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Before the war, tubes made by R AYTHEON were user:I
by the majority of important receiver manufacturers . . . because
RAYTHEON tube developments kept pace with the latest engineering
thinking . . . aiding RAYTHEON set customers in keeping at the top of the
art in receiver designs.
During the war. there has been a 10009, increase in RAYTHEON
technical achievements in protecting the vast requirements
of our 4drmy and Navy.
After the war, ihe nationwide RAYTHEON distributor and

dealer organization will be better fortified in keeping

the nation’s receivers and electronic devices in operation.

pl
M\ FOUR “‘E‘" AWARDS
\ LIS S RAYTHEON PRODUCTION CORPORATION

\\ Al U U NEWTON, MASS; LOS ANGELES, NEW YORK, CHICAGO, ATLANTA
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DEYOTED TO RESEARCH AND JHE MANUFACTURE OF TUBES FOR THE NEW ERA}Q’F ELECTRONICS



FIRST...

Hcﬂlicrahers has the

honor of being the ket exciusive radio
manufacturer to receme the Army-Navy

Production Award lor the 3rd time!

m ocs  Mallicrafters

The World's Largest Exc usive Manutacturer of
Short Wave Radie Comsunications Fquipment
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FOR RADIO MEN
IN THE SERVICE!

“WHRITE A LETTER”

As you know, the Hallicrafters
make o wide range of Radio
Communications equipment, in-
cluding the SCR-299 Mobile
Communications unit. We are
proud of our handiwork, proud of
the job you men have been doing

with them on every battlefront

RULES FOR THE CONTEST

We want letters telling of actual
experiences with this equipment.
We will give $100.00 for the
best such letter received during
each of the five months of No-

vember, December, January,
February and March! (Deadline:
Midnight, the last day of each
month.)

We will send $1.00 for every
serious letter received so even if

you should not win a big prize
your time will not be in vain.
Your letter will be our prop-
erty, of course, and we have
the right to reproduce it in a
Hallicrafters advertisement
Good luck and write as many

letters as you wish. V-Mail letters
will do.

[
the I'la"itra{fers co.

CHICAGO, U.S. A,

2611

INDIANA AVENUE

CHICAGO, U.S.A.

MAKERS OF THE FAMOUS SCR-299 COMMUNICATIONS TRUCK
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EDITORIAL

NAVY RADIO DESIGN

% The Burcau of Ships, Navy Department, considers
the matier of simplicity of design in Navy radio equip-
ment of increasing importance, and has brought this to
the atlention of the Design Branch of the Radio Di-
vision. The following memorandum, originally pre-
pared for limited distribution, has now heen cleared
for general publication with the thought that a wider
dissemination of the information will prove helpful to
the war effort:

The Bureau views with concern the trend toward
increasingly complex radio and allied electronic equip-
ment. This tendency is objectionable because of :

(a) The large variety of slightly different com-
ponents to be manufactured for initial production.

(b) The difticultics confronting servicing personnel
in maintaining equipment.

(¢) The astronomically large variety of components
that must he carried in stocks throughout the world.

It is fully realized that, in part, the equipment com-
plications arise in improvements intended to afford the
Fleet equipment with improved operating characteris-
tics.

It is also realized that electronics designers have been
schooled for years, in particular, to strive for perfect
performance from each circuit. Frequently this urge
to reach perfection has resulted in assemblages of cir-
cuits that not only meet with overall performance char-
acteristics desired, but also have a large margin of un-
useable capacity.

The Bureau desires design supervisors be instructed
to carefully examine each proposed design with a view
to the ultimate production of the simplest possible,
functionally satisfactory equipment.

A few examples of the questions that should be con-
sidered during such an examination are:

(a) Considering the overall performance desired, i
this special component (transformer, capacilor, etc.)
actually necessary or will the component now in pro-
duction be really satisfactoryv though slightly less
efficient ?

(b) Considering the overall performance destred,
and all of the resistors (or capacitors) used, of ap-
proximately the same size, as a block, would it be un-
destrable or impractical to use the same resistor value
at all circuit points? Could the value be a standard
one?

(c) Considering the overall performance desired, is
it necessary to use so many different tube types? Or

6

would it be desirable from a broad viewpoint to use
fewer types, perhaps even at the expense of an added
stage?

(d) Have the layouts and wire plans become com-
plicated because of a desire for ultimate performance
(particularly gain) from each stage, so thal excessive
overall performance has been obtained at the expense
of ease of maintenance?

(¢) On the other hand, are there components in-
cluded that are marginal in design; that is, do the
transformers, capacitors, etc., have a sufficient factor
of safetly against excessive current or voltage to insure
trouble-free operation? Are tubes being worked beyond
their ratings?

While it is fully appreciated that the problem posed
is not easy, it is believed that in the forward rush of the
war the virtues of simplicity are in danger of neglect.
The Bureau has no desire at all to impair performance
to secure pure simplicity, but it is not at all convinced
that all present complexities are necessary.

The earnest cooperation of all design agencies will
be appreciated. It is now thought that the result of such
action will be betlter equipment for the ultimate pur-
pose, which is victory.

SPACE LIGHT

* In the “Technicana” department of this issue ap-
pears an item on a recent demonstration by WWesting-
house engineers of (luorescent lighting by means of
radiated energy from a generator of radio frequencies.
The purpose of the demonstration was not to lead the
audience into believing that any such form of illumina-
tion would become universal after the war—actually it
was a sideshow to a much wider exhibition of lighting
systems—but rather to indicate an approach to new
possibilities. 1°rom that viewpoint it is an interesting
subject, even though the stunt is old. What makes it
of interest is the fact that we have today an assemblage
of new ideas, methods and devices that may well trans-
form an early discovery into a practical system for cer-
tain applications not now satisfied by the usual methods
of illumination.

There is, of course, the problem of interference from
the source of r-f energy. The solution to this might
rest in the use of vhf generators of limited field strength
and tightly beamed radiation. Such a unit, incidentally,
could “turn on and off” lights by a change of “aim”
from one lamp to another, or light a group of lamps by
a widening of the beam.
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WITH Allied armies on the march and the retreating
Axis forces destroying all existing facilities, the need for
telephone communications systems is soaring.

The record of the telephone equipment manufacturing
industry in this war should be a sufficient guarantee that
our fighting men will continue to get what they need,
regardless of the enormity of the job.

The men and women at “Connecticut” have made a rec-
ord that stands out even in an industry famous for its
wartime accomplishments.

We submit the record we are compiling now, as cvidence
of ability to serve postwar America. We are glad to consult
with manufacturers seeking help on electronic or electrical
product developments — also with engineers who have
developed ideas that might round out our postwar plans.

CONNECTICUT TELEPHONE & ELECTRIC DIVISION

hear
ﬁ‘t]u."u
NEUSTRIES

CONNECTICUT

MERIDEN,

NEEDED 7TO0AY

.lhan i Sqptember

Engineering, Development, Precision Electrical Manufacturing

© 1943 Great American Industries, Inc., Meriden, Conn.,
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ONE-TUBE FREQUENCY DIVIDER

* Tn most multivibrator circuits used
for frequency division, at least two
tubes are employed in the multivibrator
and an additional tube is required to
isolate the multivibrator from the out-
put circuit load. In an article by
Patrick F. Cundy in Wireless World
for November, 1943, a method of ac-
complishing this result with a single
tuhe is described.
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SYNCHRONIZING VOLTAGE

——O OuTPUT

o

Fig. 1. Frequency-divider circuit.

As shown in Fig. 1, a Dow hexode
oscillator circuit is employed, with the
synchronizing voltage fed to grid No.
4. The amount of synchronizing volt-
age is controlled by the potentiometer
R,, and the coupling capacitor C; is so
chosen that its capacitance is approxi-
mately one-tenth that of C. The oscil-
lation frequency of the uncontrolled
multivibrator is determined by the time
constant of the resistance and capaci-
tance in the oscillating circuit, and by
the tube parameters. By using a hex-
ode, it is possible to utilize the electron-
coupled plate circuit for external coupl-
ing purposes. Thus R, serves as the
plate load and C, as the output coupl-
ing capacitor.

Other circuits, using oscillators of
the “transitron” negative transconduc-
tance type, are likewise discussed.

ELECTRONIC VOLTAGE REGULATOR

* An interesting compensated bridge
circuit for electronic voltage regulation
[Continued on page 10]
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IrDe'cision crystals are performing a mighty job under the most

irying batile conditions. But only the crystals that are m cro-
scopically clean can operate indzfinitely. That's what makes
crystals giants.

Crystal Products Company methods cf exacting ¢ econliness
in manufacturing procedures are uasurpassed. All crystal
oscillators are guaranteed free from “laws, ghosts, inclusions

—and are free from optical and electriz twinring.

PRODUCTS COMPANY

1519 McGEE STRZET - KANSAS CITY 8 MISSOURI
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“BAKED A CAKEOOO

£0ST ANGEL FACE.. B
I'M COMING IN!

uTt

"

3

e The boy's been in atight spot . . .""lcst angel face' tells

his comrades that the plane has a damaged wing . . . but
the “‘baked a cake' tells 'em that his bomb load reached
its target . . . and the''I'm coming in'" tells us that thanks
to thz finest equipment in the world, another American

fighting man has had a fighting chance.

Pincor dynamotors are part of his communications equip-
ment. Cne of these compact, featherweight little motors is
used to power the radio and phone apparatus that helped
to take him through and bring him back.

Wﬂn
hoducls

BUY MORE
WAR BONDS

Dynamotors Converters Generators

DC Motors Power Plants Gen-E-Motors

PIONEER GEN-E-MOTOR

5841 WEST DICKENS AYE, CHICAGO 39, ILL
Export Address: 25 WARREN ST., NEW YORK 7, U.S.A.
Cable Address: SIMONTRICE, N. Y.
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[Continued from page 8]

1s described by F. Livingston Hogg in
the November, 1943 issue of Wireless
IWorld. It is stated that this was orig-
inally presented by Lindenhovins and
Rinia in the Philips Technical Review,
Vol. 6, No. 2, 1941. It is claimed that
this circuit lhimits the output voltage
variation to less than .004 percent for
an input voltage variation of 5 percent.

Py
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Fig. 2. Electronic voltage regulator.

The schematic circuit is shown in
I'ig. 2. In the bridge circuit, the fol-
lowing equations apply :

R. Rs .
— = e— = pt — 1
Rs Rs
and
R, R: .
— — = nSRy — 1
R, R
where
n = overall amplification of T,
Si transconductance of 7T,

I amplification factor of T,

The resistor Ry is adjusted to give
the required output voltage.

RADIO POWER OPERATES LAMPS

* The application of high - frequency
radio waves to lighting homes, hotels
and public buildings was recently dem-
onstrated by Samuel J. Iibben, Direc-
tor of Applied Lighting for the West-
inghouse Lamp Division. Mr. Hibben
showed how hrilliant, vari-colored

[Continued on page 12]
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bour Plans /5/* the Future

In a bomber over Berlin. ..

aboard a battleship
in the far Pacific. ..

on the production lines
of American factories...

AT EVERY WAR FRONT ELECTRONICS
IS PLAYING A HEROIC ROLE

© There are hundreds of peacetime production jobs
waiting for this war hero . . . jobs that Electronics can do
better, faster, more economically.

In many ways which cannot now be told, General Elec-
tronics Industries has been helping to establish the great
war record of Electronics through cooperative research

with industrial organizations and Army and Navy re-
search agencies. Our research engineers, skilled and

AUTOMATIC
PROCESS CONTROL and Electromechanics, can give you valuable assistance

experienced in advanced uses of Electronics, Hydraulics

ARMY-NAVY “E” WITH

STAR awarded to Auto. X ‘ in your production planning.
Otdnance Corporation for For control of industrial, processes
continued excellence in pro- from printed charts. Provides auto- Remember: Today’s plans mean tomorrow’s profits.
duction of “Tommy”’ Guns. 3 g . q q .
" matic control of chemical process- Write to Engineering Department, General Electronics In-
es, also of production machinery. dustries, 342 West Putnam Avenue, Greenwich, Conn.

Other products

manufactured includé/: ELECTRONIC CONTROLS = VACUUM TUBES * HYDRAULIC SERVOS
COMMERCIAL RADIO EQUIPMENT * ELECTROMECHANICAL
DEVICES * ELECTROSTATIC HEATING UNITS UP TO 250 KW.

INDUSTRIES

pivision of Auto-Ordnance Corporation

GREENWICH STAMFORD ¥ BRIDGEPORT y NEW MILFORD ° NEW YORK

* DECEMBER, 1943 1



12

MODEL 625—0-30 D.C. VOLT METER

This is one of today’s most popular portables. The
new design has a hinged dial cover for added pro-
tection; insulated molded case and hand calibrated
mirror scale 4.58” in length. Furnished to an accuracy
within one-half of 1 %. THE TRIPLETT ELECTRI-
CAL INSTRUMENT COMPANY, BLUFFTON, O.

Revisions and improve-
ments in the entire line of
BUD cabinets have made
this series of housings the
finest available for both
zood looks and usefulness.
Now the armed services still
have first call on this attrac-
tive and useful BUD product
as they de on other BUD
precision - made parts, But
after the war has been won,
BUD cabinets and other
parts will be back again.
And they’ll be better than
ever, That is our promise.

BUD RADIO, INC.

CLEVELAND, OHIO
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[Continued from page 10]

fluorescent tubes could be fully lighted
without being connected to any sockets.
or electrical wiring.

The generator used was a pre-war
diathermy set, such as in general use
by the medical profession. Mr. Hibben
explained that far more powerful r-f
generators are now serving in wartime
radio and communications equipment
and may bring about peacetime expan-
sion of wireless power.

Light by radio.

Experimental lamps which consume
less than an electric lamp, and which
may be left burning night and day for
such jobs as lighting house numbers
and clock faces, were demonstrated.
Among other types, one lamp was de-
vised from two glass pie plates, show-
ing that fluorescent lamps are not lim-
ited to tubular shapes. These have
practical and decorative advantages for
hotel halls and public buildings.

SKIATRON TELEVISION SYSTEM

* The Scophony Corporation of Amer-
ica has developed a television system
which is claimed to enable a definition
of at least 1000 lines or more and a
reduction of the band width required
of at least 66 percent. This develop-
ment, invented by Dr. A. H. Rosenthal,
Director of Research and Development
for SCA, is called the Skiatron Elec-

tron Opacity Television System.
The Scophony Skiatron receivers
achieve these results by making fuller
[Continued on page 14]
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For ALL COAXIAL CABLES

The new Andrew glass insulated terminal is
an outstanding development that provides you
with a 100% air-tight, gas-tight system for gas
filled coaxial cables. Permanent, leak-proof
operation of Andrew terminals is insured be-

i g cause of a unique design using a glass-to-metal
e seal. A special design that minimizes shunt
T capacity makes them ideally suited to high

{requency operation. Dielectric losses are re-
duced over the standard ceramic type insulated
terminals because of reduced volume of glass
in regions where the electric field is greatest.

A

The Andrew Company is a pioneer
in the manufacture of coaxial cables
and other antenna equipment. The
entire facilities of the Engineering
Department are at the service of
users of radio transmission equip-
ment. Catalog free upon request.

363 EAST 75TH STREET +« CHICAGO 19, ILLINOIS

BLILEY CRYSTALS

Built by hallicrafters

NE of the outstanding achievements in wartime

radio transmitter design is the SCR-299. Serving
equaily well as a mobile or slationary radio station,
this now famous equipment is doing a real job on our
battle \fronts.

This war is run by radic. The vital importance of
maintaining reliable communications necessitates the
selection of quartz crystal units that are accurate and

| dependable. Bliley Crystals are engineered for service
they are used in all branches of military communi-
cations and are, of course, supplied for the SCR-299

BACK THE ATTACK WITH WAR BONDS

BLILEY ELECTRIC CO., ERIE, P

14 DECEMBER,
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[Continued from page 12]

use of persistence of vision and there-
fore require a much lower field fre-

! quency, about 20 per second or less.

| been

This should simplify television trans-
mitter design and permit straight scan-
ming instead of the present interlaced
type. Ifurther, it is expected that this
development should make possible the
establishment of six television broad-
casting stations within the frequency
range and geographical area where
now only four may be located.

CATHODE-FOLLOWER FM CIRCUIT

* A unique circuit for frequency-
modulating an oscillator, incorporating
a cathode follower to reduce the load-
ing on the oscillator tuned circuit, is
described in a note by F. Butler in the
November, 1943 issue of the Wireless
Lngineer.

~ MODULATION

Pl e
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Fig. 3. Frequency-modulated oscillator.

In this circuit, shown in Fig. 3, it is
also possible to employ fairly high val-
ues of capacitance and low values of
resistance in the phase - shifting net-
work. Thus R and C may be 5000 ohms
and 30 ppf, respectively, to provide
slightly less than 90° phase shift. The
inductance L operates at resonance in
conjunction with the tuned circuit
L.C,. The latter is adjusted just off
resonance to simulate a small capacitor,
vet permitting the use of a tuning
capacitance large in commparison with
shunt stray capacitances.

FIXED COMPOSITION RESISTORS

* For the first time, an agrecment has
reached between manufacturers
[Continued on page 16]
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FOR TOP EFFICIENCY AT THE KEY-POINT IN A CIRCUIT

U TAH SWITCHES every tinz!

Where the human element and mechanical perfection
must combine to provide top performance, insist on Utah
Switches. They are time-tested in hundreds of electrical
applications in industrial plants and on far-flung battle-
Sronts,

There’s a Utah Switch for virtually every circuit

TAH Switches are made to fit your electrical and

space requirements. Compact size, highest quality
material and precision manufacture make Utah
Switches everything a switch should be. Utah “Imp”
push-button switches have the finest nickel silver or
phosphorus bronze springs with integral contacts.
Springs are fully insulated from the mounting bush-
ing. High-grade phenolic insulation is used. They

are available in three circuit arrangements: “single
make,” “single break,” one “'break make.”

Also available are Utah Rotary and push-button
jack switches, in long and short types. Small and
compact in size, they are made to take minimum
panel space. Full insulation is provided for all elec-
trical parts.

Take advantage of Utah’s extensive electrical and
electronic experience. Write today for full informa-
tion on Utah switches.

UTAH RADIO PRODUCTS COMPANY, 846 Orleans
St., Chicago, Ill. Canadian Office: 560 King St. West,
Toronto. In Argentine: UCOA Radio Products Co.,
S.R.L., Buenos Aires. Cable Address: UTARADIO,
Chicago.

PARTS FOR RADIO, ELECTRICAL AND ELECTRONIC DEVICES, INCLUDING
SPEAKERS, TRANSFORMERS, VIBRATORS, VITREOUS ENAMELED RESISTORS,
WIREWOUND CONTROLS, PLUGS, JACKS, SWITCHES, ELECTRIC MOTORS

CABLE

DECEMBER,

ADDRESS:

RADIO|] * 1943
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P E@H?ﬂ@’mm THE “Nth” DEGREE

Perfect co-ordination of skilled minds and hands
in a well knit organization with 20 years of radio
manufacturing experience has been the secret of )
MERIT'S success in building precision equipment
to the most exacting specifications.

Now manufacturing for every branch
of the Armed Services.

Suppliers of component
parts for the famous SCR-
299 mobile wunit,

Since 1924

Tronsformers — Coils — Reactors

— Electrical Windings of All Types

for the Rodio Trode ond other
Electronic Applications.

MERIT COIL & TRANSFORMER CORP.

311 North Desplaines 5t  CHICAGO 6, U.S.A.

FORCED DRAFT is but one of the innumerable applications for these
dependable, low-cost Blowers. Others include: Air Distribution in Re-
frigeration Systems; Exhausting fumes or gases; Cooling for Radio or
Electronic equipment; Heating, Drying, etc. Available in five stand-.
ard sizes—output ranging from 49 to 162 C.F.M. Special Blowers with
custom-built Pilot Motors from 12 to 200 C.F.M. output.

Complete information on request. Write today!

F. A. SMITH MFG. CO, 701 DAVIS ST. ROCHESTER, N Y.

/ THE MAKERS ‘OF THE FAMOUS PILOT FRACTIONAL H. P. MOTORS

DECEMBER,
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[Continued from page 14]

and users of resistors as to just what
the performance of general - purposc
fixed composition, or ‘“carbon,” resis-
tors should be. This agreement is sel
forth in a specification which has just
been approved as a war standard
(C75.7-1943) by the American Stand-
ards Association.

This specification covers fixed com-
position resistors suitable for use in all
non - specialized applications in com-
munications and electronic equipment.
Performance requirements, test meth-
ods, standard dimensions and resistance
values, and ratings for these resistors
for the quality required by the Armed
Forces arc contained in this standard.

Designers of radio equipment are
expected to utilize this standard as ex-
tensively as possible in order that
maximum production may be had with
a minimum waste of time and material,
and in order to facilitate servicing of
equipment in the field.

NEW COIL IMPREGNANT

* Mineral oil was pressed into serv-
ice by the RCA Chemical Engineering
Section when it was found that the
wax ordinarily used to impregnate
radio coils would flow when too hot
and crack or crystalize when too cold,
all within the extremes of temperature
at which these coils were required to
function. Either failure would expose
the winding to moisture, adversely af-
fecting the electrical qualities of the
coil.

The problem was solved by the de-
velopment of a new impregnating
agent, made from mineral oil and cu-
mar resin, which will withstand both
extremes of temperature without loss
of its protective characteristics.

NEW SOLDER FLUX

* Fluxing agents, such as rosin and
zine chloride, have been found unsatis-
factory in many applications. While
zinc chloride is a powerful flux, it
tends to cause corrosion unless the
soldered parts are thoroughly washed
to remove the excess flux after solder-
ing. Although rosin is free from this
fault, it is not sufficiently active when
used with such metals as steel.

Chemical engineers of the RCA
Manufacturing Company have found
that lavulinic acid, derived from com-
mon starch, is a much more active flux
than common rosin. When blended
with rosin, this flux can be used in

[Continued on page 58]
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Give Us Tubes That

Last Longer"..Is The Cry

- AND RCGA ENGINEERS ARE DOING IT!
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from R. F. SHORT WAVE THERAPY

REI-AYS BY GUARDIAN

From rebuilding human bodies—to riveting aircraft structures . . . from case harden-
ing of metals to plywood glueing . . . wherever a tube is used, there you will usually
find a relay. Oscillator tubes such as are used to genercte radio frequancies in dia-
thermy machines and detonators for explosive rivets usuclly require a *“*warm up” of
20 to 30 seconds to allow the tube filaments to heat. The Guardian Time Delay Relay

T-100 is frequently used in applications of this type.

The time delay is adjustable for eny period between 10 and 40 seconds and is accom-
plished by means of a resistance wound bi-metal in series with a resistor, not shown.
The contact capacity of the T-100 is 1500 watts on 110 volt, 60 cycle, non-inductive AC.
The power consumption of coil and time delay during closing of thermostatic blade is
approximately 10 VA; after zlosing, 5.5 VA. Other types of relays commonly used in
conjunction with oscillator tubes are the B-100 Break-In Relay for power supply control,
and the X-100 Adjustable Overload Relay for power supply and tube protection. These
and other R.F. relays are described in Bulletin R-5. Send for it. No obligation.

GUARDIAN
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A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR

VAT
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T-100 Time Delay Relay
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BASIC RADIO PRINCIPLES, by Maurice
Grayle Suffern, Captain, Signal Corps, U.
S. Army. Published by McGraw-Hill Book
Co., Inc., New York, N. Y. 271 pages.
Price $3.00.

Captain Suffern has written this book
to help those interested in obtaining a
basic knowledge of radio fundamentals,
and to aid in the training of radio
servicemen and technicians. It is quite
elementary in approach, and therefore
will be of especial value to those who
are entirely famiilar with radio parts
and their applications.

Considerable space is devoted to
radio components and, by showing side
by side a pictorial view of each com-
ponent discussed and its schematic sym-
bol, the rcader should more quickly
learn to read schematic diagrams such
as he will encounter in practical service
work.

The book is substantially free from
mathematics and, consequently, will be
welcomed by those who wish to acquite
an elementary knowledge -of radio and
electricity, yet lack any preliminary
technical training. J.H.P.

*
TRAFFIC HANDBOOK FOR RADIO. OP-
ERATORS, by |.
Compass Book Co., P.O. Box 542, Ottawa,
Canada. 163 pages. Price $3.00.

This textbook is intended for the use
of students preparing for examination
for Certificates of Proficiency in Radio
in the Traific Section of Canadian ex-
aminations.

Mr. Kitchin is a Canadian Radio In-
spector and is accordingly well quali-
fied to handle this subject. In addition,
he has the ability to write clearly and
concisely, so the book contains far more
information than might be assumed
from the number of pages. Further-
more, the writer confines himself strict-
ly to his subject, all non-essential mat-
ter heing eliminated.

We understand that this is the first
book on the subject which has been
presented. As such, it fills a definite
need, and the author has done 1 1is job
so well that it is difficult to see how it
could be improved. J.FI.P.

*- A

PATENT. LAW, by Chester H. BJesterfeld
Published by Ith Wlley .and Sons,. Inci,
New: York, . 225 Jpages Pnce §2 r]g,‘

This is a pdrt1cularlv tmﬁelv hook on
a.subject with which most research en-
gineers and chemists are often con-
fronted. So many new ideas and proc-

[Rabio] *

E. Kitchin. Published by.
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DOK REVIEWS

esses are now being dcveloped in re-
search laboratories that it behooves all
who are working along such lines to
acquire a degree of familiarity with the
basic principles of the patent law in
order that their work may he protected.

While the larger corporations have
patent departments which can deter-
mine whether or not an idea is patent-
able, much of their time is wasted in
considering developments which are
obviously 1ot patentable, and which
would not have been submitted to them
had the engineer some knowlecge of the
law. Other concerns, without patent
departments, often waste considerable
ume and money procuring patents
which are subsequently held invalid by
the courts. The author states that 80
to 90 percent of the patents coming
before the courts in recent years have
been ruled invalid.

It is interesting to learn that patent
law is not static; in keeping with the
increase in technical skill
throughout the engincering fields, the
courts are becoming more critical as to
what constitutes invention. For this
reason the author has omitted consid-
eration of older cases where he feels
they will not assist the reader in ascer-
taining present legal trends.

Among other topics, the author dis-
cusses invention and discovery, priority
of invention, the patent application and
prosecution thereof, interferences, in-
fringement, licenses, ownership and
shoprights, trade secrets and searches.

We fecel that the information con-
tained in this volume should be valuable
to anyone doing original resecarch or
design work in the radio/electronic
field. J.JT.P.

*
SHORT WAVE WIRELESS COMMUNICA-
TION, Fourth Edition, by A. W. Ladner
and C. R. Stoner. Published by John Witey
and Sons, Inc., New York, N. Y. 573
pages. Price $6.00,.

In the latest edition of their well-
known book, the authors have added a
great deal of new material; including
some 180 new diagrams. More atten-
tion has been devoted to ultra-short and
microwaves, ‘although, as the authors
pomt Out war-txme restrictions in Eng-
land, s 1f1 this country, do not permit

them to discuss many new and interest--

ing developments. Despne this, there
are.22 pages devoted to microwave os-
cillators of the magnetron and Klystron
‘types. While there is only one page on

1943

dielectric wave guides, which is appar-
ently considered quite hush-hush n
England even though Lord Rayleigh
pointed out their possibilities as early
as 1897, the bibliography at the end of
the chapter lists the outstanding articles
by Barrows and Southworth on the
subject.

After a few introductory pages, there
is a short chapter on the history of the
development of short waves. These are
followed by two comiprehensive chap-
ters on the propagation of short and
ultra-short waves. Chapters on feeders,
antennas; push-pull and power amplifier
circuits are then presented, after which
oscillators, modulation circuits and re-
ception problems are discussed. The
treatment of quartz crystals is the most
complete we have seen in any textbook.

The closing chapters cover commer-.
cial transmitter and receiver apparatus,
and also high-frequency therapeutic
equipment.

There is a considerable difference.in
the emphasis placed on many topics, as
compared with their treatment in other
books on the same subject, so the read-
er will often find here a more compre-
hensive discussion of many important
subjects than in other similar sources.

JHP.

*

LABORATORY MANUAL IN RADIO, by
Francis E. Almstead, Kirke E. Davis and
Ceorge K. Stone. Published by McGraw-
Hill Book Co., New York, N. Y. 139
pages. Price $.80.

This manual provides a series of
carefully selected experiments designed
to aid students in acquiring practical
experience in radio laboratory work.
The experiments included are the re-
sult of many years of experimentation
to determine the most suitable labora-
tory exercises for beginners in radio,
and have been used with marked suc-
cess in many beginning classes of high-
school students as well as for naval re-
cruits.

The experiments described are
grouped under the broad topics found
in all textbooks rather than as separate
disconnected exercises, and are planned
so that students can work either in-
dividually-or in groups. Only the sim-
plest of equipment is required, most of
which may be obtained from discarded
radio receivers.

This book should prove particularly
valuable to instructors in vocational
training in radio and electronies.
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o
Sucll Sentlmentman have fun meanlilg

only when tolerance, decency and )usﬁ?e
again rule the world. On this Chnsrtnmsx
Day 1943 our men on the l)attle{ronp"‘

are hghhng to preserve these values. J’

Let us at our benches, machines and
desks dedicate ourselves to the same figl:t.
Let us work to hasten the day when our
men and women at the front can return
home—home to new years full of promise
and to other Christmases really bright!

The men and women of Jensen pledge

themselves to do their part.

RADIO MFG. CO.+ 6601 SO. LARAMIE . CHICAGO 38, ILLINOIS
Mdkers of Fime Acoustic Apparatus and Precision Instruments
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THE BASIS OF

CROWAVE GENERAT

V. J. YOUNG
Engineer, Sperry Cyroscope Company

How the Fundamentals of Microwave Generation

are Utilized in the Operation of Velocity-Modu-
lated Tubes, Such as the KLYSTRON

% If, in any radio transmitter, we
follow the electrical energy from the
power lines right through until it has
been radiated from the antenna, there
is some place in the path beyond which
it is no longer fruitful to discuss the
situation in terms of currents and volt-
ages. Instead, it becomes necessary to
describe the electromagnetic field. In
ordinary broadcast and shortwave in-
stallations this point does not usually
come until the antenna is reached. An-
tenna currents are measured and volt-
age curves are drawn. Much has been
written about the necessary resonance
of such transmitting antennas and
about the distribution of electromag-
netic radiation that may be expected
from various geometric arrays, but
quite a bit less has been said about the
actual mechanism of radiation.

Microwave Transmitters

With microwave transmitters, the
emphasis must usually be changed. An-
tennas are not just wires but, instead,
are parabolic reflectors. Energy is not
brought up to these radiating surfaces
on wires but rather in a wave guide or
in a coaxial line. The result is that the
point in the energy path where it be-
comes more advantageous to consider
electromagnetic waves is pushed right
back to the microwave oscillator. To
understand the operation of microwave
transmitting tubes, such as the Sperry
*KLYSTRON, it is necessary to cultivate
a physical picture of electromagnetic

* DECEMBER,

waves and the way in which they
originate.

At power line frequencies we are
not ordinarily concerned with radiation
because, with finite currents and rea-
sonable separation of the conductors,
the radiated energy is very small. In
fact, if the special case of dipole radi-
ation in which a single charge oscil-
lates back and forth over a very small

* Reg. Trade Mark of the Sperry Gyro-
scope Company.

distance is considered, it becomes
rather easy to calculate an expression
for the total energy radiated as a func-
tion of the charge strength and the
frequency. It turns out to be

radiation = (Q* f*/6 TC®) ergs per second

where Q is the strength of the charge,
f is its frequency of oscillation, and C
is a constant equal to the velocity of
light. Because of the squared term in
f, radiation at low frequencies is very
small. At microwave frequencies it
has, until recently, been impossible to
build efficient radiators because of the
smallness of Q.

In this same dipole case we can cal-
culate the electric and magnetic fields
arising from the oscillating charge. It
is found that in the region close to the
charge, as measured in terms of wave

_'LINES OF FORCE .

Fig. 1. The electriz

field arising from

a stationary elec-
tric charge.
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length, the fields become smaller with
increasing distance at a more rapid
rate than at greater distances. It is
the strength of the field at these great-
er distances that gives rise to radiation,
while the energy in the nearhy field is
reabsorbed by the charge as the direc-
tion of its acceleration reverses. This
reabsorption of energy gives rise to
the phenomenon of self-inductance.

Here, however, we are not so much
interested in the field of an oscillating
charge as we are in the more general
question of how a moving charge in-
teracts with an electromagnetic field.
Some simple and rather general ideas
can he easily developed concerning the
way in which a moving charge causes
fields. The action the other way, by
which fields affect the motion of a
charge, comes rather naturally into the
picture from the definitions of the
fields which are given.

Wave Trains

According to the electromagnetic
theory any accelerated charge must
radiate ‘energy in the form of an elec-
tromagnetic pulse or wave train. If a
charge initially at rest is set in motion
or if, in motign, it is brought to rest,
a single electromagnetic pulse is sent
out. If the acceleration' is such that
the charge vibratés back and forth, or*
if ‘continual acceleration is maintained
as hy the motion of the charge in a

Fig. 3. Magnetic
field of a moving
charge
that, in connection
with the electric
field, a Poynting’s
vector is generated
which has no com-
ponent outward
from the wire.

showing

1s necessary to explain atomic radia
tion. \With phenomena which are
large compared to atomic dimensions,
this more complete theory reduces in
such a way as to verify the simpler
proposition.?

Before we can go further we must
next be sure of our ideas concerning
the electric and magnetic fields them-
selves and how they exist around a
charge under various conditions of mo-
tion. The electric field is a quantity
that can be measured at any point in
space by placing a known test charge
at the point in question and noting the
force exerted on it due to the attrac-
tion or -repulsion of other charges in
the neighborhood.? These neighbor-
hood charges which determine the
properties of the place where we put
our test charge may he of two kinds.
One kind is called free charge and as

LINES OF FORCE
» B

Fig. 2. Plots for the electromagnetic field about a charge

for three translational velocities.

The velocity of light

designated by C is equal to 3 x 10" ¢m per second.

circular path, a train of waves is given
out. When the charge moves back and
forth along an antenna with accelera-
tion and velocity such that it makes f
complete trips per second, then a radio
wave of frequency f is transmitted.
This is true at all radio frequencies
but is not strictly true at even shorter
wave lengths, such as are encountered
in light and X-rays. Even there the
creation of the radiant energy is tied
in with a picture of electrons in the
atom which rotate in orbits and are
thus accelerated. An added condition
expressed by a more comprehensive
theory, known as quantum mechanics,

22

the name indicates, this kind 1s com-
pletely detached from charge of the
opposite sign. The other sort is bound
charge, which is always closely associ-
ated with equal and opposite charge.
The portion of the force on the test
charge due only to the free charge is
a measure of the E field at the point.
The whole force depending upon the
arrangement of both the hound and un-

'“Introduction to Modern Physics” by
. K. Richtmyer, McGraw-Hill .Book
Company.

*The test charge must be so small as
to cause only a negligible shift ol the
charge generating the field.
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ENERGY FLOW

VELOCITY

OF CHARGE

MAGNETIC LINES OF FORCE

bound charge in the neighborhood
measures the D field. In general, it is
necessary to distinguish between these
two electric fields. However, since we
will restrict ourselves to free space
where bound charge does not exist, the
two will be equal and identical.

Field of a Stationary Charge

[n Fig. 1, the electric field is shown
for several points in the neighborhood
of a single stationary charge isolated
in space. Actually, we are interested
in knowing the value at all points in
space. Since it is not practical to draw
the vectors at even a large number of
places, we ordinarily use a convenient
method of mapping space with curves
which are called lines of force. With
such a map we can visualize the field
at any point, even though the vector
representing it is not drawn. The elec-
tric lines of force are so placed that
tangents to them always show the di-
rection of the field and the density of
the lines indicates the magnitude of
the vector. Hence, at P, in Fig. 1, the
field is 4 units strong, since there are
2 lines per unit area density of force
lines at that point. At P,, the field has
a strength of 2, since the density is
only 1 line per unit area. At P, the
field strength is 3/2, etc. A stationary
charge has no magnetic fields at all
associated with it.

When a charge moves in a straight
line with a uniform velocity the elec-
tric field is usually very little different
from that when it is stationary. It does
take a finite amount of time for the
test charge to feel the effect of attrac-
tion from the moving charge, so that
at high velocity (greater than 0.5 times
the velocity of light) the field is some-
what modified. In Fig. 2, the electric
field in terms of force lines is shown
for velocities of 0.5, 0.9 and 0.99 times
the velocity of light. These modifica-
tions are not those which would be
naively expected from simple reason-
ing which is based on the idea that, be-
canse of the transit time of the force
line, a test charge at A feels a force
dependent on the location of the mov-
ing charge at a slightly previous time.
The reason. for this is tied up with spe-
cial relativity. According to that
theory, an obhserver riding with the
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POYNTING'S
VECTOR

RADIATION
COMPONENT

ACCELERATION

Fig. 4. In (A) the electric field aris-
ing from an accelerated charge is
shown. The resulting Poynting’s vector
is depicted in (B) and indicates that
a component of this vector points
away from the path of the charge.

charge will see a stationary electric
field and find the velocity of electro
magnetic propagation to be the same
in his frame of reference as that for a
stationary observer. The satisfaction
of these requirements calls for the
fields as shown.

Actually, in all microwave gener-
ators now known, no such extreme
velocities are encountered. Electric
field patterns like the one shown for
a stationary charge are always a very
good approximation of the actual dis-
tribution, although because of the sym-
metrical nature of the relativistic
change, it is clear that the conclusions
we will draw are valid in any event.

ELECTRON BEAM
S
L J L

Shown in Fig. 3 are magnetic lines
of force around a charge which is mov-
ing with constant velocity along a
straight line. These show the magnetic
field in the neighborhood of the mov-
ing charge in the same way as the elec-
tric lines of force show the electric
field. The magnetic field, usually called
the B or H field® is given a quantity
which has a measurable value at every
point in space and is hence really a
property of space. To measure the
magnetic field at a point such as 4
(Fig. 3), we may think of placing a
very small test magnet at that point
and orienting it until a maximum
torque is required to hold it. The
strength of the field can then be meas-
ured by that torque and the field di-
rection obtained by releasing the test
magnet and observing the direction in

°B and H bear somewhat the same. re-
lation to each other as do E and D. H
represents the magnetic field arising from
currents while B, called magnetic induc-
tion, is the field responsible for inducing
voltage by its rate of change. B is de-
pendent upon the magnetic properties of
the medium as well as currents flowing in
the neighborhood. In free space B is
equal toc H, so the distinction need not
concern us here.

DRIFT.SPACE
N

RIS
SONANT.
CAVITY e

INSULATION

which the north pole points.

In the case shown in Fig. 3, the di-
rection of the magnetic field can be
determined by the right-hand rule
usually used to show the magnetic flux
around a current carrying wire. Here,
the magnetic and electric fields move
along with the charge. Poynting’s vec-
tor showing the direction of energy
propagation can be seen at any such
point as A to indicate that the energy
flow is in the space around the charge
and moving in the same direction as
the charge.* The direction of the en-
ergy flow is that of a right-hand screw
when the E vector is rotated toward
the H vector. It is specifically noticed
in Fig. 3 that there is no outward com-
ponent of this flow. This confirms that
a charge moving in a straight line with
constant velocity does not radiate.

Effect of Acceleration

As we have seen, the electric field
of a charge is ordinarily not much
modified by constant velocities. When
accelerations are present, however, the
situation is changed. Referring to Fig.
4A, let us suppose that a charge O is
first observed at 4 and that it moves
through the very short distance §x

- COAXIAL LINE
FEEDBACK LOOP

CATCHER

CATCHER
GRIDS

-COAXIAL LINE OUTPUT

Fig. 6. Schematic diagram of a typical double cavity Klystron.

Fig. 5. The generation of a radio wave by the successive ac-
celeration of bunches of charge. This is an alternative to
the oscillation of a charge back and forth along an antenna.

RADIO] *
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pwith an ever-increasing velocity., Let
us further assume that after being ac-
celerated to B, the voltage causing the
acceleration is removed so that the
charge continues with constant velocity
through the small distance ex to the
point labeled D. Now, if we consider
what the field is like around the charge
at the moment D is reached, we can
see the effect of the acceleration. Rep-
resenting by 7 the time it took our
charge to travel the whole distance
AD, then distant points such as P,
which are farther from the charge than

[Continued on page 54]

*Poynting’s Vector in Wave Guide and
Radiation Phenomena, Rapio, August, 1943.
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The transmitter building, about 12 kilometers from the center of Rio de Janeiro.
The right-hand side of the building is occupied by the shortwave transmit-
ter, and a 25-kilowatt broadcast transmitter is located in the left-hand side.

“RADIC

* Technical and functional details of
the RCA Type 50-HF international
short-wave radio transmitter, built and
installed by RCA for “Radio Nacional”
of Rio de Janeiro, have just been re-
leased as the station concludes its first
year of short-wave operation.

Dedicated “to the service of civiliza-
tion, to the purpose of good neighbor
relations, to the sacred cause of free-
dom,” Radio Nacional’s achievement
since the new 50-kilowatt transmitter
went on the air last New Year’s Eve
is attested in letters from persons who
have received its programs in places
as remote as Sweden, the Cape Verde
Islands, Attu in the Aleutians, and
other points around the world.

Eight Antennas Used

Two of the station’s eight antennas
located a few kilometers outside of
Rio, are beamed to the United States;

24

NAGIONAL™

First Details of RCA 50-HF Transmitter
by Which Brazil Speaks to the World

two more are beamed to Europe, onc
to Asia, and the remaining three are
non-directional. Short-wave broadcasts
are transmitted under the following
identification calls: PRL-7, frequency
of 9,520 kilocycles; PRL-8, frequency
of 11,720 kilocycles; PRL-9, frequency
of 17,830 kilocycles. Programs are in
Spanish, Portuguese, and English.
The station’s streamlined studios,
housed on the 21st and 22nd floors
of the building of the leading Bra-
zilian daily newspaper, “A Noite,”
were completely equipped by RCA.
There are three control booths for the
seven studios. Equipment includes
speech input equipment, racks, turn-
table, and recording equipment. In the

DECEMBER,

main studio are fifteen Type 44-BX
RCA velocity microphones, along with
six of other types, with deluxe boom
and program stands.

Of the same type as RCA 50-kilowatt
transmitters in use at Leopoldville, in
the Belgian Congo; at Brazzaville, in
French Equatorial Africa, and else-
where, Radio Nacional’s transmitter
was installed by the International De-
partment of the RCA Victor Division
through its subsidiary company, RCA
Victor Radio, S. A., of Rio de Janeiro.
John F. Dawson, RCA engineer, was
installation supervisor.

Signs of the heightening importance
of high-power international broadcast-
ing led RCA to begin development of
1943 * [rabDIO



the 50-HF type of transmitter about a
year before the attack on Pearl Har-
bor., Transmitters of this type are
now being manufactured in quantity
by RCA for the use of the United
Nations in all parts of the world.

Station Equipment

While the rectifier, audio, and con-
trol circuits of the 50-HF are similar
to those devcloped for the RCA 50-E
Broadcast Transmitter, the r-f circuits
naturally vary to meet special problems
and requirements of international
broadcasting. Two complete radio-
frequency channels are incorporated in
the transmitter, for example, to fa-
cilitate quick setting up or changing
of frequencies to any point in the
range from 6 to 22 megacycles. Each
r-f channel is contained in a separate
compartment with separate interlock-
ing systems, so that one may be en-
tered for work while the other is in
use.

A single power supply and a single
modulator unit are situated between
the two channels, so that they may
be switched to either channel in no
more than five seconds. The center
door of the transmitter leads to the
control compartment, doors on either
side of this open into the two r-f com-
partments, and the farthest doors on
each side lead to the fronts of the ex-
citer units.

All control relays, contactors, and
distribution switches are centralized
on panels in the control compartment,
the door to which is not interlocked,

o

e

This view inside the building shows the front of the RCA 50-kilowatt interna-
tional shortwave transmitter, with the console table, monitoring and measuring
equipment, limiting amplifier, hum buck amplifier, and speech input equip-
ment for emergency operations, Center door of transmitter enclosure leads te
control compartment, inner doors on either side give access to the two radio-
frequency channels, and the outer doors lead to the fronts of the exciter units.

so that it may be entered during opera-
tion for the purpose of checking on
the operation of the control circuits.
The d-c power from the 1.5-kv,
5-kv.,, and 10-kv. rectifiers may be
switched to either of the radio-fre-
quency units. An important feature of
the rectifier circuit is the inclusion
of a spare tube, the filament of which
is kept heated during operation, with
switching arrangements which make it
possible to cut the spare into the cir-
cuit for immediate use in place of any

Photograph shows tank and line coupling circuits of one of the r-f channels,
with two RCA-880 tubes operating as power amplifiers. The modulator unit
also uses two RCA 880's and modulates either one of the r-f channels. Tuning

of these circuits s

[RADIO] *

accomplished electrically by
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remote-control motors.
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All power switches and control and
overload relays of the transmitter are
centrally located in this compartment.
Situated behind the middle door of
the transmitter enclosure, the control
compartment can be entered during

equipment for
circuits.

operation of the
check-ups on the control

one of the six regular tubes if one
should fail. A bias rectifier on the
modulator is the only additional d-c
power supply required for operation

of the complete transmitter.
High-level Class B modulation of
the 50-kilowatt carrier is provided. A
cathode-follower driver, along with
highly stabilized feedback circuits, pro-
vides low-distortion operation. The
[Continued on page 44)
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MATHEWS

A C.

An Analysis of the Causes of Oscillator
Frequency Instability and Corrective
Measures Which Have Proved Effective

* The problem of oscillator frequency
stability becomes more and more im-
portant as new services are added in
the radio spectrum. Receivers must
be capable of separating these sta-
tions with a high degree of accuracy
and maintaining the received signal
properly tuned for relatively long
periods of time. This requires a high
order of oscillator frequency stability.

The principal factors contributing
to oscillator frequency drift can be
divided into four parts. These are:
1. Temperature; 2. Humidity; 3. Op-
erating parameters; 4. Shock and vi-
bration.

1. TEMPERATURE

The effects of temperature variations
are probably of greatest importance,
since they are present under all op-
erating conditions. Some services re-
quire working under ambient temper-
atures which may vary as much as
100°C. over a relatively short period
of time.

Such variations in temperature can
be compensated over a small frequency
range by the use of a negative tem-
perature coefficient capacitor. How-
ever, this would not be the proper
approach since undoubtedly the drift
would be due to several factors, and
the amount of compensation necessary
to accomplish the desired result would
be excessive. Furthermore, as pointed
out previously, compensation would
only be correct over a narrow band
of frequencies. Under these circum-
stances the problem must be ap-
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proached more systematically. The
drift due to each component must be
segregated and studied separately.

As a starting point, the circuit lay-
out should be studied. Components
should be placed so that all leads are
short and direct. Proper ventilation
should be provided to prevent the heat
radiated by the tubes from exccssive-
ly raising the temperature of nearby
components; thus the temperature vs.
time curve will be more uniform and
frequency compensation will be more
effective.

The temperature of the tube usu-
ally stabilizes within the first 15 min-
utes of operation, while the other com-
ponents may require an hour or more,
depending upon their mass. A typical

OSCILLATOR FREQUENCY DRIFT
15 MC — AMBIENT TEMP. = 74°F.
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Fig. 1. Showing the effect of
compensation and over-compensa-
tion of oscillator frequency drift.
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curve is shown in Fig. 1. Note the
steepness of the curve during the first
few minutes of operation. The first
attempt at compensation would prob-
ably look like curve B. Here we have
the same sudden rise at the start, but
after about 15 minutes the drift no
longer increases, the frequency then
gradually returns to normal and re-
mains substantially at this point dur-
ing continued operation.

It is fairly safe to assume that the
drift encountered during the first few
minutes of operation is due to the tube.
This can be evaluated fairly accurate-
ly by operating the equipment until
the frequency has stabilized and then
quickly replacing the hot tube with a
cold tube and noting the change in fre-
quency as soon as operation starts. Of
course, the cold tube base will have a
slight cooling effect on the tube socket,
but if the mass of the socket is large
the results will be quite accurate. Once
the initial tube drift has been de-
termined a separate compensating
capacitor can be employed which will
offset this drift. The rapid heating
of the compensator may be accom-
plished by using a separate heater ele-
ment or by locating the compensator
in a position so it will receive more
heat directly from the oscillator tube.

With the tube drift accounted for
and corrected, it is then possible to
study the drift due to the other com-
ponents.

Inductors

Probably the component responsible
for the largest amount of drift is the
inductor. Here it is necessary to con-
sider such variables as the distributed
capacitance, coefficient of expansion of
the coil form and wire and the figure
of merit, or Q, of the coil. In general
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the coil form should be of low-loss
material.

I'ig. 2 shows the relative drift of
inductors wound on forms of different
materials. The difference between the
two curves will vary depending upon
the percent drift of the coils as.com-
pared to the remainder of the circuit.
It is shown that an inductor wound
on a phenolic coil form will have more
drift than a similar coil using a ceramic
form. This is due to the change in
distributed capacitance and the greater

FREQUENCY DRIFT VS,
COIL FORM MATERIAL

15 MC — AMBIENT TEMP. = 74°F,
1 T T T T 1
| j PHENOLIC FOR]AL| i
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Fig. 2. Low-loss coil forms reduce
frequency drift, as shown above.

coefficient of expansion of phenolic
materials over ceramics. An inductor
wound on a high loss factor material
will obviously have a relatively high
distributed capacitance. This will vary
somewhat with temperature, thereby
affecting the stability of the circuit in
which it is used.

Effects due to the expansion of the
coil form are rather complex in na-
ture because the thermal coefficients
of expansion of the diameter and of
the length of the coil form are not
usually equal. Variations due to the
expansion of the wire must also be
considered. It is very difficult indeed
to design a coil wherein the expan-
sions of wire and coil form balance
hoth radially and lengthwise to give
a zero change of inductance with tem-
perature. Theoretically this may be
possible; practically, however, it is in-
advisable, due to production variations
in the materials,

A more satisfactory way of increas-
ing the frequency stability of an in-
ductor is first, to decrease the dielec-
tric losses and second, to reduce any
physical changes due to temperature
effects. Assuming the coil dimensions
have been chosen such as to minimize
the distributed capacitance, the next
step is to use a low loss factor coil
form. Maximum operating tempera-
ture and the coefficient of expansion
of the material should influence this
choice. The only other important fac-
tor we have not corrected is the varia-
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tion due to the expansion of the ac-
tual wire used to wind the coil.

Consulting a table of the properties
of metals we find that Invar or Nilvar
has a coefficient of expansion of less
than one part per million per degrce
centigrade as compared to 16 parts
per degree centigrade for copper. Com-
paring the specific resistance, however,
we find Invar and Nilvar to be quite
high as compared to copper or silver.
Due to skin effect at radio frequencies
the current travels only in a small por-
tion on the outside of the wire. The
depth of penetration is a function of
the frequency. This phenomenon
can be taken advantage of in the de-
sign of temperature-stabilized induc-
tors by plating a metal having a low
specific resistance (such as copper or
silver} on wire which is thermally
stable. The plating thickness should
be approximately 50 percent greater
than the calculated skin depth for the
lowest frequency desired. An inductor
wound with this composite wire on a
ceramic form will show a change of
less than one part per million per de-
gree centigrade.

Another design, which has been suc-
cessfully used to stabilize inductors
thermally, depends on a bimetal ele-
ment to change the position of a short-
ed turn or copper vane. Still another
method is to locate a powdered iron
core on the end of a brass rod and
insert the core into the coil in such a
position that the expansion of the
hrass rod compensates for the change
in inductance due to temperature
variations.

Oscillator circuits which require a
tickler coil may be improved by spac-
ing the tickler coil from the secondary
bv means of polystyrene tapc—or bet-
ter still, by designing the tickler so
that it is located inside the secondary,
with as little dielectric material be-
tween windings as possible.

Capacitors

frequency instability
tuning capacitors is

The percent
contributed by

ordinarily negligible provided a good
mechanical and electrical design has
been followed. Points worthy of men-
tion are: heavy end supports to pre-
vent any twisting action when the
plates are rotated; spacing between
plates should be large; adequate rotor
and stator supports; ceramic insula-
tion; expansion of dissimilar metals
which might affect the capacitance;
ball-type bearings and the location of
insulation out of strong electrostatic
fields as far as possible. The effect of
temperature vs. capacitance change
measured on a well-designed tuning
capacitor is shown in Fig. 3. A
typical low-priced broadcast-type
capacitor is shown for comparison.

Negative compensating capacitors
are of two types; titanium dioxide and
bimetal. Because these capacitors
are characterized by a negative ther-
mal cocflicient they have becn used
successfully to compensate for changes
In circuit constants due to tempera-
ture variations. The titanium dioxide
type have been by far the most popu-
lar because of their small physical size.
Their compensation characteristic for
some mixtures is not entirely linear
over a wide temperature range (—40
to +70°C.). For variations of 40°C.
within these limits they have proven
entirely satisfactory in most cases.

Bimetal compensating capacitors are
inherently large physically and the
amount of compensation per degree of
temperature variation is a function of
the capacitance. This seriously lim-
its their application.

Insulation and Insulating Supports

Wiring pancls, standoff insulators
and insulation on hookup wire have
a very definite effect on the frequency
stability of a tuned circuit. In general
it is a function of the capacitance
due to the material employed. Any de-
sign which minimizes the circuit ca-
pacitance should be favored, since ca-
pacitances due to insulation are quite
likely to be a factor contributing to
frequency instability. All high-poten-
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The relative drift with different types of

insulating materials for a given value of capacitance.

tial (r-f) leads should be short and
as direct as practicable. Insulation
should only be employed where it is
impossible to support the wiring on
ceramic standoff insulators. In cases
where the lead must pass through a
metal partition or chassis, the hole
through which it passes should be of
sufficient size to preclude the possi-
bility of a short. Where space limi-
tations do not permit large openings,
ceramic feed-through bushings should
be employed.

Phenolic insulation should be avoid-
ed, particularly in wave-band switches,
terminal panels and coil forms, since
this material “ages” over long periods
of time when subjected to high tem-
peratures. The results of tests on
sample insulating materials showing
the relative drift for a given value
of capacitance are shown graphically
in Fig. 4.

2, HUMIDITY

Humidity effects can be considered
greater than those due to variations
in temperature if good insulation is
not employed. Components should be
non-porous and possess a surface that
does not easily wet. Even the slightest
film of moisture has very good conduc-
tivity which obviously depreciates the
value of the dielectric.

Unfortunately, some precautions
taken to overcome humidity effects can
seriously impair the operation, sta-
bility-wise, from a temperature stand-
point. The wax impregnation of com-
ponent parts to overcome high hu-
midity conditions is not always the an-
swer to the stability problem. In order
to protect a component part from moist-
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ure by wax impregnation, it is neces-
sary to apply a heavy coating (without
pin holes) after the part has been thor-
oughly vacuum impregnated. A thin
coat of wax is of little value, except
on ceramic insulators, where it is used
to help prevent formation of a film
of moisture, because all commonly used
waxes absorb water to a certain extent
under conditions of high humidity.
Once the moisture has penetrated the
wax, it remains trapped for long
periods of time, even under conditions
of low relative humidity. Another
objection to wax is that it adds addi-
tional dielectric losses to the circuit.
If these losses were constant with tem-
perature and time, they probably would
not be too objectionable. However,
the dielectric constant of wax is not
constant with temperature. Vola-
tilization of some of the constituents
of waxes also usually occur when sub-
jected to high temperatures over long
periods of time.

Good humidity protection with a
minimum of temperature instability
can be obtained by treating the part
with a polystyrene base varnish. This
involves much more care and time
than wax impregnation, but it has the
advantage of adding less dielectric
loss, absorbing practically no moisture
and greater life.

Drift due to humidity can also be
decreased by the use of desiccators
such as silica gel. A small unit (about
the size of a wet-type electrolytic
capacitor) is available on the market
for this purpose. They are provided
with an internal heater so that it is
only necessary to remove the unit when
it needs refreshing and plug it into an
ordinary power line receptacle. The
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internal heater will drive off the ab-
sorbed moisture and the unit is again
ready for use. However, unless the
equipment is nearly air-tight it will be
necessary to refresh the desiccant quite
often.

3. OPERATING PARAMETERS

The stability of an oscillator, neglect-
ing changes in the constants of the
frequency-determining circuit, is main-
ly dependent upon changes in the ef-
fective input and output impedances
of the oscillator tube, the effective
Q of the tank circuit, the harmonic
content of the generated wave and
the oscillator load. Variations in tube
impedances are inversely proportion-
al to the effective Q of the tank cir-
cuit. Therefore a low L/C ratio is
desirable. This can be accomplished
in two ways. The tank capacitance
can be made large in comparison with
the tube capacitance so that any
change due to the tube is effectively
swamped out, or the tube load on the
circuit can be reduced by tapping down
on the coil. Another method by which
the frequency can be made substantially
independent of operating parameters
is by inserting suitable reactances in
the grid and plate circuits and using a
high resistance grid leak.?

Harmonics generated by the oscil-
lator cross-modulate with each other
and with the fundamentals to produce
fundamental currents which are not in
phase with the fundamental current
due to normal operation. The resultant
current affects the frequency of op-
eration. Obviously, then, harmonics
should be suppressed. Here again a
high effective tank Q is desired since
the impedance to harmonics will be at
a minimum.

Since power-line voltages are not
constant, and since a variation in the
input voltage to the oscillator power
supply will result in variations of the
plate and heater potentials impressed
on the oscillator, it is obvious that steps
should be taken to overcome this dif-
ficulty. The power for the unit may
be supplied either by a voltage-regu-
lating transformer or a gaseous regula-
tor tube may be employed to maintain
constant plate voltage. A change in
heater potential about the design cen-

ter is not likely to cause serious
trouble if the tube is not emission
limited.

4. SHOCK AND VIBRATION

Shock and vibration can serious af-
fect the frequency stability of an os-
cillator if the individual components

*Constant Frequency Oscillators —
Llewellyn—Proc. I.R.E., Dec. 1931.
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and the complete unit are of poor
mechanical  design. This  usually
shows up as frequency modulation
of the oscillator output signal. Special
care should be taken in choosing com-
ponents for the frequency-determining
circuits. They should be mounted
sturdily and as close together as prac-
ticable to provide short leads. Con-
nections with right-angle bends are
particularly susceptible to vibration
and should be avoided if at all possi-
ble. The tuning capacitor should have
a wide air-gap spacing with light plates
and good bearings.

The effects of vibration can be mini-
mized by the use of rubber cushion-
ings in the form of shock mounts. For
best vibration isolation, shock mounts
should be’ placed in the planc of the
center of jgravity. Should this not be
practical a compromise in the choice
of the mount may have to be made to
obtain the desired stability.

The load rating of a shock mount
determines the load which it will carry
for a predetermined deflection. Know
ing the weight of the unit the proper
size mounts are usually chosen to give
a normal deflection under load of ap-
proximately 1/16 inch. To determine
the percent of vibration transmitted
through the shock mounts at any par-
ticular disturbing frequency it is neces-
sary first to determine the natural fre-
quency of the mounted assembly. This
can quickly be found by the use of a
vibration test table. Once this is known
the percent of transmissibility may be
calculated by the following formula.

{
(F/fa)*

where F = disturbing frequency and
f. = natural frequency of the mounted
unit.

Often the problem is not only to
protect against simple vibration but
also to protect against sudden shock.
In such cases a compromise must be
effected in choosing the proper mount-
ing. Several types of shock mounts
arc available on the market so that
no difficulty should be experienced in
obtaining the proper type for a partic-
ular application.

% vibration transmission —

Compensation

After all possible precautions
have been taken to increase the fre-
quency stability of an oscillator then,
and only then, should the designer re-
sort to methods of compensation. For-
tunatcly, most component parts have
a positive temperature coefficient so
that a titanium dioxide capacitor can
be used to correct the variations.
Titanium dioxide capacitors are avail-
able with temperature coefficients rang-
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Fig. 5. Block diagram of a test setup for checking oscillator frequency drift.

ing from 0 to ——6.5 X 107 per degree
Centigrade.

As mentioned previously, this type
of capacitor does not have a linear
characteristic curve over large ranges
of temperature. Compensating capac-
itors should therefore be limited to a
range of approximately 40°C. This
can be readily accomplished by the
use of a thermostat and a small ven-
tilating blower. One disadvantage of
such a system, however, is that the
thermostat must be set at some point
above the normal ambient temperature.
Thus the equipment must first reach the
thermostat tempecrature before any
compensation is obtained. Care must
also be taken properly to mount the
blower to prevent an undue amount of
vibration reaching the frequency-de-
termination components of the oscil
lator.

Measurement of Stability

During the development of a stable
oscillator, checks should be made on
the components as they are designed.
This can be accomplished readily by
connecting the part to be tested in an
oscillator circuit and then placing the
component in a small oven, keeping the
leads as short as possible. For best
results the oscillator should be battery-
operated to eliminate changes due to
variation in line voltage. The oscil-
lator should be adjusted to the fre-
quency of a local broadcast station and
a receiver used to pick up the hetero-
dyne note. Once the test oscillator has
been adjusted to zero beat with the
station (this can be determined from
the flutter of the received signal) the
temperature of the heat box is in-
creased and the change in the hetero-
dyne beat note observed by compari-
son with a variable audio oscillator.
The sign of the frequency drift may be
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determined at the end of the frequency
check by tuning the test oscillator and
noting which way it must be adjusted
to obtain zero beat.

Broadcast stations are generally
good sources of standard frequencies
since they are required to maintain
frequency to within 50 cycles of the
assigned value. The higher power sta-
tions are usually within 10 cycles of
their assigned frequency.

Assuming the individual parts have
been checked and found satisfactory
the next step is to mount them in the
final chassis and case.  When the
frequency of the oscillator is within
the broadcast band it is only necessary
to repeat the above procedure against
time. Should the oscillator frequency
be below the broadcast band, har-
monics of the oscillator under test may
be used. However, if the oscillator
frequency is above the broadcast band
it will be necessary to employ a some-
what different technique.

A method frequently used is shown
schematically in Fig. 5. An auxiliary
oscillator whose frequency has been
determined by heterodyning against a
broadcast station or other reliable
source is coupled to a receiver so that
a beat note is obtained between it
and the oscillator under test. It is
simply a matter of tuning the oscil-
lator under test to zero beat with
the “secondary” standard and measur-
ing the change in beat note against
time by comparison with a calibrated
audio oscillator. Frequent checks
should be made of the ‘“secondary”
standard to insure that it has not drift-
ed in frequency.

Much more elaborate methods have
been described from time to time in
various engincering publications, but
with care the method described above
is capable of very good results.
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LASS G AMPLIFIERS

CORTLANDT VAN RENSSELAER

The Principles of Class C Operation

and their Application to the Design

of Practical Amplifiers of this Type

FOREWORD

* The purpose of this paper is to present that
pertinent information which relates to the
operation and design of Class C amplifiers.
There is a general discussion of the voltage
and current relations, which leads to a treat-
ment of the exact method for determining the
operating characteristics of any Class C ampli
fier. An attempt has been made to treat the
subject fundamentals as completely as possible
without including material related only in
directly to the subject, A bibliography of refer-
ences to Class C amplifier analysis is included

PART |

* Vacuum-tube amplifiers are graph-
ically analyzed with a set of curves
known as static characteristics which
relate grid voltage, plate voltage, and
plate current. These may be plotted
with any pair of the three parameters
as axes. In the most familiar case, the
curves are drawn for given values of
grid voltage on axes of plate voltage
and plate current. Such a set of static
characteristics for a typical triode tube
is shown in Fig. 1.

Class A Operation

To consider the operation of this
tube, a d.c. plate voliage, E,, and a grid
bias voltage, E,, are chosen such that
the' quiescent point; or point of static
operation, is at 4 on the figure. Now
if a sinusoidal grid voltage, ¢, is ap-
plied as shown, the instantaneous plate
voltage, e,, and the instantaneous plate
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current, i, will follow the excursions
of instantaneous grid voltage pro-
vided that the grid voltage does not in-
crease beyond the static curve of zero
grid voltage and does not exceed the
value for cutoff of plate current. Un-
der these conditions, the instantaneous
values of grid voltage, plate voltage,
and plate current are proportional and
may be related by a straight line,
A" AA", on the static characteristics.
This line is known as the load line.
This condition, defined as Class A

=,
_\

Fig. 1, Static
characteristics and
instantaneous
voltages and cur-
rents for Class A
operated 2A3.
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operation of a vacuum tube, is charac-
terized by minimum distortion of the
driving voltage as it is reproduced in
the plate circuit, and by a low conver-
sion efficiency of d.c. to a.c. power. A
higher conversion efficiency may be ob-
tained at the expense of distortion by
extending the peak value of the grid
voltage considerably beyond the limits
stipulated in the last paragraph. For
illustration of this condition, which is
defined as Class C operation, Fig. 1 has
heen reproduced in Fig. 2 with a larger
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Fig. 2. Static characteristics and instantancous
voltages and currents for Class C operated 2A3.

value of instantaneous grid voltage.
One should note that a distortion of
the instantaneous plate voltage and
plate current results.

Class C Operation

Between points & and v of the dri
g cycle in Fig. the grid voltage
is sufficiently negative to completely
cut off the plate current. As a conse-
quence, the plate current flows in cyclic
pulses. From point w to point z of
the driving cycle, the grid is at a more
jositive potential than the cathode.
Therefore, some of the current which
would normally be drawn from the
cathode by the plate is diverted to the
grid, resulting in a non-linearity of
plate current with respect to driving
voltage. A pulse of current will flow
between the cathode and grid during
this portion of each cycle.

In Class A operation of an amplifier,
where grid voltage excursions are
maintained within fixed limits, the d.c.
power input to the amplifier maintains
an average value equal to the d.c.
plate voltage times the d.c. plate cur-
rent at the quiescent point. However
when the driving voltage is increased
for Class C operation, and the plate
current is caused to flow in pulses, the
average value of the plate current, and
consequently of the power input, de-
creases, while the quantity of useful
power converted by the amplifier in-
creases. As a result,  the efficiency. of
the amplifier is materially increased.

IRADIO
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Fig. 3. Impedance of a parallel resonant
circuit as a function of frequency.

A general criterion for vacuum-tube
operation is that the output signal shall
faithfully reproduce the input signal.
It is obvious that the instantaneous
plate voltage produced by driving the
grid to a positive potential does not
resemble the sinusoidal input voltage.
Analysis will show that this distorted
plate voltage is the sum of a number
of harmonically related sinusoidal volt-
ages, the most prominent of which is
of the driving-voltage frequency. If a
means is provided for selecting from
this group of voltages the component
of driving voltage frequency, the input
signal will be reproduced in the output.
This is accomplished by inserting a
parallel resonant tuned circuit in series
with the d.c. supply to the plate.

The impedance characteristic as a
function of frequency for a parallel
resonant circuit is shown in Fig. 3.
One can see that such a circuit will
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short out a voltage of any frequency
far removed from the resonant fre-
quency of the circuit. For this reason,
only a voltage of frequency near the
resonant frequency of the circuit can
be developed across it. Consequently
the action of the parallel circuit on the
plate voltage of the tube will be that
of eliminating the distortion shown in
Fig. 2.

It should be emphasized that this
tuned circuit affects only the plate volt
age. Plate current will continue to
pulsate in the presence of the circuit
since a parallel resonant circuit has
little effect on the current which flows
through it.

It is evident that an amplifier em-
ploying such a tuned. circuit can func-
tion only at a single frequency. For
this reason the Class C amplifier is
used almost solely in the production
of radio-frequency power.

Resonant Circuit

One may wonder how it is possible
that a current flowing during only a
portion of each cycle is capalle of pro-
ducing a continuous power output from
the amplifier. An explanation for this
likens the resonant circuit to a fly-
wheel, which may be used.to provide
a continuous power from a pulsating
source such as a gasoline engine, The
more exact explanation considers the
property of the inductance and capaci-
tance of the circuit to store energy
while the current pulse flows, and to
release it when needed during the re.
mainder of the cycle.

The circuit for a typical amplifier
is shown in Fig. 4. A tuned circuit
must be included in the grid circuit of
the amplifier to maintain a sinusoidal
driving voltage in the presence of grid
current pulses. A cycle of the grid
voltage, and another of the plate volt-
age developed across the resonant cir
cuit have been plotted on a common
time axis in Fig. 5 with resulting grid
and plate current pulses. The factors

Fig. 4. Schematic diagram of

typical Class C amplifier.
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Fig. 5. Voltage and current rela-
tions in a typical Class C amplifier.

available for the analysis of the cir-
cuit of Fig. 4 are shown in Fig. 5.
They are:

. E,, d.c. grid bias voltage.

. e,, instantaneous value of sinusoidal

grid voltage.

. Emax, peak positive grid voltage.

. E,, d.c. plate supply voltage.

. ey, instantaneous value of sinusoidal

plate voltage.

Emin, minimum instantaneous plate

voltage.

. 6y, electrical period during which

plate current flows.

. 6,, electrical period during which
grid current flows.

9, I,, d.c. or average grid current.

10. I,, d.c. or average plate current.

11. I.., peak space current.

® N O kL N

The d.c. bias voltage, E.; is im-
pressed between the grid and cathode
to maintain the quiescent point at a po-
sition which will allow the correct
positive and negative excursions of
grid voltage for Class C operation.
The a.c. driving voltage, e,, is super-
imposed on the bias voltage. The peak
positive value that it attains over the
cycle, Emaur, is equal to the peak value
of the driving voltage minus the grid
bias. The voltage at the plate of the
tube under static conditions is the d.c.
supply voltage, E;. During the cycle of
driving voltage, the instantaneous plate
voltage, e, increases to almost twice
the d.c. supply voltage and decreases
almost to zero. The minimum voltage
reached by the plate over the cycle,
Emin, is equal to the peak plate volt-
age minus the d.c. supply voltage.
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The pulse of plate current flows dur-
ing that portion of the cycle when the
grid voltage is more positive than cut-
off value. The interval of this pulse,
g, is expressed in electrical degrees.
A complete cycle is 360 electrical de-

grees. The grid current pulse occurs

during that portion of the cycle when
the grid is more positive than the
cathode. This pulse interval, 8, is of
shorter duration than the interval 4,
It is also expressed in clectrical de-
grees.

The magnitude of the grid and plate
current pulses averaged over an entire
cycle yields the d.c. grid and plate cur-
rents, I, and I,. The sum of the peak
a.c. grid and plate currents is equal to
the peak space current, I,. This is
the maximum instantaneous emission
to which the cathode is subjected.

Power Calculation

The calculation of power input, pow-
er output, and driving power for steady
state operation requires that a means
be available for determining the exact
shape of the grid and plate current
pulses. The most convenient method
for determining pulse shapes is to plot
them point by point from a straight
load line of operation such as that in
Fig. 1. However, the plate current,
since it pulsates, is not a linear func-

tion of the grid voltage as is the plate
current of a Class A amplifier. Con-
sequently the load line will be curved
on a graph with axes of plate current
and plate voltage. But the plate volt-
age and grid voltage are proportional
in a Class C amplifier. It is therefore
possible to re-plot the static character-
istics on axes of grid voltage and plate
voltage with curves drawn for con-
stant values of plate and grid currents.
Such characteristics, called constant
curves, are particularly well suited to
this application.

The use of constant-current curves
in Class C amplifier analysis was first
proposed by I. E. Mouromtseff and H.
N. Kozanowski (see bibliography).
These curves are available for certain
transmitting tubes. When unobtain-
able, they may be re-plotted point-by-
point from plate-current, plate-voltage
characteristics, which are available for
all tubes.

A typical set of constant - current
curves for a transmitting triode, with
driving voltage, plate voltage, and cur-
rent pulses properly oriented is shown
- Fig. 6. One should note that in the
practical application of the diagram,
only the portion of this figure includ-
ing the current curves would be re-
quired.

[To be concluded]

RENT PULSES

INSTANTANEQUS
PLATE VOLTAGE,€p

Fig. 6. Voltage and current relations on con-
stant-current curves for a transmitting triode.
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No. 20—BRIDGE BALANCE ERROR; MUTUAL INDUCTANCE BRIDGE; UHF WIRE RESISTANCE

BRIDGE BALANCE ERROR

Problem: [nvestigate the error in bal-
ance of a Wheatstone bridge due to
stray impedances, such as stray capaci-
tance of the ratio arms te ground.

Solution: In the bridge circuit shown in

Fig. 1, A and B are the fixed ratio |

arms, C the variable ratio arm, X the
unknown arm to be measured, C, and
X, the stray impedances.

If C and X are disconnected from
the circuit, then the bridge can be bal-
anced by adjusting C, or X,;. At bal-
ance we have for this condition:

A/B = C1/Xl

C, and X, are often small variable
capacitors deliberately inserted and ad-
justed in exactly this manner to balance
out stray capacitances which might
otherwise result in errors at balance.

|

\
|

|

It is thus evident that by virtue of
the three balances discussed above, the
value of the unknown impedance X can
be expressed in terms of C only and
independently of the fixed ratio arms
A4 and B. Assume (as is usually the
case) that A = B nearly. Then:

"= C (14K)
Whence we have:
X = v (") [1+K] = C" [14+K/2]
approximately

if the constant K is very small com-
pared to 1.

Now the original balance with C and
X removed from the circuit is seldom
pronounced due to the fact that C, and

| X, are usually very high impedances

Connecting arms C and X back in |

the circuit and rebalancing without dis-
turbing the previous balance, we have
at balance:

A

a.C

XX

B CHC T XX
where C’ is the new value of this arm

Fig. 1.

at balance. Reversing the arms X and
C and rebalancing, we have

A4 GX XH-C”

B CHX " X

where C” is the new value of arm C
at balance. Eliminating C, and X, re-
sults in:

X = \/—C‘T(T';

compared to 4 and B, with the result
that a very small amount of energy is
delivered to the bridge circuit. Con-

sequently, an error in this balance may |

occur. To determine the extent of such
an error, again assume A = B.
Solving the above equations for C,
and equating yields:
2CccC”
4
which is independent of the original
balance. Again let:

X = C' (1+K)
we find that:
X = C" (14K/2)

From the above discussion it appears

| that the procedure of reversing arms C

and X and determining the geometric
mean value (ie., square root of the
product) of the two readings at bal-
ance will yield a value of the unknown
impedance X which is independent of
slight errors both in the stray im-
pedance balance and in the fixed ratio
arms. This is not only a conventional
means of checking a unity-ratio Wheat-
stone bridge but is also valuable, even
though the bridge arms are slightly out
of balance, in arriving at a most prob-
able value of the unknown impedance.
The above derivation is intended to
justify the method by showing that it

| yields accurate results.

MUTUAL INDUCTANCE BRIDGE

A common form of mutual induc-
tance Wheatstone bridge, of which

!
i

there are several well-known types, is
illustrated in Fig. 2. In some circuits
mutual  inductances are balanced
against each other, in others against
a self-inductance or a capacitance. The
circuit shown employs a mutual in-

Fig. 2.

ductance to balance a mutual induc-
tance.
At balance we have:

RitjoM  Ry—jo(Let-M)
Rr—joM  RykjoM

But:

RiRs+joM (Ri4Rs) —*M* =

RiRs—jo (LaRot-MR:)— ML —o* M

Whence;

RiRse—R: R+ LM 4-joM
(Rit-Roet-Rot-Re) 4-joLeRe =0
Equating real and imaginary terms
results in:
R:Rx—Rsz—szzIWZO
-M (Ri+Rs+-R:+Re) = L:R»

Whence:

1 RA-R++R:Y
RiR: R. RlRa -
R. L WM
)
R A
Ozﬂlz (R1+R2+Ru) =i F
- |
R\R, RiR:Rs
R
R. oM
14 i
R —i

[Continued on page 34]
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H-F 70 D-G WIRE RESISTANCE CHART

y R.G. MIDDLETON

This chart gives the ratio of a-c to d-c resistance of a copper wire whose diameter
in mils is specified, when used at high frequencies. By laying a straight edge from the
point on the frequency scale designating the frequency in megacycles at which the
wire is to be used to the point on the wire diameter scale representing the diameter
of the wire, the point of intersection on the center scale will show the ratio of the

a-c to d-c resistance.
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CRYSTAL-HEATING OVEN
By JOHN M. GILLESPIE
Western Electric Co., Hawthorne Works

“Inasmuch as the method of heating
the “DT” type crystals is inadequate,
an improvement should be tried. | have
designed and constructed a small elec-
tric oven, thermostatically controlled,
which will give a more even heat than
is obtained by methods now used.”

The standard procedure was to heat
the crystal under test to raise the tem-
perature from minus 30 degrees Cen-
tigrade to plus 50 degrees, using small
electrically heated blowers similar to
hair-driers. As one requirement for
the test was an even gradient, the
blowers caused some trouble.  Mr.
Gillespie’s oven was tried out and the
model worked so successfully that or-
ders were placed to equip all 200-kilo-
cycle “DT” test positions with the new
heater.

Adoption of Mr. Gillespie’s oven is
still incomplete, as a sufficient quan-
tity have not yet been constructed. As
indicated by trial of the model, better
checks are being obtained and there is
evidence that rechecks will be reduced
materially,

The device consists of a small box
made of sheet asbestos and provided
with air vents in top and bottom. The
front panel of the box is cut out to
allow insertion of the crystal, which
is held on a clip on the face of the
test set, the box being of such dimen-
sions as to permit its proper place-
ment over the crystal under test.

Below the crystal position, and so
placed as to allow air convection cur-
rents to bathe the crystal, are fixed
two commercial type cartridge heating
elements. A thermostat control is pro-
vided to regulate the temperature.

*

VACUUM-TUBE INSPECTION

By WILLIAM GOBLE
Radio Corp. of America, Harrison Plant

* This concerns a mount short-check-
ing device for midget tubes. Previ-
ously all mount shorts on these tubes
were discovered after testing and the
tubes discarded. Now, by a testing op-
eration before seal and exhaust, the
shrinkage items are discovered and a
large percentage of these mounts are

T STO L *
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Mike Krafter, left, and Max Dose, of Zenith’s punch press department, who have received
awards for their suggestions on speeding or improving the production of war radio equip-
ment. Thousands of others are aiding production by a display of American ingenuity,

DECEMBER,

repaired and sent through as good
tubes.

Yearly saving on improvement in
overall shrinkage has been estimated
as $8345. This figure means approxi-
mately 9500 extra tubes will be pro-
duced annually.

*

SHIELDING STRIPPER

By WALTER 1. LINDALL

Submarine Signal Company
* The old method of using scissors for
removing the metal braid shielding
from wire ends required one hour and
thirty minutes to remove the shielding
from 100 wire ends, or 55 seconds
each.

ADJUSTMENT

ADJUSTMENT
FOR LENGTH

Details of wire shielding stripper.

1943

The accompanying sketch shows the
details of an automatic stripper to ac-
complish the same purpose.

The time required for the same
quantity with the improved stripper is
25 minutes, or 15 seconds each—a sav-
ing of 73% production time.

*
RADIOTHERMICS INCREASES
PRODUCTION
* Some war production operations

have been speeded up by as much as
100 to 2500 per cent by the use of elec-
tronic devices for industrial heating,
it was revealed by Henderson C. Gil-
lespie of the RCA Victor Division,
Radio Corporation of America, at the
October meeting of the New York
Electrical Society.

Introduction of radio-frequency
heating through electronic devices to
prepare compregwood propeller blades
for molding -reduced the time required
for the molding cycle from scven hours
to three. One clectronic device stepped
up the soldering of bases of radio ca-
pacitor cans from 100 cans an hour to
2,500.

In addition to soldering and the pre-
heating of wood and plastics for mold-
ing, Gillespie said, radio - frequency
heating applied through electronic de-

[Coniinued on page 54]
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NEW PRODUCTS

—continued

D.S.C, and 5.CC, and 12 to 30-gcaunge
D.C.C. The rule is also engineered to in-
dicate: turns-per-mch from 10 to 160; in
ductance irom 0.1 to 13 microhenrys; ca-
pacitance from 3 to 1,000 micromicrofar-
ads; frequencies trom 400 kilocycles to

150 megacycles with  equivalent wave-
lengths in meters.
Priced at 25¢ each from Allied Radio

Corporation, 833 West Jackson Boulevard.
Chicago 7. 1L

*

NEW JONES PLUGS AND SOCKETS

By increasing the leakage path and in-
corporating a new type of contact, the cur-
rent characteristics of a new series of
Multi-Contact Plugs and Sockets, designed
by Howard B. Jones, has been materially
improved. This new line is known as the
#2400 Series and is interchangeable with
their present #400 Series.

The Plug and Socket bodies are of
BM120 Formula Bakelite moulded accord-
ing to Navy Specifications 17P4, having
high insulating qualities with maximum
strength. Sizes range as follows: 2, 4, 6,
8, 10 and 12 contacts and are furnished
with either a shallow bracket for flush
mounting, deep bracket for recessed mount-
ing or with metal cap with or without cable
clamps. As both the Plug and Socket
bodies are of identical size, they are inter-
changeable with either cap or bracket.

An entirely new type ol socket contact
has been developed. Tour individual flex-
ing surfaces make contact with each Plug
prong. Due (o the design, each segment
makes positive contact over practically its
entire surface providing increased contact
area and smoother action. Projections on
all four sides of the socket contact, as
shown in the illustration, lock it into posi-
tion when forced into the contact pocket
and prevents any up and down movement
whatever.

Both the Plug and Socket contacts are
mounted into recessed pockets. Barriers

48

surrounding the contacts greatly increase
the contact to contact and contact to
ground distance thereby increasing the
voltage rating.

The Socket contacts are of phosphor
bronze, silver plated. The Plug contacts
are of brass 14 x %" silver plated.

A shoulder extending around the face
side of the Bakelite bodies presents a fin-
ished appearance when mounted in either a
bracket or cap.

Thought was given to the present use of
their #400 Series Sockets when this new
series was developed, as a #2400 Plug will
fit corresponding #400 Socket and #2400
Socket will fit corresponding #400 Plug.

Further information can be had by
writing Howard B. Jones, 2460 W. George
Street, Chicago 18, Illinois.

*
B&W COILS FOR RADIOTHERMICS

A broad assortment of standard coils
{or electronic heating applications, plus
specialized facilities for the production of
non-standard types, is offered by Barker
& Williamson. 235 Fairfield Ave.. Upper
Darby, Pa.

Standard B & \V heavy duty coils meet
any electronic heating applications up to
1 kw. Of the well-known B & W “Air
Wound” design (no solid winding rorm)
these coils are light in weight, adaptable
to numerous mounting arrangements, are
exceptionally sturdy, and have low dielec-
rric loss. Equally important, they are
wound to uniform pitch, ofier utmost de-
sign adaptability, and lend themselves
readily to mechanical and electrical re-
visions in circuits that must be adjusted,
or which are still in the experimental
stage. Many special coils are also being
produced reguiarly for electronic heating
uses.

Catalog will be sent upon request to
manufacturer.

*
G.E. INSULATION-RESISTANCE METER

A new electronic insulation-resistance
meter for measuring the resistance of in-
sulation in apparatus during the manufac
turing process, thus revealing imperfec-
tions before the product leaves the fac-
tory, has been announced by the Special
Products Division of the General Electric
Company. The instrument is also desir-
able for checking the condition of insu
lation of apparatus in service, and for
use in the laboratory for rapidly testing
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a wide range of production or experi-

mental samples of insulating material.
I'he instrument consists of a conven-

tional electronic rectifier, a  Thyrite

bridge circuit, and an electronic-tube volt-
It 12 available in two tvpes.

meter. One

type has a scale calibrated from 1 to 30
megohms and measures resistance at 500
volts d-c; the other type has a 0 to 20,000
megohm total range and measures resist-
ance over four different resistance inter-
vals—from 0-5 megohms at 0-250 volts d-c
and 5-200, 50-2000 and 500-20,000 megohms
at 300 volts d-c.  Any range mayv be
quickly selected by a panel-mounted ro-
tary switcl.

The complete instrument is small, light
in weight, and economical to operate. It
is enclosed in a portable walnut case, the
cover of which may be removed so that
the instrument can be placed on a shelf
or stand in full view of the operator. In
addition, the well-tlluminated dial permits
the scales to be read easily even in poorly
lighted locations.

*

STRUTHERS-DUNN SNAP-ACTION
RELAY

A new Struthers-Dunn Relay, Type
79X AYX, is designed for a variety of elec-
tronic circuit applications calling for a
highly sensitive unit having snap-action
contacts. Contact pressure of this relay
remains constant despite slow variations in
the coil current in which it is connected.
Then, when the coil current reaches a cer-
tain point, the contacts operate with a
positive snap action.

The relay operates on as little as 10
milliwatts in its coil circuit, and is recom-
mended for dozens of highly sensitive

[Continued on page 64]
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Hedges .

There are a number of requirements for new transmitter equipment which broadeast

-

station managers, their engineers and consultants must always bear in niind.

1.

4.

RCA provides

From microphone to antenna, RCA offers the broadcast station complete equipment of
coordinated design—assuring superior performance, maximum operaling economy and

The equipment must function in a manner consistent with FCC
performance requirements.

The equipment must meet FCC safetv requirements for the pro-
tection of operalors.

The equipment design musl include saleguards which eflectivels
I =) )
protect it from damage due 10 overload.

Fhe equipment design must include maximum assurance avainst
o =
failure during broadcasting,

these assurances — "hedges™ aguinst trouble.

convenience, and definitely fixed responsibility.

RCA Victor Division, RADIO CORPORATION OF AMERICA. Camdeu, N, J:

RCA BROADCAST EQUIPMENT

* RCA’s line of apparatus includes more of the equipment
necessury for the efficient operation of modern broadcasting

stations than that of any other manufacturer. test equipment.

* DECEMBER, 1943

K RCA is the only broadcast equipment supplier
manufacturing o complete line of measuring and
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STUDIO EQUIPMENT—III

Program Transmission Lines

22. What is the purpose of a line
equalizer? (1V-44)

23. Drow a diagram of an equalizer
circuit most comnonly used for equal-
izing wire line circuits. (1V-45)

24. Why is it generally unnecessary
to equalize a short wire line program
circuit? (IV-47)

25. Why are program circuits, using
telephone lines, usually fed at a level
of about 12 milliwatts? (1V-43)

Elements of a Telephone Line

1

Tn order to understand why tele-
phone lines need to be equalized it will
be necessary to state some facts re-
garding the propagation of electric
waves along conductors of consider-
able length.

Telephone lines are used as a studio-
to-transmitter link, and as a station-to-
station link in network broadcasting.

In general two types of wire lines
may be used: the open-wire line in
which the two conductors may be sepa-
rated by as much as 18 inches, and the
cable pair in which the paper-insulated

%
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Methods of Overcoming Problems Associated

With the Design of Program Transmission Lines

conductors are twisted together and
are enclosed with other similar pairs in
a lead sheath. Both types of line must
be able to transmit audio frequencies
from 30 to 8000 cycles with negligible
distortion as far as the ear is con-
cerne:l.

Lines of this nature are made up of
continuously distributed parameters:
series resistance R, series inductance
L, shunt capacitance C, and shunt con-
ductance G. Figs. 3 and 4 give these
constants for a mile of open-wire and
cable respectively. For analysis at au-
dio frequencies we may think of the
line as being made up of recurrent net-
works of the type indicated in Fig. 1.

Characteristic Impedance and Reflection

If we measure the impedance, Z =
R + jX, at the input terminals of a

LINE
AMPLIFIER LoAD

LINE

MAGNITUDE VS. DISTANCE
(DB LEVEL)

RS

Fig. 1. Elements of a telephone line.
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Fig. 2. Magnitude and phase of voltage.
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long line (several miles) we find that
at audio frequencies the value of this
impedance is practically independent of
the termination, that is, of the load at
the receiving end of the line. This im-
pedance is known as the characteristic
impedance, Z,, of the line. The value
of this impedance for the two types of
lines is given in Figs. 3 and 4.

If a line is not terminated in its
characteristic impedance, there is a
discontinuity at the end of the line.
Generally, the termination of the line
is pure resistance. The wave travels
along a line of impedance Z, and then
continues on in a purely resistive cir-
cuit. This is quite similar to the case
of light traveling through air into
water. At the surface where the light
leaves one medium and enters another,
some of the light energy is reflected.
Similarly, in the case of the electric
wave traveling along a line of im-
pedance Z, and continuing into a load
of impedance Z,, the ratio of the pow-
er reccived to the power that would be
received on a smooth circuit, that is

60001 60011 LOAD
————————— —O—] \
: )
| J Jw
‘ 24=745 [-13.5°@ 796~ | =
Es > Er
| | =
| *R=10.45  L=.00393n |
lI G=.29umhos C=.00797uf :
—--——————————
‘«——25 MILES ——»‘
Er= 0.836 Eg
Er LAGS BEHIND Eg BY 41.3°
( * CONSTANTS PER LOOP MILE )

Fig. 3. No. 12 gauge open-wire line.

1943 *



where Z; = Z,, is given by the formula
4 Z., Z,

UZo + Zo|)?

This is called a reflection loss. From
Fig. 3 it is apparent that two such
losses exist: one at the junction of the
linc-amplifier and the tclephone line,
and the other at the junction of the
telephone line and the load resistance.
Using a 600-ohm output impedance of
the linc-amplifier at the studio and a
600-ohm input impedance of the low-
level audio amplifier at the transmitter,
the value of this ratio is very nearly
unity at 1000 cycles. Hence, in this
sctup we can ncglect the reflection
losses due to the insertion of the tele-
phone line between the resistive gener-
ator and resistive load.

Line Losses

If the line contained only secries re-
sistance and shunt conductance, all fre-
quencies within the audio range would
be attenuated by the same amount, the
magnitude depending only on the
length of the line.

The existence of series inductance
and shunt capacitance both produce a
voltage across the load at the receiving
end which lags behind the impressed
voltage at the sending end; that is, the
maximum values occur later than they
would if the line contained only R and
G. The voltage wave has been slowed
down or we can say that the velocity
of propagation has been reduced. This
phenomenon is a function of the fre-
quency. If the maximum values of a
1000-cycle and 5000-cycle sine wave
occur at the same time at the input of
25 miles of No. 19 cable they will be
separated by 220 degrees at the end of
the line. This is equivalent to saying
that the 5000-cycle wave reaches the
end of the line 0.28 milliseconds after
the 1000-cycle wave. For lines used in
connection with radio broadcasting this
is not a source of noticeable distortion.

600N, 600N LOAD

I
{
I 2 2 N
I 2,=470 [-42.8°@ 796~ :
I

|
|

|

|

|

i i
Es( E
!

|

!

! |

R=858n.
L=.001h

|
|
|
G = 1.5 umhos .

C =.062 pf

l(— — 25 MILES — —)1
Eq = 0.045 E

Egr LAGS BEHINO BY 191°

Fig. 4. No. 19 gauge cable line.
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It is troublesome, however, in the case
of long loaded lines used in telephonic
communication where the velocity of
propagation is very low and must be
corrected with a phasc-correcting net-
work. Fig. 2 indicates the rotation of
the voltage vector as a function of the
distance along the line.

Since the series reactance increases
and the shunt reactance decreases with
increasing frequency, the higher fre-
quencies will be attenuated more than
the lower frequencies. This is indicated
by the solid line in Fig. 5. Between 500
and 5000 cycles there is an increase in
the attenuation of somewhere in the
order of 50 percent. Unless corrected,
this loss seriously impairs the quality
of transmission. In the case of open-
wire line, atmospheric changes may
noticeably alter the line response.

LINE LOSS

~—
-
~——
-

EQUALIZER LOSS

ATTENUATION LOSS

| t ] 1 I
2 3 4 9
FREQUENCY —KC

Fig. 5. Line and equalizer loss.

For all practical purposes then, the
insertion loss produced by placing sev-
eral miles of telephone line between the
amplifier output and the load is pri-
marily the attenuation loss caused by
the impedance elements of the line.

Equalization

In open-wire and short cable lines
the amount of attenuation distortion to
be corrected is relatively small. In
these cases a parallel resonant circuit,
with a resonant frequency slightly
above the highest frequency to be
equalized, can be placed across the re-
ceiving end of the line as shown in
Fig. 6. With proper adjustment of the
series resistance R the attenuation-
frequency characteristics can be made
complementary to the line characteris-
tics that produce the distortion. The
loss of the line plus that of the equal-
izer will be substantially the same for
all frequencies in the transmitted band.
See Fig. 5.

In the low-frequency region where
the equalizer produces substantial loss
there will be a change of circuit im-
pedance of sizeable value. This causes
increased reflection losses and definitely
limits the use of this simple equalizer.

1943

LINE

o _—c

Fig. 6. Two-terminal shunt equalizer.

To equalize for relatively large
amounts of attenuation distortion, a
somewhat more complex equalizing
network, in the form of a bridge T
structure, may be used. This equalizer
is designed to have a constant im-
pedance over its entire frequency
range. See Fig. 7.

Equalization by attenuation is best
done at the receiving end of the line.
This results in a more favorable over-
all signal-to-noise ratio. Some broad-
cast stations have resorted to equaliza-
tion by predistortion in which the line
amplifier response is adjusted so that
it is the inverse of the telephone line
response. This increases the amplitude
of the signal fed into the line. An ex-
cessive increase in the level of the en-
ergy fed into the line increases the
strength of the magnetic field about
the line and adjacent parallel circuits
may be disturbed. This condition is
known as crosstalk. By limiting the
signal fed into the line crosstalk pos-
sibilities are greatly reduced. An ex-
cessive signal may also overload the
repeater amplifiers on the long lines.

-l

Ro

Fig. 7. Schematic diagram of a con-
stant-resistance bridge T equalizer.

39



RADIO BIBLIOGRAPHY

Dunlap and N. Rohats—Electrical Engi-
neer, Vol. 62, May 1943, pages 231-234.

High-Speed Cathode-Ray Oscillography—
J. H. Bryant and M. Newman—/Ingineer-
‘2’3‘% Vol. 155, March 26, 1943, pages 241-

Measurement of Torsional Vibrations—K.
Stanstield—/nst. Mech. Eng. Journal &
Proceedings, March 1943, pages 175-193.

Measuring Coil Characteristics Without an
Impedance Bridge — H. D. Brailsford —
Electronics, Vol. 16, May 1943, pages 86-

Cathode-ray Oscillograph—Morris & Hen-
ley—Instruments Publishing Co., 1936.

Cathode-Ray Oscillographs—]J. 1. Revner
—Pitman, 1939.

The Cathode Ray Oscillograph in Radio
Research — Waison-Watt, Herd & Bain-
bridge-Bell—His Majesty’'s Stationery Of.
fice, London, 1933.

The Cathode Rav Tube at Work—]. F.
Rider John k. Rider, Publisher, New
York.

A Cathode Ray Irequency Multiplier—N.

. Jamison—Physics, Vol. 2, April 1932,
pages 217-224.
Memoirs sur L'Etude Optique des Mouve-
ments Vibratories Lissajous ---
(Notes on Optical Stndxes of Vibrations)
—Annales de Chimie et de Physique, Vol.
51, pages 147-157.

Wave Form Examination with the Cathode
Ray Oscillograph—N. V. Kipping—ZLlec-
trical Communications, Vol. 3, July 1924,
pages 69-75.

Primary Radio Frequency Standardization
by the Use of the Cathode Ray Oscillo-
graph—G. Hazen and F. Kenvou--—-Scien-
tific Papers of National Bureau of Stand-
ards, No. 489, Vol. 19, May 22, 1924, pages
445-461.

Improved Cathode Ray Tube Mecthod for
the Harmonic Comparison of Frequencies
—D. W. Dve—Proc. Phys. Soc., London,
Vol. 37, 1925, pages 158-168.

Frequency Measurement with the Cathode
Ray Oscillograph — F. J. Rasmussen —

JLEE., Voi. 45, November 1926, pages
1256-1265.

Frequency Measurements with Cathode
Ray Oscillograph—F. J. Rasmussen—Bel/
g,gf) Record, Vol. 4, April 1927, pages 281-
The Harmonic Comparison of Radio [re-
quencies by the Cathode Ray Oscillograph
—T. S. Rangachari—Exp. Wireless, Vol.
5, May 1928, pages 264-6.

The Super-Position of Circular Motions
—T. S. Rangachair—ZLxp. [V ireless, Vol
6, April 1929, pages 184-193.

A Method of Frequency Measurement with
the Cathode-Ray Oscillograph — L. A.
\Vool-—Reuview Scientific Instruments, Vol.
3, July 1932, pages 378-383.

Frequency Comparison with Cathode Ray
Uscillograph — C. B. Fisner — Liectronics,
November 1933, pages 310-311.

Contronto di Frequenze Mediante Oscillo-
gralfo a Raggi Catodici—S. Centineo—
(The Comparison of Frequencies with the
Cathode-ray Oscillograph)-—L’Electtrotec,
Vol. 20, December 25, 1933, pages 854-858.

Discussion of Lissajous Figures, RCA Ap-
plication Note No. 36, 1934.

A Cathode-Ray Wavemeter for Decimeter
and Centimeter Waves—Mong-Kang Ts'en
—Scientific Papers of National Research
Institute of Physics, Academia Sinica
(>Shanghai, China), Vol. 1, No. 6, March
1935, pages 1-17.

Cathode-ray Tubes and Allied Tubes —
Technical Series TS-2, RCA Radiotron
(Company, 1935, pages 75-85—Bibliography.
Simple Circuits for Oscillographic Fre-
quency Comparisons — B. Kurrelineyer —
Review of Scientific Instruments, Vol. 7,
May 1936, pages 200-201.

Circuits  for Oscillographic  Frequency
Comparison—H. J. Reich—Review Scien-
tific Instruments, Vol. 8, September 1937,
page 348.

Notes on the Calibration of Oscillators by
Means of a Cathode-Ray Oscillograph—
F. O. Roe—Electrotechnics—No. 13, Sep-
tember 1940, pages 59-62.

Tracing Two Characteristics on a Cathode
Ray Oscilloscope—Millman & Moskowitz
(;Electronic:, Vol. X1V, March 1941, page
3

Versatile Oscilloscope — W. E. Gilson—

Electronics, Vol. X1V, December 1941,
page 22.

Cathode-Ray Frequency Modulation Gene: -
ator — R. E. Shelby — Electronics, Vol.

X111, February 1940, page 14.

Improved Cathode Ray Oscilloscope De-
sign—\W. A. Geohegen—Electronics, Vol.
X111, November 1940, page 36.

Tule Used as Aircraft Instrument Inai-
cator Llectronics, Vol. XIII, March
1940, page 36.

An Optical Harmonic Analyzer—IH. .

Montgomery — B.S.T.J., Vol. XVII, July
1938, page 406.
An Audio Frequency Response Curve

Tracer—]. B. Sherman—~FProceedings IRE,
Vol. 26, No. 6, June 1938, page 700.
Cathode-Ray Engine Pressure Measuring
Equipment — H. J. Schrader — RCA Re-
view, Vol. 1I, October 1937, page 202.
Oscillographic Tube Characteristic Curves
H. M. Kozanowski and I. E. Mourom-
sefl—Radio Engineering, Vol. XV, No. 1,
January 1935, page 16.
The Cathode Ray Oscillograph—W. F.
Diehl—Radio Engineering, Vol. XV, No.
6, June 1935, page 10.
A-F Band Responsc Oscilloscope — S.
Bagno and R. Posner—Radio Engineering,
Vol. XV, No. 6, June 1935, page 19.

The Cathode-Ray Oscillograph — J. B.
Johnson—B.S.T.J., Vol. X1, January 1932,
page 1

Braun Tube Hysteresigraph—]. B. John-
son—B.S.T.J., Vol. VIII, 1929, page 286.

Extending the Usefulness of the Oscillo-
graph in Circuit Testing—I. H. Gerks—
Bell Lab. Record, Vol. VIIT, No. 9, March
1929, page 352.

The DuFour Cathode-Ray Oscillograph—
1. K. Cole-—Bell Lab. Record. Vol. V, No.
5, January 1928, page 141.

Frequency Measurements with the Cath-
ode-Ray Oscillograph—F. J. Rasmussen—
Bell Lab. Record, Vol. 1V, No. 2, April
1927, page 281.

The Cathode-Ray Oscillograph and Its Ap-
plication in Radio Work—L. M. Hull—
Proceedings IRE, April 1921, page 130.

“RADIO NACIONAL"
[Continuted from page 25|

modulator unit proper uses two RCA-
880 tubes, the same type as used in the
power amplifier,

There are four crystal positions in
each r-f channel. The crystal oscil-
lator is followed by a doubler, three
intermediate stages, and a driver stage
using two RCA-827-R air-cooled Ra-
diotrons.  Low-power  intermediate
stages are tuned and reset by means
of tap switches and variable capaci-
tors. Excitation ratios are controlled
by capacity-dividing circuits. Adjust-
ment is simplified hy the lack of trans-
mission lines for interstage coupling.

Cooling System
The power amplifier proper 1s made
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up in two units for easy installation.
The front section contains the two
RCA-880 power amplifier tubes with
associated  water insulating  coils,
variable tank capacitor, variable ncu-
tralizing capacitor, filament transform-
ers, and air blower.

Cooling water 1s supplied directly
to the tube jackets through short
ceramic pipes of small cross-sccuion,
thus reducing radio-frequency power
loss in the water to a negligible
amount. A motor-driven variable tank
capacitor is used for tuning over a
small frequency range. Tt consists of
a single hinged plate at ground r-f
potential operating in conjunction with
two differentially variable plates which
are attached directly o the tube
jackets.

The differential variation is utilized
for balancing the plate curients of
the two tubes in push-pull.  Spurious

DECEMBER,

frequency circuits are minimized by
the lack of any inductance between
the plates of the tubes and the capaci-
tor plates. The same holds true for
the fixed neutralizing capacitor plates
which are attached directly to the tube
jackets.

The Tank Coils

‘the rear scction of the power am-
plifier unit contains the tank coils and
output circuits. A rectangular coil
made up of 1l-inch copper pipe covers
the frequency range from 6 to 14 meg-
acycles. Two turns are required for
the lower frequency range. The lower
turn is variable by means of a motor-
driven control so that the tank capaci-
tor tuning range can be augmented by
variable inductance as well.

Above 14 megacycles the I-inch cop-
per pipe is replaced by a hairpin-type

[Continued on puge 54)

1943 * [RADI]]



Complets High Power Radi's Transmitter and,
recefvers mounted in_light army truck. These
transmiiters ave in service inr all theatres of war
and in wmost all branches of the army.

S "M

The rudio ﬁ’“ﬁ'eur is The radio amateur is off the

o . air as an amateur but he’s
r ht ?h . ? still in radio. He’s there in
Ig In g |S wu r, oo person and he’s everywhere
in the products created to
satisfy his progressive demands. Many of the world’s leading electronic

engineers are radio amateurs and much of the equipment in use to-
day by the armed sérvices is a product of the great amateur testing
grounds. Two outstanding examples are: the SCR-299 Transmitter

and Eimac tubes.

The SCR-299 trassmitter, designed by Halli-
crafters, is an adaptation of the model HT- 4
which is a 450 watt rig designed primarily for
amateur use. Its characteristics and perform-
ance capabilities were such that it was easily
adapted to military use and it is today seeing |
service throughout the world in all branches of

u the army. It is significant to note that
Eimac tubes... created to satisfy the
demands of the amateur...occupy the - g
key sockets of the SCR-299. Yes, and
Eimac Vacuum Tank Condensers, too,
are in this now famous transmitter. |

The SCR-299 offers a striking con- f,
firmation of the fact that Eimac tubes
arefirstin theimportant new develop- |
mentsin radio...first choice of the lead- %
ing engineers throughout the world.

Follow the leaders to

L R & 1 Eimac 100TH, E/nac 250TH,
@ & —-& i and Eimac Vacuuwm Condenser
. F@E‘s L] f/ as used in the SCE-299.
{
§ Ll

/ / EITEL-McCULLOUGH, Inc., SAN BRUNO, CALIF.

Plants at: Salt Lake City, Utah and San Bruno, California ™

Export Agents: FRAZAR & HANSEN, 301 Clay Street,
San Francisco, California, U. S. A.
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TIME itself is the most critical of all our needs today . . . . time to make ready

the tools and weapons that will insure Victory. We cannot stretch the hours
and minutes that lic at hand. But we can borrow from the fruits of the time that
has passed == from the years of research stored up by American enterprise.

It is this reservoir of experience that has made possible the prodigious wartime
effort of American industry. The Jecps, the Flying Fortresses, the General Shermans,
the Liberty Ships . ... all these, in their vast array, were born of knowledge amassed
through many long years of learning.

The same is true of Simpson electrical instruments and testing equipment. They
incorporate all that has been learned in the 30-0dd years Ray Simpson has devoted
to instrument design and manufacture . . . . all the experience
and know-how of a group of men who have long been associated
with him, The biggest single example of what this has achieved
is the full bridge type movement with soft iron pole pieces found
in every Simpson Instrument. It is an acknowledged finer type
of movement refined to its highest expression, and so designed
that it permits for the first time all the economics and speed of
straight line production.

For today’s vital needs, this enables Simpson to build instru-
ments of inherent greater accuracy and stamina, at an unprec-
cdented pace. In the postwar tomorrow, you can rely upon
Simpson experience to translate and best apply the many things
learned under the impetus of war . . . . to provide the utmost in
lasting accuracy and instrument value.

SIMPSON ELECTRIC COMPANY
5200-5218 W. Kinzie Street, Chicago 44, Illinois
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INSTRUMENTS THAT STAY ACCURATE
Buy War Bonds and Stamps for Victory
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"THE BOSS IS POUTING BECAUSE
HOGARTH WON'T TRADE

"5 ECHOPHONE EC-1 For

ANYTHING WHATSOEVER"

Echophone Model EC-1 "
(Ilustrated) a compact communications i
receiver with every necessary feature for P o
good reception. Covers from 550 kc. to ‘

30 mc. on three bands. Electrical band-
spread on all bands. Beat frequency oscil- : B
lator. Six tubes. Self-contained speaker.

Operates on 115-125 volts AC or DC. =
ECHOPHONE RADIO CO., 20! EAST 26th ST.,, CHICAGO, ILLINOIS
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NEW PRO

JUCTS

ANNULAR SOUND DISTRIBUTOR

The Langevin Company, Inc, of 37
West 65th Street, New York City, has
just announced a new type of Annular
Sound Distributor, Type L-360. This dis-
tributor utilizes a different principle of
sound distribution in that it combines mole-
cular reflection and collision instead of col-
lision alone as in other speakers.

The use of this principle results in a
uniformity of sound distribution both as
to frequency and power over a horizontal
plane of 360 degrees and a vertical plane
of approximately 40 degrees. The Type
1.-360 Distributor is 23 inches in diameter
with an over-all height of 25 inches. It
will safely handle power input of 20 watts
when equipped with Jensen U-20 Drive
Unit. Bulletin on request, from manu-
facturer.

*

B&W TYPE CX VARIABLE CONDENSERS

A broad line of heavy-duty variable air
condensers eminently fitted for electronic
heating applications is being offered by
Barker & Williamson, 235 TFairfield Ave,
Upper Darby, Pa.

Known as B & W Type CX Variable
Condensers, these units are of sturdy, un-
conventional design offering many advan-
tages for heavy-duty applications. Fea-
tures includes perfect electrical design
symmetry and built-in neutralization
coupled with extreme mechanical dura-

bility. Their construction also lends itself
admirably to the built-in mounting of
standard inductors in such a way that
lead lengths and resulting lead inductance
are reduced to an absolute minimum.

B & W Type CX Variable Condensers
are available in almost any required ca-
pacity for electronic heating use up to 5
kw, 12,500 volts. Engineering Data Sheet
sent upon request to manufacturer.

*
NEW SHALLCROSS TEST SETS

Two new Shallcross Low-Resistance
Test Sets, Type 645 (Army range) and
Type 653 (Navy range) include all popu-
lar features of previous models with the
added convenience of complete portability
and greater freedom, ease, and speed of
operation.

The Test unit containing the meter, bat-
teries, switches, control, etc., is supported
comfortably and conveniently in front of
the operator by means of adjustable shoul-
der straps. Bond or coutact resistance
measurements as low as .0001 ohm can
then be made, simply by attaching the
fixed clamp to one side of the bonded sur-
face, then touching the hardened points of
the Pistol Grip Exploring Probe to the
other side.

Both hands are free at all times to ad-
just and operate the instrument. The
weight of the Pistol Grip Exploring Probe
is reduced to a minimum by incorporating
the meters, batteries, etc., in the cabinet
suspended from the operator’s shoulders.

In addition to their widespread use in
testing aircraft bonding, these Shallcross
Sets are unexcelled for testing railroad
bonds, radio equipment, contact resistance
of relays, circuit breakers, switches, and
various others. They make bar-to-bar re-
sistance measurements on commutators
as simple as making a voltmeter reading.

Type 645 (Army range) is 0.005 and 0.5
ohm full scale. Type 653 (Navy range)
is 0.003 and 0.3 ohm full scale.

A copy of the Shallcross Low-Resist-
ance Test Set catalog describing these
and other popular models will be sent
upon request to Shallcross Mfg. Company,
Collingdale, Pa.
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STRUTHERS-DUNN SHOCKPROOF
RELAY

Designed for airplane use where ut-
most precaution must be taken against
unintentional operation of contacts, the
Struthers-Dunn Type 17AXX relay meets
and exceeds all specified requirements for
this type of unit.

Will withstand acceleration tests of bet-
ter than 90 gravitational units—or from
eight to ten times the G-rating of ordinary
relays.

Despite its rugged construction, the re-
lay is small in size, and light in weight.
Units of this type are regularly supplied
with series coils for any direct current,
or with shunt coils for use on 12- or 24-
volts d.c.

Full details on Type 17AXX may be ob-
tained from the manufacturer, Struthers-
Dunn, Inc., 1321 Arch St, Philadelphia,
Pa.

*

NEW COIL-WINDING AND RF
RESONANCE CALCULATOR

Allied Radio Corporation, Chicago, an-
nounces the release of a new slide-rule
type rapid calculator, permitting quick and
accurate determination of inductance, ca-
pacitance, and frequency components of
series or parallel tuned r-f circuits as well
as inductanuce, turns-per-inch, wire type,
wire size, coil diameter and coil length
for single layer-wound solonoid type r-f
coils.

All values, in either case, are found with
a single setting of the slide and are ac-
curate to within approximately 1% for
coils ranging from Y inch to 34 inches
in diameter and Y-inch to 10 inches in
length. All possible combinations with-
in these limits are shown.

Wire tvpes and sizes include 11 to 35-
gauge plain enamel, 11 to 36-gauge S.S.C,

[Continued on page 48}
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Type 817-001 SSMMFX10%
Neg.Temp. Coefficient
—.00052 MMF/MMF °C
Test voltage is-2000 V.D.C.
working voltage 1000 V.D.C.

Type.817-002
Mechanically as above
«Capacitance 1.5 MMFX-20 %
Sketch is TWICE actudl size.

Type 814-078 300°MMF-YX10%
Neg. Temp. Coefficient
— .00075 MMF/MMF °C
Test voltage. is 7400 V.D.C.

working voltage 500V.D:C.
Sketch is TWICE actuol size.

iwo Types of

BUSHING MOUNTED CAPACITORS

for special applications

Both types are used in high frequency circuits
where a capacity ground to the chassis and
a “lead through” is desired.

The ceramic capacitor tube is plated internally
and externally with silver and then with cop-
per. The tube is snug fit in the brass bushing
and the external capacitor plate is soldered
to the bushing.

In types 817-001 and 817-002 the tinned
copper wire is also snug fit inside the capac-
itor tube and is soldered to the internal plate.

We are equipped to produce other sizes
and capacities where quantity need
justifies the tooling of special parts.

Division of GLOBE-UNION INC., Milwaukee

PRODUCERS OF VARIABLE RESISTORS ... SELECTOR SWITCHES — CERAMIC
CAPACITORS, FIXED AND VARIABLE. .. STEATITE INSULATORS

raD10] * DECEMBER,
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THEORY AND APPLIGATION

I

b

R. G. MIDDLETON

{APHS

Project Engineer, Templeton Radio Company

PART 2

* In the last article we saw that
mathematical operations which can be
solved on a slide rule can also be
solved on a sheet of semi-log paper
with the aid of a straight-edge. These
graphical solutions were seen to be
elementary nomographic processes.
To derive more powerful methods

Fig. 6. The graph of a straight

line in Cartesian coordinates.

for the solution of particular com-
munication problems, we shall expand
the principles already outlined to in
clude logarithmic scales which are not
of equal extent, and which are indi
vidually chosen for the purpose of solv
ing some particular equation.

In this article we shall employ the
device of working most of the problem
backward until we obtain a general
relation which is directly applicable to

36

Explaining the Application of Nomographs
to the Solution of More Advanced Problems

all equations of a given form. After
the general relations are established,
these will subsequently serve for im-
mediate construction of any nomograph
for any similar equations.

Part 1 of this serics showed how we
could select three scales on a sheet of
semi-log paper to obtain any product
or any quotient with the aid of a
straight-edge. Such a construction is
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Fig. 7. A nome- 1

I
— __}_ A

graph for a func-
tion of current I,

inductance L, and

Ll
-t Tt

resistance R.
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nomographic since it may be applied
to the simplest communication prob-
lems, such as Ohm’s law:
{ = E/R
or, E = IR
\We noted likewise that the “product”
scale for this particular nomograph
consisted of the squares of the “fac-
tor” scale. It is useful to be able to
construct  such  “product”  scales
graphically, and Fig. 5 shows how this
may be done after locating any two
points (by direct calculation).

Construction

The construction is basically im
portant, and should he noted carefully.
Scale 4 may bhe termed the “factor”
scale, and Scale B the “product” scale.
We wish to obtain a rapid graphical
construction for Scale B, whose values
are the squares of Scale 4. We do
this by means of Scale C. Note that
Scale C has a different length of cycle
from Scale A; this absolute length is
of no importance in the construction,
and any logarithmic scale whatever
may be used. Even the slide from a
slide rule may be used to lay off the
values.

But it is very important to connect
the proper cycles before starting the
graduation. In Fig. 5 we have set up
the construction by noting where 1
and 100 must strike on Scale B; we
do this by squaring the 1 and the 10
of Scale 4. Next we place the 1 of
Scale C on the 1 of Scale B, and
connect 100 of Scale B with the top
or 100 point of the second cycle of
Scale C. After drawing this one line,
all other lines may be rapidly drawn
in by means of a T-square and tri-
angle. The immense utility of the
construction 1s apparent from the fig-
ure; while it is a simple matter to
determine where the squares of Scale
A integers lie, it is a tedious matter
to precisely locate 2, 3, 5, etc. on Scale
B. Tt is still more tedious to pre-
cisely locate 1.5, 2.5, 3.5, etc.; but
if the graphical construction is em-
ployed, all the necessary intermediate
values may be struck in at once from
lines to Scale C.

Since we are now able to construct
logarithmic cycles of any desired ab-
solute length, we are now in a position
to derive more powerful methods of
nomographic analysis. From this point
forward, we shall- construct nomo-
graphs in which no two scales have
cycles of equal absolute length.

Working Formulae

It is now necessary to seek working
formulae which correspond to conven-
tional engineering formulae, and from
which the desired nomograph may be

— *
IRADIO
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Fig. 5. This shows how to construct ‘“‘product’’ scales graphic-

ally atter

constructed with a minimum of efforr.

Referring to Fig. 6, which shows
the graph of a straight line in Car-
tesian coordinates, we may recall that
if three points P,, P, and P, lie on
a straight line 1., then their coordinates
have a certain unique relation. If these
coordinates are:

P = o, B
P = as, B:
Ps = as, Ba
the determinant of the form:
ay B, 1 0
[2 Be !
w B8 Wi (1)

may be equated to and must equal zero.

This determinant is “expanded” in
the following manner:

1943

locating any two points

by direct calculation.

ay (Bz—/—‘ls) - _ﬁl (az—-(r:«) + (mz:ezr—muez) =0
or:

anB:.' —ﬂl;es—aﬂﬁl
or:

Bi(as—az) +B:(ar

’li3,81+ Waﬁ:r'aalez =0

~M)+;3:s(dz—ﬂt1) =0

since the rules for expanding a nine-
term determinant,

I II Tt
v \ \
VII VIl X

is: T(V+IX——VIII+ VI)—TI{(IV+IX—
VII- VI)+ITI(1V -+ VITI—VII - V)

Functional Nomograph

If we wish to construct a nomo-
graph for a function of current /, in-
ductance L, and resistance R, as shown
in Fig. 7, we have seen that any three

[Continued on page 59]
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NEW NAME IN INDUSTRY

A story which has been partially known
to the Radio Industry has now been an-
nounced in its entirety by H. L. Hoffman,
President of Hoffman Radio Corporation.
Hoffman is a new name in the industry;
the records of its key men and the com-
panies that merged to form this new or-
ganization are not. The Mission Bell
Radio Manufacturing Company, incorpo-
rated in 1932 by H. G. Schmieter and P.
L. Fleming was one of the three major
companies on the coast holding a direct
RCA license for the manufacture of home
receivers and combinations, and did a size-
able volume of production and sales in the
Western market.

In 1941 re-organization took place to
provide additional capital and trained per-
sonnel to plan an aggressive expansion pro-
gram. At this time H. L. Hoffman, one
of the West’s leading merchandisers, be-
came President, P. L. Fleming, former
President of Mission Bell, Vice President,
W. D. Douglas, Treasurer, and G. G.
Davidge, Secretary, both having been active
in distribution in the West.

In line with this expansion program, the
company in 1942 acquired the Mitchell-
Hughes Company and proceeded with the
manufacture of Mitchell - Hughes radio-
phonograph combinations.

In this acquisition Hoffman gained two
of their top executives in the person of
W. S. Harmon, Vice President in charge
of Engineering, formerly Chief Engineer
of Emerson Radio, and R. M¢Neely, Sales

Manager, formerly Eastern Sales Manager
for Gilfillan. This provides the company
with a directorate whose combined expe-
rience totals more than 50 years in radio
production and sales.

The new and re-organized company
moved to new quarters at 3430 South Hill
Street, Los Angeles, Calif,, in July of 1942.
New quarters provided three times the
space formerly occupied. This space has
been tripled recently with subsequent addi-
tions being planned. Hoflman Radio is a
prime contractor for various types of com-
munication equipment for practically all
the military services.

*

G.E. FORMS CREDIT CORPORATION

The formation of the General Electric
Credit Corporation, an investment com-
pany organized under the New York State
Banking Law, has been announced by the
General Electric Company. The new or-
ganization will broaden the scope of activi-
ties carried on since 1933 by the General
Electric Contracts Corporation, and will
include the business of the latter company
which was principally financing the sale of
consumer goods.

The main office of the new corporation
will be at 570 Lexington Avenue, New
York City, and branches will be operated
in other principal cities.

The immediate function of the new in-
vestment company will be to provide finan-
cing for war construction and production
work in connection with contracts which
involve the use of products of General

Signal Corps repair depot in Iceland. Shown is repairman testing a Teletype machine

after general overhauling. In background

is a Hallicrafters SX-25 receiver used

for the reception of vital information at the depot. (U.S. Army Signal Corps photo.)

50

DECEMBER,

Harold Shevers, president of Espey
Mfg. Co., receives “E” flag from
Lt. Col. W. B. Brown. Presenta-
tion was made on November 5th.

Electric and its associated companies, or
parts produced by others for incorpora-
tion in such war products. In the post-
war period the new company will not only
provide financing for the purchase of con-
sumer goods, but will also furnish increas-
ing assistance in the purchase of other
products of the company.

*

ACTIONS BY FCC
COORDINATED SERVICE

The Commission has adopted a new Sec-
tion 10.153 to require licensces of State
Police radio stations to submit applications
for, or contracts covering, similar service
rendered by the licensees to municipal or
county police organizations. The new Sec-
tion 10.153 reads:

“10.133 Coordinated Service—Any appli-
cant for an instrument of authorization
who proposes to furnish a coordinated
police radio-communication service to one
or more municipalities, counties, or govern-
mental agencies, other than the applicant,
must make specific formal request for au-
thority to furnish such service. Applica-
tions for such authority should contain a
full and complete description of the service
to be rendered, including information as to
whether one-way dispatching service to
mobile units or two-way radio-communica-
tion service is to be provided. Applications
for authority to render coordinated serv-
ice must be accompanied by duplicate
copies, under oath, of all agreements re-
lating to the service to be rendered. Such
agreements must be in writing, must clearly
set forth what service is to be rendered,
and include a statement as to ownership,

[Continued on page 52]
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Left—MARINE SPEAKER; approved
by the U. S. Coast Guard, for all
emergency loudspeaker systems om
ships. Re-entrant type horn. Models
up to 50 watts. May be used as
both speaker and microphone.

Right— RE-ENTRANT TRUMPET;
available in 312’, 4V2’ and 6’ sizes.
Compact. Delivers highly concentrated
sound with great efficiency over long
distances.

Leit-—RADIAL HORN SPEAKER; a
3%2’ re-entrant type horn, Projects
sound with even intensity over 360°
area. Storm-proof. Made of RACON
Acoustic Material to prevent reson-
ant effects.

Right—AEROPLANE HORNS; super-
powerful and efficient P.A. horns for
extreme range projection. 9 and 4
unit Trumpets available.

Left—PAGING HORN; extremely ef-
ficient 2’ trumpet speaker for use
where highly concentrated sound s
required to override high noise levels.
Uses P.M. unit,

Right—RADIAL CONE SPEAKER;
projects sound with even intensity
over 360° area. Cone speaker driven.
Will blend with ceiling architecture.
RACON Acoustic Material prevents
resonant effects.

SEND FOR CATALOG

MMADIO

RACON, pioneer and world’s largest man-
ufacturer of loudspeakers, horns and driv-
ing units, is working at capacity filling diver-
sified orders — speakers for Army, Navy,
Maritime Commission and industrial use.
Now we are planning ahead.

Practically all industrial firms are users,
or potential users of some type public-ad-
dress, paging or sound distribution system,
Statistics prove that a properly planned
sound system installation is a good invest-
ment which in time generally pays for itself.

RACONS have always enjoyed a steady,
high sales volume. We believe they always
will, for our products are the finest that

RACON ELECTRIC CO. 52 EAST 19th ST.

* DECEMBER, 1943

money can buy, or engineering skill pro-
duce. Receiver units supplied with either
metal or plastic dinphragms. RACON prod-
ucts generally cost less than competitive
brands because a lower power-rated and
lower-priced RACON will outperform higher
power-rated units of other make. In other
words, don’t let catalog list-prices fool you.
Basic costs and rated outputs are the prime
factors worth considering.
That’s why leading soundmen
prefer and specify RACONS,
they are dependable—a safe
bet for steady sales and satis-
fied users.

NEW YORK, N. Y.
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THE LATEST

UP-TO-THE-MINUTE RADIO
AND ELECTRONIC CATALOG
IN THE COUNTRY TODAY!

Newest listings of amplifiers, com-

munlications equlp t, radio tubes,
testers, etc. » The latest developments In
Intercommunications equipment. ¢ Greatly
expanded listing of needed tools, espe-
clally for assembly and factory use. * Ad-
vance listings of 1944 radio and electronic
books; repair and replacement parts; bar-
goin section of values. « A brand new.,
up-to-the-minute catalog that shouid be
in the hands of industrial plants, labora-
torles, government and military services,
schools, radio servicemen and dealers (on
L265), everybody engaged in vital war and

civilian work.
dio Catalog No. 94

FRE @ will be rushed to

you upon request. Fill out

' this coupon NOW!

{LAFAYETTE RADIO CORP.
901 W. Jackson Blvd., Chicago 7, Il

' The Lafayette Ra-

Ll Please rush my FREE copy of the

Lofayette Radio .Catalog No. 94. &

LAFAYETTE

RADIO CORPORATION

901 W. Jackson Bivd.
CHICAGO 7, ILLINOIS

265 Peachtree Street
ATLANTA 3, GEORGIA

ZENDER SERVING W.P.B.

In addition to his duties as Chiei kngi-
neer and Sales Manager of Lenz Electric
Manufacturing Company, Chicago, wire
manufacturers, Mr. Ray Zender has been
appointed Wire Consultant to the Radio
section of the War Production Board on
a “dollar a year” basis.

NEW PRODUCTS

[Contined from page 48]

vacuum {ube applications. as well as in de-
tecting overloads at low current levels. Its
greatest field of usefulness lies in appli
cations where current varies slowly be
{ween various limits, rather than quickly
from zero to rated value.

Details on Type 79X AX will be supplied
by Struthers-Dunn. lnc., 1321 Arch St
I’liladelphia, Pa.

*
HAYDON D-C TIMING MOTOR

Havdon Manutacturing Company, Inc.,
of lorestville,  Connecticut, have an
nounced a new type of d-¢c motor for tim
ing applications on direct current.

I'his is a normally running 6-volt motor
with resisiance wire calibrated at the fac
tory ifor 12 volts, 24 volts, and other volt
age applications. It is available with all
the various output shaft speeds which the
company now has in its a-c line of thming
motors, these speeds secured through
sealed-in lubricated Speeds

gear trains.

If you desire to save time and crit-
ical materials on production of
metal stampings or other small
parts, then the DI-ACRO System
of *Metal Duplicating Without
Dies” merits your consideration.
[t is based on the rapid and accu-
rate production of formed parts
with DI-ACRO Shears, Brakesand
Benders. All duplicated work is ac-
curate to .001”. These precision
machines are adaptable to an end-
less variety of work, and ideally
suited for use by girl operators. For
short runs vour partsare processed
ina matter of hours instead of wait-
ing weeks for dies.

Send for this Catalog
“DIE-LESS”’
DUPLICATING

It illustrates many stampings ol parts
made without dies, gives full details on
DI-ACRO machines and shows how
they may readily be adapted for various
applications. Request vour copy now.

DECEMBER,

available will be irom 900 r.p.m. down to
one revolution per month.

Extremely consistent speed is obtained
by the governor effect of an electrical
eddy current drag built into the motor. A
unique feature is the fact there is no arc
ing at high altitude operation and brush
life is unusually long. The motor can be
purchased with special lubricant for
operation at extremely low temperature:

This motor is entirely new in design,
reversible, weighs approximately 6 ounces
and operates on a current input of ap-
yroximately 100 ma., no load. The motor.
including gear reduction, measures only
2 7/16" high by 2 1/8" wide by 1 3/8"
deep.

BRAKES

5
BENDERS

346 Eighth Ave. So.
Minneapolis 15, Minn.
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NEW G-E INDICATOR LAMP

A small molded plastic indicator lamp
has been announced by the Specialty Di
vision of the General Electric Electronics
Department at Schenectady, N. Y. Special
feature is a lock-on color cap which can-
not be shaken loose and will not “freeze”
to the base. As many as five circuits can
be identified on one panel by the use of
five different color caps amber, red,
green, white and blue.

The lamp is supplied ready ior mount-
ing. The base is mounted directly to the
back of the instrument panel and the color
cap is screwed into the base through the
panel. A\ coil spring applies constant
pressure to the base of the lamp bulb to
maintain a good electrical contact. The
lamp takes 6- to 8-volt bulbs.

Applications include radio transmitters,
and any other equipment or control de-
vice where a glow lamp is needed to show
that the device or circuit is on or off.

RCA DYNAMIC DEMONSTRATOR Iii

RCA’s newest Dynamic Demonstrator,
a practical circuit diagram designed for
laboratory and classroom instruction in
radio, is now in production and is avail-
able to schools and training classes on a
priority basis, RCA Victor Division of the
Radio Corporation of America has an-
nounced.

The Demonstrator emhodies improve-
ments in design and operation over two
previous RCA models which have played
a major role in the streamlined training of
thousands of radio persounel snddenly
needed in wartime.

Dynamic Demonstrator IIT is a com
plete, operative, six-tube superheterodyne
radio receiver expanded on a plane surface
so that all circuits and parts are readily
visible and accessible for study. Its design
is based on actual teaching experience and
classroom requirements.

The Demonstrator is large enough ior
group study, presenting a visual compari
son of schematic symbols and actual oper-
ating parts, since the parts are monnted
beside their respective schematic symbols.

The RCA Dynamic Demonstrator is
complete in itself and thorough studies of
radio design, operation and radio servicing
may be made without any additional equip-
ment. However, the use of other instru-
ments will extend the scope of study. A
student of radio can ohtain a ore thor
ough understanding of the theory and op
eration of radio circuits by using the Dem-
onstrator in conjunction with such RCA
test equipment as the Chanalyvst, [unior

CINAUDAGRAPH SPEAKERS

Cinaudagraph ‘Speakers, lnc.

3911 S. Michigan Ave., Chicago

“Ne Finer Sheaker Made irn all the World

v
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Standard Signal

Generators
L]

Square Wave

Generators
o

Vacuum Tube
Voltmeters

U.H.F.
Ngisemeters

Pulse

Generators
[

Moisture
Meters

MEASUREMENTS
CORPORATION

Boonton, New Jersey
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“RADIO NACIONAL”
[Continued from page 44]

inductor of 2-inch copper pipe which
serves to cover the range from 14
to 22 megacycles. A shorting bar on
the hairpin is set at the proper point
for the frequency desired.

The output tuning circuit uses in-
ductors similar to the tank circuit and
a motor-driven balanced variable
capacitor to form a parallel tuned
tank coupled to the plate tank. Out-
put to a 300- to 600-ohm balanced
transmission line is taken directly from

the two hot plates of the variable
capacitor.

Output Coupling

A motor-driven arrangement pro-
vides means for raising or lowering
the complete assembly of output coup-
ling coils and variable capacitors, thus
allowing for a variation of output
coupling without affecting either the
output circuit or plate tank tuning. This
feature allows for quick compensa-
tion during operation when sudden
weather changes cause variations in the
transmission-line impedance. All five
motor tuning control keys are located

54

Ingenious New

Technical Methods

Presented in the hope that they will
prove interesting and useful to you,

Hard Steels Cut by Heat Generated
by Super High Saw Speeds

Ordinary band-saws, when operated atun-
believable high speeds up to 12,000 feet per
minute, cut through hard steels and alloys
by heat generated from the friction of the
saw against the metal to be cut. The cutting
effect is more that of burning through the
metal than actual cutting. The heat gener-
ated is sufficient to melt or burn out the
metal in the saw cut but not enough to draw
the temper on the sides.

The hardness of cither saw or metal to be
cut is of little importance. Thin metal sheets
are cut like paper, and plates up to one inch
in thickness can be cut at spceds of ten
inches per minute.

We hope this has proved interesting and
useful to you, just as Wrigley’s Spearmint
Gum is proving useful to millions of people
working everywhere for Victory.

You can ger complere information
abour this method from Bell Aircraft
Corporation, Buffale, New York.
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Proof of ability of new method
to cut hard materials is demon-
strated by operator cutting a file.

The temper of curve cut section
shown above is unaffected.

X-60

DECEMBER,

on the front panel where the con-
trolled effect can be noted on panel
instruments.

A portable dummy antenna is in-
cluded in the equipment and is partic-
ularly useful during initial adjustment
on a new operating frequency. Capa-
ble of dissipating the full 75-kilowatt
output from the transmitter (50 kw
modulated 100%), it can be set up
for any resistance between 300 and 600
ohms at any frequency between 6 and
22 megacycles.

PRODUCTION SPEED-UPS
[Continued from page 35)

vices, has proved its advantages in
terms of improved products and sav-
ings of time, space and labor for case-
hardening, annealing, and welding of
metals, baking paint, tacking plywood,
seaming thermoplastic fabrics, drying
textiles, and other industrial opera-
tions.

By comparison with flames and other
usual sources of heat for industrial
processes, Gillespie said, radio-fre-
quency heating is not only quicker but
also permits closer control as to the
area to be heated, provides more uni-
form heating, and for many processes
is more efficient and more easily
adapted to mass production methods.

The degree of control, he said, is
illustrated by the fact that one end of
a set screw can be brought to a white
heat while the other end remains cool.
This is an advantage, he pointed out,
in the manufacture of many machine
parts which function best if one por-
tion is case-hardened while adjacent
areas remain unhardened.

MICROWAVE GENERATION
[Continued from page 23]

CT, are unaffected by any of the mo-
tion until after the time of our final
observation. In fact, this is true any-
where along the line QP simply be-
cause, although the field is propagated
with the velocity of light and will
travel a distance CT to Q during our
observations, there has not been time
for it to travel farther.

Similarly in Fig. 44, during the time
the charge moves with constant ve-
locity, represented by f, the field ex-
tends out from the charge in the nor-
mal manner but, at the time of our
final observation, it has only had time
to travel a distance Ct to point S.
Thus, in Fig. 44, where we have drawn
only one line of force, we know that
line must be along RS and along QP.

[Continued on page 56]
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ITH the aid of Automatic Electric relays and
other control devices, electronic science is
helping industry do a thousand new jobs—speeding
new electronic ideas through the laboratory and

putting them to practical use on the production line.

Automatic Electric field engineers, armed with the
technique which comes from long experience in elec-

trical control applications, are working daily with the

elny s

AND '‘OTHER COJNTROI. DEVICES

AUTOMATIC
ELECTRIC

makers of electronic devices of every kind—offering
time-saving suggestions for the selection of the right
controls for each job.

Let us pocl our knowledge with yours. First step
is to get a copy of the Automatic Electric catalog of
control devices. Then, if you would like competent
help in selecting the right combination for your
needs, call in our field engineer. His recommeada-

tions will save you time and money.

Distributed by

AUTOMATIC ELECTRIC SALES CORPORATION
1033 WEST VAN BUREN STREET  CHICAGO 7, ILLINOIS

In Canada: Automatic Electric (Canada) Limited, Toronto

MUSCLES FOR THE MIRACLES OF ELECTRONICS
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@® Those super-sealed Aerovox paper tubu-
lars are just as good as they look. Beneath
that colorful yellow-black-red label jacket
you’ll find an extra.generously-waxed car-
tridge for maximum protection against mois-
ture penetration. Likewise the extra-gener-
ously-sealed ends neatly milled and with
pigtail leads that won’t work loose. In all
climes—from frigid Arctic to torrid tropics—
Aerovox paper tubulars are establishing
fine performance records.

AEROVOX
Type ‘84

Tpe 4B 00 0 RN
Tope 68— 000 BN
Tope 10841000 o B
Type 101600 0. R

© Ask Our Jobber . . .

Order

Ask him about Aerovox paner tubulars.
latest

your requirements from him. Ask for
Aerovox catalog—or write us direct.

INDIVIDUALLY TESTED

AEROVOX CORP., NEW BEDFORD, MASS., U, S. A.
In Canada: AEROVOX CANADA LTD.,HAMILTON, ONT.
Export: 100 VARICK ST.,N. Y. C. + Cable: "ARLAB’
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the manipulation, we may expand this
determinant; we will receive back
X3+ XY — Z = 0. While we could
use this determinant as a working de-
terminant, it is obviously not “fitted”
to the size of sheet we happen to
choose. Therefore we must manipu-
late this determinant into working
form. This manipulation will be il-
lustrated in the next article.

THIS MONTH

| [Continued from page 52]

WELSH NOW MOULDING

Wm. H. Welsh Company, of Chicago,
are now doing compression moulding in
addition to manufacturing speaker dia-
phragms. They are now in production on
a large contract for plastic earphones for
aircraft received from a large manufac-
turer in Chicago.

x

CLAROSTAT TO NEW QUARTERS

Marking another phase of its rapid ex-
pansion, Clarostat Mfg. Ce., Inc, manu-
facturers of resistors, controls and re-
sistance devices, has moved its general
offices to 130 Clinton Street, in the center
of Brooklyn, N. Y., close to the Borough
Hall subway station. The firm's new
'phone number is Main 4-1190-1-2-3-4-5.

This latest expansion follows close on
the opening of the third Clarostat plant
last spring. All Clarostat plants are located
in the Greenpoint section of Brooklyn.

*

NEW LITERATURE
NEW RELAY CATALOG

Several new types of relays, including
a line of very small, lightweight and vi-
bration-resisting relays for aircraft service,
are shown in the 104-page Relay Catalog
recently issued by Automatic Electric
Company. Complete operating data and
scale mounting drawings are given for
these relays, and there are more than forty
other types similarly treated. A double-
page chart shows the important character-
istics of each type, simplifying selection
of the proper design for any purpose.

Also shown for the first time in this
catalog are two desk microphones—a “car-
Lon” and a “magnetic’ type — especially
adapted for use in airport control rooms
and similar situations. Other items include
stepping switches, keys, lamps and lamp
holders, solenoids, counters, switchboard
plugs, jacks and cords, and various types
of microphones, headsets, and transmitter
and receiver units for telephone and radio
use.

Copies of this new catalog—No. 4071-D,
“Relays and Other Devices for Electrical

| Control”—will be gladly sent on request.

DECEMBER,

Address Automatic Electric Company, 1033
West Van Buren Street, Chicago 7, IlL

*

“ELECTRONICS IN INDUSTRY"

A clear-cut exposition of the practical
part electronics are playing 1in various in-
dustrial fields, as differentiated from the
fanciful, “blue-sky” imaginings of some
current writers, is graphically presented in
a #-page booklet just released by the RCA
Victor Division of Radio Corporation of
America, Camden, N. J. Profusely illus-
trated in color, and written in non-technical
language, this booklet, “Electronics In In-
dustry,” is being made available to business
executives, manufacturers, and industrial-
ists in whose fields the science of elec-
tronics may find applications.

The plainly worded text and four-color
illustrations dispel the mystery often asso-
ciated with electronics by showing the
workings of practical electronic devices
now in operation in numerous fields in in-
dustry, government, education, and enter-
tainment.

*

NEW STACKPOLE CATALOG

Just off press is the new 36-page Stack-
pole Electronic Components Catalog giving
full details on Fixed and Variable Resis-
{ors, inexpensive Switches, and Iron Cores
for a wide variety of electric, radio, and
other electronic applications. Also included
is a wealth of engineering information and
Jata of interest to those dealing with items
of this sort.

Particular interest attaches to the list-
ing of Stackpole standard and high-fre-
quency iron cores, this catalog represerting
the first assembling of completé informa-
tion on these popular items. In addition
to complete listings on the various types
of Stackpole insulated and non-insulated
cores, etc., the catalog contains helpful re-
actance charts as well as time constant
charts for series circuits.

Other features include detailed listings,
dimension diagrams, etc. of Stackpole’s in-
expensive lines of slide, line, and rotary-
action switch; ¥4-, V5~ and 1-watt fixed re-
sistors, as well as variable resistors in
standard and midget sizes for practically
anv radio, hearing device, or similar ap-
plication.

A copy of the catalog will be sent on
request to The Stackpole Carbon Com-
pany, Electronic Components Division, St.
Marys, Pa. Ask for Catalog RC6.

*

JAM HANDY CATALOG

A new type catalog-directory, classifying
slidefilms and motion pictures, many of
which are useful in radio technical train-
ing and salesmanship, is announced by The
Tam Handy Organization, 2900 E. Grand
Blvd., Detroit 11, Mich., and will be sent
free of cost upon request to them. By anew
system of indexing, cross-indexing, and
classifying motion pictures and slidefilms,
the user is enabled to quickly locate the
;ubject wanted by a mere flip of the page.
This saves time and labor otherwise spent
n extensive film research work. Also,
‘previews” of each subject in the form of

[Continued on page 621
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Never mind “who done it=pitch in
and help get it down !

T;ﬂs IIS YOUR UNCLE“\SAM talklinkg- - the OTHER FELLOW to mend his ways. Buy only what ygu néec.l.f }—1\ patchh on
ut I'm going to talk to you like a 1 ; our pants is a badge of honor these
DUTCH uncle, to keep all of us from We've ALL got to help — EVERY gays. a i
going broke. o RGN [ORRIS: Keep your OWN prices POWN. Don’t
Ever since the Axis hauled off and hit Sit down for a minute and think things  ask higher pric;s—for your own labor,
us when we weren’t looking, prices have ~ ©ver- Why are most people making more your own services, or goods you sell.
been nudging upwards. Not rising aw. ~ money today? It’s because of the SAME Resist all pressure to force YOUR
fully fast, but RISING. cussed war that’s killing and maiming  prices up!
' some of the finest young folks this coun- Never pay a penny more than the ceil-
Most folks, having an average share try ever produced. ing price for ANYTHING. Don’t buy
of common sense, know rising prices are . ) rationed goods without giving up the
BAD for them and BAD for the country. So if anyone uses his extra money to right amount of coupons.

So there’s been a lot of finger pointing buy Fhings he’s in no par'ticu]gr need of
and hollering for the OTHER FELLOW - . . if he bids against his nenghl»or.for
to do something—QUICK. stuff that’s hard to get and pushes prices

Pay your taxes willingly, nomatter how
stiff they get. This war’s got to be paid

up well, sir. he's 2 WAR PROFIT for and raxes are the cheapest way to do it.
R , Sir, a W - X
The government’s been yelled at, EER. That’s an ugly name—but there’s Pay off your old debts. Don’t make any
t0o. “DOGGONNIT,” folks have said,  just no other name for it. new ones.

“WHY doesn’t the government keep
prices down?”’

Start a savings account and make regu
lar deposits. Buy and keep up life in
surance.

Buy War Bonds and hold on to them.

Now, if I know Americans, we’re not
going todo that kind of thing, once we’ve
Well, the government’s done a lot.  got our FACTS straight.
That’s what price ceilings and wage con-

trols are for—to keep prices down. Ra- All right, then. Here are the seven  Buy Fhe@ g et tad Glle S
tioning helps, too. rules we've got to follow as GOSPEL HURTS like blazes to do wnhout.
from now until this war is over. Not some Start making these sacrifices now
But let me tell you this—we're mever  of them — ALL of them. Not some of us keep them up for the duration—and this
going to keep prices down just by lean- —ALL OF US, farmers, businessmen,  country of ours will be sitting pretty
ing on the government and yelling for  laborers, white-collar workers! after the war . . . and so will you.

KEEP PRICES DOWN! oivovies,, —Foncl Sam

This advertisement, prepared by the War Advertising Council, is contributed by this magazine in co-cperation v.”th the [ lagazine Publishe's of America.
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electromagnetic waves start traveling
back and forth between the electron
beam and the wall 4. At the times
when the field is at the electron beam
in the buncher, it generates a voltage
between the buncher grids. This causes
the electrons to be periodically acceler-
ated as they move in this region. Thus,
as the electron beam enters the field
free space, called the drift space, some
of the electrons have been accelerated
and are travcling faster than others.
These faster electrons then catch up
with their slower contemporaries while
crossing the drift space and reach the
catcher grids in the form of bunches.

TECHNICANA
[Continued from page 16]

soldering steel parts without the neces-
sity for subsequent washing, which is
often impractical in many assemblies.

STEATITE RADIO INSULATORS

* Approval by the American Stand-
ards Association of the American War
Standard, Steatite Radio Insulators
(C75.2-1943), makes available for the
use of industry and the Armed Forces

=53]
(]
i

e that extra note of perfection,
for radio and electronics work "

Now.in war-time, Monarch’s special ealibrating equip-

mentl. testing and measuring instruments are perform-

i ing services even more vital than in peacetime, for

manufacturers of radio and electronic devices.
Monarch has solved more than one manufacturer’s

i problem of securing adeguate testing instiruments to

: be shipped with other equipment, as required by gov-
ff; . ernmenl conlracts. Perhaps we cansolve YOUR p;nh- Boae
& lem, whether it is concerned with testing equipment, 1i»
special coils, or almost any type of small machine i 3*

obligation from you.

part. We will welcome your inquiry, without

any

MONARCH MFG. CO.

2014 N. Major Ave.

Chicago, lii.
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the second standard in a series of per-
formance requirements for ceramic
radio insulators.

The standard as a whole represents
a specification suitable for the procure-
ment of insulators by either radio
prime contractors or by any individual
branch of the Armed Forces.

The specification includes standard
practices, requirements, manufacturing
tolerances, and inspection procedures
for the use of inspectors in both indus-
try and the Armed Forces in determin-
ing the suitability of insulators. The
standard drawings included show the
equipment design engineer exactly
what styles and sizes of insulators are
available.

A useful and novel appendix has
been included in this standard, in which
are given design criteria as recom-
mended by various insulator manu-
facturers and which have been found
to be satisfactory by the other manu-
facturers represented on the task group
which prepared the standard. This sec-
tion should be particularly well adapted
to assisting new personnel in radio de-
sign departments in that it explains
what can be done with this particular
form of insulation and gives the rea-
sons for the specific requirements of
the standard.

LUMINESCENT MATERIALS

* Development of new and highly effi-
cient luminescent materials by scien-
tists in RCA Laboratories gives prom-
ise of opening new fields of activity in
the postwar era, according to an ar-
ticle by I1I. W. Leverenz, which ap-
peared in the October, 1943 issue of
Radio Age, published by the Radio
Corporation of America.

Mr. Leverenz points out that phos-
phors are unique in being able to con-
vert electric power into white or
colored light more efficiently than by
any other known practical means. Also,
they can store light for controllable
time intervals from less than one hun-
dred-thousandth of a second to more
than twenty-four hours, and can in-
stantancously transform invisible radi-
ations, such as cathode or ultra-violet
rays, into visible light.

Possible uses for phosphors are
stated to include intense light sources
for sound recording and theater pro-
jection, inexpensive illumination of
workplaces and homes by using phos-
phor crystals in fluorescent lamps, lu-
minescent plastics to make night-time
safer and more colorful, and phosphors
emitting specific radiations for con-
trolled treatment of living tissues and
organisms,

SUPERSONICS TEST TIRES

% A new device which tests rubber
tires for flaws by means of supersonic
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waves has recently been demonstrated, .

as reported in The Ohmite News. The
tire is placed in a trough of water and
slowly rolled. The supersonic waves
are transmitted through the water to
the tire sides and a microphone picks
up the waves passing through the rub-
ber. As long as the rubber is solid the
waves come through and a green lamp
is kept lighted. If a flaw breaks the
continuity of the waves, a red lamp is
flashed.

*

CORRECTION

We regret that the vector potentials
E and H, in Figs. I and 4 of the article
on “Maxwell’'s Lquations in Micro-
wave Reflections” in the October, 1943
issue, indicate a direction of propaga-
tion opposite to that shown. Also, in
Fig. 2-4, the E vectors, and in Fag.

2-B, the V vectors, should be reversed. !

USING NOMOGRAPHS
[Continued from page 37]

points P, P, and P,, accessible to
a straight-edge, will satisfy determin-
ant (1). Now we must sce what the

relation of this working determinant

is to a given equation in I, L and R.
We perceive that o and S must them-
selves be functions which define the
scale graduations of the /, L and R
scales.

In other words, we shall work one
step nearer the beginning by writing
the terms of (1) in functional nota-
tion :

P(X) 6(X) 1 0
(YY) 6(Y) il
(Z) 6(Z) 1

That the variables X, ¥ and Z are

algebraic functions, such as X2 47

(Y—3), or 925, etc, are indicated by
¢ and 4. Now,

a = ¢(X) B = ¢(X)
a: = ¢(V) = 6(Y)
a = ¢(Z) B = 16(2)

and so it is clear that the point to mark
“1” on the I scale is §(1). Tt is also
clear that substituting 2 for X, 3 for
X, etc., will tell us how far up to go

on the I scale to determine thesc |

points and mark them “2” “3” etc,

Now the nomograph in Fig. 7 is
of the type containing three vertical
scales; it is evident that there is only
one a, or $(X) wvalue, which is a
constant C,. Therefore, we must as-
sign constants for the o functions in

C: 8(X) l]=0

C. 8(Y) 1

Cs 6(2) 1
and it immediately follows that when-
ever one of these constants is zero,
it is indicated that that scale is coin-
cident with the axis of ordinates.

We are now able to return to the
beginning and derive the preliminary
determinant from the engineering
equation. Suppose that this equation
is

X4+ XY —Z=0

This equation may be written in the
form of three simultaneous equations
by letting
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Since it is surely continuous, we may
connect S and @ and feel confident
that the portion SQ shows us the effect
of acceleration.

In Fig. 4B, the part of the field aris-
ing from the acceleration of the charge
is redrawn on a larger scale, along
with the magnetic lines of force and
the resulting Poynting’s vector. It is
clear there, that the energy flow shown
by that vector has a component which
points outward from the path of the
charge. This represents encrgy radi-
ated out into space.

So far we have concerned ourselves
only with the electromagnetic field
arising from a single charge and have

specifically pointed out that when the
velocity of that charge increases, en-
ergy is radiated. Certainly this is true
whether the charge is accelerated to
the right or to the left and, if the
charge oscillates back and forth as in
an ordinary antenna, radiation occurs
at regular intervals corresponding to
cach acceleration. The emission of
such a train of pulses is referred to as
a wave train and the oscillating charge
is said to be radiating an electromag-
netic wave.

The Bunched Electron Beam

In the Sperry Krysrtron, the radia-
tion of a continuous wave is obtained

The utilization of the electron through the

agency of the vacuum tube is one of Ken-Rad’s

many contributions to the science of Electronics

in war

These electronic discoveries will be

at the disposal of industry —in hundreds of

developments — immediately after the Peace

TRANSMITTING TUBES
CATHODE RAY TUBES

OWENSBORO
56

-l\ E“*

INCANDESCENT LAMPS
FLUORESCENT LAMPS

KENTUCKY

METAL AND VHF TUBES
SPECIAL PURPOSE TUBES

U S A
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in a different manner. Instead of try-
ing to keep a single charge constantly
oscillating, which is manifestly difficult
to do at the very high frequencies of
the microwave region, a technique is
used which requires acceleration in
only one direction and secures the rapid
repetition of the radiated pulses neces-
sary to form wave trains by using a
“hunched” electron beam. This is illus-
trated in Fig. 5. An electron heam con-
sisting of groups of charges separated
by space containing relatively little
charge moves down inside a hollow
clectrode, through grids and the inter-
vening space, into a second hollow elec-
trode. Only in the space S do these
charges receive acceleration and hence
radiate out into space. Pulses of radi-
ant energy are thus successively
emitted for cach bunch of electrons so
that a radio wave is formed whose fre-
quency is dictated by the constant ve-
locity of the beam hefore acceleration
and by the closeness together of the
hunches.

Recognizing this possibility of gen-
crating radio waves, the problem of the
KLysTRoN then becomes clear. It is to
devise a vacuum tube which will suppl:
such a bunched beam across the catcher
grids and arrange an cfficient method of
collecting the radiated wave and trans-
mitting it to the antenna where it can
be sent out into space in accordance
with a desired patrern. The way this is
done in a standard two-chamber tube
is shown in Fig. 6. The electron beam
emerges {rom the electron gun travel-
ing from left to right with a certain
initial velocity. Tn some accidental way
connected with the starting of the tube
some bunching of the beam occurs so
that, in the space between the catcher
arids, successive bunches are acceler-
ated and radiation pulses arc sent out.
The catcher cavity is of just the right
dimensions so that these E and H
wives travel out to the metal wall at
 and are rellected back to the electron
heam just in time to he strengthened
and sent out again by the radiation
from the next bunch. When this hap:
pens we say that the cavity is at reso-
nance and the energy density in the
catcher cavity builds up to a maximum.
Energy can then be taken off in the
coaxial line marked output.

Aside from concerning ourselves
about how the first bunch is formed,
we can also now easily understand how
the bunching is maintained. In addi-
tion to the output coaxial line, a sec-
ond coaxial fitting is connected to the
catcher resonator. Through this some
energy flows back to the buncher reso-
nant cavity, which is geometrically just
like the catcher cavity. Here, also,

[Continued on page 58]
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SUPERCAPS
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duration have the
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features..and are
guaranteed to
give the same high
quality perform-
ance for which all
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large, vivid illustrations reproduced directly
from the films themselves show you what
you are going to get—in advance. The di-
rectory contains much detailed information

such as outlines of each subject and se-
ries, number of pictures on each slidefilm
and in each series or Kit, and what type
of projector is best suited to various radio
training needs.

*

CALLITE TUNGSTEN ELECTRODES
Callite Bulletin No. 154, just issued, de-

| scribes the application of Callite Tungsten

Electrodes by atomic-hydrogen, helium and
argon arc welding and gives complete data
on the Callite Tungsten Electrodes avail-
able—their physical properties—dimensions
and current range in amperes. Users of
welding electrodes will find this bulletin
extremely interesting and informative.
Copies may be had on request to Callite
Tungsten Corporation, 540 Thirty - ninth
Street, Union City, New Jersey.
*

NEW CENTRALAB BULLETINS

“Ceramic Tubular Capacitors” is the title
of an engineers bulletin now being dis-
tributed by Centralab. Tts eight pages con-
tain tubular capacitor dimensions and ca-
pacily and color code charts besides gen-
eral descriptive information. One section
is devoted to an explanation of test equip-
ment and controlled temperature compen-
sation. Lt explains correlation methods and
results of experiments. Send for your free
copy of this bulletin by asking for Form
630 Revised. Centralal, Division of Globe-

Union, Inc., 900 East Keefe Avenue, Mil-
waukee 1, Wisconsin.

No. 817-001 is the number of the bush-
ing mounted capacitor now in current pro-
duction at Centralab. It is a special type
part used in high-frequency circuits where
a capacity ground to the chassis and a
“lead through” is desired. It is fully de-
scribed with a dimensional illustration in
Centralab’s one sheet form 586. The back
of the bulletin is devoted to engineering
data on Centralab’s 830 and 831 style Sil
ver Mica Capacitors.

“A  stable capacitor of compact size
that is easily adjusted by means of a screw
driver” . that is the general description
Centralab gives of its Ceramic Trimmers,
described in detail in its 8-page Bulletin
6905 Revised. It goes on to explain the
construction principle of the parts, and
catalogs four styles in current large pro-
duction giving the dimensions and specifi-
cations of each. Helpful drafting drawings
and actual photographs round out this de-
sirable source of information.

*

G. E. PRIMER ON ELECTRONIC TUBES

A 24-page nontechnical book titled “How
Electronic Tubes Work” has been produced
by the General Electric Electronics De-
partment at Schenectady, N. Y. It is de-
signed primarily for industrial engineers.
Illustrated with 117 sketches and photo-
graphs, the book is a primer whose main
emphasis is on how the electronic tube
operates. The eight basic types of indus-
trial electronic tubes and their uses are

Because of the extreme care and precision exercised in their
manufacture and the high standard of their operating
efficiency, Astatic Co-axial Cable Connectors are being
exclusively used and highly praised by many leading manu-
facturers of wartime radio communications equipment. Equal honors are being shared
by Astatic's GDN Series Dynamic Microphones with grip-to-talk control, now being
manufactured and used extensively in many branches of the service. Astatic continues
to build for the present and plan for the future.

PRODUCING
AND PLANNING

N CANADA
CANADIAN ASTaTIC. LTO
TORONTO. ONTARIO

T.H‘. ASTATIC CORPORATION

YOUNGSTOWN, OHIO
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described. The book (GEA-4116) is avail-
able free on request to Dept. 6-215, Pub-
licity Divisions, General Electric Company,
Schenectady, New York.

*

G. E. PRIMER ON RADIO

A 68-page primer intended to help the
beginner understand the fundamentals of
radio has been produced by the General
Electric Electronics Department. The book
is the outgrowth of a training course in
the radio prepared for people employed
in nontechnical positions in the radio in-
dustry. The scope of the material is
broad, with mathematical and engineering
treatment on fundamental theory held to a
minimum. Hence, the point of view of the
practical serviceman has been adopted
rather than that of the advanced engineer.

Copies may be obtained from the Ad-
vertising Division, Electronics Department,
General Electric Co., Bridgeport, Conn.
for 25 cents in coin.

*

CANNON “AN’ CONNECTORS

Cannon Electric Development Commpany,
Los Angeles, has just issued a 10-page
Supplement of latest information on Type
AN Electrical Connectors, Supplement
contains layouts of new insert arrange-
ments, tabular matter and Special Plugs.
Pages are in loose-leaf form to be used in
current Cannon General Catalogs.

*

Appointments
SOLAR APPOINTS McKINLEY

J. E. McKinley, with offices at 401 North
Broad St., Philadelphia, Pa., has been ap-
pointed sales representative for Solar Ca-
pacitor Sales Corporation in Eastern Penn-
sylvania, Maryland, and the District of
Columbia,

*

R. H. MAYER JOINS TURNER CO.

The Turner Company, Cedar Rapids,
[owa, has announced tlie appointment of
Rollins H. Mayer as electronic engineer in
charge of research.

Mr. Mayer was previously connected
with the Navy Radio and Sound Labora-

f_'_ ) *
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tory, at Los Angeles, where he was asso-|
ciate radio engineer, working under Dr.
August Hund.
* |
G.E. APPOINTMENTS

E. H. Fritschel has been named Sales|
Manager of Transmitiing Tubes, and H. J.|
Mandernach, Sales Manager of Receiving|
Tubes in the Tube Division of the Gen-
eral Electric Company’s Electronics De-
parttment, according to an announcement|
by G. IV. Newvin, Division Manager. Both|
men are located in Schenectady, N. Y.

H. A. Crossland has been named Man-|
ager of Sales of the Receiver Division of|
the General Electric Company’s Electronics
Department, according to an announcement
by 1. J. Kaar, Division Manager. In this
capacity, Mr. Crossland will be responsible
for all sales matters of the division. For
the present he will divide his time between/
Bridgeport, Conn., and Schenectady, N. Y|

R. P. Whitinyre has been appointed As-
sistant to R. J. Bahr, Purchasing Agent of
the General Electric Company’s Electronics
Department. In this capacity, Mr. Whit-
myre will assist Mr. Bahr in the general
administration and co-ordination of pur-
chasing and procurement activities for the
department. He will be located at Schenec-
tady, N. Y.

J. W. Whiteside has been appointed buy-
er in the Tube Division of the Electronics
Department, General Electric Company.
according to R. J. Bahr, department pur-
chasing agent. His headquarters will be at
Schenectady.

In this capacity Mr. Whiteside will be
responsible for all purchases, including sub-
contracts for the division.

* |

CANNON NAMES REPRESENTATIVES 4

To provide for better representation in
various parts of the country where war
production has opened new plants or
greatly increased activity, and demand for
Cannon’s electrical connectors, [Villiam V|
Brainard, Sales Manager, Cannon Electric
Development Company, Los Angeles, Cali-
fornia, has announced the following new
engineering representatives :

E. B. Glenn, 801 Healey Bldg., Atlanta,
Georgia; Douglas H. Loukota, 10 Light
Street, Baltimore, Maryland; Ray Perron|
& Company, Little Bldg., Boston, Massa-|
chusetts; H. M. Welch, Crosby Bldg., Buf-|
falo, New York; George Sturman, 712
Sixth Avenue S., Minneapolis, Minn.; J.
Tinsley Smith, 108 17th Avenue S., Nash-
ville, Tennessee; J. W. Beneke, St. Louis
Agent for E. L. Melton, at 757 Arcade
Bldg,, St. Louis, Missouri.

* |

C. A. PRIEST TO G. E. TRANSMITTER
DIVISION

C. A. Priest has been appointed Man-
ager of the Transmitter Division of the
General Electric Electronics Department,
Dr. W. R. G. Baker, Vice President in
charge of the department, has announced.
In this capacity, Mr. Priest will assume
the responsibility for the operations of the
Syracuse, New York, plant of the division, |
and will have his headquarters in that city.|
Mr. Priest was engineer of the Radic
Transmitter Engineering Division at Sche-
nectady, New York, before his new
appointment,
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Gommunication
Gomponents

Universal Microphones, as
well as Universal Plugs,
Jacks, Cords, and Switches,
are vital voice communica-
tion components today in
the War Effort. When peace
comes, they will continue to
fulfill their role in a postwar
world surmounting the bar-
riers of distance with Radio
and Aircraft.

UNIVERSAL MICROPHONE T0.,L1D.

INGLEWOOD, CALIFORNIA

CANADIAM DIV: 560 KING ST. WEST, TORONTO 2
FOREIGN DIV:-301 CLAY, SAN FRANCISCO 11, CAL.

PL.291
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—continued

contrél and maintenance oi the equipment,
and what charge or charges, if any, will
be made for the service. Such agreements
must run for a definite period of time and
notice of the termination of such agree-
ments must be given to the Commission
not less than 60 days prior to cessation of
service.”

Earlier Test Periods

The Commission modified Section 15.75
to provide earlier week-day test periods for
eastern/central time zones beginning and
ending one hour earlier than the present
periods. The revised Section will become
effective ten days from date of approval
by the Commission. The new time periods
are:

Time Zone Eastern Central Mountain Pacific
Mondays 9-11 p.m. 8-10 pom. 8-10 p.m. 7-9 p.m.
Wednesdayg 9-11 p.m. 8-10 pm. 8-10 p.m. 7-9 p.m.
Sundays 5-7 p.m. 4- 6 pm. 3- 5 p.m. 2-4 p.m.

All times given are local standard (war)

time.
Portable Mobile installations

The Commission adopted a new Section
10.115, effective Dec. 2, 1943, as follows:

“Section 10.115. Portable-Mobile Instal-
lations in Private Vehicles — No portable-
mobile radio station licensed in the Em-
ergency Radio Services may be installed or
maintained in any vehicle, aircraft or ves-
sel which is not owned or at all times con-
trolled exclusively by the licensee unless
special authorization for such installation
has first been granted pursuant to proper
application and showing of need therefor
to the Commission.”

*
SIEGEL, OF OHMITE, HONORED

David T. Siegel, founder and president
of the Ohmite Manufacturing Company,
Chicago, was elected to the board of trus-
tees of Illinois Institute of Technology at
the annual meeting.

Mr. Siegel was one of five new members
named to the Institute’s board, the others
are: Whipple Jacobs, president of the Bel-
den Manufacturing Co.; Claude A. Kneup-
fer, president and general manager of the
General Engineering Works; T. Albert
Potter, president of the Elgin National
Watch Co.; and Harold B. Smith, presi-
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dent of the Illinois Tool \Vorks. The
Board of Trustees includes in its member-
ship 56 industrial executives and profes-
sional men of the Chicago area. Siegel
was elected as an alumni representative to
the board, having been nominated by the
Ilinois Tech Alumni Association.

As a member of the board of trustees,
Siegel will help formulate the governing
policies of Illinois Tech, one of the na-
tion’s largest engineering colleges. The
school was formed in 1940 by the merger
of Armour and Lewis Institutes.

In addition to his newly-elected position
on the Illinois Tech board of trustees.
Siegel is a member of the Fixed and Vari-
able Resistor Industry Advisory Committee
of the War Production Board.

*

TEST REPORTS WANTED

To reduce the time element between the
pilot stage and large scale production of a
badly needed product, the Frederick Post
Company wants one hundred users of
Transparent Ammonia developed prints to
confirm or disprove the laboratory and
limited field tests of what appears to be a
full step forward in this field.

The new Transparent, ammonia process,
VAPO-vel has just passed months of test-
ing for fading, keeping quality, stability of
image and background, printing and devel-

ARMY-NAVY “E’” AWARDS
NEW AWARDS
TrHE Rora CoMPANY, INC.

2530 Superior Ave, Cleveland, Ohio
ReeveEs SoUND LABORATORIES, INC.
62 W. 47th St., New York, N. Y.
Cuicaco TrLepHONE SuppLy Co.

Elkhart, Ind.

ScienTiFic Rapio Propucts Co.
Conncil Bluffs, Towa

ONE STAR
SoLar MANUFACTURING CORP.
285 Madison Ave.,, New York, N. Y.
CrarosTAT MaNuracturinG Co., INc.
285 N. 6th St., Brooklyn, N. Y.
SrraGUE SpeciarLTies Co.
North Adams, Mass.

Press WIRELESS, INC.
Hicksville, L. 1.

TWO STARS
Rapio CORPORATION OF A MERICA
Harrison, N. J.

GALVIN MANUFACTURING CORP.
1545 W. Augusta Blvd,, Chicago, Tl
BeLMoNT Rapio CORPORATION
Chicago, Il
HazLicrAFTERS COMPANY
Chicago, Il

THREE STARS
RCA Vicror Division, RCA
Camden, N. J.

FOUR STARS
RCA Victor Division, RCA,
Indianapolis, Ind.
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oping speed, sharpness of image and the
ability to pick up both strong and delicate
detail.

Trial quantities will be furnished without
charge with the understanding that a detail
report will be made on the results of the
tests.

1f the comprehensive reports are favor-
able the original production facilities will
be available to the one hundred companies
participating in the tests.

For those who wish to make these tests
just write the Frederick Post Company,
Box 803, Chicago 90, Tl

*

UNIVERSAL MICROPHONE COMPANY
INSTALLS NEW DEPARTMENTS

Universal Microphone Co., Inglewood,
Cal, has installed two new departments.
No. 10 will be composed of 35 company in-
spectors directed by Supervisor John
Nettleton. Dept. 11 will be assembly line
for T-45's, new Signal Corps lip micro-
phone that fits on the upper lip and straps
around the ears with bands.

*
CRYSTAL-MAKING IN MOVIES

“Crystals Go To War,” a training film
of Reeves Sound Laboratories, Inc, 62
West 47th Street, New York 19, New
York, is an interesting Kodachrome sound
film which illustrates and narrates the man-
ner in which crystal oscillators, supplied
for Airborne Radio, United States Army
Signal Corps, are made.

The film is available on application by
technical organizations, many of whom
have seen it and found it very instructive
as 1o mass production methods and from
the standpoint of employee training.

*

AEE ELECTS OFFICERS

The following officers for 1944 have been
elected by the Associated Electronic Engi-
neers: President, Frank H. Jennings, LU
No. 596; Vice-President, Fred V. Huff,
LU No. 379; Secretary-Treasurer, Alfred
Kunze, .U No. 306.

The Associated Electronics Engineers is
composed of sound service engineers and
inspectors having membership in the
I.AT.S.E. The aim of the organization is
to promote the knowledge of electronics in
their allied arts and to keep abreast of all
new developments in the field.

Inquiries are invited from sound service
engineers throughout the country. Address
all communications to Alfred Kunze, Sec-
retary-Treasurer, 6143 80th Street, Elm-
hurst, New York.

*
ALTMAYER WITH MEC-RAD

Mpr. Franklin G. Gepfert, Chairman of
the Board, announces the formation of
Mec-Rad Division of Black Industries,
1400 East 222nd Street, Cleveland, Ohio,
to manufacture the mechanical components
of all types of radionic devices.

Mec-Rad Division is under the direct
supervision of John Altmayer, Chief En-
gineer. Theo. R. Finke is development and
production engineer. The major products
of this division will be precision-type trans-
mission lines and radiation components.

[Continued on page 60}
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Officially known as the T-45, the

Sloctrno-Voice

DIFFERENTIAL A2ICROPHONE

is also affectionately termed the “’Schickelgruber’?

Developed by Electro-Voice engineers in
lose collaboration with the Fort Monmouth
ignal Laboratory, the T-45 marks the be-
I'ginning of a new era in which voice trans-
mission is unaffected by ambient noise or
reverberation. It accomplishes such com-
plete suppression of background that speech
from a battlefield or from the deafening in-
terior of a moving tank is accompanied by
hardly a trace of noise.

The “Lip-Mike” is a Differential Microphone
designed fo fit under a gas mask without
breaking the seal — small enough to allow
an Armored Force respirator to slide over
it — and has been standardized for all Army
Ground Forces.

Frequency rp.monse subsionha”y ﬂaf from 200-4000 cps.
Low harmenic distortion “
Cancelation of ambient noise, but normal response *o -user's voice
Self-supporting, to free both hanc's of the operator

Uniform respanse in all positions

Usable when gas mask, dust respi-ator or oxygen mesk is required
Unaffezted by temperature cycles from —40° F. to —185° F.

Ability to witnstand complete immersion in water

Physicel strergth to- withstand: 10,000 drops

Weigh:, including harness, cord and plug, less thar 2 ounces.

o - A & el L g g g

WHEN PEACE COMES, THERE WILL BE DIFFERENTIAL MICROPHONES OF MANY TYPES
FOR CIVILIAN USES IN WHICH THESE ADVANTAGES WILL BE OF REVOLUTIONARY
IMPORTANCE. THUS, ANOTHER WARTIME DEVELOPMENT WILL FIND ITS GREATEST
VALUE IN THE COMING OF PEACE.

A

g

= Cectuw-votce MICROPHONES
=

ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE . SOUTH BEND, INDIANA
Expor' Division : 13.East 40%n Sfree' New York 16, N. Y. — U. S A. Cables: ARLAB
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COPYING METHOD EVER
PERFECTED

SOOES
- owotd § MMF\;\

Kiixny -

RETALR A departments need A-PE-CO.
; The ease and speed with which
¥ A-PE-CO photo-copies are

- made, plus accuracy in copying
all detail, are creating hundreds of new users.
This modern versatile method makes photo-
exact copies of anything written, printed, drawn
or photographed. Hundreds of uses in present
and postwar planning. Pays for itself quickly.

Legally Accepted Photo-Copies of

@ Letters e Pictures e Documents o Drawings

@ Records o Receipts o Blueprints e Shop orders
Same-size permanent copies of anything up
to 187 x 22”. Eliminates error, Saves steno-
copying, tracing, proofreading. No camera,
focusing, film or moving parts. Any employee
quickly becomes expert. Lowest investment
in equipment. Use on any desk or table.

You need A-PE-CO. Let us show you how
you can use it to expedite office and shop
copying. Immediate delivery. See why thou-
sands are in use. Send for A-PE-CO folder.

AMERICAN PHOTOCOPY EQUIPMENT CO.

2849 N. Clark St., Dept. FR-12, Chicago 14, Illinois
Representatives in principal cities and Canada

Are You “Pinned Down”
To A Routine Radio Job?

© Radio JOBS are many—
@ Radio CAREERS are few!

Hundreds of radiomen have been given re-
sponsible jobs throughout the radio industry
—jobs in government, btoadecasting, manu-
facturing, aviation—jobs which in many in-
stances require a thorough knowledge of
practical radio engineering.

If you are a practical radioman who rea-
lizes that fortunate circumstances have placed
you in a job requiring technical ability of
high calibre . .

If you are smart enough to know that you
will “get by” in your job only so long as a
fully qualified man is unavailable . . .

If you have the ambition to make good in
your new Job and to rise to even a still better
job . . . —then a CREI home study course in
Practical Radio-Electronics Engineering wilil
help you to acquire the technical knowledge
which is demanded by the better, higher pay-
ing positions in technical radio and a secure
career in the coming new world of Elec-
tronics.

Write for Details ]

About CREI Home Study Courses

If wou are a professional or
amatenr radioman and want
to make imore monev—Iet us
prove to you we have some-
thing vou need to quah‘fgy for
the BETTER career-job op-
ortunities that can be yours.
"o help us intelligently an-
swer vour inquirv— PLEASE
STATE BRIEFLY YOUR
EDUCATION, RADIO
EXPERIENCE AND

PRESENT POSITION. Free Booklet Sent

CAPITOL RADIO

ENGINEERINGINSTITUTE

Dept. RA-12, 3224-16th St.,, N.W., Washington 10. D. C.

6

Voltohmyst, RF Test Oscillator, Beat Fre-
| quency (AF) Oscillator and the Cathode

Ray Oscilloscope. The student can thus
| learn how to identify the nature and loca-
l tion of a fault existing in a receiver by
. methods employing maximum speed and

accuracy.
*

ALLIED RADIO RECEIVER KIT

Allied Radio Corporation, Chicago, of-
fers a modern radio receiver kit especially
devcloped for illustrating theory and prac-
tices now being covered in basic or pre-

induction radio training. It is now avail-
| able to all schools and colleges conduct

ing war training programs. This 5-tube
kit permits progressive study of basic re-
ceiver subjects such as rectification, filter-
ing, detection, r.f, i.f. and a.f. amplifica-
tion, etc. The kit consists of all neces-
sary parts, wire, hardware, solder, tubes,
and speaker for the construction of a 5-
tube a.c.-d.c. superhet receiver. Chassis is
completely formed, punched and rust-
proofed. The only tools needed for as-
sembly are screwdriver, pliers and solder-
ing iron. Circuit includes features such
as oscillator biased r.f. and i.f. stages,
contact-potential biased audio stage, in-
verse feedback, automatic volume control,
high capacity filtering, self-contained an-
tenna, etc. Write Allied Radio Corpora-
tion, Educational Division, 833 West Jack-
son Boulevard, Chicago 7, Illinois, for
free descriptive material and diagrams.

RADIO ENGINEERS WANTED
Graduate enginecers with laboratory ex-
perience needed for research and develop-
ment work. Permancent employment with
progressive Corooration located in small city
in Central Pennsylvania. Write for appli-
cation form.
Persons now employved at cssential activi-
| ties at their highest skill cannot be con-
.tt)i_:li_emd without a Statement of Awvaila-
ility.
AIRPLANE & MARINE INSTRUMENTS, INC.
CLEARFIELD, PENNSYLVANIA

U —————

1012-14 McGee St. Kansas City, Mo.
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WILCOX IS IN SERVICE

. - - Along the Route of The Capital Fleet

-

Photograph, courtesy PENNSYLVANIA.CENTRAL AIRLINES,
(left) B. J. Vierling, Supt., Maintenance, (right) Earl Raymond, Chuef, Ground Station Muintenance,

“Installation of Wilcox transmitters, Central Airlines. In addition to in-
at many of our points, has given our stallations on major airlines through-
communications the high degree of out the United States, Wilcox radio
dependability so necessary for airline equipment is being used now in

operations,” states Mr. Earl connection with world-wide

Raymond of Pennsylvania-

military aircraft operations.

s
L
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/

WILCOX ELECTRIC
COMPANY

MANUFACTURERS OF RADIO EQUIPMENT ° FOURTEENTH & CHESTNUT, KANSAS CITY, MO.



“We vibrate, em, too, Miss Gadfly.....”

Miss “Tiny” Gadfly, im-
pelled and inspired by the
vision of a svelte, girlish

figure, oscillates in phase

with the vibrations of
»Little Gem.” With like determination, but with a differ-
ent scientific purpose, Hytron tubes are also vibrated

vigorously.

A motor-driven eccentric arm mercilessly
agitates the tube while a sensitive vacuum-
tube voltmeter discloses the slightest va-
riation in the a.c. component developed

CORRORRY

AND

SALEM

‘\Q‘ ‘\v\g Tvess

WBUR’”’ORT

across the plate load resistor. An imper-
fect weld—a loose element—a potential
short circuit—these, and other trouble-

makers are instantly detected.

Tubes which pass this standard Hytron
factory test are not likely to fail. When
subjected to the ruthless throbbing of ma-
chines of war by fighting men too intent
on a battle for survival to baby them,

these tubes “get the message through.”

OLDEST EXCLUSIVE MANUFACTURER OF RADIO RECEIVING TUBES

RADIO TUBES

¢ DWNO



