


Comhinations for Victory

Savings in materials and machine time are vital to victory.
Substantial savings can frequently be effected by combining
elements. Typical UTC design refinements of this type are
illustrated.
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LONG LIFE ASSURED?

guarantee of long life.

The single most important quality you seek in any condenser is...d

And this guarantee is built into Tobe Capacitors—built in by persistence in research,

excellence in production, plus 20 years of ¢

M-6 illustrated above. It is doing a vital war

soundness in engineering, ondenser experience.

One of the Tobe Capacitors is Type SIC-510
job as a filter condenser in secret equipment. Impregnated and filled with mineral oil, it is

typical of the careful manufacture and conservative rating which characterize Tobe

Capacitors. Ask us about your condenser problems.

CAPACITOR-—TYPE S1C-510M-6-EU

SHUNT RESISTANCE . . . 15,000 megohms or greater
POWER FACTOR ... At 1,000 cycles—less than .004
MINERAL OIL IMPREGNATED — MINERAL OIL FILLED

TOBE

CAPACITY . . . 3 x .2 mfd.
TEST VOLTAGE . . . 8,000 volts DC

WORKING VOLTAGE . . . 4,000 volts DC

SUTSCHMAN,,
) (o)
2 %
A SMALL PART IN VICTORY TODAY @ ® A BIG PART IN INDUSTRY TOMORROW
Q &
9, /\'\

cfé
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MINERAL OIL. Most
tracing papers are treated
with some kind of oil.
Mineral oil is physically
unstable, tends to*‘drift”’,
never dries completely.
Papers treated with min-
eral oil pick up dust,lose
transparency with age.

VEGETABLE OIL, chem-
ically unstable, oxidizes
easily. Papers treated
with vegetable oil be-
come rancid and brittle,
turn yellow and opaque
with age.

iy

ALBANITE
is a crystal-
clear synthet-
ic solid, free

from oil and wax, physicallyand chem-
ically inert. Because of this new sta-
bilized transparentizing agent Alba-
nene is unaffected by harsh climates
—will not oxidize with age, become
brittle or lose transparency.
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THE TUBING WITHIN THE TUBE . ..

...__..———ﬁ—-——.—_—————.—————ow—mmmwﬂ—q

- . . . 1

SUPER]OR s Products in tubing have been developed with !

) . . . |
Engineers in the Electronics Industry and are now in con-
stant production. This list is complete insofar as standardized

materials are concerned. Specialties for experimental and

development research work in other metals can be supplied.

SEAMLESS— Nickel of electronic quality in ANODES— Stainless Steel — Nickel of electronic

Random lengths, or Nickel Cathode quality — Monel — Tnconel. For Cathode
Slecves to exact lengths. Plain or Beaded Ray Tubes and Power Tubes. In random
(embossed), and also to Shaped lengths or to exact specifications.
specifications.

ANTENNAS— Brawn Monel.** For transmitting

and receiving purposcs. Especially

LOCKSEAM "~ Nickel Cathode Sleeves, Round
or Special Shapes, 10 specified lengths. 1 1 1o Mari
Plain, or Beaded as specified. lapted to TRE

LAPSEAM— Nickel Sleeves produced mechani- EXHAUST TUBES = Coppered Steel. To exact

cally for special purposes. specifications.

TUBING IN STEEL and IRON can be produced on short notice in sizes from %" OD down
to .010” OD and smaller.

TUBING with special magnetic and sealing properties can be handled.

# Produced under Superior’s Patents 4% Trade-marked




SUPERIOR TUBING WITHIN THE TUBES TO BE...

That “gleam in your eye” may be a new electronic tube for
facsimile, electronic motor control, FM, a Signal Corps devel-
opment, or for an entirely new principle of high frequency
location.

What of the Anode or Cathode Sléeve to make that “gleam
in your eye” a reality — first as a successful development project, and then as a design
adaptable to economical production in quantity ?

When you come to the “tubing within the tube” in your experimental planning, take
advantage of the highly specialized facilities centered at Superior Tube Company. Here
your blue prints will be transformed into a metal sleeve — perhaps Seamless, perhaps
Lockseam, or perhaps Lapseam — a sleeve that is the metallurgical and physical coun-
terpart of your electronic expectations.

Superior is keenly aware of the needs of an Electronic Industry which is already
looking to tomorrow’s horizon. Even as these words are being written, the walls of a
new, enlarged Engineering and Research Laboratory are taking shape here at Superior.
This Laboratory will be the crossroads where the electronic engineer will find assem-
bled for his convenience a staff of experienced research men, and Superior’s produc-
tion line — with special equipment, mostly designed and built by our own engineers,
making low costs possible.

So, when you are ready to put that “gleam in your eye” to work, come to Superior
for the Anode or Cathode Sleeve to do your particular job. If it hasn’t been made,
Superior is the place to start; if it is a standard sleeve, we are probably making it.




LONG LIFE ASSURED!

The single most important quality you seek in any condenser is...a guarantee of long life.
And this guarantee is built into Tobe Capacitors — built in by persistence in research,
soundness in engineering, excellence in production, plus 20 years of condenser experience.
One of the Tobe Capacitors is Type SIC-510M-6 illustrated above. It is doing a vital war
job as a filter condenser in secret equipment. Impregnated and filled with mineral oil, it is
typical of the careful manufacture and conservative rating which characterize Tobe

Capacitors. Ask us about your condenser problems.

TOBE CAPACITOR-TVYPE SIC-510M-6-EU

CAPACITY . . . 3 x .2 mfd. SHUNT RESISTANCE . . . 15,000 megohms or greater
TEST VOLTAGE . . . 8,000 volts DC POWER FACTOR . .. At 1,000 cycles—less than .004
WORKING VOLTAGE . . . 4,000 volts DC MINERAL OIL IMPREGNATED — MINERAL 0IL FILLED

2 March 1943 — ELECTRONICS




MINERAL OIL. Most
tracing papers are treated
with some kind of oil.
Mineral oil is physically
unstable,tends to*drift”’,
never dries completely.
Papers treated with min-
eral oil pick up dust,lose
transparency with age.

VEGETABLE OIL, chem-
ically unstable, oxidizes
easily. Papers treated
with vegetable oil be-
come rancid and brittle,
turn yellow and opaque
with age.
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ALBANITE

is a crystal-

clear synthet-

ic solid, free
from oil and wax, physically and chem-
ically inert. Because of this new sta-
bilized transparentizing agent Alba-
nene is unaffected by harsh climates
—will not oxidize with age, become
brittle or lose transparency.




Combinations for Victory

Savings in materials and machine time are vital to victory.
Substantial savings can frequently be effected by combining
elements. Typical UTC design refinements of this type are
illustrated.

May we design a Victory Unit to your application?
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Combinations for Victory

Savings in materials and machine time are vital to victory.

Substantial savings can frequently be effected by combining
elements. Typical UTC design refinements of this type are
illustrated.
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LONG LIFE ASSURED!

a guarantee of long life.

The single most important quality you seek in any condenser is...

And this guarantee is built into Tobe Capacitors — built in by persistence in research,

excellence in production, plus 20 years of condenser experience.

! soundness in engineering,
_6 illustrated above. It is doing a vital war

One of the Tobe Capacitors is Type SIC-510M

job as a filter condenser in secret equipment. Impregnated and filled with mineral oil, it is

typical of the careful manufacture and conservative rating which characterize Tobe

Ask us about your condenser problems.

Capacitors.
&
TOBE CAPACITOR—TYPE SIC-510M-6-EU
CAPACITY . . . 3 x .2 mfd SHUNT RESISTANCE 15,000 megohms or greater

8.000 volts DC POWER FACTOR At 1,000 cycles—less than .004

TEST VOLTAGE
MINERAL OIL IMPREGNATED — MINERAL OIL FILLED

WORKING VOLTAGE 4,000 volis DC
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MINERAL OIL. Most
tracing papers are treated
with some kind of oil.
Mineral oil is physically
unstable,tends to*'drift’”’,
never dries completely.
Papers treated with min-
eral oil pick up dust, lose
transparency with age.

VEGETABLE OIL, chem-
ically unstable, oxidizes
easily. Papers treated
with vegetable oil be-
come rancid and brittle,
turn yellow and opaque
with age,

ALBANITE

is a crystal-

clear synthet-

n ic solid, free

fromoiland wax, physically and chem-

ically inert. Because of this new sta-

bilized transparentizing agent Alba-

nene is unaffected by harsh climates

—will not oxidize with age, become
brittle or lose transparency.




THE TUBING WITHIN THE TUBE . ..
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SUPL—‘R!OR'S Products in tubing have been developed with l
Engineers in the Electronics Industry and are now in con-
stant production. This list is complete insofar as standardized l

materials are concerned. Specialties for experimental and

development research work in other metals can be supplied.

ANODES— Stainless Steel — Nickel of electronic

SEAMLESS— Nickel of clectronic quality in
y — Monel — Inconel. For Cathode

" Random lengths, or Nickel Cathode qualit

Slee\‘es 1o exact lengllls. l)lllill or Bru(le(l Ray Tul)es und Po“ver Tu})es. In randOIn

(embossed), and also to Shaped lengths or to exact specifications.
specifications.
ANTENNAS = Brawn Monel.** For transmitting

LOCKSEAM "~ Nickel Cathode Sleeves, Round o )

S e . and receiving purposes. Especially

or Special Shapes, to specified lengths. | ! to Mari
adapt ] ¥ se.,

Plain, or Beaded as specified. adapted to Aarine :

|

EXHAUST TUBES— Coppered Steel. To exact

specifications.

[APSEAM—I\iCkel Sleeves produce(l mechani-
cally for special purposes.
TUBING IN STEEL and IRON can be produced on short notice in sizes from %” OD down
to .010” OD and smaller.

TUBING with special magnetic and sealing properties can be handled. ‘
## Trade-marked

# Produced under Superior’s Patents




SUPERIOR TUBING WITHIN THE TUBES TO BE...

—-——_—————--—-——‘@

That “gleam in your eye” may be a new electronic tube for
facsimile, electronic motor control, FM, a Signal Corps devel-
opment, or for an entirely new principle of high frequency
location.

What of the Anode or Cathode Sleeve to make that “gleam
in your eye” a reality — first as a successful development project, and then as a design
adaptable to economical production in quantity?

When you come to the “tubing within the tube” in your experimental planning, take
advantage of the highly specialized facilities centered at Superior Tube Company. Here
your blue prints will be transformed into a metal sleeve — perhaps Seamless, perhaps
Lockseam, or perhaps Lapseam — a sleeve that is the metallurgical and physical coun-
lerpart of your electronic expectations.

Superior is keenly aware of the needs of an Electronic Industry which is already
looking to tomorrow’s horizon. Even as these words are being written, the walls of a
new, enlarged Engineering and Research Laboratory are taking shape here at Superior.
This Laboratory will be the crossroads wheré the electronic engineer will find assem-
bled for his convenience a staff of experienced research men, and Superior’s produc-
tion line — with special equipment, mostly designed and built by our own engineers,
making low costs possible.

So, when you are ready to put that “gleam in your eye” to work, come to Superior
for the Anode or Cathode Sleeve to do your particular job. If it hasn’t been made,
Superior is the place to start; if it is a standard sleeve, we are probably making it.




Important Openings

for

ENGINEERS &
TECHNICAL MEN

*

The following engneering positions with Bendix Radio, Divi-
sion of Bendix Aviation ( orporation in Baltimore, Maryland,
are open. The salary 1s open and depends only upon the ability
and experience of the engineer.

1 Electronic and radio engineers to design electronic naviga-
tion and communication equipment for aircraft.

2 Mechanical engineers familiar with and interested n the de- ‘
sign of small precision equipment and familiar with shop ;
practice and tools.

3 KEngineers familiar with the design of components for elec-
tronic equipment.

4 'Technical men able to write technical material for instruction
books.

'These positions are not for the duration only, and can be perma-
pent for the right men. There are excellent opportunities for ‘
advancement.

Engineers with experience as outlined are preferred, but the right
persons do not need experience if they have the ability to learn N
and the required aptitude. Applicants may be male or female.
Persons already engaged in war work cannot be considered.

W rite directly to Chief Engneer, Bendix ]
Radio Division, Baltimore, Maryland, giving !
complete details of education and experience |

BENDIX RADIO DIVISION
THE INVISIBLE CREW

March 1943 — ELECTRONICS
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_ MAGNETIC
CIRCUIT BREAKERS

They employ an overload trip unit that is FULLY ELECTRO-
MAGNETIC and have a definite and instantaneous trip point
independent of their time delay characteristics. The current
carrying capacity as well as the minimum and instantaneous
trip points are not affected by ambient temperatures. A true
inverse time delay in the hermetically sealed unit allows the
passage of inrush current. However, continued overload opens
the breaker in time inverse to the ratio of the current.

HEINEMANN CIRCUIT BREAKER CO.

Subsidiary of Heinemann Electric Co. Es!. 1888

97 PLUM STREET TRENTON, N. J.

TIME DELAY ON
OVERLOADS

The magnet coil surrounds a her-
metically sealed liquid filled cylin-
der containing an iron plunger
which, while normally out of the
magnetic field, moves into it on
overloads, the liquid controlling the
speed. As the plunger rises to the
top of the cylinder the magnetic
flux increases to its maximum, At
this point the armature is attracted
to the pole piece.

HIGH SPEED LATCH

The armature, on engaging the
lower leg of the lock (a) rotates it
so that the tooth of the catch (b)
passes through the cut portion of
the lock (c) and opens the contacts.
Of all known latches this one acts
with the least amount of friction
and mechanical delay. The Latch
collapses only on short circuit or
overload conditions even if the han-
dle is purposely held in the ‘‘on”
position.

HIGH SPEED BLOWOUT

The stationary contact is coiled
around an insulated iron core comn-
necting steel plates to form «
U-shaped magnet. On overloads
and short circuits, the current flow-
ing through the contact creates
magnetic lines which force the arc
into the chamber and blow it out.
ARs the value of the current to be
interrupted Increases, the quench-
ing effect becomes greater due to
intensified magnetic blowout field.



ENGINEERS !

CHECK THE
o SE SIX
UTSANDING FEATURES OF

MINIMUM H;kUEN(Y DRIFT

Absence of hot flow and cold flow,
maximum dimcnsiond stability
and minimum expansion combine
to provide @ minimum of frequen=

cy dnift. Often it is not necessary
tals or other compen<

Multiform glasses show a water
absorption of less than 0.01 per
cent (24 hours)- impregnants oF
added glazes are unnecessarys
assuring better dimens'mna| toler=
ances. Loss of efficiency ue o
improper imp‘regnoﬁon of cracked

to use crys
sating devices.

glaze is e|'|m'maied.

oW L FACTOR

Insulators, made from Multiform
glasses: offer you definitely greater UNIFOR CURACY

efficiency: Multiform glass #1707,
for examples has a 10ss $actor ©
only 0.40 at 90°C,—1 Meg.

—
tolerances of +2.0%

EXTREMEL IDE RANGE
OF SIZE D SHAPES

HIGH DIEL ¢ STRENGTH

Multiform glasses have a dielectric
strength of 500 volts per mil or
more——-approximaie\y twice the
dielectric strength of porce\ains
and steatites.

M
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NO SHORTAGE OF GLASS TO
REPLACE STEATITE, PORCELAIN
AND OTHER ELECTRICAL
INSULATION MATERIALS

ELIVERIES slow on electrical in-
sulators? Here’s good news! New-
type insulators developed by Corning

Glass Research—Pyrex brand Multiform
Glassware—are available now! Check the
six outstanding features on the opposite
page. See why all Multiform glasses not
only comply with the proposed A.S.A.
American War Standard on Radio Insula-
tion Materials of Low Dielectric Constant,
but actually offer you more in efficiency
and long life!

The characteristics of these glasses plus
Corning’s new fabrication methods make
possible an extremely wide range of shapes
and sizes. General dimensional tolerances
are: large or heavy pieces, intricate shapes,
hollow cylindrical sections— &+ 2.09, or
0.010”; flat plates, solid rods, discs, beads,
bushings— + 1.0, or 0.005", except
thickness which should be + 49 or
0.005".

If you have an insulator problem, do this
today: Fill in and mail the coupon now
for a free sample of Pyrex brand Multi-
form Glass and complete, descriptive
booklet.

#
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| «PYREX?” is a registered trade-mark and indicates manufacture by Corning Glass Works
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TO meet the constantly heavier re-
sponsibility entrusted to us by the
Army and Navy — and ultimately to
serve industry better — we at Hazeltine
have enlarged all facilities for reseagch
and development in electronics.

With the completion of this project
it is fitting that we take the new name
. HAZELTINE ELECTRONICS CORPORA-
T10N. For we are equipped in plant and
personnel to undertake solution of the
most complex problems in electronics.

Since the infancy of radio broadcast-

ing we have been supplying new prin-
ciples, circuits, techniques and equip-
ment. Today, Hazeltine developments
are playing a vital part in keeping the
United Nations superior to the enemy.

Under the stress of war we are con-
centrating years of research into the
space of months. When our facilities
once again can be turned to peace-time
use, there will be at Hazeltine a decp
reservoir of knowledge and experience
that can be invaluable in tomorrow’s
world of electronics.

HAZELTINE ELECTRONICS CORPORATION

A WHOLLY OWNED SUBSIDIARY OF THE HAZELTIN

| ELECTRONICS — March 1943
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E CORPORATION o

You could call it “Shangri La’. Even
the location of this new Hazeltine
plant is a result of scientific vesearch.
And what is taking place inside it will
belp seal the fate of Tokyo and Berlin.

34,

1775 BROADWAY, NEW YORK




PREFERENCE

Condenser engineering at its best.

A_T THIS critical point of battle, with VIC-
TORY within our grasp, we must be doubly

sure of our selection of fighting equipment.
That is why leading engineers prefer Hammar-

lund products. l

1
THE HAMMARLUND MANUFACTURING CO., INC.
460 West 34th Street, New York, N. Y. |
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S HUMIEDITY
. ¢RACKING OR FLAKING
"ACtDS AND ALKALIS

HAVE

EXCELLENT FLEX!IBILITY
ADHESIVE QUALITIES

\ HIGH COLD FLOW
\ GOOD THERMAL CONDUCTIVITY
\ Y/ M-R WAXES
\ {/ PENETRATE
, FIBRE, FLOSS, BAKELITE,
\ , PAPER AND CLOTH
\ / HAVE
\ LOW VISCOSITY
\ I HIGH SURFACE TENSION

| GOOD ELECTRICAL
CHARACTERISTICS
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. _ j"'l'"-hlevrl,c‘. is a Mitchell-Rand Tnsulat ng and “'lmli'iqu;r'té‘tl'jngi Com '

of the electronic and electrical industry.

53 years of serving the needs of the electronic and electrical’

industry, during which time upwards of 3500 Compound and
Wax formulas were developed, now places Mitchell-Rand in

the position of Headquarters for Waxes and Compounds.

M-R will gladly assist in the selection of the best suited Wax

or Compound for your particular purpose.

L7 N
SUL Aty
Marg Rragg

i
5t .U‘P" ;lf‘.’i"l :{ijiel’ ‘0

M-R Waxes and Compounds have everything necessary for their pur-
poses . . . write today for your copy of the M-R Wax and Compound
Guide Book . . . other valuable aids, free for your asking, are the
M-R Guide Book of Electrical Insulation; — The Wall Chart of refer-
ence tables, electrical, symbols, allowable capacities of conductors,
dielectric averages and thicknesses of insulating materials, tap drill
sizes, standards of varnished tubing sizes, etc.; . . . all are FREE and

Full of Valuable Information . . . write for them on your letterhead.

pound or Wax to meet every known condition and requi rement.

MITCHELL-RAND INSULATION COMPANY, INC. |
COrtlandt 7-9264 NEW YORK, N. Y.

RAY STREET

ELECTRONICS — March 1943
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A COMPLETE SET-UP FOR

THE ELECTRONICS INDUSTRIES

E BY has complete facilities for the mass production of major and

sub-assemblies built to Signal Corps, Air Corps, and other Govern-
ment specifications for electronic, communication, and telephonic

equipment.

E B Y component parts are the accepted standard in appavatus used
dhsan by the radio, telephone and telegraph industries.

E B Y as an organization, is a complete, independent productive unit
with specialized equipment for special molded plastic parts; custom
metal stampings; tool and die work incident to production; and an
assembly line technique which is geared to the war needs of the com-

munications industries.

| AND NOT THE LEAST IMPORTANT OF THE EBY SERVICES TO THE ELECTRONICS
INDUSTRY is a competent staff of experienced communications and pro-
duction engineers who are skilled in the design, tooling, and mass
production of any single part, compo-

nent or complete assembly, whether it be

a standard item or special equipment. HUGH H.
INCORPORATED
JF IT'S IN A CIRCUIT . . . EBY engineered parts will hel doith L
engineered parts will help you do if better. 18 W.GHELTEN AVE. i
PHILA, PENNA.

14 March 1943 — ELECTRONICS |

J



Aluminum just naturally belongs in the Electronics picture

Electronics at work frequently involves aluminum in some form or other; in the device
itself or the apparatus working with it. Designers and manufacturers will find in the
following tabulation the properties which make versatile aluminum so highly desirable

for such equipment.

The light weight of aluminum is its most striking quality; light-
ness with high strength. It weighs only one-third as much as the

heavy metals.

Aluminum is able to resist the corrosive action of the atmosphere

and a great variety of chemical compounds.

Heat is distributed rapidly throughout its mass, usually per-
mitting higher ratings. And aluminum is also an excellent con-

ductor of electricity.

Being nonmagnetic and nonsparking, aluminum 1Is especially

desirable for many electronic and associated devices.

Alcoa Aluminum Alloys are available in every commercial form,
and are easily fabricated by all common methods. They can be
cconomically finished in a wide range of durable, attractive

surface finishes.

The booklet, “Alcoa Aluminum and Its Alloys,” presents in concise form much funda-
mental information of value to designers and manufacturers. If you are wondering about

including aluminum in your military or postwar products, you should have a copy. Mail

the coupon today.

er LCOA]

| ‘
\
()

ALCOA ALUM

ArLuMiNUM COMPANY Or AMERICA
2136 Gu!f Building, Pittsburgh, Pa.

NAME. TITLE

Reg U S Pat O

Send me a copy of the booklet, “Alcoa Aluminum and Its Alloys.”

COMPANY.

ADDRESS

ELECTRONICS — March 1943
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\Ei ... Awarded the Maritime M “for Outstanding
Development and Production of Radio Equipment”

The new Liberty Ship radio

Developed for The Maritime Commission
By I. T. & T.'s manufacturing associate
Federal Telephone and Radio Corporation
Is helping save the manpower hours

That build our bridge of ships.

Not eight or ten separate parts
But one

Compact, all-in-one
Radiotelegraph Unit—

Takes care of

Both sending and receiving.

Installed in one-fifth the time
Normally required-

Ready to plugin and tune in—
Itis freeing skilled craftsmen
For other vital jobs.

In recognition of

“Outstanding performance

In the development and production.

Of radio equipment”

‘The Marjtime Commission has awarded
Federal Telephone and Radio Corporation
The Maritime *“M"" Pennant

The Victory Fleet Flag

And Maritime Merit Badges,

Federal Ielephone and Radio (orporation

General Offices: 200 Mt. Pleasant Avenue, Newark, N, J.

T T ASSOCIATE

16
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CHEMICAL INDUSTRY
Supersonics speeds
chemical reactions—cre-
ating wide range of
Electronic careers.

FOOD MANUFACTURE :

Use of supersonics to
sterilize foods is an-
other field of great
potentialities.

[\

! g

!

100,000 MC |

10,000 MC

1,000 MC |

STEEL MAKING

Faster hardening of steel
by supersonics opens
whole new flelds to men
of Electronics.

SOMETHING'S
HAPPENED TO
ELECTRONICS!

Electronics isn’t just broadcasting any more, or even commu-
nications. It’s the sound of a blade of grass growing . . . a
transport plane landing safely pilotless . . . it’s busy smoke-
stacks and no smoke!

Tomorrow belongs to the men of electronics . . . the scien-
tists in university laboratories, the engineers in war industries,
the youths everywhere who ponder the marvels of this amazing
science. From these will come the brilliant achievements of the
electronic future.

Already the uses of electronics have turned the frequency
spectrum of the electronic industries into a many-runged
ladder of commercial applications.

Industry is only beginning to realize, for example, the vast
potentialities in supersonics for commercial and industrial
application: solidifying melts of tin and aluminum more
rapidly, accelerating the hardening of steel, sterilizing foods
and other products, speeding chemical reactions.

With Victory, electronics will invade every industry . . .
introducing new devices and machines . . . creating new fields
of endeavor for men electronically trained.

Isolantite, too, has been exploring the possibilities of elec-
tronics with an eye to eventual broad-scale development. The
architects of the new industrial era—America’s electronic engi-
neers—will find Isolantite ready with the needed insulating
materials when the electronic world of the future finally
emerges out of the wastes of war.

F. ST P B —

FSAFANTRL

By

CERAMIC INSULATORS
ISOLANTITE INC., BELLEVILLE, N. J.



Since 1934 world's
Largest Manufacturers
of sound recording
equipment and discs...

....now becoming a major supplier of
Electronic Equipment for the Armed Forces

Presto Recording (orporation

NEw YORKI No Yol u. s. A.
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JOE, MARY, TONY, MAC 7o« «c WON IT!

Dear Emplogees
You've earned the Army-Navy . .. "E”. .. And yet, we knew

you would . . .
Not many months ago, you, of the DeJur Amsco Corpo-

ration served a peacetime market in a peacetime world . ..
Today you work with fervor ... hurdling all obstacles to pro-
duce for the Armed Forces . . .Your time, your labor have
been diverted to PRODUCTION FOR WAR ... PRO-
DUCTION OF MATERIALS TO WIN THIS WAR ...

Today DeJur Instruments, Potentiometers, and Meters
have joined the fighting fronts . . . to serve America . .. and

the World.

RALPH A. DeJUR

President

y  DeJurfisco(Greoramon

—_———————————————
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E WAS A FIGHTING MAN — the fearless
messenger who brought words of cheer
and guidance to our fighting men on a
dozen fronts, the untiring listener who
spotted hundreds of high-flying enemy
planes, dozens of prowling enemy subs...
she was a war worker—the very spirit of
tireless vision-at-work, bringing daylight
to dark tank arsenals, to vast airplane fac-
tories, lightening the burdens and cheering
the hearts of countless war workers...

IN 194-X, they’ll set up their own home
Short-
wave heating and cooking, automatic air
conditioning and day -lighting, two-way
radio communication in every room...

—and what a home it will be!

They’ll control all of these devices and
many more like them, to the greater com-
fort and convenience of their American

home—and their children will be many

and talented.

IS YOURS ONE OF THE CONCERNS in the
electrical field which is already planning for
the wedding bells of 194-X, when electron
tubes come back from the fighting fronts,
back from the war plants, to go to work in
America’s after-Victory homes? If you are,
you’ll find that Roebling has been planning
along those very lines, too. Planning not
only with ideas for products-to-come, but

with products which have already been
developed to help win this war. Products
which will help equally to win your change-
over to peacetime needs. Better, stronger
wires and cables. New materials for insu-
lation. New methods of construction. For
your needs of now and 194-X, count on
Roebling.

JOHN A. ROEBLING'S SONS COMPANY
TRENTON, NEW JERSEY

Branches and Warehouses in Principal Cities

ROEBLING

ELECTRICAL WIRES AND CABLES

ELECTRONICS — March 1943
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Radionics

... but it will &
noi work without \}
a tube!

Another radionic development that has an R,
important future use is a device which gathers data {;‘ ““
from time displacement sheets . . . used in clinics for . |
the study of respiratory and diadochokinetic movements. RAY‘[“ [n
A boon to radionics, but it will not work without tubes. ' N

Just how well RAYTHEON has succeeded in developing and producing special tubes
that have large potential wartime vital needs, as well as postwar industrial applica-
tions, is evidenced by RAYTHEON'S outstanding record of production.

This has enabled RAYTHEON to become a greatly increased factor in secret tubes and
equipment for global warfare.

When these developments can be released for general domestic use they will be an

important tactor in the new industrial art of radionics, maintaining RAYTHEON’S
leadership and ability in keeping ahead with the most advanced tube designs.

Raytheon Manufacturing Company

WALTHAM AND NEWTON, MASSACHUSETTS

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES
AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS

20 March 1943 — ELECTRONICS




e Global war means airplanes in the Arctic. It means tanks in the
tropics. For fighting machines of all kinds, combat conditions call

Y ,EM for freezing or frying — and sometimes both!
Solar is building capacitors which meet these extreme conditions.
If “freezing or frying” is part of your capacitor problems — call on
Solar’s “temperature-engineering” services.

Factsand more facts. Complete capacitor
data describing and illustrating the ~/
entire Solar line is now available to /

design engineers on request.

|FREEZE’EM OR

LAp,‘ 'Ol.y,,(.

BAYONNE, N.

SOLAR MANUFACTURING CORP.

—AFEAPACITORS 1

IAKERS OF CAPACITORS: ELECTROLYTIC « MICA « PAPER - TRIMMER » TRANSMITTING



. CLARE
Type K d. c.
Relay

=il

—

Here's. A Relay That Laughs At Vibration

The Clare Type K d.c. Midget Relay picture
policy of producing «custom - built’” relays to meet specific ne
“custom-built” for mobile applications where dw
imperative; where the ability to operatc on

d above is another example of the Clare
eds. This relay was
arf-size and featherweight are
high frequency circuitsis a “must’; and

where resistance to constant vibration and severe shock 1s essential.

Its construction employs no anti-vibration
springs, no loose bearings, no rivets, no ginger-
bread whatsoever ... The screws which anchor
spring pile-ups to the heelpiece are tightened
under pressure and sealed by a coating o
Glyptol at head and foor.

As illustrated, it is extremely small, measur-
ing only 115" x 114" x }§" and weighs approxi
mately 123 ounces. .. It can be furnished in the
contact forms shown above with any number of
springs up to and including 12. Coil voliage
range from 1.5 volts to 60 volts d. . Con-
tacts of either 18 gauge silver, rated oneampere,
S0 watts, or 18 gauge palladium, rated 2 am-
peres, 100 watts can be furnished.

All metal parts of this relay are specially
plated to withstand 2 200 hour salt spray test. ..
For high voltage a special Bakelite insulating
strip can be supplied between pile-ups, as pi
tured above.

The size and weight of this relay is a very
definite contribution to design problems;
and. like all other Clare Relays, 1t was “‘custom-
built”” to meet specific requirements. Write us
your requirements. We will make suggestions.
Send for the Clare catalog and data book.
C. P. Clare & Company, 4719 West Sunnyside
Ave., Chicago, 11l. Sales engineers in all prin
cipal cities. Cable address: CLARELAY.

Spring insulators of 's” Mycalexare provided for high

frequency circuits. Each Type K d.

Midget Relay

is given a 1000 volt a. ¢. insulation breakdown test.

The armature assem-
bly, heelpiece and
coil core are made of
magnetic metal, care-
fully annealed. The
armature assemblyis
available with either
single ordoublearm.

Pile-up screws are
enclosed in Polysty-
rene tubing insula-
ton. Both screws
and tubing are com-
pletely sealed at head
and foot by Glyptol

The small coil is
equipped withafront
spool head having a
flat side. This locks
the entire coil in
place against the
heelpiece, prevent-
ing it from turning
or becoming loose.

The screw holding the coil in the héelpiece is equipped
with a split type lockwasher. The coil is carefully
wound to exact turns on precision machines. Coils can |
be supplied impregnated with a special varnish. They |
are covered with a transparent acetate tape. Each coil |
shows dJata regarding resistance and type number.

Uniform armature movement is assured by a hinge o
‘fatigueless” beryllium copper, heat treated and de
signed to provide a wide margin of safety, insuring |
long life under vibration and permitting millions o
uniform operations.

Contact springs are made of nickel silver to the user
specifications. The contacts are over-all welded to thet
springs by a special process.

Spring bushing insulators are made under a speci
process. They are designed, constructed and atcached 1
the springs so that the small springs used on this rel:
are not weakened. Uniformity of relay operation ar
long service life are thereby assured.

CLARE RELAYS

1Custom-Built’’ Multiple Contact Relays for Electrical, Electronic and Industrial Us

22
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A “HENDLY HAN])

ERE’S some friendly help to the engineer in his
| own personal work. By using Formica for numerous
| purposes in the machines they design engineers have
“ | often found the going easier, the product better. Now
¢ this same modern, laminated plastic material is offered

. in the form of T squares and other drawing instruments
for use in the draughtsman’s work—instruments that
wear like iron, hold together and endure for years,
never change in dimensions or appearance. They are
beautiful instruments when you get them and they
remain that way.

They are manufactured from Formica materials by
the Engineering Sales Company, Sheboygan, Wisc.

4 Formica has  received the Army-Navy

*'E** Award for Excellence in Production.
l THE FORMICA INSULATION CO. * 4661 SPRING GROVE AVE. ¢« CINCINNATI, ©®.
i
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A Better
M
Recelver!

.. better because Hallicrafters are pioneers
in FM. Model $-27 (illustrated) was the first
general coverage U.H.F. communications
receiver to incorporate both AM and FM in
one receiver. Hallicrafters, through continu-
ous research, both for our armed forces and
civilian use, have become the authoritative
source for FM communications receivers.

Hallicrafters Model S-27 FMAM re-
ceiver, 15 tubes, 3 bands, cover 27.8 to 46
mc., 45 to 84 mc., 81 to 143 mc. Switch

changing from FM to AM reception.

I'IEI"II:I"H["E s

March 1943
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ER A M A special bonded mica product

now serving widely in Army and Navy equipment

| COMPARE!

These are some of the outstanding features and characteristics of MYKROY

{ INSULATING PROPERTIES—A low loss material MECHANICAL STRENGTH—Nearly as strong in
that will not pass high frequencies nor dissipate rupture as cast iron. Because it is not fragile it
{ h.f. energy. Will not carbonize under heat or will withstand severe shock and vibration.

arc, and therefore cannot create a path for
BONDING—Binds or seals perfectly to certain

leakage or short circuits.
metals, thereby permitting its use in applications

MOISTURE RESISTANT — Absorption is negli- where bond or seal is critical.

gible because it is non-porous, impervious to

moisture, water, vapor, etc., thereby preventing MACHINABILITY—Machinable to high preci-
failures otherwise due to improper insulation. sion, either in simple surfaces or intricate parts.

NON-WARPING—No strain . . . no impairment of electrical contacts . ..
no change in relation to associated paris . . . no change in form factor.

No. 4 No. 8
FROM REPORTS P31 U Dielectric Constant (212 JO—— 6.75
OF INDEPENDENT 673 e Dielectric Constant (Wet). ...t 6.70

00240, s Power Factor ({070 .00164

TESTING 00241 oo Power Factor (W) 00231
LABORATORIES L1 R — Loss Factor (DrYY e 1.1
1062, o St bt Loss Factor (Web).....o s 1.54

630 Volts per Mil.._............. Dielectric Strength ... 660 Volts Per Mil.
22,000 Ibs. per sq. in. rupture..... Mechanical Strength ... 16,000 Ibs. per sq. in. rupture

If you are confronted with an insulating problem, our engineers will
welcome the opportunity to acquaint you with the performance of
MYKROY. It is available in ample quantities and can be supplied for
. war and essential production requirements. For further information,
l please write to us or telephone today . . . PAssaic 3-4108.

I

i

MYKROY 1S SUPPLIED IN SHEETS . . . MACHINED
WITH PRECISION . . 3 MOULDED TO
SPECIFICATION . . . MADE EXCLUSIVELY BY

70 CLIFTON BOULEVARD ¢ CLIFTON, N. J.

ELECTRONICS — March 1943 25
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M
Receliver!

.. better because Hallicrafters are pioneers
in FM. Model S-27 (illustrated) was the first
general coverage U.H.F. communications
receiver to incorporate both AM and FM in
one receiver. Hallicrafters, through continu-
ous research, both for our armed forces and
civilian use, have become the authoritative
source for FM communications receivers.
Hallicrafters Model S-27 FMAM re-
ceiver, 15 tubes, 3 bands, cover 27.8 to 46
mc., 45 to 84 mc., 81 to 143 mc. Switch
changing from FM to AM reception.

i
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now serving widely in Army and Navy equipment

COMPARE!

These are some of the outstanding features and characteristics of MYKROY

INSULATING PROPERTIES—A low loss material
that will not pass high frequencies nor dissipate
h.f. energy. Will not carbonize under heat or
arc, and therefore cannot create a path for

leakage or short circuits.

MOISTURE RESISTANT — Absorption is negli-
gible because it is non-porous, impervious to
moisture, water, vapor, etc., thereby preventing

failures otherwise due to improper insulation.

MECHANICAL STRENGTH—Nearly as strong in
rupture as cast iron. Because it is not fragile it

will withstand severe shock and vibration.

BONDING—-Binds or seals perfectly to certain
metals, thereby permitting its use in applications

where bond or seal is critical.

MACHINABILITY—Machinable to high preci-

sion, either in simple surfaces or intricate parts.

A special bonded mica product

NON-WARPING—No strain . . . no impairment of electrical contacts . ..

no change in relation to associated patts . . . no change in form factor.

No. 4 No. 8
FROM REPORTS 6.8 e Dielectric Constant (DrY) oo 6.75
OF INDEPENDENT 6.7 3 i Dielectric Constant (Wet) ... .....6.70

3 00240 i Power Factor {01 oY .00164

TESTING 00241 oo Power Factor (Wet) 00231
LABORATORIES 1,60 e .Loss Factor (Dry) o 1.1
1.62. e Loss Factor (Wet). ... 1.54

630 VYolts per Mil.........] Dielectric Strength ... 660 Yolts Per Mil.
22,000 Ibs. per sq. in. rupture.._Mechanical Strength ... 16,000 Ibs. per sq. in. rupture

If you are confronted with an insulating problem, our engineers will
welcome the opportunity to acquaint you with the performance of
MYKROY. It is available in ample quantities and can be supplied for
war and essential production requirements. For further information,
please write to us or telephone today . . . PAssaic 3-4108.

MYKROY IS SUPPLIED IN SHEETS . .. MACHINED
WITH PRECISION MOULDED TO
SPECIFICATION MADE EXCLUSIVELY BY

70 CLIFTON BOULEVARD e CLIFTON, N.J.
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Today Westinghouse electronic tubes are at work,
doing a thousand and one important war jobs.
They are cleaning the air in precision manufacturing
operations, where even a speck of dirtisa saboteur.
They are controlling the flow of tin for cans and
thus helping maintain vital food supply lines. And

they are nerve centers in military operations on

land, on sea, and in the air.
W estinghouse manufactures a line of tubes which

are winning new high honors for dependability,

stestinghouse

accuracy, advanced design. Tasks which were un-
heard of a few years ago are now ordinary jobs for
Westinghouse tubes. Tomorrow new types of tubes
will be coming off the production lines for the
service of industry.

In your thinking and planning for today and
tomorrow, include the use of electronic tubes.
Westinghouse— pioneers in electronic “know-how”
will be at your service. Westinghouse Electric and
Manufacturing Company, Bloomfield, N. J.

Electronic Tues A7 WORK

26
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lgnitrons

Peed sensitive An Outstanding Westinghouse

controlled rectifiers de'velopmenf, used for resist-

h purposes as welding - ance welding ¢

control and Motor speed control. . o rectification

Made in both m cation where |
and gas filled ¢
buHefjns TD-81;, T

43
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Transniml'ng Tubes
Wesﬁnghouse Provides a com.




SIMPLE
OSCILLATOR CIRCUIT

FOR ELECTRONIC
HEAT TREATMENT
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SHOWING
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{EAT TREATING

These Lapp products reduce operating costs, improve

performance, increase security

| Electron-tube oscillators turn electrical “losses” drying applications, for softening thermoplastics—
into industry’s gain by providing quick, efficient, for almost countless specialized industrial heating
localized heat. For surface hardening, for localized problems, the high-frequency oscillator offers the
hardening or annealing without warping or distor- modern efficient method. Use of these Lapp products
tion, for brazing, for bonding plywood, for certain will save power, save time, and save trouble.

LAPP GAS-FILLED CONDENSERS

For lump capacitance in any high-power circuit, Lapp Gas-filled
Condensers are the industry’s best bet. In quick summary, their
features include: GAS-FILLED—No mica is required. Use of Lapp
condensers releases this critical material for more pressing needs.
PUNCTURE-PROOF—There is no fixed dielectric to puncture; an ex-
ternal gap prevents internal flashover—“fail-proof” is a reasonable
and honest term. ZERO LOSS—Loss can be measured only as zero;
| in comparison with solid-dielectric capacitors, a single large Lapp
unit in continuous operation will effect a substantial saving on
power consumption. CONSTANT CAPACITANCE—No warm-up per-
iod required. Lapp condensers do not heat up, and their capacitance

is constant under any temperature variation. FIXED, ADJUSTABLE
AND VARIABLE STYLES—Variable Lapp units permit precise circuit tuning as easy as tuning your home
radio. Without adjusting the inductance coil you can bring your circuit to exact frequency for most
efficient performance on any l}eating job.

LAPP WATER COILS .

The water-cooled tubes customarily used in high-power circuits can most
efficiently be cooled with a system utilizing Lapp Porcelain Coils, porcelain
pipe and fittings. No rubber need be used; sludging is eliminated, and with

it need for periodic water changing and cleaning of the cooling system.

LAPP STAND-OFF, BOWL, ENTRANCE INSULATORS

Insulators for bus support, mounting of equipment, entrance, or any other
application are available from Lapp in any wanted style and rating. Lapp is
also equipped for production of many special assemblies, incorporating
porcelain, steatite or special-characteristic ceramic, and associated metal parts.




THROUGH
NO FAULT
OF YOURS?

America cannot afford dead heroes
through failure of fighting tools. Only
maximum reliability is “good enough”
for vital war equipment. You can give
your product that degree of reliability r

by using C-Ds when the design calls
for capacitors.

Cornell-Dubilier has specialized in the
manufacture of capacitors exclusively
for more than 33 years. The extra
measure of stamina this unique experi-
ence has built into C-Ds—a competitive
advantage in peacetime—is a priceless
assurance of reliability in time of war.
Cornell Dubilier Electric Corporation,
South Plainfield, New Jersey.

Medium Power Transmitter Capacitors
TYPE 3¢

The type 30 Mica Capacitors in moulded cases
are designed for a wide variety of radio frequency
applications where size and weight are at a
premium. They are being used in aircraft, portable,
low and high power transmitters as grid, plate,
coupling tank and by-pass capacitors. These units
employ the patented series mica stack construc-
tion, eliminating corona losses and permitting
their use on higher r.f. voltages. Described in
detail in catalog No. 160T on request.

+ it 1
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’ antalum Tubes

; Yl Fudt e o . . L.
R Tt GAMMATRON tubes contain many desirable characteristics for
e ' N oy communications, diathermy, and electrostatic or induction heating.
: _. g
= P b2 They are widely used as radio and frequency multipliers, and UHF
> ' oscillators.
Tantalum grids and plates, which make possible the elimination
of unstable getters, protect GAMMATRONS from emission failure
even when heavily overloaded. Other GAMMATRON advantages:
low driving power, easy neutralization, freedom from parasitics,
and high efficiency at both radio and ultra-high frequencies.
For the greatest number of trouble-free watt hours per dollar
specify GAMMATRONS, rated from 50 to 5000 watts.
Write for full data on Gammatrons
L 454H|\ 654 | 854L | 854H |1054L | 1554 {2054A 3054
q — \ 254 | 257+ |304L |354C |354E | 454
| TYPE NO. 24 | 54 [152L 1 o o
| 1820 | 3000 | 3600 | 2
00 | 900 \ 1400 | 1800
| MAX. POWER OUTPUT: % 250 610 200 500 238 | 1220 | 615 615 ‘
| Closs © RF. .. 50 | 450 | 750 | 1000 | 1200 | 1500
150 | - 250 250 300 \ 4 t
PLATE DISSIPATION: s | s | 150 | s |10} 78 | 0 1%0 ! ~ \ . |
Watts. ... - T g \ | 5 v | 2
14 10 135 145 | |
5 14 30 22
AVERAGE AMPLIFICATION 2 21 \ 10 25 25 10 14 3 | T
ENCTOR. . vvooonoeen w00 | 300 | 500
z 4000 | 6000 | 6000 800 | 2000
4000 | 4000 | 5000 | 5000 500 \ 500 | 1000 | 1000 o
MAX. R\?J.'NGS: 2000 | 3000 | 3000 2000 4000 a0 o w 00 315 s 600 | %0 | mo | vz | 20 | MW
| lat P A )
B e A A AR AR RN
| Grid MA.........- - X | 20 30
| 125 | 125 | 100 | ¥
50 150 | 150 50
ﬂ MAX. FHE"?'?%NCV. Mec.: J 200 200 115 100 175 150 175 50
Power Amplifier ...~ - 18 15
34 | 55 | % 3 S lss | s | 28
. 3 3 | 38 | 34 ] 6.2 6 8 8 ¢ 7 25
|NgERELuE EIRODE.(.:.AP'. sl g a7 | 3 b 12 R 46 | 13 | vs | os | 05 | 08 I
cg:'g: u:u.:.l 3, e R e %23 28 | o4 | 10 | 10 je7Ost 0.8 1
Ein 5 s | 75 | 15 | 15 \ 18 | W 5 i
T: o | 126 | s0 | 5o | S0 & A T T T O G : —
A 2% S5l 25 | 15 | 15 | 137 1 '
Ao — P o | 10 | 10 | 10% o 2 | ek | 18 2w | %
n 9 3 5 200
PHYSICAL: 4y, | 8%e | T% 4 21/ 227; 312 3% | % 3;/‘ 3;/‘ 14‘ 14 14 42 riﬁK wsss_ HK
Lo nches. Lo 13 2| : 5‘{} 6 | o | S $2 | s | s | s | S sud. | o | 28 | Coo | 8
A 1 vig St Giant n- b w. %0 50 A
Weight, Oz.... @V std. | John- | Std n 50 Watt | Watt | watt | #
it S R Smatt | UX o ux | = Jo | 2o | wan | wan | wen | Wen | T
+Boam Pentode. 2750 | 2750 | 75.00 | 75.00 \ 75.00 | 175.00 225.00\300-00 385.00
\ \ 30.00 13.50 | 27.50 | 88.00 2480 | 2480 | 20. | ]
a1s | 8.00 | 30

SOUTH SAN FRANCISCO
CALIFORNIA U-S-A-
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SIMPLE
OSCILLATOR CIRCUIT

FOR ELECTRONIC
HEAT TREATMENT
w

SHOWING
LAPP PRODUCTS
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ELECTRONIC
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Lapp Gas-Filled
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Lapp Porcelain
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HEAT TREATING

These Lapp products reduce operating costs, improve

performance, increase security

Electron-tube oscillators turn electrical “losses” drying applications, for softening thermoplastics—
into industry’s gain by providing quick, efficient, for almost countless specialized industrial heating
localized heat. For surface hardening, for localized problems, the high-frequency oscillator offers the
hardening or annealing without warping or distor- modern efficient method. Use of these Lapp products
tion, for brazing, for bonding plywood, for certain will save power, save time, and save trouble.

LAPP GAS-FILLED CONDENSERS

For lump capacitance in any high-power circuit, Lapp Gas-filled
Condensers are the industry’s best bet. In quick summary, their
features include: GAS-FILLED—No mica is required. Use of Lapp
condensers releases this critical material for more pressing needs.
PUNCTURE-PROOF—There is no fixed dielectric to puncture; an ex-
ternal gap prevents internal flashover—*“fail-proof” is a reasonable
and honest term. ZERO LOSS—Loss can be measured only as zero;
in comparison with solid-dielectric capacitors, a single Jarge Lapp
unit in continuous operation will effect a substantial saving on
power consumption. CONSTANT CAPACITANCE—No warm-up per-
iod required. Lapp condensers do not heat up, and their capacitance

is constant under any temperature variation. FIXED, ADJUSTABLE
AND VARIABLE STYLES—Variable Lapp units permit precise circuit tuning as easy as tuning your home
radio. Without adjusting the inductance coil you can bring your circuit to exact frequency for most
efficient performance on any heating job.

LAPP WATER COILS .ot

The water-cooled tubes customarily used in high-power circuits can most
efficiently be cooled with a system utilizing Lapp Porcelain Coils, porcelain
pipe and fittings. No rubber need be used; sludging is eliminated, and with
it need for periodic water changing and cleaning of the cooling system.

LAPP STAND-OFF, BOWL, ENTRANCE INSULATORS

Insulators for bus support, mounting of equipment, entrance, or any other
application are available from Lapp in any wanted style and rating. Lapp is
also equipped for production of many special assemblies, incorporating
porcelain, steatite or special-characteristic ceramic, and associated metal parts.
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THROUGH
NO FAULT
OF YOURS?

America cannot afford dead heroes
through failure of fighting tools. Only
maximum reliability is “good enough”
for vital war equipment. You can give
your product that degree of reliability
by using C-Ds when the design calls
for capacitors.

Cornell-Dubilier has specialized in the
manufacture of capacitors exclusively
for more than 33 years. The extra
measure of stamina this unique experi-
ence has built into C-Ds—a competitive
advantage in peacetime—is a priceless
assurance of reliability in time of war.
Cornell Dubilier Electric Corporation,
South Plainfield, New Jersey.

b,

Medium Power Transmitter Capacitors

TYPE 30

The type 30 Mica Capacitors in moulded cases
are designed for a wide variety of radio frequency
applications where size and weight are at a
premium. They are being used in aircraft, portable,
low and high power transmitters as grid, plate,
coupling tank and by-pass capacitors. These units
employ the patented series mica stack construc-
tion, eliminating corona losses and permitting
their use on higher r.f. voltages. Described in
detail in catalog No. 160T on request.

bDAY THAN ANY OTHER MAKE
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 GAMMATRON 7zatalum Tubes

GAMMATRON tubes contain many desirable characteristics for
communications, diathermy, and electrostatic or induction heating.

They are widely used as radio and frequency multipliers, and UHF
oscillators.

Tantalum grids and plates, which make possible the elimination
of unstable getters, protect GAMMATRONS from emission failure
even when heavily overloaded. Other GAMMATRON advantages:
low driving power, easy neutralization, freedom from parasitics,
and high efficiency at both radio and ultra-high frequencies.

For the greatest number of trouble-free watt hours per dollar
specify GAMMATRONS, rated from 50 to 5000 watts.

Write for full data on Gammatrons

TYPE NO. ‘ 24 l 54 ‘152L
"“éi“ P'?:WRE? OUTP,UT: ' \ 90 \ 250 \ 610 \ 200 \ 500 \|
. 450 | 450 | 150 1000 | 1200 | 1500
PLATE DISSIPATION: \ - A 5 o | v
Watts. ... .- . - \
AVFEFcer%%AMPUHCAﬂw \ 25 \ 27 \ 10 \ 25 \ 25 \ 10 l
| : o | 3000 | 5000
s 4000 6000 \ 6000 | 6000 | 500 o | 5008
600 | 1000 | 1000
MAX. RATINGS: w00 | 3000 | 3000 | 2000 000 sg; o || | |
Plate Volts ... ..o ooen o o s A s 5 | | |
| Piatelfl s == 1 22l 20|75 | s | |2 | | \
GridMA.. ... ‘
| I lzs\uslnoo'sovzo 30
]
| MAX. rncoqfl_;:ucv. Mc.: wo | 20 | 175 | w0 | ws 15
| Power Amplifier .......... 4 \ | 1?5 “g lzg
| 8 8 '
1 INTERELECTRODE CAP: . o s i | a8 Lase il n 1 8
b o n S . 7 a7 | 33 [138m.
| gt u 2810k 10 |6700t |
| Cq——i'u.u.i'..... ol g4 | o8 | o4 | 10 o | '
cp—tuut............--- \ \ ) ]
75 1"
12 21 1785 | 22 45
5.0
MENFS o | 510 | 126 | 50 |
| F‘b:“s """" e eés 59 li3es| 25 | 75 | 75 ‘ 1
AMperes. . .. ... C | ] N
| . 10 313 1;)://. 12;/, 125:/z 151/, s zgo
} . 3 7 a 3, A A A 1
: P"Lﬁ:;?,,"%;.em ........... . % 5?2" s Eﬁ‘, % 2 | 2% 51; o R i ARAE) ?5';
-u, inches. ....... - - ¢ 4 A & 7 . . . . - H
%‘&"n‘:{. orNES &~ s‘,,'(‘,'“ gt . | John- s& s;o . Gi;m ohe id wsfn w°2,. wsgn w“,'n AR
Base.......oo000tct Iyt e B3 X She ) 7 s
*Beam Pentode. ¥213 Wal -

\ 418 ‘ 8.00 \ 30.00\ 18.50 \ 13.50 \ 21.50 \ 65.00 \ m 24.50 \ 21.50 \ 21.50 \ 75.00 \ 75.00 \ 75.00 \ 175.00 \ 225.00 \ 300.00

NET PRICE.........-...ooor

SOUTH SAN FRANCISCO

CALIFORNIA U-S-A-
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Pioneer Manufacturers of
Dependable Ceramic Insulators

1900 The late S. H. Stupakoff, Sr., a former associate
of George Westinghouse, establishes his own
business in Pittsburgh, Pa., manufacturing pyro-
meters in which ceramics play an important part.
Through research and ingenuity, he revolution-
izes the industry by producing pyrometers of far
greater accuracy and reliability.

1914 World War I cuts off the supply of ceramic pro-
tection tubes from Germany. Mr. Stupakoff, aided
by the U. S. Bureau of Standards, takes immediate
steps to develop tubes that will be equal in quality
to those imported. From the beginning, this
American-made product proves far superior. :

1923 Continued research and development leads to
widespread application. Stupakoff ceramics used
in first A. C. radio tube.

1930 Stupakoff manufactures daily over a million
ceramic parts for the radio tube industry.

1936 Kovar,* alloy for sealing to hard glass, fabricated
and distributed by Stupakoff in many forms and

shapes for various applications.
*Trade Mark 337962, Registered in U. S. Patent Office

1940 Increased manufacturing facilities needed for ex-
panding line. Stupakoff moves to larger, modern
plant at Latrobe, Pa.

; 1943 Stupakoff is equipped to produce every type of
: ceramic used by the electronic industry. Today our
? ceramic manufacturing facilities are devoted
100% to the production of “‘radio grade”ceramics
b for the war program. An experienced engineer-

ing staff is ready at all times to assist you in the

development of ceramic parts for war products.

| STUPAKOFF CERAMIC AND MANUFACTURING CO.
LATROBE, PA.

g m;m
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THROUGH
NO FAULT
OF YOURS?

America cannot afford dead heroes
through failure of fighting tools. Only
maximum reliability is “good enough”
for vital war equipment. You can give
your product that degree of reliability
by using C-Ds when the design calls
for capacitors.

Cornell-Dubilier has specialized in the
manufacture of capacitors exclusively
for more than 33 years. The extra
measure of stamina this unique experi-
ence has built into C-Ds—a competitive
advantage in peacetime—is a priceless
assurance of reliability in time of war.
Cornell Dubilier Electric Corporation,
South Plainfield, New Jersey.

a8,

Medium Power Transmitter Capacitors
TYPE 30

The type 30 Mica Capacitors in moulded cases
are designed for a wide variety of radio frequency
applications where size and weight are at a
premium. They are being used in aircraft, portable,
low and high power transmitters as grid, plate,
coupling tank and by-pass capacitors. These units
employ the patented series mica stack construc-
tion, eliminating corona losses and permitting
their use on higher r.f. voltages. Described in
detail in catalog No. 160T on request.

hDAY THAN ANY OTHER MAKE
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2054 Nﬂ 1054

GAM M ATRON 7zntalum lubes

GAMMATRON tubes contain many desirable characteristics for
communications, diathermy, and electrostatic or induction heating.

They are widely used as radio and frequency multipliers, and UHF
oscillators.

Tantalum grids and plates, which make possible the elimination
of unstable getters, protect GAMMATRONS from emission failure
even when heavily overloaded. Other GAMMATRON advantages:
low driving power, easy neutralization, freedom from parasitics,
and high efficiency at both radio and ultra-high frequencies.

For the greatest number of trouble-free watt hours per dollar
specify GAMMATRONS, rated from 50 to 5000 watts.

Write for full data on Gammatrons

l

304L | 354C | 354E 454L | 454H| 654

854L | 854H1054L 1554 2054A| 3054

TYPE NO. 54 \1521_\ 158 | 254 l 257"

MAX. POWER OUTPUT:

| 2 |
Class ‘'C’ R.F. s ‘ 90 ‘ 250 | 610
PLATE msswAnou \ r \ 5 \ = \ © o \ ” w0
Watts . 4 \
14
AVERA%E AMPLIFICATION \ . \ "~ \ L \ » \ » \ \ o
FACTOR : .
\ . 4000 | 4000
AX. RATINGS: e
MPmo NOMS ... cococieeneernt 2(;(;0 . A o 242: 125'2
E“’M f’ . ) 28 30 75 40
1{1 AL .
150
MAX. FREQUENCY Me.: wo | 0 | s | 00 | us
Power Amplifier ..........--
INTERELEC}’RODE CAP: r ;“',’ 3 :-3 gg ‘3?%.
C pubt. . . ' '
c::: D boeonnnee 02 o 28 1 %5 | oa | 10 | 10 |670N
cp—tuut. ... .
45
5.0
JERMEDT: 50 | s10 | 126 | 50
vas... sés o | g0l zs ) 301 38 | :
AMPOTes. ... ..o l N
10% | 12% | 12% 151,4, ;
| W, | s 5 )
| . " 3 % ; # 14 14 42
. LT S N se | T4 | 4% g | % A F
Diameter, Inches..........- - : A ¥ 2 : : : S : ‘
- sid. | Std. | Giant e = % |
1 Weight, Oz.........-- o s john- ‘ ¥ . o CARAK s : |
BRge hij vilas s raiFunamar 1 S0% 7 nu X o T w8, & \ \ :
300.00 | 395.
o \ 00\1500 11500\22500\
= \ \ \ oo\l&so\lsso\nso\asoo\zj 24.50 2750\2750\1500 75
475 | 8.00 | 30
i NET PRICE, ........oooovone

SOUTH SAN FRANCISCO
CALIFORNIA U:S-A-
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Pioneer Manufacturers of
Dependable Ceramic Insulators

The late S. H. Stupakoff, Sr., a former associate
of George Westinghouse, establishes his own
business in Pittsburgh, Pa., manufacturing pyro-
meters in which ceramics play an important part.
Through research and ingenuity, he revolution-
izes the industry by producing pyrometers of far
greater accuracy and reliability.

World War I cuts off the supply of ceramic pro-
tection tubes from Germany. Mr. Stupakoff, aided
by the U. S. Bureau of Standards, takes immediate
steps to develop rubes that will be equal in quality
to those imported. From the beginning, this
American-made product proves far superior.

Continued research and development leads to
widespread application. Stupakoff ceramics used
in first A. C. radio tube.

Stupakoff manufactures daily over a million
ceramic parts for the radio tube industry.

Kovar,* alloy for sealing to hard glass, fabricated
and distributed by Stupakoff in many forms and
shapes for various applications.

*Trade Mark 337962, Registered in U. S. Patent Office
Increased manufacturing facilities needed for ex-
panding line. Stupakoff moves to larger, modern
plant at Latrobe, Pa.

Stupakoft is equipped to produce every fype of
ceramic used by the electronic industry. Today our
ceramic manufacturing facilities are devoted
100% to the production of “radio grade” ceramics
for the war program. An experienced engineer-
ing staff is ready at all times to assist you in the
development of ceramic parts for war products.

iﬂ STUPAKOFF CERAMIC AND MANUFACTURING CO.

LATROBE, PA.
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1930 Centralab pioneered 1936 Centralab added a 1940 Centralab added a
a fixed resistor of temperature compen- ‘a trimmer condenser with
sating fixed condenser o) temperature compen-
of ceramic material. sating characteristics.

“hard-as-stone’ cer-
amic material.

Centr

DIV. OF GLOBE-UNION INC,, MILWAUKEE, WIS.




OR more than two decades CENTRALAB has been

indelibly connected with the radio industry. Since
the first “battery” and “loud speaker” sets, practically
every radio of importance to this day contains
CENTRALAB parts.
NOW . . . more than ever before . . . CENTRALAB is
a definite part of the radio and electronic picture. While
to a very limited extent we are still taking care of the
civilian needs, we are putting our main effort into sup-
plying the armed forces with vitally needed equipment.
We are proud to be able to contribute our pioneer
experience as well as our extensive facilities
at this crucial time. '

CENTRALAB PARTS -INCLUD‘E:

Steatite Insulators

Ceramic Trimmers

High Frequency Circuit
Switches ‘

Volume Controls
Ceramic Capacitors
Wire Wound Controls .
Sound Projection Controls

DIV. OF GLOBE-UNION INC., MILWAUKEE, Wis.
.
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Over 80% of the Capacitor types Sprague is

making today were not being made two years
ago. Pracuically all of these are special types
developed by Sprague engineers to match specific
war requirements.

This means two things to you as a buyer:

First, it means that capacitor problems do not
stay answere d.Capacitors that were ““good enough”
a few months ago, may be entirely outmoded by
new developments. Reversely, types not thought
suitable for certain applications may have been
improved to a point where their use is entirely
l)rav(ical—as witness Sprague’s pionevring of satis-
factory electrolytic capacitors for airplane use.

Second, it means that Sprague is in the forefront
of capacitor vroduction for war uses. We don’t
pretend to have all the answers—but we do have
a sufficiently large number of them that leading
users find it pays to contact Sprague first, what-
ever their problem. Paper capacitors that stand up

o

under kilovolts at 110° C.; paper units to serve as
satisfactory mica capacitor substitutes; capacitors
that will stand pulse voltages: paper capacitors
that read ‘off scale’” on megohm meters (more
than 200,000 megohms)—such are but a few of
the more recent Sprague developments. Back of
each tvpe is a broad background of engineering
experience In today’s critical uses that is freely
available to our customers. We cordially invite
vou to make full use of it.

SPRAGUE SPECIALTIES COMPANY
North Adams, Mass.

SPRAGUE
CAPACITORS

& KOOLOHM RESISTORS
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® We've made billions of Elastic Stop
Nuts.

And to our knowledge not one has failed
to do its job.

But the tough nuts we refer to now are
the fastening problems which looked hope-
less until Elastic Stop Nuts were used.

We’ve met lots of these in our day — and
licked them.

There have heen plenty of them in war
production.

And how well these fastenings have filled
the bill can best be told this way:

Every nut we can possibly produce is going
into war goods. Yet even doubling our
round-the-clock plant capacity hasn’t let
us gain on the demand.

In the days to come there will be many
peacetime needs for these nuts.

Some will be simple. Others will look like
“tough nuts to crack.”

Our engineers like to meet both kinds.
They stand ready to share their experi-
ence with you, work on your fastening
problem and recommend the proper
Elastic Stop Nut application for the job.

EIASTIC STOP NUTS

Lock fast to make things last

TRADE MaRK A

ELASTIC STOP NUT CORPORATION OF AMERICA
UNION, NEW JERSEY

37
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The cornerstone in Eimac’s existence has been their advanced elec-
tronic engineering. The development of the gas-free tube, pioneering
in the use of new materials, radical changes in existing tube design...
all these things are the results of their research. During today’s accel-
lerated business situation Eimac engincers have developed and put
to work many outstanding innovations. Number one on this list is
the actual achievement of mass production of a product that hereto-

fore was hand-made in a scientific laboratory. Today the most interesting of the
other developments must be kept secret but the heads-up engineering is going for- |

ace. The services of this organization are available only for war problems
will be offered to industry at large when peace comes. If you have a prob-

lem, the solution to which might involve vacuum tubes, write direct to factory.

EITEL-McCULLOUGH, INC. - SAN BRUNO, CALIFORNIA




#* Progress conciously planned and pro-
duced by intelligently directed effort.

— Century Dictionary and Cyclopedia
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DUNCO DISTRICT ENGINEERS IN 28
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RELAYS oz AVIATION SERVICE

SHOCK-TESTED .. .VIBRATION-TESTED ... ALTITUDE-TESTED

Relays to match the ultra-exacting require-
ments of aircraft service are nothing new to
Struthers Dunn, Inc. We've been making them
for years—and each year has seen the develop-
ment of units to set higher and still higher stand-
ards of performance and dependability in this
field.

Duaco Aviatioa Relays receive numerous €x-
acting tests in addition 1o those ordinarily ap-
pliec‘ﬁto\iudustrial types~ They must perform in

HERE 1S YOUR GUIDE TO RELAY SELECTION AND USE

Write for your COp
contains complete informatio
a wide variety of applications,
selection and use.

1321 ARCH STREET,

y of the Dunco Relay Catalog and Data Book. It
n on relays, timers, and solenoids for
as well as helpful data on their proper

AUTHERS

rarefied air as encountered at highest altitudes.
They must withstand torturing shock, vibration,
and acceleration. Their contacts must make,
carry, and break currents far greater than they
will encounter in normal service. Some tests
require thousands of amperes at 24 volts direct
current. Typical units of less than 114 lbs. are
required to develop contact pressures com-
parable to those of industrial contactors weigh-
ing 100 lbs. or more. They do not fail!

PHILADELPHIA, PA.
CITIES WILL HELP SOLVE YOUR RELAY-TIMER PROBLEM!
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PREVENT CASUALTIES

in Your Screw Driving Army

PHILLIFS SCREWS END DRIVER-SKIDS !

“Speed up, and do it safely!”” That's
1943’s war production challenge. This
year we can’t afford another sacrifice of
500 million worker days to preventable
shop accidents . . . like injuries from skid-
ding screw drivers.

Safety measure No. 1 for screw driving
operations is accomplished when you
specify screws with the Phillips Recessed
Head. The driver can’t slip out of the re-
cess to slash a worker, or damage the work!

Relieved of fear, workers naturally step
up speed. And, the automatic centering

American Screw Co., Providence, B. 1.
The Bristol Co., Waterbury, Conn.
Central Screw Co., Chicago, I,

of driving force in the scientifically de-
signed Phillips Recess eliminates many
other handicaps to speed: the fumbling,
wobbly starts . . . re-driving of slant-
driven screws . . . removal of broken-head
screws . . . reclaiming of marred parts.
Fast, faultless, safe driving becomes auto-
matic, even for ‘'green hands.” Power
driving becomes practical.

They cost less to usel Compare the cost of
driving Phillips and slotted head screws.
You'll find that the price of screws is a
minor item in your total fastening expense
. . . that it actually costs less to have the
many advantages of the Phillips Recess!

international Screw Co., Detroit, Mich,
The Lamson & Sessions Co., Cleveland, Ohio
The National Screw & Mig. Co., Cleveland, Ohio

"

-

KEY TO FASTENING SPEED
AND ECONOMY

The Phillips Recessed Head
was scientifically engineered to
afford:

Fast Starting — Driver point au-
tomatically centers in the recess
... fits snugly. Screw and driver
“become one unit.” Fumbling,
wobbly starts are eliminated.
Faster Driving -~ Spiral and pow-
er driving are made practical.
Driver won’t slip out of recess }
to injure workers or spoil ma-
terial. (Average time saving is
50%.)

Easier Driving — Turning power
is fully utilized by automatic
centering of driver in screw
head. Workers maincain speed
without tiring.

Better Fastenings — Screws are
set-up uniformly tight, without
burring or breaking heads. A
stronger, neater job results.

Russell Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y.
Reading Screw Co., Norristown, Pa.
Pheoll Manufacturing Co., Chicago, 1il.

Chandler Products Corp., Cleveland, Ohio
Contimental Screw Co.. New Bedford, Mass.

The Gorbin Screw Corp., New Britain, Conn.
. The H. M, Harper Co., Chicago, I,

Mol plbapc ' Sines Sl a il

New England Serew Co., Keene, N. H.
The Charles Parker Co., Meriden, Conn.
Parker-Kalon Corp., New York, N. Y.
Pawtucket Screw Co., Pawtucket, R, 1.
prioEpany 8 F .
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Scovill Manufacturing Co., Waterviile, Conn.
Shakeproof Inc., Chicago, I},

The Southington Hardware Mfa. Co., Southington, Conn.
Whitney Screw Corp., Nashua, N, H
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Beyond Sight and
Transcending Hearing

® Two of the simplest words in the English language
make up the phrase, “1 see.” Yet in that phrase is
wrapped up most of the progress man has made. It
spells understanding — which, whether gained through
eye or ear, is the key to all things good. It is the begin-
ning of knowledge, the source of progress, the inter-
preter of beauty, the keystone of civilization. That is
why the everyday things we build — radio and electronic
tubes, incandescent lamps, fluorescent lamps and equip-
ment — are to our mind more than they physically seem.
They might be called the Means to the Future, since
they enter areas beyond sight and transcending hearing.
So regarded, they become not merely a present means to
Victory, but precious implements in the forward march
of mankind. It is only natural that in their produc-

tion we set for ourselves the highest standards known.

SYLVANIA

ELECTRIC PRODUCTS INC.

formerly Hygrade Sylvania Corporation
Emporium, Pa.

Eslablished 1907 . . . Alakers n/’j neandescent Lenifis, Floeorescent Lanifes, Fivlecres and Accessoires, Radio Teubes and Electionie Dervices

GOOD WARES DESERVE GOOD CARE. Sylvania Radio Tubes, Sylvania
Incandescent Lamps and Sylvania Fluorescent Lamps and Equipment are
all made to serve you well. But the first need of wartime is 1o save and
conserve, both to free men and material for necessary wartime purposes
and because of inescapable shortages. So take good care of your Sylvania
products, not because they need coddling, but because they are good tubes
and lamps, and deserve good handling. And also because you may find it
less easy to lay hands dn these top-quality products when replacement
finally does ‘become necessary. '

R R
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INSULATION MANUFACTURERS CORP.

CHICAGO CLEVELAND
565 W. Washington Blvd. 1005 Leader Bldg.

Representatives in
MILWA UKEE MINNEAPOLIS

312 East Wisconsin Avenve 316 Fourth Ave., South
DETROIT PEORIA
11341 Woodward Avenve 309 Kellogg Avenve

INSULATION AND WIRES, INCORPORATED

ST.LOUIS DETROIT
2127 Pine Street 30 Trowbridge Avenve

CAMBRIDGE, MASS. ATLANTA
181 Portland Street 289 Simpson St.,, N. W,

TRI-STATE SUPPLY CORPORATION

SAN FRANCISCO LOS ANGELES
554 Bryant Street s 544 S. San Pedro Street

i,




"Thxs sanie crea
ever more complex m:thﬁ
will continue its tLadltlon ser € | 3 ]
ing to meet the spec1ﬁc needs nﬁ?’ﬁhe user——supplymg ﬁmshed prod-
ucts ready for use or for assembhes made by other anufacturers. .

AMERTRAN’S engmeermg cooperatlon is
yours without obligation, to assist you with
your present problems or future requlrements

.AMERIDAN TRANSFORMER OOMPANY 178 EMME'I' ST., NEWARKII.

J e ——

Mcnufucﬁ:ring Since 1901 at Newark, N. J.




'THE HIGHEST STANDARD OF
AMERICAN RADIO ENGINEERING

AT
_barti
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FOR the past several years TEMCO engineers
and technicians have been concentrating in product research and

improvement. We also have enlarged our manufacturing facilities

to keep abreast of the growing demand for TEMCO equipment for the
armed forces of the United Nations all over the world.
TEMCO radio communication equipment measures up to

the highest standard of American radio engineering—the product of

painstaking research, inspired design and skilled craftsmanship.

TRANSMITTER EQUIPMENT MANUFACTURING CO., INC.
345 Hudson Street, New York, N. Y.
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UICKER DELIVERY FOR
STEATITE INSULATORS
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AND STEATITE CORP.

KEASBEY NEW JERSEY
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IRV-O.VOLT is constructed to with-
stand hard use and have long life
under motor temperatures. That’s
why the Rubicon Company of Phil-
adelphia uses it to insulate wires
passing between this motor hous-
ing and chassis casting.

BECAUSE it is varnished inside
as well as out, Irv-O-Volt tub-
ing gives double insulation protec-
tion. If for some reason, the outer
surface becomes chafed, the inside
coating of varnish will still give a
large measure of protection.

The varnish used for coating s
highly resistant to oil, acid vapors, weak alkalies and moisture
—the double coat reduces moisture absorption of the tubing to
a minimum because only the edges of the braid at the end of
the tubing are exposed. The varnish 1is formulated so that it
will properly flow and cure, thereby producing uniform coat-
ings with no blisters or wrinkles.

In addition, Irv-O-Volt is flexible, mechanically strong and
cuts clean. Ends will not fray. Moreover, because of its varnished
inside surface, Irv-O-Volt allows quick assembly, even on
snanded wire. Continuous operating temperatures as high as
175 deg. F. have no effect on the insulating qualities of this
tubing. Also, the tubing will stand up to 450 deg. F. for 15
minutes without softening, blistering or flowing.

Irv-O-Volt is manufactured in three types, each designed to
meet a definite need. Types A-1, B-1 and C correspond to these
grades 10 A.S.T.M. Specification D 372-40T and meet the speci-
fied requirements.

43
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DOUBLE /NSULATION PROTECTION

IYYAL 40

IRV-O-VOLT

o TYPE A-1 is especially §uitable for which are subsequently dipped in
use where exposure t0O high temper- varnish. Average dielectric strength
atures cannot be ayoxded. It has is 1200 voles, 800 volts minimum.
an average dielectric strength of R

2000 volts, SO00 volts minimum. Another tubing, Type CT Saturated

Sleeving is a special heavy-walle
e TYPE B-1 is similar to Type A-l insulation, constructed of tough,
except that it has an average dielec- coarse fibres which give it the extra
wic strength of 4000 volts, 2500 mechanical strength to resist €x-
volts minimum. treme physical abuse. Its applica-
. = r tions are similar to Type C. There
TYPE C finds use as insulation for is no A.S.T.M. specification for this
armature leads and on field coils tubing.

Write today for prices, samples

and more complete information
Dept.-106

ekt yARNISH & INSULATOR COMPAN)

g IRVINGTON, N.J., U.S.A. o PLANTS AT:
: IRVINGTON, N. J. & HAMILTON, ONT, CAN.

Representatives in 20 Principal Cities

TRADE #gy Tt O RA
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THE NEW AGE OF
ELECTRONICS

IS BEING DRAWN ON THE

LUEPRINTS
ofr WAR T

Philco, the world’s largest radic manufacturer, has
taken its proper place in the supply of electronic equip-
ment for our armed forces. Philco’s soldiers of industry
are doing the work for which they have been fitted by

the production of over seventeen million Philco products
in electrical fields.

Inthis, their research laboratories have created miracles
of electronic science, their engineering laboratories
have developed marvels of ingenuity in production, their
production lines have won honors from our fighting
forces for the quality and quantity of their output.

Out of this have come new knowledge, new skill, new
progress. . . and new ideas! When victory is won, the
blueprints of war will bring the Age of Electronics, with
untold wonders of industrial ingenuity and of comfort,

convenience and entertainment for the homes of America.

And as Philco, before Pearl Harbor, had become the
quality name in millions of American homes, so it will be
ready to carry on after Victory to new heights of achieve-
ment in the fields of radio, television, refrigeration, air-
conditioning and electronics.

PHILCO

CORPORATION
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YES, DILECTO like most organic mate-
rials will BURN, BUT our Research Engi-
neers can give you the exact time in seconds
required to ignite this versatile insulating
material. Complete details also may be
found in the ASTM Standards.

DESIGNED for 15 KV ... REQUIRES
52 KV to CAUSE FLASHOVER.
Shown above is a Dilecto Oil Circuit
Breaker Bushing for indoor use. While
infended for a breaker of 15 KV, 1200
Amp. rating, specifications called for no
flashover between mounting collar and |
terminals at a voltage under 50 KV.
C-D Engineers made certain it took

A3 R L 1 52 KV to cause flashover. \
S ‘ o - | |

At left is a precision instrument for |
measuring the power factor and dielec-
tric constant of solid dielectrics. Every
grade and thickness of Dilecto gets a |
control check on this device. '
i
|
|
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GET THE ANSWERS

® In one of America's most complete research
laboratories a staff of specialists in both electri-
cal and physical insulation devote their skills to
finding out ""What happens?". Their reports and
recommendations are passed on to manufac-
turers so that they can accurately predetermine
the performance of their products, enabling
them to save time and money, and build pres-
tige. :

Continental-Diamond's engineers are working
now on '"The Shapes of Things to Come". If
you are planning on product improvements that
might be speeded by the use of a C-D NON.-
metallic we suggest that this is the time to avail
yourself of C-D facilities and experience.

C-D PRODUCTS

DILECTO A laminated plastic. High in
electrical insulating properties. Of great struc-
tural strength. Resistant to moisture to a high
degree. Readily fabricated to special shapes
from basic sfanJ’ard forms of sheets, rods and
tubes.

DIAMOND VULCANIZED FIBRE is a hard,
dense, bone-like material . . . tough, pliable and
strong. It is light in weight yet mechanically
strong and will not deteriorate under constant
mechanical strain.

MICABOND Here is mica in its most usable
form. The high heat resistance of mica and its
high dielectric strength are almost completely
preserved in MICABOND plate, flexible sheets,
tape, tubing and punched and formed parts.

VULCOID A product of Continental-Dia-
mond's manufacturing experience and laboratory
research. A material that offers a combination
of the properties of Dilecto and Diamond Vul-
canized Fibre,

CELORON A molded mascerated fabric
base plastic that is also readily machined. CELO-
RON combines to a high degree the desirable
properties of impact strength, tensile strength,
dielectric strength, moisture resistance, heat re-
sistance and dimensional stability.

The above photograph shows a conventional hat
. molding press being used for experimental molding
: of laminated materials, at low pressure in the order
of 250 Ibs./sq. inch. The part which has just been
removed from the mold is a low pressure phenolic
laminated aircraft engine baffle.

| ELECTRONICS — March 1943 51
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Electronic “brains”

made to order

Electronic energy . . . that powerful,
mystifying force, is being directed
into highly useful channels at
RAULANDIlaboratories. RAULAND
engineers, with 2 background of
years devoted to the development
of specialized electronic devices,
culminating, for example, in the
high power cathode ray tube for
large screen television, are perform-
ing modern miracles. Unlike the
familiar radio tube, cathode ray
tubes which harness this class of
electronic power, cannot be made
in mass production. Each is

Buy War Bonds and Stamps! Rauland employ

54

designed for a special application
..sizes and shapes varying greatly,
depending upon the particular job
for which each is “tailor-made.”

Research-physicists, engineers and
craftsmen at RAULAND are proud
that their cathode ray tubes and

similar special electronic tube
types are contributing so much to
the advancement of Communications
for our armed forces . . . that thett
present efforts promise also great
benefits to human welfare when
war is done.

e Electroneering is our business e

RADlO_:um_SOUND_nn._COMMUNICAT|ONS
The Rauland Corporation.. Chicago, Illinois

ees are all investing 10% of their incomes in ‘War Bond|

March 1943 — ELECTRONIC)



One solution to the present production problem would
be through an increase in manpower . . . made avail-
able by prolonging the productive span of human life
Eventually perhaps, medical science may succeed in
accomplishing this “miracle”.

Accelerated by war emergencies, Amperex laboratory
developments have already multiplied the life spans of
transmitting and rectifying tubes. These major advance-
ments are reducing tube replacement requirements and
effecting substantial economies in critical fabricating
materials, man hours and transportation facilities.

By building longer life into our radio and radar tube
designs, we are contributing to the solution of the all-
important production problem.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN, NEW YORK
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electronic
components

Complete Tool and Die Room Facilities coupled with a
thorough understanding of the time requirements and

the utility of electronic components are two of the many
fundamentals behind Franklin’s ability to quickly fabri-
cate newly designed electronic components.

Franklin Engineers with upwards of twenty years ex-
perience in the design and fabrication of electronic
components have many times simplified fabrication and
improved the operating, characteristics of electronic
components. Franklin Engineers are available to sup-
plement your own development, design and engineer-
ing departments.

The very components you need quickly may be stand-

ard products with Franklin...let Franklin quote you from
; your blue prints and speed your production schedules.

MANUFACTURING CORP.
175 VARICK STREET, NEW YORK, N. Y.



Vibration 1,600,000 Times
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Cleaning the Air to protect rotating electrical
machinery against damage from air-borne dust,
dirt and soot is a maintenance-saving job
performed by the Westinghouse PRECIPITRON.
Electronic tubes in the Precipitron power pack
transform electricity for a strong (12,000-volt)
electrostatic field. As dust-bearing air is chan-
neled through this field, every particle is given
an electrostatic charge. Dust particles are drawn
irresistibly to the collector plates.

Highly Accurate Control of motor performance
is essential for uniformity of product in the
paper and other process industries. By Electronic
means, more precise control of speed, voltage,
acceleration and other characteristics can be
obtained. Absence of moving parts permits
high sensitivity with low maintenance.

PLANTS IN 25 CITIES . . .

Westinghouse electronic devices are at work today in practically every war industry.
They are helping to roll back old limits on production capacity—saving time, cutting
costs, improving products. Here are typical examples from a long list of practical

applications—showing Westinghouse *‘Electronics at Work.""

More Efficient D-C Power is being supplied to
scores of aluminum plants, steel mills, mines
and factories by the Ignitron Rectifier. Each
tank in the Ignitron Rectifier is an electronic
tube. Each tube conducts current during the
positive half-cycle of an alternating current
cycle, producing a pulsating direct current.
When the pulsating output currents of several

. tanks are co-ordinated and synchronized, the

result is a smooth, continuous flow of current.

Electronic Resistance Welding Control is
largely responsible for the development of mass-
production methods in metal-working indus-
tries. By means of Ignitron tubes, Westinghouse
Electronic Timers provide precision control of
current and time (to within one cycle) to deliver

high quality, uniform welds. J-91007-A

For further information on practical applications of Westinghouse Electronic devices, write or phone your
nearest Westinghouse office. Westinghouse Electric & Manufacturing Company, East Pittsburgh, Penna.

VVéStiIlghOllSC ELECTRONICS

OFFICES EVERYWHERE
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Thc exclusive features of our

Ferrule Terminal Resistors are so

important that engineers everywhere

acknowledge their superiority.

-~ No other resistor offers you the ad-
vantage of monel terminals. In addi-
tion to their complete fre edom from
corrosion oOr oxidization, they are
forced sccurely over the ends of the
tube before enameling, and so become
an integral part that can not loosen or
get out of alignment. No ccment 1s

used,—so there is nothing to loosen or
crumble.

The ends are open and the entire
inside diameter 1s completely f[ree
from obstruction of any kind,—giving

FERRULE TERMINAL
RESISTOR

maximum ventilation.

The resistance winding is silver
coldered to each ferrule, eliminating
all possible trouble from intermediate
connections.

And the winding, the connections,
and the inside face of the ferrules are
completely embedded in protecting
vitreous enamel.

In addition to a complete range of
sizes in this resistor, we have a large
range of sizes in many other types of
resistors and rheostats,—with many
other exclusive advantages. Please
consult us before ordering, whether
you nced standard or special resist-
ance scrvice.
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Just as the war has affected the private and
public activities of every American, so will
the 'shape of things to come’—electroni-
cally—have a direct bearing on our future
well-being.

If the planning, designing and research
now under way at N-Y-T is a criterion—
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then the present and future generations are

due pleasant surprises.

Engineers, designers and technicians will
find it worthwhile to investigate our highly
specialized Sample Department — where
difficult transformer problems are being

solved—aquickly. Send us your inquiries.

NEW YORK TRANSFORMER COMPANY

26 WAVERLY PLACE

SELECTRONICS - March 1943
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electronics:

some FIRSTS by
western Eleclric

Government. Today Western Electriciso
of the largest suppliers of tubes of ma
types used by the armed forces.

HERE'S THE GRAND-DADDY of
high-vacuum tubes! It’s the original
type telephone repeater tube—made by
Western Electric—for use in Long Dis-
tance circuits. It made possible trans-
continental telephony in 1915—showed
the way to the amazing variety of tubes
now used in radio, industrial and war
applications.

THE FAMOUS “pEANUT'— made

by Western Electric. First commercial f
14 ampere, 1.5 volt filament tube, it ¢
played a big part in broadcast receivers
in 1920. g

FIRST WATER-COOLED TUBE!
using metal anodes sealed to glass:
one of Bell Telephone Laboratori¢
outstanding contributions—1 920.

FIRST TRANS-
OCEANIC radio tele-

4

¥y / 4

= A

1917 RECEIVING TUBE for the U. S¥

i

SHe / phone transmission—from
Arlington to Paris and Hon-
olulu in 1915 — was made
possible by Western Electric
95 watt radiation cooled
power tubes.

e .

FIRST PHOTO-ELECTRIC CELL uses
commergial picture’ transmission over
phone . wires. It was made by Wes
Electric in 1925, AT i
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FIRST COMMERCIAL LOW VOLTAGE | Ny
cathode ray oscillograph tube. Made in £ SR, /
1924, it led to Western Electric’s 325and | A
326 types. A S

TIONS —by telephone and radio—
were made possible in 1927 by this
type of Western Electric photo-
electric cell.

EARLY PHOTOELECTRIC CELL made
by Western Electric and used in sound
picture reproduction back in 1928,

HERE'S THE KNOB that
opened the door to UHF—The
Western Electric 316A. First
commercial 5 watt triode for
60 cm operation— first to use
molded glass dish stem. 1936.

A PYGMY IN SIZE, but a giant in
performance for UHF amplifier use.
Western Eléctric’s filamentary, air
cooled, high mu triode of 1939.

Oy
WHAT'S NEW IN '437?
A lot that can’t be told
now. But—looking back
over these highlights in
the 28 year record of
electronic leadership by
‘Bell Labs and Western
Electric—can you doubt
that this combination
will still be out in front
when the war is over?

ELECTRONICS — March 1943
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STILL THE WHOPPER OF 'EM
ALL! The first 250 Kilowatt power
amplifier tube, this six year old
Western Electric giant has never
been matched.
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cad of
EVELOPMENT is

IhCA

Since the time when Radio itself was still a scientific novelty, RCA has led in Tube

development. One after another, new or improved RCA types have met the swiftly
advancing needs of electronic applications—radio, industrial, and others—often
anticipating these needs far ahead of any commercial demand.

Naturally then, RCA stands today as the fountain-head of Tubes for practically
all of the varied Electronic equipment now heralding the ‘“Electronic Age” through-
out industry. Years beyond the experiméntal stage, RCA Tubes have proved their
dependability beyond doubt. Expertly engineered by men to whom ‘‘Electronics”’
was a by-word more than a decade ago, RCA Tubes are produced by modern quantity
methods which assure high quality at low cost. Designed for present as well as future
requirements, they are backed with a wealth of knowledge of tube usage unsur-

passed in a great industry now facing an even greater future under its modern,

more all-inclusive name— ELECTRONICS.

Receiving Tubes. . . The familiar “Radio Receiv- Special Tubes . . . From the scientifically-
ing” Tube types are basic to almost all Electronic equip- famous 931 Multiplier to types using the RCA-
ment. RCA offers a full line for every requirement pioneered ‘S4 surface for daylight and blue light
—both in glass and in the famous metal types sources, RCA has paced the field in Phototube
perfected by RCA engineers. development. Other ‘“‘special” types include the

RCA Thyratron-type 2051 with its enormous
li‘athode Ray Tubes . . . RCA was the first power application for contact purposes, and vari-
to produce well-engineered Tubes of this type at ous others.
low cost, thus making their use practical for Tele-
vision, and for general industry. Today, in dozens
of fields, RCA Cathode Ray Tubes are paving the
way to higher efficieney standards in measuring
and testing without mechanical movement or its
limitations.

Power Tubes... From enabling broadcast
stations to deliver ‘“*More Watts Per Dollar,”” RCA
Power Tubes have long since branched into broader
Electronicfields.Includedin thiscategory aremany

Tubes for use in induction heating equipment.
(]
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HB-3 ALL TYPES TUBE HANDBOOK . . Up-to-the-

minute data, curves, €tc. on all RCA power, receiving,
cathode ray, television, and special-purpose tubes. Sup-
plied in two loose-leaf volumes with durable binders.
Available on subscription basis. Write RCA Commercial
Engineering Section, Harrison, N. J. for descriptive
folder and order form.

RC-14 RECEIVING TUBE MANUAL . . Tube theory,

application data, circuits, and charts for the lay

' reader. Describes 340 different RCA tube types. 256 pages.
Single copy, 25¢.

@ RCA PHOTOTUBE BOOKLET. . Describes phototube

theory, construction, and operation. Gives data on 15

popular RCA Phototube types, with curves and circuits
for light-operated relays, light measurements, and sound
reproduction. Single copy, no charge.

RADIOTRON DESIGNERS’ HANDBOOK . . A 356-

page book edited by F. Langsford Smith. Prepared
especially for radio set designers,but valuable to all inter-
ested in the fundamental principles of practical radio-
electronic circuit design. Profusely illustrated. Stiff
covers. Single copy, $1. :

@ RCA TRANSMITTING (POWER) TUBE
GUIDE . . 72 pages, profusely illustrated,
containing data and circuits for popular RCA

power tubes, u-h-f acorn and midget types,

gas-triodes, and gas-tetrodes. Special reference chart
shows air- and water-cooled tubes, transmitting and
television rectifiers, cathode-ray tubes, phototubes, vol-
tage-regulator tubes, and RCA special-purpose types.
Single copy, 35¢ net.

T7-100 TRANSMITTING AND SPEClAL-PURPOSE

TUBES BULLETIN. . Illustrated catalog information
on RCA air- and water-cooled transmitting tubes, recti-
fiers, television tubes, cathode ray tubes, phototubes,
acorn and midget tubes, gas tubes, voltage regulators,
and special amplifier tubes. Phototube chart gives spec-
tral sensitivity curves and dimensional outlines. Charts
of modulator and class C amplifier operating data. 16
pages. Ask for TT-100. Single copy, no charge.

1275-B RECEIVING AND SPECIAL-PURPOSE

TUBES BULLETIN . . Characteristics and socket
connections of 329 receiving tube types and 38 special-
purpose types. 16 pages. Single copy, no charge.

INSTRUCTION BOOKLETS. . Complete, authorized
information on RCA Transmitting and Special Tubes.
Included in cartons with tubes, but available for any
type upon request. Single copies, no charge.

All orders or requests for above literature
should be addressed to: RCA Commercial
Engineering Section, 416 South Fifth St.,
Harrison, N. J.

RCA RADIO TUBES

RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N. J.
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: Textiles—in War as in Peace

World’s oldest z'ndustry performs modern miracles

i S ——

' ITH ever quickening tempo the friendly hum
of the spinning wheel has echoed down the
centuries—symbol of a mighty industry.
Its hum is heard today above the din of war.
Capt. Rickenbacker heard it as the lives of his
party depended upon a thickness of rubberized fabric.
The hard-pressed soldier on a faroff Pacific isle
hears it when he sees fresh supplies and ammunition
descending from the sky via friendly parachute.
Adolf Schickelgruber hears it when winter joins
8 forces with the enemices of his ill-clad armies and
hastens the day of his defeat.
Yes, man is dependent upon textiles from the cradle
to the grave — in peace and in war.
In peace man demands comfort and beauty. In war
he must have comfort and
protection. The textile in-

tions for over 300 diffcrent fabrics! Add to tlus the
requirements of the Navy, the Air orees, the various
Civilian Decfenses, the Red Cross and Lend-Lease and
the sum total of textiles required for military and allied
uses is approximately 709 of the total produced beforce
the war to mect civilian requircments!

How the textile industry has been able to mect this
unprecedented war demand, superimposed upon the
industrial and essential civilhan nceds, 1s an nspiring
story.

First, it stepped up its production to an all-time
high. Textile World’s index of textilemill activity
records three successive records for 1940, 1941 and
1942, the period covering the defense program and
the first year of the war. This index for 1942 stood
at twice that of an assumed
“normal” vear. It is note

dustry is coming up to these
expectations.

It is developing hundreds
of special fabrics for special
purposes. It has created
clothing for wear, miles
high in the stratosphere,
and fathoms deep under
the sea, clothing to meet
the daytime heat of the
desert and the bitter cold
of its nights, clothing for
the tropics and the Arctic,

This is the ninth of a series of editor-
ials appearing monthly in all McGraw-
Hill publications, reaching more than
one and one-bhalf million readers, and
in daily newspapers in New York, Chi-
cago and Washington, D. C. They are
dedicated to the purpose of telling the
part that each industry is plajying in the
war effort and of informing the public
on the magnificent war-production ac-
complishments of America's industries.

worthy that this was accom-
plished mainly with cxist-
ing cquipment.

Sccond, the textile -
dustry did a job of plant-
conversion which was a
masterpicce of intra-indus-
tryv cooperation and idea-
sharing.

Third, its technicians de-
veloped new and superior
fabrics and fimishes. Its en-
gincers and production men
increased the speed and the

_Ithe swamps and mountains
. |—for every climate and
every condition.

Modern scientific warfare has forced the development
“Hof textiles that were not even thought of a year or
Itwo ago: camouflage nets; strong, light, wind-resistant
INylon tentings for the Arctic; heavy Nylon rope for
lglider towing; parachutes and parachute shrouds; self-
Isealing gas tanks; panzer hangars; cartridge and powder
s 4bag cloths; helmet linings; gas masks; fuses; canvas
“|tops; windshield fabrics and seat upholstery for jeeps,
sitrucks and other motorized equipment; uniforms for
J1all armed services and for nurses, WAACS, WAVES,
“ISPARS and MCWRS. Then there are windbreakers,
raincoats, ski-troop uniforms and other items two nu-
merous to mention. The Star Spangled Bannér itself is
a textile.

* The Quartermaster Corps alone has issued specifica-
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efficiency of the entire pro-
duction machine.

How well all this was done becomes evident when
we consider the obstacles to be overcome. Imports of
critical fibres have been cut off. There is a shortage
of certain chemicals and dyes. There is a high rate of
turn-over in manpower and a shortage in experienced
labor. It is increasingly difiicult to secure machines and
repair-parts — just to mention a few of the major
problems.

But the textile industry delivered. It has built up
an adequate reserve for our rapidly cxpanding armed
services. It is helping to supply the armies of our
allies. It is providing for our civilian population . . . all
without giving the war leaders a single moment of
SErious Wworry.

Major General Edmund B. Gregory, Quartermaster
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General of the United States, in special statements
prepared for Textile World, and in addresses before
textile groups, has stated that the cooperation of the
textile industry has been outstanding and that the
industry has kept ahcad of schedule on all the major
types of fabrics required.

General Gregory recently pointed out that of the
approximately 234,000,000 yards of combed twill pro-
duced in this country in 1942, the Army took about
87%, the Navy 10%, leaving 37 for non-military
1)[1T1)OSCS.

Col. Robert T. Stevens, of the Quartermaster Corps,
in a recent address, referred to the output of duck.
Production of that vital military fabric was twice
doubled in six months, between January and July 1942,
he said, and an annual capacity of 600,000,000 yards
of all types of duck was made available. “The current
rate of production of cotton duck is five times normal,”
said Col. Stevens, “and 389, comes from converted
carpet, plush and upholstery mills. Based upon known
requirements, production in this field is fully adequatc”.

“Fully adequate” is high praise when it refers to
duck production. At the outbreak of the war it looked
as if there was no possible chance of meeting require-
ments, at least during the first year. Nor would there
have been if other types of mills had not shifted
to making this fabric, and if experienced duck manu-
facturers had not gone “all-out” in teaching the new-
comers, potential post-war competitors, everything
they knew about the manufacture of duck. American
industry offers many such examples of unselfish
cooperation.

Another outstanding accomplishment, made neccs-
sary by the interruption of burlap imports, was the
conversion of looms producing peacetime fabrics to
the production of bag fabrics. The tremendous demand
for sandbags, camouflage cloth, food, agricultural and
other bagging, caused a conversion order to be 1ssucd
for the purposc of raising the annual production rate
of osnaburg from 263,500,000 yards to 660,000,000
yards, and bag shecting from a rate of 488,000,000
yards to 855,000,000 yards. The result of this order,
and of the military schedules already in effect, was to
put the cotton weaving industry about 889, into war,
essential industrial, and essential civilian production.

Plant conversion went on with feverish speed. Carpet
looms were swung to blankets and duck; the lace
industry turned to mosquito netting and insect netting
of which it produced millions of yards. The flat-knitting
industry with its tricot machincs also is engaged
the manufacture of mosquito netting. The sewing
thread industry was converted to the production of
combed yarns. What once was the silk industry is now
doing a tremendous amount of war work. Those mills
which had cquipped themselves for throwing Nylon
yarns for hosiery are now throwing the Nylon for para-
chutes. That scction of the silk industry that was
cquipped for weaving rayon fabrics is producing fabrics
of high-tenacity rayon for flare chutes, cargo chutes and
delivery chutes. Many silk and rayon looms that for-
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merly wove clothing materials are now weaving para-
chute fabrics.

Today practically all Nylon is used for military
purposes and the bulk of high-tenacity rayon goes into
military fabrics.

Above and beyond all the new developments is the
gigantic job of producing millions of yards of standard
fabrics of many colors and weaves. To produce all the
aniform fabrics and blankets is in itself quite a job.
The woolen and worsted industry has been doing it
magnificently. Tent fabrics and summer fabrics pro-
duced by the cotton industry are no less a formidable
assignment. I could point to myriad other jobs no less
1mpressive.

The production man can indeed take pride in this
record and behind the production man, the textile
technician has been working tirelessly. Mildewproofing
and waterproofing, so vital in a world at war, are in
a new stage of effectiveness. A new process for water-
proofing fabrics employs vinyl acetal plastic in place
of precious rubber. Textiles that glow in the dark have
been perfected for black-outs and other applications.
American genius is solving problems many of which

scemed insurmountable. Silk, for example, was some- |
thing the Japancse thought we could never duplicate. ||

A new synthetic textile filament that weighs but one |
cighth of the finest silk filament threatens to put the |

Japanese silkworm out of business after the war so
far as we are concerned. The post-war possibilities of
this development challenge the imagination.

Nor has the primary textile industry been alone mn |
its contribution to the war. The textile machinery |

industry has been converted almost entirely to war

work, save for a few facilities required to relieve §

extreme bottlenecks and supply essential maintenance |

and repair-parts.

Similarly, some textile mills, particularly hosiery mills |

hard hit by the silk and Nylon cut-off, are utilizing
their space and skilled staffs to produce parts for war
equipment.

The immediate significance of all this is its impor—g

tance in the winning of the war. There 1s, however, a
post-war implication which is important to the future
of America. A mass production textile industry will
serve civilians after the war more cffectively than ever
before, and will put new standards within the react
of millions. A long step has been taken toward tha
completely synthetic textile industry which some ob
servers see in the future. The tempo of such change
has been accelerated tremendously. The oldest industr
in the world, now one of America’s largest, is showin;
a youth and vigor that promise much for the future..
nationally and internationally.

President, McGraw-Hill Publishing Company, In¢
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How Radiothermics Helps

Break the

Propeller Bottleneck!

Since the development of synthetic resin glues,
American industry has known that plastic-
bonded plywood can supply the strength, the
streamlining, and the water and fire-resistance
that airplane use demands.

Only speed of production was lacking. The
setting of the glue, requiring hours, tied up val-
uable equipment and restricted production.

Today, this process is a matter of minutes.
Radio frequency heating removes this
bottleneck of time, makes possible the
production of -plastic-bonded propellers

and structural parts with speed and precision.

With simplification in design, improvements
in electronic tube construction, and other sig-
nificant advances already foreseen by RCA
scientists, radio frequency heating holds the
promise of endless economical service for many
types of industry.

The RCA radiothermic generator, a develop-
ment of RCA electronic research, is  [ropvictory
a tool industry can use to help ?
winthewartoday,and help build
theadvanced world oftomorrow.

RCA INDUSTRIAL PRODUCTS

SOUND « PICTURE . ELECTRONICS

RCA Victor Division
RADIO CORPORATION OF AMERICA, Camden, N. J.
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HB-3 ALL TYPES TUBE HANDBOOK . . Up-to-the-

minute data, curves, etc. on all RCA power, receiving,
cathode ray, television, and special-purpose tubes. Sup-
plied in two loose-leaf volumes with durable binders.
Available on subscription basis. Write RCA Commercial
Engineering Section, Harrison, N. J. for descriptive
folder and order form.

RC-14 RECEIVING TUBE MANUAL . . Tube theory,

application data, circuits, and charts for the lay

' reader. Describes 340 different RCA tube types. 256 pages.
Single copy, 25c¢.

@ RCA PHOTOTUBE BOOKLET. .Describes phototube
theory, construction, and operation. Gives data on 15
popular RCA Phototube types, with curves and circuits
for light-operated relays, light measurements, and sound
reproduction. Single copy, no charge.

RADIOTRON DESIGNERS’ HANDBOOK . . A 356-

page book edited by F. Langsford Smith, Prepared
especially for radio set designers, but valuable to all inter-
ested in the fundamental principles of practical radio-
electronic circuit design. Profusely illustrated. Stiff
covers. Single copy, $1. :

RCA TRANSMITTING (POWER) TUBE
GUIDE . . 72 pages, profusely illustrated,
containing data and circuits for popular RCA
power tubes, u-h-f acorn and midget types,

| ou Desisn ... Buy...heplace

gas-triodes, and gas-tetrodes. Special reference chart
shows air- and water-cooled tubes, transmitting and
television rectifiers, cathode-ray tubes, phototubes, vol-
tage-regulator tubes, and RCA special-purpose types.
Single copy, 35¢ net.

@ IT-100 TRANSMITTING AND SPECIAL-PURPOSE

TUBES BULLETIN. . Illustrated catalog information

on RCA air- and water-cooled transmitting tubes, recti-
fiers, television tubes, cathode ray tubes, phototubes,
acorn and midget tubes, gas tubes, voltage regulators,
and special amplifier tubes. Phototube chart gives spec-
tral sensitivity curves and dimensional outlines. Charts
of modulator and class C amplifier operating data. 16
pages. Ask for TT-100. Single copy, no charge.

1275-B RECEIVING AND SPECIAL-PURPOSE

TUBES BULLETIN . . Characteristics and socket
connections of 329 receiving tube types and 38 special-
purpose types. 16 pages. Single copy, no charge.

@ INSTRUCTION BOOKLETS. . Complete, authorized
information on RCA Transmitting and Special Tubes.
Included in cartons with tubes, but available for any

type upon request. Single copies, no charge.

All orders or requests for above literature
should be addressed to: RCA Commercial
Engineering Section, 416 South Fifth St.,
Harrison, N. J.

RCA RADIO TUBES

RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N. J.
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Textiles—in War as in Peace

World’s oldest induslry performs modern mivacles

ITH ever quickening tempo the friendly hum
of the spinning wheel has echoed down the
centuries—symbol of a mighty industry.
Its hum is heard today above the din of war.
Capt. Rickenbacker heard it as the lives of his
party depended upon a thickness of rubberized fabric.
The hard-pressed soldier on a far-off Pacific isle
hears it when he sees fresh supplies and ammunition
descending from the sky via friendly parachute.
Adolf Schickelgruber hears it when winter joins
forces with the enemies of his ill-clad armies and
hastens the day of his defeat.
Ycs, man is dependent upon textiles from the cradle
to the grave — in peace and in war.
In peace man demands comfort and beauty. In war
he must have comfort and
protection. The textile in-

tions for over 300 different fabrics! Add to this the
requirements of the Navy, the Air Forces, the various
Civilian Defenses, the Red Cross and Lend-Leasec and
the sum total of textiles required for military and allied
uses is approximately 70%, of the total produced before
the war to meet civilian requirements!

How the textile industry has been able to meet this
unprecedented war demand, superimposed upon the
industrial and essential civilian needs, is an inspiring
story.

First, it stepped up its production to an all-time
high. Textile World’s index of textile-mill activity
records three successive records for 1940, 1941 and
1942, the period covering the defense program and
the first year of the war. This index for 1942 stood
at twice that of an assumed
“normal” year. It is note-

dustry is coming up to these
expectations.

It is developing hundreds
of special fabrics for special
purposes. It has created
clothing for wear, miles
high in the stratosphere,
and fathoms deep under
the sea, clothing to meet
the daytime heat of the
desert and the bitter cold
of its nights, clothing for
the tropics and the Arctic,

This is the ninth of a series of editor-
ials appearing monthly in all McGraw-
Hill publications, reaching more than
one and one-half million readers, and
in daily newspapers in New York, Chi-
cago and Washington, D. C. They are
dedicated to the purpose of telling the
part that each industry is playing in the
war effort and of informing the public
on the magnificent war-production ac-
complishments of Americd's industries.

worthy that this was accom-
plished mainly with exist-
ing equipment.

Second, the textile 1n-
dustry did a job of plant-
conversion which was a
masterpiece of intra-indus-
try cooperation and idea-
sharing.

Third, its technicians de-
veloped new and superior
fabrics and finishes. Its en-
gineers and production men

the swamps and mountains
—for every climate and
every condition.

Modern scientific warfare has forced the development
of textiles that were not even thought of a year or
two ago: camouflage nets; strong, light, wind-resistant
Nylon tentings for the Arctic; heavy Nylon rope for
glider towing; parachutes and parachute shrouds; self-
sealing gas tanks; panzer hangars; cartridge and powder
bag cloths; helmet linings; gas masks; fuses; canvas
tops; windshield fabrics and seat upholstery for jeeps,
trucks and other motorized equipment; uniforms for
all armed services and for nurses, WAACS, WAVES,
SPARS and MCWRS. Then there are windbreakers,
raincoats, ski-troop uniforms and other items two nu-
merous to mention. The Star Spangled Banner itself is
a textile.
> The Quartermaster Corps alone has issued specifica-
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increased the speed and the
efhiciency of the entire pro-
duction machine.

How well all this was done becomes evident when
we consider the obstacles to be overcome. Imports of
critical fibres have been cut off. There is a shortage
of certain chemicals and dyes. There is a high rate of
turn-over in manpower and a shortage in experienced
labor. It is increasingly difficult to secure machines and
repair-parts — just to mention a few of the major
problems.

But the textile industry delivered. It has built up
an adequate reserve for our rapidly expanding armed
services. It is helping to supply the armies of our
allies. It is providing for our civilian population . . . all
without giving the war leaders a single moment of
serious worry.

Major General Edmund B. Gregory, Quartermaster
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minute data, curves, etc. on all RCA power, receiving,
cathode ray, television, and special-purpose tubes. Sup-
plied in two loose-leaf volumes with durable binders.
Available on subscription basis. Write RCA Commercial
Engineering Section, Harrison, N. J. for descriptive
folder and order form.

RC-14 RECEIVING TUBE MANUAL . . Tube theory,

’ application data, circuits, and charts for the lay

reader. Describes 340 different RCA tube types. 256 pages.
Single copy, 25¢.

RCA PHOTOTUBE BOOKLET..Describes phototube

theory, construction, and operation. Gives data on 15
popular RCA Phototube types, with curves and eircuits
for light-operated relays, light measurements, and sound
reproduction. Single copy, no charge.

RADIOTRON DESIGNERS’ HANDBOOK . . A 356-
page book edited by F. Langsford Smith. Prepared
especially for radio set designers, but valuable to all inter-
ested in the fundamental principles of practical radio-
electronic circuit design. Profusely illustrated. Stiff
covers. Single copy, $l.

@ RCA TRANSMITTING (POWER) TUBE

GUIDE . . 72 pages, profusely illustrated,
containing data and circuits for popular RCA
power tubes, u-h-f acorn and midget types,
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gas-triodes, and gas-tetrodes. Special reference chart
shows air- and water-cooled tubes, transmitting and
television rectifiers, cathode-ray tubes, phototubes, vol-
tage-regulator tubes, and RCA special-purpose types.
Single copy, 35¢ net.

TT-100 TRANSMITTING AND SPECIAL-PURPOSE

TUBES BULLETIN. . Illustrated catalog information
on RCA air- and water-cooled transmitting tubes, recti-
fiers, television tubes, cathode ray tubes, phototubes,
acorn and midget tubes, gas tubes, voltage regulators,
and special amplifier tubes. Phototube chart gives spec-
tral sensitivity curves and dimensional outlines. Charts

of modulator and class C amplifier operating data. 16

pages. Ask for TT-100. Single copy, no charge.

1275-B RECEIVING AND SPECIAL-PURPOSE

TUBES BULLETIN . . Characteristics and socket
connections of 329 receiving tube types and 38 special=
purpose types. 16 pages. Single copy, no charge.

' INSTRUCTION BOOKLETS. . Complete, authorized
information on RCA Transmitting and Special Tubes.
Included in cartons with tubes, but available for any

All orders or requests for above literature
should be addressed to: RCA Commercial
Engineering Section, 416 South Fifth St.,
Harrison, N. J.
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RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N. J.
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Textiles—in War as in Peace

World’s oldest industry [)erforms modern miracles

ITH ever quickening tempo the friendly hum
of the spinning wheel has echoed down the
centuries—symbol of a mighty industry.
Its hum is heard today above the din of war.
Capt. Rickenbacker heard it as the lives of his
party depended upon a thickness of rubberized fabric.
The hard-pressed soldier on a far-off Pacific isle
hears it when he sees fresh supplies and ammunition
descending from the sky via friendly parachute.
Adolf Schickelgruber hears it when winter joins
forces with the enemies of his ill-clad armies and
hastens the day of his defeat.
Yes, man is dependent upon textiles from the cradle
to the grave — in peace and in war.
In peace man demands comfort and beauty. In war
he must have comfort and
protection. The textile in-

tions for over 300 different fabrics! Add to this the
requirements of the Navy, the Air lForces, the various
Civilian Defenses, the Red Cross and Lend-Lease and
the sum total of textiles required for military and allied
uscs 1s approximately 7095 of the total produced before
the war to mect civilian requirements!

How the textile industry has been able to meet this
unprecedented war demand, superimposed upon the
industrial and essential civilian nceds, is an inspiring
story.

First, it stepped up its production to an all-time
high. Textile World’s index of textilemill activity
records three successive records for 1940, 1941 and
1942, the period covering the defense program and
the first year of the war. This index for 1942 stood
at twice that of an assumed
“normal” year. It is note

dustry is coming up to these
expectations.

It is developing hundreds
of special fabrics for special
purposes. It has created
clothing for wear, miles
high in the stratosphere,
and fathoms deep under
the sea, clothing to meet
the daytime heat of the
desert and the bitter cold
of its nights, clothing for
the tropics and the Arctic,

This is the ninth of a series of editor-
ials appearing monthly in all McGraw-
Hill publications, reaching move than
one and one-half million readers, and
in daily newspapers in New York, Chi-
cago and Washington, D. C. They are
dedicated to the purpose of telling the
part that each industry is playing in the
war effort and of informing the public
on the magnificent war-production ac-
complishments of America’s industries.

worthy that this was accom-
plished mainly with exist-
ing equipment.

Second, the textile in-
dustry did a job of plant-
conversion which was a
masterpicce of intra-indus-
try cooperation and idea-
sharing.

Third, its technicians de-
veloped new and superior
fabrics and finishes. Its en-
gineers and production men

the swamps and mountains
—for every climate and
every condition.

Modern scientific warfare has forced the development
of textiles that were not even thought of a year or
two ago: camouflage nets; strong, light, wind-resistant
Nylon tentings for the Arctic; heavy Nylon rope for
glider towing; parachutes and parachute shrouds; self-
sealing gas tanks; panzer hangars; cartridge and powder
bag cloths; helmet linings; gas masks; fuses; canvas
tops; windshield fabrics and seat upholstery for jeeps,
trucks and other motorized equipment; uniforms for
all armed services and for nurses, WAACS, WAVES,
SPARS and MCWRS. Then there are windbreakers,
raincoats, ski-troop uniforms and other items two nu-
merous to mention. The Star Spangled Banner itself is
a textile.
> The Quartermaster Corps alone has issued specifica-
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increased the speed and the
efficiency of the entire pro-
duction machine.

How well all this was done becomes evident when
we consider the obstacles to be overcome. Imports of
critical fibres have been cut off. There is a shortage
of certain chemicals and dyes. There is a high rate of
turn-over in manpower and a shortage in experienced
labor. It is increasingly difficult to secure machines and
repair-parts — just to mention a few of the major
problems.

But the textile industry delivered. It has built up
an adequate reserve for our rapidly expanding armed
services. It is helping to supply the armies of our
allies. It is providing for our civilian population . . . all
without giving the war leaders a single moment of
serious worry.

Major General Edmund B. Gregory, Quartermaster
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General of the United States, in special statements
prepared for Textile World, and in addresses before
textile groups, has stated that the cooperation of the
textile industry has been outstanding and that the
industry has kept ahcad of schedule on all the major
types of fabrics required.

Genceral Gregory recently pointed out that of the
approximately 234,000,000 yards of combed twill pro-
duced in this country in 1942, the Army took about
877, the Navy 109, lcaving 39 for non-military
purposcs.

Col. Robert T. Stevens, of the Quartermaster Corps,
in a recent address, referred to the output of duck.
Production of that vital nulitary fabric was twice
doubled in six months, between January and July 1942,
he said, and an annual capacity of 600,000,000 yards
of all types of duck was made available. ““T'he current
rate of production of cotton duck is five times normal,”
said Col. Stevens, “and 389, comes from converted
carpet, plush and upholstery mills. Based upon known
requirements, production in this field is fully adequate”.

“Iully adequate” is high praisec when it refers to
duck production. At the outbreak of the war it looked
as 1f there was no possible chance of meeting require-
ments, at least during the first year. Nor would there
have Dbeen if other types of mills had not shifted
to making this fabric, and if experienced duck manu-
facturers had not gone “all-out” in teaching the new-
comers, potential post-war competitors, everything
they knew about the manufacture of duck. American
industry offers many such examples of unselfish
cooperation.

Another outstanding accomplishment, made neces-
sary by the interruption of burlap imports, was the
conversion of looms producing pcacetime fabrics to
the production of bag fabrics. The tremendous demand
for sandbags, camouflage cloth, food, agricultural and
other bagging, caused a conversion order to be issued
for the purpose of raising the annual production rate
of osnaburg from 263,500,000 yards to 660,000,000
yards, and bag shecting from a rate of 488,000,000
yards to 855,000,000 yards. The result of this ordcr,
and of the military schedules already in effect, was to
put the cotton weaving industry about 889 into war,
essential industrial, and essential civilian production.

Plant conversion went on with feverish speed. Carpet
looms were swung to blankets and duck; the lace
industry turned to mosquito netting and insect nectting
of which it produced millions of yards. The flat-knitting
industry with its tricot machines also is engaged in
the manufacture of mosquito netting. The sewing
thrcad industry was converted to the production of
combed yarns. What once was the silk industry is now
doing a tremendous amount of war work. Those mills
which had equipped themselves for throwing Nylon
yarns for hosiery are now throwing the Nylon for para-
chutes. That scction of the silk industry that was
equipped for weaving rayon fabrics is producing fabrics
of high-tenacity rayon for flare chutes, cargo chutes and
delivery chutes. Many silk and rayon looms that for-
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merly wove clothing materials are now weaving para-
chute fabrics.

Today practically all Nylon is used for military
purposes and the bulk of high-tenacity rayon goes into
military fabrcs.

Above and beyond all the new developments is the
gigantic job of producing millions of yards of standard
fabrics of many colors and weaves. To produce all the
uniform fabrics and blankets is in itself quite a job.
The woolen and worsted industry has been doing it
magnificently. Tent fabrics and summer fabrics pro-
duced by the cotton industry are no less a formidable
assignment. I could point to myriad other jobs no less
Impressive.

The production man can indced take pride in this
record and bechind the production man, the textile
technician has been working tirelessly. Mildewproofing
and waterproofing, so vital in a world at war, are in
a new stage of effectiveness. A new process for water-
proofing fabrics employs vinyl acetal plastic in place
of precious rubber. Textiles that glow in the dark have
been perfected for black-outs and other applications.
American genius is solving problems many of which
scemed insurmountable. Silk, for example, was some-
thing the Japanese thought we could never duplicate.
A new synthetic textile filament that weighs but one
cighth of the finest silk filament threatens to put the
Japanese silkworm out of business after the war so
far as we are concerned. The post-war possibilities of
this development challenge the imagination.

Nor has the primary textile industry been alone in
its contribution to the war. The textile machinery
industry has been converted almost cntirely to war
work, save for a few facilities required to relieve
extreme bottlenecks and supply essential maintenance
and repair-parts.

Similarly, some textile mills, particularly hosiery mills
hard hit by the silk and Nylon cut-off, are utilizing
their space and skilled staffs to produce parts for war
cquipment.

The immediate significance of all this is its impor-
tance in the winning of the war. There is, however, a
post-war implication which is important to the future
of America. A mass production textile industry will
serve civilians after the war more cffectively than ever
before, and will put new standards within the reach
of millions. A long step has been taken toward that
completely synthetic textile industry which some ob-
servers see in the future. The tempo of such changes
has been accelerated tremendously. The oldest industry
in the world, now one of Amecrica’s largest, is showing
a youth and vigor that promise much for the future...
nationally and internationally.

President, McGraw-Hill Publishing Company, Inc.
March 1943 — ELECTRONICS
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How Radiothermics Helps

Break the
Propeller Bottlene

Since the development of synthetic resin glues,
American industry has known that plastic-
bonded plywood can supply the strength, the
streamlining, and the water and fire-resistance
that airplane use demands.

Only speed of production was lacking. The
setting of the glue, requiring hours, tied up val-
uable equipment and restricted production.

Today, this process is a matter of minutes.
Radio frequency heating removes this
bottleneck of time, makes possible the
production of plastic-bonded propellers

RCA INDUSTR
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and structural parts with speed and precision.

With simplification in design, improvements
in electronic tube construction, and other sig-
nificant advances already foreseen by RCA
scientists, radio frequency heating holds the
promise of endless economical service for many
types of industry.

The RCA radiothermic generator, a develop-
ment of RCA electronic research, is [ PVICTORY|
a tool industry can use to help ru?
winthe wartoday,and help build /8
theadvanced world of tomorrow.

IAL PRODUCTS
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RCA Victor Division
RADIO CORPORATION OF AMERICA, Camden, N. J.
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Showing That Cooperation &>
Can Lick Almost Any ¥

The Case of the Ailing Magneto - . .

Contaect Problem

When you add eagerness to cooperate to engineering experience
and “know how,”” you will understand in some measure why such
incredible production results are coming from industry’s team
work in the war effort. And that goes for any part—from gigantic
casting to tiny contact point.

Nowadays, contact production ills demand quick action from
the specialist, especially when the prescription must be vir-
tually instantaneous.

Recently, Mallory had a hurry call for help with ailing aircraft
magnetos. Combat planes were grounded by faulty magneto
operation. Tests traced the trouble to contact “pitting” which
caused the airplane engine to misfire.

Mallory contact engineers sought a better material. Speedy
experiments indicated a standard Mallory alloy. Suitable con-
tacts were designed, attached to proper backing and put on test.
In a few days, the magneto manufacturer’s contact troubles
were over. The new contacts were incorporated in the magneto
production line and magnetos no longer held up efficient combat
plane production.

Some folk might hail this example of Mallory contact develop-
ment as a success story. We prefer to regard it as an example of
eager cooperation—the application of years of experience and
“know how’’ that is merely part of the day’s work for war effort.

We think we have learned a lot about contacts over the years—

While the design is  and we know we are adding to that knowledge with every
still in blueprint form  development we make. Consult us when your designs

involve contacts and complete contact assemblies.

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

CALL IN MALLORY Cable Address—PELMALLO
for Contacts and
Contact Assemblies

R

ELECTRICAL CONTACTS AND
CONTACT ASSEMBLIES

{ALLORY N

, /P

- 74
NON FERROUS ALLOYS  / , 1
POWDERED METAL ALLOYS U)
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WASHINGTON FEEDBACK

D%~ Radio has now really gone to
war. The industry has emerged
from the role of an important aux-
iliary to that of a vital and con-
stantly expanding entity with a gi-
gantic production program of its
own. Expenditures for military
radio alone are now running $200,-
000,000 per month, as compared with
$15,000,000 monthly a year ago.

WPB—Manifestly, such an ex-
pansion has called for the setting
up of an adequate radio organization
in the WPB. While there has been
no official announcement, broadly
speaking the work of the division
concerned and now in process of re-
organization falls into six classifica-
tions. First, there is a program
group whose function it is to keep
informed of military electronic re-
quirements; second, a distribution
group seeing to it that critical mate-
rials are delivered to manufacturers
at the proper time; third, a re-
sources group making certain that
the facilities of the industry are
adequate to meet military demands;
fourth, a field operations section
which aims to solve problems for
the manufacturer at his plant; fifth,
an engineering advisory section
which, among other things, keeps
close watch on laboratory develop-
ments to avoid a time lag between the
proven effectiveness of a device and
actual placement in production;
sixth, a foreign and domestic
branch whose function it is to main-
tain broadcasting and home receiv-
ing sets on the present reduced scale
through the provision of standard-
ized parts.

It appears certain that Ray C.
Ellis will continue to head the radio
division. Gerald Miller will un-
doubtedly be in the program group;
Sidney K. Wolfe is expected to head
the resources group, aided by Cap-
tain W. A. Gray, Myron Whitney,
Milton Lowenstein and Elmer Crane;
W. H. Anderson and Frederick Bo-
land are slated for important posts;
Marvin Hobbs appears to be set for
the engineering advisory section;
Frank S. Horning is likely to handle
~ field operations and Frank McIntosh

ELECTRONICS — March 1943
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is expected to continue as head of
the home radio group.

FCC—In view of the existing
stringent control of manufactured
radio parts, there is much interest
in the announcement by FCC that it
has completed an 1100-page listing
of surplus radio equipment in radio
stations and available for rent or
purchase. Chairman Fly describes
it as “an informational set-up
where everybody describes what he
has and we give the information to
everyone else.”

Because of the size of the vol-
ume, it appeared impractical to dis-
tribute it to all licensees. So copies
are to be sent to just a few selected
stations and to inspectors in charge
of the various radio districts.

Draft—The War Manpower Com-
mission has amended its occu-
pational bulletin (No. 27) on es-
sential communications services,
issued to guide Selective Service lo-
cal boards regarding occupational
classifications of employees. The
original bulletin, issued last Octo-
ber, listed as essential communica-
tion activities only telephone,
telegraph, newspaper, radio broad-
casting, newsreel and - television
services and the repair of such facili-
ties. The amended bulletin in-
cludes 120 essential occupations in
place of the original 92. It includes,
among other services, protective
signal systems which supplement
fire and police protection to mili-
tary, public and private industrial
and commercial establishments.

Army—The Army reports that a
Patent Board has been established
in the Office of the Legal Director
to review meritorious inventions by
Signal Corps personnel. Regula-
tions permit enlisted men to com-
municate directly with the Chief
Signal Officer concerning unpat-
ented inventions and frequently the
Board recommends that a patent be
obtained for the inventor at gov-
ernment expense. A number of sug-
gestions for slight structural
changes in Signal Corps apparatus

have proved to be helpful during
the redesign of equipment.

Amateurs—Radio amateurs have
been requested to sell their short-
wave communication equipment to
a special purchasing mission of the
Army Signal Corps, Service of Sup-
ply, for training purposes and op-
erational use. Equipment needed
consists of transmitters ranging in
power from 25 watts and covering
various bands in the shortwave
range, as well as corresponding
types of receivers and such radio
components as capacitors, resistors
and installation material. Espe-
cially desired are a-f and r-f signal
generators, oscilloscopes, precision
a-c and d-c voltmeters, ammeters
and miliammeters.

Navy—Captain Carl F. Holden,
Director of Naval Communications,
has added an electronics branch
to the Office of Naval Communica-
tions. Its purpose is to cooordinate
the requirements of the Navy from
the standpoint of precedence and
allocation. It will work with the
Radio Division of the Bureau of
Ships. Lieutenant Commander F.
R. Furth has been named Assistant
Director of ONC in charge of the
new branch.

CAP — WERS — Recent confer-
ences between the Civil Air Patrol
and the Office of Civilian Defense
resulted in a plan to provide War
Emergency Radio Service facilities
to the CAP. With the concurrence
of the Board of War Communica-
tions, the Federal Communications
Commission has established a new
class of stations designated as Civil
Air Patrol Stations. In order to
avoid serious interference both to
CAP stations and civilian defense
stations, a cooperative arrangement
of sharing frequencies was worked
out. Four channels, each 200 ke
wide, at the upper end of the 112
to 116 Mc band, have been set aside
for CAP stations. These channels
are located at 115.3 Mc., 115.5 Mc,,
115.7 Mc., and 115.9 Mc. If, in any
particular locality, civilian defense
stations find it necessary to use onc
of these channels, arrangements
can be made with local representa-
tives of the CAP to share the chan-
nel at 115.3 Mec.
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Unseen Hands_

EBrHIND all theprodigiousproduction and mighty accomplishments
of industry in the war effort are the unseen hands of cooperation.

Invisible hands, but not ghostly. On the contrary, they are bright
realities responsible for a gigantic step forward on the part of
Understanding between men . .. and women in industry.

The history of the amazing industrial cooperation that has made
possible the titanic achievements of War Production is still to be
written. But the Future will record Voluntary Cooperation as not
the least human of the answers made by free people to the chal-
lenge of the Dictator and his slave labor.

This is not soap box oratory. It is prosaic fact.

FEW of the complex mechanisms involved in war materiel are the output of
a single manufacturer. Most of them represent the hitherto incredible coopera-
tion of dozens of plants all working to the single goal of quality production in
the shortest possible time. As folk have learned what cooperation can mean,
the impossible has been accomplished with clockwork regularity.

Because Mallory people—from top to bottom—have learned to cooperate,
they have done a good job in War Production. The Army-Navy “E” Awards
testify to that. Their experience and knowledge in the fields of electronics
and metallurgy have been put to vital use in innumerable war devices, mostly
products applying new techniques and new materials . . . for critical per-
formance that once might have been dubbed “black magic.”

They have worked with military chiefs and governmental agencies, with
engineers and mechanics, manufacturers and raw material suppliers—in a
cooperation common to all, based on Poor Richard’s realization that “we must
all hang together or all hang separately.” They have not been alone in their
cooperation, a great many organizations have become Bachelors of Coopera-
tion with them.

You might call it the “Higher Business Learning,” this new philosophy of
cooperation. Because—it will be important in post-war adjustments, when all
that has been learned in war production will be turned loose on manufacturing
progress to creale new standards and satisfy the pent-up wants of war-sacrifice.

Wit its specialized knowledge of electronics and metallurgy
useful in fields that apparently have no boundaries, the Mallory
organization will offer “hands of cooperation” exceedingly useful
in speeding developments for the betterment of products and tech-
niques. All our post-war planning is based on the idea of keeping
'those hands active all the while.

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA
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P.R.MALLORY & CO. inc SERVES THE AERONAUTICAL, AUTOMOTIVE, ELEC-
M A I- Lo R TRICAL, GEOPHYSICAL, RADIO AND INDUSTRIAL
FIELDS WITH . . . RESISTANCE WELDING ELECTRODES
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CROSS

» NEW WORLD . .. Last Fall returning from va-
cation, your editor found the office staff much upset.
It seems that staff members were being harassed to
death with visitors and phone calls asking what
electronics was all about. Inquirers were ad-
vertising agency fellows, executives from big com-
panies not then interested in electronics, people who
had heard exciting broadcasts about the wonders of
electronics, etc.,, etc. Right then came the idea
that it was our job to satisfy this growing curiosity
on the part of big business as to the significance of
electronics. Active work on this March issue, “New
World of Electronies” began.

To put all in one place an explanation of the sci-
ence growing up around the electron tube was the
first aim; then the purpose was to show the non-
technical reader, in simple language, all the places
where tubes aid communication, all the ways where
tubes speed, simplify, and lower the cost of indus-
trial processes. Writers of the individual sections
and articles were chosen for their knowledge of
certain vertical divisions of electronics; each was
encouraged to let his imagination run a bit on the
wild side when it came to summing up the future.

Obviously it is impossible to tell the whole story
within the confines of one issue, and within present
limitations on the use of paper; but it is hoped that
the picture presented in the special section in this
issue will give the non-technical reader a pretty
broad idea of just what electronics is now and what
it may be after the war.

The fact that an entire issue, except for our
regular departments and the article on wave guides
is made up of this non-technical story, need not
worry our readers. Future issues will be just as tech-
nical as they have been since April 1930,

» PHYSICISTS . . . Here is another, and we hope
more correct, version of the reason why there are so
many physicists rather than radio engineers in the

| i
."\ :
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several war-time laboratories concentrating on pro-
ducing radio and radio-begot apparatus. (Version
No. 1 was reported on this page in January.) It seems
that men needed at first were those experimentally
inclined fellows who can take on new ideas, work
them out in breadboard style, making working mod-
els, however impractical these might be from the
manufacturing standpoint. It developed, right off
the bat, that many of our professional radio (re-
ceiver) engineers had lost this art. They had degen-
erated into men whose sole function was to take
standardized circuits which everyone knew back-
ward and forward, reduce them to manufacturing
jobs—not to work on totally new ideas.

Best men for these jobs were the experimental
physicists in college and industrial laboratories used
to setting up their own apparatus; circuit model-
makers, in fact. Radio engineers came much later,
after the breadboard models were ready for reduc-
tion to practice.

» WAR . .. Last month the page size of ELECTRON-
IcS was reduced for the duration. The actual type
page was not changed. A new type of binding per-
mitted the book to lay open better than the old, and
many readers may not even have noted the change.
As the months go by, war will produce other evidences
of itself.

There will be fewer bleed pages, both editorial and
advertising. Once the correct number of impres-
sions is off the press, the press will stop. There
will be few overruns and few tearsheets. There
will be no extra copies for those who lose or lend a
copy now and then and don’t get it back. A reader
who lets his subscription lapse through failure to
renew at the proper time will probably never get the
issues which he missed when he finally does renew.

It is quite probable that circulation lists will be
frozen; new subscribers then must wait to get on the
circulation list until some other name is retired.
A “waiting list” for ELECTRONICS is already at hand.
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Modern ultrahigh-frequency generators and transmission lines bear little resemblance to those
at broadcast frequencies as this laboratory equipment at New York University illustrates

'HEN a stone is dropped into
a quiet pool, circular waves
spread over the surface of the
water. When there is an electric
spark, or some other electrical dis-
turbance, electromagnetic waves
spread through space from the
source. Radio waves travel out
from a transmitting antenna in all
directions, in three dimensions, and
just as the water wave is circular,
the spreading radio wave is spheri-
cal. If the radio wave strikes a
plate of metal or the conducting
surface of the earth, it is reflected.
The wave pattern then becomes as
complicated as when circling waves
of water are reflected in complex
patterns from the shore.

YAV

What is a Wave Guide?

A wave guide is a sort of speak-
ing tube for radio waves; it is a

76

By HUGH SKILLING

Department of HElectrical Engineering
Stanford University

means of guiding energy from one
point to another without letting it
spread out in all directions. There
are hollow wave guides; there are
concentric transmission lines; there
are parallel-wire transmission lines:
these are all wave guides in reality,
although they are of different form.
Before describing these it will be
best to say a few words about waves
in general.

Wave Facts

Radio waves (and other electro-
magnetic waves, including light)
travel very satisfactorily through
empty space. It is best not to in-
quire how they travel through empty
space—how light, for instance, can

come to the earth from the sun.
Water waves are waves in water, but
in what are electromagnetic waves?
One may say “aether,” but that is
merely giving another name to
empty space. We cannot do much
better than to agree with Michael
Faraday who said a century ago
“Let us dismiss the aether, but keep
the vibrations.”

On the other hand, a great deal is
known about these electromagnetic
vibrations, whatever the medium in
which they propagate. They com-
prise an electric and a magnetic
field. A wave traveling freely in
empty space consists of an electric
field and a magnetic field at right
angles to each other, both being at
right angles to the direction of
travel of the wave. For this reason
the wave is called a transverse wave,
analagous to a mechanical transverse

March 1943 — ELECTRONICS



of WAVE GUIDES

This paper is a non-mathematical explanation of how waves travel through hollow metal
structures or solid dielectric rods known as wave guides. It also contains a discussion of
the conditions under which a wave will or will not be propagated along a wave guide™

0 —

wave (as in a violin string), and
contrasting with a longitudinal
wave such as sound in a speaking-
tube, in which the vibrating parti-
cles move back and forth along the
direction of propagation of the wave.

It is quite impossible to have the
electric part of the wave without
the magnetic, or the magnetic field
without the electric, for they pro-
duce each other: the electric field of
the wave is produced by the chang-
ing magnetic field, and the magnetic
field by the changing electric field,
and they must necessarily go along
together. They travel at a speed
that is, of course, the speed of light;
measured in English units it is
about 186,000 miles per second, or
in the metric system 300,000 kilome-
ters (or 3x10® centimeters) per
second.

Characteristics of Plane Waves

The signal that reaches a radio
receiving antenna is part of the
spherical wave that spreads out in
space about the transmitter. As-
suming that the transmitted wave
is allowed to spread freely through
space, the receiving antenna receives
only a small part of it. But a suffi-
ciently small part of a large sphere
appears plane, just as the surface of
the ocean as far as one can see ap-
pears flat. From the point of view
of the receiver, therefore, the arriv-
ing wave is practically a plane wave.
This is fortunate, for a plane wave
is the simplest of waves. Let us
therefore discuss plane waves.

A diagram of a plane wave is
shown in Fig. 1a. The electric field
E is vertical, parallel to the Y axis;
the magnetic field H is parallel to
the Z axis; the wave is therefore

* This article has been prepared especially
for ELECTRONICS at the request of its
editors who found Prof. Skilling’s recent
book, 'Fundamentals of Electric Waves"
a stimulating treatment of modern u-h-f
techniques
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traveling along the X axis. The
cross-hatching of electric and mag-
netic fields indicates one plane of
the wave, but it must be understood
that the wave is not limited to this
particular plane. If the wave is a
sine wave, as it would be from any
ordinary radio oscillator, it will have
a distribution along the direction of
travel (along the X axis) somewhat
as shown in Fig. 1b.

To show the complete wave as it
exists in three-dimensional space
would require a combination of these
diagrams, with the electric and mag-
netic fields shown in an unlimited
number of parallel planes. This
cannot well be drawn on a piece of
paper, particularly since all the
fields must extend to infinity, but
it is not very hard to imagine.
When a mental picture of this kind
has been formed, it is a snapshot of
a plane wave; to give it action it
is only necessary to let the electric

and magnetic fields pulsate so that
waves of intensity travel through
the field from left to right (parallel
to the X axis).

The result is a plane wave. It is
a specially simple kind of plane wave
because it is plane-polarized, which
means that the electric field at any
point does not change direction as
the wave passes. It changes magni-
tude, but is, in this illustration,
always vertical. This wave is there-
fore said to be polarized with the
electric vector vertical. Most radio
waves are polarized in some such
simple fashion, for the direction of
the field is determined by the geome-
try of the transmitting antenna;
but waves that have passed into the
jonsphere and been reflected have
acquired a more complicated form
and are said to be elliptically polar-
ized.

The electric field of the plane
wave of Fig. la extends to infinity

Electric Flux
H____Magnetic flux

E

i — .' e i u ;? s No#
E—Bloctre My T
H-———= Magrietic flux X

Fig. 1—The electric and magnetic
fields of a wave traveling in the X
direction are shown at (a) for one in-
stant of time and one position. Diagram
(b) is a three-dimensional snapshot
representation of the electric and mag-
netic fields of a wave produced by a
sine-wave oscillator

Fig. 2—Parallel metal sheets form an
elementary but impractical wave quide
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Unseen Hands o

BBreninD all the prodigious production and mighty accomplishments
of industry in the war effort are the unseen hands of cooperation.

Invisible hands, but not ghostly. On the contrary, they are bright
realities responsible for a gigantic step forward on the part of
Understanding between men...and women in industry.

The history of the amazing industrial cooperation that has made
possible the titanic achievements of War Production is still to be
written. But the Future will record Voluntary Cooperation as not
the least human of the answers made by free people to the chal-
lenge of the Dictator and his slave labor.

This is not soap box oratory. It is prosaic fact.

FEW of the complex mechanisms involved in war materiel are the output of
a single manufacturer. Most of them represent the hitherto incredible coopera-
tion of dozens of plants all working to the single goal of quality production in
the shortest possible time. As folk have learned what cooperation can mean,
the impossible has been accomplished with clockwork regularity.

Because Mallory people—from top to bottom—have learned to cooperate,
they have done a good job in War Production. The Army-Navy “Ii” Awards
testify to that. Their experience and knowledge in the fields of electronics
and metallurgy have been put to vital use in innumerable war devices, mostly
products applying new techniques and new materials. .. for critical per-
formance that once might have been dubbed “black magic.”

They have worked with military chiefs and governmental agencies, with
engineers and mechanics, manufacturers and raw material suppliers—in a
cooperation common to all, based on Poor Richard’s realization that “we must
all hang together or all hang separately.” They have not been alone in their
cooperation, a great many organizations have become Bachelors of Coopera-
tion with them.

You might call it the “Higher Business Learning,” this new philosophy of
cooperation. Because—it will be important in post-war adjustments, when all
that has been learned in war production will be turned loose on manufacturing
progress to create new standards and satisfy the pent-up wants of war-sacrifice.

Witn its specialized knowledge of electronics and metallurgy
useful in fields that apparently have no boundaries, the Mallory
organization will offer “hands of cooperation” exceedingly useful
in speeding developments for the betterment of products and tech-
niques. All our post-war planning is based on the idea of keeping
‘those hands active all the while.

&

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

» NEW WORLD . .. Last Fall returning from va-
cation, your editor found the office staff much upset.
It seems that staff members were being harassed to
death with visitors and phone calls asking what
electronics was all about. Inquirers were ad-
vertising agency fellows, executives from big com-
panies not then interested in electronics, people who
had heard exciting broadcasts about the wonders of
electronics, etc., etc. Right then came the idea
that it was our job to satisfy this growing curiosity
on the part of big business as to the significance of
electronics. Active work on this March issue, “New
World of Electronics” began.

To put all in one place an explanation of the sci-
ence growing up around the electron tube was the
first aim; then the purpose was to show the non-
technical reader, in simple language, all the places
where tubes aid communication, all the ways where
tubes speed, simplify, and lower the cost of indus-
trial processes. Writers of the individual sections
and articles were chosen for their knowledge of
certain vertical divisions of electronics; each was
encouraged to let his imagination run a bit on the
wild side when it came to summing up the future.

Obviously it is impossible to tell the whole story
within the confines of one issue, and within present
limitations on the use of paper; but it is hoped that
the picture presented in the special section in this
issue will give the non-technical reader a pretty
broad idea of just what electronics is now and what
it may be after the war.

The fact that an entire issue, except for our
regular departments and the article on wave guides
is made up of this non-technical story, need not
worry our readers. Future issues will be just as tech-
nical as they have been since April 1930.

» PHYSICISTS . . . Here is another, and we hope
more correct, version of the reason why there are so
many physicists rather than radio engineers in the

TR
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several war-time laboratories concentrating on pro-
ducing radio and radio-begot apparatus. (Version
No. 1 was reported on this page in January.) It seems
that men needed at first were those experimentally
inclined fellows who can take on new ideas, work
them out in breadboard style, making working mod-
els, however impractical these might be from the
manufacturing standpoint. It developed, right off
the bat, that many of our professional radio (re-
ceiver) engineers had lost this art. They had degen-
erated into men whose sole function was to take
standardized circuits which everyone knew back-
ward and forward, reduce them to manufacturing
jobs—not to work on totally new ideas.

Best men for these jobs were the experimental
phystcists in college and industrial laboratories used
to setting up their own apparatus; circuit model-
makers, in fact. Radio engineers came much later,
after the breadboard models were ready for reduc-
tion to practice.

» WAR . . . Last month the page size of ELECTRON-
1¢s was reduced for the duration. The actual type
page was not changed. A new type of binding per-
mitted the book to lay open better than the old, and
many readers may not even have noted the change.
Ag the months go by, war will produce other evidences
of itself.

There will be fewer bleed pages, both editorial and
advertising. Once the correct number of impres-
sions is off the press, the press will stop. There
will be few overruns and few tearsheets. There
will be no extra copies for those who lose or lend a
copy now and then and don’t get it back. A reader
who lets his subscription lapse through failure to
renew at the proper time will probably never get the
issues which he missed when he finally does renew.

It is quite probable that circulation lists will be
frozen; new subscribers then must wait to get on the
circulation list until some other name is retired.
A “waiting list” for ELECTRONICS is already at hand.



Physical Behavior

Modern ultrahigh-frequency generators and transmission lines bear little resemblance to those

at broadcast frequencies as

v JHEN a stone is dropped into

a quiet pool, circular waves
spread over the surface of the
water. When there is an electric
spark, or some other electrical dis-
turbance, electromagnetic waves
spread through space from the
source. Radio waves travel out
from a transmitting antenna in all
directions, in three dimensions, and
just as the water wave is circular,
the spreading radio wave is spheri-
cal. If the radio wave strikes a
plate of metal or the conducting
surface of the earth, it is reflected.
The wave pattern then becomes as
complicated as when circling waves
of water are reflected in complex
patterns from the shore.

What is a Wave Guide?

A wave guide is a sort of speak-
'ing tube for radio waves; it is a
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this laboratory equipment at

By HUGH SKILLING

Department of Electrical FEngineering
Stanford University

means of guiding energy from one
point to another without letting it
spread out in all directions. There
are hollow wave guides; there are
concentric transmission lines; there
are parallel-wire transmission lines:
these are all wave guides in reality,
although they are of different form.
Before describing these it will be
best to say a few words about waves
in general.

Wave Facts

Radio waves (and other electro-
magnetic waves, including light)
travel very satisfactorily through
empty space. It is best not to in-
quire how they travel through empty
space—how light, for instance, can

New York University

illustrates

come to the earth from the sun.
Water waves are waves in water, but
in what are electromagnetic waves?
One may say ‘“aether,” but that is
merely giving another name to
empty space. We cannot do much
better than to agree with Michael
Faraday who said a century ago
“Let us dismiss the aether, but keep
the vibrations.”

On the other hand, a great deal is
known about these electromagnetic
vibrations, whatever the medium in
which they propagate. They com-
prise an electric and a magnetic
field. A wave traveling freely in
empty space consists of an electric
field and a magnetic field at right
angles to each other, both being at
right angles to the direction of
travel of the wave. For this reason
the wave is called a transverse wave,
analogous to a mechanical transverse

March 1943 — ELECTRONICS



of WAVE GUIDES

This paper is a non-mathematical explanation of how waves travel through hollow metal

structures or solid dielectric rods known as wave guides. It also contains a discussion of
the conditions under which a wave will or will not be propagated along a wave guide™

wave (as in a violin string), and
contrasting with a longitudinal
wave such as sound in a speaking-
tube, in which the vibrating parti-
cles move back and forth along the
direction of propagation of the wave.

It is quite impossible to have the
electric part of the wave without
the magnetic, or the magnetic field
without the electric, for they pro-
duce each other: the electric field of
the wave is produced by the chang-
ing magnetic field, and the magnetic
field by the changing electric field,
and they must necessarily go along
together. They travel at a speed
that is, of course, the speed of light;
measured in English units it is
about 186,000 miles per second, or
in the metric system 300,000 kilome-
ters (or 38x10™ centimeters) per
second.

Characteristics of Plane Waves

The signal that reaches a radio
receiving antenna is part of the
spherical wave that spreads out in
space about the transmitter. As-
suming that the transmitted wave
is allowed to spread freely through
space, the receiving antenna receives
only a small part of it. But a suffi-
ciently small part of a large sphere
appears plane, just as the surface of
the ocean as far as one can see ap-
pears flat. From the point of view
of the receiver, therefore, the arriv-
ing wave is practically a plane wave.
This is fortunate, for a plane wave
is the simplest of waves. Let us
therefore discuss plane waves.

A diagram of a plane wave is
shown in Fig. la. The electric field
E is vertical, parallel to the Y axis;
the magnetic field H is parallel to
the Z axis; the wave is therefore

* This article has been prepared especially
for ELECTRONICS at the request of its
editors who found Prof. Skilling's recent
book, "Fundamentals of Electric Waves"
a stimulating treatment of modern u-h-f
techniques
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traveling along the X axis. The
cross-hatching of electric and mag-
netic fields indicates one plane of
the wave, but it must be understood
that the wave is not limited to this
particular plane. If the wave is a
sine wave, as it would be from any
ordinary radio oscillator, it will have
a distribution along the direction of
travel (along the X axis) somewhat
as shown in Fig. 1b.

To show the complete wave as it
exists in three-dimensional space
would require a combination of these
diagrams, with the electric and mag-
netic fields shown in an unlimited
number of parallel planes. This
cannot well be drawn on a piece of
paper, particularly since all the
fields must extend to infinity, but
it is not very hard to imagine.
When a mental picture of this kind
has been formed, it is a snapshot of
a plane wave; to give it action it
is only necessary to let the electric

and magnetic fields pulsate so that
waves of intensity travel through
the field from left to right (parallel
to the X axis).

The result is a plane wave. It is
a specially simple kind of plane wave
because it is plane-polarized, which
means that the electric field at any
point does not change direction as
the wave passes. It changes magni-
tude, but is, in this illustration,
always vertical. This wave is there-
fore said to be polarized with the
electric vector vertical. Most radio
waves are polarized in some such
simple fashion, for the direction of
the field is determined by the geome-
try of the transmitting antenna;
but waves that have passed into the
ionsphere and been reflected have
acquired a more complicated form
and are said to be elliptically polar-
ized.

The electric field of the plane
wave of Fig. la extends to infinity

Electric flux
H____Magrietic flux

E

D :'

i " ‘— _;.' D ﬂ" P
E—L Eecrni ar
H-———= Magrietic fux X

Fig. 1—The electric and magnetic
fields of a wave traveling in the X
direction are shown at (a) for omne in-
stant of time and one position. Diagram
(b) is a three-dimensional snapshot
represeniation of the electric and mag-
netic fields of a wave produced by a
sine-wave oscillator

Fig. 2—Parallel metal sheets form an
elemeniary but impractical wave guide
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Fig. 3—Rectangular wave guide will trans-
mit microwaves satisfactorily if the elec-
tric field is zero at the side walls and
greatest at the center. This condition, il-
lustrated in Figs. 4 and 5, can be achieved
only if the wavelength is approximately
equal to the width of the rectangular pipe

both upward and downward. This
must be true of any such field in
empty space, for an electric field
cannot begin or end in empty space.
The electric field begins where
there is positive electric charge, and
ends where there is negative charge.

One Metal Plate. If a horizontal
sheet of metal is placed in the elec-
tric field, however, the field may
terminate upon it. For this to be
possible there must be a proper dis-
tribution of electric charge on the
surface of the metal sheet on which
the field is to terminate.

Two Metal Plates. By using two
parallel metal sheets, the electric
field can begin on one and end on
the other, and an electric wave
may thereby be propagated through
the space between the metal sheets.
Figure la becomes Fig. 2.

The metal plates of Fig. 2 form
a kind of wave guide, for a wave
that is started between them will
continue to travel between them.
But they do not constitute a prac-
tical guide, for they would need to
be infinite in extent. It would be
necessary for them to extend in-
definitely to the left and right.

Four Metal Plates. One is in-
clined to say that if a pair of hori-
zontal metal plates will form the
top and bottom of a wave guide,
cannot a pair of vertical plates be
used as the sides? But this is not
possible with a plane wave of the
kind we have been discussing.
Conducting plates can be placed
perpendicular to the electric field,
as in Fig. 2, and they will terminate
the field without distorting it, but
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if they are placed in such a way
that there is any component of
electric field parallel to the con-
ducting surface, if the metal plate
is parallel to the electric field or
at any angle except ninety degrees,
the conductor will “short-circuit”
part of the electric field and there
will be distortion of the wave.
Either a metal surface must be
perpendicular to the electric field,
or else the electric field at that
surface must be zero.

Making a Wave Fit a Guide.
Since it is impossible to take an
ordinary plane wave and confine
it within the four walls of a hollow
rectangular wave guide, let us try
the second of the above alterna-
tives: let us reshape the wave so
that the electric field is strongest
in the center of a hollow guide, as
in Fig. 3, and diminishes on either
side so that at the left-hand and
right-hand walls it is zero. If this
is done, the necessary conditions
are satisfied all around the guide,
for the field is perpendicular to the
top and bottom surfaces, and it is
zero at both side walls. But can
this peculiar kind of wave exist?
We find that it can, and that it is
merely the sum of two plane waves
that travel along the wave guide
at the same time.

Consider two sinusoidal waves.
Each may be thought of as looking
like the waves in a sheet of corru-
gated iron, or better, because it
illustrates the motion, like waves
in a rug when it is shaken. The
two waves are illustrated by sur-
faces in Fig. 4, one lightly shaded
or white and the other shaded
red. The waves in the white
surface are traveling almost di-
rectly away from the reader, while

the shaded waves are traveling
more toward the right. Two ar-
rows in the figure indicate the di-
rections of travel of the waves.
The waves are cut off at the near
edge by a vertical plane which con-
tains the dotted line shown in the
figure. They are cut off at the far
edge by a parallel vertical plane.

How Two Waves Combine. Now,
for our purposes, each of these
sinusoidal surfaces represents the
electric field strength in a plane
wave. The height of the surface
above or below its neutral plane
(the neutral plane is a horizontal
plane through the dotted line of
the figure) is a measure of the elec-
tric field strength. When the two
waves are combined the total elec-
tric field is the sum of the two indi-
vidual fields and is found at any
point by adding together the field
strengths of the component waves
at that point. If the field of one
wave is positive, and the field of
the other is negative and of equal
magnitude, at that point the total
field strength is zero.

That condition, giving a total
electric field strength of zero, is
particularly interesting because it
is found to exist all along the near
edge of the waves of Fig. 4. Where
the red shaded wave is positive
(above neutral) the white wave is
by an equal and opposite amount
negative (below neutral). The
same i8 true along the far edge
of the waves shown, where they are
cut off by another vertical plane.
But in between, throughout all the
middle part of the diagram, the
waves add to something other than
zero. At the points, for example,
where the crests of the waves coin-
cide, the total is twice the crest of

SR

Fig. 4—Two sinusoidal waves traveling in the directions indicated by

the arrows produce a resultant electric field meeting the requirements

Note that the algebraic sum of the two

individual waves is zero all along the near edges of the waves.

frequency and the wave-guide width determine the angle at which
the waves cross

of a hollow wave guide.
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either alone.. When the waves are
added everywhere the total turns
out to be a surface with hills and
hollows as shown in Fig. 5.

Now ' this 1is exactly what is
needed for a wave guide, for the
electri¢ field (represented by the
surface of Fig. 5) is zero all along
the side walls of the wave guide
even though a large and useful
wave may be going down the center
of the guide. This exactly meets

is considered to be the sum of two
elementary plane waves, how do
these elementary waves behave in
the guide? First, as has been seen,
they do not go straight along the
guide, for they must cross each
other. So each one goes at an
angle, as in Fig. 7a, and each is
reflected back and forth from one
wall of the guide to the other, like
light between two mirrors.

Angle of Reflection. The angle

Fig. 5—Resultant surface of the electric field when the two waves of
Fig. 4 are combined in a rectangular wave guide

the requirements as indicated in
Fig. 8. And it is, indeed, the
type of wave that is commonly
transmitted along a rectangular
wave guide for practical use.
Another and more complete way of
picturing the wave is shown in
Fig. 6.

Little has been said about the
magnetic field of this guided wave,
but the two component plane waves
have magnetic fields and the mag-
netic field of the total wave is the
sum of these components. As
shown in Fig. 6 the magnetic field
is made up of a series of sort of
magnetic whirl-pools that travel
along the guide. The lines of the
magnetic field are all closed loops,
as indeed magnetic lines must
always be. The magnetic field is
produced by the rate of change of
the electric field, and the electric
field in turn by the rate of change
of the magnetic field, for this is
how all electromagnetic waves
travel.

Reflection of Waves in Guides.
Now if this humped wave of Fig.
5, which is what one would see if
the waves in a guide were visible,

at which these elementary waves
travel is determined by their fre-
quency and wavelength. As may
be seen in Fig. 4, the two waves
are crossed at such an angle that
they overlap one wavelength in the
width of the guide. The crest of
the red wave is directly above
the trough of the white wave on
the near side of the guide, while on
the far side the same crest of the
red wave is above the mext trough
of the white wave, one wavelength
distant. So if the wavelength is
short, corresponding to high fre-
quency, the waves will not have to
be overlapped very far and the
angle o of Fig. 7a will be small.
But if the wavelength is greater
the amount of overlap in the width
of the guide will be greater and
the angle « will be larger as in Fig.
7b. In the latter case there will
be many more reflections while the
wave travels the length of the
guide.

Group Velocity

One of the puzzling things about
wave guides is that a signal travels
along the guide more slowly than
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it would in open air, and this so-
called group welocity is dependent
upon the frequency and upon the
width of the guide. But this ceases
to be a mystery when the ele-
mentary waves are considered. In
Fig. 7 it is apparent that an ele-
mentary wave following a zigzag
path must go a greater distance in
traveling from one end of the guide
to the other than if it could go
straight down the guide. It 18
therefore slower in reaching its
destination. And since the num-
ber of =zigzags is determined by
both the wavelength of the signal
and the width of the guide (for
these two factors determine the
angle at which the elementary
waves must travel) these quanti-
ties affect the speed with which
the signal is sent from one point
to another.

Velocity Limits. It will be seen
that the shorter the wavelength the
more nearly the group velocity will
be the same as the speed of an
elementary wave, which 1is the
speed of light This is the upper
limit of speed., The lower limit is
reached when the wavelength is
twice the width of the wave guide,
for if the wavelength is greater
than that it will not be possible
for the wave to travel in the guide at
all. Let us examine the reasons why
this condition must be so.

Cut-off Frequency. If the wave-
length is greater than it is in Fig.
4 the elementary waves will have
to overlap more than they do in
that figure. The angle « will then
be large, as in Fig. 7b, and the
wave will not advance much be-
tween reflections from wall to wall.
But as the length of half a wave
(the distance from crest to trough)
approaches the width of the guide,
the angle « approaches 90 deg. At
this frequency the wave merely
goes back and forth across the
guide, making no forward progress
at all. The group velocity is then
Zero.

At still lower frequencies (greater
wavelengths) there is no way to sat-
isfy the condition that there must
be no electric field at the walls of
the guide, ' and consequently waves
of lower frequency simply cannot be
propagated along the guide. If such
a wave were produced in the guide
it would rapidly lose its energy and
disappear. Hence the frequency at
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which the wavelength of the elemen-
tary wave is twice the width of the
guide is called the cut-off frequency.

Attenuation. Yet even above the
cut-off frequency the waves do not
travel along the guide without a cer-
tain amount of loss of energy. This
is becausge there is electric current in
the walls of the guide and conse-
quently some resistance loss. There
must be current in the top and bot-
tom of the guide because the electric
field of the guided wave terminates
on charge, and as the wave travels
the charge must flow from point to
point; this constitutes current.
Then too, each time the elementary
wave is reflected from one of the
side walls it loses a little energy.
(This also is because reflection of
the wave causes current to flow in the
metal wall.) Since a wave near the
cut-off frequency is reflected many
more times in traveling through the
guide than is a wave of higher fre-
quency, it suffers more loss. It is
for this reason that attenuation of
a wave is very great if the frequency
is near the cut-off frequency.

From this consideration it would
seem that the attenuation of a
guided wave would become less and
less as the frequency is increased.
And this is true to a certain extent,
but at a very high frequency the
rate of attenuation begins to in-
crease again because of what may
be called the skin effect at the higher
frequencies.

For any particular wave guide
there is an optimum frequency of
least attenuation. This optimum
frequency is something like two or
three times the cut-off frequenecy.
In practice, the frequencies used are
usually lower than the optimum fre-
quency, or, to express the same idea
differently, the wave guide for use
at a given frequency is not made as
large as its most efficient operating
size. This is a matter of economy.

Phase Velocity

If the waves in a rectangular guide
were visible we would see a series of
hills and valleys, as in Fig. 5, travel-
ing rapidly along the guide. It is
odd, in view of what has just been
said about signals traveling at a
group velocity less than the speed of
light, that the humps in the wave
would appear to be going faster
than the speed of light. They
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would appear to advance at a speed
known as phase wvelocity. Phase
velocity is not a real speed of propa-
gation—it is merely an illusion that
appears because the elementary
waves travel at an angle to the walls
of the guide.

Ocean Wave Wall Analogy. Some
years ago I stood by the sea near
Gloucester, watching the Atlantic
waves break against a concrete sea
wall. The waves were not beating
headlong upon the wall, but rolled
in at an angle of perhaps thirty
degrees. Each long wave dashed first
against the wall at the south end,
breaking at that point in a cloud of
spray. As it rolled obliquely in, the
wave continued to shatter itself upon
the wall, progressively from south to
north. It struck first at the south,
but in a moment it was breaking at
my feet, and then with a roar it was
beyond me, rushing on until the last
of the wave finally spent itself upon
the north end of the wall.

To one who saw only the gspray
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Fig. 6—Plan and cross-section views of a
rectanqular wave guide, showing both the
eleciric and magneiic componenis of ihe
resultent wave treveling throuch ihe guide

that flew above the sea wall it would
have appeared that some violent
action was progressing along the
wall from south to north at an amaz-
ing rate of speed. From where I
stood it was plain that nothing of
the kind was happening, but that a
relatively slow roller was crashing
at an angle against the wall.
The appearance of great speed re-
sulted from the angle. The crest of
the splash on the wall traveled along
the wall much faster than the true
wave velocity, and the apparent
speed was equal to the true wave
velocity divided by the cosine of the
angle between the wall and the di-
rection of travel of the wave. That
apparent speed is phase velocity. On
the wall of a wave guide, as on a sea
wall, it is greater than the wave ve-
locity if the wave approaches the
wall at an angle.

Code Signal Analogy. A signal,
as a telegraphic dot or dash or a
telephonic modulation, would not
travel at phase velocity, but only at
group velocity. If one could see a
telegraphie dot traveling in a wave
guide it would appear as a block of
waves, with the block traveling at
group velocity, while the waves
within the block move forward with
phase velocity, which is greater.
New waves would be constantly com-
ing into existence at the back of the
block-shaped group, while the fore-
most of the apparent waves would,
one after the other, reach the front
of the group and simply vanish.

Caterpillar Analogy. I lecture to
my class on this subject in the fall
so that I can bring a caterpillar to
class. When he can be coaxed to
hurry across the lecture table, little
waves ripple along his back from
tail to head. The caterpillar moves
at group velocity, while the little
waves illustrate, after a fashion,
phase velocity. In a guided wave, as
in a caterpillar, the apparent waves
go faster than that which they are
carrying forward.

Circular Guides

In the previous paragraphs, guides
of rectangular cross-section have
been discussed. Wave guides may
also be circular.’ Indeed they may
be almost any shape, and one recent
suggestion is to take a low, broad
guide and wrap it up like a jelly roll

(Continued on page 260)
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What is electronics? What can it do for me?

These questions are in the minds of manufaec-
turers who are now vitally interested in every pos-
sible scientific advance for speeding up production,
improving product quality, and for promoting
safety. These questions are also being asked by
manufacturers looking for post-war products to
make and to sell, and who have heard, somewhere,
that one of the new industries is going to be some-
thing called electronics.

‘What is the future of electronics?

This question naturally occurs to manufacturers
who already have a stake in one or more branches
of this industry but who, because of their preoc-
cupation with problems directly related to the war,
find it difficult to visualize the overall potentialities
of this thing called electronics.

To answer these questions, the following pages
have been prepared by the Editors with the aid of
men with specialized knowledge in each branch of
the field. These men have contributed liberally of
their time and energy and have also allowed them-
selves to speculate somewhat upon the future.

The articles will tell the reader what electronics s
by telling him what electronics is doing in the fields
of communication, industry and in research. It is
impossible to cover every phase of electronics here.

The NEW WORLD

of Electronics

There are few jobs at which electronic engineers
have not tried their hands. Furthermore, there are
many applications of electron tubes which, because
of their current military significance, had to be
omitted entirely. It is felt, however, that the many
articles and illustrations (very largely added by
the Editors) present a sufficiently broad picture of
the field to enable readers with imagination to
speculate intelligently concerning the future size,
shape and complexion of electronics.

It should be evident that even without extension
of many new developments, now secret because of
the war, the field of electronics is certain to be
among these contributing in a major way to an en-
hancement of the way of living enjoyed by Ameri-
cans. There will be mass production items for gen-
eral use; and there will be many applications to
industrial processes.

Individual articles within this symposium, which
have taken months to prepare, are neither highly
popular nor highly technical. They steer a middle
course which, it is hoped, will prove informative to
industrial executives, merchandising personnel, pro-
duction people and men at work on industry’s ma-
chines. The very scope of the text, if not the detail,
will serve to broaden the thinking of engineers who
now have an intimate picture of one or more phases
of electronics but who, because of their concentrated
interest in these aspects, do not have opportunity to
see the picture as a whole.
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Today the electron, fundamental building block of the universe, is put to work by scientists

and engineers to build a better world for the future.

The great benefits already derived

from wire and radio communication, x-rays, and navigation, television, and industrial

electronics are but a prelude to developments making for a New World of Electronics

SCIENTIFIC and fascinating

drama of many acts has, in the
last few decades, brought to us a
new branch of electrical physics
called “electronies”. Because of its
rapid growth and its frequent over-
laps with other fields, this new sci-
ence is difficult to define.

Whether “electronics” is a branch
of electricity or includes electricity,
depends greatly upon the scope of
our definition. Most people, includ-
ing some of scientific training, think
of electronic as limited to the science
of electronic and gaseous discharge
phenomena in vacuum or low pres-
sure tubes. We often hear people
speak of electronic devices, meaning
equipment containing vacuum tubes.
Any such understanding of the scope
of this science would place it as a
branch of electricity. A broader
definition would be: electronics 1is
the science rvelating to discharvge
phenomena of, and phenomena ini-
tiated by the action of, free electrons.
This more inclusive scope, generally
acceptable to physicists and electrical
engineers, will be assumed in what
is to follow. It should be pointed
out, however, that the knowledge
of physical science, gained since the
acceptance of the electron theory,
seems to justify a realignment of the
main branches of physics and ‘put-
ting electronics, which might be de-
fined as the science relating to the
action of electrons, in a most prom-
inent place.

- and sizes. The examples shown here ar.e

. a few of the many electronic devxces in

‘daily use in communications, mdush‘y'u
Jz research » M= 2
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According to their function and power
rating, electron tubes take various iormé{.‘i

Why should we distinguish be-
tween electricity and electronics
when the phenonmena of both re-
sult from electronic action? The dis-
tinction seems to be that electrieity
becomes electronics when the elec-
tron does its work in the open. This
rather universal idea of limiting
electronics to phenomena involving

free electrons is hardly justifiable. To

illustrate: In a phototube free elec-
trons are produced by light imping-
ing on the sensitive cathode. This
is electronies. In a cathode-ray tube,
free electrons produce light from the
sereen. This is the reverse action
and classified as electronics. On the

PHO'I’O'I'UBE

'OSCILLATOR TUBE |

other hand, radiation produced by
ultraviolet rays exciting fluorescent
materials, as in a fluorescent lamp,
is not considered an electronics phe-
nomenon as no free electrons are in-
volved. Both fluorescent phenomena,
however, are the result of electron
action in the atoms of the material.
We still hear people say, “We make
and use electricity without knowing
what it is.” Current and well-
founded theories have cleared most
of the mysteries, and we can now say
with considerable confidence that
electricity already exists as corpus-
cular charges in matter. Electricity

is not made, but is merely separated

T ATRR COOLED .
OSCILLATOR TUBE



—SCIENCE OF TODAY

By L. W. CHUBB

Director of Research

Westinghouse Electric and Manufacturing Co.

HEART of the ART

into its positive and negative com-
ponents, making its presence appar-
ent in some way. Electric current
in conductors is the simple passage
of electrons through the conductor.
A charged body is merely one in
which there is an excess or deficiency
of electrons. Magnetic fields, light,
x-rays, in fact all radiations, with
the exception of those from nuclear
reactions in the sun and stars, are
of electronic origin. Substances ab-
sorb radiant energy because of the
presence of electrons in their struc-
ture. Chemical reactions proceed be-
cause of the arrangement and num-
ber of electrons in the outer orbits

INDUSTRIAL X-RAY TUBE

PHOTOTUBE . .

« Here, a light-sensitive surface serves as the cathode.

L(/ (source of
-7 e/ecf‘rons)

a (outout
”
_or work"
Circurt )

L gﬁ'ﬂpuf or
“contro/”

circurt }

Light

impulses in the input circuit appear as electrical impulses in the output circuit

ELEMENTAL TRIODE . .. The broad usefulness of the tube stems from the fact
that inertia-less electrons emitted by cathode k may be caused to flow to anode
a with almost no time loss. Uni-directional flow rphenomena permit functions
such as "rectification” and “detection.” Equally important, an additional struec-
tural element such as grid g, interposed between cathode and anode, may be

.used to increase or decrease the eleciron flow, a small amount of power ap-

plied at this point controlling a large amount of power in the anode or “work”

circuit. This phenomena facilitates ‘“‘amplification.”

Amplification may be

changed to “oscillation”, turning the tube into a generator of electricity

of the atoms. The ferromagnetic
atom of iron obtains its polar prop-
erties because of certain uncompen-
sated electron rotations.

Since electronic action is the al-
most universal source of manifesta-
tions of energy, why shouldn’t elec-
tronics be very broadly defined as
that branch of physical science relat-
ing to phenomena resulting from the
action of electrons. We would then
include in electronics the formerly
mysterious electricity, magnetism,
radiations, chemistry, etec.

It is realized that this suggestion
of the reclassification of the natural
philosopher’s basic science will meet

with many objections. However,
such a rearrangement seems logical
in view of the present knowledge.
Heat, electricity, magnetism, light—
now subdivisions of physics—could
quite well be included as subtopics
of electronics.

For an understanding of electron-
ies, in all its ramifications, one should
consider the composition of matter,
Modern physics teaches us the elec-
trical nature of matter. We may say,
with some slight limitations, that all
matter is constructed of three fun-
damental entities: electrons, protons,
and neutrons. Two of these three
basic particles—the electron and the
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Researches in the perfection of the incan-
descent lamp in 1883 led Thomas Edison to

observe the rectilying properties of the
simple two element tube. This year marks
the fiftieth anniversary of the “Edison ef-
fect’” which was followed by an extremely
active program of electronics research

proton—contain strong electrical
charges. Each element has its char-
acteristic atom, consisting of a small
dense positively charged nucleus or
core, composed of protons and neu-
trons, around which the negatively
charged electrons rotate in quite
definite orbits, just as the planets
rotate around the sun in our solar
system. The elements differ greatly
in mass and complexity. Hydrogen
is the simplest with a nucleus of one
positively charged proton which
holds one electron in the surround-
ing orbit. Next comes helium with a
core of two protons and two neu-
trons surrounded by two orbital elec-
trons. So it goes, up to the ninety-
second element, uranium, having a
nucleus of ninety-two protons and
one hundred and forty-six neutrons,
around which is a swarm of ninety-
two electrons.

In all cases the balanced atom has
as many protons in the nucleus as
there are electrons in the neighbor-
hood of the nucleus. Equality of the
total positive charge of the nucleus
and the negative charge of all the
electrons results in a system having
no external field, obscuring the elec-
trical nature of the material.

It is not surprising that atoms
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HIGHLIGHT DEVELOPMENTS IN ELECTRONICS

Unilateral conductivity discovered by Thomas A. Edison and called
the “Edison effect”.

First quantitative measurements of Edison effect made by Preece.

Discharge of elecitroscope when illuminated by uliraviolet light dis-
covered by W. Hallwachs.

Term “electron’’ coined and used by George Johnstone Stoney.

Discovery of x-rays by W. C. Roentgen.

Braun tube, forerunner of cathode-ray tube, designed by F. Braun.

Discovery of, and measurement of mass of electron. by J. I. Thomson.

]. J. Thomson advanced the electron theory.

Diode used as rectifier for high frequency oscillations by J. A. Fleming.

Investigation of emission of electrons from oxide coated filaments by
by A. Wehnelt.

Albert Einstein offered interpretation of photoelectric etfect.

Introduction of grid in tube by Lee deForest.

Millikan determined the charge carried by an electron.

Child developed 3/2 power law of current flow, for plane electrodes.

Research in wireless telephone undertaken by many investigators.

Development of vacuum tube repeaters by engineers of Bell System.

Armstrong and de Forest in United States, Franklin and Rund in Eng-
land, and Meissner in Germany credited with invention of use of
tube as oscillator.

Langmuir developed 3/2 power current law for cylindrical electrodes.

Molecular high vacuum pump introduced by Gaede.

New York-San Francisco telephone circuit opened, using vacuum tube
repeaters.

Study of electron emission from pure tungsten, by Irving Langmuir.

Diffusion pump introduced by Gaede.

Regeneration described by E. H. Armstrong before Institute of Radio
Engineers.

Superheterodyne receiver circuit described by E. H. Armstrong.

Use of second grid in tube suggested by W. Schottky.

Mass specirograph devised by Aston.

Van der Bijl's book on “Thermionic Vacuum Tube” appeared; first
book entirely devoted to electron tubes.

KDKA broadcasts inaugurated era of broadcasting.

Magnetron devised by A. W. Hull as electronic switch,

Glass to metal seal, by W. G. Houskeeper, made possible high-
power tubes.

Screen grid tube developed by A. W. Hull and N. H. Williams.

Cold cathode rectifier (Raytheon, BH) developed by C. G. Smith and
V. Bush.

Magnetrons used as u-h- oscillator by Okabe.

Cathode-ray tube developed to commercial practicality.

Tube for measuring minute currents developed by G. F. Metcalf and
B. J. Thompson.

Eleciron microscope devised by E. Ruska in Germany.

Variable-mu tubes invenied by S. Ballantine and C. Snow.

Acorn tubes for u-h-f use developed by B. ]J. Thompson and G. M.
Rose.

Image dissector tube described by P. T. Farnsworth.

Metal cased tubes made available commercially.

Beam power tube developed by RCA engineers; critical distance tube
developed by J. W. O, Harries in England.

Secondary mullipliers developed by Farnsworth, Bell System, and
RCA.

Image iconoscope described by lams, Morton, and Zworykin.

Velocity modulated tubes described by Varian brothers.

Orthicon developed by Rose and lams.

Million volt industrial x-ray unit made commercially available.

Trigger tube using secondary emission developed by A. M. Skellett.

Study of mechanism of emission of Wehnelt cathode by H. C.
Rentschler.
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were considered indivisible elemen-
tary particles until nearly the end
of the last century. All objects, all
matter built of them, show no evi-
dence of their electrical nature and
the internal forces that hold them
together (and apart), until the eleec-
trons, which are relatively loosely
bound to the nucleus, are torn away
revealing the electrical components
and give electrons and ions which
may be put to work in many ways
by the electronics engineers.

Origin of Electronics

Electronics was born of research.
However, many of the commoner
known electronic phenomena were
discovered before there was a def-
inite knowledge of the mechanisms
involved. X-rays, accidentally discov-
ered at the end of the last century,
were so named because Roentgen
could not explain the action. Elec-
tron emissions were discovered acci-
dentally and independently by Edi-
son and others. Photoelectric effects
were discovered in 1887 when Hertz
showed that ultraviolet light would
lower the breakdown voltage of a
spark gap, and it wasn’t until 1899
that J. J. Thomson identified photo-
electric emissions as electrons. These
isolated and somewhat chance dis-
coveries stimulated important physi-
cal research. In the same year that
J. J. Thomson showed that photo-
electric emission consisted of elec-
trons, he measured the ratio of the
electron charge to its mass. In 1902
Richardson measured the current
carried by electrons from different
hot metals. He later gave us the laws
of thermionic emission and the flow
of electrons in vacuum.

It was Millikan’s classical oil drop
experiment that really started the
flood of research in electronics that
greatly increased scientific knowl-
edge of energy and matter. Millikan
was first to measure the charge of
the electron. This also-gave us the
mass, for the earlier work had
shown the ratio of the charge to the
mass.

Fleming’s valve, de Forest’s grid,
Armstrong’s inventions, and other
well-known milestones have brought
forth many electronic devices, com-
bined with special circuits, which en-
able the electronic engineer to per-
form almost any electrical function.

Applications of electronic re-
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search and development have, in the
last two or three decades, advanced
engineering, communications and in-
dustrial processes in a manner never
before equaled in such a short period
of time. Today there are available
vacuum tubes, gaseous tube and cir-
cuits having the necessary character-
istics to amplify, generate, control,
transform or convert electrical en-
ergy in almost any manner desired.
Electronic devices and knowledge of
electronics provide the auxiliaries
to do things in a better way or
that cannot be done otherwise.

It should not be forgotten that are
and spark discharges and ionization
phenomena at atmospheric and
higher pressures must be included
in the field of electronics. Extensive
studies regarding lightning in the
field of lightning protection, circuit
interruption, electrical precipita-
tion, arc welding, and in many other
fields, have removed the limitations
to growth of our power and indus-
trial activities. These studies have
enabled us to meet the ever increas-
ing requirements in the normal
growth of the electrical industry and
have been especially valuable in the
enormous expansions necessary un-
der the present war emergncy.

Electronics in the War

At the present time when all effort
is directed toward war, it is inter-
esting to reflect upon the part played
by electronics. Probably the most
important and obvious application
of electronics is in the field of com-
munications. The world-wide long
distance system of wire and radio
communications, as well as the many
types for inter-communication be-
tween planes, ships, troops and
trench, are of vital military impor-
tance. They have all been made pos-
sible by the application of old and
new principles of electronics.

In the power industry, the adop-
tion of electronic devices has been
greatly retarded because of a lack
of confidence in the fragile tubes
used in places where a failure may
result in serious disturbance or dam-
age. In spite of a seeming prejudice
to the new devices, industry is gen-
erally adopting electronics in many
ways. It has proven particularly
useful for regulation and control,
for safety devices, for power con-

version, light, welding, induction
heating, etc. For the most important
examples having to do with the war
effort and involving electronic ap-
plications in industry, we might men-
tion the enormous use of ignitrons
to convert power for the production
of aluminum and magnesium, so
vitally needed for airplane construc-
tion. Another good example is the
extensive use of fluorescent lamps
for the efficient and economical
lighting of war plants.

It would take pages to list and de-
scribe the multitudinous applica-
tions of electronics in research, de-
velopment, and quality control lab-
oratories. In almost any laboratory
project one finds electronic devices
for instrumentation or for perform-
ing other functions which cannot be
accomplished in any other way.
Tubes and special circuits are the
tools of the research scientist,

In times of war, research and de-
velopment are tremendously acceler-
ated to bring forth new instruments
of defense and destruction. This is
particularly true in the field of elec-
tronics at the present time. A care-
ful analysis would probably show
that there has been more expansion
in personnel for the study, research,
development and productions of elec-
tronic devices than in any other war
development.

Radio and electronics science has
entered a new era. Radically new
methods and most miraculous de-
vices have been brought forth and
applied as the tools of war. When
the stories of these new things and
the performance of them can be told,
there will be many thrilling talks.

Fortunately the new electronic
techniques, so useful in war, will
have great peacetime value. Already
many applications can be visualized
and many other unforseen uses and
possibly new industries will appear
when the peace is won.

From time to time it is desirable
in any important field of endeavor to
have a series of articles which will
record the progress, the present
status and the future possibilities.
In this issue, authorities in the fields
of communication, industry, science,
and measurement have presented
articles closely related to or made
possible by electronies—the science
of today and the science of the fu-
ture.
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TELEPHONE and TELEGRAPH

vast users of electronics

By FRANK A. COWAN

Transmission Engineer
American Telephone and Telegraph Company

O time in the history of elec-
tronics has been more appro-
priate than the present for a review
of the developments and application
of this science in the field of com-
munication. Each year in the last
quarter century has seen new and
important inventions linking these
fields together and increasing their
effectiveness. Today so wide and
varied are the applications of elec-
tronic devices in telephony that a
detailed consideration of all of them
is beyond the™scope of this article
but some idea can be gained by re-
viewing the major steps in the de-
velopment of electronic communi-
cation devices and the more out-
standing present applications.
Today the most important assign-
ment for communications and elec-
tronics is the war. Communications
for battle fronts, transportation, war
productionr and essential civil activi-
ties are all part of this job. The
services performed by the telephone
system have become so much a part
of modern business activity that
they are accepted as commonplace.
The first application of electronics
in telephony was in the telephone re-
peater and today the use of the
vacuum tube as an amplifier is still
perhaps its most infportant use
since it is also the amplifier that
makes possible the widely used multi-
channel carrier telephone and tele-
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graph systems. The need for an
amplifier to strengthen the voice cur-

rents was apparent almost from the

start of telephony. The early tele-
phone repeaters employed a me-
chanical type of amplifier. First
tested with success in 1904, a total
of 41 such repeaters had been in-
stalled for use in the Bell System
by 1910. The early work had par-
alleled  Richardson’s now-classic
work on the laws of thermionic emis-
sion. The possibility of securing
improved operation by substituting
electronic coupling and control for

mechanical coupling led to the or-
derly and imaginative research by
Dr. H. D. Arnold. Employing mer-
cury arc devices by July 1912 he had
produced an amplifying element of
this type which was used com-
mercially to a limited extent. His
attention had also been called to the
audion of Dr. Lee deForest. Al-
though it was a relatively crude in-
strument incapable of being used as
a repeater, Dr. Arnold recognized its
possibilities and undertook the de-
velopment which resulted in the
production in 1913 of the first prac-
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Steadily, through the years, many miles of cable carrier telephone circuits have been added to the important open-
wire or voice-frequency circuits. Some picture of the telephone’s role in the production of ships. tanks and planes
is carried in current telephone advertising which says, "It takes 10,000 telephone calls to build a plane”

tical termionic vacuum tube for use
in a telephone repeater. This vac-
uum tube in 1915 was used in the
opening of the first transcontinental
telephone service, the first transmis-
sion of speech by radio across the
Atlantic, and the first demonstration
of a practical carrier telephone sys-
tem

These developments coming in the
early part of the first world war
were naturally turned into uses of
war. Radiotelephone systems pro
vided communication between air-
planes and ground and telephone re-
peaters of the new type extended the
utility of the wire communications
systems at home and with the expedi-
tionary forces.

Following the end of the war in
1918, attention was again turned to
improving electronic instrumentali
ties and applying them to advantage
in the expansion of the telephone
and telegraph systems serving con-
tinental United States and in fur-
nishing connections with other parts
of the world. Advances in telephony
and telegraphy were accompanied

90

by the introduction and development
of radio broadcasting, telephotog-
raphy, facsimile and television. Im-
portant steps in this era were the
demonstration of one-way radio tele-
phone transmission from the United
States to England in 1923 followed
by the opening of commercial service
in 1927, commercial telephotograph
service in 1924, nationwide network
broadeasting in 1925, the first inter-
city television in 1927 and two-way
television between two stations in
New York City in 1930. The two
decades between the wars witnessed
such extensive application of elec-
tronic systems to communications
with accompanying advances in both
fields that the contributions of elec-
tronies to this war dwarf the achieve-
ments in the earlier conflict.

Applications to Telephony

An amplifier can be made to serve
two general purposes, (1) to increase
the strength of signals above their
initial level and (2) to compensate
for losses encountered in the trans-
mitting medium and to restore the

strength of the signals to a usable
intensity. The first application
would, on the one hand, permit a
100-piece orchestra to be presented
48 though it were composed of a
thousand pieces or, on the other
make possible the detection or ob-
servation of minute sounds or cur-
rents which might otherwise pass
unnoticed. Applications of the sec-
ond class are of greatest importance
where it is desired to overcome the
inherent losses of the transmitting
media and is the most important
communications application. With
improvement in amplifier design and
adaptability, the two fields, separ-
ated initially only by the concept of
relative levels, have tended to merge
into one. The ready availability of
amplification today has made it pos-
sible, in the negative feedback am-
plifier, to trade amplification for a
stability and fidelity which would
otherwise be difficult or impossible.

Various other and important ap-
plications of the vacuum tube in
communications work are as variable
impedance elements, relays or
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switches, oscillators and modulators.
Some of these uses are really the vac-
uum tube amplifier employed in a
particular manner. This is illus-
trated by some of the present day
oscillators which are multi-stage am-
plifiers arranged with external feed-
back or oscillation control paths and
gserve simultaneously as amplifiers
and oscillators. )

Probably the most unlikely place
one would expect to find electronic
devices in the telephone plant is in
the familiar telephone instruments
in his home. Yet hundreds of thou-
sands of cold-cathode tubes are used
in these instruments for the control
of the selection and ringing on party
lines.

Yoice-Frequency Amplifiers

The voice-frequency amplifier has
had a large effect upon the design of
the telephone plant. First, it made it
possible to establish a truly nation-
wide telephone service which other-
wise would have been impossible with
the best types of line construction
using the largest practical gauge of
wire. Second, it made it practical to
provide a large part of the long dis-
tance plant in cables employing small
gauge conductors which possess vir-
tues so obvious that it is always de-
sired to employ them to the fullest

extent. Thus circuuts in cable are in-
herently more stable than open-wire
pairs because they are shielded from
rain, sleet and snow and are less li-
able to physical interruption and to
inductive disturbances from parallel-

ing electrical structures. They are
particularly desirable where the
density of traffic becomes large

enough to require many circuits over
a route since a cable may carry many
times the circuits possible with any
reasonable open-wire construction.
One disadvantage of cable as com-
pared to open-wire construction, is a
much higher attenuation loss result-
ing from the facts (1) that the wires
of each being close together, the dis-
tributed electrostatic capacity is
large and (2) that the resistance of
the small gauge conductors is high.
Consequently, until a satisfactory
repeater was available, every reason-
able effort was made to keep the
amount of cable on a long distance
circuit to a minimum. To avoid ca-
ble, the original transcontinental line
was routed so as to avoid cities and
the necessary intermediate test sta-
tions were located in the outskirts of
larger cities.

In 1915 when the vacuum tube re-
peater was being introduced, the ca-
bles used for long distance service
employed a relatively small number

of heavy wires and their use was
limited to short distances between
the larger cities along the Atlantic
Seabcard. With improvements in
the design of the electronic telephone

VOICE-FREQUENCY REPEATERS
INSTALLED IN BELL SYSTEM

Year Total

1908 16
1910 41
1915 136
1920 1,250
1925 7,500
1930 80,000
1935 102,000
1940 110,000
1942 123,000

repeater, long distances and a larger
number of finer gauge wires within a
cable sheath were made possible and
the field of use of cable was conse-
quently greatly extended. After the
close of the war in 1918 a program
looking to the provision of long dis-
tance service over the heavier traffic
routes in cables containing small
gauge conductors was undertaken.
In 1921 the cable network along the
Atlantic Coast was extended to Pitts-
burgh, in 1925 to Chicago, in 1926
to St. Louis, in 1931 to Omabha, in
1932 to Dallas, in 1935 to Atlanta.
This expansion of cables operating
(Continued on page 162)

Thousands of Telephone Circuit Miles

1920 1925

Growth of circuit mileage using carrier telephone methods.

Electronics provides the carrier frequencies, modulates them

with voice frequency currents, removes the modulation at the
receiver provides power for the tubes

Carrier Telephone Circuit Mileage
(Bell Telephone Systems)
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Copper in Long Distance Circuits

Electronics decreases the quantity of copper required for wire
Had the 1915 rate of copper usage continued to the
present and had the same growth continued, total copper used
to the end of 1942 would have been 1,500 million pounds
greater than actually used: equivalent to an entire year’s out-
put of United States copper mines in the 1930-40 decade

1910 1920 1930 1940 1950
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Out of

practical wireless communi-

the last war came

cation. The war in which we
are now engaged is accelerat-
ing extension of service to-
ward the higher frequencies.
This will have profound in-
fluence upon many aspects

of life in our time

By RALPH R. BEAL

Researeh Director
RCA Laboratories

RADIO...

At

OMEN—Radio antennas have always sought the sky.
signs of the future.

In these two photos are

Present practice is to erect vast expensive antennas out in

the country far from the center of population: the future trend will be to erect
small, compact, inexpensive antennas on high buildings in the center of the area

HE foundations of radio’s ex-
pansion in this war were laid
during World War I. Then, radio
was known only as a new and rela-
tivelv undeveloped means of com-
munication, emploving the simple
dots and dashes of code. Only one
section of the radio wave spectrum,
long waves, was available. The
spark method of transmission, re-
quiring vast amounts of electrical
power, was ineflicient and wasteful,
according to modern standards.
But men of science, working un-
der the pressure of war just as they
are today, labored over development
of the vacuum tube and of new
electrical circuits. They studied
radio wave propagation, so that new
sections of the spectrum could be
opened for use. In 1919, radio was
ready for its first great expansion.
What was accomplished with
radio in the two decades of peace
that followed World War I is shown
by what radio had to offer at the
outbreak of World War II.

What Has Radio to Offer Today?

The United States is the center
of highly efficient and flexible world-

wide systems of international and
marine point-to-point radio commu-
nication. The services of these sys-
tems, which early in the 1920’s were
shifted from long to short waves,
included high-speed automatic ra-
diotelegraphy, radiotelephony, radi-
ophoto, radionavigation, or direction
finding, and radio-safety.

Here, too, was the world’s greatest
application of radiotelephony to
broadcasting as a means of mass
communication. Some 55,000,000 ra-
dio receivers were in the homes of
Americans, served by more than 900
radio stations scattered throughout
the country. Linking the majority
of these stations were four national
broadcasting networks, providing
outstanding services of entertain-
ment, education, news and informa-
tion.

Less apparent, but equally vital,
were the domestic services of point-
to-point radiotelegraphy and radio-
telephony. These included commer-
cial message traffic, commercial
aviation, police and fire work, high-
way traffic control, forestry, and
other interests requiring a high de-
gree of communication.
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...and its

FOREST SERVICE — All radio is not broadcasting entertainment cr news or

educational programs.

Much use is made of modern “wireless” for communi-

cation between ships at sea, between airplane and land, in the police, forest,
fire and other services where no other means of communication can serve as well

Just beginning was the new serv-
ice of television, adding radio sight
to broadcast sound. Regular tele-
vision program schedules had been
started in New York, and plans for
similar services in many other large
cities of the country were afoot.
Manufacturers were ready to build
and sell home television receivers
to the public. Means of establish-
ing inter-city television networks
by either coaxial cable or radio re-
lay systems had been developed.

Concurrent with the development
of television was the opening of still
another portion of the radio wave
spectrum—ultra-short waves. This
not only made room for the serv-
ices of television, but also enabled
the application of frequency modu-
lation to sound broadcasting. Just
beginning, also, was the broad de-
velopment and application of radio-
electronic principles to non-commu-
nication purposes, for example to
industry and to research.

Behind all these services of radio
was a vast industry, employing
more than 500,000 persons and do-
ing a yearly business in excess of
$1,000,000,000.
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Immediately after the Japanese
attack on Pearl Harbor, the Amer-
ican radio industry began convert-
ing from peace to war production,
accomplishing the job in a few
months.

It was well they did. Fortunate,
too, was the fact that Anierican in-
dustry had developed and expanded
radio to a point unequalled by any
other nation; for modern warfare,
especially when fought on a vast
glcbal scale such as this one is, re-
quires a type of fast, flexible com-
munication that only radio can
supply.

War calls for stronger, sturdier,

more dependable instruments than
we use in peace-time, and it requires
that we develop new devices and
new services. We are meeting this
demand today in our laboratories,
our engineering workshops, and in
our manufacturing plants.

War Accelerates Scientific Development

Until the war is won, much of
what is being done must remain a
military secret. It can be said, how-
ever, that under the force of urgent
necessity, we are making rapid ad-
vances in the development of new
electronic tubes and in the design of
radio circuits. New areas of the

A

TWO YEARS OF FM

has always thrived on new ideas.

Broadcasting
post-war radio
gleaned from a

may

In two years,
45 regularly on
fying interest.

do for American

What

industry may be

two-year record of frequency modulation.

the number of stations grew from one to
the air, with a total of at least 125 signi-
Between 500,000 and 600,000 receivers

were sold and placed in service. At present there are per-
lhaps 40 million pcople who could be adequately covered
with FM if the transmitters were available.



radio spectrum are being opened.
Prior to Pearl Harbor, we had made
a good start with ultra-short waves,
measured in lengths of 10 meters or
less, and were Dbeginning to use
microwaves of 40 to 60 centimeters
in relay systems. It can be expected
that research now being done will
open for use wavelengths of 1 to 3
centimeters.

What Will Post-War Radio Offer?

What, then, ean be expected of
radio in the post-war period? It is
impossible, especially at present, to
be exact in predieting what is to
come. On the other hand, some of
the possibilities can be indicated
in general terms.

Broadcasting. New methods and
new radio-electronic devices will
greatly improve the quality of re-
ception on broadcast frequencies.

There should be greater use in
broadcasting of ultra-short waves.
Because of the nature of these fre-
quencies, it is possible to use modu-
lation methods and systems which
not only improve the quality of re-
ception, but also reduce atmospheric
and other noise.

Greater use of the ultra-short
waves through continued expansion
of frequency modulation and tele-
vision will bring about, in the years
to come, some readjustment in sound
broadcasting. Sound broadcasting,
however, will retain considerable
importance even after television is
established on a wide scale.

In the field of international short-
wave broadcasting, we may look for-
ward to a much higher degree of
technical perfection. The time 1is
coming when this type of broadcast-
ing will have a quality comparable

RADIO STATIONS IN

June 30,
Alaskan Service
Fixed Public 321
Experimental ... . . 2
Special Emergency . . 6
Aviation ... ... .. .. ... ... 112
Coastal 159
Subtotal 600
Aviation
Aeronautical 438
Aeronautical fixed 210
Aircraft . 2,140
Airport . 75
Flying School 25
Subtotal 2,888
Broadcast*
Standard Broadcast 897
H-t Broadcast . 69
Low-frequency Relay 229
High-frequency Relay . 2869
Developmental ... 3 e 8
Television 47
International . . 12
Facsimile ..... ..... ... ... 4
Studio Transmitter (S.T.) 4
Non-commercial Educational . 5
Experimental 1
Subtotal ... . 1,545
Coastal Service
Marine Relay 37
Coastal Telegraph 52
Coastal Harbor m Wl . b e 32
Coastal Telephone ... t amep 4
Limited Gov’t Service . XILE R 3
Subtotal . ... ... . ... ... 128
*July |, 194]. $FCC Seventh Annual
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THE UNITED STATES

1941 }
Emergency Service
Municipal Police . 1,196
State Police .. .. 513
Zone Police 69
Interzone Police .. . .. 30
Special Emergency 340
Forestry ... om 807
Marine Fire S . 6
Subtotal . 2,961
Experimental
Class 1 216
Class 2 . 231
Class 3 ... ... ....... 1
Subtotal .. . 448
Miscellaneous Service
Geological . 269
Motion Picture 12
Provisional . . L 7
Mobile Press ... ... .. ... . .. 4
Relay Press .... .. ] . 7
Subtotal ... .. ... .. 299
Point-to-Point Telegraph
Public ... ... o . 69
Press ... . . ... .3
Agriculture ... .. . . WA hwe
Subtotal .. ... ... . . .. .79
Point-to-Point Telephone
Public .. ... . e S eeln 5% 15
Ship Service 5,214
Grand Total ....... ... 14.177

Report to Congress, June 30, 1941,

to the best in domestic broadeasting.
Improvements are coming in both
short-wave transmitting and receiv-
ing instruments. Moreover, we are
rapidly accumulating new knowl-
edge of the “space circuit,” or the

behavior of radio waves in the
atmosphere.
Television. One of the most fas-

cinating prospects is offered by tele-
vision. More sensitive cameras will
be capable of operating indoors as
well as out; images will be brighter,
bigger and clearer; transmitters
will be linked by intercity networks;
three-dimensional and color televi-
sion are well within the long-range
view. | know of nothing that will
give such a broad range of employ-
ment as the introduction of this
new art on a wide scale.®

International Communication. As
is the case with international short-
wave broadcasting, transoceanic
point-to-point radiotelegraphy will
be greatly enhanced. Improved cir-
cuits and electronic devices, to-
gether with the increased knowl-
edge of ‘“space circuits,” will
heighten efficiency and quality.

We may expect an added number
of transmitting channels to become
available, especially for code. For
one thing, there should be a more
efficient use of the available fre-
quencies. More channels of infor-
mation will be put into a given fre-
quency space. Better directional and
“steerable” antennas will improve
both voice and code transmissions.
More sensitive receiving devices
will permit the use of less power.

Methods for transmitting large
quantities of information, such as
facsimile, possibly will find appli-
cation on the international circuits.

Multiplex transmissions, auto-
matic and error-proof printers, and
voice and code “scrambling” de-
vices, which will improve the se-
crecy of radio circuits, should come
into greater use.

Marine radio will benefit much
in the same manner as international
communications.

Domestic Communications. On
the domestic scene, there is the
possibility of radio relay networks
being established to carry from

* Kditor's Note. Mr. Beal's survey on tele-
vision has been shortened since his opinions
parallel those of Mr. Shelby to be found in
the section to follow.
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city to city the services of tele-
vision, sound-broadcasting, high-
speed facsimile, message printers,
and other forms of communication
in voice and of record. This develop-
ment may occur in parallel with the
growth of similar services by coaxial
cable and by wave guides.

There should be an expansion of
the use by aviation and the rail-
roads of radio as an important aid
to the movement and control of
traffic. An example of a possible
application in this line would be a
“radio traffic chart,” which would
show, from moment to moment, the
exact location of trains in motion on
the ground or airplanes in the sky.

Aviation radio, already highly de-
veloped, will show vast improve-
ment. Services of both voice and
code communication will be more
widely applied. Radio-electronic de-
vices will aid navigation through
the ability of a plane to locate it-
self automatically anywhere in
flight. They will be used to guide
and land planes blindly, and to
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avoid collisions in the air and on
the ground. Television and tele-
vision techniques will enable air-
planes to “see” through fog.

In fact, we may expect radio to
become, to an astounding degree,
the ‘“eyes,” ‘voice,” ‘“ears,” and
“feelers,” of all mobile craft.

A broad expansion of radio’s serv-
ices in the specialized fields of police
and fire work, forestry and safety
can be readily foreseen.

Studies of the space circuits trav-
eled by radio signals, more sensitive
receiving devices which require less
transmitting power, ultrahigh fre-
quencies and microwaves, radio fac-
simile and television—all should find
extensive applications in the prob-
lems of community service.

Greater use of radio in the con-
trol of motor highway traffic seems
probable. An outstanding example
of this type of service is the ultra-
high frequency radio system of con-
trol on the Pennsylvania Turnpike.

Television could be widely used
in police, fire and forestry work,

providing instantaneous visual com-
munication where it is desirable.

The Micro-wave Region

Further development of radio in
the micro-wave field will make avail-
able some services which now seem
fantastic. These would include the
possibility of a motorist, while trav-
eling on a highway, dialing a tele-
phone number and talking to home
or office without stopping his car.
Passengers on moving trains might
have the same advantage. In the
more distant future, enough wave-
lengths may be available to permit
pedestrians to carry personal radio-
telephones. It is probable that such
services as these would tie into the
regular wire-line systems through
special radio stations located at in-
tervals along streets and highways.

Non-communication Applications.
In recent years, many of the prin-
ciples of radio-electronics have been
applied to fields other than commu-
nications. Radio tubes have been

(Continued on page 176)
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By ROBERT E. SHELBY

Developmenl Engineer
National Broodeasting Company

HE scientific concepts of televi-

sion are not new as judged in
relation to the pace of modern engi-
neering developments, but it has
been only within the last 15 years
that rapid progress in the field of
electronies has made possible the de-
velopment of a television system
adequate for a commercial service.
During this period the electronics
art and the television art have been
extensively interlocked, many elec-
tronic developments having resulted
directly or indirectly from the search
for better television. Modern tele-
vision is electronic television, and
the electronics art in turn owes much
to television.

The television principle of break-
ing a picture up into elementary
areas and transmitting the informa-
tion in sequence to a distant point
where the scene is re-assembled, was
suggested in 1884 by Nipkow.

This operation is necessary because
the electrical circuits and the radio
channel associated with the televi-
sion system are incapable of trans-
mitting at once all of the informa-
tion contained in the usual scene. In-
stead, this information is sent for
one elementary area at a time, the
scanning rate being made high
enough so that many complete pic-
tures are transmitted in a second (30
per second is standard), and the eye,
due to the phenomenon of persis-
tence of vision, sees a complete pic-
ture on the reproducing screen in
spite of the fact that only an elemen-
tary area is actually being presented
at any given instant.

Early Television Depended Upon
Mechanics
The first method utilized to achieve
this picture analysis and synthesis
involved the use of a mechanically
rotated scanning dise, consisting of
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ANTENNA—Looking toward the top of the television antenna on the Empire

State Building, New York City. The peculiar shape of these antenna elements

arises from two desires—to transmit a wide band and to concentrate radiation
in the horizontal plane

a circular sheet of metal with a
series of spirally located holes near
the edge of the disc. It operated by
causing a small spot of light to fall
in sequence on each elementary area
of scene being televised. The light

reflected from each area was gath- |

ered by one or more photocells.
Then, as each unit area of the sub-
ject scene was illuminated in order,
the output of the photocell varied to
control or modulate a light source
at a receiving point. Since the light
source at the receiver varied in ac-
cordance with the variations in re-
flected light from the scene being
televised, it was then only necessary
to provide a similar scanning disc
at the receiving point running in
synchronism with the disc at the
pickup point and the original picture
would be reproduced.

This mechanically operated scan-
ning system had fundamental limi-
tations and disadvantages. To give
high definition in the reproduced pic-
ture, the scanning discs became pro-
hibitively large. To provide a high
repetition rate for the complete
picture in order to allow smooth mo-

tion in the reproduced. scene and
eliminate visible flicker, the periph-
eral speed of the scanning discs
had to be unreasonably high. Syn-
chronizing was a problem, as was
the noise of the large rotating dise.

Electronic Scanning Overcomes Inertia

of Mechanical Systems

The limitations of a mechanical
television system were soon recog-
nized and experimenters cast about
for some scanning device possessing
lower inertia which would permit
the desired higher rates of scanning.
It was inevitable that their atten-
tion would turn to a consideration of
the possible use of the electron—
smallest particle of matter, possess-
ing an inertia even at high velocitwv
which is negligible in relation to
television scanning requirements.
An electronic device for use on the
receiving end was already available
in a crude form. This was the Braun
tube, consisting of an evacuated en-
velope, a fluorescent screen and a set
of electrodes to direct a stream of
electrons (cathode-ray) against the
fluorescent screen.
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,Far-seeing Eve of the Future

i

' On July 1, 1941, television became a commercial broadcasting service in this country after

| many vicissitudes. Except in a few outstanding laboratories and studios, however, television

éhas since become another casualty of the war. All this will change the day peace comes

|

|

The modern television Kkinescope
is, however, a highly refined version
of the early Braun tube, special fea-
tures having been added to provide
sharp focus of the cathode ray (i.e,,

- small scanning spot), high light out-
put, white light from the screen.
The extended research work from
which these refinements were evolved
contributed much to the electronics
Lart. For example, development of
| the field of electron optics, which to-
' day rivals in importance the much
|
?
I
|
:

- older one of light optics, received its
greatest impetus from the search
. for a sharply-focussed high-intens-
ity beam of electrons for television

. scanning devices.
The situation with respect to an
. all-electronic pick-up device for tele-
5 vision was very different from that
for the reproducer. No device was
known in the previous art which
would reverse the process of the
. Braun tube. This very fact, however,
r served to stimulate the imaginations
. of early workers in the field and it
b is interesting to note that as long
| ago as 1911, A, A. Campbell-Swinton
' in England proposed a method for
. obtaining all-electronic television
. pick-up. In many respects his pro-
. posal visualized present day systems
- although it lacked the important
. factor of storage of the electric
. charge between successive scannings
- —the principle that would give the
. all-electronic pick-up device the
sensitivity to make it practical with
high definition scanning. This early
| proposal of an all-electronic televi-
sion pick-up device was not reduced
to practice. Further development
| was necessary before necessary elec-
. tronic tools and techniques were
available for all-electronic television.
In 1923, V. K. Zworykin applied

’for patents on his Iconoscope—a
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cathode-ray television camera tube
having inherently greater sensitiv-
ity than any previously proposed by
virtue of its property of accumulat-
ing, over relatively long periods of
time, the electric charges resulting
from photo-electric emission. The
Iconoscope or modifications of it are
now used in a majority of all modern
television cameras. It consists es-

Svbject

TRANSMITTING

sentially of a mosaic (light-sensitive
plate) and an electron gun, assem-
bled in a highly evacuated glass en-
velop. The gun is an electron-optical
system serving to produce a fine
stream of electrons (cathode-ray)
which is made to scan the sensitive
surface of the mosaic by means of
suitably varying magnetic fields pro-
duced by coils placed around the

Pickup fube Radio
television

signal

~
Mosarc
screen

Electron

beam
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Military Communications . . .

By Lt. Col. C. J. McINTYRE

Headquarters, Services of Supply, Office of the
Chief Signal Officer, U. S. Army Signal Corps

COORDINATION-—Tanks on the ground and planes in the air are in constant radio contact with each other and with headquariers

T is difficult to imagine military

operations across the vast global
distances of the present war being
carried out, or even adequately
planned, without the facilities of in-
stantaneous communication made
possible by the electron tube and all
the radio apparatus that has been
built upon and around it. The Sig-
nal Corps, the agency of the Army
which procures all communication
apparatus and coordinates its tacti-
cal use, is ever conscious of the
significant contribution of electronic
science to the tools which are usel
in modern war.

Communications have always been
a matter of prime concern to the
military commander. The factors
which distinguish modern war from
the campaigns recorded in history
are greatly multiplied fire-power,
armor, mobility and communica-
tions., All military leaders from the
most ancient times until a century
ago had to rely for communicaticn
on couriers afoot or mounted and
on such visual signals as beacon
fires and flags. Napoleon improved
upon the visual signal system by
employing Galileo’s invention, the
telescope, in a chain of semaphore
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stations to form what was then
known as a ‘telegraph.” It re-
mained for the . American Civil

War, in which the Signal Corps had
its baptism of fire, for the electric
telegraph to prove itself in a major
role as an instrument of military
communication. The pioneering dis-
coveries and inventions in electricity
were made in the nineteenth century,
end they gave us telezraphy and

telephony. The great discoveries in
electronies in the twentieth century
have given us the art of radio com-
munication. This had its military
try-out in the first World War and
has affected in many ways the
strategic and tactical maneuvers
which are being used in the present
conflict.

Radio plays a crucial role in co-
crdinating our operations in this

DIRECTION—Nerve centers of operations are headquarters set-ups such as this pro-
tected from bombs yet with electronic fingers on every pulse
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their part in GLOBAL WAR

The contributions of electronics to our war effort have been many. Without some of them, it
is difficult to see how current gigantic operations could be planned and executed at all. Tubes,

too, are proving themselves indispensable for non-communications purposes

global war at every stage of the
way, from the powerful fixed trans-
mitters of the War Department Sig-
nal Center in Washington to the
man on the front line reporting the
effects of artillery fire over his back-
transported walkie-talkie, and to the
bomber winging hundreds of miles
beyond the enemy’s lines. At every
stage of the way, armies of electrons
pulsating between cathodes and
anodes of evacuated tubes, setting
up magnetic fields in coils and elec-
tric fields in the dielectric of capaci-
tors, serve to speed onward vital
messages of military importance to
the men waiting upon them for the
signal to action.

Signal Center, War Department's Hub
of Communication Network

The focal point for all communi-
cations between the War Depart-
ment and its task forces in all
continents is the War Department
Signal Center in Washington. By
means of numerous radio networks,

Army Signal Service
Appropriations by Congress

Fiscal Years Ended
June 30
1930030 Siasiistie s W $ 8,224,900
BT O b ) S R 18,236,616
o VT SE T A MR R W R O 170,875,362
O s e T o 3.723.604,696
(Y. K iy o S st = P 2.617.506.025

*Exclusive of supplemental appropriations

The above figures cover, of course, much more than pur-

chases of electronic gear, including the training and clothing
and housing of a number of Signal Corps troops larger than

the entire United States Army in 1939. The Signal Corps is.

however, procuring radio and electronic equipment for the
Army alone at a rate greater than the entire production of
the industry for all purposes in peacetime years

messages are sent to and received
from all major domestic installations
of the Army and the headquarters
of all overseas commands.

The War Department Signal Cen-
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MAINTENANCE—Signal Corps men with thorough training keep equipment in repair,
in the field at centralized bases
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ter provides for communication by
both wire and radio. The radio
section is known as Station WAR,
although actually it consists of a
number of stations operating on
different frequencies and direction-
ally beamed to different parts of the
world. Among the distinguishing
features of the War Department
Signal Center is the high degree of
flexibility in the interconnection of
equipment to different circuits and
the extensive use of high-speed auto-
matic transmitting equipment, not
only for wire communication but
also for radio communication. This
makes it possible to carry a greatly
increased volume of traffic for a

given number of wires or radio
channels.
If we follow a directionally

beamed radio wave from the War
Department Signal Center to a par-
ticular theater of operations, we
would find that the distant station
on the main War Department radio
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MOBILITY—"Walkie-Talkies” of many types are used by the Army, Airforce and
Navy. Here a paratroop Major demonstrates to British Commando chief Lord Mount-
batten while our own General George C. Marshall looks on

net becomes in turn the control sta-
tion of another net which serves
the needs of the commanding gen-
eral of that theater. Whenever a
unit or combat team goes into
action, smaller radio networks are
set up, linking the radio transmit-
ters and receivers housed within its
vehicles, in its aircraft and at its
stationary command posts.

The Army uses the term “net” in
preference to the broadcasting
terminology ‘“network.” The radio
net for tactical purposes consists of
two or more transmitters and re-
ceivers. A single net may include
sets both on the air and on the
ground, both stationary and in mo-
tion. Usually each net has a net
control station which is in turn a sec-
ondary station in a larger net serv-
ing the next higher unit of the

Army. Tactical radio nets vary
greatly in accordance with their
purpose.

An interesting feature of a tacti-
cal radio net, from the standpoint
of the engineer, is that the traffic
load actually carried may be quite
small compared with its message-
carrying capacity. This results
from the military consideration that
the best operated field radio net is
usually the one which is least over-
heard by the enemy intelligence.
The value of a radio set in an area
of active operations is measured
not by the number or length of the
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messages sent over it, but rather
by the importance of those messages
which are sent. A single message—
an order from a command post, a
report from a forward observer—
may often mean the difference be-
tween success and failure of a
skirmish, a battle, or a campaign.
This means that the Army, by com-
parison with commercial communi-
cations networks, has had to put an
enormous capital investment into
its communications system. Every
communications line must be dupli-
cated, if possible, both by wire and
by radio, for there must always be,
regardless of possible destruction of
equipment by enemy action, an alter-
native method of getting the mes-
sage through.

Communications for Mobile Forces

The most spectacular use of radio
communication in active combat
occurs in the Air Forces and in the
Armored Force. There are quite a
few similarities, as far as communi-
cations are concerned, between the
operation of bombers and fighters
in the air and the operation of tanks
and tank-destroyers on the ground.
In both cases the vehicles have cut
loose entirely from wire communica-
tion and must depend exclusively
(except for short range visual sig-
nals) on their radio sets. In both
cases, the noise conditions are such
that members of the same crew talk

to each other by means of an electri-
cal interphone system. Every com-
bat tank and airplane, therefore, is
equipped with two or more complete
communication sets, in which elec-
tronic tubes play an important part.

Because of the speed and stress
at which men must carry on their
duties in airplanes and tanks, their
radio equipment must be of such a
design that it can be worked with
the utmost ease and simplicity. The
newest tank radio sets are designed
to eliminate the twisting of dials.
Their channels, crystal-controlled,
are pre-set and are selected by
simply pushing a button.

Great pains must be taken in ad-
vance to guard against the effects
of all types of interference—the im-
pairment of reception by atmos-
pherics, by unwanted signals and
by the effects of electrical apparatus
or machinery. To take fullest ad-
vantage of the most recent develop-
ments of electronic science in
reducing the effects of interference,
frequency-modulation has been
adopted for wuse in tanks, tank
destroyers and the Field Artillery.

A complete radio system was put
into effect during 1942 for tanks
and tank destroyers, permitting
short-range communication between
tank commanders and the individual
tanks under their control. Each
tank is equipped with two-way short-
wave radio, frequency-modulated
and crystal-controlled. The tank
carrying the commander of a tacti-
cal unit will have two complete
radio systems, over one of which he
communicates with the men under
his command, while the other serves
him for communication with the
commander of the next higher
echelon. Thus, the principal and
subordinate radio nets are inter-
linked to provide continuity in the
flow of orders and information even
during the heat of a mechanized
encounter. The radio system for the
armored force includes smaller sets
for reconnaissance use which can
operate on the same frequency with
those in the tanks.

A similar system has been set up
for the Field Artillery. The sets
operate with frequency modulation
on high-frequency channels which,
again, are accurately calibrated by
crystal control. Some of the sets

(Continued on page 180)
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BAROMETRIC
ALTIMETER READING

ABSOLUTE ALTIMETER—O!d height indicators operated by barometric pressure
merely showed altitude above sea level. New ones. operated by radio signals
transmitted from and reflected back to the aircraft, show altitude above terrain. The
small photo shows a typical Western Electric absolute altimeter antenna installed

beneath a wing

P. C. SANDRETTO

U. 8 Avrmy Air Corps

ITH the development of simple
W directional antenna systems
and the Bellini-Tosi goniometer, di-
fection-finding systems were devel-
oped and applied to ships. Previous
to the advent of these direction find-
ers, boats navigated by the use of
magnetic compasses and celestial
methods. While it appears that the
addition of a third method of naviga-
tion to the two previously employed
should have been enthusiastically
received by mariners, such was not
always the case. The masters of the
ships were not familiar with radio
(or wireless as it was known in the
early days) and, therefore, did not
trust the bearings given by the radio
equipment.
Because of the Jow sensitivity of
the receiving equipment available at
the time of installation of the first
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direction finders, the necessary
range for the bearing-taking sys-
tems could best be obtained by the
use of very large antennas. Such an-
tennas could conveniently be in-
stalled only on shore.

Strange as it may seem to those
familiar with radio, the use of shore
installations was one of the factors
that contributed largely to the un-
popularity of radio navigation on
boats. The captains argued, ‘“How
can people located at great distances
from the boats know the location
more accurately than the men on the
boats?” This misunderstanding, to-
gether with the occasional poor bear-
ings caused by the phenomenon, then
not understood, of night effect, pre-
vented confidence from being built
up in radio navigation systems by
the captains.

Vessels traveling at their usual
slow speeds seldom have instant need
for making positional determinations
when on the high seas; thus it was
not absolutely necessary that this
navigational system be adopted by
ships. The installation of direction
finders on shipboard which allowed
bearings to be taken quickly when
the ships were near shore, under fog
conditions, and in danger of going
aground served to reverse the previ.
ous opinion of direction finding by
the ships’ masters, and radio navi-
gation has since been a highly valued
facility on every ship.

Aviation Added a Third Dimension

The advent of aviation brought
forth a conveyance for traveling in a
medium as unmarked as the sea,
which added a third commonly trav-
eled dimension. Further, the new
conveyance travels at speeds greatly
in excess of those maintained by
ships at sea, and it was not possible
to stop while the locationp was‘being
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determined. Motion at all times had
to be continued. Therefore, without
exaggeration it can be said that the
growth of aviation, and particularly
air transportation, was made possi-
ble only by the development of radio
avigational facilities.

Shortly after the last war, when
commercial aviation service was in-
augurated in Europe, the airplanes
used were of the cabin type, seating
more than one person; therefore, the
method of avigation adopted fol-
lowed shipboard practice. A radio
operator was employed; he released
a long, trailing wire antenna and
used long waves to ask a ground sta-
tion for a bearing. The ground sta-
tion took the bearing on the air-
plane’s transmission and reported
back to the operator.

In the United States, however, the
airplanes placed into use were of the
single-seat type and intended mainly
for carrying mail. In this type of
airplane one pilot had to fly the air-
plane and do his own avigating;
therefore, a more rapid and more
nearly automatic avigation method
was required. Such a method was
devised by the United States Army
and the Bureau of Standards in
about 1927. This system consisted

of a means for establishing in space
a narrow radio beam. By means of
a lightweight receiver, the pilot
could follow this narrow radio beam
to his destination. This system,
then, was in fact a radio road which
the pilot followed as he would a road
on the ground; however, he used his
ears rather than his eyes.

To employ radio waves with the
most stable propagation character-
istics known to the art, the long
waves were used. Since it is difficult
to obtain a sharp radio beam with
long waves, the radio road was es-
tablished by alternately making
transmissions in two directions at
right angles to each other. The di-
rections actually followed were those
where the signal strengths from the
two directional beams were equal.
By the use of this method, the radio
road laid out had a width of approxi-
mately three degrees.

Considerable development of these
radio roads has occurred since the
initial work in 1927. The purpose of
these developments was to secure
freedom from certain effects, such as
night error caused by transmission
via the Heaviside layer, the addition
of simultaneous voice transmission,
ete. The United States Government

maintains a chain of over 200 sta-
tions in the continental United
States, operating in the band of
from 200 to 400 kilocycles. The
radio beams are shifted and bent
to form connected airways which
link together the principal cities
throughout the entire United States.

Application of Ultrahigh Frequencies

Just before the outbreak of the
present war, extensive development
was undertaken by the Civil Aero-
nautics Administration and an ex-
perimental airway was established
with a radio range system employ-
ing ultrahigh-frequency transmit-
ters. The development decided upon
for installation throughout the
United States but which, of course,
cannot be installed under the present
conditions, presented in.many re-
spects a novel facility. This con-
sisted of a radio range producing in
effect a single beam which indicated
on a visual meter. The pilot could
tell whether he was to the right or
to the left of this radio beam by
noticing whether the needle on a
meter indicated to the right or to
the left. In addition, the pilot of an
airplane could tell whether he was
approaching the station or had al-
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BLIND LANDING—After aural radio ranges gquide air-
craft to airports there is still the problem of getting
down safely in bad weather. One method involves (a)
a runway localizing beacon which sends up what
“wall’” which lines

might be called a vertical radio
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approaching ships up on the runway, (b) a horizontal
radio beam leaving the ground at a gentle angle, 1
(c) an aproach marker radio signal and a similar
boundary marker signal. Instruments operated by these
beams gquide the plane to earth over glide-path (e)

L
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ready passed it by listening to an
audible signal in his headphones.

The output of a radio receiver in-
tended to receive these ultrahigh-
frequency signals can be connected
to the airplane’s automatic pilot and,
thus, automatically guide the air-
plane along the new type airway.
The freedom from static which is
enjoyed by the ultrahigh-frequency
waves should provide an extremely
excellent avigational facility for the
after-the-war commercial transport.

It is often necessary for a pilot to
leave an airway road in order to
skirt a thunderstorm or to maneuver
while waiting for permission to land.
Therefore, it was realized that a di-
rection finder on the airplane would
be very valuable. Since the trans-
mitters for the long-wave radio
ranges were already installed on the
ground, the aircraft direction finders
were designed to operate from these
facilities.

The first direction finders were
manually-operated devices and, while
they were of some help to the pilots,
the necessity for turning a crank to
operate them was an obvious disad-
vantage. The automatic aircraft
direction finder with a needle which
pointed to the radio stations on
ground was placed in use in about
1938 and was greeted with great en-
thusiasm by the flyers. With this
device it is necessary only to tune
the receiver to the desired station;
the needle on the dial then points to
the station, and bearings are read
directly. These direction finders em-
ploy a small loop about 10 inches in
diameter protruding from the air-
plane. The total weight of equipment
is rather heavy (about 65 lbs), but
the facility provided by this device
is considered to outweigh this dis-
advantage. With such an instrument
it is possible to fly anywhere in the
United States without reference to
the established airways.

Direction Finders on Ground

Because the lower frequencies had
been allocated for use by radio
ranges, they could not be used for
transmission on the airplanes. The
medium-high frequencies were more
suitable for communication but were
not eminently satisfactory for direc-
tion finding. Only comparatively re-
cently did direction finders for ion-
osphere-propagated waves become
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commercially available for use on
the ground for taking bearings on
the transmission from airplanes. The
question naturally arises as to the
necessity of taking bearings on air-
planes from the ground when all of
the other facilities are available to
the airplane. The reason lies in the
trend toward giving the men on the
ground greater control of the flights.
There have been several instances in
the past when assistance from the
ground helped to avert accidents.
The Civil Aeronautics Administra-
tion made several experimental in-
stallations of these direction finders
and some of the airlines had plans
for several installations. Plans have
been suggested for a nationwide net-
work to be Government installed and
operated; however, these plans have
all been held in abeyance for the du-
ration,

While the radio range provides a
road, it can be readily understood
that it is necessary to provide some
means of identifying the positions
along the road. When the radio range
was planned it was intended chiefly
as an aid under conditions of low
visability but not necessarily as a
means for allowing flights to be
made when low ceilings were present

Plane on
course |

(Mergeo ‘
“A,’and “N’!) }

RADIO ROAD f

Elementary explanation of aural radio range: Transmitter sends continuous

Automatic electronic switch is timed so that

dot-dash sequences forming code letter “A” go o one directional loop while

dash-dot sequences forming code letter “N” go to other directional loop. Pilot

approaching on proper course, in sector where signals from both loops over-

lap, hears steady tone due to merger of “A” and “N”. Divergence from course
causes one letter or the other to predominate

at the terminals, necessitating let-
ting down through the overcast. No
effort was made to provide adequate
markers. A phenomenon associated
with the long-wave radio range was
present, which provided a means for
identifying the location of the radio
range. This was due to the coupling
between the range antenna on the
ground and the range receiving an-
tenna on the airplane. When the air-
plane is directly over the transmit-
ting antenna there is a momentary
cessation of signals. The position of
the airplane where these indications
are received serves as a reference
point which the pilot can use for cal-
culating his further maneuvers. This
indication has not been entirely sat-
isfactory for several reasons. The
momentary loss of signal caused by
failure of the transmitter or re-
ceiver, or any associated equipment,
serves to give the same ‘“cone-of-
silence” indication. Also, since the
indication is a function of the an-
tenna coupling, there are likely to be
large variations in the exact location
of the ‘“cone.”

A definite marker was established
in 1938 by the installation of a new
and independent facility. This new

(Continued on page 192)
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FACSIMILE ...

Facsimile, older than the electron tube, now becomes a practical means of rapid and inexpen-

sive communication due to electronics.

Ultimately facsimile machines in bus, railroad and

plane terminals, office buildings, and drug stores, may replace the branch telegraph office

T may seem paradoxical, but the

art of facsimile telegraphy,
which owes so much to electronics,
was well developed years before the
vacuum tube made its appearance.
That is to say, the fundamental prin-
ciples were well understood, a great
number of scanning and reproduc-
ing methods had been developed,
and systems of facsimile transmis-
sion were in actual operation. There
were, however, two great stumbling
blocks in the path of progress in the
art which at that time prevented
any widespread commercial use of
facsimile telegraphy. These were
the necessity for special prepara-
tion of the subject copy and the lack
of suitable means of amplifying the
signals so that they could be trans-
mitted over appreciable distances.
The photoelectric cell has since

By J. H. HACKENBERG

Engineering Department
Western Union Telegraph Company

made it possible to scan satisfacto-
rily almost any kind of subject copy
without special preparation. The
vacuum tube amplifier has made it
possible to transmit these signals
over great distances. Thus, elec-
tronics has made possible the cem-
mercial use of facsimile telegraphy
which otherwise would still be the
fascinating toy it was 50 years ago.

Even after the advent of the vac
uum tube and the photoelectric cell,
facsimile telegraphy was for some
time more or less confined to one
field, namely the transmission of
photographs for news gathering
agencies. This was dictated by the
high cost of the photographic re-

Electronic
amplifier

.

the works.’

Automatic Transmitter

Chute closing
Ve echanisrmm

AUTOMATIC—How facsimile machine aids customer to get his telegram “in
He places his written message in a machine which wraps it around
a cylinder, where it is scanned by a beam of light, a phototube transmitting
to the central office the variations in light and dark of the original telegram

Madsae
chute
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cording methods customarily em-
ployed and the individual attention
required for each transmission. It
was apparent that any extended use
of facsimile telegraphy for the han-
dling of telegrams would have to
await the development of a simpler,
cheaper and faster method of re-
cording, as well as simplified and
more nearly automatic transmitting
and recording equipment.

Within the last ten years, great
strides have been made towards the
solution of both of these problems.
The Western Union Telegraph Com-
pany has developed a record sheet
known as Teledeltos which is fast,
inexpensive and easy to use. It is
dry, permanent and requires no
processing of any kind before, dur-
ing or after recording. It is light
grey in color and recording appears
black where a current (applied by
means of a stylus riding on the sur-
face) passes through the sheet.
Either alternating or direct current
may be used for recording, and indi-
vidual pulses as short as 1/10,000
second duration are easily recorded.
It has a fairly good half-tone char-
acteristic, although the contrast is
not as good as with photographic
film due to the grey background.
This paper is now being employed
in all kinds of recording instru-
ments where a simple, inexpensive
record sheet is desired.

Western Union has developed for
the use of its patrons a combination
transmitter-recorder, the size of a
teleprinter which requires no more
than the wrapping of a blank around
its drum and the throwing of a
switch to send or receive a telegram.
These machines are used to handle
telegrams between a patron and the
Telegraph Company’s main office
where the patrons’ circuits termi-
nate in an automatic concentrator
at the main office. They may also
be used between two patrons or be-
tween a patron’s home office and his
branch, etc.

Transmitters and recorders are in
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use on both trunk circuits and
branch office circuits which employ
a hopper of drums which feed in
and out of the machines automatic-
ally as fast as the telegrams are
scanned and recorded. The attend-
ants at each end of the circuit sim-
ply keep the drums loaded with the
messages to be transmitted and the
recording blanks.

A Facsimile Machine Anybody
Can Operate

A transmitter has been developed
and has been in quantity use for
some time which is as easy to oper-
ate as a mail box. The patron sim-
ply pushes a button and drops his
telegram into a slot in the front of
the machine. The telegram wraps it-
self around a drum, is scanned au-
tomatically and discharged into a
receptacle in the bottom of the
transmitter. Recorders have been in
use for several years which em-
ploy a roll of Teledeltos, the recorded
message being automatically cut
from the roll and deposited into a
receptacle. Another recorder has
been developed which employs a
roll of cut blanks which are auto-
matically fed onto the recorder
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MAP—Application of iac-
simile to weather map
transmission

FACSIMILE—Typical tele- -

This is available on trunk circuits.
Wax stencils or hectograph master
carbons are produced from which
multiple copies are made. This type
of recording has been incorporated
in a business machine produced by
Western Union known as Multifax.
This machine combines a facsimile
transmitter and percussion-type re-
corder and produces wax stencils or
hectograph master carbons of
printed, typed, handwritten mate-
rial, drawings, sketches, blueprints,
ete.

A reproduction speed of approxi-
mately 14 sq. in. per minute is em-
ployed in most of the facsimile
equipment although much higher
speeds may be employed where cir-
cuit conditions permit. This is the
equivalent of about 140 words per
minute for single spaced typewrit-

TRANSMITTED BY WESTERN UNION'S AUTOMATIC TELEGRAPH-~THE TELEGRAPH OF TOMORROW
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gram in exactly the same -

vt
form as it was written out WM Q’WW Ao rmnd, P
in the telegraph branch /35 7W dnt , [‘

office—not as a stunt or

primarily to aid the cus-

tomer, but as an actual

aid to speedy pickup and

transmission of message
traffic

drum as needed, and stripped from
it after recording and deposited into
a receptacle in the front of the ma-
chine.

All of this automatic telegraph
equipment employs Teledeltos as
the recording medium. In some spe-
cial cases other methods are em-
ployed as, for example, in the trans-
mission of news pictures aver sub-
marine cable where, due to the high
fidelity required, photographic re-
cording is used. Another method,
percussion recording, is employed
where multiple copies are required.

ten subject copy, or 400 words per
minute for newsprint. While the
frequency band required (about
2500 cycles) makes facsimile trans-
mission somewhat less economical
of line than high-speed multiplex
carrier telegraph systems, this fac-
tor is outweighed in most instances
by the many advantages which fac-
simile possesses.

In order to secure the most effi-
cient use of trunk circuits, facsimile
is at present generally superim-
posed upon carrier telegraph sys-

(Continued on page 200)
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...and Its Place
in the Sun

The chiel commercial market for amplification equipment today is in industrial plants and

it is probable that this application will remain near the head of the list even after manufac-

ture of equipment for entertainment, advertising and other peacetime uses is resumed

'IIE ELECTRON TUBE can do more

extraordinary things than any
other device yet created by man. Its
potentialities in the fields of indus-
try, television, radio, medicine and
many others are seemingly limitless.
Billions of invisible electrons, racing
through space inside vacuum tubes,
are at the heart of one of industry’s
newest and most logical develop-
ments for speeding up production
and human efficiency in both the war
plant and the oflice—electronic in-
tercommunication and paging sys-
tems.

The “brain” of such a system is
the amplifier rack and panel, where
circuit priority is automatically de-
termined and where the audio fre-
quency impulse is received, filtered
and clarified, increased in intensity
and carried to any number of out-
lets—all in a split second. The “ear”
of a paging system is the microphone
—catching the slightest whisper and
literally making it a command by
passing it to the electronic “brain.”
The many ‘“mouths” of a paging
system consist of a large number
and variety of loudspeakers and air-
column horns, each engineered to its
specific job and to its environment
factors such as the noise in the area
to be covered, acoustical factors, and
specific functions required of the
system. Loudspeakers may  be
mounted in the open or behind grilles

. on ceiling, pillar, or wall .
inside, or outside exposed to the
weather.

Modern Industrial Installation

In a vast aircraft engine plant de-
signed for Wright Aeronautical Cor-
poration, such a sound system con-
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By F..D. WILSON

Operadio Manufacturing Company

serves executive time, builds worker
morale, speeds production of vital
equipment for the men on the fight-
ing front. This modern installation
is used to broadcast voice, music,
time signals and other information
all over the enormous plant at any
hour of the day or night.

Two separate equipment groups
dare used. The main system handles:
(1) Fire signals, (2) Time signals,
(3) Plant police ecalls, (4) Switch-

board paging, (5) Maintenance calls,
Precederice

and (6) Local operation.

S SRS R —————————

is established in that order. For ex-
ample, if the fire signal is sounded
it automatically locks out any other
service that is using the system. A
smaller, supplementary system, is
used to bring radio or phonograph
music to five cafeterias.

The fire signal is a tone produced
by electronic oscillation. From any
fire box in the plant a signal can be
sent over the entire system, cutting
out any other service in use at the
time. The signal is coded to indicate
the location of the box originating
the alarm. The time signal is used
for stopping and starting work on
cach shift. The tone is different from
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BIG JOB—This installation, in a Wright Aeronautical plant, performs many functions;
It turnishes entertainment, permits paging from a central switchboard, may be used

for
maintenance,

intercommunication between specific points.

transmits time signals. handles

fire and private police calls
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the fire signal. When machines are
in operation an automatic control
doubles the volume of the signal to
carry above the noise. Police serv-
ice is maintained by the use of coded
voice signals to the guards through-
out the plant.

One microphone is in constant use
for switchboard paging. There is
such a large volume of calls to the
plant that one girl is employed full
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time to handle telephone requests
for paging. The plant telephone sys-
tem has a dial number for paging
service and when this number is
dialed the girl answering fills out a
“Paging Requisition.” She passes
this form to another girl, who selects
the proper key for paging the area
to be covered. Paging is done over
five different circuits. Five different
areas can be paged separately or in
various combinations. A master key
cuts in all five circuits at once.

The plant’s Chief of Maintenance
is provided with a panel similar to

MORALE—Sound got its initial toehold
in industrial plants when early installa-
tions proved that “music while you
work” increases production. Two
Westinghouse factory employees hece
are selecting records for the day

that in the office of the Chief of
Plant Police. If a machine should
break down, or other trouble develop,
the maintenance crew can be sum-
moned and instructions instantly
given over the voice paging system.

For local operation, announce-
ments can be made direct from the
amplifier panel and rack in the con-
trol room. Executives may issue in-
structions or make addresses to the
entire factory personnel by plugging
in the microphone at the control
panel. Radio programs, or phono-
graph musie, can be sent into the en-
tire plant, or to any part of it.

Dual equipment is installed and
so wired that the failure of any vital
part of the sound system automat-
ically switches a reserve unit into
the circuit.
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From the
Technical Viewpoint

By AUSTIN G. COOLEY

Times Telephoto Equipment, Inc.

ACSIMILE telegraphy, the art of

transmitting pictorial and other
graphic subject matter, is nearly as
old as code telegraphy. Early dithi-
culties in the way of securing satis-
factory recording of facsimile cop-
ies retarded commercial adoption
whereas code transmission faced no
such problem.

Past, Present, Future

In 1912, Prof. Arthur Korn, had a
photo transmission network operat-
ing on a commercial basis between
London, Paris, Berlin, Manchester,
Copenhagen and Munich. Little was
done in the United States, however,
until shortly after 1920, when the
science of electronics was applied to
the basic system as developed by
Korn. Ever since the 1924 Republi-
can Convention in Cleveland, leading
Ameriecan newspapers have been able
to give us up-to-the-minute news pic-
tures on all the more important
stories.

The Associated Press opened up
an elaborate picture transmission
network between fixed stations in
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portable

First cousin to facsimile and second
cousin to television, transmission of
illustrations along with a story fills an
obvious need in the newspaper business.
Future expansion of the service depends
upon the speed with which additional

units can be placed in use

Wi
[ 5 I Y]

Januvary, 1935. In February of that
year the New York Times published
news pictures from San Francisco,
transmitted by portable equipment
developed in its own laboratories.
Shortly afterward, International
News Photos made tests with port-
able equipment. Associated Press
similarly developed a portable sys-

EXAMPLES—These two illustrations were
relatively low power radio transmitter in
New York Times.

sent over a
China to the

They are shown exactly as they were

received, without re-touching

tem and competition for technical
superiority was further enlivened by
the entry of Acme News Photos into
the field.

As war clouds appeared on the
horizon in Europe, portable news-
paper facsimile equipment presented
the reading public with a preview of
Army maneuvers and proved that
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ll EQUIPMENT—Pictures are transmitted or received over telephone lines by this typical
# portable machine by removing the receiver from the hook and placing it on a pickup unit

lequipment was no laboratory toy
i but could rough it in the field and de-
liver the goods. Certain features
‘Swere eventually added in accordance
! with Signal Corps requests. We can-
tnot describe the resulting designs
inow. We can only say that facsimile
is transmitting important weather
fmaps and has carried hand-written
I notes between our President and the
© Generalissimo in Chungking.
| Brooks Atkinson of the New York
" Times reports from Chungking that
i facsimile equipment will be placed
 throughout China with the result
i that, after the war, facsimile may
 replace all Chinese telegraph sys-
‘tems. The reason is obvious. In
| transmitting copy for one edition of
i a newspaper in China, ten Chinese
) are required at the transmitting end
to convert the characters into a
cipher code which can be transmitted
by Morse or printing telegraph. Ten
more are required at the receiving
1 end to convert the copy back into
' Chinese characters.

Typical Transmitters and Receivers

Most transmitters carry subject

" matter on a rotating drum driven by
a synchronous motor whose speed is
accurately controlled by a tuning

. fork. Either the optical system moves

. ELECTRONICS — March 1943

on a carriage along the length of the
drum or the drum travels along its
axis in front of the optical scanning
system. Signals developed in a pho-
totube, included in the optical sys-
tem, are amplified by other tubes suf-
ficiently for transmission over a
communication channel.

For direct telephone line or radio
connections an output signal having
a level of zero db is generally suffi-
cient. For newspaper work, some
systems have been providing an out-
put signal level of plus 25 db so that
equipment may be inductively coup-
led to telephone receivers. Inductive
coupling arrangements permit pho-
tographers to set up portable photo-
transmission equipment at any tele-
phone substation without installation
delays which would be involved if
direct line connections had to be
made.

For high quality photographic
work recorders are mostly of the
drum type, having a crater-lamp or
light-valve in the optical system.
Crater-lamps are usually of the gas-
discharge type, similar to those used
in the early days of sound movies.
Light valves used include an in-
candescent lamp and a magnetically
controlled mirror or shutter, similar
to those used in most present-day

ire and Radio

sound movie recording equipment.

Receivers intended only for black
and white copy are sometimes built
for direct recording on a continuous
strip of paper fed from a roll about
eight inches wide. Recording is ac-
complished by a magnetically con-
trolled stylus in some systems. Oth-
ers make use of color changes pro-
duced by the passage of current
through a paper dampened with a
chemical. A relatively recent con-
tinuous strip method makes use of
a direct recording paper such as the
Western Union “Teledeltos” type.
In this case marks are made by the
electrical burning off of a white sur-
face coating over a black paper
backing.

From the
Press Viewpoint

By LEON DECKER

Press _\ssociation, Inc.

-~ NE OF THE MOST revolutionary

' advancements in news gather-
ing—the transmission of pictures by
wire—owes its development largely
to the magic of electronics.

Readers of today’s newspapers
scan the headlines for the day’s big
news, then capture with their eye
all the drama and impact of the
news. This is possible through pic-
tures which are flashed to all corners
of the land with the speed of light.
Readers give little thought to the in-
novation that enables them to enjoy
this second dimension of news. But
the development of what may truly
be called “the miracle of modern
news gathering” is an exciting story.

Dramatic Commercial Debut

The beginning of this new era in
American journalism came with the
start of the new year on January 1,
1935. A big airliner had crashed
deep in the Adirondack Mountains in
New York. Searching planes had
found the wreckage and an aerial
picture had been made. It was “page
one” picture news everywhere.

Technicians put the picture on the

(Continued on page 208)
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SOUND RECORDING
Depends Upon Electronics

Sound-on-film for motion pictures; sound-on-disc for broadecasting, for the home and for

industry rely upon electron tubes for recording and play-back and for control of quality

ANY of us think of sound
recording as a comparatively
recent development, particularly in
the case of talking pictures which
came into commercial use about 1926.
However, the basic principles of
recording sound on films were sug-
gested over sixty years ago. Various
improvements were made during the
following forty years but no practi-
cal application was found until the
early 192(0°s. An important reason
why this development did not take
commercial shape for such a long
time is that the principles involved
were impractical until the develop-
ment of the electronic art reached the
stage where amplifiers and photo-
tubes could be produced commercially.
The introduction of amplifiers
permitted the use of less efficient
sound pickup and engraving meth-
ods, but the lower efficiency was
more than compensated by the wider
range of frequencies recorded and
by lower distortion.

Amplifiers Have Many Advantages

Amplifiers also make it possible to
“monitor” and to play back a rec-
ord as soon as it is made so that any
defect in the recording may be de-
tected and a new recording made, if
necessary, while the musiecians are
still assembled. Amplifiers also make
it possible to engrave several rec-
ords simultaneously from the same
source, and to re-record from one rec-
ord to another in order to add other
sounds or to alter the relative in-
tensity of various bands of fre-
quencies. Examples of ‘“equaliza-
tion” used in dise recording are (a)
reduction of amplitude at low fre-
quencies to avoid overcutting, (b)
pre-emphasis or accentuation of
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high frequencies to reduce the rela-
tive amount of noise reproduced
from the record, and (c¢) equaliza-
tion to compensate for non-uniform
response of any of the elements of
the recording system.

Similar improvements have also
been introduced in the reproduction
of disc records. Electrical pickups
are much more uniform in their re-
sponse than the best mechanically
operated types. Another advantage
of the electrical system is that the
frequency response can be readily
adjusted to accurately match the re-
cording characteristics. It is also
very easy to adjust the level of the
sound reproduced from the record
and to a certain extent the scratch-
ing noise may be reduced by electri-
cal filters.

Sound-on-film Depends Upon Electronics

Sound-on-film recording is virtu-
ally impossible without electronic
devices. Aside from the ever-pres-
ent amplifier, electron tubes are used
for such widely different purposes
as changing light fluctuations into
electric currents, as in the photo-
tube, and regulating motor speed,
especially on d-c circuits.

One recent contribution of con-
siderable importance is the volume
limiting amplifier. This permits re-
cording sound at a comparatively
high level on the film (giving pro-
portionately less noise when repro-
duced) without the danger of over-
modulating, and also protects the
recording element from excessive
currents. Another device is a noise
reduction unit which, in addition to

the wusual amplifier and rectifier
tubes, may utilize a carrier fre-
quency oscillator, modulator, and

a copper-oxide rectifier as a d-¢
amplifier.

A phototube monitoring unit is
often provided to check the opera-
tion of the recording equipment
right up to the film. This is done by
diverting a portion of the modulated
light beam into a phototube, ampli-
fying the phototube current and
converting these currents into sound
by either headphones or a loud-
speaker. The sound so reproduced
is practically indistinguishable from
sound derived from electric currents
which have not been transformed
into modulated light and back to
electric currents again. Any over-
loading or other source of distortion
may be detected by comparing the
sound from the direct and the photo-
tube monitoring circuits.

In the early days of sound-on-film
recording an electronic device in the
form of a gas disch<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>