1945

dyne receiver circuits, which soon became
of great importance. The word hetero-
dyne is derived from the Greek Heteros
(other, external) and Dynamis (power)
and supposedly illustrates that the weak
incoming signal is reinforced from an
other source; the locally produced wave.
In code receivers of today the source of
this wave is known as the confinuons-
wave oscillator, c-w-o, and the audible
difference-frequency  component is  re-
ferred to as the beat, and its frequency
as the beat frequency. (Unfortunately
the continuous-wave oscillator is

_ some-
times called beat-frequency oscillator,
b-f-o; a misleading term, which de-

scribes a particular tvpe of laboratory

Although any electrical or mechanical device
that changes the frequency of a given alter.
nating quantity may be referred to as a fre-
quency changer or frequency converter, the term,
in this paper, is restricted to electrical com.
munication devices only.

1A. T. Witts, The Superheterodvne Reces
Pitman and Sons, London; 1942 ecesver,

wwWw americanradiohistorv com

equipment and should not be used in con- §,
nection with code receivers). 4

The heterodyne-type receivers de-|
scribed were of interest for code recep-i’
tion only. During the decade preceding;i
World War 1 this type of receiver was .
gradually improved and equipped with a}
crystal rectifier as nonlineal element. Al-}
though such a recciver does not have any |
element that functions as a detector, just |
a frequency changer, it is not represen- |
tative for frequency conversion circuits !
of the type to be discussed in this paper, |
and will not be further considered. !

Developments Prior to 1920 !

In 1904 A. Fleming invented the diode,l
to be followed in 1907 by the Lee de |
Forest triode. Both these tubes were |
used in heterodyne-type code receivers,
the triode as a continuous-wave oscillator
in 1913, following the inventions of re-
generative circuits by E. H. Armstrong,
Lee de Forest, G. Arco, A. Meissner, and
others. Toward the e¢nd of 1913 H. G.
Round invented the single-tube hetero-
dyne receiver, which later under the name
autodyne became widely used as a super-
heterodyne type of circuit.

Before further developments are dis-
cussed, let us briefly recapitulate the evo-
lution of the vacuum tube, and follow
through the tube developments up to the P
present time.  In 1913 Langmuir intro-
duged the double-grid or space-charge
yrid tube (in England known as the bi-
grid tube). This tube could do most of
what the triode was able to do, however,
with very much reduced plate-voltage.
Around 1919 W . Schottky invented the
screen grid as a means of increasing the
power efficiency of low-frequency output
power tubes, such as loudspeaker tubes,
It is well known that the Schottky
tetrode failed to give the improvement
aimed at, principally because of sec-
ondary emnission, causing a dip in the
plate-current versus plate-voltage curve.
Several years later a third so-called
pentode . or suppressor grid was intro-
duced, which created a strong bucking
ﬁeld_ between itself and the plate, pre-
venting electrons released at the plate
from escaping from this electrode, caus- ‘

CIRCUIT ANALYSIS |
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"

lure 1, circuit coupling as employed in the first superheterodynes (a),
lines or cavity resonators.

fments may have the form of resonant

BIRCUIT

jg undesirable plate current variations.
he Philips Company in  Eindhoven,
tolland, has recetved much credit for
le tnvention of the low-frequency out-
it pentode.

i During the developments just described
fle tube design had been vastly improved
4 many other respects as well. The
/lgh-temperature receiving tube was re-
taced by the dull-emitter tube around
025, so that three to six tubes could be
riven with the cathode power that was
reviously required for one. (This be-
fme a factor in favor of the super-
bterodyne, as this circuit required a
frge number of tubes). Between 1925
ad 1930 indirectly-heated tubes became
mmonly used in all except battery-op-
ated receivers, and this brought about
veral changes in circuits employing
sbes. Cathode coupling, for example,
buld be used with advantage (cathode
jection in mixer tubes), and individual
hthode bias employed, making the tube
ages more independent and thus im-
roving stability.

During sithe time when the European
ibe manufacturers concentrated on 1-f
Litput pentodes, with Philips in Holland
tading many phases of the research
ork, the American manufacturers
sfarned to appreciate the advantage of
e pentode for high-frequency amplifi-
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Figures 1 (page 46, left) and 2 (above)
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and (b) in more modern u-h-f receivers, where the signal and oscillator
1 Figure 2, developments leading up to electron-coupling: ultradyne (a), double-
grid converter tube (&), and h-f pentode converter tube (c).

[

DEVELOPMENT

cation as well. I-ven if there were early
attempts in Europe to replace the com-
monly used h-f tetrodes with pentodes,
America must be credited with the gen-
cral adoption of the h-f pentode on
a large commercial scale. For several
vears it was common to find European
and American receivers built more or less
the same way, the former, however, em-
ploying tetrodes and the latter pentodes
in the high-frequency stages. Around
1930 there was a definite trend toward
high-frequency pentodes even in Europe
and a few years later the high-frequency
tetrocle ceased to be of importance for the
set manufacturers. (The introduction of
screen-grid tubes had for the superheter-
odyne receiver just the opposite effect to
the one caused by the introduction of the
dull-emitter tube; it delayed its develop-
ment. The necessity for frequency chang-
ing in an early stage of the receiver be-
came less acute when stable amplifica-
tion could be obtained on the incoming
frequency and without the necessity for
neutralization circuits).

The different trends in development on

®
Figure 3
converters:

Developments of electron-coupled

improved type of h-f pentode converter tube (a),
h-f pentode mixer tube (4), and modern penta-
grid mixer (c).

www americanradiohistorv com

both sides of the Atlantic must be placed
against a background of beliefs of the
carly stages.  Schottky himself, when in-
venting his loudspeaker tetrode, did not,
as it seems, belicve that this tube con-
tributed stability to high-frequency cir-
cuits.* (There are reasons to believe that
the later appreciation of screen-grid
tubes in high-frequency circuits was
partly due to the early work of radio
amateurs, who tried everything not know-
ing if it was supposed to work or not).

The Superheterodyne

Before discussing tubes with more than
five electrodes, let us turn back to the
development of frequency conversion cir-
cuits prior to 1920. At the end of the
first World War there appeared a new
type of radio receiver; the superhetero-

dyne. The fundamental parts of the
(Continued on page 88)

*\W. Schottky: Uber Hochvakwumverstirker,

III Teil, Archiv fiar Elektrotechnik, pp. 299-

328;Band VIII 1919. In this paper the follow-
ing statement is of particular interest: “In the
question of freedom from whistling (prevention
of self-excitation of the amplifier circuit) the
screen-grid tubes (Schutznetrohren) with cor-
rectly chosen transformers and proper electro-
static shielding (Schutz) do not differ from the
other tubes; this question, which initially pro-
duced many difficulties in the art, now only
plays a subordinated role.”
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A TELEVISION STUDIO INSTALLATIOI
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150,000
OHMS

|

HE regulated power unit bu’

tor the installation 1s shown

Figure 7. Two gas tubes are
series with potentiometer R,. The gr
of the single amplifier tube is connec
ed to the arm of R,; the cathode of tl!
tube is held above ground by a thir
gas tube, as shown. Two 2A3 tubes i
parallel function as the series rheosta

Suppose tor any reason point
changes its potential relative to pon
d by an amount AE. Since the tw
gas tubes mailutain a constant voltag
between pomts a and 0, point
changes its potential relative to d b
the same amount AE. If the poter
tionieter arm is set at point b, then th
grid of the ampliter tube receives
voltage change AE relative to th
cathode, since the latter is held at
fixed voltage above ground by its ga
tube. Thus the voltage change A.
1s transmitted full strength to the am
plitier.

Suppose, however, that the poten
tiometer arm is half-way down be
tween b and d. Then the potentis
change between the arm (point ¢) an
ground (point d) is only half of AF
or the amplified tube receives onl
half of the output voltage change.

One can regard the amplifier tub
and the two rheostat tubes as a twol
stage d-c amphifier whose output is fe
back degeneratively to the input. Th
forward gain of the amplifier may b
denoted by «, and the feedback by ¢

100 OHMS
100 OHMS

| l ' A g3y

6.3V FOR

L\.Q.Q.D.L/“UNE "y -mgw s

Figure 7
The regulated power unit, with two gas typ
tubes, VR150, in series with potentiometer R

®
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meets special applications

saves time . . . saves tooling . . . speeds delivery!

If your application requires a specially designed relay
Guardian engineers can be of great help to you. But, as
a result of their wide experience in designing "specials” they

have evolved a standard design so flexible that it is now speci-

fied in numerous applicotions that would ordinarily require a
specially designed unit. Perhaps you can use it in your "special”
application . . . with a saving in money and delivery time. This
unusually flexible relay is the SERIES 345. Its chief features are
the large coil winding areq, numerous contact combinations, the
non-binding pin type armature hinge pin, its resistance to shock
and vibration, and an ability Yo operate in extremes of temper-
ature. It is now being used in aircraft, radio, and other exact-

VARIATIONS OF THE

WINDING — Multi-wound coils are avail-
able for operation on two or more circuits.
Or coil may be wound to operate on the
discharge of a 3 mfd. condenser.

CONTACTS—Normal switch capacity is
three pole, doubie throw; maximum switch
capacity may be up to six pole double
throw with 122 amp. contacts, or any vari-
ation of contact combinations within this range,
including the operation of contacts in sequence.
The flexibility of the contact springs may be
increased through the use of coil spring rivets.

TIME DELAY—On D.C. coils a time delay of
0.25 seconds on release or 0.06 second on
attract may be achieved through the use of
copper slugs which require these time intervals
for saturation or de-energizing depending on
whether they are used on the heel or head of
the coil.

¢35

TIME DELAY

DUST COVER —For applications where this relay may be
subject to injury oy in atmosphere where dust may be present
in sufficient quantity to impede operation, the SERIES 345 may
be equipped with a metal dustproof cover.

SCREW TERMINALS — Screw type terminals are optional
for applications where terminals must be disconnected occa-

INTERLOCKING UNIT

ing applications to insure dependable performance.
STANDARD SERIES 345 —The ample coil winding area of
the SERIES 345 gives you a wide range of windings for various
voltages and currents. Coil winding area is approximately .75
cubic inches. Average power required is 3.56 watts with three
pole, double throw contacts of 122 amp. capacity. Coils are
available for either A.C. or D.C. operation.

The maximum switch capacity of the Standard Series 345 is
three pole, double throw. Contacts are rated at 12Y2 amperes
at 110 volts, 60 cycles, non-inductive A.C. Moving contacts are
attached to but insulated from the armature by a bakelite
plate. Terminals are solder lugs. Weight is 6%2 ounces.

SERIES 345 RELAY

sionally or where solder lug terminals are
not otherwise practical.

INTERLOCKING—Here the series 340 a-c
relay is coupled with the d-c coil of a series
405 short telephone type relay in an overload
application. Under normal conditions the series
340 contacts are mechanically held in a closed
position. Normal current flows through the
series 405 coil and then through the series 340
contacts to the circuit for which overload protec-
tion is desired. Excessive current, however, ener-
gizes the series 405 coil, releasing the locking
arrangement and breaking the series 340 contacts,
Push button control resets to normal but is ineffec-
tive if current is still excessive.

DUST COVER

SERIES 345 RELAY DATA

Normal Minimum Normal Minimum Coil Normal
Vol_fs B chlts M:A. _ M.A, ) Resist. Wattaae

6 4.8 | 600 480 | 10 3.56

12 9.8 300 245 40 3.56

24 18 148 111 162 3.56

32 256 | 112 89 287 356

115 92 31 25 3720 3.56

Minimum operating wattage.. ............... . M 2.3

If you will write us about your relay problems our engineers will be glad to make recommendations
which moy save you time and money. Should youv desire a quotation, please mention quantity.

GUARDIAN

1610-D W. WALNUT STREET

ELECTRIC

CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY
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EXT. SYNC

_AEGULATED

POWER R

Figure 8

Suggested method of
testing regulated power

supply with c-r-o_and
audio oscillator signal
source.

where B represents the fraction of the
output voltage change (AE) fed back
to the grid of the first tube.

If ¢ is at b, then A is a maximum
(unity ), whereas if ¢ is close to d, B
is near zero. Maximum regulating ef-
fect is obtained when 2 and B are a
maximum.  The value of 2 is fixed by
the tubes and circuit cmploved.  The
value of B is determined by the voltage
developed by the rectifier, the regu-
lated output voltage desired, and the
number of gas tubes emploved and
their voltages.

I maximum output voltage is de-
sired, ¢ must be moved down close to
d. This biases the amplifier tube to
the greatest extent, reduces its plate
current and hence the drop in its plate
resistor, and thereby reduces the bias
on the series-rheostat tubes. They can
therefore pass the desired current with
less (plate) voltage drop, thus atford-
ing maximum ontput voltage.

At the same time, however, £ is re-
duced because ¢ farthest from b.
To increase 8, it is therefore advisable
cither to increase the input voltage
from the rectifier or to increase the
voltage drop across the gas regulator
tubes. The latter are normaly avail-
able in voltages of 130, 135, 105, 75
and 60 volts (the latter is a special
neon tube). These can be readily
placed in series in any combination.
The regulator tube in series with the
cathode can also be chosen in the
above voltages. 1Tt is thus often pos-

IS

est output voltage desired, say 300
volts, so that the grid can be operated
three-quarters of the way up the po-
tentiometer or higher.

A further aid is to employ an R-C
combination in the grid circuit. This
acts to keep the grid close to point a
as far as quick changes in the output
voltage are concerned; i.e., it also acts
to increase B for a-¢ variations in the
output voltage.

Tests made on the regulated power
units indicated, however, that values
of C greater than 2 mfd and R, great-
cr than 50,000 ohms did not improve
the regulation appreciably, at least as
far as line voltage surges are con-
cerned.  The higher the product R,C
is, the better is this combination able
to cope with low-frequency voltage
changes. However, if the gas regula-
tor tube combination is suitably chosen,
it, too, can cope with slow voltage
variations, and probably masks the
effect of R,C. In passing it should be
noted that ¢ should have low leakage
and this factor in itself limits the value
of R,C. Also, some tubes, like the
6AC7, cannot have more than about
100,000-ohms resistance in the grid
circuit unless the tube is self-biased.

Measurement of Internal Resistance
The regulated power unit should he
able to cope with line voltage surges

[
Figure 9

to reduce picture bounce to a minimum
[t should also have as low an output
impedance as possible, especially for
low frequencies, to minimize the possi-
bility of motor-boating. The output
impedance should be considerably lesg
than 1 ohm. ;

A suggested method of testing for
this is to connect up a test circuit,
Figure 8. First the output bypass
condenser across the output terminals
of the regulated power unit should be
disconnected if it is desired to test the
clectronic regulating unit alone. A
fairly high-gain oscilloscope should bei
emploved for good sensitivity. The
signal source may be any kind of audio;
oscillator, and should preferably be
set to a farly low frequency, some-
where in the neighborhood of 60 cps,
although tests can he made at various
frequencies.

The blocking condenser C should be
fairly large; the larger the better, and]
the output voltage of the signal source
should also be as large as possible, for
good sensitivity. The rheostat R
should be low, on the order of a few
ohms. A filament rheostat is suitable.I

Test Unit Application

In operation, a signal is impressed
npon the regulated power unit and the
rheostat in series. The high lead of|
the oscilloscope is connected to B+
and then to the high side of R, and KR!
adjusted until the signal voltage across
it, as observed on the oscilloscope, is;
equal to that across the regulated|
power supply. K is then removed from
the circuit and its resistance measured
on an ohmmeter or preferably on a
W heatstone bridge. The value meas-
ured is the internal impedance of the
regulated power supply.

Often with the test components
available, all that can be observed is
that no appreciable indication is ob-
tained on the oscilloscope when con-
nected across the power supply, or
when connected across R, if the latter

10,000 10,000 16000
onMS OHMS  OHMS

. i . Iconoscope horizontal deflection
sible to bring point b close to the gencrator _circuit. is made much less than an ohm. One
cathode in potential even at the high- . (Continued on page 66)
—— e S
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This Cetron half wave mercury vapor filled
rectifier is designed especially for efficient

operation in many types of communications

and industrial installations requiring exceptional
dependability. CE-869B will give long-life

service due to 1ts rugged construction

features. Write for our complete
catalog of Rectifiers, Phototubes,

Electronic Tubes.

Complete
Line of

\CON'"NENTAI_ ElE(TRI( CO.’ GENEVA, I“.. Rectifiers ... Phototubes

... Electronic Tubes
) ‘CHICAGO: 903 MERCHANDISE MART « NEW YORK: 265 W. 14th ST.
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Figures 1 (above) and 2 (right)

Figure 1 illustrates a typical class C amplifier circuit. Various voltages and currents are

indicated.

In Figure 2 we have the average constant-current characteristcs of an 898 used

in the graphical analysis of class C amplifiers, in this paper.

EXTERNAL-ANODE TRIODE

CHARACTERISTICS AND APPLICATION
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N the design of equipment utilizing
external-anode triodes, the output
requirement of the equipment is
usually the determining factor. Sec-
ond m 1mportance 1s availability of
standard equipment to meet the design
requirements, and third is the cost fac-
tor, which must be balanced against
expected results. Fundamental apph-
cations of these tubes are in class C
amplifiers, class B radio-frequency and
audio-frequency amplifiers, and high-
power oscillators. It i1s beyond the
scope of this paper to discuss com-
pletely the design procedure for each
of these applications. For the engi-
neer who is interested i complete de-
sign data, a complete hibliography has
heen prepared.* It is rather our pur-
pose to touch on the design procedure
for each application so that the oper-
ating engineer may have some insight
into the source of operating constants.
Because the class C amplifier design
procedure may be made the basis for
other design applications it will be con-
sidered first. A~ typical circuit dia-
gram of a class C amplifier with the
various voltages and currents indi-
cated is shown in Figure 1. There are

52 e COMMUNICATIONS FOR APRIL 1945

Analysis Of Applications in Class C,

Class B R-F and

A-F Amplifiers,

and High-Power Oscillator:

[PART FOUR OF A FOUR-PART PAPER]

by A. JAMES EBEL

Chief Engineer WILL
Assistant Professor of Electrical Engineering,
University of Illinois

a number of methods of approach in
the design of class C amplifiers. 1In
general the more approximate the de-
sign procedure the simpler it becomes.
The method of Terman' represents
perhaps the best compromise between

absolute accuracy of results and ease

of application. It can often be used
to arrive at the constants needed in the

1F. E. Terman and W. C. Roake, Calcula-
tion and Design of Class C Amplifiers, Proc.
IRE, pp. 620-632; April, 1936.

*I. E. Mouromtseff and H. N. Kozanowski,
Analysis of The Operation of Vacuum Tubes
As Class C Amplifiers, Pro. IRE, pp. 752-778;
July, 1935,

*See conclusion of paper.

more exact analysis to be described
In dealing with design problems it i
often expedient to use a simple ap
proximate solution and then to get the
accurate data and the final design fron
trimming up a model constructed ac
cording to the approximate design. Ir
the case of external-anode triodes
however, the cost of constructing i
model is so great that the design mus
be accurate enough to allow for exacl
specification of the equipment whick
15 to be used.

Therefore the method of analysis
developed by Mouromtseff® will bel

TRANSMITTING TUBE DESIGN AND APPLICATIONS!

wwWw americanradiohistorv com
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“War requirements, plus our own design and construction refine-
ments, now provide industry with instruments of heretofore unknown
qualities, As new needs arise, we are geared to use our highly spe-

cialized, yet diversified, knowledge in solving any measurement problem.

Solid Alnico magnets

Beryllium copper frames
Sintered soft iron pole pieces
Very high torque movements

Our engineering department welcomes inquiries —
especially those demanding extra-critical instru-
ments for special applications.

MARION ELECTRICAL INSTRUMENT (O.

MANCHESTER, NEW HAMPSHIRE

Distributed by ELECTRICAL INSTRUMENT DISTRIBUTING (0.
458 BROADWAY + NEW YORK. N. Y,
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PLATE AND GRID CURRENT

A

N

\

70° 50° 30°
ELECTRICAL DEGREES Figure 3, a plate-current-time curve. Figure 4, an r-f heat

used here in the analysis of class C
amplifiers and will be moditied {for ap-
plication to class B r-f amplifiers and
oscillators. This is a graphical analy-
sis which uses constant-current char-
acteristics for a vacuum tube, such as
those shown in Figure 2. The funda-
mental drawback to the application of
this method is that it requires a series
of successive approximations before
the exact result may be achieved. Tt
is a cut and try method on paper in-
stead of in the laboratory.

There are certain fundamental facts
concerning the operation of a class €
amplifier which will serve as guide
posts to the engineer in constructing
load lines on the constant-current
curves and which will reduce the num-
ber of attempts necessary before the
best solution is attained. It is known,

Figures 3 (left) and 4 (above)

application in variable condenser construction.
(Courtesy FTR)
)

for example, that the mininun plate-  ulations are divided by 18 (twice the
voltage swing must not dip betow the 9 intervals to consider a full wave) the!
maximum grid-voltage swing. Also it direct plate current, I, and the alter-
is generally known that the proper bias  nating plate current I, may be deter-
will be in the vicinity of twice cutoff  mined. The power output is given by
basis. The required output will, after P, =1, E, (1)
a few trials, also specify the plate volt-  or P, = 6.33 x 12,000 == 75.96 kw
age swing which will be necessary. The power input is given by
Finally the available d-c¢ plate voltage P, =1 E, (2)
will be a determining factor. or P, =743 x 15,000 = 112.35 kw,
The load line OA in the Figure was
drawn from an operating plate voltage
of 15,000 volts and grid bias of 750 P, 75.96
volts (point Q) to a minimum plate n=—=———==0689% (3)
voltage of 3,000 volts and an assumed P, 112.35
positive grid swing of 1,500 volts. In
order to plot a plate current-time curve
such as shown in Figure 3, it is neces- E,’ E, 12,000
sary to divide this line into segments R = - o
which are proportional to the sine of 2P, 21, 2x6.33
the electrical angle at which the cur- = 948 ohms (4)
rent is to be taken off. In this exam- Taking off the values of grid current
ple the points shown correspond to e
angles of 5, 15, 25, 35, 45, 55, 65,75, db(fo PPNEe . [LErS0)
85, and 95°. These angles were selected  phone and oriaﬁ{o Té‘oii,o?eﬁ?;if"’;f’ z@?deml Tele
since they represented the mid-points
of each 10° segment of the curve in

Then the ethiciency is

I

The load impedance is determined by

Figure 3. Therefore the values taken Mid-Ordi- ¢
off may be tabulated directly, as in nate Indicated Current x Sine
Table I, without the necessity of plot- Angie Cu:':enf of Angle +
ting the curve mentioned above. A §:° 258 25.8
sine scale® will greatly facilitate the 650 gig %g?;
division of the load line according to 550 230 18.8
the sines of the angles. 45° 19.0 134
If the currents taken off at these 35° 12.0 6.9 ‘
points are multiplied by the angle at §§° 5.0 2.3
which they are taken off, as illustrated 5o 88 88
in Table I, and if the sums of these tab- e e, e
° 134.8 114.0
Figure § Li=———=749 1,— =6.33 §
R-f heating for surface-hardening application 18 18
using self-quench oscillator.
(Courtesy FTR) ) ] i
L] Table | h
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' TYPICAL CIRCUITS

e e R e =
® Outstanding recent developments by Raytheon’s S )
research laboratories are two visual-glow cold cathode T—J_—o*s‘wf I’—“B“—’ﬁ‘;;
thyratrons, types CK-1089 and CK-1090. E sionaL — [
200 AWF
The former is a tetrode incorporating two starter
electrodes and so can be operated from a balanced I
‘ line, whereas the latter is a triode with a single starter = -2
clectrode for grounded line or unbalanced operation.
In addition to normal grid controlled thyratron per- CK-1090
I formance, these neon-filled tubes are engineered to 05 MEG B e
produce a good visual glow near the top of the bulb. "
This characteristic, and their small size, make them -
admirably adaptable to telephone switchboard appli-
cations where they can be wired directly as a combined
relay and indicator lamp. It is also possible to actuate = >
f a separate relay in the anode circuit b)’ the initiation of R — Current limiting resistonce. L — Reloy coil if used.
plate current, which, of course, is coincident with the
glow. The resulting simplicity and the reduction in Va
weight and size are highly desirable. Thousands of SPECIFICATIONS OF CK-1089 AND CK-1090
Raytheon CK-1089 and CK-1090 tubes are now giving Sre R s Sreakaggr NEllpgE WE . !
' dependable service in just such an application—even R oo e ::\eackng-%govo"oge} e
| under the worst climatic conditions. Convincing proof, Api';':ie;oie?;zfozr'os:S:::'o%d: \7;‘::5:;]%?2;, 90 velts
indeed, that Raytheon builds fine tubes. .. tubes that Moximum Average Cathode Carrent 15 ma )
. you should consider for your postwar products! \ -/

RAYTH

4 w Listen to
\ \‘ \ "*"MEET YOUR NAVY'
\ \ Every Saturdoy Night

Il F ivisi T
RADIO RECEIVING TUBE DIVISION Pllwbecy Bitisiont NTIRE BUUE NETWORK
Newton, Mass. « Los Angeles - New York . Chicage - Atlanta Army-r:asvy R 181 Stations
wit tars

DEVOTED TO RESEARCH AND THE MANUFACTURE OF YUBES FOR THE NEW ERA OF ELECTRONICS
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“You'll HEAR MORE
from Astatic”’

%EVER has man's mind been so taxed as it is today ... and
never have his accomplishments been greater. In supplying the
demands created by a world at war, products that were scarcely
even dreamed of a few years ago are today realities ... and it
all happens so smoothly, so precisely, so naturally, that we scarcely
realize the wonder of it all. Research in every field of endeavor
has moved us ahead fully half a century in time. So it is with
The Astatic Corporation. While producing important essentials
for wartime use, Astatic engineers have also planned for the
postwar period. Among Astatic's many new and improved prod-
ucts for the detection, recording and pickup of sound will be a
zephyr-light pickup for phonograph and radio phonograph sets as
important to improved phonograph performance as FM will be to
radio. Now, as never before, the human voice and instrumental
artistry of the entertainment world will be reproduced from
modern recordings with tone fidelity and true-to-life realism to
bring a great, new listening audience ‘'closer to the stars."

CORPORATION
CONNEAUT, OHIO

IN CANADA: CANADIAN ASTATIC LTD., TORONTO, ONTARIO
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EXTERNAL-ANODE TRIODE]

(Continued from page 54)

along the same load line and at t
marked intervals, the grid-current-tir
curve is determined, as shown in Fi
ure 3, and the tabulation shown
Table Il is-made. From this the gr
current, I,, can be determined as shows
and the grid driving power, P, ai|
the bias loss, P., are calculated as i« !
lows: !
P.= [ B, = 81 X 2250 = 1,8225 w (&

P.=I; Ec = .81 X 750 = 607.5 w (€1

These operations have provided t‘
set of operating constants for an 8¢
water-cooled tube. An examinatig|
of these constants shows that:

| |

(1)—The power output, maximuy
plate current, plate dissipation
and grid losses are within thi
prescribed lunits, ;

(2)—The efficiency is too low for ur |
modulated operation,

(3)—The load resistance is low.

Before making another attempt th
calculations should be examined wit
the view of determining the directio
of change which will become neces|
[sary. A study of Table I will shoy
| that if the angle of flow of the curre
1s less the efficiency will be higher]
This indicates a higher vatue of bia|
land will also necessitate more grid|
| driving voltage. To increase the loag
resistance it will be necessary to in|
crease the plate-voltage swing or thej
grid swing or both. With this infort)
mation available another attemipt may};
be made. Since this is an illustratior}
to indicate procedure and not to arrive,
at any final designs, we shall omit ad
ditional steps that can be applied tt*.

i

probe the problem.
If the design problem involves &

‘modulated class C amplifier, we may|,

determine a new operating point byl
applying the rule stating that . . . afii
100% modulation the plate voltagel,
will be double the carrier value and thely
bias value will either remain the same ;{-
with fixed bias or vary downward witt|;,
grid-leak bias. The analysis by Mou-|j,
romtseff and Kozanowski effectivelyly
illustrates the design of modulated am-
plifiers. From the above discussion it
is apparent that some of the approxi-|.
mate methods will be helpful in deter-

Mid-Ordinate Indicated
Angle Current

85° 6.0 !

75° 5.0

65° 2.8 ‘

55° 7 l
14.5 ‘

I;=——=281
18
Table H
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fining prelimmary data for use in the
xact analysis.

The recent development in r-f heat-
ng as an industrial tool and the num-
er of successful applications in con-
‘ection with war industries have re-
lwakened the interest in the high-
jower oscillator - design problem.
Vhether the application is one of in-
Juctive heating or one of dielectric

eating the oscillator-design problem
lemains the same. Roughly stated, the
Yenerator must deliver a specified
imount of power to the application cir-
uit, which may be a low- or a high-
impedance load. The requirement of
requency stability is not important.

‘he overall stability of the generator
ks most 1mportant, however, if it is to
‘ive reliable service in industrial ap-
slications.  The efficiency of the unit
hould be as high as possible. Figures
b and 5 shows some r-f heating appli-
‘ations.

The design of the high-power oscil-
‘ator is essentially a class C amplifier
lesign problem with the addition of
jeveral other factors which tend to
.omplicate the design procedure. Fig-
wre 6 shows the circuit diagram of a
-ommercial r-f heating power gener-
itor. From the theory of oscillator
yperation it i1s known that the grid
vias, generally grid-leak, depends on
‘he excitation. The excitation in turn
dlepends on the output of the oscillator
tince a part of the output is fed back
o the grid to produce the excitation.
With increasing output producing ever
‘ncreasing input, the output will rise
till the mode of the amplifier operation
s such that a further increase in ex-
iritation voltage will produce no in-
frrease in output voltage. This is the
equilibrium point for the operation of
the oscillator and is a function of the
:atube characteristics, grid-leak resis-
ftance, applied plate voltage, circuit
#osses, and feedback factor. With this
gkohich came first—the chicken or the
lrgg situation facing the designer, it
iwill be necessary to assume certain
ivaiues which may have to be modified
ifater in accordance with the results of
ithe calculations.

v-j If a class C dynamic characteristic
Mlsuch as shown in Figure 7 is available
Hfor an amplifier operating with a given
‘value of grid-leak resistance, the oscil-
Alator-design problem becomes a very
isimple one. Such a characteristic can
be determined experimentally in any
‘class C amplifier by varying the exci-
‘tation voltage and measuring the a-c
loutput current. As mentioned before,
‘this experimental procedure might be-
licome very expensive if the high-power
lequipment is not available. The other
alternative is to plot such a character-

(Continued on page 86)

The Hlandard of Duality
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LECTRONIC

(U'Z(/

"RADIO SERVICE
éi/{//@//@@%f

HICKOK Instruments have long
been known as the ultimate in
scientific development. Illustrated
here are but 4 of our 36 leaders in
the Radio Service field. Thousands
of Radio Service men have preferred
HICKOK Instruments because of
their unusual accuracy and de-
pendability. ¢ HICKOK pioneered
in Dynamic Mutual Conductance
Tube Testing Equipment. In the
field of Signal Generators, Traceo-
meters, Vacuum tube Voltmeters,
Oscillographs, Zero Current Testers,
Volt-ohm-milliam - meters and
Industrial Analyzers the name
HICKOK is assurance of excellence.

THE HICKOK ELECTRICAL
INSTRUMENT COMPANY
10529 Dupont Ave., Cleveland 8, Ohio
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M E A

WITH THE

OSCILLOS

by ROBERT C. PAINE

NDUCTORS used in radio com-
munications circuits are not pure
inductance, but consist partially of

resistance. This subjects an oscillating
current, passing through an inductor,
to a loss of energy, in the wire and in
the surrounding material nnmersed in
its field. With the aid of a cathode-ray
oscilloscope it is possible to apply this
circuit phenomenon to measure the re-
sistance of an inductor.

In this method the inductor forms a
part of an oscillating circuit to which
a pulse of energy is supplied, creating
oscillations which are allowed to die
out gradually due to the loss of energy.
This is shown in the logarithmic volt-
age curve of Figure 1, where the
height of each cyvele is successively
lower than its predecessor by a con-
stant ratio. The logarithm of this
ratio to the natural base Z 1s known as
the logarithmic decrement, . This
measure of efficiency was commonly
used in the days of radio when opera-
tions depended on oscillating spark
discharges which gradually died out in
this manner. It is related to the pres-
ent commonly used figure of merit
0 (o L/R) by the expression
0 n/d. The curve of Figure 1 can
be readily formed on the screen of an
oscilloscope and the ratio of height of

58§ e COMMUNICATIONS FOR APRIL 1945

Figures g (lefr) and
2 (right)
Figure 1, the loga-

rithmic decay curve of
an oscillating circuit.
Figure 2,
rangement for measur-
ing ( on

circuit ar-

the oscil-
loscope.

C-R

COPE

Figure 3

How a sharp pulse can
be obtained from the
c-r-o sweep voltage by
differentiation. In g4,
the vertical amplifier
is connected directly
to the horizontal sweep
voltage producing a
diagonal line, one cycle
of the saw-toothed
wave. In b, the coup-

ling is through C..
Resonant impedance of
oscillating circuit is
represented by R. In
¢, we see how the
saw-toothed wave is
differentiated, creating
single sharp pulse dur-

ing return sweep.

——wrVWamericanradrohistorv. com
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O MERE AUTOMATONS are the girls who tend ma-
“hines in Remler factories. They know how to make minor ad-
wstments to keep equipment in top running condition; they
jearn the operation of several machines and switch from one
o the other to lessen fatigue. o The machines are “beauties”
r0o. In many instances they have been designed by Remler
izngineers to perform multiple tasks which save time and speed
Up deliveries. o For complete sound transmitting systems;
radio, plugs, connectors and special electronic devices manu-
ifactured to order, consult—

'REMLER COMPANY, LTD. . 2101 Bryant St. . San Framcisco, 10, Calif.

REMLER

SINCE 1918 . :
1 -ﬁnnoancing & Communication fga[}ament

www americanradiohistorv com

PLUGS &
CONNECTORS

Signal Corps - Navy Specifications

Types: PL NAF
50-A 61 74 114 150
54 62 76 119 159
55 63 77 120 160 1136-1
56 64 104 124 291-A |
58 65 108 125 354 ‘ No.
59 67 109 127 212938-1
60 68 112 149 ?

PLP PLQ PLS

56 65 56 65 56 64
59 67 59 67 59 65
60 74 60 74 60 74
61 76 61 76 - 61 76
62 77 - 62 77 62 77
63 104 63 104 63 104
64 64

OTHER DESIGNS TO ORDER
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Figure 4

Oscillation
curve of a
22.5-mh coil
at 1,000
cycles as
seen on the
oscilloscope
screen,

1.364/10g
(a/b)

successive peaks, r, found Dby direct
measurement with a scale. The value
of d = (log, 1/logw &) = (logw
1/.4343) and Q = 4343 n/(log, r) =
1.364/ (log.w 1).

The sharp pulse of voltage necessary
to excite oscillations in the tuned coil
is derived from the saw-toothed wave
of the oscilloscope sweep circuit by
means of a ditferentiating circuit ar-
rangement. The circuit arrangement
is shown in Figure 2, where the con-
denser C, 18 connected at some con-
venient point for tapping the horizon-
tal sweep voltage. The condenser C,
is selected to tune the inductor under
test. L, to any frequency that is de-
sired and can Dbe satisfactorily ob-
served,

The effect of the differentiating cir-
cuit is shown in Figure 3. In (@) the
vertical amplifier 1s connected directly
to the horizontal sweep voltage pro-
ducing a diagonal line, one cycle of the
saw-toothed wave, on the oscilloscope
screen. In (b) the coupling is through
condenser C, and the resonant impe-
dance of the oscillating circuit is rep-
resented by a resistor, R. The saw-
tooth wave is then modified as shown
When used in measuring Q, C, has g
relatively high impedance as shown in
Figure 3(c¢), and the saw-toothed
wave is differentiated, creating a single
sharp pulse during the return sweep.
This is represented on the screen by
the thin vertical line. In the figures
shown here the sweep f{requency is
about 6,000 cvcles, and the vertical
amplifier gam has been adjusted to
keep the figures at about the same
height. Due to the small size of C, in
measuring Q (about .5% of C,), its
effect on the oscillating circuit is slight
after the first pulse. Generally the

60 e COMMUNICATIONS FOR APRIL 1945

losses in condenser C, can be consid-
ered negligible compared to the losses
in the inductor, L, so that the net Q
measured is that of the coil, provided
the input impedance of the vertical am-
plifier is sufhciently high.

To illustrate the application of this
method, let us consider an air-core coil
which measures, on an a-c bridge, 22.5
millihenries with a Q of 5.6, at 1,000
cycles.  This coil is tuned with a
l-mfd condenser to a {requency of
about 1,000 cycles and coupled to the
sweep circuit with a .006-mid con-
denser.  The oscilloscope then is ad-
justed to produce the curve shown in
Figure 4. To determine  from this
figure it is convenient to measure the
height of the curve from peak-to-peak,
as at @ and b. For the first few cycles,
the ratio of these values is not greatly
different from the ratio of the vertical
height of the peaks which should be
measured for greatest accuracy. For
this case, using a decimal or millimeter
scale, a 1s found as 85 and b as 47,
equal to a ratio of 1.8. The value of
Q then equals 1.364/(log 1.8) or 5.34;
a tairly good check for this method,

RXEXE
derived from the formula Q = '
loge

The inductance of a coil can also be
checked by this method, considering
the capacity of the condenser used to
tune it and the frequency at which the
circuit oscillates. The sweep frequency
1s known approximately from a cali
hration of the sweep controls, or more
accurately by a check of the oscillo-
scope against a calibrated audio oscil-
lator; the oscillation frequency equals
the product of the sweep frequenca
and the number of oscillation cvcle
appearing on the screen.

Testing an  iron-core choke coil
shunted by a .004-mid condenser, two
complete cycles appeared at a sweep
frequency of 500 cvcles, equivalent to
an oscillation frequency of 1,000 cycles.
This is calculated to correspond to 6.5
henries and the Q is computed from
the figure on the screen as 5.2, This
same coil when checked on an a-c
bridge at 1,000 cvcles showed an in-

®
Figure 5
Oscillation curves
4-mh coil at 65 kec.
Y

W americanradionisiory com

ductance of 8.2 henries and a Q of 3
apparently a poor check. Howeve
when measured on the bridge at
lower level of voltage, a value of 7
henries and a Q of 49 was foun
showing that the apparent discrepan
in this case was probably due to tl
low energy level in the oscilloscoj
test.

Application at Lower R-F

The oscilloscope method is applicy
ble to coils at the lower radio frequer
cies within the limits of capability ¢
the oscilloscope amplifier and swee
circuits.  For higher values of (
measurement may be made on oscillg
tions several cycles apart to obtain be/
ter accuracy. Then the value of t
obtained by the formula provide
should be multiplied by the differend
in the numbered cycles. For exampl
if measurements were made on thi
second and sixth cycles, then the valu
of Q found in this manner would b
multiplied by 4.

Figure 5(a) represents a check o]
an r-f coil of 4 millihenries, resonate
to a frequency of approximately 65 ki
by a .0015-mfd condenser. A couplin
condenser, C,, of 10 mmid is used heri
and the sweep frequency is about 7,501
cycles. The same test is made in Fig/
ure 5(b) with the sweep frequency
somewhat increased to change the
phase between the first and last oscilla
tion cycles i such a way that a res:
onant effect takes place, causing the
voltage remaining in the condenser
after the last oscillation to add to the
voltage of the first oscillation and in-
crease the amplitude.  These figures
are to the same scale and no change
has been made in the gain of the ver-
tical amplifier, The @ for this coil is
found by mieasuring the height of the
second and sixth cycles; 52/34 = 1.53.
The logarithm of this value is .183 and
0 = ($1.364/.183 = 30.

This method of measuring Q 1is notl
as accurate as some other methods, but
it is very convenient for a quick com-
parison of unknown coils. It also has
the fascination of tieing old to new
methods and is useful for instruction
in basic principles.

OSCILLOGRAPHY |
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The

ANNOUNCING AN ENTIRELY NEW

CERAMIC CAPACITOR DIELECTRIC

5

MYCALEX CORPORATION OF AMER-
ICA has developed and now has in production
a new capacitor dielectric which embodies im-
portant new advancements in properties.

Designated MYCALEX “K”, this new ceramic
material is unique in that it offers a selective
range of dielectric constants, from 8 to 15 at
one megacycle.

Engineers whose requirements call for a mate-
rial with a dielectric constant of 10 need only
specify MYCALEX K-10. If a dielectric constant
of 8 is indicated, MYCALEX K-8 will meet that
exact requirement. Other applications might call
for use of MYCALEX K-11 or K-12, etc.

MYCALEX K-10 already has been approved
by the Army and Navy as Grade HIC5H4 Class H
material (JAN-1-12). While other Class H mate-
rials are available, to the best of our knowledge
these are all steatite or bonded titania or
titanate types, obtainable only in relatively small
dimensions and subject to wide variations in
tolerances. MYCALEX K is available in sheets
14" x 18" in thicknesses of 15" to 1”; in thick-
nesses down to 1/ 32" in smaller sheets, and in
rods 14" to 1" in diameter.

Of importance also is the fact that MYCALEX
K series can be molded to specifications, with
electrodes or metal inserts molded in. It can be
fabricated to close tolerances.

So far as we are aware, the MYCALEX COR-
PORATION OF AMERICA is the exclusive
developer and only supplier of this kind of
capacitor dielectric.

Write today for
Department 12.

further information to

l-rn! INSULATYOR \

TRADE MARK REC: U. § PAT, OFF,

MYCALEX K

MYCALEX K-10
Grade HICSHAY, in accordance with JAN-1-12

Dielectric constant 10.6 ]
Q-Factor . . 310 1 megacycle
Loss Factor . . 0.034

Volume resistivity . .6.0x 1012 ohms—cms.
Dielectric strength . 270 volts/mil (0.10" thickness)
Modulus of rupture. ... 9,000 Ibs./sq. in.
Fractional decrease of
capacitance with tem-

perature change .. . 0.0056
Fractional increase of
capacitance with tem-
perature change 0.0076
[orosnt)~~no dye penetration after six hours at 10,000
1bs./sq. in.

The above properties were measured in ac-
cordance with the procedures of JAN-[-12.
Density ..0.116 Ibs. per cu. in.

Specific gravity . .. 3.22
Softening temperature . 400° C.

pieL[Ec TRIJ CONSTANT
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o o
0.007 [~ 1 3 40
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' REQUENCY-KILOCYCLES \‘
Q
S e
ooz JE | i Bns

MYCALEX CORPORATION
OF AMERICA

“OWNERS OF JMYCALEX' PATENTS"”

Plant and General
Offices

C‘lifl’o n, N. J.

www americanradiohistorv com

Executive Offices

30 Rockefeller Plaza
New York 20, N. Y.

.
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FILTER ANALYSIS »xo DESIG

[PART TWO OF A TWO-PART PAPER]

Figure 26

In (a) and (b) are
shown T and 7 net-
works having the same
values of X; and Xo.
In (¢) is shown graph
of characteristic versus
frequency in transmis-
sion band for low.pass,
prototype, filter section
“of 7 configuration.

m X,
AN +
]
(1 mi)x, | = (1-m?)x,
2m 3[ ; = 2m
|
X2 fhz | ‘1 X,
m = : = Tm
f |Y
- | +
a)

Figure 27
(a)-—Generalized m-derived filter section of 7 configuration. 1b)——_Characteristic impedance
versus frequency of low-pass, m-derived filter of 7 configuration. (¢)—Characteristic
impedance versus frequency of high-pass, m-derived filter of 7 configuration.

D

CRON. .

:ﬁ;hwji
il Figure 28

Prototype filter section

terminated at each end

with half-7, m-derived
section.

T é_.é‘;:\:%ﬂ‘}%

Schematic of filter net-
work.

A A
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by C. E. SKRODER

Asst. Prof. Electrical Engineering
University of lllinois

HE networks discussed in the initi

installment are of the T configur

tion. Networks of ™ configurati
can be constructed. If the relationships 1
dicated in Figures 26a and 26b are mai
tained, the cut-off frequency will be t
same in both, as well as the attenuati
characteristic. The characteristic impe
ance, however, will not be the same. T
can be¢ seen by comparing Figures
and 26¢c. These figures show the variati
of characteristic impedance of low-p
filters of T and 7 configurations respe
tively as a function of frequency.

M-Derived Filters

Particular cases of filters of ™ confi
uration which are of interest and impa:
tance are those of the m-derived typ
The general circuit for these is shown j
Figure 27a. When m is chosen as .6 (¢
close to .0) the characteristic impeda
of this network is nearly consta
throughout the transmission band. Th
is illustrated in b and ¢ of the Figur
While this Figure shows the curves ¢
characteristic impedance for the high-pa
and the low-pass filters, the effect ¢
using m equal to .6 on filters of a
classifications when made up as 7 set
tions In accordance with Figure 27a, i
to cause the characteristic impedance t
remain constant throughout nearly tH
entire transmission band. Hence, if th
terminating impedance is known to Lt
constant, regardless of frequency, the ».
derived filter of 7 configuration, usin
nt equal to .6, should be used.

Composite Filters

When such a 7 configuration is used i
connection with. a prototype section t
form a composite filter, it is usually cus
tomary to cut the 7 section at ry, Figur
27a, and attach one of the halves, callt
a half-m section, to one end of the protd
type and the other half to the other eng
This is illustrated in Figure 28. Such |
filter would have the advantage of near
constant characteristic impedance throug|
out 1ts transmission range; but m bei
fixed at .6, the,frequency of infinite a
tenuation fw may not occur at the m
desirable frequency. If this is an i
portant matter, another m-derived secti
of T configuration and having infinite
tenuation at the desired frequency can
added in cascade with the other T secti
or sections already included.

Sample Design

Let us assume that a high-pass comt
posite filter is to be designed, and the i

FILTERY
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UNIVERSAL’S NEW D-20 MICROPHONE

The stage was set for something new and here it is. Universal's new D-20
Microphone . . . soon on your radio parts jobbers’ shelves to fill your essen-
tial requirements . . . uses Universal’s “Dynoid” construction . . . A dynamic
microphone of conventional characteristics built to fill the utility require-
ments of war time plus advance styling of the many modern things to
come. Orders placed now with your Radio Parts Jobbers will assure early

delivery when priority regulations are relaxed.
Frite for Bulletin 1438 covering this new mirrophone

< FREE — History of Communications Picture Portfolio. Contains
over a dozen 11" x 14" pictures suitable for office, den or hobby
room. Write factory for your Portfolio today.

UNIVERSAL MICROPHONE COMPANY
INGLEWOOD, CALIFCRNIA

fREIGN DIVISION: 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA .- CANADIAN DIVISION: 560 KING STREET WEST, TORONTO 1, ONTARIO, CANADA
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(Continued from page 62)

lowing characteristics are available: cut
off frequency, f. :.5000_ cycles; frequenc
of infinite attenuation, o= 4600 cycles

constant load impedance, R = 600 ohms.
To obtain satisfactory attenuation a
the lower frequencies in the attenuatior
band, a prototype section should be used
to obtain infinite attenuation at 460¢
cycles requires the use of an mi-derived
section with the proper value of . Sinci
the load impedance is constant, the filte
should have terminating half-= section
of the m-derived type with m = 6. ‘

Prototype Design (From Figure 8)

R 600
. e — 955 mh
4mf. 47 > 5000

1 1

.=

4micR 4w X 5000 X 600

— 0265 mid

Design of m-derived section ¥ — 460()
cycles (From Figure 11) )

) ©(4600)*
R N R L

o (5000)*
(fc)®
2C, 2 X .0265 mid .
- = = 135 mfd
m 393

4mC; 4 x 393 ¢ .0265 mid |
= ———— —— 0493 lllfd"
1 -.393

9.55 mh
- — 24.3mh

A35mfd. 435mfd.

] r—

0493 mfd.

24.3 mh.

Design .of half-m section for m = .6

2C, 2 .0265 mfd '
m O

2mCy; 2% .6 X .0265 mid
— e — 0490 mfd
| = m? 1-.6°
2L, 2% 9.55mh
= —31.85mh
6

215 West 7th Street, Los Angeles 14, California

m
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 SHEET METAL

;  FABRICATION

b e

D
:

“Cole Steel Equipment” specializes in tough sheet
metal assignments as well as boxes, chassis, and

instrument housings. Whether your blueprints call

for extreme precision or gauge limits, we're geared
to design, tabricate and finish exactly to specifi-

0 hat the des ' cations. Whatever your problem, let us help you.

owever,
t are t perat

i | 1
& { n otl g

" e
« - .

Bts, we find that the desig

D A COLE STEEL OFFICE EQUIPMENT
e + 3 will again be available
QS ERENR e g after the war

Wiy 10 att 1 ue
: | ¥ ation | The ATe
¥ few of uirements that nrust
ot
) ndamenials Pyie FY en
L d in this tre it ¢ fil et L

fks arc those upon which the general
filters s based. The formulas

v and the design principles discussed
B be used a9 a basis for the design and
Mrtruction of filters, the performance of
#ch should prove satisfactory for gen

\ise

STEEL EQUIPMENT COMPANY

| 349 Broadway, New York 13, New York ¢ Factory: Brooklyn, New York
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ONE CENTRAL SOURCE FOR

STOCKS ON HAND FOR

Dmediate Deliveny

9/'OU get the very type of units you re-
q

uire . . . in the shortest time possible

. . . from Allied. All the well-known
makes such as OHMITE, MALLORY,
IRC, CENTRALAB, and SPRAGUE are
concentrated here under one roof. In stock
are fixed, adjustable, precision resistors
—rheostats—potentiometers—volume
controls—for all kinds of applications.
This complete, centralized service sim-
plifies and speeds procurement for in-

dustry, government and
laboratories. You save
hours, days and effort.

Thousands Call ALLIED First

Helpful
BUYING