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The Westinghouse Weld-o-trol, asingle pole
lgnitron tube contactor, 1s used to make and
break resistance welding currents as high as
10,000 amperes—with no arc, no noise, no
moving parts. Because 1t can be timed more
accurately than mechanical devices, the Weld
o-trol enables an operator to produce stronger,
more uniform welds, at greatly increased pro-
duction rates




Through the new-and improved industrial techniques it makes possible, electronic science is

helping America to win its wartime production battles. Here are some of the scores of

important ways Westinghouse clectronic devices are being used to improve products, speed

production, cut costs.

Automatic X-ray Units, built into a conveyor line,
speed inspection of vital aircrafe castings in a midwest
plant. Controls for the units are interlocked with the
conveyor drive. When the parts are positioned beneath
the x-ray unit, a protective hood lowers, exposure is
made, the hood rises and parts pass.on. Operation is
continuous and largely automatic.

Faster Than Lightning is no exaggeration in describ-
ing the Westinghouse Electronic Oscillograph. By
means of cathode ray tubes, it records electrical
phenomena at speeds of 1/100 of one-millionth of a
second. Widely used in studying methods of power line

rotection, it is now being used to provide important
gata on internal combustion engine performance.

The Stroboglow Lamp makes raptdly rotating objects
appear to “‘stand still”. Electronic tubes deliver a
light flash each time the object reaches a given point
in its motion cycle. Through persistence of vision™’,
the image is carried over to the next flash, making
the rapidly rotating object appear as though standing
still—so its operating characteristics may be studied.

Electronic Register Regulators accurately control the
register in the cutting of paper. A beam of light from
a phototube, directed at the paper web, detects even
the slightest out-of-register condition, causing the
regulator to operate, bringing the paper back into

erfect register with respect to the printed material.

hus waste due to improper printing is eliminated.

J-91032-A

For further information on Westinghouse ** Electronics Ar Work™", write for Bookler
B-3264. Westinghouse Electric o> Manufacturing Co., East Pittsburgh, Pa.

PLANTS IN 25 CJTIES . .

—_%stinghouse ELECTRONICS

OFFICES EVERYWHERE



Long, uninterrupted service is called for
in a capacitor and to fulfill that require-
ment three things are necessary:—inten-
sive experience . . . advanced engineering ¢
...rigid production standards. This
combination has given Tobe Capacitors
a proud record, with almost complete ab-
sence of “‘returns.”

The Tobe Oil-Mite Capacitor, shown

LONG LIFE

here, has consistently lived up to an
established reputation for long life. This
capacitor, impregnated and filled with
{ mineral oil, is most carefully made and
| most conservatively rated. It is perform-
! ing day-in, day-out duty as a filter con-
| denser in war equipment. Inquiries in
connection with your condenser prob-
lems will receive our prompt attention.

;}ASSURED

CHARACTERISTICS OF TOBE O!L-MITE CAPACITORS

STANDARD CAPACITY TOLERANCE. =10%

TEST VOLTAGE. .............. Twice D.C. rating
SHUNT RESISTANCE ........... 05 to0 0.1 mfd. 20,000 megohms. .25 to 0.5 mfd.

12,000 megohms.1.0t0 2.0 mfd. 12,000 megohms
RATINGS. .. .. ..o .05 mfd. to 2.0 mfd. 600 V.D.C. .05 mfd. to

1.0 mifd. 1,000 V.D.C.
GROUND TEST ............... 2.500 Volts D.C.

P )0 —.0 3

POWER FACTOR.......... At 1,000 cycles—.002 to .005 A SMALL PART IN-VICTORTSHODAY

A BIG PART IN INDUSTRY TOMORROW
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“CONSTANT AS THE PLANETS IN THEIR ORBITS”

If youare a manufacturer of controls . . . or, if you are
giving consideration to the manufacturing oppor-
tunities in this field, here is an announcement of
importance to you.

The successful application of electronic principles
to the problem of control, as exemplified by the
Thordarson Flashtron, has resulted in lightning-fast
action (and hence extreme accuracy) giving new
meaning to the word control itself.

The Thordarson Flashtron is not a complete con-
trol “'system””. But it is literally the electronic “heart”,
around which may be designed a control set-up mak-
ing full use of several years of intensive research
pointed towards one objective . ..+ O tolerance in
regulating temperature, pressure, flow, speed, fre-
quency, light, and a host of other factors involved in
almost every field of human endeavor.

The Thordarson Flashtron is not “new” in the
sense of being merely a unit fresh from the laboratory,

without practical usage to back up its claims. On the contrary,
the Thordarson Flashtron has served as the heart of control
systems operating in widely diversified fields, for a number of
years. It has not only proved its uncanny precision character-
istics, but it has also demonstrated its ability to achieve results
heretofore thought impossible, with continuous dollar and
cents savings to the user over a long period of time.

We invite interested manufacturers to write
Jor descriptive folder today,

ELECTRIC MFG. COMPANY
500 WEST HURON STREET, CHICAGO, ILL.

“Transformer Specialiots Since 1595"

ELECTRONICS — August 1943




RELH

INTALT PRESSURE LIFTS 15
VS WEIGHT?!

DUNCO’S LITTLE GIANT OF THE RELAY FIELD

Ordinary relays weighing, say, one pound,
may give a contact pressure of 3 or 4 ounces.

By comparison, the Struthers-Dunn Series
61 D.C. Relays give 7 pounds contact pressure
in a unit weighing only 8 ounces! Moreover,
these famous Dunco “Nutcrackers’ are espe-
cially designed to withstand shocks and
vibration, and to operate faithfully without

an enclosure in dirty or dusty places.

Although designed for D. C. use, their con-
tacts will also handle A.C. They are supplied
in various single and double pole types and
are specifically recommended for any low-
voltage d-c service where exceptionally
strong contact pressure is desirable to
secure maximum resistance to shock.

L S RELAY GUIDE SENT ON REQUEST

You'll find these Series 61 Relays described on Page 29-F
of the Dunco Catalog and Relay Data Book. Copy gladly
sent on request to interested users.

STRUTHERS-DUNN, Inc.

1321 ARCH STREET, PHILADELPHIA, PA.

DISTRICT ENGINEERING OFFICES: ATLANTA o BALTIMORE » BOSTON o BUFFALO o CHICAGO o CINCINNATI o CLEVELAND o DALLAS ¢ DENVER o DETROIT ¢ HARTFORD
INDIANAPOLIS « LOS ANGELES o MINNEAPOLIS ¢ MONTREAL o NEW YORK o PITTSBURGH o ST.LOUIS o SAN FRANCISCO o SEATTLE o SYRACUSE « TORONTO ¢ WASHINGTON

10 August 1943 — ELECTRONICS
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STANDING BY :

to give our bbys on submarine duty the "‘alert’’

warning . . . JENSEN marine speakers are

living up to their quality tradition of conszstent

performance on missions that must not {378

Vil ,3;,%&,
J&i’;&m'm.,b .~
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" DENMOTORS

‘;ﬁiz‘ngét@ .. and the YPeace lo come

® We continually hear of the exploits of motors in this war. Motors that
dart thru space on wings of destruction. There are motors that strain and
tug over wild terrain. Motors that lurk in deadly silence far below the ocean’s
surface or ply through high seas to “deliver the goods”. Each has its own
job — to do well.

Motors must build motors. These motors must be flawless, smooth-running
and precision built. More motors are needed . . . to record vibrations, strains,
pressures and smoothness of polished bearing surfaces. This is the job of the
penmotor, a small crystal that drives the recording pen of the Brush Direct
Inking Oscillograph. It is designed to insure precision in war and the peace
to come when motors will be built for construction not for destruction.

THE BRUSH DEVELOPMENT COMPANY
3311 Perkins Avenve . . . Cleveland, Ohio

BRUSH

12 August 1943 — ELECTRONICS
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(Z( We do know a gr;al\

deal about wire terminalg. @ We know/that our Sta-Kon Pressure

vibration. @' Being solder-
less, Sta-Kons install fast. Made An any desired size or type of

tongue. (( Approved. Patented. #/ Under the T&B Plan, Sta-Kons,
old only through T&B Distribu-

ML BUT ESSENTIAL PRODUCTION
PARTS AT/LEAST FOUR MONTHS IN ADVANCE .

THE HOMAS & BETTS cOo. dlN

INCORPORATED //

ANUFA UBERS OF ELECTRICAL FITTINGS SINCE 1899 |

ELIZABETH 1, NEW JERSEY
In Canada: Thomas & Betts Lid. Montreal N :




PRECISION CUTTERS OF QUARTZ FOR

COMMUNICATIONS AND OPTICAL USES

4
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. .“”;__'_;"“‘.i_zfer’e’s_ History. ‘B‘ehinj%rf\'/e_ry
- JAM ES KNIGHTS CR YSTAL

{ : i

Fo’r‘,r_huny years, key men of our carefully built organi-
;:ioﬁ;on have pioneered, “researched”, and developed
_the manufacture and application of precision cut

: _‘quartz crystals. As engineers, physicists and operators
- _from American, Foreign-and U.S. Government technical
schools, /they have 'consig,tenﬂy contributed history
making graphs, inventions and methods to the Crystal
industry’ in general and to James Knights Crystals in
_‘mrficuliéar. Wi#\ such ‘a practical achievement back-

- ground,it is understandable that James Knights Crystals
meet and satisfy the most intricate specifications. |

~ There’s efficiency in concentration. We manufacture but one pro- . A section of the experimental and testing laboratory. Here is an
duct—precision cut quartz crystals. All of the skill, experience important reason why we were one of the first manufacturers after

§ “.and output of our staff is concentrated on crystals exclusively. Pearl Harbor in actual quantity production of quartz crystals meet-
2 . Above is a corner of the lapping and calibrating .department. ing Governmental specifications. What are your requirements?

; =

MES KNIGHTS Company
SANDWICH, ILLINOIS’ PHONE 65

: ik i St S = =
el L s L s o e ot ——
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CONDENSER TROUBLE?

Perplexing Problem Solved!

IN THE YEARS we have spent designing and
building variable condensers we have learned
that a great many equipment limitations can be over-
come by proper condenser design. Our engineering
and laboratory facilities are available to work out
YOUR condenser problems regardless of the

x technicalities involved.

§ 4 2 THE HAMMARLUND MANUFACTURING CO., INC.
« £ 460 West 34th Street, New York, N. Y.
= °
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SH-H-IT-H !

® Sailors at sea couldn’t listen to their favorite radio
programs until one of our foremost radio manufac-
turers was commissioned to build a special sea-
going receiver. It was found that ordinary radios
“rebroadcast” and tipped off the ship’s location. And
without any radio, morale suffered.

Now, it’s different! Sailors around the world are
listening to radio programs from home through this
low-radiation receiving set. The speed with which it
was produced and put in service is a tribute, in part,

LAB()RATOBIES, INC.

INDIANAPOLLS
E-L ELeCTRICAL PRODUCTS — Vibrator Power el ] B
Supplies for Communications . . . Lighting . . . Electric
Motor Operation , . . Electric, Electronic and other

Equipment . . , on Land, Sea or in the Air.

THE ENEMY IS LISTENING!

to the E:L engineers asked to provide a suitable
power supply. They did 1it—fast, and well.

This is just one of the many contributions to Amer-
ica’s war effort which E-L research and specialized
knowledge of vibrator power supplies and electronic
circuits has made possible. You’ll find E-I. Vibrator
Power Supplies on the job in all types of serv ice, and
on every front where the United Nations are fighting.

Wherever electric current must be changed, in volt-
age, frequency or type, E-L Vibrator
Power Supplies and Converters offer
a wide range of advantages, for

peace, as well as for war.

For Operating Radio Transmitters in Lifeboats
—E-L Model $-1229-B Power Supply. Input
Voltage, 12 Volts DC; Output Voltage, 500 Volts
DC; Output Current, 175 MA; Dimensions,
718" x 515" x 614",

For Operating AC Radio Receivers from DC
Current—E-L Model 262 Marine Power Sup-
ply. Input Voltage, 110 Volts DC; Output
Voltage, 110 Volis AC; Output Power, 250
Volt-Amperes; Output Frequency, 60 Cycles;
Dimensions, 1015” x 754" x 814",




When the bombardment of radio pulsations contacts
a foreign object—whether it is in the air, or on or
beneath the surface of the ocean—the recoil of this

‘ electronic wave is instantaneous.
' More than merely registering the presence of the
f g enemy in size or force . . . RADAR accurately and
S precisely visualizes distance and range, height or

depth of the target. The bombardment that follows
is tangible . . . cold steel!

are an integral part of the strategic and communi-
cations systems of our military
forces. Ingenvity of design, ‘know-
how’ in engineering, and under-
standing of the basic problems
involved, are all instrumental in
the culmination of Victory.

' 5 Electronic Enterprises power and transmitter tubes

Your post-war involvements will
receive comparable research and
effort; inquiries are invited.

ELECTRONIC
ENTE%RISES, INC.

S
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HERE'S A VOLTAGE STABILIZER THAT'S
INSENSITIVE TO LOAD POWER FACTOR

A

- A

—

o

'*--..’

A Few of Its Many Applications:

Radio transmitters and testing equipment

Photoelectric equipment and other elec-
tronic-tube apparatus

Motion-picture projectors and sound

equipment
Telephone apparatus

X-ray machines

Precision phetographic equipment and
photometers

Color comparators

Calibration of meters, instruments, relays

laboratory precision processes and testing
equipment

GENERAL {3 ELECTRIC

ELECTRONICS fugust 1943

Provides Constant

Ovutput Voltage from
Variable Inpuf

rr
“*~HIS new G K voltage stabil

izer provides a constant 115 volt
supply on circuits varying from 95
to 130 volts, ensuring better per
formance and greate; reliability
of a wide variety of electric equip
ment. On such circuits, wherever
close voltage regulation is requisite
to good operation, these stabilizers
fill the bill

Maintenance costs are negli-
gible. This voltage stabilizer is
completely automatic, and be-
cause there are no moving parts,
practically no maintenance is nec-
essary. It is not affected by varia
tions in load from no load to full
load or by changes in power factor
from unity to 0.8 lagging. More.
over, 1t will operate continuously
thiroughout the range from open
circuit to short circuit without
damage.

Wide range of ratings. Ratings
from 50 to 5000 va are available;
“specials” will be built to order
For details on this stabilizer’s
unique circuit, write for Bulletin
GEA 3634. General Electric Co.,
Schenectady, N. Y.

AUH-47-62006

www americanradiohistorv. com



LET'S POOL OUR KNOWLEDGE

ORKING with electronic engineers in
\; V scores of industries has taught us a lot

about electronic science—what it is doing to increase
the effectiveness of our tools of war—how it is speed-
ing up war production—about the miracies it promises
for our postwar world.

We have learned, for example, how much this
“new-old” science depends on the right electrical con-
trols—the important part that relays, stepping switches,
solenoids and other control devices play in putting clec-
trons to work.

And that’s our strong point. We know electrical
control because that has been our sole business for over
fifty years. So why not pool our resources? Let’s apply
our experience in electrical control to your problems
in making electronic developments do a better job at

lower cost.

First step in this direction is to make sure you
have the Automatic Electric catalog of control appa-
ratus. Then, if you need help on any specific electronic
problem, call in our field engineer. Behind him are
Automatic Electric’s fifty years of experience in control

engineering. His recommendations may

save you time and money.

AUTOMATIC ELECTRIC SALES CORPORATION
1033 W. Van Buren St. Chicago

In Canada: Canadian Telephones & Supplies Limited, Toronto

elnys

AND OTHER .CO&NTROL DEVICES

AUTOMATIC
ELECTRIC

MUSCLES FOR ‘tﬁé THE MIRACLES OF ELECTRONICS

18
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EVERY TYPE OF CRYSTAL

is now available in quantity. These are in excess
of the needs of war.

ANY TYPE OF CUT OR FREQUENCY
is now possible thru the advances made in
manufacturing techniques and facilities.

YOUR NEEDS —LARGE OR SMALL
will get immediate action in our Special Crysta]
Service Division.

- PHONE PLYMOUTH (INDIANA) 33

Q@Bﬂ[ﬂ .@@U& INDUSTRIES;

) LY M DIU T H ST D)TATVAY
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The devil rode that night...

“Driven by an angry wind, rain beat down with the fury of bullets, and waves swept across the
deck like a frenzied mob. As orders went out clearly over the microphone, I remembered a night
back in 1932 when a similar storm swallowed words even as I spoke them, and lack of proper
communications resulted in tragedy for some of my men.”

Purely hypothetical is the case above . .. but you may be sure that after the war,
when entirely new Electro-Voice Communication Microphones are released for gen-
eral use, they will fill a definite need aboard ships. Fitting easily into the hand or
attached snugly to the face. weighing barely more than a whisper, Electro-Voice
Microphones are incomparable from the standpoint of stability, articulation and
reduction of background noise.

Builders of war equipment may secure information concerning new
Electro-Voice developments from us. However, if limited quantity needs
can be filled by any of our Standard Model Microphones, with or
without minor modifications, contact your local radio parts distributor.

.

In order to maintain existing civilian equipment at maximum efficiency,
we suggest that you submit your Electro-Voice Microphone to your
supplier for TEST and REPAIR at our factory.

Eloctno-Voice MICROPHONES

ELECTRC-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE - SOUTH BEND, INDIANA

Export Division: 13 East 40th Street, New York 16, N. Y. — U.S. A. Cables: ARLAB
20 August 1943 — ELECTRONICS

WwWWw americanradiohistorv. com



:
SR s e g e o
v o @
y 4 <

—
e —

a L4 ; 5‘:»' : 1
S I ._;"’ NG}

. Individgal Treatment As%{,?res
- Uniform' Dependability . . .\, *

The performance of a high: power transmitting tube depends
largely on the purity of the metals used. Metals vary — each
requires more or less or even different treatment if the utmost
in uniform dependability is to be attained. That's why every
.~ Taylor Tube is Custom Built!

4

E- _ individual heating, evacuating, bombarding and flashing must
f:"-- be scientifically perfect to insure a perfect tube. A final “OK”
. on a Taylor Tube is never given lightly. It is a token of our
| sense of responsibility. Where tubes get hard service and q
. chance to be overloaded, if's the Custom Built tube that can be
rﬁl - depended upon to “deliver the goods”.

iy
N

DUTY
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ZIRCONIUM, THE METAL THAT MADE GOOD

Zirconium had long been regarded
asan excellent “getter” for vacuum
tubes. Trouble was, other more
volatile metal impurities were not
being removed by manufacturing
processes. Foote tackled the job
and licked it early in 1942, when
the United States sorely needed
girconium. Foote “G” Grade Zir-
conium Metal was their answer, a
pure grade which eliminates rejec-
tions for mirroring and leakage,

improves tube quality and life, di-
minishes secondary emission, and
makes possible smaller transmit-
ting tubes. To this achievement,
Foote now adds Ductile Zirconium
which has all the desirable proper-
ties of the powder and, in addition,
can be machined, formed or welded
into structural tube elements. Ex-
perimental quantities of Ductile
Zirconium sheet, wire, rod are now
obtainable. Write for information.

Muagic Wand 2

When the war is won, and victory is reckoned
interms of its contributors,savea patof praise
for a slender shank of steel—the rock dnll.

The rock drill bites off the tungsten-tin
ores of Bolivia’s Chojlla region, chews out
Brazilian zirconia, Cuban manganese, and
wrests from our own and many another
picturesque land, dozens more of the earth’s
elements essential to victory.

A considerable tonnage of these rarer, crit-
ical ores and minerals finds its way to Foote
Mineral Company for grinding, beneficia-
tion, or processing by our chemical division.
Yet our sights are not fixed only on sup-
plying and improving the world’s mineral
treasures. Every day Foote researchers are
finding, or helping others to discover, newer,
better ways to put ores, minerals, metals
and chemicals to work.

If you are interested to know whether
Footeproducts, processes or research can ben-

efit you, make a point of writing to us today.

QO01C

MINERAL COMPANY

A Srew Arvead

PHILADELPHIA » ASBESTOS EXTON, PENNSYLVANIA
Home Office: 1617 SUMMER STREET, PHILADELPHIA, PA.

West Coast Representative: GRI FFIN CHEMICAL CO., San Francisco, California o
English Representative: ERNEST B. WESTMAN, LTD., London, England
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PENDING

-4 ROTARY
LOCKING
TONGUES
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LOCKING:
TONGUES

NEW TYPE LOCKING RING
Assures POSITIVE LOCK to Chassis.

/s turn with simple tool
- permits assembly or removal.

Assembly phrf No. 65-3

| PIN
CIRCLE

et ] .250 ————=

OCTAL CERAMIC SOCKET
Assembly part No. 65A<]}
Grade' G Steatite body

Phosphor Bronze, Silvef
Plated, Contacts

THE NEW FRANKLIN LOCKING RING is

much more than a labor saving device. In

addition to its labor saving feature it as-
sures a POSITIVE LOCK of components to
chassis.

The Franklin Locking Ring fits between the
chassis and the component to be locked:
a simple tool is placed over the component
and a % inch turn of the tool, by wrist
action, does the locking — a further Y inch
turn does the unlocking.

While the Franklin Locking Ring was de-
veloped to lock sockets to chassis for the
Radio and Electronic industries the use of
this Locking Ring need not be confined to

this work. The Franklin Locking Ring can

be applied throughout industry, wherever

components need to be locked to parent
bodies.

Illustrated are various features of the
Franklin Locking Ring.

A. W. FRANKLIN MANUFACTURING CORP.

175 VARICK STREET, NEW YORK 14, N. Y.

The one piece Ceramic Sacket, i'l-lbsir’atéd; has
been designed to embody the Franklin pat-
ented Bow Spring Actién: Contact. This Contact
is a feature of Franklin Sockets wHich:enioy'

such favor throughout the Radio industry.
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CORNING GLASS
RESEARCH
ANNOUNCES
NEW
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Corning’s

Glass Research!

MAIL
COUPON
TODAY FOR

COMPLETE
DETAILS !

-ﬂ-.-‘------

ex w;15 /az’ars
T ‘ftf?f§§%$k&""gdfj

Metallizing becomes part of the glass itself . . .

HERE’S an easy solution to difficult assembly problems on units which
must be sealed against leakage of air, oil or water. Corning’s metal-

lizing method is a big step forward in the art of applying metal to glass.

the answer to your hermetic

sealing problems. The metallized layer solders easily and is not harmed
by normal soldering temperatures. Parts can be soldered to it by ordinary
soldering iron, soft air-gas flame or induction heating. And it is tinned to

prevent corrosion of the metal during storage and to make soldering easy.

Best of all, Corning type metallizing can now be applied to an extremely
wide range of Corning’s high and low expansion glasses. Where extreme
resistance to thermal or mechanical shock is required, it can be applied to
strengthened glass. Where electrical characteristics are of prime impor-
tance. it can be applied to some of the special low-loss glasses such as
“Pyrex”” Multiform Glass No. 790.

A few of the interesting applications where metallized glass has already
been used to real advantage are shown on the opposite page. If vou, too,
“have the job of insulating current-carrying leads or terminals on her-
metically-sealed apparatus, do this now: Fill out and mail coupon today

for full details on the improved metallizing method developed by Corning

Corning Glass Works
Insulation Division, Dept., E-82,
Corning, N. Y.

Please send me full details of improved
method of metallizing on glass.

"PY RLX is a registered trade-mark and indicates manufacture by Corning Glass Worlks. I BN P SN O BN S BN SN AW BN BN BN BN U BN BN NN ow BN SN BN BN BN B gw AW
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for EACH and EVERY DuMONT TUBE

A thousand cathode-ray tubes are

produced in the DuMont plant today
where but a dozen were made before.
Yet each and every DuMont tube con-
tinues to be meticulously checked for
operating characteristics. Mass testing,
without slightest deviation from criti-
cal DuMont standards, must maitch
today’s mass production.

And so DuMont engineers have devel-
oped and built the all-the-answers-at-
a-glance test positions here shown.
Tubes plug into corresponding recep-
tacles and rest on the inclined shelf.
Power supply voltages are adjusted
for given tubes. Meters indicate circuit

and operating conditions.

Sitting at the comfortable "electronic
desk”, the operator checks for bril-
liance, focus, deflection, leakage re-
sistance and -other characteristics—
simply, quickly, positively. Mean-
while, a generous and representative
percentage of each production run
goes to life test racks so that antici-
pated service life is an established fact
rather than a mere guess.

Check and double check—this DuMont
test routine day in and day out, regard-
less of enormously stepped-up pro-
duction, continues to safeguard an
enviable performance record.

. The new DuMont loose-leat manual and catalog is now avail-
able. Write on business stationery for your registered copy.

ALLEN B. DU MONT
LABORATORIES, Inc.

Passaic * New Jersey
Cable Address: Wespexlin, New York
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% The large and complete Guthmnn "Super Q Wire” B : T
j Munufachmng Department serves the leading manufacturers of rndlo equnpmem‘ .

_"fwith__standurd types. of Litzendraht and textile served wire for RF use.’

*Gufhman s own, specmlly de

sngned eqmpmem‘ for munufachmng msulutmg muterml is

15 SOUTH THROOP STREET CHICAGO
PRECISION MANUFACTURERS AND ENGINEERS OF RADIO AND ELECTRICAL EQUIPMENT
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Volume Controls

At many points where our boys landed along the North
African coast there was little, if any, resistance because
electronics had already won the day. By short wave radio
America’s motives had been made clear. Days of fighting

were avoided. Thousands of lives were saved.

Distinguished service on many fronts has won the
electronic tube a place among the great weapons of
modern warfare. Yes, electronic tubes can fight! And
to supply these fighting tubes for our fighting forces
the men and women of National Union have doubled
and redoubled production. We know the day is com-
ing when these tubes and the knowledge which builds
them will be reconverted to the needs of peace. In

On Sunday, November 8,
in North Africa, the sound
which broke the peaceful still-
ness of that eventful night was
not the booming of allied guns,
nor the throbbing engines of
countless landing barges. Itwas
a VOICE — the friendly voice
of the President of the United
States saying “We come among
youtorepulsethe cruel invaders
—Have faith in our words—
Help us where you are able.”

National Union’splans for this newage of electronics,
there is to be a comprehensive industrial service . . .
to aid engineers and production men in applying the
miracle of electronics to their production, testing and
packaging processes. Today, to the extent that pres-
ent war work will permit, National Union invites
consultation with producers of war goods regarding
their electronic tube problems.

NATIONAL UNION RADIO CORPORATION - NEWARK, NEW JERSEY - LANSDALE, PA.

neety

Photo Electric Cells . Exciter Lamps

Transmitting Tubes Cathode Ray Tubes Receiving Tubes Special Purpose Tubes Condensers

Panel Lamps Flashlight Bulbs

=3
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FOR INDUSTRIAL HIGH-FREQUENCY
POWER SOURCES .....

- 5

S »

R N g
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LAPP GAS-FILLED CONDENSERS

In any high-frequency high-power circuit, lump capacitance can ANY REQU'RED WA TTAGE AND CAPACITANCE

most efficiently be provided by Lapp gas-filled condensers. They

are ruggedly built to maintain their electrical characteristics under ZERO LOSS

all conditions. Fixed and variable-capacitance models are available

over a wide range of power and Capacitance ratings. Above 7s Unit

No. 26541, consisting of two No. 25934 wanits. The assembly provides NO CHAN GE Wi TH TEMP ERA TURE
bivoting bus conductors, arranged so that the units may be used singly,

in series. or in parallel, providing capacitance continuously variable COMP ACT

Srom .0022 mf. to .022 mf. Each unit is rated at 200 amp., 6500 volts,

capacitance variable .0043 mf. to .or1 mf.; the combination in series, ‘

200 amp., 13,000 volts, .0022 to 0055 mf.; in parallel, 400.amp.. 6500 PUNCTURE PROOF
volts, .0086 to .022 mf. The small unit in the &/rl's bands is No. 23722,

rated at so amp., 7500 volts, capacitance .000045 mf. to .000075 mf. SOUND, TRO UBLE-FREE CONSTRUCT'ON

Lapp porcelain water coils,
borcelain pipe and fittings pro-
vide a highly efficient means
for cooling high Sfrequency
tubes. Sludging is eliminated
and, with it, need Jor water
changing and periodic clean-
ing of the cooling system.

Standoff, entrance, bowl, and
other special-purpose insu-
lators are available in many
types. Lapp is equipped also
Jor production of many
special assemblies, incorpo-
rating porcelain or steatite
and associated metal parts.




They work together better. ..

30

because they can talk together

On the “production” fromt —
Federal Telephone and Radio rech-
nician “aims” her modern crystal-
cutting saw.

o

Said the Desﬁtro;e‘r touthe_ .
“Mine field destroyed
~—channel clear!”

As the sea and air barrage
Shatters the early dawn
Out plow the mine sweepers

Their night’s hairtrigger work done . . .

Across their bows
Sweeps the destroyer leader

Throwing water and “making smoke”. . .

Lurking in the man-made fog
The invasion barges

Await the signal to move in
Ears glued to their radios
Like villagers’ cars

To a party line . . .

Suddenly it comes

The flash that says

The coast is clear

And the whole armada
Starts moving in as one . . .

What unseen “switchboard”
Connected every radio in the fleet . . .
“Locked” each to the same wave length
To save the seconds that win battles?

It's all done antomatically

By a tiny crystal of quartz

Cut as precisely as a precious stone.

And as carefully mounted

To form a unit that synchronizes every radio
And feeds the message through

At the predetermined frequency . . .

* * *

Today I.T.&T.’s manufacturing associate
Federal Telephone and Radio Corporation
Is one of the leading producers

Of crystal units for our fighting forces . . .

Tomorrow I.T.&T.’s broad experience
In communications

Will help men build

A better world.

Internationar Tevepwone anp Tevesrarn CorroratioN 67 Broad St., New York, N. Y,

Manufacturing Associate:

FEDERAL TELEPHONE AND RADIO CORPORATION

August 1943 -
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WORKMANSHIP

. JACK JK-26

For more than 46 years the products of the Supply products are planned for maximum per-

Chicago Telephone Supply Company have been the  formance and trouble-free long life. If you are a

standard for high quality workmanship. From their manutacturer of electronic equipment—all of the engi-
inception in the engineering laboratories to the crafts- neering skill and great production facilities of Chicago

manship of the finished article, Chicago Telephone Telephone Supply Company are at your service.

Plugs, Jacks, Switches, Variable Resistors

Representatives
R. W. Farris

Kans Gy, W, I CHICAGO TELE

Branch Offices

S. ]. Hutchinson, Jr.
401 N, Broad St.
Philadelphia, Pa.

:c, ' Phone: Walnut 5369

Phone: Logan 0234

Frank A. Emmet Co.
2837 W. Pico Blvd.
Los Angeles, Calif.

In Canada:

C. C. Meredith & Co.
Streetsville, Ontario

| ELKHART * |NDIANA
&”{Mm ojm %c&to 'MWHM %mwm «5? Lorce 1556
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IN ELECTRONICS AND COMMUNICATIONS EQUIPMENT

Prime requirements of most electronics and communications
equipment are light weight and compactness. Westinghouse
matches these requirements with a full line of featherweight,
space-saving dynamotors.

Westinghouse dynamotors are built to operate from 12 and
24 d-c voltage systems—with a variety of output ratings to
meet your most exacting specifications.

These dynamotors are now being built in huge quantities
for service all over the world. But facilities are available right
now to build many more. For details on specific ratings and
sizes, call your nearest Westinghouse office. Or write Westing-
house Electric & Manufacturing Co., East Pittsburgh, Pa.,
Dept. 7-N. Ask for special bulletin B-3242.

Remember, too, that Westinghouse builds a complete line
of electrical equipment for aircraft—motors, generators, relay

switches, voltage regulators, radio blower motors. Ask us for
full information.

J-03188.

PLANTS IN 25 CITIES. OFFICES EVERYWHERE

DYNAMOTORS

32

Westin éhouse
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LOW RIPPLE
Commutators, brushes, brush
springs and magnetic proportions are
precision-controlled to provide mini-
mum ripple.

LONG LIFE
Westinghouse Dynamotors are de-
signed for long life with minimum
maintenance. They are built to operate
1,000 hours without servicing under
average operating conditions,

QUIET OPERATION
To insure minimum noise level
standards, armatures are dynamically
balanced, bearings and end brackets
matched to within .0001 of an inch.

EXCELLENT COMMUTATION

Commutators are designed for high
standards of electrical service and
rigidly built to Westinghouse specifi-
cations which insure long wear, little
maintenance, and excellent commuta-
tion under all service conditions.

August 1943 — ELECTRONICS
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When Lieut. Commander
Richard E. Byrd made his
memorable round-trip flight
with Pilot Floyd Bennett from Spitsber-
gen to the*North Pole in 1926, his tri-
motoréd Fokker plane carried a short-
wave transmitter designed by Ralph M.
Heintz, co-founder of Heintz and Kauf.
man, Led. il

Two years later Sir George Hubert Wil-
kins flew a similar transmitter over the
Pole while determining the feasibility of
establishing.weather stations in’ the Far
North, and while proving the efficiency
of planes at polar latitudes. Taking off
from Pt. Barrow, Sir Hubert crossed the
top of the world in a successful 2100-mile
flight to Dead Man’s Island.

The forecasts of these scientific pio-
neers are becoming a reality as Great
Circle routes to distant countries lead our
bombers and transports over Arctic re-
gions. Today an air-minded generation

®

. ELECTRONICS — August 1943

Crossroads of the world

speaks of the North Pole as “the cross-
roads of the world.”

The polar flights of Byrd and Wilkins
are part of the heritage of Heintz and
Kaufman, Ltd., and are reflected in the
many types of Gammatron tubes our
engineers have designed especially for
aviation transmitters.

In the Heintz and Kaufman plant and
in our laboratories, Gammatrons are
being ceaselessly perfected to safeguard
planes and their crews as they soar over
the top of the world.

HEINTZ ano KAUFMAN, vL1D.

SOUTH SAN FRANCISCO - CALIFORNIA, U. 5. A,
£ K \
g

HK-257 — Highly popular Gammatron
Y i beam pentode of advanced.design,
made with tantalum elements. It has
high voltage and power capabilities,
needs no neutralization even at high fre-
quencies, and requires very low driving
power and screen current. Plate dissipa-
tion, 75 watts; power output, 225 watts.
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MY BOY OWNS THIS PLACE!”

Some time ago I retired, just a good, old-fashioned, real-
American retirement . .. thought I had served my time and done
my share.

When the war started I went back to work ... a good tool maker
can do.a lot to help lick those fellows, you know. And it is fun
to work for my boy. I'm proud of him and proud of America
that makes men like him possible. He had the same start I had
only now he owns this shop. And that is one of the things we
are all fighting for—to preserve that American FREEDOM of
opportunity.

Pardon me, I've got work to do now. When the war’s over look
me up —on the front porch.

hallicralters

CHICAGO, U. 5. A.
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W P P p ¢ Our enemies, who lack among their own
peoples an idealism that motivates the individual from within rather than one forced
upon him, are increasingly learning to count the cost of their gross ignorance and

accordingly miscalculating that tremendous VITAL
force = AMERICAN SPIRIT! Just as American
Spirit is helping forge victories on the field of

battle, so does American Spirit on the production
front provide the priceless ingredient which, added
to materials and skills, results in our unprecedented

output.

~ WILBUR B. DRIVER CO.

_ NEWARK + NEW JERSEY

ELECTRONICS — August 1943




*'Your order has been executed, sir, and Leland motors, gen-
erators, dynamotors, alternators and voltage regulators have
reported for duty. Installations have been made and are
being made, to power field radio and phone equipment, air-
plane instruments, automatic pilots, fathometers on ships, etc.
Reports received, sir, indicate successful operation on elec-
tronic equipment everywhere...on land...on sea...under the
seda...and in the air. Any further orders, sir?”

Leland production largely
earmarked for armed ser-
vices, but Leland engineers
for consultation on post-
war needs immediately
available.

Yes, many Leland designs, some of them exclusively Leland,
are serving in all branches, Army...Navy... Air Services...
Merchant Marine. .. Coast Guard. In fact, around 98% of the
Leland output is being channeled for war duty—Lleland’s
contribution in time of crisis.

SPECIAL LELAND
POWER INVERTER

WAR DU MOTORS

THE LELAND ELECTRIC COMPANY e DAYTON, OHIO!

36 August 1943 — ELECTRONICS ,
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POOR COMMUNICATIONS COST 2000 LIVES

%ﬂ'/ b Oy Sty 7/

THE unnecessary war of 1812 was declared two days after

Lord Castlereagh announced in England that the “Orders in
Council” (which caused the quarrel) would be repealed — but
the Congress of 1812 didn't get'the news in time.

The final battle of New Orleans, costing 2,000 lives, was fought
fifteen days after peace was signed at Ghent — but the armies

hadn’t heard the news.

Today news, propaganda, and battle orders can girdle the globe
in a second if communications equipment is functioning perfectly.

Radio parts made of Formica help civil and military communi-
cations function perfectly because of Formica’s excellent insulating
qualities at radio and audio frequencies. In addition, Formica is
light, strong, tough, moisture resistant, and readily machined. A
material possessing such properties will have many new uses in the
close knit world of tomorrow, some uses in your product no doubt.

3
P

e
INSUI.ATION COMPANY
4661 Spring GﬁovewAvenue, Cincinnati, Ohio

THE FORMICA
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To see and hear beyond the beyond

® Our eyes and ears are the advance guards

nf our mind’s march forward. Whatever
widens the horizons of human vision and

hearing, reveals new vistas of knowl-

cdge. So our chosen work for more
than forty years has been explora-
tion of uncharted realms of sight

2 J and sound. Starting with the
humble incandescent lamp,
progressing to radio and elec-
tronic tubes, fluorescent
lamps and equipment, we are
today busy with ventures
which are contributing vitally
to the winning of the war.
And important as these may
be to Victory, their full
flower will come as en-
T during boons to better
living in the years be-
yond. How could any-
one, glimpsing the rich promise
of the future, be content to do each
day’s work with a firm resolve to
maintain anything less than the highest

standards known!|

gYLVANlA ELECTRIC PRODUCTS INC., envonium, ea

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

- Ao

N

VITAL TO VICTORY is the ever-increasing number of electronic

devices that miraculously bridge the gap between man and

i i Yo

the mochine tool in war industry. Electronic contributions to
technology make inspection and processing more automatic and

foolproof. From long experience, Sylvania has developed and

| applied electronic tubes to industrial as well as military uses.

38 August 1943 — ELECTRONICS



TESTED ON AN ATOLL

N a tiny strip of coral . . . an observation post

pierces the dawn with cryptic messages that may
spell the differenee between victory and defeat. Duty on
this speck on your map calls for iron men and de-
pendable equipment.

Under the toughest of conditions under the
roughest of handling . . . far from sources of replace-
ment . . . parts must work—for men’s lives hang in the
balance. Utah Parts are passing this final test on tiny
atolls, in steaming jungles, on burning sands in all
parts of the world—from pole to pole.

A shooting war is also a talking war. The weapons of
communications must have the same dependability and
non-failing action as weapons of destruction. These
qualities are built into Utah Parts at the factory where

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

ELECTRONICS — August 1943
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4
soldiers of production are wigrking 100% for Victory.
In Utah laboratories, engineers and technicians are
working far into the night developing new answers to
communication problems—making improvements on
devices now in action.

But “tomorrow” all this activity, all this research,
all this experience learned in the hard school of war,
will be devoted to the pursuits of peace. Thanks to the
things now going on at Utah—there will be greater
convenience and enjoyment in American homes . . .
greater efficiency in the nation’s factories. UTAH
RADIO PRODUCTS COMPANY, 837 Orleans Street,
Chicago, Ill. Canadian Office: 560 King Street West,
Toronto.InArgentine: UCOA Radio Products Co.,SRL,
Buenos Aires. Cable Address: UTARADIO, Chicago.

WWW_americanradiohistorv com



"SEEING” through Fog and Dar

RADIOMEN OF
“THE INVISIBLE CREW’’

These “Radiomen’ have the ability
to withstand extreme service condi-
tions due to the painstaking
efforts of Bendix Radio Engineers.
No detail is too small to escape
the grueling tests that insure un-
tailing performance. Electronic re-
search continually steps up already
high performance to exceed every
standard previously reached.

L T,

R
Sy Sk
-
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Superhumah Vi-sion with
“THE INVISIBLE CREW”

Superhuman range, far into
space . . . superhuman penetra-
tion, through darkness, cloud
or fog . .. this is the electronic
“vision” that Bendix Radio,
through Radar, gives the pilot
of U. S. combat aircraft.

With special electronic de-
vices developed by Bendix
Radio, he “'sees” what lies
ahead. He talks with fellow
pilots, and keeps in touch with

More than 25 Bendix
plants are speeding
“The Invisible Crew” to
world battle fronts.

comrades on the ground. He
picks up distant radio stations
to guide him on his course.
Daily, as routine practice,
he uses Radar and other elec-
tronic applications of Bendix
Radio too confidential to talk
about now. Through these
members of “The Invisible
Crew” he senses secrets of the
future . . . the future that
awaits his triumphant return,

August 1943 — ELECTRONICS
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HAYDU BROTHERS are playing a vital part
in the important and strenuous war efforts of the Electronic

Industries . . . supplying this field with over twenty-two

million precision parts daily.

No matter how large the quantity, how close the tol-
erance, how impossible the problem, we have always

arrived at a solution that saves time, money and

. < materials .- . and waste of time, money or materials

4
is criminal in these war times.

A, Additional space, extra equipment permits us
to serve more clients . . . faster, better, at

<
greater economy. We have the experi-

ence, engineering staff, the men and
the machines to undertake your diffi-

cult problems. Consult us at once.

°u.y-.._

SPECIALISTS IN BURNER TIPS
ms TUBE PARTS, WIRE FORMS,
METAL STAMPING FOR RADIO,

ELECTRICAL, AVIATION AND
INSTRUMENT MANUFACTURERS

A MEMBER OF THE RADIO MANUFACTURERS ASSOCIATION

Mt. Bethel Road, Plainfield,

ELECTRONICS — August 1943 41
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... itseemed an impossible job, but it was our country asking for help! Raytheon
laboratories went on an ‘‘all out’ basis . . . time went on and there were no ‘‘clock
watchers.”” Power tubes for intricate new electronic applications had to be developed.
immediately and there was no pattern, no precedent to follow. The results depended
solely upon the skill of Raytheon’s corps of specially trained engineers.

Just how well Raytheon’s power tube division has succeeded in :del-ivering these
intricately designed tubes in quantities heretofore unknown, is evidenced by the pro-
duction increases that have enabled Raytheon to be an important factor in the success-.
ful operations of our military forces. Look to Raytheon for vour postwar power-tubeé
requirements.

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

Raytheon Manufacturing Company
WALTHAM AND NEWTON, MASSACHUSETTS -~
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Ignore mere claims and evaluate the demonstrable FACTS. Then
you will understand why equipment insulated with MYKROY is

‘ rendering an extra margin of dependable performance . . . on
TYPICAL EXAMPLES OF MYKROY APPLICATIONS . =
. land, on sea and in the air.

| Stand-off Insulators Varidble condensers
- Tube and Crystal Sockets Mounting strips On blazing desert sands, in humid, dripping jungles, amid Grand
' Structural supports for radio circuits Banks fog or arctic frost, MYKROY steadfastly retains its fixed
-f 1 lat . . .
fig:in'bdses ATIEIE resilinsulgfors electrical and mechanical properties.
Insulated couplings Relay bases and arms
Motor generator brush holders | With each new advancement in electronics engineering, the
g,
Padding condenser supports standards and requirements for insulating materials become more
i i illat i it . . .
High voltage crc shields  Oscillator g - exacting. MYKROY meets and anticipates these needs. For more
Fixed condensers Impregnated resistors . - . .
: . efficient insulation today and in the post-war progress of elec-
Radio frequency coil forms . . ) Lo .
Radio frequency panel assemblies tronics, investigate MYKROY. Write or phone us for detailed
Radio frequency switches lead-in insulators information.

A o 4 % E S % G IO YT i > e

508

- MYKROY IS SUPPLIED IN SHEETS AND RODS . . . MACHINED OR MOLDED TO SPECIFICATIONS

o

ELY BY

e 4 A

70 CLIFTON BOULEVARD o CLIFTON, NEW JERSEY
Chicago: 1917 NO. SPRINGFIELD AVENUE . . . TEL. Albany 4310

EXCLUSH




SUPERIUR SMAlL TUBING

COLD DRAWN

Seamless or welded’
In many metals
from .0019" up to .625" 0D
to your specifications.

- *WELDRAWN, Superior's Tradema_rk.e'd Welded Stainless Tubing
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NEED A QUICK DEPENDABLE
SOURCE FOR SPECIFICATION
PARTS IN

Ry N0 FBRE or
) VUAHZED FIBRE?

The experience of producers of hundreds of
electrical and electronic devices can be summed
up quickly: “On parts from phenol fibre and
vulcanized fibre, Precision Fabricators rieet
specified tolerances, and meet specified delivery
dates.”

Precision Fabricators, Inc., solicits the oppor-
tunity of looking over your blueprints. We think
we can save you money and save you time on
fibre or glass-bonded mica parts cut, milled,
drilled, threaded, grooved, turned, surfaced,
polished or engraved.

SPECIFICATION FABRICATORS OF MYCALEX + F FIBRE *

VULCANIZED FIBRE * RUBBER * ASBESTOS AND OTHER MATERIALS

ELECTRONICS — August 1943 45
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ONE OF A SERIES OF ADVERTISEMENTS SHOWING DeJUR PRECISION PRODUCTS IN ACTION ON THE HOME FRONT

w,fl)z'ﬂy them open

Imagine what would happen if the electric power lines
in your community broke down as you’re reading this.
Thanks, however, to the Public Utilities and their vigi-
lant band of crack trouble-shooters, the possibilities are

indeed slim.

Aiding in tracking down trouble in power stations,
factories, fields, homes and shops are instruments incor-
porating dependable DeJur Components. Standing faith-
fully, they have proved their worth in innumerable cases
. . . have helped head off disaster, pointed unerringly to

the causes of breakdowns, kept lines open and current

moving. On the home front as well as the battle front,

DeJur Products deliver satisfactory service. KEEP BUYING
WAR BONDS AND STAMPS

SHELTON, CONNECTICUT

\\ duction and Quality of Material MANUFACTURERS OF DEJUR METERS, RHEOSTATS AND POTENTIOMETERS

\ Awarded for Excellence in Pro-

NEW YORK PLANT: 99 Hudson Sireet, New York Cicy © CANADIAN SALES OFFICE: 560 King Street West, Toronto |
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It’s true they’re on tanks, guns, naval
vessels and production equipment—more
than all other lock nuts combined.

This is because thesc nuts stay put. There’s a
red elastic locking ring in the top which grips
the bolt with an oil- and water-proof seal and
eliminates all axial play and wobbling.

When the war’s won, the millions of Elastic Stop
Nuts we’re pouring out each day can be turned
to the fastening problems of peace.

They can be turned to producing better products

; TH EY!RE THE N UTS FOR and equipment that will save time and expense

for maintenance engineers.

P o S TWA R P LA N N | N G Whatever your fastening problems might be, our

engineers, experienced in the work of both war
and peace, will be glad to help cope with themu:

IT’S true that now we can’t supply all the Elastic ik

Stop Nuts Uncle Sam wants — even with three Feel free to call upon them. They’ll work witlr

big plants running 24 hours a day. vou and suggest the proper Elastic Stop Nut to
lick the job.

It’s true that Elastic Stop Nuts are flying in every
American plane — sometimes 50,000 of them in
a single ship.

LOCKED on bolt SEALED of
by the action top to protect
of the gripping working threads

" red collar from corrosion
"HOLDS nut
thread against FITS any stand.-
bolt thread ard bolt. Made
— preVenfs T - . in all sizes
axial play and types

ELASTIC STOP NUIS

Lock fast to make thirngs last

75

ELASTIC STOP NUT CORPORATION OF AMERICA

Union, New Jersey and Lincoln, Nebraska

—
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SO

" serving the armed
United Nations.

wlae

5

POWER TUBES

3 4

ROGERS RADIO TUBES LIMITED ° TORONTO, CANADA

1-1-43
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400 CYCLE
HRONOUS MOTOR

SYNC

FOR SUCCESSFUL PERFORMANCE
IN “BIG LEAGUE” AVIATION. ..

When the situation calls Unique research, engineer-
for something special in con- ing, tool making and pro-
trol devices . . . whether it duction skills combine, not

be a tiny 400 cycle induction only to build control devices
We were asked to develop @ small sym-

or synchronous motor, a that fulfill the most exacting chronous mofor with.3 inch-ounce polf

e ) : in forque. Size, weight and cold test
miniature DC control gen requirements, but also to ehi st Dl i iy
erator, a special selector build special purpose devices fime, we were in production with the
] ) . . . above motor which develops .6 inch-
switch, a vibration proof for which no specifications ounce pull in forque and carries these
. . . specifications: 1i5 volts; 400 cles;
relay, or any other electric, exist. Our list of customers 3 phase; weight 1415 oz.; len g’h;',%,:
3 o . . 3/
electronic or mechanical con- . . . the most exacting in diameter 154 *.
trol device . . . EASTERN government, aviation and
AIR DEVICES, INC,, manufacturing . . . at-

candesign and build it. test to these skills.

EASTERN AIR DEVICES, INC.

314 DEAN STREET « BROOKLYN, N. Y.
An Afliliote of THE FRED GOAT CO. INC., Special Machinery Specialists Since 1893
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MOLDED IN BAKELIT

19 years ago, Micamold developed the first mica cupaciio
molded in bakelite. From this start grew many developments
resulting in the large variety of useful types and specifica-
tions available today. From the exclusive type “Q capacitor
(smallest made) to the big buakelite enclosed transmitting
mica capacitors, we provide units in many sizes and shapes
. « » each one built 1o eritical standards. Micamold was first
and Micamold still is first.

Greatly expanded facilities permit the handling of large
production schedules with reasonable promptness.
We invite your inquiry.

REMEMBER . . . there's a Micamold Capacitor for every
Communications and Electronic Application.

Receiving and Transmitting Mica Capacitors
Molded Paper Capacitors * Oil Impregnated Capacitors
Dry Electrolytic Capacitors * Molded Wire Wound Resistors

MICAMOI-D RADIO CORPORATIO" 1087 FLUSHING AVE. B'KLYN 6, N.Y.
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" PAINSTAKING
WORKMANSHIP
' PUTS THE PLUS IN

- ;Mc(f/PERFORMAch

Communications engineers re-

Ry

1 e
¢ ,.-‘...,h L.__{ﬁ e 5o el

spect TEMCO equipment for the bonus of extra

performance it delivers. To us it is never sufficient
8 that a TEMCO unit function “adequately”. It must
~ render the utmost in trouble-free performance . . .
even under adverse conditions. It is a proud tradi-
‘tion that TEMCO transmitting equipment be built the
hard way—with a greater investment in time, mate-

rials, patience and hand-craft skill.

. TRANSMITTER EQUIPMENT MFG. CO.

i N CRORRIPO R-A-T-F'D
345 Hudson Street, New York, N. Y.

ELECTRONICS — August 1943
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Reor View of TEMCO Model 4-A studio
speech input ossembly. Note gener-
ous amount of dust cover protection.. .



Zuestion every fastening joh

...at the

DRAFTING BOARD !

...at the
PRODUCTION LINE!

g 5 PO s
L

N oh ey

GCENERAL RADIO COMPANY design engineers saved

a lot of production work and money by giving a little extra

thought to fastening methods. They might have written the
common specification — “machine screws in threaded brass
inserts” — to fasten the metal dial to the Bakelite knob of
their Variac Transformer. That would have meant extra

expense for inserts ... extra work and time in molding knobs.

But they considered the P-K Self-tapping Screw method,
too ...found that stronger fastenings could be made with
ONE simple operation, without inserts. And they solved the
problem of making fastenings to some knobs that did not

allow room for inserts.

STRUTHERS-DUNN production men considered P-K
Self-tapping Screws as a possible means of simplifying a com-
plicated job of attaching terminals to the Dunco Relay. With
a machine screw, the fastening required 5 operations . . . drill-
ing through the plastic base...drilling a recess in the bot-
tom of the base for the screw head...inserting the screw
from the bottom ... filling the recess with wax . ., and finally,
locking the screw in place.

The job became a cinch, with a special screw that com-
bined a Type “U” Self-tapping Screw on one end and a
standard machine screw on the other end. The screw is sim-
ply driven into a hole drilled into the top of the base...the
Self-tapping Screw threaded section anchoring securely into
the plastic base. One operation instead of five!

Hundreds of Jobs Prove You'Can Save Man-Hours

« « « with Parker-Kalon Self-tapping Screws

These are two of hundreds of products, important to
the war effort, which are being turned out faster, with
a saving of precious man-hours, because the makers
questioned their fastening methods.

“Can it be done with P-K Self-tapping Screws?” . . . is
a question that uncovers opportunities to save time and
labor. It is a wise standard practise at the drafting
board, and on the production line. For a very large
percentage of metal and plastic fastening jobs, these
Screws offer a combination of ease, speed and security
that no other fastening device or method can match.

Call in a P-K Assembly Engineer to check over fas-

o4

tening jobs with you. Whenever he finds a place for a
Self-tapping Screw you can make the fastening in one
easy operation... just drive the Screw into a plain
hole! Without interrupting production, without spe-
cial tools or skilled help, you eliminate tapping and tap
maintenance . . . stop fumbling with bolts and nuts. ..
do away with inserts . . . cut out riveting and welding in
hard-to-get-at-places. Write for a P-K Assembly Engi-
neer, or, send assembly details for recommendations.

Parker-Kalon Corp., 192-194 Varick Street, New York.
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PYRANOL

High-voltage
D-c Service

R 0 g A SRR S S ons Uy
i

Standard Ratings

(5-75 kv)

to choose from

E ILTER problems take a
beating when you install Pyranol* capacitors for
high-voltage d-c service. Here are other useful facts
to remember about Pyranol capacitors:

They can.be mounted in any position.

Reliable performance is ensured by superior ma-
terials and individual testing.

Substantially increased manufacturing facilities
now enable us to make prompt deliveries.

*Pyranol is the G-E trade mark for capacitors and for askarel, the synthetic,
noninflammable liquid used in treating G-E capacitors.

GENERAL

ELECTRONICS — August 1943
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" Custom-Made to Your

‘Requirements

Division of GLOBE-UNION INC., Milwaukee
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eome Insulators . Ceramlc Trlmmers

%..

4

ngh Frequency Circuit Swnches
Sound Projection Controls :
Wire Wound Controls

Ceromlc Capacrfors
oy

Division of GLOBE-UNION INC., Milwaukee
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looked like this?

When most electrical

K b.n"-n éif‘i-onfs

solder was piled on,
hoping for a sound, efficient connection

Pat. Nu. Z,109,537
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electrical connections
look like this!

Whether you are using #29 wire in a
sensitive electronic circuit, or 1000 mcm
cable in a power-circuit, HYLINE con-
nectors (indent type) will improve circuit
efficiency, eliminate circuit troubles due to
faulty connections, lower your connection
costs, and add clean, workmanlike appear-
ance to the circuit.

Increased electrical efficiency is assured
because HYLINE connectors are com-
pactly formed from pure copper in one
piece ... and are permanently attached to
the conductor by the famous Burndy
indent method. The exclusive one-piece
construction of HYLINE connectors elim-
inates any possibility of added resistance
from extra contact surfaces.

High mechanical strength is assured be-
cause indenting with simple Burndy
HYTOOLS permanently locks the con-
nector to the conductor. It's the same
proved Burndy principle which utilities

ELECTRICAL CONNECTO

ELECTRONICS — August 1943

< . L

electricully efficie'nf,a-méchun‘ically‘si'rong, and workmanlike
in appearance with Burndy HYLINE Connectors (indent type)

have used for years in connecting vital
networks!

Lower connection costs are assured be-
cause. Burndy has specially designed
HYTOOLS for rapidly indenting connect-
ors, regardless of the quantities inolved.
There are hand pliers for indenting small
sizes singly or in small quantity; automatic
bench presses for inass- production; and
portable hydraulic or pneumatic presses
for the larger sizes. In many plants, con-
nections are being made in one-tenth the
time, the Burndy indent way!

No matter what your connection prob-
lem, Burndy engineers will gladly assist in
adapting proved HYLINE connectors to
your circuits or products. Simply acquaint
them with your problem, or write today
for the new illustrated HYLINE catalog.
Burndy Engineering Co., Inc., 107 Eastern
Boulevard, New York 54, N. Y.

29
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General Instriment Corporation

c— _ This mlif‘ifs that
=V
has comtrunuted hy logal cHtort mud efficiency, while an emplogee, 6 toiroring
The Arny - Nuby Produdion Afward

for Excellence o War JProduction

Vo Lzﬁz{?

v
=
FERCUTOT V6 PaLagdit

E course, Son. you’ve a right to be proud of your Mom!

SR And Uncle Sam is proud of her, too. He’s proud of all the

mothers, wives, sweethearls—even many a grandma—who have

 donned the uniform of industry and enlisted in the battle ranks
- of war production here at G. 1.

Perhaps your dad is “over there” somewhere—exact where-
abouts a military secret—along with millions of others fighting
on land and sea and in the air. Do you realize, Son, that their
very lives, and, yes, your future happiness and that of other
kids like you all over the world, depend on what this certificate
of merit—the Army-Navy “E”—stands for?

The men and women of General Instrument are deeply ap-
preciative of the honor of the Army-Navy “E” award. They
respect it not only as recognition of a record of high accom-
plishment, but as an inspiration for future achievement in
production for Victory.

* * ¥ #* L3

G. L. is 100% in war production now, but after Victory, as in peacetime
hefore the war, we will concentrate on the volume manufacture of pre-
cision products in the electrical, mechanical and electronic fields for the
betterment of the commercial, industrial and home life of America.

CORPORATION

R

-

NN = o
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NEED HELP? Use Electronic

SHAE "E%|  SIMPLIFY

O P7pCES | VARIABLE-SPEED DRIVE
How tough is your stuff? New G-E vibration ElECTRON’CAllY

motors shake matserials, and with amazing
speed—to discover how much abuse they'll New G-E Thy—m;—trol drive gives you
full, stepless speed control on a single
dial. Operates from a-¢ power. No
gears, clutches, or belts needed to vary
speed. Smooth, shockless acceleration
at maximum permissible rate. No
current peaks on line. Dynamic braking
for quick stops. Holds speed within
plus or minus 29, from no load to full
load at any speed up to basic. Full
torque at low speeds! It pulls and pulls
and pulls. Compact. Easy to install.
Motor is only major moving part. Ask
about CR7507. Bulletin GED-972A.
Standard ratings up to 10 hp. Special
forms and ratings if you need them.

Production Aids

T00

\K\X\“
=~

WS

IN YOUR FACTORY |

Too much noise fatigues workers, cuts
down production. Have you too much
noise in your factory? Find out with a
G-E sound-level meter. Accurately
tells you how much noise and where it’s
coming from. No guesswork. This high-
precision instrument gives quantitative
measure of sound as it affects the
human ear. Small, portable, battery-
operated. Easy to use; requires no

CHIRACKET
NN

e X

take. Compresses years of wear into a few
minutes” test. Vibration frequency. up fo
20,000 per sec. Learn scientifically how
much wear your products will siand.
Several types available. Facts in Bulletin
GEA-4091. Also tells about vibration meters.

Electronically Controlled
special training. Full instructions given.
P T w E L Dl Many companies have purchased sound-
level meter for multitude of purposes.

See Bulletin GEA-3151.

Speeds Production 5 400/0

We know it's good; we use
it ourselves. Spot-welding frames for G-E
switchgear enclosures speeded production 5409,
over riveting; 3759, over bolting.” Saves time,

materials, man power. ARE YOU-RIVETING

Q0 0

(ﬁ o 0 7'
EDUCE

PHOTOELECTRIC RELAYS
IN STOCK!

where you should be SPOT WELDING? Switch Q

now! And to get thle best results {rog spot- I v E Tl N G

welding, use G-E electronic control. G-E en- 2 L. . .

gineers will be glad to help you with any con- ©) , E J E c T s Q@ Limited quantity of high-speed relays

(CR7505N100). More than 450 operations
a minute. Operates on light-intensity change
of % foot-candle. Time delay up to ! second
for holding relay closed after light impulse,
which may be as short as .001 second. Ex-
cellent for simple register-control jobs.
Automatic seal-in circuit if desired. Relay
contacts handle up to 10 amp at 230 volts.
Operates on 115 or 230 volts, a-c; 50/60
cycles. Power consumption, 30 watts. Many
special features.

trol problem. Write to your G-E office or to
Electronic Control Section, General Electric | |

Company, Schenectady, N. Y. J

SYNCHRONOUS MOTOR
USERS... Have you heard about the

new G-E electronic synchronous-motor ex-
citer? Can be used in place of rotating
exciters to save space, materials. Takes
standard a-c power and electronically gives
you steady, easily controlled d-c. Quiet.
Dependable. Low-current control circuit for

\

@

Q /
If exact timing would improve your rivet-
_ing results, install G-E electronic timers.
They take the guesswork out of timing.
One Detroit manufacturer found they cut
rejects for new operators—improved re-

sults for old operators. They use simple
circuit, yet provide exact timing. Several

----------------—-1

easy automatic control if desired. Small,
single control, like radio volume control,
adjusts voltage. Ties in with standard syn-
chronous-motor controls. Uses long-life G-E
phanotron rectifier tubes. Any G-E office
can quote. Ask about CR7501-B.

ratings available, covering time ranges
from 1/20 second to two minutes. Good
for millions of operations. Low cost.
Sturdy. Knob on front for easy adjust-
ment. Many other applications, too.

When planning new machines, processes, buildings—

LOOK TO ELECTRONICS

Electronic production aids, like these on this
3 page, offer real opportunities for improve-
ments and economies. Come to General Elec-

(L

tric for electronic answers to your problems.
General Electric, Electronic Control Section,
Schenectady, N. Y.

Spead foducZion

GENERAL &) ELECTRIC

ELECTRONICS — August 1943

FREE!

A book of examples of
electronic production

aids. No. GEA-3891

General Electric, Sec. C 676-101
Schenectady, N. Y.

In addition to “Practical Electronic Ways,”
Bulletin GEA-3891, please send me the
bulletins checked.

[OGEA-4091—Vibration motors and meters
OGED-972A—Thy-mo-trol drive (elec-

tronic motor control)

OGEA-1755E—Photoelectric relays
OGEA-2791C—Electronic controi for re-
sistance welding

OGEA-3151—Electronic sound-level meter

Company ... .
Address.

8930

6l



Flying blind...but not d

MAKERS OF THE FINEST

62

IGH over obscuring clouds, through the
H murk of fog and the black of night, the
“blind” pilot speeds to his mission . . . and
returns . . . almost completely dependent upon
what he hears through his headphones. A
tremendous responsibility for any piece of
equipment.

Making headphones to the exacting standards
of the Army and Navy Air Force is one of the
wartime tasks of Rola. A pioneer in Radio and
later in Electronics, the technical knowledge

and the manufacturing skill of this seasoned
organization now is devoted exclusively to
giving our Fighters in the Air the best, most
effective equipment of any in the world.
THE ROLA COMPANY, INC,, 2530 Superior
Avenue, Cleveland, Ohio.
y v 7

In addition to complete headsets, Rola manufactures
transformers and coils of all kinds for aerial communi-
cations. If your problem involves Electronics . . . and is

important to the war effort . . . why not discuss it with
a Rola engineer,

IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT

August 1943 — ELECTRONICS
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CA TYBES!

TYPE MECHANICAL DATA

Max. overall length. . . ... 314"

Bulb ........ .. ... .. .. T-9

Caps (2): Skirted miniature

Base: Intermediate shell octal
8-pin

Mounts in any position

2022

AMPLIFIER
TRIODE

ELECTRICAL DATA APPLICATION DATA

Heater volts. . ........ 6.3 AC or DC

Heater amps . ... ... ... ... ... 0.3 Designed for special high-fre-
Max. plate volts. ... ... . .. .. 300 quency applications including
Plate dissipation........ .. 3.3 walts transmitler service. Approx.
Plate milliamps. ... ... .. .. . ... 11 resonant frequency of grid-
Mu...... 20 Rp... .. 6600 ohms cathode circuit is 335 mega-

Transconductance. . .3000 micromhos cycles.

BAGS -

Base: Miniature button 7-pin

MINIATURE Mounts in any position

R-F AMPLIFIER

Heater volts. . .. ...... 6.3 AC or DC Sharp-cut-off type designed for
Heater AMPS Gr sz 3wl o b dwdtaisa 0.3 compact, ligh[.“'eight cquip_
Max. plate volts. .. ....... ... 300 ment as an r-f amp]iﬁer, and
Plale dissipation ............ 2 watts as a high.frequency interme-

Transconductance. . .5000 micromhos diate amplifier.

MINIATURE Max. overall length. ... .. 218"

Bulb .............. ... T-5Y%

TWIN Base: Miniature button 7-pin
TRIODE Mounts in any position

Heater volts. ........ 6.3 AC or DC
]I;IIeater]aet?}‘),i.lt.s """""""" Olgg Designed for either push-pull
ax. plate volts ... .. ... .. o .
Max. Ir))late dissipation. 1.5 watts* .Of parallel operation up NG00
AL lat “ e 15* ‘megacycles. With push-pull
‘Clax' pCa (: {n:r 1arlnps. o ‘grid circuit and plates in paral-
zstsl" lete.,,roap 1 service: 35 lel, the 6]J6 makes a good mixer
D VOls: D urput watltls """ 0 3’5 at frequencies up to 600 mega-
g walls . .. i cycles. Also useful as an oscil-
Cathode is common to both triodes. ]a};or.

*Each triode

N\
NN

5 R 4'G Y \ ‘& /D)L Max. overall length. . .5.5/16”

A Bulb ... ... .. ... ST-16

FULL-WAVE 4 Base: Medium shell octal 5-
HIGH-VACUUM \ pin, Micanol

RECTIFIER bl < Mounts vertically, or mounts

horizontally with pins 1 and
4 in vertical plane.

Filament volts. ................. 5.0
Filament amps ...... .......... 2.0
Max. peak inverse volts

(No-load conditions) . ....... 2800
Peak plate milliamps per plate. . .650
Max. DC output amps ... ... ... 0.25

at 2400 peak inverse volts.

RCA ELECTRON TUBES

(RCA Victor Division)

ICTORY]
- BUY

STATES

‘Camden, N. J.

www.americanradiohistorv com

BY| RADIO CORPORATION OF AMERICA

RCA Commercial Eng. Section
Radio Corp. of Ameriea

448 So. Fifth St., Harrison, N. J.
Gentlemen

Please send me your handy 16-page booklet (Form 1275B)
which shows ‘‘Characteristics and Socket Connections of
RCA Receiving and Allied Special Tubes” in easy-to-read
tabular form.

r-ﬁm-m-
2
Q
3
o
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“Devise scouts that will travel

186,284 miles per second—
pierce fog, gloom, and clouds—
and report accurately the loca-
tion of our enemies.” Such, in
effect, was a pre-war assign-
ment given to those associated
with ultra high frequency radio.
Among the concerns honored
by this task that culminated
in RADAR, was the American
Transformer Company.

We have every reason to be-
lieve that we fulfilled this assign-
ment capably, because Amer-
Tran equipment was not only

MANUFACTURING SINCE

accepted under the original spee-
ifications, but has been retained
as improvements have been ac-
complished progressively.

Our work in RADAR has been
a source of gratification to us as
our contribution to an epoch-
making development in the field
of electronics.

W

AMERICAN
TRANSFORMER COMPANY

178 EMMET STREET, NEWARK, N. J.

190 AT NEWARK, N,
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CRYSTALS IN THE MAKING

-

... AS DIAGRAMMED BY CRYSTAL PRODUGCTS

Major

Aper Face

Minor
Apex Face

- Minor Face

Major Face

C r ystallo‘graplli ic

xes

Striations
_ (0] of
Growth Lines

Alter being expertly inspected for impurities and the
direction of cut determined . . . cach of these pains-
taking operations must be absdutcly accurate . . . the
crvstal 1s mounted for sawing. For precision crystals
the mother is mounted with thc"optic axis running

parallel to the plate and the electric axis perpendicylar

Buﬂ

to 1t. This operation can become ckcccdin_gly difficult
with a lack of an apex and well-defined faces.

When neither faces nor apex are present, the axis
must be located by another method before it can be
mounted for cutting. ' 4

Precision cutting is an all important factor in the
production of crystals for radio frequency control.

G stne

PRODUCTS COMPANY

1519 McCEE STREET, KANSAS CITY, MO.

Producers of Approved Precision Crystals for Radio Frequency Control

A
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20 Yearnd’ Expercence. ..
ENGINEERING AND MANUFACTURING INSULATORS FOR /<adlce Jebes

STUPAKOFF ceramics were used as heater in-
sulators in the first A. C. radio tube. In the years
following we have been directly associated ‘with
practically every change and improvement and
have developed many materials which have con-
tributed to the progress of the radio tube industry.

Insulators vary in specifications, depending
upon their application. We have the experience
necessary to prescribe the correct material for a
given application and the manufacturing facilities
to produce extremely large quantities of precision
made ceramic insulators to your specifications.

‘“for great
achievement”’

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. |

66 August 1943 — ELECTRONICS
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THE FORMULA FOR A BETTER PRODUCT

m
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Cornell-Dubilier Capacitors

In chemistry, the key to the qualities of a
compound lie in the molecular structure of

its components. In radio, too, the formula

for a better product is in the quality of the

components used. That is why many of the leading manufac.-

turers of radio equipment specify C-D Capacitors. These
manufacturers know and recognize the importance of reliable
capacitors. You. too, can insure the dependable performance
of your equipment by specifying C-D capacitors for your manu-
facturing requirements. Our engineers will be glad to cooper-
ate with you on applications inyolving the use of capacitors.

Cornell Dubsilier Electric Corporation, South Plainfield, N. J.

Moulded Mica Transmitter Capacitors y

Used in power amplifiers and low-power transmitters princi-
pally for r.f. by-passing, grid and plate blocking applications,
the Cornell-Dubsilier Type 9 Moulded Mica Capacitor offers
these features — typical of all C:D Molded Mica Capacitors:

Maoanar oo ot

Special C-D impregnation process, resulting in a capacitor of

extreme stability and-high insulation resistance. These capaci-
tors are unaffected by variations in temperature and humidity

conditions.

Careful selection of gauged mica, providing a unit of higher

breakdown voltage and low power-factor.

y No magnetic materials used in construction, reducing losses

at all frequencies.

Moulded in Bakelite, producing a mechanically-strong well-

insulated capacitor of increased moisture resistance.

Short, heavy terminals result in reduced r.f. and contact

resistance

These capacitors as well as. others in
the complete C-D line are described
in Catalog 160T. Free on request.

Bradliobict LLcom

e @& @
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Your boat will have a ’'phone!

the war...

. the two-way radiotelephone will be
employed by American industry as a con-
venience, a safeguard and a business require-
ment. This modern method of communica-
tion has many proven applicgsions in the
following ficlds: -

Aviation Railroading
Marine Public Uulities
Police, Patro! Fire Fighting
Trucking Engineering
Mining
If you think you may be able to employ two-
way radiotelephone communication in your
field, we would be pleased to discuss your
problem without cost or obligation. We
have nothing to sell since our entire output
has been placed at the disposal of the United
Nations all over the world!

L ]
Requests for information and literature from re-
sponsible parties may be addressed to Jefferson-
Travis Radio Manufacturing Corporation, 380
Second Avenue, New York.

ES, sir—when peace comes any water-faring craft
from an ocean liner to a runabout can have two-way
radiotelephone equipment for the pleasure, convenience
and safety that it spells. The amazing wartime develop-
ment of this unusual form of communication gives definite
promise it will be used in scores of ways in the social and
industrial life of the nation after the war.

As pioneers in the field of two-way radiotelephone
equipment it gives us satisfaction to know that our entire
output is effectively serving the United Nations in every
sphere of conflict and hastening the day when Jefferson-
Travis again will be making this equipment for you and
your peacetime purposes in Tomorrow’s World!

JEFFERSON-TRAVIS

RADIOTELEPHONE EQUIPMENT 7
NEW YORK . WASHINGTON .. BOSTON
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To possess fixed insulation value, a die-
lectric should remain chemically stable.
Electro-chemical oxidation can affect
efficiency and operation of electrical cir-
cuits when insulation coils are not
resistant to changing climatic conditions.
The corrosion induced may progress to
the point where the copper wire wind-

ings break.

Lumarith foil (or molded Lumarith) is
chemically inert. In bobbins, coils and
other applications, it forms a vital bar-
rier 1o copper wire corrosion. The dielec-

ELECTRONICS — August 1943

tric strength of Lumarith is high—its
operational life, long.

The possibilities of Lumarith in the
electrical field are limitless. If you have a
problem involving insulation or protec-
tion of equipment, make use of the
Celanese Celluloid Corporation’s re-
search department. It is prepared to offer
you suggestions and advice.

Celanese Celluloid Corporation, The
First Name in Plastics, a division of
Celanese Corporation of America, 180

Madison Avenue, New York City 16.

ELANESE* PLASTIC

*Trade Marks Reg. U. S. Pat. Off.
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BUT OUR FEET ARE

Here at Tung-Sol we are doing a lot of looking ahead
to the wonderful new post-war world. We see new com-
forts and pleasures in the home . . . improved manufac-
turing methods in industry . . . great advancements in
medicine and in communications . . . all brought about
by the science of electronics.

But our feet are on the ground. We know that most
of the future benefits to be derived from electronics
will result from the improvement of devices and

ON THE GROUND

equipment already in existence, and we are doing
some very realistic work and planning to bring about
these changes.

When the war is won we will have ready a greater vastly
improved line of Tung-Sol tubes for transmission, recep-
tion and amplification. Our staff of research engineers,
with theit knowledge of war-time advancements in elec-
tronics, will be available to help you make your post-war
products better.

B

TUNG-SOL LAMP WORKS INC., NEWARK, N. J., Sales Offices: ATLANTA, CHICAGO, DALLAS, DENVER, DETROIT, LOS ANGELES, NEW YORK
ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS AND THERMAL SWITCHES

70
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NEWS!

Inevery theaterof the war, Hunter
Springs are helping to ‘‘put the
bite’’ on our enemies. Designers
of equipment for our armed forces
have welcomed the curves, charts
and helpful information con-
tained in our new book, ‘‘Science
in Springs’. A request on your
business letterhead will bring
your copy promptly.

DOG BITES DOG

ELECTRONICS — August 1943

Ky
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"‘r_ 7SIMPLE FORMULA. But look
e/ over the testing equipment needed
to see whether the spring will obey that
formula!

We had to find out how plungers, con-
trolled by small precision springs, be-
haved under centrifugal forces imparted
by a spinning head.

The head, mounted on the end of a
shaft projecting frown the panel, is whirled
at predetermined speeds corresponding
to design calculations.

r N2

T | 1 9

Motion of the head with its springs
and plungers is optically “stopped’ by
a neon strohoscope. The exaet position
of the plungers is simultancously pic-
tured on the screen of a cathode ray
oscillograph, using voltages produced by
changes in the flux density of a magnetic
circuit. Fact finding of this kind requires
design and research experience not often
found on a springmaker’s doorstep . . .
another reason vou gain by reiying on

“Secience in Springs” at Hunter.

WE'RE READY TO HELP YOU NOW—Because of recent expansion, we have the capacity for designing

and manufacturing additional springs now. If your job is war-essential, get in fouch with us at once.
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American Phillips Hard-
ened Self-Tapping Sheet
Metal Screws are made
in Type A (GimletPoint)
shown, Type Z (Blunt
Point), and Type C (Ta-
pered Point).

“Who says a
War Job is Tiring ?§

... WHEN IT’S SO EASY
TO DO GOOD WORK!”’

Fatigue is the Chief Absentee where Assemblies
are made with AMERICAN PHILLIPS SCREWS

War jobs are noz tiring when assembly work is done with automatically straight-
driven American Phllhps Screws. Even inexperienced hands catch on quickly to the
simple routine of aiming and driving with one hand, while the other hand braces
the work. No nerve-strain . . . because there’s no chance of fumbling starts and
wobbly, crooked driving . . . hence no undue weariness that slows production. In-
stead, always the stimulating incentive of work well done. .. because the non-slip
connection between the 4-winged driver and the tapered recess of the American
Phillips screw-head means that operators literally can’t miss. Hour after hour, each
American Phillips fastening duplicates all others, with a screw-head that sets up
tight and plumb-level. No burred or broken heads, no gouged work-surfaces.

That's why women who drive American Phillips Screws can outwork men who
drive slotted screws . . . by 50% or more. And that's why plants that tried American
Phillips Screws continue to use them. You can bank on American for all types and
sizes of Phillips Screws . . . every order piece-inspected for conformance to American
standards of quality. Let American help yoz to “put the screws on the Axis”—faster,

AMERICAN SCREW COMPANY

PROVIDENCE, RHODE ISLAND
Chicago: 589 E. Illinois Street  Detroit: 5-267 General Motors Building

m\\\\\\\\
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American Phillips Driver and Screw
form a single, straight-line driving
unit...and stay that way until screw
is completely driven in,

American Phlllnps Hardened Self-
Tapping Sheet Metal Screw sets up
tight and straight in drilled or clean-
punched holes.

August 1943 — ELECTRONICS




"C rorecTRONG

'ﬁe" , hav

npany to develop and manufac-
st in vacuum products for elec-
applications . . . . %

1 no prejudices, no
lousies, no anti-
ated equipment or
nethods to hinder their
reative and produc-
 tive abilities.

GENERAL
ELECTRONICS
, INC.

Steclalists tn Engineering and Manufactuning Yacuum Products for Electronte A pplications
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OUT OF TODAY'S RESEARCH * +  TOMORROW 1S ENGINEERED!

AMAVW ameri 0




/P

G)A STANT PIONEERING . . . the unceasing search beyond
present horizons for a Befter Way . . . this is the responsibility of Leadership.

As man reaches for the stars, through the science of electricity . . . the miracles .
of Radio and Television . . . the amazing new world of Electronics, we at American
Lava Corporation have paced each new achievement with insulation engineered to the
new requirements. 3

When war came upon us with its demands for tremendously expainded produc-
tion . . . its requirements for higher performance in Communications . . . we were
ready with the KNOW HOW gained from 40 }’L’,l/'.f’ experience in pioneering, de-
veloping and perfecting steatite ceramic insulation.

Our research and engiieering .ff({ﬂ.f wil/ g/(u//_y cooperate oi fO(/(l) 5 blue print

. . . tomorrow’s /)rodm‘fz'oz/.

AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

here stability is an important e l:lla m @
quirement, ALSiMag Steatite ' 144DE MARR TEGISTEREOY, SRR

ramics are unsurpassed for lend-

g rigidity and permanence of

ignment to electronic circuits, INSU LATORS

CHARACTERISTICS THILORED TO YOUR REQUIREMENTS
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INCHES AWAY-YET MILES APART
Lonked 4

Pilot and crew, separated by deafening flak and

~Orp CD-874

engine throb, explosions and noisy ack-ack
fire, are linked together completely

by interphone communication equipment.
Where split-second timing depends on perfect
intra-plane communication, Trav-Ler Karenola
equipment fights right along with front-line
American Air Forces. . . relaying orders

and messages to every man aloft with
maximum clarity and dependability . . . forging
a link that strengthens the fighting airship.

L J—
o,
«“"‘;m
W* o

. THAVLEE KARENOLA

1030 WEST VAN BUREN STREET « CHICAGO 7, ILLINOIS %

MANUFACTURERS OF QUALITY RADIO AND COMMUNICATION EQUIPMENT
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NOW IT CAN BE DONE!

Patents Pending
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@ The Rosian One-Piece Molded-in Insert not
only may be removed without disturbing the
parent material, but it leaves a threaded,
counterbored and serrated hole into which a Rosan
standard Rosan Threaded Insert may be
screwed and locked by the regular process of
the Rosan Locking System.

S/l

|

The principle ¢f the Rosan Locking System, which
furnishes this solution to fastening problems, is very
simple and ingenious. On the standard Rosan Insert,
there is a serrated collar. The Rosan Locking Ring,
which is serrated both inside and out, engages its
inner teeth with the serrations on the collar while its
outer teeth, or splines, broach their way into the
parent material at the wall of the counterbore. The
pressure of the surrounding material causes the Lock-
ing Ring to close in upon the collar enough to elimi-
nate all tolerance and make a permanent, solid
installation. The diagrams at the right show the
method of removing the Rosan One-Piece Molded-in
Insert and replacing it with a Rosan standard unit.

There is also the Rosan Molded-in Stud which is
locked in the material, but replaceable like the Insert.

\

=y
:‘:‘7;‘/?#"/‘ i
=i
Sl
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Manufacturers are invited to submit their fastening problems oS

to our Engineering Department. No obligation. Write for full
information and descriptive literature.

R BARDWELL & McALISTER, INC.
OIA M d 7636 Santa Monica Boulevard, Hollywood 28, California
LOCKING SYSTEM

e B s e : 7
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For example, take this hermetically-sealed
unit designed by the N-Y.-T Sample Depart-
ment. While it weighs only five ounces and
measures but 1%" in diameter by 13" high,
it is both immersion proot and shock-proof.
The moisture pouring off an icy transformer,
which has just dived from a sub-zero temper-
ature in the stratosphere to a tew thousand
feet above a steaming tropical zone, may

%

26 WAVERLY PLACE

~ Small, compact and lightweight

-y AGHY

(A4 /
’

well be imagined. Protection must be assured
in all phases of modern warfare; equally
important to functional efficiency and accu-
racy are size and weight,

This is but one of the innumerable solutions
for vital Army, Navy and Air Corps require-
ments achieved by N-Y-T. Unceasing research
and testing are embodied in every trans-
former problem by our engineers.

NEW YORK TRANSFORMER COMPANY

e e D TR N WY St

NEW YORK, N. V.
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Many men with a sound background
in radio are ]ooking forward to tele-
vision as the next great industry to

present outstandmg opportunities.

Television techniques have ad-
vanced a long way since modern elec-
tronic television was demonstrated in
the then small Farnsworth laboratory
17 vearsago. Farnsworth’s original Dis-

sector Tube, cathode ray tubes, circuits,

synchronizing devices —all the orig-
inal equipment — have been perfected.
Electronic television has grown up . . .
at war’s end, television is confidently
expected to rapidly become a major

influence in the world.

Ever since Farnsworth experiments
created electronic television, our re-
scarch has stressed both clectronic

tubes and circuits, for the correlated

WWwW americanradiohistorv. com

clevclopment of both proves more fruit-

ful of results.

Our primary interest has always
been television and allied electronic
development. Farnsworth, pioneer of
electronic television, continues in this
field during wartime. Our current pro-
duction is entirely military, of course.
But after Victory, we'll be ready to help

you with your television problems.

® Farnsworth Television & Radio
Corporation, Fort Wayne, Indiana.
Manufacturers of Radio and Televi-
sion Transmitters and Receivers;
Aircraft Radio Equipment; the Farns-
worth Dissector Tube; the Capehart,
the Capehart-Panamuse, and the
Farnsworth Phonograph-Radios.
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Management

—Heart of America’s Industrial Progress

In Peace and War, Management Men and Methods Steer
Production on a Steady U pward Course

HEN the Allied armada of 2,000 ships, protected by a vast

umbrella of planes, struck the coast of Sicily, Axis leaders
once more had reason to wonder how “that decadent, pleasure-
loving America” had swung from the manufacture of automobiles,
refrigerators and costume jewelry to equipments of war, and had
out-produced such mighty plants as the Krupp, the Fiat and the
Skoda works — and had done it so quickly.

America at war is in the lead just as it has led a world at
peace. Super-performing planes are taking to the air at the present
rate of nearly 100,000 per year. Ships, to carry the war to our
enemies, slide down the ways at the rate of two a day. Tanks,
trucks, guns, ammunition are pouring out of our “peace” plants
in far greater volume than the entire Axis effort can possibly
equal. War expenditures in 1943 alone will reach the staggering
figure of approximately $83,000,000,000 — an amount equal to
our entire national income for 1929. Added to this is the rock-
bottom output of essential civilian goods—a very considerable
item.

This unprecedented production is taking place while some
9,000,000 men and women, those physically best equipped, have
been called to the armed forces. Many of them were taken from
industry, and their loss could be repaired only by more efficient
cquipment and more effective methods. g

Rigorous training programs had to be superimposed upon
many other abnormal problems facing industry in its high-specd
conversion from stoves to boats; from printing machines to guns;
from automobiles to airplane engines; from fishing tackle to
bomb sights.

This phenomenal task was further complicated by the nced
for rapid expansion. A modest machine tool industry had to be
expanded to handle a volume many times its normal capacity.
Steel production had to be increased by 20%, and that of alumi-
num and magnesium multiplied over and over. From almost nil,
the demand for high octane gasoline soared to unbelievable quan-
tities. The creation of synthetic rubber and electronic industries
was necessary almost overnight.

Who deserves credit for these accomplishments? All industry!
The engincers, chemists, designers, skilled workers, common
laborers. But over and above all it belongs to management.

In industry it is mandatory to have a directive force to co-
ordinate the cfforts of men in the use of materials and the
application of power toward the production of goods and services.
The application of this directive force is the function of manage-
ment, and only because we had today’s kind of management were
we able to transform oursclves, almost overnight, from a peace-
loving nation to the world’s greatest producer of implements of
war. As a nation, we had been preparing for a long time to play
our part in world affairs. ‘This preparation, certainly not planned
for today’s objectives but none the less effective, began some four
decades ago.

With the advent of the twenticth century, the character of
industry m the United States, and, thercfore, the character of
American living, began to change. Scientific management was
born. Frederick W. laylor brought into focus and showed how
to use effectively those processes and procedures upon which our
present-day mass production is based. e was followed by Ilar
rington Emerson, who made the mdustrial world acquainted
with efficiency in manufacture and the remarkable progress to be
gained therefrom in the field of production, with its consequent
price reductions and wider distribution of industry’s products.
There followed, in industry, an alert management, a capable
management, a management with vision. Without it, the work
of Taylor and Emerson would have gone for naught.

It is because of this carly work of management — and the ex-
traordinary - developments it produced — that the country as a
whole, and particularly those emploved in industrv, were not
over-awed by the seemingly impossible job of quick conversion
to all-out war production. But let us look back four decades and
examine some of those preparatory accomplishments which have
proven so vital to the progress and welfare of the nation.

From 1900 to 1939 (the last pre-war year), total employment
of all kinds increased 52 per cent; in the manufacturing mdustrics
alone the increase was 8+ per cent. The nation became definitely
industrial.

In 1900 the average wage carner was able to spend only 20.2
per cent of his income for things other than nccessities; in 1930
his buying power for non-cssentials had increased to 3+4.8 per
cent. The average man acquired confidence in what industry
could do.

In 1900 the average work week was 56 hours; in 1930 it was
48 hours. The burden of production was being transferred from
man to machine.

In 1939 the United States possessed 30 per cent of the world’s
railroads, 72 per cent of its automobiles, 49 per cent of its tele-
phones. The nation’s production equipment had grown to for-
midable proportions.

In 1939 ncarly half of the families in the United States owned
their own homes, 64 million individuals carried life imsurance
policics and 45 million had savings accounts. National income
had increased 300 per cent from 1900 and during the same
period the proportion of national income paid out in salarics and
wages increased from 58 to 70 per cent. And in less than this
period (1914-1939) the purchasing power of the wage rate in-
creased by 60 per cent. There had been evolved the kind of
living for which men will work — and fight.

Since 1900, factorics increased their output of goods from
$11,000,000,000 to $60,000,000,000 in 1939. This increase of
nearly 450 per cent was accomplished while the country’s pop-
ulation rose only 60 per cent. In this same span of years, tech-
nological developments and improvements in methods had

-



increased the value added by manufacture per wage earner by
200 per cent, and the horsepower per factory worker had been
multiplied by 2%2. The nation’s production plant was ready to
assume its gigantic wartime job.

During this period of industrial and national evolution, manage-
ment itself had changed. Prior to the advent of scientific manage-
ment, our goods and services were the product of several kinds of
directive activities, varying from the strictly paternalistic to the
ruthless. There was little conception of the responsibility that
industry now broadly acknowledges — the responsibility of trustee-
ship in the interest of stockholders, employees and the public —
specihcally; in the interest of our national economy — generally.
Acceptance of this stewardship is acceptance, also, of the belief
that, in the long run, no industry, and no unit of industry, that
does not serve society can live.

Have the actions of management caused the times to change?
Or has an alert management been
successful only because it has

our actual output of $97,000,000,000 worth of goods and services
m 1940 when gamful employment was 46,000,000,

These future jobs will be done if industry’s management is not
too much hampered by government management. Management
m industry performs its function in the held of doing things.
Management in government performs its function in the field of
regulating things. The best cooperation of the two kinds of man-
agement will be necessary in the postwar period. Certainly, too
much of the regulatory kind will interfere seriously with the kind
that does things. )

Industnal management must improve, too. If it is too selfish,
if it does not recognize definitely the trusteeship inherent in its
job, if it does not understand and live up to its social responsi-
bilities, then it will be risking all for which we are fighting. The
following suggestions are made to indicate the direction that
management’s self-improvement can take.

Evolution in management has
been too slow in some respects.

changed with the times? Certain-
ly, the industrial concern of 1900
would not thrive under the con-
ditions of today. Just as certainly
the new things that industry has
in store for a waiting postwar
world will have a far-reaching
effect upon the times.
Management today seldom
owns the factory or the business
it manages. It is hired to perform
the coordinating, directive func-
tions. It is free to change — of
itself, or with the times. Man-
agement therefore exercises its
power through leadership in exe-

Thisis the fourteenth of a series of edito-
rials appearing monthly in all McGrauw-
Hill publications, reaching more than
one and one-half million readers. They
are dedicated to the purpose of telling
the part that each industry is playing in
the war effort and of informing the pub-
lic on the magnificent war-production ac-
complishments of America’s industries.

Management in industry has been
too prone to see the advantages
in technological development
while being blind to its evils.
Looking at industry and social
Pprogress as a whole, there can be
no doubt as to the value of tech-
nological improvement. It creates
jobs. It elevates the standard of
living. But that economic fact is
of no satisfaction to the individual
who loses his job because a new
machine or a new method re-
quired ong less man. By and large,
this i1s an evil that management
can do something about.

cuting ideas . . . not through
ownership.

Good management can be sustained only in an environment
sympathetic to its aims. It has an undeniable obligation to society,
because it must be a compatible part of the social structure or be
rejected by that structure as a whole.

An environment sympathetic to its aims means, also, that in-
dustry, in the very serious reconstruction period ahead, will not
be at full effectiveness if it is subjected to attacks by government
no matter what the uuderlying reasons may be - over-zealous
devotion to a cause, lack of understanding or just plain politics.
It was to industry — to industrial management — that the govern-
ment turned when our existence as a free nation was threatened;
it is to industrial management that government must turn in
order to win the peace.

This statement is made in the sincere conviction that what
has made America strong is industry’s ability to produce con-
sistently more and more goods and services for more and more
people. It is only by actually creating them that we built up our
stockpiles of the necessities of life. And it is only by creating
them that we can have more of those things that make life
worth while. These become available to more people as industry
succeeds in getting greater output of goods and services for a given
input of human energy, materials and power.

And what of the physical jobs ahead? In this country alone,
there will be an immense demand upon industry to supply the
things people have been unable to purchase during the war.
Today the nation is wearing out not only its automobiles, re-
frigerators, vacuum cleaners and radios, but its very houses, its
roads, railroads, and airline equipment. It is saving its money
while whetting its appetite. Truly, the calls the American people
will make upon industry in the postwar period will be many
and insistent.

This demand can be viewed in another light. Economists say
there will be 56,000,000 persons seeking gainful employment
after the war. The Committee for Economic Development has
estimated that $140,000,000,000 worth of goods and services
will be required each year for those people. Compare that with

Management has been too

careless of its opportunities with

regard to labor. On that account the pendulum of social readjust-

ment has swung too far. Labor has been given extensive privilege
without corresponding responsibility.

Industrial management has been too slow to abandon its policy
of letting the buyer beware. As a result of this, industry today
1s over-regulated.

Management has been too slow in recognizing its responsibility
to promote the economic philosophy that a society cannot have
for consumption what it does not produce. A companion edu-
cational item too long neglected is management’s obligation in
the field of public relations.

In these years since 1900, industrial management has been
growing. Perhaps many of its experiences have been but growing
pains. Management has learned, among other things, the abso-
lutely vital need for capital at the right time and in the right
amount. It has learned to use some of its earnings as “seed-
money” in the introduction of new products and the use of new
processes. It has learned to invest more and more in research.
It has learned of the interdependence of industry and agriculture,
And it has learned much about the eternal triangle of industry,
labor and government.

With such a history and such experiences behind it, I have
every faith that management is going ahead to even more glorious
accomplishments in the winning of the war, and 1 believe that
its peacetime accomplishments to come are beyond the predic-
tion of any of us — even management itself.

President, McGraw-Hill Pyblishing Company, Inc.
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two were suitable for their hard use.
Both of those were manufactured
Lot lfor radio amateurs, “hams.” Tay-
e llor and Page give the anonymous
thousands of old-time hams g;eat
il |eredit for their unwitting contribu-
* |tion to radar.
;’; “A ham,” said Taylor, “was a
& L sud| tough fellow to please when it
lnhore-| came to tubes. If he was trying
ol to talk with Des Moines and he
Dl couldn’t reach it, he would mere-
o {0l ly turn up the power. It didn’t
| bother him if he put 150 watts on
a 50-watt tube. If the tube burned
out, he just thought it wasn’t any
~ good. So he’d raise hell and get
ive1n| a new one.

“Those tubes we used were built
to meet the demands of the ham.
Anything less rugged was not suit-

able for our purposgs.” -
Page and Guthrie were using

those ham tubes in their ﬁr§t ex-
.| periments, and it was not until sev-
eral vears later that funds became
lavailable for adequate purchases of
tubes specially designed for rada

search which resulted in the development and

subsequent production of Eimac tubes. That R ot unty
. . unds
Eimac tubes provide the answer to the prayer  lequate purchage
designed for ra

The empf
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pieccu of the amateur is attested to by the extensive
Hion ¢ .

w-Heaviss  use of these tubes in the amateur field and by

n our fy .

d it my  the fact that Eimac tubes are now noted for

enemies : aye 5
0 detectio their ability to withstand momentary over-

i :ihr:clt loads 0f 400% to 600 % without damage. Eimac
th;;:?;sb& tubes were the first and are still the only tubes

sng ,  which are unconditionally guaranteed against
.hffl:‘""z premature failures due to gas released inter-
betniea . nally. These and other equally important per-
f‘?mr;'lmf‘i?’. formance capabilities have made Eimac tubes
~= =~ first choice of the leading electronic engineers

throughout the world — first in the important
new developments in electronics of which
Radar is the latest and most astounding.
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.. . and it’s in the Army now!

PEACETIME
SOUND-TRANSMISSION PRODUCTS
BY WESTERN ELECTRIC INCLUDE:

Bell Telephones, switchboards
and cable— broadcasting appara-
tus-—aviation, marine and police
radio telephones—public address
systems — sound picture equip-
ment—aidsforthehard ofhearing

-audiometers for testing hear-
ing—sound measuring equipment.
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In August, 1917, Western Electric
engineers demonstrated to the Army
the first two-way radio telephone
between plane and ground. It led to
the communications which helped
make possible the tremendous
growth of air transport.

Through the years, Western
Electric radio has been standard
on the nation’s major airlines.

Today, Western Electric command
sets fly and fight with Army planes
on every front. All our facilities are
devoted to making communications
equipment for war—for use in the
air, on the ground, at sea.

Tomorrow, count on Western
Electric for continued pioneering
and leadership in fields where
sound-transmission plays a part.

ARSENAL OF COMMUNICATIONS EQUIPMENT.

WWW americanradiohistorv. com
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%~ President Roosevelt has now
submitted to Congress the long
awaited report of the National
Patent Planning Commission. The
findings of the Commission, which
will be the basis of legislation, are
generally regarded as a guarantee
against hasty and piecemeal tinker-
ing with the basic patent system of
the country.

The report strongly attested to
the overall soundness of the patent
structure. The exchange of scien-
tific information gathered by indus-
trial laboratories was made pos-
sible only because of the protection
afforded under the patent system,
the Commission pointedly observed.

Conceding that patents had in
some instances been abused, the re-
port advanced several major recom-
mendations, as follows: that all
patent agreements be recorded with
the U. S. Patent Office in order to
expose secret or  improper agree-
ments; that patent owners suing
for infringement be limited to rea-
sonable compensation without pro-
hibiting use of an invention when
its manufacture is necessary for the
public good; that Congress set up
test standards to determine the
patentability of inventions; that a
single court of patent appeals be
established; that the patent term
should not exceed 20 years after
the application is filed.

FCC—Against a background of
feuding and personal bickering,
a special House Committee headed
by E. E. Cox (D-Ga.) has now
launched its investigation of the
Federal Communications Commis-
sion. The opening session was chock
full of expiosives, with counsel for
the committee setting the. stage
with perhaps the longest list of al-
leged sins of commission and omis-
sion ever leveled at any agency of
the Federal Government.

The charges ran all the way from
that of the exercise of an all but
absolute dictatorship over radio
communications by the Commission

ELECTRONICS — August 1943

WASHINGTON FEEDBACK
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and particularly its chairman,
James L. Fly, to that of endanger-
ing national security and the war
effort through the Commission’s
carrying on of radio intelligence
work that should be left exclusively
to the armed services.

To the list of charges, FCC Chair-
man Fly countered immediately
with a declaration that, given a fair
opportunity, he would disprove
them. He claimed that the investi-
gation was a combined attempt by
“Cox, the radio monopoly and the
military” to wreck the commission
and “set up monopolistic control by
commercial interests of the Nation’s
most significant mechanism of free
speech.”

WPB—The War Production
Board has been concerned during
the past month with ways and means
to alleviate two embarassing short-
ages in the electronic field—mica
for capacitor manufacture and ra-
dio tubes for civilian use.

To alleviate the present shortage
of high grade mica, the Board plans
to -import more mica and to encour-
age increased production in this
country. The writer was told that
under certain conditions, miners of
domestic mica may receive aid from
Colonial Mica Corporation (the only
government buying agency) in the
form of low-rent machinery and a
training program for employees se-
lecting and grading mica.

Domestic interests believe that a
much larger percentage of their
mica could legitimately pass as
top grade if a mica testing ma-
chine developed by Bell Laborator-
ies was used by Colonial to test
electrical qualities of mica, in place
of the eye-appeal method. This was
brought cut in a heated two-day
session of hearings conducted re-
cently by the Senate Truman In-
vestigating Committee. At present
there is, apparently, only one such
machine in existence, but several
are being built for WPB to use in
further experiments.

B || ERETTTEEEWWW. americanracdionisices

WPB has two plans under con-
sideraticn for dealing with the
civilian tube shortage. One would
set up a definite number of tubes
to be produced for civilian use,
allccating individual types to differ-
ent manufacturers and so permit-
ting long, specialized production
runs. The other, which is more
likely to be adopted, would schedule
the whole production of tubes, both
civilian and military, without speci-
fying any definite number of tubes
for civilian production. Under the
second plan, civilians would get any
excess over military demands and
would have the benefit of special
runs squeezed in whenever possible.

INSTRUMENTS—The standard-
ization of electrical indicating in-
struments has been encouraged by
an amendment to WPB’s Limitation
Order L-203, which is expected to
raise output 10 percent.

The amendment permits manu-
facturers to accept without prelim-
inary approval purchase orders for
less than 500 instruments which
conform to standards published by
the American Standards Associa-
tion, or to specifications of the
Armed Services. Automatic ap-
proval is also given on orders for
less than 500 instruments any di-
mension of which exceeds 3% inches
and on orders for any number of
polarized-vane non-jeweled instru-
ments, the most familiar of which is
the ammeter on an automobile dash
board.

Instruments governed by L-203
are redefined to exclude portable
instruments which measure more
than one electrical quantity. The
definition thereby differentiates be-
tween “meters” administered under
L-203 and ‘“test equipment” covered
by General Scheduling Order
M-293.

WERS—At the request of OCD,
the Federal Communications Com-
mission has issued an order amend-
ing its regulations so as to permit
war emergency radio stations to go
into action ‘“during emergencies
endangering life, public safety, or
important property, for essential
communications relating to civilian
defense or national security.”

Previously, WERS had been
limited to operation during or fol-
lowing air raids, impending air raids,
or other enemy military operations
or acts of sabotage.
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Mallory Distributors
Can Save You Time
When Time is Important

Lack of a few parts can wreck almost any production schedule. But
when the needed parts are M allory electronic products, the Mallor
distributor is the man to turn to for help.

Quick, completeinforma- For example—one manufacturer discovered, just the day before
::::h";‘.'“;"('j‘“;f:’:m:::' scheduled use, that a number of selector switches required for

the launching apparatus of a new aircraft carrier were missing.
Something had gone wrong somewhere. But a wire to a Mallory
distributor found him with the exact circuit arrangement in stock.
The switches went out via air express and the carrier was
launched on time.

Iixample Number Two—Navy Code Schools in two universities

::gr;':‘:::_'tri;::zd::; o urgently needed a number of electronic products, among them
departments. Mallory switches and jacks, in order to inaugurate training of code
operators on schedule. Something inexplicable had gone wrong and

=l the parts were missing. Again, a Mallory distributor stepped into

the breach to save the day in jig time.

Nothing very dramatic about this, it is true. But it demonstrates
how Mallory distributors are geared to save time in furnishing
essential electronic parts for essential uses. . . especially where
small orders are concerned.

Where essential electronic parts are required—for maintenance,
laboratory and testing devices, pre-production models—in short,
where small quantities are involved, the Mallory distributor stands
by to help. We are doing our level best to keep his stocks adequate.
Proper ratings are needed ? Certainly !

But make his acquaintance. He can be of service in many ways. If
A copy of the Mallory cat- you do not know the name of the Mallory distributor nearest you,

LR
4
lvv
\

alog for ready reference.

we will be glad to tell you.

R MALLORY G eoE INDIANAPOLIS, INDIANA ¢ Coble Address—PELMALLO

P.R. MALLORY & CO., Inc. i P

APPROVED
PRECISION PRODUCTS
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» RADAR . . . Just a few months ago nobody could
mention the word radar without a look around to see
if the FBI were within earshot. Nobody, that is, ex-
cept the recruiting posters of the Navy, the Radio
and Radar Branch of the WPB, a certain laboratory
down in a middle Atlantic state and certain other
people who didn’t know it was off the reeord.

Now the word seems to be on everybody’s lips. The
papers state that bombers have knocked off Ger-
many’s radar plant at Friedrichshafen, that we
landed in the Aleutians by radar, that a certain bat-
tleship was bumped off cold by radar-directed guns;
and scarcely a day passes without some new evidence
of the marvels of the great secret weapon. In spite of
our being publishers, it is our considered opinion that
there is altogether too much being said and printed
about radar at the present time.

» SUPERSONICS . . . Do you know how bats fly?
Before the New York Institute of Science, John Mills
of the Bell Laboratories described the research that
led to our present knowledge of the interesting phe-
nomenon which keeps bats from batting their brains
out while flitting about at night, seemingly without
much control but actually with very superior control.
It is an excellent example of the scientific method
whereby quantitative data is desired, where each
variable is studied at a .time and all others are
excluded.

A certain number of bats were got into the labora-
tory of two Harvard biologists, Donald R. Griffin and
Robert Galambos. Across the room was stretched a
series of vertical wires set far enough apart so the
normal bat could fly back and forth from one side to

TALK

the other between the obstacles. The average bat
collided with wires about 30 percent of the time. This
was taken as the norm.

The bats had their eyes covered with collodion and
they got through just as well as before. Then their
ears were plugged and the collision percentage went
up to a figure which represented pure chance. The
fact that there were no sounds in the room indicated
the possibility that the bats were making their own
sounds—but nothing could be heard. When the bat’s
mouths were taped shut, the collision average went up
even though the animals could see and hear.

Supersonic apparatus brought to the laboratory
indicated the remarkable fact that bats generate,
transmit and receive, superaudible sounds which are
reflected from nearby objects, giving the bat an ac-
curate picture of his surroundings by the good old
reflection or echo technique. He squeaks 30 to 50
times a second, listening for the return signal, esti-
mates distance and direction in time to swerve and
avoid collision.

Man must be pretty smart to imitate a bat.

» MANPOWER . . . Much sympathy is wasted on
some outfits who are continually losing men to other
companies when they could keep them, or hire new
ones, by paying what the traffic now requires. There
is a fellow in the east who needs a lot of men but he
says “the government won’t let him pay over $1 per
hour” and so he is not filling up his payroll very
fast. There are others who believe they are still in
the depression days when engineers were a dime a
dozen, when you could hire them for three months,
pump them dry, kick them out.




HE END of the war will bring
Tnew opportunities for the radio
industry and for trained radio per-
sonnel. One of the best will involve
the design, production, distribution
and maintenance of new equipment
for non-commercial civilian planes
and the airports serving them. Radio
men with an eye to the future would
do well to keep this in mind.

Communications, navigation, and
traffic-control at airports will be ma-
jor post-war problems. The Army
and Navy have made tremendous
strides in the development and ap-
plication of electronic gear for such
purposes but their equipment will
not, considered generally, fit civilian
needs. One exception may be low-fre-
quency range transmitters. These
were commonly used by commercial
airlines before the war and will prob-
ably continue to serve aircraft of all
kinds for some time after it.

Let us not lose sight of the fact
that military equipment is designed
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LIAN AVIATION

for the highly specialized business of
war. Private Doe doesn’t hop into a
B-25 or a P-38 and fly a hundred
miles to see his girl. Yet civilian Doe
may want to do just that. Neither a
bomber nor a fighter can readily be
rendered suitable for such service.

Military Gear Unsuitable

Harry Diamond, physicist for the
National Bureau of Standards, points
out that military aviation radio gear,
similarly, is not particularly suitable
for commercial airline use, much less
civilian flying." He states that it is
intended for service over large geo-
graphical areas of widely varying
topography, instead of along fixed
routes involving relatively uniform
terrain. Flexibility, simplicity and
ruggedness required to meet the pe-
culiar needs of global warfare are
not precisely the same kind that is
needed for civilian service.

Even if military aviation radio
equipment could be easily modified to

=  WWW.americanradiohistorv com

meet civilian needs it would prob-
ably cost too much for this market.
A civilian who buys a plane for $1500
will not care to spend a like amount
for radio equipment. Yet in the fu-

ture he will have to have radio
equipment in order to fly with maxi-
mum safety and to meet government
requirements. This will inevitably
stimulate the design of gear specif-
ically suited to civilian use.

Opportunity for Manufacturers

The large companies at present
making military aviation radio ap-
paratus will not necessarily be in a
better position to supply such gear
than smaller firms. While the market
will eventually prove very extensive
indeed it cannot reach full potential
overnight. Thus it may be difficult
for big companies to tap it initially
because of their initial need for
mass-production items.

During the anticipated transition
period it is believed that small manu-
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RADIO Prospects

A rapid increase in the number .of small
airports is anticipated, with attendant
demand for communications, naviga-
tion and traffic-control gear. Military
equipment is not readily convertible.
The opportunity for small manufac-
turers is particularly evident

By ROBERT E. RICKETTS

Ant. net. and final stages

Infermediate =
slages and phase
disp. stages

-Master osc.

Layout of compact v-h-f ground station range and communications bay of
a type the author considers ideal for future small civilian airport use

facturers will be able to operate fa-
vorably. The author has spent con-
siderable time studying problems

which are likely to arise during this -

period and finds the prospects inter-
esting indeed. Several wide-awake
automobile dealers of his acquaint-
ance, for example, have ear-marked
aircraft and aircraft accessories for
inclusion in their post-war plans.
They intend to open showrooms at
existing airports or to build small
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airports of their own, handling both
planes and cars. Used cars may even
be taken in trade on new plane sales.
A few months ago one of these
dealers had already purchased land
and was beginning to build his show-
rooms and level off his runways.

Status Before the War

Let us quickly review the status
of civilian aircraft radio equipment
immediately before the war.

Band Frequency (Mc)

(1) 33.4— 39.0
(2) 60.1— 65.8
(3) 75.0

(4) 93.3—110.3
(S) 123.0—127.0
(6) 129.3—131.48
(7) 140.1

(8) 140.24—143.88

TENTATIVE CAA-FCC ALLOCATION PLANS

Radio Teletype (Weather)
Fan Marker Beacons, Field-Approach Markers
Landing Beams, Runway Localizers
Radiophone Weather Transmissions, Range

Airport Traffic Control
National Calling, Itinerant Aircraft
Plane-to-Plane, Plane-to-Ground

Service
Aviation Instruction

Transmitters
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The larger airports were fairly
well equipped but the smaller air-
ports frequently had no apparatus
other than one communications re-
ceiver for weather reports. Even
where additional gear was available
it was not universally satisfactory.

In the control towers of typical
large airports low frequencies were
used for navigation transmissions,
particularly for the A-N ranges. In
the years 1939 and 1940 the trend
toward high and very-high-fre-
quencies started to make an appre-
ciable dent in other airport services.?
After research by the large airlines,
v-h-f amplitude-modulated equip-
ment designed to operate on about
140 Mc was ordered for delivery in
1941 and 1942. (Frequency-modula-
tion equipment and quantitative data
concerning its efficacy in aviation
service was not yet readily avail-
able.)

Different airlines usually used dif-
ferent calling frequencies. Civilian
planes used other frequencies for
communications. Distress calls were
made on two separate channels. The
airlines had stations about every 200
miles, while the CAA maintained its
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At the left, typical receiving setup used by airlines for simultaneously monitoring sev-

eral channels.

Similar systems are recommended for civilian airport use.

At the right,

transmission-line network scheme suggested for use where only one efficient v-h-
antenna is available

own weather-reporting stations and
stations for the handling of air-
traffic and distress calls.

One can readily see that many dif-
ferent channels were, of necessity,
monitored by the larger airports.
Transmitters, tuned or tunable to a
large number of frequencies, had to
be ready for operation as long as
such airports were in service,
usually 24 hours a day. A large num-
ber of fixed-frequency receivers as
well as additional tunable receivers,
involving extensive switching and
complicated remote-controls, were
also necessary.

Recent Equipment Trends

The operators on each channel used
their transmitters only intermit-
tently but the receivers had to be
running constantly. It is interesting
to bring our information up to date
on this point.

Originally, the airlines had need
for just a few channels. A few fixed-
frequency transmitters and receiv-
ers met requirements. As business
warranted it, additional channels
were added.

Now, it is obvious that transmit-
ters used only intermittently may
employ band-switching to cover many
frequencies. But in the past few
years the number of channels added
has reached such proportions that
for efficiency it has been hecessary
to employ a multiplicity of band-
switching transmitters. In order to
keep the required number of trans-
mitters within bounds a group-fre-
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quency system of communications
was adopted. Where airports and
planes originally transmitted and
listened on the same frequency dur-
ing a given contact, separate fre-
quencies were soon employed for
transmission and reception, bringing
about less frequent need for chang-
Ing airport transmitter frequencies.
Receiving equipment was simul-
taneously designed so that two or
more frequencies could be monitored
by one airport operator. Separate
crystal-controlled superheterodyne
oscillators were used for each fre-
quency to be monitored. Separate r-f
stages and first-detectors were, sim-
ilarly, used for each frequency. First-
detector outputs were fed, in parallel,
to a common i-f amplifier. The i-f
amplifier was used to drive a common
second-detector, noise-limiter and/or
a-v-c system and audio amplifier.

Small Airport Needs

To make civilian flying safe for
the anticipated large number of small
planes after the war, many small
municipal and private airports will
have to be in operation.

Obviously, airlines will continue
to have their own scheduled routes
and airports, so that the smaller air-
ports will not have to serve the
larger planes, except in emergencies,
at least until such a time as the air-
lines begin to run a lot of “whistle-
stop” locals. Any civilian aviation
radio equipment design should, how-
ever, undoubtedly take into consider-
ation the future plans of the airlines

as well as those of CAA. The air-
lines and the CAA furnish weather
reports and other information of
value to the civilian pilot. Aside from
this, the ability to contact all other
planes and any kind of ground sta-
tion is a safety-factor not to be con-
sidered lightly when designing gear
intended to meet demands of the
future.

It is reasonable to assume that air-
ports primarily serving civilian fly-
ers will some day be from 40 to
70 miles apart. Thus a potentially
large number of airports is involved.
The bands allotted for air com-
munications have already become
over-crowded. The high, very high
and ultrahigh-frequencies, therefore,
seem logical places for civilian avia-
tion service.

The first group of frequencies to
be more extensively utilized for avia-
tion service will be between 75 and
150 Mc, in the high and very-high-
frequency bands. It seems probable
that 750 Mc may be the maximum
frequency used for conventional pur-
poses for several years. Still higher
frequencies, in the ultrahigh and
possibly in the super-high, brackets
will probably come into use for spe-
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Use of v-h{ gear simplifies installation of
antennas on small planes. The top draw-
ing shows a method of shuntfeeding a
typical antenna and the bottom drawing
illustrates a series-fed system
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cial applications in the more remote
future.

Within the first-mentioned range,
equipment which will be available
soon after the war will serve small
airports, particularly, very well in-
deed. At an altitude of 1200 ft or
more a 300-watt v-h-f ground station
appears to put out a very strong sig-
nal up to 100 miles and distances con-
siderably beyond may be covered with
reasonable reliability.

Probable New Frequencies

Marker beacons operating on 75
Mc were installed in 1938 by the
CAA. In 1941, Chicago and New
York airports placed v-h-f range

<t-~~-Coaxial

To range frans. 7o range lrans.
4 N,
/ N\

Range transmitters operating on the very-

high-frequencies may employ extiremely

simple antenna arrays. This one delivers
horizontally polarized waves

transmitters in continuous service.
‘This equipment has worked out very
well and its success marks the turn
of a new aviation radio era. So it is
well that we look into the future and
examine tentative plans regarding
frequencijes.

A chart included in these pages
outlines what the author believes to
be a good composite picture of CAA
and FCC proposals, complete inso-
far as it is possible for tentative
plans to be so under present cir-
cumstances, if not in every detail.

The first group of frequencies
shown in the chart, from 33.4 to 39.0
‘Mc, is proposed for aviation instruc-
‘tion, with four separate channels
available.

The second group, involving the
'very-high-frequencies between 60.1
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and 65.8 Mc, may be used for radio
teletype dissemination of weather
data and comparable information,
probably to be transmitted by CAA
stations.

The third allocation, already in
use, will undoubtedly continue to be
employed for fan marker beacon
transmissions. (This channel has
also been used for some time for field-
approach markers, used in conjunc-
tion with the-altimeters of planes to
constitute a blind-landing system,
and will no doubt continue to accom-
modate such systems also until all-
radio systems are substituted.)

The fourth band, having spot fre-
quencies on 93.3, 93.9, 94.3, 109.5 and
110.3 Mec, is tentatively proposed for
instrument landing service, the first
three frequencies to be utilized for
landing beams and the last three for
runway localizers.

The fifth band is apparently to be
taken up eventually by radiophone
weather  broadcast transmitters
shifted from lower frequencies and
operating between 123 and 126 Mec,
with 31 exclusive frequencies, and
by similarly shifted range trans-
mitters operating between 126 and
127 Me, using 10 shared frequencies.

The sixth group, proposed for air-
port traffic-control service, will in-

volve spot frequencies on 129.8,
129.78, 130.3, 130.86, 131.42 and
131.48 Mec.

The seventh allocation, on 140.1
Mec, is evidently to be used for na-
tional calling and itinerant aircraft
service.

The eighth group, between 140.24
and 143.88 Mc, with 28 spot fre-
quencies available, seems destined to
be given over to plane-to-plane and
plane-to-ground two-way communi-
cations.

Design and Production Suggestions

Aircraft communications equip-

‘ment has always presented peculiar

design difficulties and the use of
higher frequencies introduces addi-
tional problems of no small magni-
tude. The design of h-f and v-h-f
gear for civilian aviation service re-
quires a particularly high order of
ingenuity for here it is not only
necessary to conform with CAA and
FCC requirements but this must be
done without running the price of
the equipment beyond the relatively
limited capacity of the customer to
pay.

The subject of design is so ex-
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Block diagram of plane receiver suitable

for both communications and navigation,

embodying a modified discriminator circuit
devised by the author

tremely broad that only a few per-
tinent points can be mentioned here.
For example, one method of obtain-
ing production economy may be to
manufacture one piece of equipment
that is flexible enough to fulfill many
functions when used with suitable
accessories. Additional savings could
possibly be effected by reducing the
required number of cables, remote-
drives, relays and coaxial lines, for
which there will be a considerable
demand anyway because of the ex-
pansion of the overall market. In
this connection the author believes
that automobile radio manufacturers
have already shown aircraft equip-
ment designers the way.

Another thought that comes to
mind is that it may be possible to
economically meet demands for light
weight plus ruggedness by the in-
creased use of aluminum, which
should be available in many new
varieties as a result of wartime ex-
periment and may even now be satis-
factorily welded.

Possibilities for Expansion

In a survey made by one of the
large airlines it was recently ob-
served that 60 percent of its radio
operators’ time was spent directing
airport landings and controlling air-
port traffic. Thus it might seem that
all a small civilian airport really
needs is one h-f or v-h-f transmitter
for communications, a transmitter
turning out a homing signal and a
receiver tunable over a wide band of
frequencies. This sort of a setup
might, indeed, “‘get by” for a short
time after the war ends but it will
certainly prove quite inadequate
when civilians really begin to fly.

For one thing, homing signals

(Continued on page 276)
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An ELECTRONIC “SEWING

Thermoplastic sheets of the type used to make raincoats, tobacco-pouches, food packages

and inflatable articles

are bonded by means of radio-frequency heating. Rotating electrodes

and h-f currents are substituted for needle and thread to make firm, moisture-proof seams

ESEMBLING a conventional

sewing machine in appearance,
a recently-developed electronic “sew-
ing machine” replaces customary
needle and thread with a pair of ro-
tating electrodes and a high-fre-
quency current. Designed to make
firm seams in new thermoplastic
sheet materials that have emerged
from the laboratories of the plastics
industry, it employs to advantage a
phenomenon that has long been the
annoyance of radio engineers. Here
the heating of dielectrics by a strong
high-frequency field finds useful in-
dustrial application in the controlled
softening of thermoplastics.

There are a number of synthetic-
resins which become soft as tem-
perature is elevated and may thus be
classed as thermoplastics. Among
them are the typical materials listed
in Fig. 1. These, and similar syn-

MATERIAL
MANUFACTURER

CHEMICAL FAMILY

THICKNESS

BOND OBTAINED BY R-F HEATING

= R-F BREAKDOWN RESISTANCE

SPEED OF SEALING
THERMAL CONDUCTIVITY
SPECIFIC HEAT

DENSITY

SOFTENS

il

|

n

I

* At 60 Me.

thetic resins are readily extruded,
pressed or rolled into sheet form and
possess valuable properties such as
chemical inertness; imperviousness
to water, moisture, or gas; light
weight; high strength, and trans-
parency.

Conventional Fabricating Methods

Three distinct methods are com-
monly employed at present for fab-
ricating articles from thermoplastic
sheeting. The most widely used is
ordinary sewing, which is rapid but
tends to weaken the material at the
seams due to the perforations of the
needle and requires the use of cement
before as well as after if the seams
are to be completely moisture-proof.
Threadless bonds are sometimes
made by the use of a solvent and
pressure. Or bonds may be made by
the application of heated rollers or

Pliofilm Vinylite
Goodyear Tire & Carbide & Carbon
Rubber Co. Chemicals Co.
Rubber Hydro- Vinyl Resin
chloride

0.001 in. to 0.0045 in.
0.0018 in.

Exceltent * Excellent *
Excellent Excellent

5 ft. per min. 5 ft. per min.
3.0x10-! 3.9t04.0x10-
0.39 to 0.43 0.30 to 0.50
1.64 l1.2tol.6

80 to. 110 deg. C. 90 to 150 deg. C.

T In combination with tapes of ather materials, or at higher frequency
'{h|liiiiiIIIII!III[lllllllIIl||I|lliiilllliHIIIiIIIIIIIiiIIlIIIIIIIIIlIlIlllilllill"'IIIIIIIIIIIIIIIIHIIIi"IlillllllIIIIHIIIIIIIIIIIIIIIIIHIIIIHI||IlllllllllIlllIl|IIII||||||I|||||II|||||l||||I|l|l||l|||ll||IIIIIIIIIIIIIi"IIIIIIIIII||I!IIIIIIIIIIIIIlIlllII[IIlIlIIIIlI|I||||||I|IIIII||IlIIIIIIIIII|IlIIIIIIIIIIIIIIIIII||||||||||IIIIIIIIIII"IIIIIIIIIIIIIII||III[IIII||IIIIIIIEHIIIHIIIIIIHI ¢

plates.
frequently combined to produce
moisture-proof seams but where sol-
vents and/or externally applied heat
is used there is generally some weak-
ening due to the action of the solvent
or some distortion due to the method
of applying the heat.

The use of hot rollers or platens
as a source of heat for bonding ther-
moplastic layers encounters some
definite limitations. When the hot
plates A and B in Fig. 2 are placed
on the outside surfaces of sheets (a)
and (b), which are to be bonded
along the surface (c), the plates
must be maintained at a sufficiently
high temperature P so that the in-
terfacial temperature will be high
enough above room temperature R
to make the material plastic in the

The two latter methods are |

region to be bonded. The tempera-
ture distribution across the material

Hin IIlIIlIlIIIIIIlIIII!IIIIIIIIIIIIIIIIlIlIIIIIIlII!IIIIIIlﬂII!Il-!ZHIIllllllllllliiiIlIlIIIIIIlIlIIIIlIIIIII!IlI!IIIIlIL__’-"

Koroseal Saran

B. F. Goodrich Dow Chemical
Co. Co.
Plasticized Vinylidene
Polyvinyl Chloride
Chloride

0.001 in. to 0.0015 in. to
0.0018 in. 0.005 in.

Excellent 1 Excellent t

Fair, Improving

Fair, Improving
With Thickness

With Thickness

5 ft. per min. 1 ft. per min.

3.9t04.0x10- 2.2 x k-
0.32 to 0.51 0.32
1.2t01.6 1.68to1.75

90 to 110 deg. C. 110 to 140 deg: C.

=ﬂll|llIlllllll:(lIllIIlIlllIlIllIIIIllIIIIIllllIllIIIIlIIIllIIIIIllIIIIHI]lllIlI!lIIIIIIIlIlllIIllIIIllIIIllIIIIllIIIIHIIIIIIIIIllllllIlllllIIlllllllllllllllllllllllIIIIHIIHHHIIIHHI]I

FIG. 1—Four typical thermoplastic sheet materials and data pertinent to fabrication
in the electronic sewing machine, as determiqed experimentally by the aquthor
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MACHINE"

By CYRIL N. HOYLER

RCA Laboratories

Princeton, N. J.

under these conditions is shown by
the dotted curve HP, which also in-
dicates the relative plasticity of the
material between its external faces.

It is apparent that the hot plates
will produce excessive softening of
the outer surfaces, with consequent
extrusion of the material when pres-
sure is applied, as indicated by Fig.
3. The greatly softened surface is
weakened along the seam by extru-
sion and also becomes gummy and
sticks to the hot plates, which must

ELECTRONICS — August 1943

frequently be cleaned during produc-
tion. In addition, the low thermal
conductivity of most thermoplastic
materials limits the speed at which
sealing may be done.

Advantages of R-F Heating

When a radio-frequency field is ap-
plied across the seam, heat is gen-
erated uniformly by dielectric loss.
When sufficient power is used, the
temperature of plasticity may be at-
tained in a very short time. Refer-

3 N P ST N vy Y2 1]

Latest model electronic

sewing machine

Experimental unit in use, fabricating

thermoplastic tobacco-pouch. Binding at-

tachment permits simultaneous decoration
with contrasting-color tape

ring again to Fig. 2, consider A and
B as the electrodes between which
an electric field is established, while
(a) and (b) represent, as before,
the thermoplastic sheets to be
bonded along line (¢). The good
heat conductivity of the metal elec-
trodes keeps the outer layers of the
material comparatively cool so that
the temperature distribution across
the material is that shown by the
curve RF, which also represents the
relative plasticity of the material be-
tween the plates.

It is apparent that the highest
temperature is in the central region,
where thermoplastic softening must
occur for the two layers to be prop-
erly fused. When the electrodes are
made to exert a slight pressure dur-
ing the application of the radio-fre-
quency field, the softened interfacial
surfaces will bond as shown in Fig.
4, with negligible deformation of
the outer surfaces.

So that the sealing process may be
made continuous, the fixed electrodes
of Fig. 2 are conveniently replaced
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Temperature

FIG. 2—Curves showing temperature dis-
tribution across thermoplastic material to
be bonded. HP shows distribution with
conventional hot-plate heating. RF shows
distribution with r-f heating. A and B are
cross-sectional views of portions of the
Plates or electrodes, (a) and (b) are cross-
sections of the sheets to be bonded and
(c) is the contact surface

FIG. 3—Drawing showing result of typi-

cal hot-plate bond. Note exirusion at sur-

faces contacted by plates, caused by ex-

cessive softening of the outer surfaces of
the material

Electrode E. /écfrodq ‘

B

FIG. 4—Result of r-f bond, with electrodes
operating under slight pressure. Heat is
generated uniformly throughout the ma-
terial. The electrodes rapidly conduct heat
away from the outer surfaces of the ma-
terial so these surfaces remain cool
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Close-up of “business-end” of experimental model, illustrating use of

by rotating electrodes between which
the material to be bonded may pass
In the manner in which it passes
through a sewing machine. Uniform
feeding of the material is accom-
plished by gearing the electrodes to-
gether in such a way that their pe-
ripheral speeds are the same. Unless
this is done there is considerable
slippage between layers on long
seams, with consequent improper
registry, or wrinkling.

The radio-frequency field may be
readily established between the elec-
trodes by coupling them to the out-
put of a small oscillator through a
suitable transmission line. An out-
standing advantage of this method
of electronic heating lies in its flexj-
bility. Having once determined suit-
able operating parameters such as
speed, power and pressure, the con-
trols can be instantly adjusted to re-
produce any desired condition. There
Is no period of waiting for plates
to heat up or cool off; no testing of
a solvent’s potency; no drying period
for cement.

Machine Design Details

Construction of the most recent
model of the electronic sewing ma-
chine, assembled as a complete oper-
ating unit, may be described as
follows: A framework supports the
rotating electrodes and work table
at convenient level, with the oscil-
lator and its power supply housed
in an integrally associated meta] cab-

bar instead of
driven roller electrodes where, as in the packaging of foodstuifs, it may be desirable to
form a whole seam or seal in one shot

inet. Power and tuning controls are
mounted on the front panel of the
metal cabinet.

The radio-frequency power is con-
ducted from the oscillator to the ro-
tating electrodes by a concentric
line of such a length that the elec-
trodes are effectively at the end of a
quarter-wave transmission line. Un-
der this condition, maximum voltage
is placed across the material to be
bonded. The oscillator is tuned until
its operating frequency is such that
this condition is realized, as indi-
cated by maximum brilliance of a
small neon lamp mounted near the
high-potential electrode.

First experimental tests were con-
ducted at a frequency of 15 me, with
improved operation noted at 45 me.
The final choice of 60 to 70 me used
In the latest model was dictated
largely by convenience of power gen-
eration, together with ease of con-
ducting energy to the electrodes
through a length of quarter-wave
line that could be conveniently used.
The actual power required to make
a serviceable bond is very low so the
oscillator used provides ample out-
put reserve for heating even un-
usually thick sections efficiently.

R-F Power Requirements

Under one set of operating condi-
tions a seam one-eighth of an inch
wide was made at the rate of five
feet per minute, which was equiva-
lent to heating every point along the
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Arrangement of rf oscillator, associated controls and cooling blower (top

shelf) and power-supply (bottom shelf). A foot-switch controls the rotating

electrode driving motor and oscillator output. A panel-switch permits the

motor to be stopped where it is desirable to move the material by hand
and merely “baste” it together at spaced intervals

FIG. 5—(Right) Curves showing power requirements and field strength as
functions of Vinylite thickness and speed of bonding

seam for 0.125 second. Using Viny-
lite as an illustration, the power re-
quirements for making a seal under
these conditions may be calculated.
This material has a softening point
between 90 deg and 150 deg C, a spe-
cific heat of about 0.4 calories per
gram and a density of approximately
1.5 grams per cubic centimeter. Neg-
lecting heat conduction into the elec-
trodes, the power required to elevate
the temperature of one cubic centi-
meter of Vinylite from 20 deg to 150
deg C in a second is:
P=JpcAT = 326 watts 1)
where J is the mechanical equivalent of heat,
pis the density in grams per cubic
centimeter,
¢ is the specific heat in calories per
gram, and
AT is the temperature increment in de-
grees Centigrade.

For sealing two sheets each 0.004
inch thick, the volume to be heated
is roughly equivalent to 0.002 cubic
centimeter and the time is 0.125
second, which makes the actual
power necessary to heat this small
volume only 5.2 watts.

To account for the heat conducted
into cold electrodes G. H. Brown has
developed a theoretical solution for
dielectric heating by radio-frequency
power, based on an analogy between
the solution of a transmission line
with series inductance and shunt
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FIG. 6—Special thermoplastic sheetfbonds

which may be made by using binding,

hemming and other electronic sewing ma-
chine attachments

leakage conductance and the solution
of the heat-flow equation. (“Heat-
Conduction Problems in Presses Used
for Gluing Wood”, scheduled for
early publication in the I.R.E. Pro-
ceedings.) He shows the following
expression, which gives the tempera-
ture at the center of the dielectric
material being heated. Values used
in the accompanying example apply
to dielectrics of glue and wood:

L=0725 sec.
[ /in. per sec. )

003 004 005 .007 008

b =Thickness, Cm.

002 006.

_ ¥ 32ria
) _4H1)2[<1_6 b2>_ 1—e b >
i Trfjk 33 —_

d%rlal
+ <1 —c b )
5 /)
u. = tempezrature increment at the center in
degrees C (150 — 20 = 130 degrees C)
H = gram-calorics per second per cubic cen-
timeter,
total thickness of material
plates (0.02 centimeters),
thermal conluectivity: 0.0004 gm-cal/
(sec.) (sq. cm.) (deg. C par cm.)
time (0.125 seconds).
spacific heat (0.4 calories par degree C
par gram),
p = demsity (1.5 gramsg per cubic centimeter),

o
Il

between

%

Il

{ ==
C =

a’ = thermal diffusivity =z’9— (0.00067 square
o

centimaters per sxcond),

Solving Eq. (2):

130 = O.lBH[(l — e—‘z.os) . (1_ = 6_—18.51)
27

1 _— 6_5 .50
+ 125 )]

H = 1180 gram-caloriss par sscond pzr
cubic centineter.

or,

Since power in watts = 4.187 x
gram-calories per second and the vol-
ume actually to be heated is 0.002
cubic centimeters, the power re-
quired for this volume is:

4.187 X 1180 X 0.092 = 9.88 watts

On the basis of similar calcula-
tions, curves have been drawn in
(Continued on page 160)
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Power Output of

A-C OPEF

 ATED AMPLIFIERS

For many industrial applications amplifiers can be operated advantageously from an

a-c source of power. Rapid and comparatively simple graphical methods of determining

the power output of a-c operated triode and pentode amplifiers are given

HE operation of electron tubes in
Tcommunication circuits, with
few possible exceptions, requires the
application of direct voltages be-
tween the various electrodes. These
electrode voltages establish the
quiescent points or operating condi-
tions. The path of operation can
then be determined from a knowl-
edge of the manner in which the con-
trol grid voltage varies, and from a
knowledge of the static characteris-
tics of the tubes. The analysis of this
type of circuit operation has been
rather thoroughly covered in techni-
cal literature.

In the industrial application of
electron tubes the need for direct op-
erating electrode voltages is not so
important. Indeed, it is frequently
possible (and many times conven-
ient) to operate the tubes from an a-c

The practical determination of the power
oulput of a-c operated amplifiers is con-
densed from the author's thesis, ''Predic-
tion of the Output of Alternating-Current-
Operated Amplifiers’ in partial fulfillment
of the degree of Bachelor of Science af
the Massachusetts Institute of Technology

By
WARREN A. SCHWARZMANN

Cambridge, Mass.

source of power. Such operation is
not suiltable for those applications
which require the instantaneous and
continuous flow of plate current,
but it is suitable for those control
operations which need not take place
more quickly than every cycle of the
alternating current supply.

The prediction of the power out-
put of a-c operated amplifiers is
usually of major consideration in
this method of operation. It is the
purpose of this article to outline
methods for calculating the cutput
power of alternating current oper-
ated amplifiers using tubes having

triode or pentode characteristics. The
results presented here are based on
theoretical calculations as well as
upon laboratory measurements, us-
ing either a purely resistive load or a
plate load consisting of a resistor
and capacitor in parallel. The
methods given here are intended to
provide approximate results quickly,
using the average plate characteris-
tics of the tubes as given in any tube
manual. It is hoped that the method
of calculation presented here will
make unnecessary the use of experi-
mental methods of design which may
be tedious and time-consuming.

The schematic diagrams-for which
the data given in this article ap-
plies, are shown in Fig. 1 and 2. In
these diagrams and in the analysis
to follow, the following symbolic no-
tation has been used:
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- E o j Alternate Loads
bb
000900 ——

‘ 15V

a-c line

ABOVE

FIG. 1—Schematic diagram for triode, for
two different types of loads. illustrating the
notation with respect to voliage and load

LEFT

FIG. 2—Diagram of connections for pentode
and load for which the graphical diagram
of power output is determined

RIGHT
FIG. 3—Load current, load voliage chart
for pentodes operated with a-c power

supply and having RC load
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E., r.m.y. value of alternating plate supply
voltage

¢. = E.,+ E, r.an.s. value of cathode-grid
voltage

E., steady grid bias voltage

E; r.m,s. value of alternating component of
cathode-grid voltage; E, is considered
to be positive when in phase with Es,
and negative when 180 deg. out of
phase with E,,

E. r.ms. value of voltage across RC load

for triode or pentode

e, r.m.s. value of voltage across resistive
load for triode

E, value of plate voltage (on plate-voltage
plate-current family) obtained at the
axis, I, = 0, when the straight portion
of the curve, K. = 0, is extended to
intersect this axis

E ., screen grid voltage for which tube
ratings or static characteristic curves
of tube are available

E ,, actual screen grid voltage at which tube
is to be operated

I. average value of the current flowing
through load resistor R,

I, calculated plate current at zero grid bias
and zero plate voltage and for screen
voltage for which static curves or
tube ratings are available, obtained
by projecting the saturated curves to
left axis

I, calculated plate current at zero bias,
zero plate voltage, and for screen grid
voltage at which tube is operated

P power delivered by tube to its load

R. resistance of external plate load resistor

7, internal plate resistance of tube

u#  amplification factor

The behavior of a triode can be
predicted with reasonable accuracy
from relatively simple equations
which express the load current in
terms of tube parameters and oper-
ating voltages. In the case of the
tubes having pentode characteristics,
investigations have shown that
graphical methods are more conven-
ient and accurate than mathematical
equations.

It can be shown that, for a triode
with a pure resistance load, the aver-
age plate current is:

1.35(Ew + uE,;) + pE.., — E

n s R LB

This equation expresses the aver-
age value of the plate current when
the tube parameters and operating
voltages are known. It should be ob-
served that r, and u are to be deter-
mined in the usual manner for the
root-mean-square values of the oper-
ating voltages. Of course, these val-
ues will vary throughout the cycle,
but the published values can usually
be used for engineering purposes.

If the resistance load is shunted by
a capacitor of sufficient capacitance
so as to keep the load voltage essen-
tialy constant throughout a complete
cycle, then the average load current
may be obtained from the expres-
sion:

IL _ 1_.35(Eu + #Ea) j‘ #Eeo b En)

Br, + RL)

2)

926

where the symbols have the values
previously given.

Both of the above equations are
based on the assumption that the al-
ternating components of the grid and
plate voltage are in phase. If there
is a pha§e shift between the plate
supply voltage and the sinusodial com-
ponent of grid voltage, the numera-
tors of equations (1) and (2) become:
1.35(Ew? + 2EwuE, cos ¢ + u? B2 ]'/*+

uE.. — E, 3)
where ¢ is the angle of phase shift
and F, is considered to be positive.

If uF, is much less than E,,, the
numerator simplifies to:

135 (Ews + uE,cos ¢) + pE.. — E, (4)
Once the average value of the plate

MAXIMUM RATINGS FOR 6G6-G CON-

NECTED AS PENTODE

Plate voltage. . .... .. ..... 180 max. volts
Screen voltage. .. ......... 180 max. volts
Plate dissipation. .. .. ... .. 2.75 max. watts
Screen dissipation . ... 0.75 max. watts

Typical Operation and Characteristics —
Class A; Amplifier

Plate voltage. . . . 135 180 volts
Screen voltage. . 135 180 volts
Grid voltage. ... .. —6 —9 volts
Peak A-F grid volt-

age.......... 6 9 wvolts
Zero-signal  plate

current.... ..... 11.5 15 ma
Zero-signal screen

current. . . . o 2L 2.5 ma
Plate resistance. 0170 0.175 megohm
Transconductance. 2,100 2,300 umhos
Load resistance 12,000 10,000 ohms
Total harmonic dis-

tortion... ... ... 7.5 10 %
Maximum  signal

power output... 0.6 1.1 watts

current and the resistance of the load
are shown, the average voltage across
the load can be determined as can
also the power dissipated in the load
resistor, provided the resistor is a
linear device. Experience has indi-
cated that these equations can
usually be used to produce results
which are accurate to within 5 or 10
percent, although occasionaly errors
as high as 25 percent may be en-
countered. The equations are de-
rived on the following assumption:

1. The static plate characteristics
are straight, parallel, equidistant
lines, which assumes that the ampli-
fication factor is constant. If high
negative grid bias is used, the ap-
proximation is not too good because
of the curvature of the plate char-
acteristic.

2. FE, is the value of the plate vol-
tage when £, = 0 and no plate cur-

rent flows. For constant-p triodes
E, = —upE., where E, is the nega
tive bias voltage.

Output of A-C Operated Pentode
Amplifier

The power output of tubes haviny
pentode characteristics are most con
veniently and accurately determine
through the use of the graphica
chart of Fig. 3. The chart of Fig.
can be used with any pentode type o
tube once its static characteristic
are known. The results have bee
applied only for a load consisting o
a resistor and capacitor combinatio:
in parallel as the load circuit.

It will be noted that the coordinate
of Fig. 3 are given either as a cur
rent ratio or as a voltage ratio an«
hence the diagram is applicable t
any voltage and current at which th
tube can be operated. For example
in order to obtain the load curren
the ordinates of FFig. 3 must be mul
tiplied by I,; likewise to obtain th
load voltage the abscissa must b
multiplied by E,,.. Rather than giv
the theory underlying the construc
tion of the chart of Fig. 3, it seem
more practical to limit discussion t
a use of this chart.

Let us take a specific problem. W
have a relay which we desire to ope:
and close. A capacitor will be uses
across it to prevent chattering. Thu
current required to close the relay ii
8 milliamperes, the release current i
7 milliamperes, and the relay resis
tance is 5,000 ohms. A voltage of !
volts is available for actuating th
relay (or its amplifying tube), ane
a 115-volt, 60-cycle power source i:
available.

The power required to close thu
relay is P = I’R = (8x107°)*x5x10° =
0.32 watt. The voltage required i
E, = I,R = 8x10°x56x10° = 40 volts
Since only 2 volts are available foz»'.!
control of the relay, an amplifying
tube is required, and one capable o:
operating from the 115-volt lin¢
should be selected. A 6G6 pentodi
will be selected since this has mort
than adequate power output at itd
rated voltages, and gives promise 0y
producing sufficient power cutput a:
electrode voltages of 115 volts. Fo:
purposes of illustration, the problen:
will be worked out on the assumpu’
tion that only the tube ratings ar¢
available; if the static curves ar
available, more precise results coulg)
be obtained.

(Continued on page 277)
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Radio-Robot Battle

Electric cars controlled by radioed instruc-

tions go through maneuvers of raiding and
defending air squadrons while trainees at
an Army Air Forceé school in Orlando,
Florida handle communications equipment

'*i@’“;

N R N

WARNING—Approach of enemy raiders is reported by wire.

Position, progress and probable course are quickly plotted on a

map here at operations headquarters and instructions for inter-
ception dispatched by radio to strategically located fields

CONTACT—Out on the floor of a building serving as a simulated

combat area in miniature, instructions from operations head-

quarters are received on walkie-talkies. Models representing
raiders (2) and defending planes (B) are guided into position
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RESULT—Observers in balcony-boxes high up on the sides of the battle building check the positions of models

constantly and report the progress of
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maneuvers for

position by wire to operations headquarters

97

W americanradionisions




FI1G. 1 — Constructional delails of

ground plane antenna. L may be any

convenient length provided it is at
least as long as L

VERTICAL antenna located several

wavelengths above ground does

not display the low angle of radiation

expected unless certain features are

included as an integral part of the
installation.

One type of high-frequency an-
tenna designed to produce a low
vertical angle of radiation is the 8O-
called ‘“ground plane.” Its design
was conceived by Brown and Ep-
stein," and is unique in that its
features not only produce the desired
low angle of radiation, but also allow
for proper termination of the trans-
mission line and place the antenna at
ground potential. Figure 1 illus-
trates the mechanical construction.

Basically, the antenna assembly is
so designed that a parallel circuit is
formed, whose impedance can be
made to match the characteristic
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surge impedance of concentric trans-
mission lines commercially available.
The equivalent electrical circuit of a
ground plane antenna is shown in
Fig. 2. The parallel circuit formed
by the ground plane antenna is ac-
complished by connecting the base of
the antenna to the center conductor
of a metallic concentric base support,
shown in Fig. 1 as L. This center
conductor, shown as L. in Fig. 1,
acts as an inductance, and is shunted
at the top by the antenna base im-
pedance, composed of capacitive re-
actance and radiation resistance. If
the inductance, capacitance and re-
sistance are of the proper values, the
parallel circuit thus formed will act
as a pure resistance at the operating
frequency.

As illustrated in Fig. 1, the outer
conductor of the coaxial transmission
line is connected to the outer con-
ductor of the antenna base support,
Since the inner conductor is common
to the outer conductor, due to a me-
tallic shorting disc at the base of L,,
the antenna assembly may be placed
at ground potential, providing the
antenna supporting structure or the
outer sheath of the coaxial line is
grounded.

Design Data

Consider the circuit shown in Fig.
2. If the values of reactance and re-
sistance are properly proportioned,
the circuit can be made to act as a
pure resistance, practically equal to
the surge impedance of coaxial trans-

e WWAN-americanradiohistorv.com

mission lines in common use. Proof
of this fact is demonstrated by
53.3 (25 36)
2%+ 533~ j3g ~ 77 ohms

The term j53.3 represents the re-
actance of L, in Fig. 2, and the term
(25-—736) represents the resistance
and reactance of L,. The combined
branches of the circuit equal 77
ohms and form the termination of
the coaxial transmission line.

The four arms extending out from
the top end of the outer sleeve of the
concentric base support, labelled D,
are ground radials. These radials
are necessary to lower the radiation
resistance and decrease the effect of
high-angle interference radiation
originating on the supporting struc-
ture or coaxial feed line.

The terms found on the left side
of Eq. (1) are entirely possible to
obtain in actual practice, and the
resulting parallel impedance should
be satisfactory for terminating co-
axial lines having a characteristic
surge impedance between 60 and 90
ohms.

It can be shown mathematically
that the base impedance of a quar-
ter-wave antenna, having four radi-

1

O
Ra
Lg Zp
raum < 1%

—0

FIG. 2—Equivalent electrical circuit of
ground plane antenna
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Ground Plane Antennas

The addition of a turnstile element to a high-frequency vertical antenna lowers the angle
of radiation. This paper develops the basic formulas for designing such a ground plane
antenna. An example is worked out for a 78-ohm termination at 33.78 Mec

als extending from its base, Iis
approximately 30 ohms. Since Eq.
(1) indicates that the antenna must
offer a capacitive reactance at its
base equal to —736 ohms, the an-
tenna must be made slightly shorter
than a quarter-wave. Obviously, if
the antenna is shortened, the radia-
tion resistance will decrease. Meas-
urements indicate that when the an-
tenna offers —736 at the base, the
radiation resistance decreases to 25
ohms as required by Eq. (1).

The 753.3 term of Eq. (1) is easily
obtainable by properly proportion-
ing the length of the concentric base
supporting structure. Once the surge
impedance of this section has been
determined, the reactance of the cen-
ter conductor can be calculated quite
accurately by

jX=Z,tan Y

Since 7X must equal 53.3,

tan Y = 53.3/Z, (3)

Z, may be calculated once the ma-
terial has been chosen from which
the antenna base support is to be con-
structed.

(2

Z, = 138.15log b/a 4)
where b is the inside diameter of the
outer conductor and a 4s the outside
diameter of the inner conductor.

The number of electrical degrees
which the tangent value represents,
as calculated by Eq. (3), may be ob-
tained from a table of trigonometric
functions. The length in inches
which represents one electrical de-
gree at the operating frequency f in
Mc is

L =328/f )

The total length of the concentric
antenna base supporting section L,
(as measured from the top of the
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shorting disc to the top of the outer
conductor) is
L.=LY (6)

where L is the length of one elec-
trical degree in inches, and Y is the
number of electrical degrees neces-
sary to form 53.3 ohms reactance.

Each of the ground radials should
be one quarter-wave in length, and
may be calculated by

d=855L (N

For those who do not have the
necessary equipment to measure the
characteristics at the base of the
antenna so as to determine when the
antenna length is properly adjusted
to fulfill the term (25—736) given by
Eq. (1), the following equations may
be of interest:

+£jX = Zoatan {27 h/N) + (1L57)

+0.01 [v/2.86 (log N\/a) — 4.6
+3.4] ) )

where

+ j X is reactance of antenna
Z.q 1s characteristic impedance of antenna
h is length of antenna
X is electrical length of one cycle at the
operating frequency
a is radius of antenna element
Zoa = Kl + K2

138.15 log h/a
K, = — (60 + 69 log 2h/\)

The reactance of the antenna can
be calculated quite accurately by the
use of Eq. (8). Since the length of
h must be assumed in solving for
Z .., several trial values may bhe neces-
sary before the exact length is as-
certained. Previous calculations in-
dicate that the length of 2 is usually
between 87 percent and 90 percent
of the true 90 deg. electrical length.
Several values of & should be chosen
between these limits and the react-
ance calculated. The values should
then be plotted as a function of & to

>
Il

ASCanracaioniSiCres

/
//
-34
" /
z
-36
5 /1]
< an
W -38 / ;
d / |
S 40 | |
< I
= / ’
Z _ |
A !
-46
76 77 78 79
ANTENNA LENGTH
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FIG. 3—Reactance as a function of
length h for the hypothetical antenna
design given in the text

obtain the exact length for a re-
aclance of —)36 ohms at its base.

Example of Calculations

A practical example may help in
making the included data more eas-
ily followed. Assume it is desired to
design a ground plane antenna to
operate on a frequency of 33.780
Mc. The characteristic impedance of
the transmission line is 78 ohms. The
material available for the antenna
base support is a section of copper
tubing with an inside diameter of 2
inches and a center conductor having
an outside diameter of 0.625 inches.
The antenna section is to be a con-
tinuation of the center conductor of
the antenna base support.

If the various sections of the an-
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FIG. 4—Antenna reaclance, antenna
resistance and antenna base reactance
as a function of 27h/\

tenna system satisfy the terms given
on the left side of Eq. (1), the 78-
ohm transmission line should be sat-
isfactorily terminated.

Since the antenna base support L,
is to offer the required 53.8 ohms re-
actance to the base of the antenna,
the length of this section must be
calculated. First, it is necessary to
calculate the Z, of this section by the
use of Eq. (4). Z, — 138.15 log
2/0.625 = 70 ohms.

Substituting known values in Eq.
(3), we get 53.3 = 70 tan Y, or tan
Y 53.3/70 0.76143. Then
tan™ 0.76148 = Y — 37° 17,

From Eq. (5) the length of one
electrical degree may be calculated :
L 32.8/33.780 = 0.973 inches.
From Eq. (6), L, = 37.2833° x 0.973
= 36.28 in.

The next operation solves for the
length of the ground radials. The
length is measured from the outer
wall of the outer conductor of the
concentric antenna base support to
the tip of the radial: d = 85.5x 0.973

The antenna must offer —336 at
its base. The proper length may be
calculated by the use of Eq. (8) and
(9). As mentioned, the length usually
will be between 87 percent and 90
percent of the true 90 deg. electrical
length. The 90 deg. length is 90°L
= 90° x 0.973 = 87.5 in. The cor-
rect length of % should be between
0.87x87.5 in. and 0.9x87.5 in. or
between 76 in. and 78.8 in.

If the reactance of the antenna is
calculated for the lengths 76 and
78.8 in. and these reactive values

100

+70
32
——
+50 — 31
/ 30
/. 29
+30 7 -
)/
4 28
I.C’J A
= ) 27
t, +10 // ‘rd
o i 26
o 0O / w
/] e (W]
L // - 25 %
O —10 o2 L7 (|’_,
(1] 7 -
8 & 24 4
= / > .
p4 4
g-30 // // 23 3
A~ z
s '/ &
v < 22 7
/ / <
- /
-50 / v 21
/ ] 20
/’/
-70 - 19

21Th

- 18
125 127 129 131 133 135 137 139 (4] 143 145 147 149 .51 83

A

NOTE: The frequency range covered by the curves in Fig. 4 and 5 is approxi-
mately 30 to 37 Mc, with h being the correct value of 77.8 inches for 33.78 Mc

plotted as a function of &, the proper
value may be ascertained.
characteristic impedance of
in. element is Z,, = K, + K..
138.15 log 76/0.3125 = 330
— (60 4 69 log 152/350) = — 35.7

Zoa = 330 — 35.7 = 294.3 ohms.

The characteristic impedance of
the 78.8 in. element is

K, = 138.15 log 78.8/0.3125 = 331

K; = — (60 + 69 log 157.6/350) = — 36
Zoa = 331 — 36 = 295 ohms

From Eq. (8), the reactance of the
76 in. element is

== j X = 204.3 tan {6.28 X 76/350 + 4.71
+ 001 [v/2.86 (log 350/0.3125) — 4.6 -+ 3.4]}
+jX = 294.3 tan 6.073 + 0.0555
= 294.3 tan 6.1285
&7 X = 294.3 tan 351.3 deg.

Since 351.3 deg. is in the fourth
quadrant, the tangent value is nega-
tive and the reactive component of
the antenna will be —j;X.

—JX = 2043 tan 8.7 deg.
= 294.3 X 0.153 = 45 ohms

The reactance of the 78.8 in. ele-

ment is

47X = 294.3 tan {6.28 X 78.8/350 + 4.71
+ 0.01 [/2.86 (log 350/0.3125) — 4.6 - 3.4]}
=+ j X = 295 tan 6.1785
+7X = 295 tan 354 deg.

Since 354 deg. is also in the fourth
quadrant the tangent value is nega-
tive and the reactive component is
—7X.

—JX = 295 tan 6 deg.= 295 X .1051
= 31 ohms

When these two values are plotted
as a function of & as shown in Fig.
3, the correct value of % to produce
—736 ohms is 77.8 in.

Thus, to construct a ground plane
antenna to operate on a frequency
of 33.78 Mc, which will properly ter-
minate a 78-ohm transmission line,
the antenna must be § in. diameter
and 77.8 in. long. The antenna base
support. must have a surge im-
pedance of 70 ohms and a length of
36.28 in. The lengths of the four
ground radials, extending out at
right angles from the top of the an-
tenna base support, must be 83 in.
each.

The curves in Fig. 4 and 5 illus-
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trate the variation of reactive and
resistive component parts of the an-
tenna when the operating frequency
is varied from the proper operating
frequency of 33.78 Mec. The fre-
quency range represented by both
curves is approximately 30 to 37 Mec.
Figure 5 combines the reactive and
resistive components to illustrate the
variation in magnitude of the an-
tenna terminating impedance and its
phase angle.

The author wishes to acknowledge
the cooperation of the technical staff
of the Radio Section of the Electrical
Division of the City of San Diego in
aiding with construction and meas-
urements of the antenna described
in this paper.

APPENDIX

The constant 32.8 in Eq. (5) was
derived from

A meters — 3 X 108/]. cyclos — 3 X IOz/fMe
A inches = 39-37 X 3 X 102/ch
L = 39.37 X 3 X 102/360 fx. = 32.8/fne

Measurements indicate that the
length of the ground radials is not

ELECTRONICS — August 1943

critical providing they are equal to
90 deg. electrical length or longer.
The constant 85.5 when multiplied by
L gives the approximate 90 deg. elec-
trical length, after allowance has
been made for “end-effect”. (85.5 is
95 percent of 90 deg.)

In computing the resistance and
reactance at the base of the antenna,
the antenna was considered as an
open-circuited transmission line. The
methods used in obtaining the char-
acteristic impedance Z,, of the an-
tenna were developed by Morrison
and Smith.? (For a complete deriva-
tion, refer to p. 693 of their paper.?)
The accuracy of Morrison and
Smith’s methods of calculation seems
to be substantiated by the correla-
tion between the reactance values
calculated by the use of Eq. (8) and
the results obtained by the more
rigorous formula given by King and
Blake.?

By including the 1.5 = term in Eq.
(8), a rotation of 270 deg. is pro-
duced, making it possible to multiply
the Z,, term by the tangent value

FIG. 5—Antenna terminating impe-
dance and its phase angle as a func-
tion of 27h/\

without regard to the antenna
length, up to A/2.

The square root term in Eq. (8)
corrects for “‘end effect” which is in-
fluenced by the relationship between
the antenna radius and operating
wave length.

Over the range of 2wk /X under con-
sideration for this investigation (1.25
to 1.63), the reactance values calcu-
lated by Eq. (8) are in complete
agreement with those calculated by
the formula given by King and
Blake.?

The values of resistance used in
formulating curve R, in Fig. 4 and
calculation to obtain the impedance
and phase angle curves of Fig. 5
were derived from the data given by
King and Blake.

Several methods of calculating the
antenna resistance were investigated,
and the results indicate that the
values obtained are not in perfect
agreement. The formula cited by
Brown and Epstein gives a resis-
tance of 21.159 ohms at A/4, while
the transmission line formula given
by Morrison and Smith yields a re-
sistance of approximately 36 ohms.
The rigorous method of King and
Blake gives a value of approximately
32.5 ohms.
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Temperature Compensation
with Negative Coefficient Resistors

Use of semi-conducting materials as series neutralizers, Early experiments with d-¢ millivolt-

meters, shunted and thermocouple ammeters, a-c voltmeters, ohmmeters of the ratio type,

recording voltmeters and ammeters, Commercial diesel engine pyrometer application
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FIG. 1-—Temperature-resistance characteristics of three types of neuiralizers
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T IS WELL KNOWN that elec-

tromagnetic and thermal volt-
meters and wattmeters measure
potential in terms of current. Ob-
viously the ratio of potential to cur-
rent is determined by the impedance
of the instrument circuit. This im-
pedance is to an important degree
a function of the temperature of the
coils and other instrument elements.
Many engineers who use voltmeteérs
and shunt ammeters, but do not de-
sign them, fail to realize how seri-

ous ambient temperature errors can ..

be. The writer has repeatedly come
across Instruments in which the
range has been multiplied by some-
one not skilled in the art. If it is
correctly done the results will be
good. But it is frequently accom-
plished in such a manner that if the
sun shines on the instrument its cal-
ibration changes several percent.

The resistance of copper or alumi-
num changes about 0.2 percent per
deg. F. This means that if a volt-
meter employs circuit elements con-
sisting entirely of these metals and
1s calibrated at 70 deg. F. it will
read 1 percent low at 75 deg.

Effect of Temperature Variation

In an electrical instrument, the
most important effect of tempera-
ture variation is to change the resist-
ance of the coil or -coils. The
temperature coefficient of control
spring elasticity, which is negative,
is ordinarily about one tenth the
magnitude of the positive co-efficient
of resistance, and in a d’Arsonval
mechanism is partly balanced by the
coefficient of the permanent magnet.

In d-¢ voltmeters of more than a
few volts full scale, temperature com-
bensation virtually takes care of it-
self. D’Arsonval mechanisms are so
efficient that full-scale deflection can
readily be obtained with only 50 to
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Instruments

By JOHN ROBERT PATTEE

Development Engineer
The Bristol Company
Waterbury, Conn.,

Typical negative

100 millivolts applied across the mov-
ing element. Nothing practical is to
be gained by increasing the potential
across it beyond 200 millivolts. If
a 0.05-volt mechanism is used to
make a 5-volt voltmeter, 99 percent
of the resistance will be in manganin
or constantan, and the temperature
coefficient of the instrument will be
only one hundredth that of the wire
(neglecting the influence of temper-
ature on the hairsprings and mag-
net). But if this same mechanism
is to be used for ranges below one
volt, it is time to guard against tem-
perature errors.

Other instruments in which the re-
duction of temperature influence is a
problem are millivoltmeters, includ-
ing pyrometer indicators; shunted
ammeters and thermocouple instru-
ments; a-c voltmeters, in which the
burden is much higher than in d-c
instruments; ohmmeters of the ratio
' type, in which the calibration is de-
termined by the resistance of one of
the instrumnt circuits; and record-
| ing voltmeters and wattmeters. Pen-
writing recorders require roughly a
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temperature coefficient
the type used by the author as instrument neutralizers

resistors of

thousand times the power consumed
by corresponding indicators to trav-
erse a given length of scale.

With all these instruments the
problem is to get as much of the
available voltage across the active
magnetic coil as possible, without
giving the instrument an inadmis-
sible temperature coefficient.

Commercial Compensation Practice

In 1936, Brooks described a method
of fully compensating a millivolt-
meter by shunting it with iron or
nickel, metals having high positive
temperature coefficients, and adding
manganin in series.® The principle
was based on an earlier method of
Swinburne. According to Brooks’ an-
alysis, to obtain complete compensa-
tion eight-ninths of the millivoltage
must be consumed in the series re-
sistor and a considerable part of the
current must be lost in the shunt.
Therefore, perfect compensation is
gained but only at the expense of a
large quantity of power consumed in
the compensating resistors compared
to that in the moving element.

The usual commercial practice has
been to make the series resistor of
manganin or constantan, both of
which have substantially zero tem-
perature coefficients. Its resistance
has to be at least five times that of
the coil to give fair compensation
over a moderate range of tempera-
ture. If the instrument is to be very
precise, or if it is to be completely
reliable outdoors and particularly in
aviation service, the ratio must be
several times higher. The result is
that more precious microwatts are
wasted in the series resistor than are
used in the coil.

Negative T.C. Series Resistors

The ideal series resistor would
have a high negative temperature
coefficient rather than a zero t.c.
which merely “dilutes” both the tem-
perature error and the efficiency of
the instrument. The required change
in resistance (equal and opposite to
that of the mechanism coil) would
preferably be obtained by virtue of
the ideal resistor’s inherent charac-
teristics, permitting the compensat-
ing job to be accomplished without
the necessity for a wastefully high
series resistance value.

Carbon in some forms has a nega-
tive coefficient. The author under-
stands that it has been successfully
employed to compensate electrical in-
struments but has seen no data on its
performance in this application.

There does not appear to be any
ductile metal having entirely suitable
properties. (Manganin, constantan
and a few other alloys have very
small negative t.c. at high temper-
atures. Driver-Harris’ Ohmax is
stated to have a t.c. of —0.00035 per
deg C.) However, in 1937, Faus of
General Electric published a descrip-
tion of resistors made of tellurium
and tellurium-silver alloys.” They are
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FIG. 3—Neutralizers arranged, from bot-
tom up, in the order in which they have
been employed in diesel engine pyrometers

remarkable in several ways. Tellur-
ium, so far as the author of the pres-
ent paper knows, is the only element
besides carbon which, in elemental
form, has a useful negative temper-
ature coefficient. The coefficient of
the resistors described is —1.2 per-
cent per deg C. This is three times
that of copper (and opposite in sign),
and many times higher than that of
carbon. The resistance-temperature
characteristics are shown to be lin-
ear from 470 deg C to —10 deg C
for tellurium and from --70 deg C
to —70 deg C for a 15 percent silver
and 85 percent tellurium alloy. But
resistors of the variety described ap-
pear to have relatively low current-
carrying capacity. (Faus also has
patented a cadmium-antimony com-
pound having similar characteris-
ties.?)

Characteristics of Semi-Conductors

It has long been known that most
insulators become conductors at high
temperatures, and that the conduec-
tivity of many semi-conductors in-
creases with temperature. Among
the latter may be mentioned the car-
bides of silicon and boron and oxides
of uranium, manganese and copper.
In general, semi-conductors are ox-
ides, carbides, sulphides and nitrides
of polyvalent metals. It is the adap-
tability of such materials to the com-
pensation of electrical instruments
which is our chief concern in the fol-
lowing discussion.

In 1940, Pearson described three
types of negative temperature coef-
ficient materials and called resistors
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made of them “thermistors”.' It was
stated that some forms would be suit-
able for instrument compensation.
The three types were uranium oxide,
with a t.c. of 3 percent per deg C a
mixture of nickel oxide and man-
ganese oxide, with a t.c. of 4.2 per-
cent per deg C, and silver sulphide,
with a t.c. of 4.9 percent per deg C.
The nickel and manganese oxide com-
position was said to be suitable for
d-c cireuits, the other two compounds
being subject to polarization.

A number of years ago The Car-
borundum Company began manufac-
turing for general-purpose use sili-
con carbide resistors called Globar B,
having negative coefficients. They
were not specifically designed for in-
strument compensation at that time
but it is known that the Weston
Electrical Instrument Company ex-
perimented with these resistors soon
after they were made available. Tests
were made but to the author’s knowl-

edge the results of this work were
not published.

Early Silicon Carbide Studies

Knowing that the resistors were
not specifically designed for this pur-
pose, the author nevertheless also
undertook, about two years ago, an
extended study of Globar B resistors
as possible “neutralizers” for instru-
ment compensation. (The word
neutralizer is desirable when deserib-
ing resistors used for this purpose
as it avoids confusion with the cold-
end “compensator”, which is a bj-
metallic spiral used in pyromillivolt-
meters to compensate for the poten-
tial of the reference Junction. In
order to obtain the precise informa-
tion necessary to apply such resistors
as neutralizers to instruments of di-
verse characteristics, it wag found
desirable to measure the resistance
of a quantity of them at various tem-
peratures between —45 deg C and
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FIG. 5—Curves showing NTC resistor life-test performance

+70 deg C. The samples were pro-
duction units ranging from 1 ohm
to 860 ohms at room temperature. In
physical size they ranged from
$ in.x§in. to $in.x4in. They fell
into two main groups: Small neutral-
izers, ranging in resistance from 1
to 100 ohms and having coefficients
numerically smaller than that of cop-

| per; and £ in.x 4 in. ones, of about

| cients.

800 ohms, and having a coefficient of
—0.6 per deg C. This is roughly
—1% times that of copper. (Ordi-
narily, temperature coefficients are
stated in ohms per ohm per degree,
but in instrument compensation work
it is more convenient to state them in
percent per degree, because instru-
ment errors are customarily stated
in these terms.)

Among the small neutralizers, tem-
perature coefficients varied from
—0.19 percent to —0.576 percent per
deg C. Out of 20 tested, one half
were between —0.235 percent and
—0.270 percent. Eighteen were be-
tween —0.232 percent and —0.386
percent. There was little correlation
between coefficients and resistance
values. Some neutralizers which
were intended to have the same re-
sistance (and did at one particular
temperature) had different coeffi-
There was some evidence of
‘change in characteristics with age.
A few had sinuous characteristics.
| In general the small resistors seemed
ito have very useful properties for, the
' specialized work of instrument com-
|pensation but it looked as if in order
ito apply them it would be necessary
ito measure the change of resistance
iof each individual resistor. The large
iresistors were more uniform. The
‘resistances of four samples ranged
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from 780 ohms to 856 ohms at 20
deg C. The resistance change per
deg C was —4.31 ohms, ==0.26 ohms.

Use As Instrument Neutralizers

In a neutralizer, the amount of
change of resistance per degree is
more important than the percentage
of change, and more important than
the initial resistance value itself.
(The author has coined a symbol for
it. The symbol is DR. In mathe-
matics, it is customary to use a capi-
tal delta, preceding a letter signify-
ing a.variable, to designate a change
in the variable. The letter delta does
not occur on conventional typewrit-
ers, so for convenience in writing
specifications the letter D is used.)

The change of resistance per de-
gree, DR, is considered of prime im-
portance, because a given coil will
have a definite positive DR, which
must be balanced by the negative DR
of the neutralizer. Besides these two
components, any production instru-
ment will include in series a small
amount of zero t.c. resistance for
calibrating, because it is not prac-
tical to adjust either the coil or the
neutralizer. The tolerance on DR
should be close, because, unless selec-
tive assembly is applied, the DR of
the instrument, which should usually
be close to zero, will carry a tolerance
equal to the sum of the tolerances
of the coil and the neutralizer.

The DR of a coil of wire is «R,
where « is the temperature coefficient
of resistivity, and R the resistance
of the coil. The factor « may be con-
sidered constant throughout the at-
mospheric temperature range (for
wire but not for neutralizers). It is
given as 0.393 percent per deg C for
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FIG. 6—Typical characteristics of type LA
Keystone negative t.c. resistors

copper and 0.403 percent per deg C
for aluminum.® Since in a production
lot of standard coils R is likely to
vary 10 percent or 15 percent, we find
it practical to use the simple formula
DR = 0.004R for both metals.

Experimental Recording Voltmeter

In 1940, an experimental recording
voltmeter was built, based on one of
our standard models. One of the
2in.x4in. neutralizers mentioned
above was used in series with a
solenoid having twenty times the re-
sistance of the standard type. The
burden was 6.3 watts at 110 volts,
compared with 35 watts in a stand-
ard voltmeter. The temperature coef-
ficient was substantially zero over a
wide range of ambient temperatures.
The model was in almost constant
operation for three months, at tem-
peratures fluctuating between 55 deg
C and —9 deg C, with a final test at
—42 deg. Results obtained were very
promising.

Somewhat later, a recording watt-
meter using neutralizers was de-
signed. But the war has so changed
the requirements for instruments
that neither of these developments
has since been put into production.

Tests on More Recent Materials

In February, 1941, the Keystone
Carbon Company announced negative
temperature coefficient resistors with
coefficients ranging from —0.7 to
—2 percent per C. The latter value is
quite high. These resistors were not,
of course, designed  specifically for
the critical job of instrument com-
pensation. One of the first samples

(Continued on page 190)
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Iraining Girls to Make Tubes

Proper oral instruction starts women out in the right frame of mind for production of
equipment needed in the war effort. Manual instruction in a training room shows up spe-
cial aptitudes. Streamlined course cuts training time from four weeks to one

B Y L . A . Y 0 D E R Instvuetor, Elcctronic Tube Training Section, General Electrie Co., Sche nectady, N. Y.

O SPEED UP the process of train-
Ting girls for electronic tube
manufacture, particularly necessi-
tated by the war, we are using a
special course for new employees.

That the course successfully serves
its purpose was demonstrated re-
cently when it was necessary to start
another assembly line with newly
trained workers. The work involved
both fine and rough assembly, and
the trained but inexperienced opera-
tors were assigned to the respective
stations on the basis of their per-
formance in the training room. Every
girl made good. They reached pro-
duction requirements in a little over
one week, whereas it formerly re-
quired at least four weeks to “breal
in” unsorted, untrained workers on
this work.

Wartime Worker Types

Most prospective female employees
now applying for work have had no
previous factory experience. Some
formerly worked as sales clerks,
beauty shop operators, or clerical
workers, or were engaged in other
occupations bearing no relation to
factory work. Many of them are
young girls or housewives who have
never been gainfully employed.
They all want a job, but very few
care what kind of a job they get and
practically none know what kind of
work they can learn to do. They have
no knowledge of factory life.

In normal times this type of
worker may be readily absorbed into
industry. * A foreman would have
ample time to instruct her in the
work and coach her through the first
few tough days. He could help her
adjust herself to a new way of mak-
ing a livelihood. But in war times

Operating test sets in the training room, Training period assignments, such as ; i .
beginners learn 1o read meters and splicing glass tubing, show up special the foreman is very busy; he has
manipulate controls aptitudes of new workers many pressing production problems
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| interest employees in their

e

Girls have an opportunity to try all kinds of work in the iraining room

and only limited time to devote to
individual workers.

Our training program takes these
things into consideration and has
been carefully planned to aid both
the new employee and the foreman.
It benefits the new employee be-
cause it equips her for a job in the
factory. It aids the foreman because
he receives a girl whom he knows
has demonstrated her ability and
has a reasonable chance to succeed
in performing the job on which she
will be placed.

Oral Instruction

There are two major phases of
the training program: oral instruc-
tion, and manual instruction. The
purpose of the oral instruction is to
impress the new employees with the
importance of their-work, and to
help them get along with their fore-
man, their fellow workers and their
job.

After being interviewed and ac-
cepted by the personnel department
and general foreman, the new em-
ployees report to the training room.
Here they are met by the training
room supervisor, are seated as groups
around a conference table and the
first of three talks is given.

The purpose of this talk is to re-
lieve first day nervousness and to
future
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work. During this talk they are put

at ease and are told:

1. That
them

2. That
room
start.

3. That

the company is glad to have
as new eniployees.

the purpose of the training
is to help them get a good

they will be expected to ob-
_serve certain routine in regard to
time clock registration, relief
periods, ete.

We have found that employees who
have some knowledge of the uses of
the product they are helping to make
are better workers. The realization
that they are actually playing an im-
portant part in winning the war, par-
ticularly, acts as a stimulus to the
quality and quantity of their work.
Therefore, another part of the first
day talk is designed to impress new
employees with the importance of
the job they are going to do. Thls
is done by :

1. Showing them several types of tubes
and describing the part these play
in sending and receiving military
messages and orders.

2. Explaining why every unit of our
Almy and Navy must have its elec-
tlonl% weapons

3. Stlessmg‘“the fact that many types
of tubds Hre secret and are used for
secret purposes, and cautioning them

to say nothing about their work out-
side of the factory.

After this talk they are taken on a
tour through the factory by an in-

structor. They see tube parts made;
they see these parts put together by
the assembly line operators; and they
see the assembled parts sealed into
glass bulbs. They see machines that
exhaust the air from the bulbs and
they see the tubes being based and
tested. In fact, they see the tubes
grow before their own eyes and most
of them show considerable interest in
all the operations.

In the second talk, given the fol-
lowing day, the supervisor covers the
following topics:

(A) General Safety Rules

1. Tells of the attention given to
safety and the expense to which
the company has gone to make
all jobs as safe as possible.

2. Explains that most accidents
are caused by carelessness and
thoughtlessness.

3. Reads the most important rules
from a safety booklet issued to
each new employee and tells
of accidents that resulted from
disobeying these rules.

(B) Company Benefit Plans
1. Explains Employees’
Benefit Association.

2. Discusses company group and
free insurance.

3. Outlines relief and loan plan.

4. Talks about Athletic Associa-
tion.

5. Mentions vacations with pay.
(Continued on page 228)

Mutual
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Positive Grid or

Retarding Field

Oscillators

Ability to produce oscillations up to 5,000 Mc gives importance to retarding field oscil-

lators, of which Barkhausen-Kurz and Gill-Morrell oscillators are typical examples, in |

spite of limited efficiency. Microwaves can often be produced with ordinary tubes

TRIODE oscillator, in which the

grid is maintained at a high
positive bias while that of the plate
is at or near the cathode potential,
is referred to as a positive grid or
retarding field oscillator. The Bark-
hausen and Gill-Morrell oscillators
were the first oscillators of this type
to be described, and these names are
still probably more familiar than the
term retarding field oscillator. Posi-
tive grid oscillators are of consider-
able importance in ultrahigh fre-
quency applications even though
limited in power output and effi-
ciency. Provided that suitable vol-
tages are applied to the electrodes,
many commercial triodes have been

This material is a condensation, by the
authors, of a chapter of their forthcoming
book, ‘“‘Hyper and Ultra-High Frequency
Engineering.” Its presentation in this
form is by courtesy of the publishers, John
Wiley and Sons.

Typical retarding field tubes for the production of ultra-short
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By ROBERT I. SARBACHER
and WILLIAM A. EDSON

Illinois Institute of Technology
Chicago, Ill.

found capable of generating these
oscillations. In general, tubes with
concentric cylindrical electrodes have
proved to be the most satisfactory,
although other electrode configura-
tions can also be used.

This article presents a brief
resume of the operation of such os-
cillators. The mechanism of oscilla-
tions is given not only in terms of
electric circuit theory but also by
means of a mechanical analogy. Sev-
eral useful tables and constants for
determining the frequency of oscilla-
tion in terms of electrode dimensions
and applied voltages are also given.

Retarding field oscillators usually
operate with negligible space charge.

Communication”

waves.

Consequently, the emission of elec-
trons from the cathode is random
with respect to time and does not
vary in synchronism with the period
of electronic oscillations about the
grid. Thus, although it is true that
electronic oscillations occur in any
tube in which the grid is positive and
the plate is negative with respect to
the cathode, it is also true that no
effect is produced in a circuit ex-
ternal to the tube unless the random
electronic oscillations are, in some
manner, turned into synchronous
oscillations. This process of convert-
ing the random motion of electrons
into synchronized oscillations is of
fundamental importance in the op-
eration of all retarding field oscilla-
tors. Consequently the mechanism by
which this is accomplished will be
examined.

Courtesy, “Electrical
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The common characteristic by
- which retarding field oscillators are
identified is that electrons oscillate
or vibrate back and forth through
' the meshes of the positive grid. The
electric field present between the elec-
trodes may be thought of as the sum
of the fixed field determined by the
battery voltages and the alternating
field due to the voltage of oscillation.
Because the electron is negatively
' charged, it is forced in the direction
 opposite to that conventionally as-
. signed to the field. Therefore elec-
. trons whose instantaneous velocity is
in the direction of the alternating
field give up energy to that field
| whereas the electrons whose veloc-
ity is opposite to that of the alternat-
ing field absorb energy. If, on the
Iaverage, more electrons vibrate in
lphase with the alternating field than
in opposition to it, a new power out-
put will result which will support the
)alternating field and drive an exter-
nal load. That such is the case will
‘be shown in the following para-
graphs.
' By means of retarding field tubes,
oscillations may be produced in the
grid circuit, in the plate circuit, in
lthe cathode circuit, or in the cathode-
plate circuit. The frequency of oscil-
Jations is determined by the transit
time of flight of electrons and this in
'turn depends upon the electrode di-
mensions and the voltages at which
they are operated. The operation of
positive grid tubes is most easily ex-
plained in terms of a parallel plane
structure. The operation of the more
practical cylindrical structure differs
only in numerical details. The coeffi-
cients applicable to both structures
are presented in the table.

Oscillations in the Grid Circuit

One of the most common types of
operation for retarding field oscilla-
tors is that in which oscillations oc-
ur in the grid circuit. To determine
‘he behavior of such operation, con-
sider a tube with plane electrodes, as
shown in Fig. 1. The grid-anode dis-
zance is d, and the grid-cathode dis-
tance is d,. With respect to the grid
1s reference point, the cathode and
inode voltages are V. and V, volts,
respectively. It will be assumed that
l. and d, are equal. Initially it will
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FREQUENCIES AND WAVELENGTHS GENERATED
BY RETARDING FIELD OSCILLATORS

Wavelength, in meters,
associated with oscil-
lations in anode circuit| A, =
or in grid circuit if
>\k = )\4

Wavelength, in meters,
associated with oscil-
lations in cathode circuit
or in grid circuit if
Ae = A

Wavelength, in meters,
associated with oscil-
lations in the cathode—' A =
anode circuit

Frequency,in Mc, assoc-
iated with oscillations|
in anode circuit or in, f, =
grid circuit if A\, = Ao
Frequency, in Mc, assoc-
iated with oscillations|
in cathode circuit or in
grid circuit if A. = X\,

Frequency, in Mc, assoc-
iated with oscillations| f, =
in cathode-anode circuit

0.15
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Vs represents grid-cathode potential in volts
V. represents grid-anode potential in volts
dx represents grid-cathode distance in meters

ds represents grid-anode distance in moters
ro represents radius of grid in meters
F(z) and G(») are given in Fig. 4

also-be assumed that no potential dif-
ference, alternating or direct, exists
between anode and cathode. This
condition requires that V, = V,. Let
us now assume that an alternating
voltage of perhaps a few volts is im-
pressed upon the grid (with respect
to anode and cathode) and that the
frequency is such that one full cycle
is described in the time required for
an electron to travel from cathode to
anode.

Consider an electron which leaves
the cathode when the alternating
component of the grid voltage is zero
and is changing in the positive direc-
tion. During the entire time that the
electron is traveling from cathode to
grid the accelerating field is stronger
than normal so that the electron ar-
rives at the grid with a velocity
higher than that corresponding to
the steady voltage V.. Assuming that
the electron does not strike a grid
wire, it proceeds into the retarding
field of the grid-anode space. At the
same time the grid voltage reverses

so that the retarding field is now of
less than normal intensity. As a re-
sult the electron will not come to rest
before reaching the plate but will
strike the plate with some velocity
corresponding to the alternating
voltage applied to the grid. Evi-
dently this energy, which was sup-
plied by the alternating voltage, is
dissipated as heat. This electron has
then absorbed power from the ap-
plied voltage.

Now consider an electron which
leaves the cathode one-half cycle later.
Because the accelerating field is
weaker than normal, it arrives at the
grid with less energy than that corre-
sponding to V.. Again the alternat-
ing voltage reverses as the electron
passes through the grid plane, so
that the retarding field is stronger
than normal during the transit to-
ward the plate. The electron is then
brought to rest somewhat in front of
the plate and returns once more to-
ward the grid. Again, however, the
voltage has reversed, so that the field
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FIG. 1—Diagram of elecirode

voltages in retaiding field oscil-

lator (left) and path of travel of electrons within tube having
plane electrodes (left)
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determining the wavelength or frequency
of oscillations of tubes with cylindrical

electrodes

accelerating the electron is less than
normal, and the electron returns to
the grid with less energy than it had
upon leaving it.

With each successive oscillation
the electron returns to the grid with
a lower energy and moves a shorter
distance away from the grid. The
kinetic energy originally derived
from the direct voltage, Vi, is con-
verted into power at high frequency
and is delivered to the external cir-
cuit. Ultimately, of course, the elec-
tron strikes a grid wire and is lost.
But on the average those electrons
which deliver power to the external
circuit execute several oscillations
while those which absorb power
travel only once from cathode to
plate. Thus a net positive power out-
put is available.

This mechanism is known as
amplitude selection. Those electrons

110

with unsuitable phase are rejected
from the system by the excess of
velocity which they acquire in one
transit. Those electrons with suit-
able phase are retained in the Sys-
tem for several oscillations. It can
be shown that all electrons emitted
over one-half cycle produce, to vary-
ing degrees, loss of power, and they
are ejected after one transit. Like-
wise all electrons emitted during the
other half-cycle deliver useful out-
put and are retained in the system
until captured by the grid.

The frequency specified in this de-
velopment is such that one full cycle
corresponds to the transit time from
cathode to plate or from grid to plate
to grid. As shown in the table, the
wavelength of generated oscillations
is

Ae = Ao = 2000 d,V, % msters (D

where distances are measured in
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meters and potentials in volts. If,
for example, d. — 0.001 meter (0.1
c¢m) and V. = 100 volts, the gener-
ated wavelength is approximately 0.2
meter (20 ¢cm), a very short wave.

Mechanical Anclogy

Figure 2 shows a mechanical de-
vice which illustrates many of the
characteristics of the positive grid
oscillations just described. Let us
assume that marbles are discharged
at a uniform rate from the hopper
and roll down the inclined side,
across the flexible section, and up
the other side. Suppose that the unit
is driven as shown so that the -driv=
ing bar makes one ful] cycle up and
down in the time required for a
marble to roll down from the hopper
and up the other side. Marbles may
be lost from this system either by
rolling over the edge into the plate




lt. 5 — Configuration of electrodes of
ispiral grid retarding field oscillator
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| 6—Spiral grid oscillator tube with di-

id plate. For clarity in illustrating con-

'p:tion, the spacing between plate sec-
tions is exaggerated

‘atcher trough or by falling through
.. hole in the flexible section.

. A marble which emerges from the
;’l-lopper when the system is as shown
|y the solid lines, and when the edges
\re rising, rolls down an incline that
'3 always steeper than normal. Dur-
ing the time that it crosses the flex-
ible section the displacement is re-
‘ersed and the marble finds the sec-
'nd incline less steep than normal.
't is thus able to roll over the edge
'nd escape to the plate catcher.

A marble which enters the system
ralf a cycle later finds its original
acline always less steep than nor-
1al and arrives at the flexible sec-
lon with a velocity below normal.
'he second incline is now steeper
i1an normal and the marble is thus
.1anab1e to reach the far edge. The
lisplacement of the system from
iormal again passes through zero as
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the marble reverses and the velocity
with which it again reaches the bot-
tom ‘is still further reduced. This
marble oscillates back and forth in
the system, losing more and more
energy with each cycle. It ultimately
is lost through a hole in the flexible
section.

The similarity of this device to the
electronic one just described is very
great. Marbles or electrons which
enter the system at times of unfavor-
able phase are ejected after one full
transit. Marbles or electrons which
enter the system at times of favor-
able phase gives up energy to the
system and remain for several cycles
of oscillation. Since the marbles are
discharged at a uniform rate, as
many electrons or marbles enter in
favorable as in unfavorable phase,
and the power contributed by those
in favorable phase outweighs that
absorbed by those of unfavorable
phase.

Phase Selection

Both the positive-grid oscillator
and the mechanical model just de-
scribed display an effect known as
phase selection. It is most easily
visualized in terms of the mechani-
cal model. In their initial movement
marbles require some definite time to
roll from one edge of the mechanism
to the other. Marbles of favorable
phase give up energy to the system
and roll through successively shorter
distances. In this device the time
required for one full oscillation de-
creases as the distance traveled de-
creases. Therefore an operating fre-
quency which corresponds to the time
required for the first oscillation is
too low for later oscillations.

The operation of the positive-grid
tube is affected in the same way.
The actual generated frequency is a
compromise corresponding to some
intermediate amplitude of electron
motion. Electrons which remain in
the system for several complete
cycles tend to advance from favor-
able to unfavorable phase. The low
efficiency characteristic of positive-
grid oscillators is due largely to the
effects of phase selection.

Review of Oscillations in Grid Circuit

It has been shown that oscillations
can exist in a plane parallel triode
having equal electrode spacings and
no cathode-anode voltage. The oscil-
lations appear from grid to cathode

(or anode) and are of quite high
frequency. It is clear, in reviewing
the performance, that the success of
the arrangement depends upon the
fact that cathode and anode are at
the same potential and that the
transit times from grid to cathode
and from grid to anode are equal.
Serious failure of the equality of
transit times is fatal to this mode of
oscillation since the impulses cannot
become synchronized, Equality of
plate and cathode voltage, although
very desirable, is not essential since
the amplitude selection mentioned
before can take vlace at the cathode
after one full cycle of electron oscil-
lation. Electrons which leave the
cathode in unfavorable phase are ac-
celerated during one full excursion
from cathode to plate and back, and
are then lost at the cathode. Elec-
trons which leave the cathode in
favorable phase continue in their
oscillation, as shown above, until
they strike a grid wire and are lost.

It may be shown that the grid-
cathode and grid-anode transit times
are equal in the parallel plane case
if d.,/V, = d/V,. Many experiment-
ers have reported strong oscillations
with large negative plate voltages,
probably in fulfillment of this condi-
tion. Such oscillations exist provided
only that some impedance is present
in the grid lead to cause a voltage
drop and that the transit times are
suitable. Power is delivered to the
external circuit of an appropriate
resistive load such as a tuned cir-
cuit.

Oscillations in the Plate-Cathode Circuit

A different sort of oscillation re-
sults if the load is applied between
cathode and plate as shown in Fig.
3. An electron moving from the
cathode toward the plate constitutes
an elementary electric current whose
direction is opposite to the motion
because of our convention as to cur-
rent flow. Evidently the motion
from cathode toward the plate
causes the plate to become mo-
mentarily negative and the cathode
positive with respect to the bias
values.

The operation of this circuit is
similar to that of Fig. 1. It is most
conveniently explained by assuming
a voltage to be introduced by an
external generator of appropriate
frequency. It is then shown that

(Continued on page 232)
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FIG. 1—Circuit diagram of an electronic voltage regulator which also replaces the
exciter on small and medium-size a-c generators

HE rapid expansion of the manu-
facture and sale of small com-
mercial diesel engine-driven generat-
ing sets for private commercial
power supplies just prior to the out-
break of the war points the way to
a much more intensive invasion of
the power-generating field by such
sets as soon as victory is achieved
and materials are again obtainable.
Motor-generator sets which deliver
an alternating voltage normally re-
quire a d-c exciter and a voltage
regulator. High speed of response
to load changes is one of the primary
requirements for a regulator for
these sets, due to the comparatively
large fluctuations in load when
motors are started. A suitable voli-
age regulator has been described on
page 104 of the April 19438 issue of
ELECTRONICS and will be referred to
in this description.

Further research into the problem,
conducted at the University of Den-
ver, has led to the development of a
regulator which also replaces the ex-
citer. Since the total cost for this
apparatus is very little more than
for the regulator alone, a distinct
savings will be realized due to elimi-
nation of the exciter. Further ad-
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vantages lie in the more rapid re-
sponse to load changes and in the
elimination of brush and V-belt
maintenance on the exciter.

Description of Circuit

Referring to Fig. 1, it will be seen
that the circuit is essentially the same
as for the voltage regulator previ-
ously described, except that the regu-
lator feeds directly into the field of
the alternator. The development
work was done on a 5-kva, three-
phase, 220-volt, 1800-rpm machine.

The primary of the transformer is
designed for the rated output volt-
age of the alternator. Secondary No.
1 of this transformer supplies the
proper voltage for heating the fila-
ments of the three tubes, namely 15
amp at 2.5 volts. Secondary No. 2
is wound for 120 volts and supplies
the bridge control circuit R.R.R.R..
R, and R, are two 75-watt, 115-volt
Mazda lamps, and R, and R, are two
120-watt, 115-volt carbon filament
lamps. This bridge balances at about
109 volts, but operates in the neigh-
borhood of 112 volts with negative
grid-control tubes, so that the out-
put from it to the 2-uf paper grid
capacitor and grid is sufficient to con-

trol the tube. In order to be able
to adjust the voltage of the a-c gen-
erator between limits, a variable re-
sistance R rated at about 25 ohms
and 25 watts is used.

Secondary No. 3 is 500 volts center-
tapped. The grid control tube is an
FG-17 thyratron. The two type 866
rectifier tubes employ 50-ohm, 10-
watt resistors to divide the load
between them.

Storage Battery Used for Starting

In order to allow the machine to
build up in voltage when started, a
rotary reversing switch mounted on
the shaft of the alternator is used in
conjunction with a 6-volt battery :
and secondary No. 4. The secondary
i1s 14 turns of No. 12 wire, center-
tapped.

A development of the reversing
switch is shown in Fig. 2. The
switch is made up of two slip rings
with alternate interleaved segments
forming an elementary commutator
13 in. in diameter and 2 in. long.
Ford starter brushes are used. The
brushes are normally held off the
commutator by a spring mechanism,
and are lowered in contact with the
commutator only when solenoid A4 is
energized by the ignition switch of
the engine upon starting.

Three relays are used, labeled B,
C,and D. Relay B prevents the plate
voltage from being applied to the
tubes until the heater has caused
the bimetallic strip to energize the
operating coil of relay B from the
6-volt battery, thus giving a heating
time of 20 seconds for the tube fila-
ments. Relay C is energized from the
6-volt battery when the ignition
switch is closed. Relay D opens its
contact when its coil is at about 25
percent of rated voltage. This al-
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‘dlows relay C to de-energize and open
its top contacts, closing its bottom
’:contacts.

58  To start the machine, the ignition
fswitch is elosed and the filament volt-
'%ge adjusted to 2.5 volts by means
.an the series rheostat. The engine

ilis then started. When the thermal
tfdelay closes after the 20-second in-
tterval required to heat the filaments,
solenoid A is energized, lowering the

rushes on the commutator. Second-
‘ary No. 4 is then energized on first

‘bne half and then the other by the
icommutator-type reversing switch.
#This causes the generator to build up
in voltage.

Y When about 25-percent voltage
\'s reached, relay D picks up and re-
| eases relay C, whose top contacts
tpen and bottom contacts close. This
\anergizes the transformer primary
ifrom the generator, and also de-en-

Jargizes solenoid A and raises the

. farushes on the rotary switch. The
tilaments are also transferred from

#’he battery to secondary No. 1. All
{‘his is accomplished in a little less

fthan two seconds after the thermal

tlelay on relay B trips. The genera-

L.or immediately builds up in voltage

Chairman, Dept.
University of Denver

of Electrical Engineering qand RALPH

The rate of response is extremely
rapid, and the circuit is very stable.
No elaborate anti-hunting device is
needed. Hunting is prevented by
proper adjustment of R, which for
the machine used was 500 ohms. The
wave form of the generator is not
changed by the use of this type of
excitation, as was verified by oscillo-
graphic tests.

Performance Curve

The voltage curve for a 100 per-
cent power factor three-phase load
test on the generator is given in Fig.
3. It will be seen that the voltage
rises slightly with increased load.
This can be explained as follows:
When the generator is loaded, more
current is required by the field, and
therefore more load is imposed on
secondary No. 3. This results in a
decrease in the induced voltage of
secondary No. 2, due to the regula-
tion of the transformer. But the
bridge circuit regulates to a con-
stant voltage on secondary No. 2;
and therefore the primary voltage
must rise to compensate for the
transformer regulation. In most
cases, such a rising voltage with in-

U. §. Bureau of Reclumation
Denver, Colorado

HEIDBRAK

used to supply the bridge circuit.

Building up from Residual Voltage

This regulator and alternator can
be caused to build up from residual
voltage (without using a 6-volt stor-
age battery) by either of the two
methods to be desceribed later,
but it is not thought that these
methods are commercially practical,
for two reasons. One is that on
short circuit the residual flux can
be destroyed, and the other is that
the auxiliary equipment and relays
required complicate the circuit un-
duly. Most engine-driven generat-
ing sets are equipped with storage
batteries for starting the engine, so
that there is no additional invest-
ment or maintenance involved in us-
ing the battery as a means of start-
ing the generator. The use of the
battery also allows the circuit to re-
main operative under short-circuit
conditions so that fuses, circuit
breakers, and other protective equip-
ment can operate.

If a short should occur on the
generator, the voltage supply to the
transformer is reduced to zero, the
relays immediately throw over to the

0 the value for which rheostat B creased load is desirable. If not, a battery side, and the brushes are
s adjusted, and remains constant. separate small transformer can be lowered on the commutator. The
_ e 0
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HIFIG. 2—Development of the elementary commutator used to apply
lszbattery voltage alternately to the two halves of secondary No.
4 to make the alternator build up its voltage when started
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FIG. 3—Variation of output voltage with load for a resistance
load. The slight rise in voltage with load is due to the drop in
bridge voltage when the transformer furnishes more field current
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FIG. 1—Circuit diagram of an electronic voltage regulator which also replaces the
exciter on small and medium-size a-c generators

HE rapid expansion of the manu-
facture and sale of small com-
mercial diesel engine-driven generat-
ing sets for private commercial
power supplies just prior to the out-
break of the war points the way to
a much more intensive invasion of
the power-generating field by such
sets as soon as victory is achieved
and materials are again obtainable.
Motor-generator sets which deliver
an alternating voltage normally re-
quire a d-c exciter and a voltage
regulator. High speed of response
to load changes is one of the primary
requirements for a regulator for
these sets, due to the comparatively
large fluctuations in load when
motors are started. A suitable volt-
age regulator has been described on
page 104 of the April 1943 issue of
ELECTRONICS and will be referred to
in this description.

Further research into the problem,
conducted at the University of Den-
ver, has led to the development of a
regulator which also replaces the ex-
citer. Since the total cost for this
apparatus is very little more than
for the regulator alone, a distinct
savings will be realized due to elimi-
nation of the exciter. Further ad-
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vantages lie in the more rapid re-
sponse to load changes and in the
elimination of brush and V-belt
maintenance on the exciter.

Description of Circuit

Referring to Fig. 1, it will be seen
that the circuit is essentially the same
as for the voltage regulator previ-
ously described, except that the regu-
lator feeds directly into the field of
the alternator. The development
work was done on a 5-kva, three-
phase, 220-volt, 1800-rpm machine.

The primary of the transformer is
designed for the rated output volt-
age of the alternator. Secondary No.
1 of this transformer supplies the
proper voltage for heating the fila-
ments of the three tubes, namely 15
amp at 2.5 volts. Secondary No. 2
is wound for 120 volts and supplies
the bridge control ecircuit R.R.R.R..
R, and R, are two 75-watt, 115-volt
Mazda lamps, and R, and R, are two
120-watt, 115-volt carbon filament
lamps. This bridge balances at about
109 volts, but operates in the neigh-
borhood of 112 wvolts with negative
grid-control tubeg, so that the out-
put from it to the 2-uf paper grid
capacitor and grid is sufficient to con-

trol the tube. In order to be able
to adjust the voltage of the a-c gen-
erator between limits, a variable re-
sistance R rated at about 25 ohms
and 25 watts is used.

Secondary No. 3 is 500 volts center-
tapped. The grid control tube is an
FG-17 thyratron. The two type 866
rectifier tubes employ 50-ohm, 10-
watt resistors to divide the load
between them.

Storage Battery Used for Starting

In order to allow the machine to
build up in voltage when started, a
rotary reversing switch mounted on
the shaft of the alternator is used in
conjunction with a 6-volt battery
and secondary No. 4. The secondary
is 14 turns of No. 12 wire, center-
tapped.

A development of the reversing
switch is shown in Fig. 2. The
switch is made up of two slip rings
with alternate interleaved segments
forming an elementary commutator
13 in, in diameter and 2 in. long.
Ford starter brushes are used. The
brushes are normally held off the
commutator by a spring mechanism,
and are lowered in contact with the
commutator only when solenoid A is
energized by the ignition switech of
the engine upon starting.

Three relays are used, labeled B,
C,and D. Relay B prevents the plate
voltage from being applied to the
tubes until the heater has caused
the bimetallic strip to energize the
operating coil of relay B from the
6-volt battery, thus giving a heating
time of 20 seconds for the tube fila-
ments. Relay C is energized from the
6-volt battery when the ignition
switch is closed. Relay D opens its
contact when its coil is at about 25
percent of rated voltage. This al-
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lows relay C to de-energize and open
its top contacts, closing its bottom
contacts.

To start the machine, the ignition
switch is elosed and the filament volt-
age adjusted to 2.5 volts by means
of the series rheostat. The engine
is then started. When the thermal
delay closes after the 20-second in-
terval required to heat the filaments,
solenoid A is energized, lowering the
brushes on the commutator. Second-
ary No. 4 is then energized on first
one half and then the other by the
commutator-type reversing switch.
This causes the generator to build up
in voltage.

When about 25-percent voltage
1s reached, relay D picks up and re-
leases relay C, whose top contacts
open and bottom contacts close. This
energizes the transformer primary
from the generator, and also de-en-
ergizes solenoid A and raises the
brushes on the rotary switch. The
filaments are also transferred from
the battery to secondary No. 1. All
this is accomplished in a little less
than two seconds after the thermal
delay on relay B trips. The genera-
tor immediately builds up in voltage
to the value for which rheostat R
is adjusted, and remains constant.

Chairman, Dept. of Electrical Engineering
University of Denver

The rate of response is extremely
rapid, and the circuit is very stable.
No elaborate anti-hunting device is
needed. Hunting is prevented by
proper adjustment of R, which for
the machine used was 500 ohms. The
wave form of the generator is not
changed by the use of this type of
excitation, as was verified by oscillo-
graphic tests.

Performance Curve

The voltage curve for a 100 per-
cent power factor three-phase load
test on the generator is given in Fig.
3. It will be seen that the voltage
rises slightly with increased load.
This can be explained as follows:
When the generator. is loaded, more
current is required by the field, and
therefore more load is imposed on
secondary No. 3. This results in a
decrease in the induced voltage of
secondary No. 2, due to the regula-
tion of the transformer. But the
bridge circuit regulates to a con-
stant voltage on secondary No. 2;
and therefore the primary voltage
must rise to compensate for the
transformer regulation. In most
cases, such a rising voltage with in-
creased load is desirable. If not, a

S. Bureaw of Reclumation

and RALPH HEIDBRAK [ 5, Bueow of

used to supply the bridge circuit.

Building up from Residual Voltage

This regulator and alternator can
be caused to build up from residual
voltage (without using a 6-volt stor-
age battery) by either of the two
methods to be described Ilater,
but it is not thought that these
methods are commercially practical,
for two reasons. One is that on
short. circuit the residual flux can
be destroyed, and the other is that
the auxiliary equipment and relays
required complicate the circuit un-
duly. Most engine-driven generat-
ing sets are equipped with storage
batteries for starting the engine, so
that there is no additional invest-
ment or maintenance involved in us-
ing the battery as a means of start-
ing the generator. The use of the
battery also allows the circuit to re-
main operative under short-circuit
conditions so that fuses, circuit
breakers, and other protective equip-
ment can operate.

If a short should occur on the
generator, the voltage supply to the
transformer is reduced to zero, the
relays immediately throw over to the
battery side, and the brushes are
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FIG. 2—Development of the elementary commutator used to apply
battery voltage alternately to the two halves of secondary No.
4 to make the alternator build up its voltage when started
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FIG. 3—Variation of output voltage with load for a resistance
load. The slight rise in voltage with load is due to the drop in
bridge voltage when the transformer furnishes more field current
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FIG. 1—Circuit diagram of an electronic

voltage regulator which also replaces the

exciter on small and medium-size a-c generators

HE rapid expansion of the manu-
facture and sale of small com-
mercial diesel engine-driven generat-
ing sets for private commercial
power supplies. just prior to the out-
break of the war points the way to
a much more intensive invasion of
the power-generating field by such
sets as soon as victory is achieved
and materials are again obtainable.
Motor-generator sets which deliver
an alternating voltage normally re-
quire a d-c exciter and a voltage
regulator. High speed of response
to load changes is one of the primary
requirements for a regulator for
these sets, due to the comparatively
large fluctuations in load when
motors are started. A suitable volt-
age regulator has been described on
page 104 of the April 1948 issue of
ELECTRONICS and will be referred to
in this description.

Further research into the problem,
conducted at the University of Den-
ver, has led to the development of a
regulator which also replaces the ex-
citer. Since the total cost for this
apparatus is very little more than
for the regulator alone, a distinct
savings will be realized due to elimi-
nation of the exciter. Further ad-
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vantages lie in the more rapid re-
sponse to load changes and in the
elimination of brush and V-belt
maintenance on the exciter.

Description of Circuit

Referring to Fig. 1, it will be seen
that the circuit is essentially the same
as for the voltage regulator previ-
ously described, except that the regu-
lator feeds directly into the field of
the alternator. The development
work was done on a 5-kva, three-
phase, 220-volt, 1800-rpm machine.

The primary of the transformer is
designed for the rated output volt-
age of the alternator. Secondary No.
1 of this transformer supplies the
proper voltage for heating the fila-
ments of the three tubes, namely 15
amp at 2.5 volts. Secondary No. 2
is wound for 120 volts and supplies
the bridge control circuit R,R.R,R:.
R, and R, are two 75-watt, 115-volt
Mazda lamps, and R, and R, are two
120-watt, 115-volt carbon filament
lamps. This bridge balances at about
109 volts, but operates in the neigh-
borhood of 112 volts with negative
grid-control tubes, so that the out-
put from it to the 2-uf paper grid
capacitor and grid is sufficient to con-

trol the tube. In order to be able
to adjust the voltage of the a-c gen-
erator between limits, a variable re-
sistance R rated at about 25 ohms
and 25 watts is used.

Secondary No. 3 is 500 volts center-
tapped. The grid control tube is an
FG-17 thyratron. The two type 866
rectifier tubes employ 50-ohm, 10-
watt resistors to divide the load
between them.

Storage Battery Used for Starting

In order to allow the machine to
build up in voltage when started, a
rotary reversing switch mounted on
the shaft of the alternator is used in
conjunction with a 6-volt battery
and secondary No, 4. The secondary
is 14 turns of No. 12 wire, center-
tapped.

A development of the reversing
switch is shown in Fig. 2. The
switch is made up of two slip rings
with alternate interleaved segments
forming an elementary commutator
13 in. in diameter and 2 in. long.
Ford starter brushes are used. The
brushes are normally held off the
commutator by a spring mechanism,
and are lowered in contact with the
commutator only when solenoid A is
energized by the ignition switch of
the engine upon starting.

Three relays are used, labeled B,
C, and D. Relay B prevents the plate
voltage from being applied to the
tubes until the heater has caused
the bimetallic strip to energize the
operating coil of relay B from the
6-volt battery, thus giving a heating
time of 20 seconds for the tube fila-
ments. Relay C is energized from the
6-volt battery when the ignition
switch is closed. Relay D opens its
contact when its coil is at about 25
percent of rated voltage. This al-
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lows relay C to de-energize and open
its top contacts, closing its bottom
contacts.

To start the machine, the ignition
switch is elosed and the filament volt-
age adjusted to 2.5 volts by means
of the series rheostat. The engine
is then started. When the thermal
delay closes after the 20-second in-
terval required to heat the filaments,
solenoid A is energized, lowering the
brushes on the commutator. Second-
ary No. 4 is then energized on first
one half and then the other by the
commutator-type reversing switch.
This causes the generator to build up
in voltage.

When about 25-percent voltage
1s reached, relay D picks up and re-
leases relay C, whose top contacts
open and bottom contacts close. This
energizes the transformer primary
from the generator, and also de-en-
ergizes solenoid A and raises the
brushes on the rotary switch. The
filaments are also transferred from
the battery to secondary No. 1. All
this is accomplished in a little less
than two seconds after the thermal
delay on relay B trips. The genera-
tor immediately builds up in voltage
to the value for which rheostat R
is adjusted, and remains constant.

Chairman, Dept. of Electrical Engineering
University of Denver

The rate of response is extremely
rapid, and the circuit is very stable.
No elaborate anti-hunting device is
needed. Hunting is prevented by
proper adjustment of R, which for
the machine used was 500 ohms. The
wave form of the generator is not
changed by the use of this type of
excitation, as was verified by oscillo-
graphic tests.

Performance Curve

The voltage curve for a 100 per-
cent power factor three-phase load
test on the generator is given in Fig.
3. It will be seen that the voltage
rises slightly with increased load.
This can be explained as follows:
When the generator is loaded, more
current is required by the field, and
therefore more load is imposed on
secondary No. 3. This results in a
decrease in the induced voltage of
secondary No. 2, due to the regula-
tion of the transformer. But the
bridge circuit regulates to a con-
stant voltage on secondary No. 2;
and therefore the primary voltage
must rise to compensate for the
transformer regulation. In most
cases, such a rising voltage with in-
creased load is desirable. If not, a
separate small transformer can be
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used to supply the bridge circuit.

Building up from Residual Voltage

This regulator and alternator can
be caused to build up from residual
voltage (without using a 6-volt stor-
age battery) by either of the two
methods to be described Ilater,
but it is not thought that these
methods are commercially practical,
for two reasons. One is that on
short. circuit the residual flux can
be destroyed, and the other is that
the auxiliary equipment and relays
required complicate the circuit un-
duly. Most engine-driven generat-
ing sets are equipped with storage
batteries for starting the engine, so
that there is no additional invest-
ment or maintenance involved in us-
ing the battery as a means of start-
ing the generator. The use of the
battery also allows the circuit to re-
main operative under short-circuit
conditions so that fuses, circuit
breakers, and other protective equip-
ment can operate.

If a short should occur on the
generator, the voltage supply to the
transformer is reduced to zero, the
relays immediately throw over to the
battery side, and the brushes are

lowered on the commutator. The

) =

5

2222 —

(o]

= 220 :
2
£ 218 P R o
b gen = a0 60 - 80800
s Percent Rated Load - '

FIG. 2—Development of the elementary commutator used to apply
battery voltage alternately to the two halves of secondary No.
4 to make the alternator build up its voltage when started
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FIG. 3—Variation of output voltage with load for a resistance
load. The slight rise in voltage with load is due to the drop in
bridge voltage when the transformer furnishes more field current

113



R

4
y A-C Generotor
i < — 2 N0
J Voltage-sensitive

& [relay Ao

| 7 Thasee—] ]
T<——-=-"" [gom 1 0000 4 2000,)

':{

’
’
/

| G —0 i | - Generator fielo
ern- | (
erotor A-C |
| Freld Gernerotor
Volfage- J f
SenS/'f/'Ve re/a)y ) € —_—0 I
\ b
| Gen - VIV 4 / | =
erator 2 !
freld CUUUUUEUUOUUUA_O :
- enerotor
rheo- Trons- Froldl
il 'L“ | Lformer rheostot
Copper-oxide rectifiers-—-"1

FIG. 4—Method of using copper-oxide reciifiers io make the al-
ternator huild up its voltage from residual flux without a battery

machine will function under excita-
tion from the battery circuit until
the short is cleared, when the volt-
age will again build up to normal and
close the relays to the a-c side.

Effect of Load Charges on Tube Outputs

The division of current between
the grid control tube and the non-
controlled rectifiers depends upon the
voltage drop in the field and upon the
voltage of the transformer plate
supply (secondary No. 3). For ex-
ample, if the voltage of the supply
transformer is 125 volts on either
side of center tap, and the field
IR drop is 100 volts, the thyratron
and the 866 tubes would carry ap-
proximately equal currents as meas-
ured on a d-¢c ammeter. If the
secondary voltage is doubled to about
250 volts, then most of the current
would be carried by the 866 tubes,
the thyratron being operative dur-
ing only a short period of each
cycle.

Types of Tubes Required
for Various Sizes of Generators

With standard generators de-
signed for 125-volt nominal d-c exci-
tation, the field requirements usually
lie between 4 and 6 percent for
small machines and 2 to 8 percent for
machines of 100 kva or thereabouts.
This is usually at 100 volts applied
to the field. With the standard 125-
volt d-c field winding, the current for
a 25-kva machine would then be
about 10 amperes, assuming 4 per-
cent field loss.

The division of current between
the grid-controlled tube and the
straight rectifier tubes depends upon
the voltage required for the field
and upon the secondary plate volt-
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age supplied from the transformer.
By proper choice of the secondary
supply voltage, the size of grid-con-
trolled tube can be kept down within
the lower price range and a major
part of the current can be carried
by non-controlled rectifiers, for
which the replacement cost is com-
paratively low. Using 350 to 400
volts rms on each side of the center
tap for the 25-kva generator men-
tioned above, the grid-controlled
tube would carry current about one-
fifth of the time, or an average of 2
amperes, while the non-controlled
tubes would carry the other 16
amperes. Thus an FG-57 thyratron
could be used as the grid-controlled
tube, and three FG-104 phanotron
tubes in parallel can be used for the
non-controlled tubes. The average
capacity of an FG-57 is 2.5 amperes,
while the maximum is 15 amperes,
both values being larger than the
actual load on the tube.

Special field coils designed for
operation at 500 volts would allow
excitation of a generator five times
the size of that with a 100-volt wind-
ing, using the same size tube. In-
sulation difficulties at 500 volts are
not too great, although it has been
found by experience that high surges
are sometimes present in rectifier
circuits, so that better field insula-
tion would be required for this type
of supply than for a field excited
by a d-c generator.

Economic Factors

The cost of such a regulator-exciter
as has been described, not including
the battery, for a 25-kva machine
with 125-volt field is less than $125.
Prior to the war, a reasonably good
regulator cost about $100 and an ex-

0Z4 | 0Z4| 0Z4| 0Z4| 0Z4| 074

-

FIG. 5—Method of using six cold-cathode rectifier tubes to make
the alternator build up its voltage from residual flux

citer for this size generator, rated
at 1200 rpm, cost $150. Electronic
excitation thus gives substantially
lower first cost along with much
more rapid response characteristics,
and should receive serious considera-
tion by the various manufacturers of
small generating sets when peace-
time markets are again available.
Two possible methods for self-ex-
citation of a-c generators from their
residual flux will be deseribed.

Use of Copper-Oxide Rectifiers

The generator may be caused to
build up from its residual flux by the
use of copper-oxide rectifiers, a trans-
former and relays as shown in Fig.
4. A relay is used to change the
primary from terminals 1 to 2 as
soon as the generator starts to build
up. The voltage-sensitive relay
maintains the voltage fairly con-
stant at 10 to 25 percent of rated
value while the mercury vapor rec-
tifier tubes warm up. The necessary
relays for changing over to the regu-
lator are not shown.

Experiments have shown that the
transformer must be carefully pro-
portioned so as to obtain a maximum
of output with a minimum of excit-
ing current at the low residual volt-
age. Any appreciable exciting cur-
rent drawn by the transformer from
a relatively small generator will re-
sult in a reduction of the residual
flux to such a low value that the gen-
erator refuses to build up, due to the
reverse curvature of the magnetiza-
tion curve near the origin. Three-
‘phase rectification is not necessary
with copper-oxide rectifiers, but is
desirable in order to insure building
up from;a low, residual flux.

(Continued on page 261)
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Iron-core Components
In Pulse Amplifiers

A discussion of the rate

change in the “leading edge,” “flat
top” and “trailing edge” portions of
square-wave. or flat-top pulses when

impressed on iron-core reactors

of voltage

By REUBEN LEE

Radio Engineering Department.

Westinghouse Electric « Monufacturing Co., o6

Baltimore, Md.

QUARE or flat-topped pulses of
steep wavefront have come into
considerable use of recent years, par-
ticularly in television and allied tech-
niques. They may be impressed on
iron-cored transformers by a vacuum

P .

Fig. 2—Pulse amplifier and equivalent circuit.

/

o

R, = Source resistance in ohms

R,= Load ” "
L =Leakage indvctance in K.

Ca=Sec. equiv. capacitance in farads

T*Zni/l_(‘;
k=m LCz

Fig. 3 — Influence
of transformer con-

&,
o o o
M=t TR,

slants on front edge

of pulse

TTRE

tube, a transmission line, or even a
battery and a switch.

The analysis to follow discusses
the rate of rise of the front edge,
the extent of the flat top and the rate
of decay of the trailing edge as func-
tions of circuit constants. The mathe-
matical expressions for these por-
tions of the wave, which describe the
transient conditions producing these

4 Fig. 1—Square-top pulse to be studied

L is transformer leakage inductance.

R, is the source resistance, R; is the load resistance, C; and C, are primary and sec-
ondary winding capacitances
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waves, are not given, in the interest
of economy of space. All the essen-
tial data necessary for one to under-
stand these rates-of-voltage change
are given, however.

The pulse itself is given in Fig. 1
and a generalized circuit for the
amplifier is given in Fig. 2A with
the equivalent so far as the trans-
former is concerned in Fig. 2B.

During the front edge period when
the pulse voltage e is rising abruptly
to its final value E, the transformer
open-circuit inductance presents
practically infinite impedance to the
voltage change and is omitted in
Fig. 2B. The leakage inductance,
however, has considerable influence
on the wave shape and appears as L.
Other quantities are defined on the
figure. Quantities in the secondary
circuit are all referred to the pri-
mary - by ~muiltiplying them by
(N:/Ns)* or, if it were more con-
venient to treat the transformer en-
tirely from the secondary, the pri-
mary quantities would be referred
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Fig. 4—Influence of transformer open-circuit inductance on flat-top portion of pulse.
The inductance in this case is in microhenrys

to that side by a reciprocal multiply-
ing factor.

Since there are two capacity terms
C, and C, then for any considerable
deviation of the transformer turns-
ratio from unity, one or the other of
these capacitances will become pre-
ponderant. Turns-ratio and therefore
voltage-ratio affect these capaci-
tances in such a way that for a step-
up transformer, C, may be neglected
and for a step-down transformer, C,
may be neglected. The discussion
here will be confined to the step-up
case, although the step-down and the
1 to 1 ratio cases are not markedly
different.

Front-edge Conditions

When the front of the wave is im-
pressed suddenly on the step-up
transformer, Fig. 3, as by closing a
switch, the initial voltage ¢ and cur-
rent entering from the battery are
zero. The rate at which the voltage
rises is given in Fig. 3. The final

R . .
R +-IE) indicates that the

amplifier will be more efficient the
smaller R, is. In Fig. 3, R, is consid-
ered negligibly small. If the value
E for the top of the pulse is multi-

. R,
plied by BRI R the curves are rea-

sonably accurate. Note that the ab-
scissas are not time but percentage
of the time constant of the trans-
former.

The rate of voltage rise is gov-
erned by the leakage inductance L,
the secondary capacitance C, and
markedly by another factor, &, which
is the product of the decrement and
the angular velocity of an oscillatory
circuit, but which has the same form
for a circuit which is not oscillatory.
Other things remaining equal, the
greater the transformer leakage in-
ductance and distributed capacitance,

value F
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the slower the rate of voltage rise.
R, and R, also are important since
they affect factor k. Note that if a
slight amount of oscillation can be
tolerated, the wave rises much faster
than if no oscillations are present.

‘i

If the circuit is far removed from os-
cillation, the rise is very slow. If the
circuit is damped very little, the os-
cillation may reach a maximum ini-
tial value of two times the steady-.
state voltage F and often such marked
peaks would be objectionable. The
values for k given on the curve ap-
pear to be those which fall within the
most practicable range.

"Flat-top" Conditions

Once the pulse top is reached, the
value £ is dependent upon the trans-
former open-circuit inductance for
its maintenance at this value. If the
pulse stayed on indefinitely at the
value E, it would require an infinite
inductance to maintain it so, and of
course this is not practical. There-
fore, the top of such a pulse always
has a tendency to droop. The equiva-

0§ ' —
; |
oofN L |
L R c
o\ | i
0. ! r i ———
l
07_7 T k=mlWiC
b T=22ViC
0.6 m=2/70
: \\ \ E ="Flat top” Volts across L 1=
05 L = Pri. D.C inductance //
o \\\ = " [oad resistance /
04 \\ —— C = v fguiv. capacity
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Fig. 5—Effect of transformer constants on trailing-edge of pulse
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Fig. 6 — (left) —
Actual pulse deliv-

ered by typical
case treated in tex:

Fig. 7 — (below) —
Typical saw-tooth
pulse .and circuit

analyzed in texi

~—
RN
LN ‘

qu 8—C1gnm“ for deve ‘oping high voltaqea by interrupting a
currenl thrdugh @ rewactor

£k

lent: circuit during this time is
shown in Fig. 4. Since the rate
of - voltage change 1is relatively
small during this period, C, and C.
disappear from the picture. Since the
leakage inductance is usually small
compared to the open-circuit induc-
tance, it is neglected. When the cir-
cuit (Fig. 4) is first closed, the e
is assumed to be at the steady value
E, which is strictly true only when
R, is negligibly small. Therefore, the
curves for the top of the wave need
to be corrected the same as those for
the front of the wave, in that e
should be multiplied by the ratio
R./(R,+R.).Several curves are given,
representing several types of pulse

amplifiers ranging from a pentode.

where the source resistance is very
high (R, is 1/10th of R,), to an am-
plifier whose load resistance is in-
finity or whose output power is zero.
In the latter case, e need not be mul-
tiplied by any ratio of resistances;

. its final value is the same as that of

the battery. All the curves are ex-
Ponential, having a common point at

' 0, 1. The abscissas are not time, but

are the product of time and ratio
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e - across reactor L = Reactor inductance
|1 =/niial current trovgh reactor  T=2mVIC |

| R, = Reactor loss equivalent resistance k= m/ Vic

|C = 7 distribvted capacitamce  m=3p7 |

| |

0 0.2 04 0.6 0.8 1.0

Time Expressed as a Fraction of Time Constant T

Fig. 9—Curves of voltage rise across a reactor

..i‘

R,/L the time being ihe duration of
the pulse between points @ and b in
Fig. 1. Obviously, the greater the in-
ductance L the less deviation from a
flat top pulse there is during this
amount of time.

"Trailing-edge' Conditions

At time instant b in Fig. 1, we will
assume that the battery circuit in
Fig. 4 is suddenly opened. The cir-
cuit now becomes that of Fig. 5, in
which L is the open circuit induc-
tance. Secondary capacitance (C), is
again present to an appreciable ex-
tent. It will be assumed that the cur-
rent through L has not increased to
an appreciable amount, and therefore
the flattop wave was practically un-
impaired at instant b; but if this is
true, it is the same as saying that
there is no initial current in induec-
tance L, so when the switch is open,
C. supplies all the load current mo-
mentarily. This is the basis upon
which Fig. 5 is drawn. The time
constant is now determined by the
open-circuit inductance L and capac-
ity C rather than by leakage induc-
tance and capacity C, as was the case

in Fig. 3. The constant I is again the
product of decrement and angular
velocity for the oscillatory case, but
the decrement now has a different
meaning. Lest it be assumed that
the time constant is so great in this
case that it precludes satisfactory
performance, attention is drawn to
the fact that higher open-circuit in-
ductance L results in higher values
of &, and the curves with higher
values of &k drop much more rapidly
than do the smaller values, but only
with reference to the time constant,
T.

This does not mean that such a
wave will drop more rapidly in

time, but only with reference to
the time constant which is de-
termined by open-circuit induec-

tance and capacitance. It does mean,
however, that the slope of the trail-
ing edge can be kept, within tolerable
limits, provided the transformer
capacitance can be kept small
enough. The accurate predetermina-
tion of this capacitance is therefore
of first importance. The measure-
ment and evaluation of the trans-
(Continued on poge 262)
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Conveniently held between the knees be-
cause of its ‘“hour-glass” figure, and
cranked like an old-fashioned coffee-mill
to generate power, this Bendix transmitter
designed with the help of the Signal
Corps and Wright Field automatically
transmits a coded call for help from U, S.
Army airmen forced down at sea. It op-
erates in the 500 k¢ “SOS” band where,
undzr average conditions, it covers a 100,-
000 square-mile area

Rescue-raft transmitter, with complete com-
plement of accessories including the bag
in which it is packed, weighs 33 1b and
floats nicely if it is necessary to toss it
from a plane and pick it up later. An
antenna wire, normally nested on a reel
in a front-panel compariment, is carried up
as high as 300 ft. by a 5-ft. hydrogen bal-
loon in calm weather and a box-kite when
the wind is blowing
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at WAR

Automatic transmitter included as part | -y e
of Army airmen’s emergency gear [% S0 T *,.:’"";?m’.
brings help to fliers forced down at sea. J
Navy aircraft and ship-locating equip-
ment pictured in production. Elec-
tronic sound apparatus, shown on Attu

beach, aided American landing
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’ Radar transmitters undergoing test in a General Electric
plant just before shipment to the U. S. Navy (right)

" Other radar equipment in production. Dis-
cussing such apparatus recently, Army's
former Chief Signal Officer, Maj. Gen.
Dawson Olmstead. said that during the
lAttu landing weather was so bad that
'men could have been put ashore success-
fully only with the aid of radar (above)

‘A microphone, amplifier and University
doudspeaker mounted on a “dog-cart”
tguided landing boats ashore at Attu once
the shock-troops had established them-
'selves on the beach, as shown by this
official U. S. Navy photo (right)
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Universal Equalizer Provides
A-F Amplifier Design Data

Complete details of an instrument which, when

inserted in an audio amplifier system and
adjusted to satisfy listeners, automatically provides on its panel a response cury

required equalizer circuit constants to improve response characteristics can be determined

-

e from which |

GJS_ e

[

gain:
control

 Selective circuits
FE R AT
1

0.00125]

0.0008 |

Other Chonnelg———— )

630 | 0.005 | 6,550 [0.0005 1
1000 | 0.003 [-10.300 [0.0003 |
154 10.02 | 1600 | 0.002 | 16,480 0.0002

FIG. 1—Tonalizer circuit, with values of parts for a 15-channel
Fewer or more channels may be used if desired,

arrangement,

IN AUDIO WORK, there are many
uses for an instrument which
makes it possible to change the re-
Sponse curve of an amplifier at will.
Such an instrument is the “Tonal-
izer” developed by Paul H. Thomsen
of Silver Spring, Md. It consists es-
sentially of 15 separate calibrated
tone control channels connected in
parallel but acting independently,
each controlling a different portion
of the audio spectrum.

To determine the overall response
requirements of an audio amplifier
intended for high-fidelity sound
reproduction the tonalizer unit is
inserted in the circuit of the ampli-
fier to be tested, at some point where
the signal voltage is about 2 volts.
The 15 channel controls are adjusted
until the output of the amplifier is
the same at all audio frequencies.
The response curve then shows on
front panel, since the positions of
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control levers forming the visual
curve are calibrated directly in db.

Typical Uses

The response of a theater sound
system or public address system can
be adjusted to suit various acoustic
conditions in much the same manner.
The tonalizer is inserted in the am-
plifier at some convenient point,
usually at the input of the single-
tube stage which precedes the out-
put stage. The channel controls are
set to give the desired tone balance,
as determined by listening at various
positions in the audience while the
system is in use. From the response
curve indicated by these contro] set-
tings, the required compensation can
be determined and the necessary per-
manent equalization inserted later
with assurance that the results ob-
tained with the tonalizer wil] thereby
be duplicated.

by appropriately spacing the peak frequencies. By-pass capaci-
tors for cathode resistors in remaining channels can be 10 uf each

Response characteristics of mi-
crophones, loudspeakers and phono-
graph pickups can be determined
with the tonalizer by using signal
sources and amplifiers having rea-
sonably flat response characteristics.
Almost any combination of equip-

1
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A e -

logaing Leading =
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FIG. 2-—RC selective circuit used in tonali-
zer, with voltage response curve it provides
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LEFT: Front panel of 15-channel tonalizer. The levers

move up and down through the vertical slots in . the

panel, with their ends tracing the response curve to
which the instrument is set

BELOW: Rear of 15-channel tonalizer, showing gear ar-
rangements used for channel gain control potenti-
ometers. Double-triode 6F8G tubes, each serving two
channels, can be used in place of individual 6]5 tubes,
as was done in the model shown here, but experience
has indicated that individual tubes are to be preferred

ment can be used. With the assist-
ance of the tonalizer it is possible to
improve the acoustic characteristics
of any type of sound amplification
system.

Frequencies responsible for over-
loading are readily determined. By
lowering the gain at these fre-
quencies with suitable equalizing net-
works, it is often possible to increase
the effective or apparent output of
an audio amplifier system a con-
siderable amount without feed-
back and with hardly noticeable loss
of fidelity. In the same manner,
audio frequencies which cause over-
modulation of a transmitter can be
determined and suppressed, making
it possible in some instances to more
than triple the effective radiated

power of a communications trans-
mitter without overmodulating.

Another application is in connec-
tion with re-recording of old phono-
graph records. The controls can be
adjusted quickly to get the best pos-
sible fidelity from each record in
turn.

The tonalizer is fundamentally a
test instrument, due to its multi-
plicity of tubes and circuits, and is
not ordinarily left in a circuit. It
may, however, be used permanently
as a near-ideal tone control in ap-
plications where cost is not a limit-
ing factor.

The basic circuit is shown in Fig.
1. The input voltage amplifier stage
with its master gain control permits
adjusting the overall gain of the

FIG. 3—The individual responses of all 15 channels combine to give a flat re-
sponse, as shown here. when all controls are set at maximum
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system and has a sufficiently high
input impedance for a plate circuit
connection to any stage when the
signal level is about 2 volts in the am-
plifier to be tested. The plate circuit
of the 6J5 input stage feeds each
of the 15 selective channels in par-
allel (for simplicity, only three chan-
nels are shown in the diagram).

Circuit Details

RC circuits are used as a-f filters
to eliminate phase distortion and
other drawbacks of tuned LC
circuits. Each RC circuit is broadly
peaked at a particular frequency, and
has its own individual gain control.
The gain control levers for the 15
channels are so arranged on the con-
trol panel that their ends trace the
over-all response curve to which the
instrument is set.

The output matching circuit and
shielded cable are optional, and are
used only when it is inadvisable for
some reason to connect the 0.5-uf out-
put capacitor directly to the grid of
a tube in the amplifier being tested.

A conventional, well-filtered, full-
wave powerpack makes the tonalizer
an independent unit operable directly
from an a-c line. A 5Y3G tube is
uled with a transformer providing
375 volts on each side of the center
tap. Two 15-henry chokes and three

(Continued on page 269)
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ELEMENTARY PARTICLES

-

During the past decade,
particles of physics, and
have been “discovered.

advances, in a summary of

KNOWLEDGE of the more funda-
mental particles of matter en-
countered in nature is so fascinating
to those even casually interested in
the subject of physics that it seems
worthwhile occasionally to summar-
ize for the general reader the present
state of knowledge concerning these
particles. Electrons, protons, pho-
tons, positrons, and mesotrons are
not products of the conjurer’s im-
agination; their existence is unques-
tioned. They can be produced in the
laboratory. They are found associ-
ated with the penetrating cosmic
rays coming to us from interstellar
space. Some of them are involved in
the transmutation of the elements,
the changing of one element into an-
other. Some are involved in artificial
radioactivity. Let us inquire briefly
concerning the existence and the
properties of these particles.

Forty years ago we began talking
about electrons, minute electrical
charges, although it was not until
1913 that it was demonstrated con-
clusively that electrical charge exists
only in whole multiples of some unit
called the electron. At that time ac-
curate measurements of many differ-
ent small charges were made, and it
turned out that each of these charges
was 1, 2, 3, 4, 5, or ete., times the
smallest charge ever found. This
smallest charge, the electron, is 1.60
x 10 coulomb. This is the charge
that would move past a given point in
a wire in one second if there was
flowing in the wire 3 current of one
ten-millionth of a millionth of a
microampere. These electrons are
negatively charged electrically, have
a mass 1/1837 that of the hydrogen
atom, and constitute one of the es-
sential building stones of which all
matter is constructed. They are the
particles emitted from the hot cath-
ode in the radio tube. Due to their
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By J. D. STRANATHAN

University of Kansas

negative charge they are attracted
to the positively charged plate, and
thereby given velocitjes of the order
of 5,000 miles per second. Although
the mass of the electron is extremely
small, the large number of these
small masses moving at such high
speed gives up sufficient energy upon
striking the anode to heat the plate
perceptibly and sometimes disas-
trously.

Early Knowledge of Afomic Physics

Revealing information concerning
the general structure of atoms dates
back also some 25 years. Many ex-
periments show that the atom of a
particular material is made up of a
very small centrally placed and posi-
tively charged part called the nucleus,
This nucleus, which accounts for
nearly the entire mass of the atom,
is surrounded by a number of so-
called planetary electrons arranged
in shells at various distances from
the nucleus. The number of these
planetary electrons in each atom

rapid strides have been made in our knowledge of the basic
several new and fundamental “building blocks
Dr. Stranathan brings the reader up to date on these recent
interest to users and designers of electronic devices

of the universe”

varies from one kind of atom to an-
other; it is 1 for hydrogen, 2 for
helium, 3 for lithium, and on up to
92 for uranium. In any given atom
the electrons prefer to rotate about
the nucleus in those shells nearer
the nucleus. It is possible, however,
to displace an electron outward tem-
porarily. The atom gives out light
when this electron moves back from
an outer to an inner shell. The
nucleus always has a positive charge,
1 for hydrogen, 2 for helium, 8 for
lithium, and on up to 92 for uran-
ium. Thus the positive nuclear
charge just balances the total nega-
tive planetary electron charge; the
atom as a whole is neutral. The
structure of the nucleus, along with
the appropriate number and arrange-
ment of planetary electrons, is what
distinguishes one atom from an-
other. All properties of matter must
therefore be determined fundamen-
tally by the structure of the atom,
the grouping of these atoms into
molecules, and the arrangement of
these molecules in a particular ma-
terial. )

In an electrical discharge tube in
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which an appreciable amount of gas
has been left, such as a neon sign
tube, some of the gaseous atoms are
ionized. Ionization of an atom con-
sists simply of tearing away from
that atom one or more planetary -
electrons. This leaves a positively
charged ion only inappreciably
lighter than the original atom. In a
discharge tube the electrons move
from cathode to anode, while the
positive ions move toward the cath-
ode. If a small hole is drilled in a
disc-shaped cathode in the gaseous
discharge tube, a stream of these
positive ions proceeds through the
opening. This stream can be bent by
electric or magnetic fields. Thus in-
formation regarding the velocity
and the ratio of charge to mass of
the particle can be obtained. Since
the mass of this ion is that of the
atom less one electron, the masses of
atoms can bexcompared in this way.
In faet this has proved to be a very

- accurate method of determining the

atomic weights of the chemical ele-
ments, much more accurate in gen-
eral that any of the methods more
commonly used by chemists. It was
through studies of these positive
ions that the existence of isotopes
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was discovered. In general the atoms
of a given element, say neon, are
not all alike; some are heavier than
others. Some neon has an atomic
weight 20, some 21, and some 22.
These three kinds of neon are called
isotopes. The three isotopes of neon

exist in nature in such proportions

as to give an average atomic weight
20.2. Nearly every element is com-
posed of isotopes. As will be re-
marked later, some of these isotopes
are stable and some are radioactive.
The several isotopes of any given
element differ only in the structure
of their nuclei; they have the same
number and arrangement of plane-
tary electrons. The simplest nucleus
is that of hydrogen. This nucleus
is known as a proton. It bears a
positive charge of one unit, and has
a mass only slightly less than that
of the hydrogen atom. All other
nuclei are apparently constructed of
varying numbers of protons and
neutrons. The neutron, to which we
shall shortly return, is a particle
discovered only ten years ago.

The Photon—Particle or Wave?

Another “particle” which has
been known for many years is the

photon. The word particle is here
placed in quotes because under some

conditions this photon exhibits
clearly the properties of a particle
whereas under other conditions it
behaves definitely as a wave. In this
respect it is no different from other
particles we shall discuss, but this
dual character has been recognized
longer and studied more thoroughly
for photons. Heat radiation, light,
x-rays, and gamma rays given off by
radioactive materials, all of which
are electromagnetic waves of the
same type as but of much higher
frequency than radio waves, are
emitted and absorbed only in dis-
crete amounts of energy. That is,
radiant energy is not emitted or ab-
sorbed continuously, but only in
bundles of predetermined size. This
discrete amount of energy, called a
quantum or a photon, depends upon
the frequency of the radiation; it is
given by hv where h is a universal
constant and v is the frequency.
This photon, possessing an energy
hv, travels through space with the
velocity of light. Experiments show
that the photon possesses momentum
and mass; it possesses no electrical
charge.

The existence of the photon is
made evident from several types of
studies, one of the most common be-
ing the photoelectric effect. It is
common knowledge that photoelectric
cells are used for a wide variety of
purposes; they are used whenever it
is desired that a change in light in-
tensity produce a change in electric
current. The active surface of the
cell is made of a material which
emits electrons from its surface
when the surface is illuminated with
light of sufficiently high frequency.
The number of electrons emitted per
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Cloud chamber photograph of tracks left by two alpha particles given
off by radium

second, and hence the current to a
nearby collector held at a positive
potential, is proportional to the in-
tensity of light falling on the sur-
face. The individua] electrons are
emitted with some velocity, of the
order of a few hundred miles per
second, a velocity which is rather
small for an electron, One might
suspect that the velocity with which
the electron is emitted would be
larger when the surface is illumi-
nated with intense light, but such is
not the case. The more intense light
ejects more electrons per second, but
each. electron is ejected with the
same velocity as for light of low in-
tensity. The velocity with which the
electron is ejected from the surface
depends upon the frequency of the
incident light; it is larger for blue
than for red light. In fact measure-
ments show that the velocity of the
tastest electron ejected is just that
which allows the electron to have a
kinetic energy exactly equal to the
energy kv of one of the photons of
incident light, less a certain amount
of energy required to get the elec-
tron out of the surface emitting the
photoelectrons. The higher frequency
associated with blue light thus ae-
counts for the greater energy of an
electron ejected by blue light than
for one ejected by red light. Experi-
ments of this and similar character
show definitely that light, including
not only wvisible light but also in-
frared, ultraviolet, X-rays, and
gamma rays, is absorbed by matter
and emitted by matter in energy
bundles of size hv. It is this energy
bundle that is called the photon.
The electron, the proton, and the
photon have been known for some
time. As ga consequence one even
casually interested in science knows
something of them. No other funda-
mental particles were known before
1932, /Since 1932, however, the ex-
istence of several other particles has
been established. The neutron, the
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positron, and the mesotron are firmly
established. The neutrino has a
rather solid theoretical foundation,
but as yet we lack conclusive experi-
mental evidence for its existence.
With the recognition of these addi-
tional particles has come also the
realization that mass is Just another
form of energy. Without any ques-
tion it is possible today to convert
mass into energy, or to convert en-
ergy into mass. We shall shortly
say more of this. Let us first see
Just how the discoveries of the neu-
tron, the positron and the mesotron
came about.

The Neutron—An Uncharged Particle

In 1932 several observers found
that if radiation from certain natural
radioactive materials was allowed to
fall upon light elements such as
beryllium, boron and lithium, there
was emitted from these elements a
very penetrating radiation. It was of
course known that X-rays, and the
gamma rays given off from natural
radioactive materials, were ex-
tremely penetrating, far more pene-
trating than any other known type
of radiation. Furthermore, it was
known that in general the higher the
frequency of such radiation the
greater was the penetrating power.
It was therefore quite natural to
suppose at first that this new radia-
tion was of the same character as
X-rays and gamma rays except that
it was of a still higher frequency.
Since x-rays and gamma rays are ab-
sorbed as photons it was presumed
that this new radiation was consti-
tuted also of photons. Studies of the
absorption of this new radiation in
matter soon showeq, however, that
such was not the cage., Among other
things it was found that this new
radiation was absorbed more rapidly
in water or paraffin than in an
equivalent mass of lead. Any matter
containing hydrogen is a much bet-
ter absorber of this new radiation

than is a material which does not
contain hydrogen. On the other
hand, photons are absorbed much
more rapidly by lead and other heavy
elements than by the light elements.

It soon became apparent that this
penetrating radiation consisted of a
previously unrecognized particle, a
particle now called the neutron. A
variety of convincing experiments
has shown that this neutron is a par-
ticle having a mass almost the same
as the proton; its mass is 1.0090 as
compared to 1.0081 for the hydrogen
atom and 1.0076 for the proton. This
difference is so small that one not fa-
miliar with the experiments might
suspect that it is due to error of
measurement. Definitely it ig not;
the mass of the neutron is slightly
larger than that of the proton; it is
even slightly larger than that of the
hydrogen atom, which consists of a
proton as nucleus and one planetary
electron. The neutron has no elec-
trical charge. This lack of charge,
coupled with its smalj dimensions, is
responsible for its great penetrating
power. The gradual slowing down of
a charged particle ag 1t passes
through matter is due largely to the
electrical forces between the charged
particle and the planetary electrons
of the atoms of material. The energy
of the charged particle is gradually
spent in knocking these planetary
electrons from atoms, that is, in jon-
izing the atoms. The neutron, hav-
ing no electrical charge, does not
produce this ionization. Hence it
loses its energy slowly; it is very
penetrating.

The fact that the mass of the neu-
tron is essentially the same as that
of the hydrogen atom ig responsible
for the relatively rapid absorption of
neutrons in any material containing
hydrogen atoms in its structure. Let
us think for a moment of the be-
havior of two billiard balls or of
two marbles. Let us assume that the
balls are perfectly elastic. Assume
also that there is no friction be-
tween the balls and the table; the ball
cannot then behave peculiarly be-
cause of its spin. Let one ball be
stationary. Let a second bal] be shot
directly at the first. If the sec-
ond ball has the same mass as the
first, it will stop dead after the col-
lision, while the struck ball will pro-
ceed forward with a velocity equal
to that originally possessed by the
striking ball. Tf the second ball (the
striking ball) has a mass greater
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than the ball originally at rest, then
after the collision both balls will pro-
ceed forward, the second ball at a
somewhat reduced velocity. If the
second ball has a mass less than that
of the ball originally. at rest, then
the struck ball proceeds forward and
the striking ball bounces backward.
It is only when the striking and the
struck balls have equal masses that
the striking ball is brought to a dead
stop. This behavior can be deduced
from the known laws of mechanics;
or it can be observed experimentally.
Now if neutrons lose their energy
by making collisions with the nuclei
of ‘atoms, then a neutron would be
brought to rest most rapidly if it
were allowed to strike particles of its
own mass. Hydrogen nuclei have es-
sentially this same mass. Hence any
material containing hydrogen atoms
is relatively an absorber of neutrons.

Discovery of the Positron

Another fundamental particle
called the positron was discovered in
1932. This positron has the same
mass as the ordinary electron. It
has an electrical charge the same as
the electron except that it is positive
whereas that of the electron is nega-
tive. Experimental evidence for the
existence of the positron can be un-
derstood only after a few words re-
garding a widely used method of
studying charged particles. When a
high speed charged particle is al-
lowed to pass through an enclosed
space filled with air and saturated
with water vapor, the particle ionizes
many atoms along its path. Many
ions are therefore left along the path
of the particle. If immediately after
passage of the particle the mixture
of air and water vapor is expanded,
perhaps by withdrawing a plunger,
the water vapor cools and small drop-
lets of water condense on the ions.
With proper illumination one can see
or can photograph these water drop-
lets. Thus one sees or photographs
the path along which the charged
particle just passed. The apparatus
for making these tracks evident is
called a cloud chamber. This method
has been used for over thirty years.

One of the early cloud track
photographs taken is shown on the
opposite page. In this case the
charged particle responsible for the
track was an alpha particle. The
alpha particle, which is given off by
many radioactive materials, is really
a helium nucleus. It has a mass four
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times that of the proton, and pos-
sesses a positive charge of two elec-
tron units. The alpha particle leaves
a very dense track, due in part to
its double charge and in part to its
relatively large mass. The droplets
of water condensed on the many ions
are so close together as to present
the appearance of almost a continu-
ous track. Any charged particle
leaves a similar track, though usually
not so intense. The lighter and less
highly charged proton leaves a less
dense track than the alpha particle.
The still lighter electron, with its
single negative charge, leaves a
much less intense track than the
proton, a track in which the indi-
vidual water droplets can be distin-
guished.

Before evidence of the positron is
shown, it is necessary to recall one
further fact. If a high speed charged
particle is made to pass through a
magnetic field, the particle’s motion
being perpendicular to the field, the
particle is deflected to one side. A
positively charged particle is de-
flected one way in a given magnetic
field while a negatively charged par-
ticle is deflected in the opposite di-
rection. The greater the velocity and
the mass of the particle, the less is
the deflection.

Reproduced below is a photograph
showing two tracks. A magnetic
field was established perpendicular
to the plane of the photograph in
this case. The particles therefore
move perpendicular to the magnetic
field. The path of one particle curves
to the left while that of the second
particle curves slightly to the right.
There is good reason to believe that
both particles came into the cloud
chamber from above, where they
were no doubt produced by cosmic
rays as these rays were absorbed in
material around the cloud chamber.
If both particles did come from
above, then one particle is negatively
charged and the other positively
charged. The two tracks are of the
same nature; and they are tracks
such as are known to be left by elec-
trons. Hence one concludes that the
one track was made by an ordinary
electron, the other by a particle
identical with the electron except
that this second particle had a posi-
tive charge. It is this positively
charged electron that has been called
the positron. Many experiments of
the type just described, and some
of other types, have shown without
question that the positron exists.

It was remarked above that the
electron and the positron responsible

Photographic traces of a pair of tracks originating from a common point,
the two particles responsible for these tracks producing equal specific
ionizations. The track of greater curvature is produced by an electron.

The track of less curvature is produced’ by a positron.

Both half-tones

are from the author's book, “Particled of Modern “Physics” published
by Blakiston
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Cloud chamber photograph of tracks left by two alpha particles given
off by radium

second, and hence the current to a
nearby collector held at a positive
potential, is proportional to the in-
tensity of light falling on the sur-
face. The individual electrons are
emitted with some velocity, of the
order of a few hundred miles per
second, a velocity which is rather
small for an electron. One might
suspect that the velocity with which
the electron is emitted would be
larger when the surface is illumi-
nated with intense light, but such is
not the case. The more intense light
ejects more electrons per second, but

each  electron is ejected with the

same velocity as for light of low in-
tensity. The velocity with which the
electron is ejected from the surface
depends upon the frequency of the
incident light; it is larger for blue
than for red light. In fact measure-
ments show that the velocity of the
tastest electron ejected is just that
which allows the electron to have a
kinetic energy exactly equal to the
energy hv of one of the photons of
incident light, less a certain amount
of energy required to get the elec-
tron out of the surface emitting the
photoelectrons. The higher frequency
associated with blue light thus ac-
counts for the greater energy of an
electron ejected by blue light than
for one ejected by red light. Experi-
ments of this and similar character
show definitely that light, including
not only visible light but also in-
frared, ultraviolet, x-rays, and
gamma rays, is absorbed by matter
and emitted by matter in energy
bundles of size hv. It is this energy
bundle that is called the photon.
The electron, the proton, and the
photon have been known for some
time. As a consequence one even
casually interested in science knows
something of them. No other funda-
mental particles were known before
1932, .Since 1932, however, the ex-
istence of several other particles has
been established. The neutron, the
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positron, and the mesotron are firmly
established. The neutrino has a
rather solid theoretical foundation,
but as yet we lack conclusive experi-
mental evidence for its existence.
With the recognition of these addi-
tional particles has come also the
realization that mass is just another
form of energy. Without any ques-
tion it is possible today to convert
mass into energy, or to convert en-
ergy into mass. We shall shortly
say more of this. Let us first see
just how the discoveries of the neu-
tron, the positron and the mesotron
came about.

The Neutron—An Uncharged Particle

In 1932 several observers found
that if radiation from certain natural
radioactive materials was allowed to
fall upon light elements such as
beryllium, boron and lithium, there
was emitted from these elements a
very penetrating radiation. It was of
course known that x-rays, and the
gamma rays given off from natural
radioactive materials, were ex-
tremely penetrating, far more pene-
trating than any other known type
of radiation. Furthermore, it was
known that in general the higher the
frequency of such radiation the
greater was the penetrating power.
It was therefore quite natural to
suppose at first that this new radia-
tion was of the same character as
x-rays and gamma rays except that
it was of a still higher frequency.
Since x-rays and gamma rays are ab-
sorbed as photons it was presumed
that this new radiation was consti-
tuted also of photons. Studies of the
absorption of this new radiation in
matter soon showed, however, that
such was not the case. Among other
things it was found that this new
radiation was absorbed more rapidly
in water or paraffin than in an
equivalent mass of lead. Any matter
containing hydrogen is a much bet-
ter absorber of this new radiation

than is a material which does not
contain hydrogen. On the other
hand, photons are absorbed much
more rapidly by lead and other heavy
elements than by the light elements.

It soon became apparent that this
penetrating radiation consisted of a
previously unrecognized particle, a
particle now called the neutron. A
variety of convincing experiments
has shown that this neutron is a par-
ticle having a mass almost the same
as the proton; its mass is 1.0090 as
compared to 1.0081 for the hydrogen
atom and 1.0076 for the proton. This
difference is so small that one not fa-
miliar with the experiments might
suspect that it is due to error of
measurement. Definitely it is not;
the mass of the neutron is slightly
larger than that of the proton; it is
even slightly larger than that of the
hydrogen atom, which consists of a
proton as nucleus and one planetary
electron. The neutron has no elec-
trical charge. This lack of charge,
coupled with its small dimensions, is
responsible for its great penetrating
power. The gradual slowing down of
a charged particle as it passes
through matter is due largely to the
electrical forces between the charged
particle and the planetary electrons
of the atoms of material. The energy
of the charged particle is gradually
spent in knocking these planetary
electrons from atoms, that is, in ion-
izing the atoms. The neutron, hav-
ing no electrical charge, does not
produce this ionization. Hence it
loses its energy slowly; it is very
penetrating.

The fact that the mass of the neu-
tron is essentially the same as that
of the hydrogen atom is responsible
for the relatively rapid absorption of
neutrons in any material containing
hydrogen atoms in its structure. Let
us think for a moment of the be-
havior of two billiard balls or of
two marbles. Let us assume that the
balls are perfectly elastic. Assume
also that there is no friction be-
tween the balls and the table; the ball
cannot then behave peculiarly be-
cause of its spin. Let one ball be
stationary. Let a second ball be shot
directly at the first. If the sec-
ond ball has the same mass as the
first, it will stop dead after the col-
lision, while the struck ball will pro-
ceed forward with a velocity equal
to that originally possessed by the
striking ball. 1f the second ball (the
striking ball) has a mass greater
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than the ball originally at rest, then
after the collision-both.balls will pro-
ceed forward, the second ball at a
somewhat reduced velocity. If the
second ball has a mass less than that
of the ball originally at rest, then
the struck ball proceeds forward and
the striking ball bounces backward.
It is only when the striking and the
struck balls have equal masses that
the striking ball is brought to a dead
stop. This behavior can be deduced
from the known laws of mechanics;
or it can be observed experimentally.
Now if neutrons lose their energy
by making collisions with the nuclei
of ‘atoms, then a neutron would be
brought to rest most rapidly if it
were allowed to strike particles of its
own mass. Hydrogen nuclei have es-
sentially this same mass. Hence any
material containing hydrogen atoms
is relatively an absorber of neutrons.

Discovery of the Positron

Another fundamental particle
called the positron was discovered in
1932. This positron has the same
mass as the ordinary electron. It
has an electrical charge the same as
the electron except that it is positive
whereas that of the electron is nega-
tive. Experimental evidence for the
existence of the positron can be un-
derstood only after a few words re-
garding a widely used method of
studying charged particles. When a
high speed charged particle is al-
lowed to pass through an enclosed
space filled with air and saturated
with water vapor, the particle ionizes
many atoms along its path. Many
ions are therefore left along the path
of the particle. If immediately after
passage of the particle the mixture
of air and water vapor is expanded,
perhaps by withdrawing a plunger,
the water vapor cools and small drop-
lets of water condense on the ions.
With proper illumination one can see
or can photograph these water drop-
lets. Thus one sees or photographs
the path along which the charged
particle just passed. The apparatus
for making these tracks evident is
called a cloud chamber. This method
has been used for over thirty years.

One of the early cloud track
photographs taken is shown on the
opposite page. In this case the
charged particle responsible for the
track was an alpha particle. The
alpha particle, which is given off by
many radioactive materials, is really
a helium nucleus. It has a mass four
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times that of the proton, and pos-
sesses a positive charge of two elec-
tron units. The alpha particle leaves
a very dense track, due in part to
its double charge and in part to its
relatively large mass. The droplets
of water condensed on the many ions
are so close together as to present
the appearance of almost a continu-
ous track. Any charged particle
leaves a similar track, though usually
not so intense. The lighter and less
highly charged proton leaves a less
dense track than the alpha particle.
The still lighter electron, with its
single negative charge, leaves a
much less intense track than the
proton, a track in which the indi-
vidual water droplets can be distin-
guished.

Before evidence of the positron is
shown, it is necessary to recall one
further fact. If a high speed charged
particle is made to pass through a
magnetic field, the particle’s motion
being perpendicular to the field, the
particle is deflected to one side. A
positively charged particle is de-
flected one way in a given magnetic
field while a negatively charged par-
ticle is deflected in the opposite di-
rection. The greater the velocity and
the mass of the particle, the less is
the deflection.

Reproduced below is a photograph
showing two tracks. A magnetic
field was established perpendicular
to the plane of the photograph in
this case. The particles therefore
move perpendicular to the magnetic
field. The path of one particle curves
to the left while that of the second
particle curves slightly to the right.
There is good reason to believe that
both particles came into the cloud
chamber from above, where they
were no doubt produced by cosmic
rays as these rays were absorbed in
material around the cloud chamber.
If both particles did come from
above, then one particle is negatively
charged and the other positively
charged. The two tracks are of the
same nature; and they are tracks
such as are known to be left by elec-
trons. Hence one concludes that the
one track was made by an ordinary
electron, the other by a particle
identical with the electron except
that this second particle had a posi-
tive charge. It is this positively
charged electron that has been called
the positron. Many experiments of
the type just described, and some
of other types, have shown without
question that the positron exists.

It was remarked above that the
electron and the positron responsible

Photographic traces of a pair of tracks originating from a common point,
the two particles responsible for these tracks producing equal specific

ionizations.

The track of greater curvature is produced by an electron.
The track of less curvature is produced’by a positron.

Both half-tones

are from the author’'s book, “Particles of Modern ‘Physics” published
by Blakiston
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SUMMARY OF PROPERTIES OF ELEMENTARY PARTICLES

N Relative AIQ ela(}ive Prod
ame of Mass ’ undance roduce
: Charge Power of o

Particle (0, = 16) g Penetration | 2 lg;llfitli\é;g;lal Tracks
Electron cev ... 1/1837 -1 Intermediate | Many Yes
Positron. . ... ... 1/1837 +1 Intermediate | Few Yes
Proton......... 1.0076 +1 Low Intermediate | Yes
Neutron........ 1.0090 0 Very high Few No
Photon. ........ hv/c? 0 High Many No
Mesotron. . .. ... 1/10 (approx) +1 Very high Very few Yes

for the tracks on page 125 were no
doubt formed by cosmic rays as these
were absorbed in matter above the
cloud chamber. The production of
these electron-positron pairs is a
common phenomenon. They can be
produced either by cosmic rays or
by the penetrating gamma rays emit-
ted by some radioactive materials. A
photon of radiation, kv, is appar-
ently converted into an electron-posi-
tron pair. Mass is truly created
from the radiant energy represented
by the photon. The reverse process
is also observed. An electron and a
positron often disappear, and in
their place appears a photon of radi-
ant energy. Mass is thus converted
into radiant energy. This inter-
change of mass and energy is a very
important discovery, one which may
well play an important role in the
future. Not only do we know that
mass can be changed into energy, or
energy into mass, but we know just
how much of one should result from
a given amount of the other. We
shall shortly indicate just how well
we know this.

The Mesotron—A "Heavy Electron”

Still another particle, the meso-
tron, was discovered in 1936. It was
first recognized by Dr. Carl D.
Anderson of California, the same
man who discovered the positron.
Dr. Anderson had been investigating
the tracks left in a large cloud cham-
ber by the cosmic ray particles. Oc-
casionally he found a particle which
left a track very much like those left
by electrons, but which appeared to
have other characteristics differing
from those of an electron. Thesg new
particles were unusually penetrat-
ing; they did not knock electrons out
of matter as readily: as the usual
electron; they often proceeded
through thick lead plates without
producing perceptible secondary ef-
fects. Various subsequent experi-
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ments showed that this new particle
possesses the same charge as the or-
dinary electron, except that it is
sometimes negative and sometimes
positive, and that its mass is inter-
mediate between that of the electron
and that of the proton. Many experi-
ments indicate that its mass is
roughly 180 times that of the usual
electron, or roughly 1/10 that of the
proton. This particle was originally
called a “heavy electron”. Later it
was called the barytron. It is now
called the mesotron.

Some of the cosmic radiation orig-
inating in interstellar space is ex-
ceedingly penetrating. Some is fairly
easily absorbed. The penetrating
component has been observed in
mines after penetrating a quarter
mile of the earth’s crust. It has also
been observed after penetrating to a
depth of one-fourth mile below the
surface of a deep lake or sea. It now
appears that this extremely pene-
trating component of cosmic rays
consists of mesotrons. High speed
mesotrons are found throughout the
atmosphere; they are more numer-
ous as one goes to higher altitudes.
One might at first suspect that the
mesotrons themselves constitute the
primary cosmic rays coming to us
from interstellar space. Such cannct
be the case, however. Experiments
have shown that the mesotron does

not live long. It is unstable, or radio-*

active as we say. After existing for
a short time it disintegrates into an
ordinary electron or positron. One
might properly ask what happens to
all the extra mass possessed by the
original mesotron over that pos-
sessed by the electron into which it
turns. The answer is that this excess
mass is converted into energy. This
is ‘just another example that mass
and energy are interchangeable, two
forms of the same thing. Experi-
ments have shown that on the aver-
age the mesotron lives for only about

two millionths of a second before dis-
integrating into an ordinary elec-
tron. It is for this reason that the
mesotrons observed in cosmic rays
cannot have come from interstellar
space. Although they travel with a
velocity barely smaller than the ve-
locity of light, 186,000 miles per
second, they cannot go many miles
before disintegrating. Hence they
could not have traveled to us from
interstellar space. They are no doubt
formed high in our atmosphere by
some component of the primary cos-
mic rays, apparently protons, as
these primary rays strike our atmos-
phere. They then proceed downward
toward the earth’s surface, some of
them disintegrating on. the way,
others reaching the earth and pene-
trating far into it. This makes clear
why more mesotrons are observed at
high altitudes; many have disinte-
grated before reaching the earth.

It should not be thought that
mesotrons constitute the main part
of cosmic rays. Many other particles
are observed, electrons, positrons,
protons, photons and occasional neu-
trons. Most of the particles observed
at the earth’s surface are of second-
ary character; they are not the par-
ticles which came from interstellar
space. The secondary particles arise
in our atmosphere as atoms are
knocked apart by the incoming pri-
mary rays. The secondary particles
then proceed to produce additional
secondaries. The nature of the pri-
mary rays coming from interstellar
space is not entirely known. It seems
certain that at least most of them
must be charged particles. It also
seems that some of these must be pro-
tons. The primary rays probably
consist largely of electrons, posi-
trons and protons. The cosmic ray
particles possess extremely high en-
ergies, often as high as 10 billion
electron-volts. (An electron-volt is
the energy which an electron would
acquire in moving freely through a
difference of potential of one volt. If
the plate of a radio tube is held at a
potential of 250 volts positive with
respect to the cathode, then electrons
striking the plate have an energy of
250 electron-volts.) Although in re-
cent years development of the Van
de Graaff machine and the cyclotron
have allowed us to give charged par-
ticles suprisingly high energies in
the laboratory, energies of the order
of those possessed by cosmic ray par-

(Continued on page 272)
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Chart for Determining

SqQuare RooT oF 2 Comprr.ex NuMBER

The tedious and time-consuming calculations required in finding the square

root of a complex number in transmission line and filter calculations can be

greatly simplified through the use of the graph given in this reference sheet

N designing certain types of elec-
trical networks, and particularly
in making transmission line or filter
calculations, the need frequently
arises for evaluating the square root
of a complex number such as an im-
pedance. If the impedance is ex-
pressed in polar coordinates, any root
can be quickly and easily found, but
if the expression is originally given
in rectangular coordinates, the re-
quired operations are tedious and
time consuming. The impedance
must first be converted from rec-
tangular to polar form, the square
root is then determined, and finally
the result is reconverted into rectan-
gular coordinates, thereby requiring
three separate and distinet opera-
tions. It is the purpose of this Refer-
ence Sheet to present a method by
which the square root of any complex
number which is expressed in rectan-
gular coordinates can be easily and
quickly determined, also in rectangu-
lar coordinates.

The chart presented here is based
on sound mathematical reasoning,
but it is believed that the reader is
not primarliy interested in the math-
ematical basis upon which the design
rests. Greater interest may be ex-
pected to be attached to the practical
use of the chart, and the errors and
magnitudes for which it is most use-
ful. As reproduced, the errors which
may be expected are simply those
which would be expected in reading
any graph, and these may be consid-
‘ ered to be negligible for most en-
gineering purposes. The range of

The opinions or assertions contained herein
are the private ones of the writer and are
not to be comnstrued as official or reflecting
the view of the Navy Department or the
naval services at large.

By ROBERT G. NISLE

Ensign, U. §. N. R.
Cambridge, Mass.

variables covers those quantities
usually encountered in practical en-
gineering work. However, if it is
necessary to consider ranges outside
that covered by the graph, this can
be done by multiplying the original
complex number by some suitable
scale factor (such as 0.01 or 100) so
that the problem may be fitted into
the range for which the chart is
drawn. The final result will then
have to be multiplied by the recipro-
cal of this original scale factor (for
example, 100 or 0.01, respectively).
- If the original complex number is

Z =a 4+ jb
the problem before us is to determine
2t =x + jy

The double set of coordinates relate
the quantities z, y, b, and K = a/b so
that when any two are known, their
intersection determines a position or
point on the chart from which the
remaining two quantities may be de-
termined. To use the chart, first de-
termine K = a/b. Then, knowing K
and b, find the intersection of these
two coordinates on the vertical and
horizontal axes. The point of inter-
section thus found will also be the
point of intersection for the desired
values of « and ¥, read off from the
slanting scale.

It should be noted that Z* has two
roots, a positive root and a negative
root. Geometrically, these two possi-
bilities are indicated in graphical
form by means of vectors which are
dirécted in opposite directions, or,
are 180 deg. apart. The physical re-
quirements of the problem must be

considered when deciding which of
the two roots is to be used.

It is believed that the use of the
chart can be best illustrated through
the solution of several representative
examples.

Example 1: Assume that we have
an impedance
Z:a+jb:15+j20
and that it is required to determine
2 =1x 4+ jy
First determine K = a/b = 0.75. Lo-
cate the intersection of the coordin-
ates, K = 0.75 and b = 20. At this
point read x = 4.46 and y = 2.25.
The desired result is then
ZY=x +jy=446 4+ 7225
or its negative value,
= —x— jy=—4.46 — 7225,
Example 2: If the complex number
is
Z=-15+43520
the result is
Z¥ =2+ jy =225 4 74.46
or, alternatively
Z} = —x — jy = —2.25 — 7 4.46.
Example 3: If the impedance is
Z =—15—-720
the final result is

ZY = —225 + ;7 4.46
or
ZY = 2.25 — 7 4.46.
Example 4: If the impedance is

Z =15 — 720
the final result is
Zb — —4.46 + j 2.25
or
Z¥ = 446 — j2.25,
Example 5: If the impedance is
Z = 150 + 7 200
we find that K = 0.75, b = 200,
x = 14.2 and ¥y = 7.1. The result is
Z¥ =142 4+ 7 7.1,

ELECTRONICS REFERENCE SHEET



Chart for Determining
SQUARE ROOT OF A COMPLEX NUMBER
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MEETING THE SUPREME TEST

... TODAY...

PERFECTS OUR PART IN ELECTRONICS * TOMORROW

-I;IS panel illustrates many possible combina-

tions of lugs, bushings, tube pins, printing, etc., on CINCH'S own
laminated material Ucinite. Consult our engineering staff to develop-

the proper terminal board for your own particular applications.

\
\
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TUBES AT WORK

Photoelectric Safety Control for Electric Sewing Machines. . . .

Electroencephalograph Design

Photoelectric Safety Control
For Electric Sewing Machines

TOo PROTECT THE FINGERS of sightless
workers operating electric sewing
machines, a photoelectric safety sys-
tem has been developed by J. O.
Kleber of the American Foundation
for the Blind. The control system
brings the machine to a complete and
sudden stop whenever the fingers of
the operator come dangerously close
to the needle.

130

From the left side of the machine
a beam of light is projected onto the
chromium-plated shoe by a light
source consisting of a 6-volt, 21-cp
automobile stoplight bulb and a lens
in a tubular housing, as in Fig. 1
The reflected beam is picked up by
a standard phototube in a housing at
the right of the shoe. The beam is
thus about half an inch ahead of the
needle, in a region through which the
fingers of an operator might nor-
mally approach the needle.

First electric sewing machine equipped with photoelectric safety control for

sightless workers.

J. O. Kleber, developer of the control,

demonstrates to

Helen Scherer, a totally blind operator, that the machine will stop automatically
before her finger can get in the path of the needle

130

Twisted leads in a half-inch diam-
eter braided copper shield are used
to connect the phototube to the am-
plifier box mounted under the ma-
chine. The amplifier circuit is shown

/’ho}‘m‘t/be T 7
-— J_A; —L—\
|
\
§\ Twisted
AN par 17
Light SAds/e
sovrce [ 2
(7 brom/um p/a feo { I\ J.
shoe {Motor |\ H
—\\
Clutch and broke
Cluteh =
rodo ,
Solenoio -~ 7L -
Amplifrer
box
o oot ) L 1oV A-C
freadfe

Fig. 1—Basic arrangement used to make
a sewing machine safe for sightless op-
erators

in Fig. 2, and involves operation of a
pentode directly from the a-c line,
with a stepdown transformer provid-
ing 6.3 volts for the tube filament
and for the lamp in the light source.

All connections to the amplifier
housing are made through four

8000-0Am
D-C relay

"8,u1“
150 V.
paper.

6.3V
)

/0% =0 oV
A-C

Fig. 2—This circuit, operating directly
from an a-c line, closes the relay when
the phototube light beam is interrupted

plugs, making it possible to install a
new amplifier unit in a few minutes
if trouble develops. This is a highly
desirable feature when workers are
paid on a piece-work basis.

The sewing machine is a standard
commercial model, in which the mo-
tor runs continuously. Pressure on
a foot treadle connects the motor to
the machine through a clutch and
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Collectors” [tems Now! =
thanks to Modern .
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r Elemens,
ANOTHER I (R)C

For millions with impaired hearing a new avenue of hope was opened when scientists
applied to this field the amplification of sound by means of the vacuum tube. From that
point on, manufacturers directed their efforts toward instruments combining increased ef-
fectiveness with reduction in both size and weight. . .. Because volume and tone control
plays an extremely important role in these small amplifying sets, it is only natural that I R C
should have been consulted in the design of this sensitive part. The tiny Volume Control
units used by many manufacturers not only employ special Resistance Elements as devel-
oped by I R C but also utilize the multi-finger contact and spiral clock-spring connector ideas
originated and perfected by I R C. Marvels of compactness and efficiency, these midget
controls constitute still another tribute to the ingenuity of I R C’s engineering staff. . .. Per-
haps you, too, are faced with a problem requiring expert resistance counsel. If S0, we
welcome your inquiry and will he glad to apply our research facilities toward its solution.

Using...IRC Resist®

DEVELOPMENT

INTERNATIONAL RESISTANCE COMPANY

403 N. Broad Street - Philadelphia 8, Pa.
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simultaneously releases the brake
acting on the machine. Releasing of
pressure on the foot treadle or
equivalent “breaking” of the rod
which links the treadle to the clutch
will therefore disconnect the motor
and apply brakes to the machine.

The relay in the plate circuit of
the amplifier tube controls a solenoid
which, when energized, “breaks” the
clutch rod and thus stops the ma-
chine. As soon as the obstruction is
removed from the light beam, the
cluteh rod can be restored by momen-
tarily removing foot pressure from
the treadle. The solenoid can be en-
ergized from the a-c line, but quieter
operation was obtained by using a
Rectox unit taken from a pinball
machine. The solenoid likewise was
obtained from a pinball machine, and
requires about 8 v.

Electroencephalograph
Design

By PAUL TRAUGOTT
Chief Engineer
Electro-Physical l.aboratories, Inc.

New York, N. Y.
ONE MAJOR DIFFICULTY encountered
in working with the high-gain, low-
frequency amplifiers used for en-
cephalography (measurement and re-
cording of brain potentials) is due
to input tube troubles in the form
of high fluctuation noise (probably
chiefly shot effect) and microphonics.
Microphonic disturbances can be
kept within reasonable limits by
proper shock-proof mounting of
tubes. Noise can be minimized by
using special low-noise tubes such as
the RCA 1620 or the Western Elec-

Recorder and amplifier units of the portable electroencephalograph developed
by Eletcrophysical Laboratories, New York City. One person can easily carry
the complete equipment

tric 547-A. Sometimes a special low-
noise tube has low noise only in a
range above 20 cycles, which is
above the frequencies commonly used
in encephalography, and may even
show more noise disturbance at lower
frequencies than is created by a
well-chosen standard type of tube.

Input Impedance Affects Signal-Noise
Ratio

There are certain operating ad-
justments in the input stage of an
amplifier of this kind which re-
sult in greatly improved signal-noise
ratios, but these high ratios are ob-

-tainable only at the expense of fairly

low input impedance because the grid
bias and screen voltage values for
the input stage must be so low that
the tubes operate in the grid current
region.

For

ordinary encephalography,

where the electrode resistance out of
which the amplifier operates is a vari-
able quantity but where the imped-
ance of the calibrating circuit is con-
stant, a low input impedance upsets
the validity of the calibrating circuit
values and thereby causes inaccurate
results. The possible gain in signal-
noise ratio is of the order of five to
one, however, so that for special
cases the low input impedance might
be tolerated to secure the highest
possible signal-noise ratio.

Calibration Problems

Electroencephalograph amplifiers
are generally calibrated by applying
a d-c pulse of the requisite voltage
(usually 10, 20, 50, or 100 micro-
volts) to one grid of the push-pull
input stage, with the opposite stage
grounded. For most operating ad-
justments the cathode inversion that

O.lmegq.

! Orv
6SC7 .

filter Q.5uf

3

6SC7 05uf &

v

. 60rv, 0.5uf
> filter
0B +90v [ 3 1

6.4v
d-c

-

'

4-O0B+I150v

rﬁ’) B+22)2v e,
Y2-w Neon lamp

Special hum-free push-pull amplifier circuit used in each channel of the portable electroencephalograph
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Two kinds of news that does not reach the

. public prints is known to Stancor engineers:
new applications of electric energy to war
communications, and new ideas for using
electronic devices in peace-time production.
Both are secrets of victory, not to be told
until the war is won.

While devoting major attention to war pro-
duction, Stancor engineers keep their ear to
the ground . . . alert for news of developments
that will help you to meet the challenge of a

new industrial era.

STANCOR &

STANDARD TRANSFCORMER CORFORATION - 1500 NORTH HALSTED STREET - CHICAGO
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The dependable performance of the Amperex 891R trans-
mitting tube rests not only upon the fine research, engineer-
ing and workmanship of the Amperex organization, but also
upon the careful selection of each of its component parts.
Imperfections in even the smallest part could materially
impair the over-all efficiency of this outstanding air-cooled
tube. To ensure reliable performance throughout the life of
their well-designed tube, Amperex Electronic Products speci-
fies Callite filaments, filament rods, supports, welds and
leads. You, too, can safeguard your name and product by
specifying Callite parts. Our engineers will be glad to coop-
erate with you in the design and development of components
for your specific requirements.

Callite’s family of specialized products for electronic
tube manufacturers includes grids, plates, filaments,
wires, formed parts — products of careful Callite re-
search in the application of tungsten, molybdenum,
and special alloys to modern vacuum tube design.

544 39th STREET UNION CITY, N. ).

CABLE: “CALLITES” « BRANCHES: CHICAGO -
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CLEVELAND

takes place in the input stage makes

the amplifier gain the same in this

connection as it is for the push-pull,
. ungrounded condition under which
| encephalograms are usually made.

In order to simulate the operating
conditions of these amplifiers as
| closely as possible during calibration,
| a small 8-cycle rotating-field mag-
' netic generator was constructed, us-

ing an armature having a capacity
of less than 5 puf to ground, and its
voltage output was determined by
comparison on a d-¢ oscilloscope.
With this generator a completely un-
grounded signal can be applied to the
amplifier either with signal-ended
input (one grid grounded) or with
push-pull input.

Low armature capacity to ground
| Is essential because this capacity
| shunts the attenuator network used
' to reduce the measured generator
output to the extremely low voltage
actually used for calibration. Shunt
errors of this type become very large
even at very low frequencies when
working at low voltage levels (of the
order of 0.00001 volt) with un-
grounded input.

It was found that under certain
conditions the single-ended input did
not give correct inversion and the
d-c calibrating pulse did not accu-
rately correspond to an equivalent a-c
input signal. By a simple adjustment
in screen potential on the input
pentodes, the d-c calibrating pulse
between grid and ground can be
made to produce just twice the equiv-
alent a-c voltage applied in push-pull.
This makes the gain of the amplifier
appear to be twice its actual value,
and makes the amplifier appear to
have twice as good a signal-noise
ratio as it actually possesses. Uni-
formity in calibrating procedures is
thus highly essential to fair compari-
son of different amplifiers for en-
cephalographic work.

Frequency Response Considerations

Electroencephalographic amplifiers
are usually said to be flat from 1
cycle up to some quite high fre-
quency, often up to 10,000 cycles.
Fortunately, it is quite unnecessary
to have anything like this response.
It is impracticable, with any reason-
able use of space and money, to get
this great frequency range in a high-
gain push-pull, resistance-capacity
coupled amplifier having suitably low

fluctuation noise. A brief considera-
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No assembled product can be better than its fasten-
ings. If yours are assembled products it will pay you

to take your fastenings problems to Scovill.

Our business is standard and special fastening
devices cold forged to save you materials—money—
motions. Scovill “know how" makes this possible, but
“know how’’ is easier to claim than to deliver. The
proof is in the production. For instance — illustrated
above is one of the scores of difficult problems Scovill
has licked. The hole was cold-forged into the head,

“Know h.ow" proof #12
... more gach month

COLD-FORGING SRILL
CAN CUT YOUR

FASTENINGS HEADACHES

with the lugs being formed in the second and final

heading operation—saving material, money, motions.

You know what you need in special or standard fast-
enings. The Fastenings Expert at the nearest Scovill
office knows how to help you find the answers promptly
for both present and postwar requirements. Like most
large, skilled metal-forming plants, we are largely
engaged in war work, but you can count on a prompt,
frank answer as to what we can do for you—and

when. Call on the nearest Scovill office today.

%@ s pass this on to others to whom our skill might be of help. Thank you!

WATERVILLE

WATERVILLE 48, CONN.

NEW YORK. Chrysler Building + DETROIT, 6432 Cass Avenue . CHICAGO, 1229 W. Washington Boulevard . PHILADELPHIA, 18 W. Chelten Avenue Building

ScovViLL MANUFACTURING COMPANY

SCREW
PRODUCTS

DIVISION

TEL. 'WATERB.U RY 3-3151

PITTSBURGH, 2882 W. Liberty Ave. - SYRACUSE, Syracuse - Kemper Insurance Bldg. . LOS ANGELES, 2627 S. Soto St. . SAN FRANCISCO, 434 Brannan St.
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in 1895, just two years later,
Thordarson ushered in the age
of transformer specialization

Consistently since that date. .. year in
and year out, Thordarson engineers have
always been a step ahead in developing
the newest and most needed types of
transformers. Today, in practically every
country onthe face ofthe earth, Thordarson

leadership is an established fact, proven’

by the manifold tasks which transformers
bearing the trade-mark 'Thordarson’ are
successfully performing on the war fronts
of the world.

ELECTRIC MFG. COMPANY
500 WEST HURON ST., CHICAGO, L.

. » ORIGINATORS OF TRU-FIDELITY AMPLIFIERS

1

1
i

(RS TR | TR

tion of the fundamental factors in-
volved will show this.

RC networks are ordinarily used
between the plates and grids of the
amplifier stages. For all the well-
known reasons the grid resistor
val.ues cannot ‘greatly exceed 1
megohm, and in the stage feeding the
output tubes it must be about half
this value. The coupling capacitors,
especially in the early stages, must
have extremely low leakage since any
leakage current will appear in the
output as fluctuation. The capacitors
must be reasonably small in size if
their capacity to ground is to be low
enough to make high-frequency re-
sponse possible. To produce flat re-
sponse down to 1 cycle requires
about 10 uf, an impractical value for
a paper capacitor having low leak-
age. Even 2-uf capacitors will give a
response which is down about 0.9 db
at 1 cycle, and these units must be
mounted well up above the chassis to
keep the response up at 5000 cycles.

The suggestion is often made that
high-frequency response up to some
| very high point is desirable because
l the apparatus might be used for
‘ oscillographic studies with a ecath-
! ode-ray tube. It is not generally re-
] alized that to photograph even 5000

cycles with any degree of interpre-
| tability requires a film or paper speed
| of around 16 feet per second, a fast-

screen tube and a high-speed photo-
. graphic lens. This type of equipment
l is not likely to be in the hands of the
. average encephalograph user. Ex-
perience has shown that a flat re-
sponse up to about 30 cycles is more
than adequate for ordinary en-
cephalographic work.

Interference Problems

The problem of eliminating inter-
fering fields at the input of an elec-
troencephalograph amplifier consists
partly in eliminating in-phase vol-
tages at the input and partly in using
selective filters having a simple struc-
ture along with high attenuation.

A 60-cycle interfering field picked
up by a subject connected to the am-
plifier in the usual way may measure
as high as 0.3 volt from each grid
to ground, but the desired signal may
average only around 0.00003 volt.
The interfering voltage has approxi-
mately the same phase at both input
grids, while the desired signal is
out of phase at the grids.

Unless means are taken to reduce
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LIGHT WEIGHT AND STRENGTH ore im.

portant characteristics of records made from VINY-
LITE Rigid Sheet for sound recording and transcrib-
ing purposes. Although wafer-thin, these records

are virtually unbreakable. Their exceptional dimen-
sional stability provides high fidelity in transcribing,
and prevents warping and distorting under normel
changes in temperature and humidity.

DIMENSIONAL STABILITY and unfailing

occuracy are assured for calculating instruments
used in aircraft navigation when VINYLITE Rigid
Sheets are used. One manufacturer claims calibra-
tions can be printed to even closer tolerances on
these materials than on metal sheets. Moreover, the
olastic sheets reavire no finishina as do metal sheets.

Hi

he ¥

. ACID AND"ALKALI RESISTANCE of

VINYLITE Elostic Plastics are employed fo excellent
advantage for flexible hose used.jn chemical Service,

Aging and constarjt exposure to light will not gause )

these wﬁ%ost‘cs to JS'ié;riofatgs_Tronsporem extruded
tubing oY¥ehis type, “serving as abrasion-resistant
conduit for electrical wiring, simplifies inspection’

- b o)

vital light and power lines. : 22 5N

Here’s What They're Doing with

—

. F3

_ Primary _inst‘llbt%is‘ éxtruaqd directly around
~the wire. Jacketing r outer protection is pro-
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THERE ARE three major reasons why VINYLITE Plastics are outstanding among
thermoplastic materials now available to industry . . . their unique combinations
of properties, their varied forms that are suited to many fabricating techniques,
and the vast opportunities they present for improving the design and perform-
ance of a wide range of products.

In VINYLITE Plastics you will find materials that are basically odorless, taste-
less, non-toxic, non-flammable, and highly resistant to moisture, oils, and
chemicals . . . types that can be rigid or flexible . . . transparent, translucent, or
opaque . . . colorful or colorless . . . as desired.

These valuable properties are obtainable for a diversity of products, since
VINYLITE Plastics can be either injection or compression molded, extruded into
tubes or rods, or used as the basis for coatings on cloth, metal, paper, or concrete.
They can be compounded into adhesives. Rigid sheets of VINYLITE Plastics
can be formed into a wide variety of flat or three-dimensional shapes.

The developments described on these pages are typical of hundreds of appli-
cations of VINYLITE Plastics that are helping to meet today’s critical needs
betcer, faster, and frequently at lower cost. A further indication of what yox
can gain with these materials can be obtained by writing for Booklet 18VE,
“Vinylite Resins—Their Forms, Properties and Uses.”

Plastics Division

CARBIDE AND CARBON CHEMICALS CORPORATION
Unit of Union Carbide and Carbon Corporation

30 EasT 42ND STREET, NEW York, N. Y.

- UNUSUAL CORROSION RESISTANCE
-for the interiors of emergency drinking water
' containers is provided by linings based on VINY.-
LITE Resins. These c’o_atings-_di‘e applied by the
American Can Company and are similar to those
used by 'haﬁ‘éo_qlpany for beer cans. These ime
~ pervious linings pre ent jnsecaction of rand
~ contents, ]hgylg(efu Ko %
vided sn_the form of extruded tubigg_.__or'fqbp‘s_' b"“"’ h!ghly[o:isfq:[z?
made from VINYLITE Floxible Sheating™*A wide . °Xitemely cold lemperatures, ¢
color range facilitates color c(_:dinj.-‘, L ' 3

FLAME AND ABRASION RESIST-

AN(E are outstanding qualities of wire and
cable insulation made from VINYLITE Elastic
Plastics. Because- it is non-oxidizing, this im-
proved* insulation is more hi’ghly resistont to
aging than rubber compounds formerly used.
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LAST|c PLASTICS

trol panel illustrated is typical of the production
economies made possible by VINYLITE Plastics. In this
instance, the panel is formed, complete in every detail,
by a simple molding operation. The technique em-
ployed is an adaptation of the plastic printing plate
development that makes it possible to conserve sub-
stantial quantities of precious metals, and to save even
more precious man-hours on the production line.
There ore two fundamental steps. First, a matrix of
BAKELITE Phenolic Material is made from an etched

SIMPLIFIED PRODUCTION _r+. con.

copper pattern. Second, the phenolic matrix or mold
is used to form‘ any number of duplicates from a spe-
cial VINYLITE Plastic motding compound. Slots, holes,
ond markings, including intaglio lettering, are incor-
porated in the panel in this molding operation. A
simple pigment “wipe’’ accentuates the markings and
lettering. Then, the flat panel is curved to final shape
under heat and pressure on a wooden mandrel. This
simple technique eliminates many operations that were
formerly necessary with metal plafes, such as drilling,
engraving, slotting, anodizing, and polishing.

{Panels Molded by Theo. Moss & Co., Ine.)

TRADE _ | MARK

HES'VES

WATERPROOFNESS AND TOUGH-

NESS for the coverings used on Navy binocu-
lars, which formerly demanded highly cured
rubber, are now provided by an embossed
- sheeting of VINYLITE Elastic Plastics. This plas-
tic covering requires no curing or vulcanizing
» « . withstands the corrosive action of salty spray,
and prevents penetration of water vapor which

i would fog the lenses.

“VINYLITE” ELASTIC
PLASTICS

Rubber-like materials produced in a
variety of forms, ranging from soft to
semi-rigid. Possess great toughness and
good resistance to continuous flexing,
and to severe wear and abrasion. Ten-
sile strength greater than that of most
rubber ¢ompounds. Have excellent elec-
trical insulating properties, and do not
oxidize. Can be made non-flammable
and highly resistant to water, oils, and
corrosive chemicals by correct choice of
plasticizer.

Available in a wide range of trans-
lucent or opaque colors, or in colorless
types. Supplied as sheeting, compounds,
for calendering onto cloth, molding and
extrusion compounds, or as powdered
resins for industries that have com-
pounding equipment, such as the rubber
industry. No curing or vuleanizing is
required.

“"VINYLITE” RIGID
PLASTICS

Produced from unplasticized vinyl
resins, these various forms of plastics
possess a combination of properties not
found in other thermoplastic materials.
Having extremely low water absorp-
tion, they remain dimensionally stable
under widely varying atmospheric
conditions. Qutstanding in resistance
to alcohols, oils, and corrosive chem-
icals. Have high impact and tensile
strengths. Odorless, tasteless, and non-
toxic. Do not support combustion.

Available in natural transparent, as
well as transparent, translucent, and
opaque colors. Supplied as rigid sheets,
or as molding and extrusion com-
pounds. Rigid sheet can be fabricated
by forming, drawing, blowing, spin-
ning, or swaging, and can be punched,
sheared, sawed, or machined with
metalworking tools. Molding com-
pounds adaptable to both compression-
and injection-molding processes.

“VINYLITE” RESINS FOR
SURFACE COATINGS

When correctly formulated and applied,
these resins yield finishes of unusual
toughness, gloss, adhesion, and chem-
ical resistance. Can be applied by
spraying, knife-coating, or dipping to
d wide variety of surfaces, such as
metal, cloth, paper, and concrete. Pre-
pared by dissolving resins in organic
solvents, these finishes can be modified
with different pigments, dyes, and plas-
ticizers. The resins are generally not
employed with other film-forming
bases, thus coatings formulated from
them exhibit the desirable features of
VINYLITE Resins alone. Drying is solely
by solvent evaporation. Finishes can
be either &lr-drying or baking types.

“VINYLITE RESINS
FOR ADHESIVES

Unusual toughness, resiliency, and im-
pact resistance are characteristic of ad-
hesives. made from these resins. They
are widely used as bonding agents for
such materials as cellophane, cloth,
paper, cardboard, porcelain, metal,
mica, stone, leather, wood, and plastic
sheets ond film. Avoilable os gronules
for the compounding of adhesives, or
as solutions sold under the trade-mark
“VINYLSEAL.”” The latter are especially
recommended for bonding impervious
materials, such as metals, and the urea
and phenolic plastics. Their bonding
strength is comparable to that obtained
with soft solder.
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ROLE OF THE X-RAY IN WINNING THE WAR. .. azmi%z?m

Our military medical authorities demand the protection of an
x-ray chest examination for every inductee into the armed
forces. Thousands of cases of incipient tuberculosis are thereby
discovered and eliminated —cases which, under the rigorous
conditions of warfare, would develop into active sickness, This
care in selection has given Uncle Sam the “fittenest, fightingest
army” ever assembled.

After the war, it will be usual for school groups, large employee
groups, perhaps entire populations, 1o receive the benefit of
such x-ray examinations,

Thus, this miraculous tool of modern science, which is con-
tributing so much to the winning of the war, by selecting men
and materials fitted for the Jobs they have to do, is going to
contribute importantly to the better world after peace is won—
a healthier world, also made happier by the material contribu-
tions of science. The use of X-rays in research, processing, and
inspection, stimulated by the training of thousands of skilled
X-ray technicians and the development of marvelous new X-ray
mstruments, will open wide horizons in many fields in the
post-war world.

THE X-RAY TUBE s THE HEART
OF THE X-RAY MACHINE. ..
The majority of leading makes of X-Ray ap-
paratus are equipped with Machlett Tubes.

e
/

/" MACH [
M@‘@M,

SPRINGDALE J CONNECTICUT

PRODUCERS 03\ X-RAY TUBES
X-RAY TUBF SPECIALISTS Siver /898 =

L

the in-phage gain in the input stages,
no practical amount of selective fil-
tering will be satisfactory. It is true
that a perfectly balanced push-pull
amplifier will give zero response to
an in-phase signal, but it is also true
that such a perfectly balanced am-
plifier will also give zero response to
an out-of-phase signal when a large
in-phase signal is applied to its input
grids. There will be a sufficiently
large signal between grids and
ground in the second and third
stages to block every succeeding grid
and render the entire amplifier inop-
erative. Thus, even if the commer-
cially difficult task of perfectly bal-
ancing a push-pull amplifier is ac-
complished, such a simple solution isi
not possible.

The means usually employed in-
volves eliminating the in-phase sig-
nal or reducing its effect by degener-
ation which is effective only for in-
phase signals. One of the simplest
means for doing this is by use of a
high-value cathode resistor common
to both input tubes, with the result-
ant high negative grid voltage re-
duced by an opposition voltage or by
returning the grids to ground
through a suitable positive potential.
This is the so-called Tonnies circuit.

Where the noise level is not im-
portant, the Toénnies circuit is fairly
effective for in-phase cancellation,
but it has some series disadvantages
when a low noise level ig required.
Placing the cathodes of input tubes
of a high-gain, low-frequency ampli-
fier at some large resistance above
ground increases all heater-cathode
disturbances by a large factor and
results in a much higher fluctuation
noise. This effect can be eliminated
only by having the random fluctua-
tions perfectly identical in time and
magnitude in the two input tubes, a
condition rarely obtainable in prac-
tice unless a large number of tubes
is tested to secure a perfectly
matched pair.

Description of New Portable
Electroencephalograph

The electroencephalograph de-
scribed here incorporates recent and
important design features meeting
the requirements just described and
permitting fully portable operation

without the use of a shielded room..

It consists of a 17-tube, two-cha_nnel
amplifier and a high-speed. writer or
recorder in separate carrying cases,
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Bomber radios must not fail

Under certain conditions, its radio
may prove the very life of the
Bomber. The radio must not fail.
That is why Army Airplane radio
recetvers and transmitters are so con-
stantly and carefully tested to prove
their condition.

That Jackson equipment rates
“trusting” in such a vital assignment
is a tribute to its long-known quality.
The Army would not trust checking
the Instruments of the B-17 and other
Bombers to any but the best possible
equipment.

The realization thereof is g chal-
lenge to our care in the production
and delivery of testing equipment
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NS
cKsSo
Fine Elochical Tesling Tnstruments

JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO

that measures up to the trust. That
is our War Job today. Tomorrow the
high standards now set will be re-
flected in the Peace-Time equipment
you may expect then.

7 7 7

Something to Think About

After the war there will be many thousands
of private airplanes—equipped with two-
way radios. And, just as in Army Aircraft
today, these radios will require constant
inspection and maintenance. This market
alone is something to think about,

7 7 7

All Jackson employees—a full 1 009p—are
buying War Bonds on 4 payroll deduction
Plan. Let’s ALL go all-out for Victory.

operating from a 115-volt a-c line
and from small B batteries in the

‘| amplifier unit.

Hum-Suppressing Input Circuit

Each amplifier channel consists of

pacity coupled amplifier like that
shown in Fig. 1. In-phase hum com-
ponents in the input stage are greatly
attenuated by degeneration intro-
duced in the grid circuits by a 0.2-
megohm resistor, with the tube
cathodes nearly at ground potential.
The amount of degeneration in-
creases with input impedance, thus
providing a certain amount of auto-
matic control over the hum input
which also increases with input im-
pedance.

Not all of the in-phase signal can
be removed by the first stage, hence
in-phase degeneration is provided in
the second and third stages also. In
the second stage, a 50,000-ohm cath-
ode resistor provides degeneration,
while a 223-volt section of a B bat-
tery is connected in series with the
grids to counteract some of the ex-
cessive bias developed across this re-
sistor. In the third stage, a 0.1-uf
capacitor provides a feedback path
from the plates of the tube to the
cathode of the second stage.

Any small unbalance in the first
stage will make some of the in-phase
input signal appear as an out-of-
phase signal at the second stage, and
this may be greater than can eco-
nomically be suppressed by the 60-

cycle filter following the third stage.
Other input circuits which provide
more complete in-phase degenera-
tion are in the process of develop-
ment.

Hum Filters

The filters used after the third
stage are noninductive, employing
only resistors and capacitors, and
may be removed entirely from the
circuit by means of a dpst switch.
With the filter in, the band of fre-
quencies from 30 to 80 cycles and all
frequencies above 400 cycles are
greatly attenuated. With the filter
out, all frequencies from 1 to 4000
cycles are amplified within 3 db, for
possible oscillographic and other am-
plifier uses.

When used with bipolar connec-
tions to both input grids, 60-cycle
hum voltage at the output is so low

that useful encephalograms may be

August 1943 — ELECTRONICS
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L4 FILTERS

They provide excellent noise suppression
—especially from 200 to 20,000 k¢

HESE filters help immeasurably in providing

the high-fidelity radio reception so important
in aerial warfare. They attenuate radio-noise
voltage on aircraft electric systems (on circuits
with such equipment as generators, amplidynes,
inverters, and dynamotors). They are particularly
helpful in systems where open wiring is used to

save weight.

FEATURES

@ High attenuation characteristic results in excellent noise reduction

@ Compact and lightweight (For 100-amp rating, shown at left,
approx 2 1/5 Ib, measuring approx 5 by 4 by 21/2in.)

® Can be mounted readily in any position
@® Operate efficiently over a wide temperature range (—50 C to 50 C)

@ Comply with U.S. Army Air Forces speci-
fications, including the stringent requirements
as to vibration and acceleration

*x *x K

FOR FURTHER DATA Ask your G-E rep-

resentative for Bulletin GEA-4098, or write
to General Electric, Schenectady, New York.

. . . 3 . g ¥
i » e



Hlustrations:

ARMY SIGNAL CORPS

Specifications
PL
50-A 61 74 114 150 |
62 76 119 159 | 59
63 77 120 160 | 60
84 104 124 354 61
108 125 62
109 127 63

112 149 64

Prompt Deliveries « Inspection

Army Signal Corps inspectors, in constant attendance at
Remler plants, check parts in progress as well as com-
pleted units. This assures uniformity.

SPECIAL DESIGNS TO ORDER

Remler has the experience and is equipped to ““tool -up”

ond manufacture plugs and connectors of special design
— IN LARGE QUANTITIES. State requirements or submit
blve-prints and specifications.

Remler facilities and production techniques
frequently permit quotations at lower prices

Manufacturers of Communication £qa/,'bmenf
SINCE 1918

REMLER COMPANY, Ltd. - 2101 Bryant St., . San Francisco, Calif.
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taken in nearly all locations without
any screening. Even in locations hav-
ing strong hum fields due to a-¢ ma-
chines, a simple wire screen at a
strategic point near the subjeet is
usually adequate. With a unipolar
connection, the resulting automatic
grounding of the subject makes hum-
free records even easier to obtain.

Performance Data

The fourth and fifth stages are
conventional in design, with the 50L6
output tubes feeding one of the elec-
trodynamic writers. A deflection of
at least 1 em is obtained when a 10-
microvolt d-c pulse is applied to the
input of the amplifier in a con-
ventional manner, and the stylus de-
flection due to noise and hum under
this condition is less than 2 mm.

The two amplifier channels are
identical throughout. Four 11-point
selector switches and a 12-point Jones
receptacle on the panel (not in the
diagram shown in Fig. 1) permit se-
lection of all possible combinations
of 1 to 11 electrodes.

Power Supply

The heaters of the tubes in the
first two stages are operated from
the a-c line through a highly filtered
rectifier arrangement paralleled by a
voltage-stabilizing 6-volt dry battery.
Plate voltages for the first two
stages are obtained from a set of
three small portable B batteries hav-
ing a life of 4 to 12 months, while the
remaining stages are supplied by a
more or less conventional voltage-
regulated power pack operating from
the a-c line.

Carrier Current Coupling
Circuits for Civilian
Defense Networks

TECHNICAL DATA on the wired wire-
less or carrier current communica-
tion system being used in Prince
George’s County, Maryland for Civil-
ian Defense purposes has been re-
leased by the two radio engineers
who designed and installed the sys-
tem, namely Perry E. Wightman,,
Radio Aide for Prince George’s
County, and Henry H. Lyon, Chief
Engineer of station WOL in Wash-
ington.

Transmitters for two-way com-
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EQUIPMENT DISTRIBUTOR!

.+ «'Round the Corner Supplier of Electronic Items to War Industry

Need RCA Tubes and other electronic equipment

in a hurry?

Need “‘trade-wise” expediting on important material
orders that require intelligent follow-through?

Then get in touch with your
nearest RCA Tube and Equip-
ment Distributor today! Filling
hurry-up priority orders—often
from stock—is his business. If
he hasn’t got what you need,
he’ll know where to obtain it
as fast as priorities permit. He
knows the trade. He knows
delivery conditions. Equally im-

[¢

portant, he knows the technical angles of the equip-

ment that he sells. You’ll find his technical help and

vV TECHNICALLY-INFORMED SERVICE

v NORMALLY LARGE STOCKS
~ Y FAST DELIVERIES
'V INTELLIGENT EXPEDITING

|

suggestions invaluable—and these, like his delivery
facilities, pertain not only to RCA Tubes and Equip-

ment, but to countless other
related electronic items pro-
duced by many other manufac-
turers as well.

There are over 300 of these
RCA Distributors throughout
the United States to serve you.
If you do not already know
the one nearest you, a list
will gladly be sent on request.

RCA ELECTRON TUBES

RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N, J.

AMAAN .- ameticanradiohicté L Y
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GET NEEDED RADIO PARTS

Qrcickty/

Don’t allow your production lines to slow down for lack of
essential parts. Lafayette Radio Corp. is headquarters for all radio and
electronic parts and equipment of every nationally known manufacturer in
the field. Let Lafayette help you keep your production humming and save |
your time — one single order to Lafayette will insure prompt delivery on |

all hard-to-get parts and equipment your program may require.

Thousands of manufacturers, electronic engineers and private
and military training program directors know Lafayette’s reputation for

complete stocks and extensive procurement facilities. We can fill your
needs too — quickly!

Write today for Free 130 page Radio and
Electronic Parts and Equipment Catalog —
Address Dept. 8G3

LAFAYETTE RADIO CORP.

CHICAGO, ILLINOIS
ATLANTA, GEORGIA

901-W, JACKSON~BLVD. -
* 265 PEACHTREE STREET
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munication are located at the Con-
trol Center in Hyattsville and at a
Report Center in Mt. Rainier, 10
miles away by wire line (1% miles
airline), using frequencies of 150
and 160 kc. Receivers for one-way
communication were also installed in
a number of Report Centers and Fire
Houses in surrounding localities.
The frequencies chosen are suffi-
ciently low to minimize line radia-
tion, yet pass readily through the
distribution transformers at each
station, and do not interfere with
established broadcast systems, tele-
phone or power company systems.

802

Plote - Modulated
Final R-F Amp.

To A-F output

transformer
ana 8+ 300V.
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|
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T+
[+°]

Oscillotor
6C5

Fig. 1—Transmitter arrangement used for

150-kc wired wireless operation. The

modulator (not shown) consisted of a pair

of 6L6 tubes in push-pull, driven by a
6C5 and a carbon microphone

The transmitter circuit is conven-
tional, and is shown in Fig. 1 chiefly
to give the tube line-up and to indi-
cate the types of circuits found most
suitable for 150 ke.

Ordinary superheterodyne re-
ceivers were converted for operation
on 150 ke by making simple changes
in the oscillator stage and the first
r-f stage. The changes required in a
conventional circuit arrangement are
shown in Fig. 2. A new antenna coil
was wound according to the specifi-
cations given, with the primary
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High frequency heating has been greatly accelerated by the com-
bination of current events. Quantity production floating on
conveyors provides an ideal setup. The urgency for speed,
maintenance of uniformity and conservation of man power are the
deciding factors.

In fact, although little heating equipment had been installed
previous to 1936, the sales curve of Ajax-Northrup High Frequency
Heating Equipment may soon equal that of the melting equipment
which has been used extensively since 1918.

Continued growth is assured because high frequency heating
e ch&llaborsfony fypes rafedhin wunces covers the range of advantages from high-speed production to top

> the pilot plant outfits rated in pounds and quality and competitive costs.

e final batteries of larger units whose daily The unusual flexibility of Ajax-Northrup High Frequency Equip-
utput of special alloys may be rated in tons. ment may easily be its greatest asset, for you can quickly convert
from heating to brazing, or melting at any time for a fraction of the
original investment. Inquiries from manufacturers desiring to incor-
porate electronic heating in their post-war products are particularly
welcome.

jax-Northrup Melting Furnaces vary in size

\jax Oscillaters, tube converters or motor
jenerators provide the power.

58

PLC
ﬁﬂég

ASSOCIATE COMPANIES: THE AJAX METAL CO. Non-Ferrous Ingot Metal for foundry use.
AJAX ELECTRIC FURNACE CORPORATION. Ajax-Wyatt Induction Furnaces for melting.
AJAX ELECTRIC CO., INC. Ajax-Hvulitgren Salt Bath Furnace and Resistance Type Electric Furnaces.
AJAX ENGINEERING CORPORATION. Aluminum Melting Furnaces.
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" ﬁ‘rsM’~stage@ B THERE’'S A DBAKE
L AWM SOLDERING (RON
No.22 3 E turns FOR EVERY TYPE OF
GQTJ_ B ELECTRONIC WORK
/?Z" L é l g L Cross-Secﬁ?n of ?
1,— o ,-’2_,7 et 9T From that mighty mite
L, | , @-
Oscillator stage ‘ [
T the Drake No. 400 to the high-
Cr ¢, % =c, speed production “honey”
 c, | y
'_J—’ L | ___ a‘
Ave ‘L(:'\'WVV\’_'AVC | QM
L% L the Drake No. 600-10 there is a
Before After . A ]
high quality Drake Solderin
gh quality g
Iron “just right” for the job.
Fig. 2—Essentlial changes required in «a

conventional superheterodyne receiver for ®

150-ke reception Drake Heat Controls and the
Drake “Magic Cup” Stand are
placed inside the secondary. The fin- important soldering aids.

ished coil was boiled in wax, then
wrapped with cotton tape. In the
oscillator circuit, series tracking ca-
pacitor C, was removed and connected
in parallel with oscillator tuning
capacitor C..

SEE
YOUR RADIO
PARTS JOBBER

DRAKE ELECTRIC WORKS, INC.

Two methods of coup]ing a re- 3656 LINCOLN AVE. CHICAGO, ILL.
ceiver to the power line are shown in | —— e W, g
Fig. 3. One method involves con-

necting the antenna lead to the hot JONES 500 SERIES

side of the line through a small ca-

\FULL- 5'_2"5 ' pacitor, and connecting the ground PL"GS alld socKETs

lead to the neutral or grounded side
of the line. These connections may

Coupling Methods and Circuits

THE NO. 32150 ordinarily be made at any conveni-

THRU-BUSHING ent wall outlet. The other method in-
Another exclusive Millen volves connecting one side of the line
"Designed for Application” (whichever side gives best results)
product. Efficient, compact, to the receiver chassis through a
easy to use and neat appear- capacitor and connecting the antenna
ing. Fits %4"" hole in chassis. lead to a good external ground.
Held in place with a drop of Methods of coupling a transmitter

solder or a ‘“nick” from g

i i to the line are shown in Fig. 4. C,
crimping tool.

115 or 230 volt service .

JAMES MILLEN S— ﬁ | e

8 © g ‘&i 1 Socket
M FG. Co [ 7 I N C M Receiver Ground /ead l
ey 5000 volts and 25 amperes. Fulfills every
MAIN OFFICE AND FACTORY ‘ electrical and mechanical requirement.
Iz . 3 .
MALDEN ches sis | P.olanzed to pr?venf.mcorrecf conn?c
gro‘{"d @m Antenna lead tions, Easy to wire. Sizes: 2, 4, 6, 8, 10 |
MASSACHUSETTS T o o o L éxternar ' and 12 contacts. Thousands of uses.
inepis |

T grounda
Uine plug Recejver Ground fead

not connected!

Write for Bulletin 500 today.

M: - FHOWARD B. JONES

Fig. 3—Two methods of coupling a re-

ceiver to a power line for carrier-current 2300 WABANSIA AVENUE.
reception B CHICAGOD ILLINOIS
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PRESS WIRELESS Inc. |

-

yORK » CHICAGO

e * LOS ANGE; ;.

’ /*‘tﬁ, L))
Awarded to our Hicks-
ville, L. 'l. plant for

outstanding. achieve-
mentin war production,

% COMMUNICATIONS
% RESEARCH
% DEVELOPMENT ENGINEERING : 4

“ MANUFACTURING « - )
in the formulation of plans for the post-war world,

extensive use already is being made of Press Wireless
and its international network of radio communications.

Execution of these plans will require still further
employment of Press Wireless facilities. '

We are gratified to have this opportunity to serve.
For over twenty years we have been planning, in-
stalling, and operating large-scale radio communica-
tions systems and manufacturing the equipment their
functioning requires. '

Today the manufacturing, design, and engineering
resources of Press Wireless are devoted entirely to
supplying our armed forces with vital radio units. The
work we are doing now, added to our more. than two
decades of communications and manufacturing ex-
perience will, we believe, further fit Press Wireless
for public service when the war ends. ’

o

RESS WIRELESS Inc.
Executive Offices Sales Offices, Manufacturing Division

435 N. MICHIGAN AVE., CHICAGO 1475 BROADWAY,;NEW YORK CITY, 18

DIVERSITY RECEIVERS @ AIRCRAFT AND AIRFIELD RADIO EQUIPMENT ® MODUPLEX UNITS :® FACSIMILE MACHINES
HIGH POWER TRANSMITTERS ® RADIO PRINTER SYSTEMS ® CHANNELING DEVICES *® RADIO PHOTO TERMINALS
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Flight-similitude Cold Testing

Only Mobile units offer program controlled
or manually set flight-similitude conditions,
These units provide completely coordinated
altitude-temperature curves to a maximum of
80.000 feet altitude at a temperature minimum
of —120°F.

Reheat and humidity testing is standard also
in these Mobile units, up to + 185°F with tully
controlled humidity conditions according to
your requirements.

Our production time has recently been cut
almost 40%,. We invite your inquiry.

May we work with you?

MOBILE REFRIGERATION

38-32 54TH STREET WOODSIDE, L. I., NEW YORK

150
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Gamp. fuse,
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i
Line

Neutral Nevtral

House loodd  Neutral

Nevtral/

Fig. 4—Four methods of coupling a
transmitter to a power line

' is here serving both as blocking
capacitor and as tuning capacitor
for the line circuit, and will gen-
erally give resonance at some value
' between 0.01 and 0.05 75 8

While it is possible to get along
" without load-isolating filters, con-
siderably better results are obtained
if filters are used to prevent r-f sig-
nal power from being expended in
the shunt load connected to the house
side of the meter, as in the two lower
circuits in Fig. 4. The coils used
must have sufficient current-carrying
capacity to handle the total connected
load without serious voltage drop at
the line frequency. C, can have a
low voltage rating but should be of
high quality and of the correct size
to tune L, to the operating frequency.

AWYVS ESTABLISHES
RADIO SCHOOL

The American Women's Volunteer Serv-
ices have established a radio laboratory
for training women to replace men wher-
ever they may be needed in wartime
communications work. The women will
be taught all phases of radio construction
and repair. The school will turn out radio
engineering aides, repair women and

technicians. This photo shows members
of the class in theory
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FREE FOR THE ASKING!

.-‘ \

. MITCHELL-RAND INSULATION COMPANY, INC.
esT- ¥ 51 MURRAY STREET COrtlandt 7-9264 NEW YORK 7, N. Y.

Fiberglas. Varnished Tape and Cloth A PARTIAL LIST OF M-R PRODUCTS Fiberglas Saturated Sleeving and Varnished Tubing

Insulating Papers and Twines Fiberglas Braided Sleeving Asbestos Sleeving and Tape

Cable Filling and Pothead Compounds Cotton Tapes, Webbings and Sleevings Extruded Plastic Tubing

Friction Tape and Splice impregnated Varnish Tubing Varnished Cambric Cloth and Tape
Transformer Compounds . Insulating Varnishes of all types Mica Plate, Tape, Paper, Cloth and Tubing
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. PIONERR MANUFACTURERS

...They Perform Again at Full Efficiency!

Because of their special hermetically sealed design,
the outstanding performance of Permoflux Dynamic
Headphones is not impaired by water, moisture or
long hours of corrosive salt spray. And yet this
same unique design allows instantaneous pressure
difference compensation — an important, exclusjve
Permoflux development that assures higher sensitivi-
ty, more uniform frequency response and improved
intelligibility ot all altitude levels.

Permoflux craftsmen are turning out Dynamic Head-
phones in increased quantities for fulfillment of vitq]

communications assignments.

. CORPORATION
4916-22 W. Grand Ave., Chicago, Il
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Electronic Interval-Measurer

TIME INTERVALS as short as 100
microseconds between any two
events which can be converted into
electrical impulses are measured ac-
curately with a new G-E electronic
meter. The impulses can be those
produced by a phototube due to two
interruptions of a light beam, by
controls which are operated in se-
quence, or by any combination of any
means for obtaining electrical im-
pulses at the beginning and end of
the event to be timed.

Phototebe  D-Cvoltage
and from

preampli~ POWer pack,
frer

Standard capacitor
[}

X
e o ' L \\\
Switeh switeh Standard  Voltmeter)

resistor calibrated
in milisecond's

Block diagram of electronic time.measur-
ing meter

The impulses are fed into an elec-
tronic switch which is used to control
the time in which a standard capaci-
tor is charged through a standard
resistor, as shown in the block dia-
gram. The voltage across the ca-
pacitor is proportional to the time of
charging, hence the voltmeter can be
calibrated directly in units of time
rather than voltage. The meter will
continue indicating the time interval
after measuring, with a drift of less
than one division per minute. Short-
ing the capacitor with a push-button
switch clears the meter for anothet
reading.

General Electric time interval meter, with
phototube and preamplifier in separate
housing
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BIDDLE BULLETINS

* Use of Hand-driven “Megger’’
Tester, Bulletin 1655-E.

* How to Test Insulation and
Avoid  Trouble in Electrical
Equipment, Bulletin 1640-E.

* Various types of “'Megger” In-
sulation Testers, Catalog 1685-E.

* Bulletin 1735-E on the New
U. S.-made “‘Megger’’ Insula-
tion Tester in plastic molded
case,

JAMES 6. BIDDLE CO.
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Now, more than ever, it is vital to hold elec-
trical failures to a minimum. Periodic test-
ing of the insulation of motors, generators,
cables, signal-control and other electrical ap-
paratus can save priceless time and protect
irreplaceable equipment. Testing with a
“Megger” instrument is only a matter of min-
utes, but it can reveal potential damage and
save days of costly delay.

“Megger” insulation testers are completely
self-contained—wholly independent of bat-
teries. Simply connect to the equipment un-
der test, turn the hand cranked generator
and read insulation resistance directly by the
pointer over the scale. Over 40 years of
service in industry has proved the value of
“Megger” Practice.

Write for any or all of the bulletins listed
and a free copy of the Pocket Manual of
“Megger” Practice, No. 1420-F.

1211-13 ARCH STREET
PHILADELPHIA 7, PENNA.

' Electronic Control on
| Drill Press

| THE FIELD OF USEFULNESS of an or-
dinary small drill press at the Sche-
nectady plant of General Electric Co.
was greatly increased by the addi-
tion of a §-hp G-E Thy-mo-trol drive.
Operating speeds can now be ad-
Justed from 25 rpm to 1750 rpm sim-
ply by rotating a knob, and the di-
rection of rotation can be changed

by pressing a button. Independent

Changing speed on this drill press is as
easy as tuning in a new station on a
radio receiver, for motor current is fur-
nished by a pair of thyratrons controlled
from the push-button station at the left

speed adjustments are provided for
both forward and reverse rotation,
permitting preselected speeds for
both tapping and backing out. The
wide range of speeds makes it pos-
sible to use the drill press for a wide
variety of hard-to-drill materials
ranging from molded compounds to
the hardest steel pieces without
changing pulleys.

FIRST HAND TRAINING

A un't from the Royal Corps of Signals

demonstrates a portable radio set fo

Cadets at Eton College, England

August 1943 — ELECTRONICS




TO HELP YOU LICK THE MANPOWER SHORTAGE
BY MAKING YOUR WORKERS MORE _EFFICIENT

TRAINING FILM —Ready now! A
slide film with sound, produced to aid
the men servicing fighting aircraft in
the field, or the men and women build-
ing all types of electrical equipment
where AN Connectors are used. Clears
up confusing terminology. Explains
assembly techniques. Shows how AN
part numbets are established and fa-
cilitates ordering of replacements.

3
s > F
e ]

Cannon Electric Development Company
Dept. A-120, 3209 Humboldt St. * Llos Angeles, California

Please send us more information on the visual
aids checked below:

TRAINING FILM [ CATALOGS (3 WALL CHART [J

ELECTRONICS — August 1943
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CATALOGS —Your engineering de-
partment, production executives and
service men need the basic informa-
tion clearly presented in the new cat-
alogs covering many types of Cannon
Connectors used in any industry em-
ploving electrically operated devices.

/

WALL CHARTS —One chart gives
insert arrangements and shell sizes
on AN specification connectors at a
glance. The other gives catalog num-
bers of all AN fitctings. Both charts
aid the designer, and the man in the
field who is servicing any type of
equipment on which AN electrical

connectors are used. /
MAIL COUPON TODAY “-’-’P
{ (

If any or all of these visual aids
will help your employees to be-
come more efficient, attach this
coupon to your firm letterbead.

}

Short-Circuit Sammy is a genius at getting
o trouble, but be raises some pretty good
questions in the Cannon Plug training film.
His pedagogical characteristics are confined
to showrng how not to do certain operations

| R ETTTTIReTTETESERA 00



PEERLESS

O T X W7 PN
O ts ‘,.\:,' L K (W ol /

AR (L I !

for AIR ASSOCIATES

Air Associates’ new TMO and
TUI Transmiteers built for Civil
Acronautics Administration use
9 different types of transformers
and reactors—all engineered and
produced by Peerless.

This ability to meet today's
rigid CAA, Army, Navy and Air
Force specifications is why Air
Associates and other qu ality man-
ufacturers choose Peerless for
their transformers and reactors.

(03
N \4\}’. //

TAKE YOUR |
TRANSFORMER '
PROBLEMS TO j

ey

Write for r~:§@@~;\\‘v |
complete i vwélg |
specifications =3 ,
and (
catalog 1

“There is a Peerless
Quality Transformer
for Every Purpose’’

Electrical Products Co.

6920 McKinley Avenue

Los Angeles 1, California
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Audio Perspective System for

Home Radio Receivers

By IecNATIUS VoLPE

WITH THE ELECTRONIC ARRANGEMENT
bresented here, perspective sound
effects aproximating those in Walt
Disney’s production “Fantasia” can
be obtained in the home during radio
reception of symphonic programs.
Listeners can experience the sensa-
tion of sitting before the actual or-
chestra, with violin strains coming
from the left and percussion instru-
ments from the right,.

The system replaces the audio sec-
tion of an ordinary high-quality re-
ceiver, preferably an FM receiver
which can receive programs incor-
porating the full range of audio fre-
quencies up to 15,000 cycles.

The arrangement is shown in
block form in the accompanying dia-
gram. Parts values and detailed
circuits are purposely avoided since
the entire system is intended solely
to be suggestive and promote experi-
mentation with audio perspective,

The audio signal from the dis-
criminator or second detector of the
receiver is applied to the preampli-
fier, which contains a conventional
volume control and may have one or
more voltage amplifier stages. The

| preamplifier feeds into three chan-

nels at all times, but the number of
channels which are effective in pro-
ducing sound at any instant depends
upon the extent tp which strong low-
frequency and high-frequency com-
ponents are present in the received
program.

The center channel in the diagram
is operative at all times. Here sig-

' nals go through a conventional vol-

ume expander and power amplifier to

an output transformer and p-m
dynamic loudspeaker. The output
- transformer has two other sec-

ondaries, serving the two additional
loudspeakers, but these are effective
only when their field coils are ener-
gized by the other two channels.
The left-hand channel in the dia-
gram has a filter which attenuates
the lower frequencies. The resulting
high-frequency portion of the pro-
gram passes on to the high-frequency
expander. This expander and the
medium-frequency expander Dboth
feed a vacuum tube voltmeter stage
in the high-frequency channel. When
the combined input to the vtvm
reaches a predetermined level, the

A-F input
1
Preamplifier
=
L L L.
Tl Tr= Trw
High-pass Medium Low-pass
h freq. P
ilter expar?der filter
Hiqh-freq. power LOW-ﬁ'Eq.
expander amplifier expander
High-freq. | '

VTVM

15v a-¢ 115v g-¢

A

High-freq.spkr. Med.freq.spkr
(Electrodynamic) (p-m dynamic)

Low-freq.spkr
(electrodynamic)

Suggested method of obtaining audio per-
spective in home radio receivers

plate circuit relay closes and applies
field excitation to the high-frequency
loudspeaker.

Similarly, the right-hand channel
applies field excitation to the low-
frequency loudspeaker when the pro-
gram contains strorig low notes.

The power amplifier should be of
highest quality and have an extended
range of from about 20 cycles to
15,000 cycles, and the response of the
high-frequency loudspeaker should
go up to 15,000 cycles. For best ef-
fect, the loudspeakers should be posi-
tioned as far apart as possible. It is
placement that determines the de-
gree of perspectiveness provided by
the system.

—0:0—

The use of a dial tone every three
minutes on local telephone calls
brought a 14 percent reduction in
average time per conversation in
Rochester, N. Y.

August 1943 — ELECTRONICS




Airport Traffic at all
CAA airports controlled by

, ﬂ moctales’
4 W low and ultra high

frequency transmitters

Design fe: v et
ball bearing “pull out™ nie mplifying maintenance
and inspection. Identical power supply and modulator units
employed on both types. The TMO is easily convertible to
the TUI, at a later date, by replacing the radio frequency units.

Built for 24-hour continuous operation...Each component of
the Air Associates CAA Airport Traffic Control Transmit-
ter is designed and built for continuous operation. Electrical
and mechanical standards, not exceeded by any other govern-
ment setvice, are maintained—to insure absolute reliability,

Standardization by the Civil Aeronautics Administration
upon Air Associates transmitters—for the vital job of con-
trolling all traffic at airports—is evidence that the electronic
engineers, laboratories and shops of Air Associates deliver
equipment that thoroughly meets today’s needs and antici-

pates tomorrow’s requirements. # Dever,
In addition to these transmitters, Air Associates’ Radio Divi- fratio :ﬁ"ess’y ’ the
sion also manufactures a complete line of receivers and trans- Q:ZO:,:"' as p,odti" rigid spec,-ﬁc::?"auhcs dmine
mitters for light planes and transports, police motorcycle mi"e,s,ew,?’fphe I, Ulrre:,:’,eh . on CA;Q- 5 Ai;
receivers and receiver-transmitters, interphones, and complete 'ef"pera,U,ec a"” meep . | <ency airp;f'que"‘y'
ground stations—also accessory equipment such as automatic °riginal oy, : midit,, "dc,’:;:em ts of ext'rr;"Ts
antenna systems, selector boxes, loading coils and relays, * Trpe 7, o een increaseqy by Srn:::ecif;ed_ ”':'e
headphones and microphones. 20049 frequenc, . € than ¢ o,

hich ' Voice gny ANnsminy

Air o

IR ASSOCIAT,

LOS ANGELES, CALIFORNIA
FACTORIES: LOS ANGELES e« DALLAS ¢ CHICAGO e« BENDIX,'N.J.
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Radar principles were first applied to avia-
tion by RCA through equipment built and
installed in its own plane in 1937, in connec-
tion with a study of collision prevention.

In 1938, RCA built an experimental Radar
installation for the U. S. Navy. As the result
of tests, in Octcber, 1939 the Navy placed
with RCA its first order for service Radar
equipment. Since then, vast strides in the
development of Radar in RCA Laboratories

RADIO

August 1943 — ELECTRONICS



Ni 1g]1t Elght Mlles Awa
is sunk by i

have been made available to all branches of HOW RADAR WORKS—'Traveling with the speed
the industry producing Radar. of light—186,000 miles per second —ultra-high

frequency waves strike the invisible enemy vessel,
bounce back, automatically establish range and
distance of the target!

Radar is another achievement of the radio-
electron tube and the use of ultra-high fre-

quency waves, pioneered by RCA Labora- For the full, fascinating story of Radar, write todav for free

tories. RCA looks forward to the time when hooklet, ** Radar— Wartime Miracle of Radio.”” Address your
its services as world headquarters for radio- request to: Department AW, Radio Corporation of America,
electronic research can again be devoted to 30 Rockefeller Plaza, New York.

making the peacetime world a better place
in which to live.

RCA BUILDING * NEW YORK CITY

ELECTRONICS — August 1943 159




The scr-299 high-powered mobile transmitter, built by the
Hallicrafter Co. and equipped with ANDREW coaxial cables, received high
praise from Generals Montgomery and Eisenhower and their men as they
drove Rommel out of North Africa. Designed to meet specific high standards
of the U. S. Signal Corps, the performance of the SCR-299 has surpassed
the greatest expectations of military radio men. It is highly significant that
ANDREW coaxial cables wer=> chosen as a component of this superb unit:
one more proof that the name ANDREW is synonymous with quality in the
field of antenna equipment.

The ANDREW Company is a pioneer in
the manufacture of coaxial cables and ac-

cessories. The entire facilities of the Engi-
neering Department are at the service of
users of radio transmission equipment.
Catalog of complete line free on request.

*  COAXIAL CABLES
ANTENNA EQUIPMENT
»

¥
* * &

363 EAST 75th STREET « CHICAGO 19, ILLINOIS
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Electronic Sewing
Machine

(Continued from page 93)

for various thicknesses of Vinylite at
several bonding speeds. It is as-
sumed that power is confined to a
cylindrical volume having a cross-
sectional area of 0.1 square centi-
meter and a height of b centimeters
ranging, in this case, from 0.01 centi-
- meter to 0.08 centimeter. It is in-
|'structive to note that there is an
' optimum thickness, for a given rate
| of speed, at which the power re-
| quirement is a minimum.

Heat Conduction Losses

. Inspection of the calculations for
power requirements with and with-
out heat-conduction loss may lead
' the casual observer to an erroneous
conclusion. Since the cold electrodes
require nearly twice the power that
is needed when no conduction losses
are entailed, it appears inefficient to
use a method which conducts so
much heat away. But the fact that
}the outside layers of the material

being fused are kept cool prevents
| the surface from becoming gummy
' and thus the distortion that would
| otherwise appear is greatly reduced.

The power dissipated in a cylin-
drical volume of unit cross-section is
expressed by the relation

P = E’G/b watts
where E is the voltage,
G the conductivity, and
b the thickness.
In terms of voltage (3) becomes

=P
E=+b ‘/,_volts
G

Since the field strength F — E/b,
(4) may be written

3)

F = —1—_ ‘/ﬁ volts per unit thickness (5)
Vb V@

Using a subscript 1 to designate
the values which apply to the mini-
mum ordinate in the curves in Fig.
5 and a subscript 2 for values at any
other point, Eq. (5) yields this re-
lationship:

F, by P

2 \/ln P, ®)
which is plotted in Fig. 5 by the
curve showing relative field strength
versus thickness at a sealing rate of
1 inch per second. Note that as the

thickness becomes less than that at
the minimum ordinate the power

August 1943 — ELECTRONICS

Fig. 5 showing power requirements |
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INCE the very beginning of the quartz
cutting program, DI-MET engineers haye
constantly endeavored to improve quartz
cutting results through better blade and

process that puts cutting rims of metal type wheels
under balanced tension —makes blades run flat dur-

ing actual cutting operations and tends to keep them

flat for the life of the biade!

machine performance. Their success in these
efforts has been substantial, starting with the
first DI-MET Rimlock blade offered o the
quartz industry.

Undoubtedly new and even better DI-MET develop:
ments are in store for quartz operators. And you can
bet your share will come from DI-MET laboratories,

. since continuous effort and experimentation here are
The Rimlock was developed by a radical departure in P

. . . onstantly improving existing quartz cutting tech-
bonding procedures* which greatly increased the ¢ y improving g quar 9

blade life and cutting speed. For the delicate dicing niques, producing mere blanks per pound of quariz
operation the DI-MET Resinoid Bonded Wheel proved

highly efficient producing smooth, polisked surfaces.

<**“s  EELKER MANUFACTURING €O.

include' the “green-rim’’ resinoid bond for !@‘H:JM\EEIF

and eliminating unnecessary wastage. For any cutting

problem—for every cutting operation—look to DI-MET!

Latest developments in DI-MET laboratories

increased life, and Dynamic Tensioning—a \ 1116 Border Ave. Torrance, Calif.

TYPE C R RIMLOCK RESINOID CUP WHEEL
Bond: Copper Bond : Copper BONDED Resinoid Bonded
SIZES SIZES Straight Wheel, Plain Cupwheel,
Cut Off Wheels: Cut OF Wheels: RIMLOCK Type DIT Type D6W

3”, 4” and all even 3”. 4” aud all even Bond: Steel Diameterss Diameter: 6”

diameters up to 16” SIZES 3”47 G
Thick body Cut-Off Wheels: Thicknesses:
Wheels: 3”. 4" and all even " t0 14"
Diameters: 1” to 6” diameters to 247

Thicknesses: 4" to %"

diameters up to 16"
Thiek body
Wheels: )
Diameters: Up to 6"
Thicknesses: 'y " to 14

 MANUFACTURERS OF DIAMOND ABRASIVE
ELECTRONICS

WHEELS

fugust 1913 161



WRITE FOR GENERAL
PRODUCTS CATALOG
967D

Pearl Harbor's first challenge was to American
Industry. In the answer to that challenge lay
the difference between victory and defeat. It
was found largely in increased efficiency. new

methods, new techniques. More bombers with
fewer man hours . . . More VIKING radio trans-
mitting parts per man and machine. The big
bouquet for this job goes to the production men,
the methods engineers, the works superin-
tendents, the foremen and those like them.

We are proud of such men in our organization.
They've given us new tube sockets, condensers,
and many other parts quickly the way they
were needed. Their new methods, and tech-
niques (not least among them the highly per-
fected art of large scale high speed Mycalex
fabrication) have enabled us to quadruple our
pre-Pearl Harbor production despite the con-
tribution of many of our male employees to the
services.

We're making more parts better, thanks to much
improved production techniques, and we're
proud of the part we've been permitted to play
in answering civilization’s greatest challenge.
When the smoke of Victory has cleared Johnny
Doughboy. we’ll march back to new life, in
which such things as improved Johnson elec-
tronic equipment will contribute to the happier
world he so richly deserves.

10

a éamoas name lll }Qac(w

E. F.
WA S E
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JOHNSON

COMPANY
NNES O T A

C A, M

rises rapidly and the possibility of
electrical breakdown becomes great.
This prediction is strikingly corrob-
orated in the experience with Koro-
seal, as described later.

Useful Machine Attachments

Some of the attachments designed
for conventional sewing machines
may be effectively adapted to the
electronic model. One such device
is a binding attachment which folds
a plastic tape upon itself to bind a

| raw edge of thermoplastic material

and thus enhance its appearance
and/or increase its strength. The at-
tachment is also helpful for reinfore-
ing and finishing a seam made by
Joining two layers of material to-
gether and to a strip of thermo-
plastic tape, as suggested in Fig. 6A.
Such a taped-seam is particularly
useful in the assembly of bags or
containers which must hold liquids
or gases under pressure.

A bias-cut cloth tape may be
folded-in simultaneously with plastic
tape to obtain a color contrast, or to
provide additional reinforcement of
the edge. When a bias-cut cloth tape
is used in conjunction with a thermo-
plastic tape an unusual result can be
achieved, as may be seen by refer-
ence to Fig. 6B. With the layers of
cloth acting as a heat insulator, only
the three inner thicknesses of ther-
moplastic material will attain the
temperature of plasticity and bond
together. In effect, this is equivalent
to bonding or “sewing” on the inside
only.

Hemmers are used to fold-over
raw edges of material to produce a
finished edge. In conventional sew-
ing, a hem is usually secured by
single stitching, although where
wide hems are desired double or
triple stitching may be used. For
double or triple stitching a two or
three-needle machine is frequently
used. A similar result may be rea-
lized with the electronic sewing ma-
chine desribed by using a grooved
or double wheel as one of the elec-
trodes to make two bonds simultane-
ously. When sewing cloth, operators
assist the hemming attachment by
starting the fold by hand, but for
plastic sheeting such a method is not
suitable since the material does not
crease easily and is somewhat more
slippery when in contact with itself
than cloth. Experience indicated
that thermoplastic sheeting needed
a longer folding channel than those

August 1943 — ELECTRONICS



from R. F. SHORT WAVE THERAPY

to R. F. DETONATION OBIISIUHNINT

REI.AYS BY GUARDIAN

From rebullding human bodies—to riveting aircraft structures . . . from case harden-
ing of metals to plywood glueing wherever a tube is used, there you will usually
find o relay. Oscillator tubes such as are used to generate radio frequencies in dia-
thermy machines and detonators for explosive rivets usually require a ““warm up'’ of
20 to 30 seconds to allow the tube filaments to heat. The Guardian Time Delay Relay
T7-100 12 frequenHy used in applications of this type.

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

GUARDIANWELECTRIC

16280 WEST WALNUT STREET CHICAGO, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY

SLECTRONICS —— August 1943 163
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ordinarily provided in commercial
hemming.attachments. When $uch a
folding channel is prov&ded‘@hni’-
form hem can readily be mad(_ej.','wA
cross-section of & wide hem, bonded.
with a double wheel, sis shown ‘in
Fig. 6C. 1

ft'is frequently desirable to join
two sheets of material by a lapped or
imitation strap seam, in which a
double stitch is ordinarily utilized.
Attachments available for doing this
precisely assist the operator of the
electronic sewing machine in making
such a seam with thermoplastic ma-
terials as shown in Fig. 6D. It is ap-
parent that a double wheel is desir-
able for this operation.

_ Experience With Various ;Materials

A summary of our experiences
with four synthetic sheet materials

.is given in Fig. 1. Pliofilm and Viny-

*= “litegoroved easiest to use in the par-

ticular machine under discussion.
Mo#t of the: experimental work on
Koroseal, which was done on mate-

- rial 0.001 inch thick, indicated that it

did not seal completely in the elec-
tronic sewing machine sfiice the cold
electrodes conducted heat too rapﬁdgi?é
away from the interface. This neces-
sitated excessive voltages across 15‘6:;1
seam in order to supply the condu“cf—“f
tion losses and, consequently, there
was freauent arcing through the ma-

terial. This experience was predicted.

' by the theoretical curves of Fig, 5,

which show that power concentration
and field strength rise sharply for
thin materials. It was particularly
noted, however, that the use of a
narrow Vinylite tape between layers
of Koroseal made an excellent bond
with all tendency to arc eliminated.
The same satisfactory result was also
accomplished by using the binding
attachment with Vinylite tane. There
may be distinct advantage in the use
of two materials for some applica-
tions.

When fabricating materials that
break down easily, the use of higher
frequencies should be considered.
Saran, for example, is a valuable ma-
terial because of its chemical inert-
ness. However, it has a relatively low
power factor, hence higher voltages
must be generated across a seam to
get sufficient heating in the material.
Its voltage resistivity is also low, so
that electrical breakdown occurs and
no satisfactory bond is possible at 15
megacycles. At 60 megacycles, great
improvement was noted and excellent
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Successful Television came into view with the
development of the cathode ray tube

which gave it definition—translating
millions of electrical impulses
per second into animated
reproductions of scenes
occurring at other points,

* RAULAND tubes played

a major part in this epochal
achievement by making
possible practical television
proiecfibn on 15 foot x 20 foot
screens. Significant facts like these
point the way to effective post-war planning.

MR

lHlustrased 5'c:'xgo)ze R}
15-inch Cathodg Bay Jube
W -3

e
.

" ) P S e

" RADIO...SOUND...

T T S A PTGt

...COMMUNICATIONS

| Electroneering is our business
THE RAULAND CORPORATION ... CHICAGO, ILLINOIS

tuy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds
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seams were possible for a total thick-
ness greater than 0.005 inch. For
sheets one or two thousands of an
inch thick the results were erratic,
which indicated that the use of a still
higher frequency should solve the
problem of bonding this or other ma-
terial of similar characteristics.

Typical Manufacturing Uses

Some general categories of use for

' thermoplastic sheeting of the types
 referred to are briefly discussed:

Wearing Apparel—Raincoats and
protective coverings are not neces-
sarily completely moisture-proof
when sewed together by conven-
tional means. For the sake of em-
phasis it is desirable to repeat that
it is frequently necessary to cement
seams both before and after stitch-
ing to make them completely im-
pervious to moisture. Also, the per-
foration of needles through the
material weakens it and permits high
concentration of force around the
needle holes. With radio-frequency
bonding this is not the case so that,
in addition to obtaining tight seams,

| the strength of the finished article

is improved.
Packaging—Most thermoplastic
sheet-materials are particularly use-

tul in that they are highly impervi-
| ous to gases, are chemically inert as

well as physically strong. The pack-
aging industry has become -con-
scious of these advantages and from
trends already noted it appears
likely that widespread use will be
made of such materials in the pack-
aging field in the future. The reli-

| able seal that can be made when in-

® ® @

FUNDAMENTALS OF
ELECTRICITY

This group of WACs at an electrical in-

stitute in Newark, N. ]., are working out

preliminary experiments to get acquainted

with some electrical properties of circuit

components used in a-¢ electrical circuits.

It sounds technical-but these WACs
are Corporal Technicians
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Communication Receivers
Aircraft Radio
Transmitting Equipment
Airline Radio Equipment

Today, the experience of years in manufacturing
flight control radio equipment is turned to produc-
tion for military needs. Tomorrow, this added ex-
perience with present developments will be reflected
in greater radio advantages for a peacetime world.

WILCOX ELECTRIC COMPANY

Quality Manufacturing of Radio Equipment
14th & CHESTNUT KANSAS CITY, MO,

Photo, Courtesy Eastern Air Lines

THERE MUST BE DEPENDABLE COMMUNICATIONS
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PAPER, OIL AND ELECTROLYTIC CAPACITORS
INDUSTRIAL
CONDENSER

CORPORATION
1725 W. NORTH AVE., CHICAGO, U. S. A.

DISTRICT OFFICES IN PRINCIPAL CITIES
QUICK DELIVERY FROM DISTRIBUTOR’S STOCKS
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terfacial surfaces are heated is of
utmost importance where foodstuffs
are concerned. Radio-frequency
bonding appears to be practically
adapted for vacuum closures. It is
probable that use of a “bar sealer”
will be more important for this ap-
plication than the use of rotating
electrodes as the entire seal may
often be made in one operation.

Inflatable Articles—It has been
found that the diffusion rate of gas
is extremely low and that resistance
to deterioration by ultraviolet rays
is high for some kinds of vinyl-resin
sheeting, which suggests the use of
thermoplastic sheeting for the con-
struction of balloons. Also, bladders
to be enclosed in a covering of cloth
or other material may be effectively
fabricated with the aid of radio-
frequency bonding. Such devices may
well be adapted as a form of “water-
wings”, may even be used to the ex-
tent of making inflatable life rafts
and similar devices.

Coated Materials—Cloth may be
coated or impregnated with thermo-
plastic resins and, in such form, will
respond to electronic sewing. Cloth
may also be woven from thermo-
plastic threads, or from coated
strands, so that dielectric heating
may serve to bond such fabrics.
Ravelling which occurs at cut edges

| of some materials has been elimi-

nated in a number of cases by apply-
ing a thermoplastic binding with the
electronic sewing machine.

HYDROGEN FURNACE

Parts of radio transmitting tubes are heat
treated in this hydrogen furnace at the
Westinghouse Lamp Div., Bloomfield, N. J.,
to drive out any traces of gas which may
be imprisoned within the metal. Burning
hydrogen prevents oxidation and provides
temperatures around 2100 deg. F. After
this treatment and unless the parts are to
be used immediately in manufacture, they
are placed in a vacuum storage container
to guard against their reabsorbing air or
other gases
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INDUSTRIES

A Division of Auto-Ordnance (orporation

GREENWICH * STAMFORD + BRIDGEPORT » NEW YORK

Army-Navy ““E’ awarded to

Auto-Ordnance Corporation

for excellence in production
of “Tommy’’ Guns.

PRODUCTS MANUFACTURED INCLUDE ELECTRONIC CONTROLS & VACUUM

HELECTRONICS — August 1943

@ Our fighting forces needed Thompson Submachine Guns . ..
fhousands . . . fast! Auto-Ordnance Corporation has produced

them on time!

The arsenal of freedom required tools of war production. Auto-
Ordnance’s Thompson Tool Division helped—is helping—to

supply them!

The research engineering skill that has made good in the business
of developing and producing guns, tools, vacuum tubes of both
standard and special types, and other such weapons of Victory
has achieved even greater, though secret, accomplishments in
the fields of Electronics, Hydraulics and Electromechanics!

Many ifidUstrigl [8aders are already planning to “get the jump”
on competitors after the war, with electronic devices to reduce
production time, cut costs and improve precision manufacture.
Perhaps we can make a notable contribution to your planning.
Werite to Engineering Department, General Electronic Industries,
342 West Putnam Avenue, Greenwich, Connecticut.

HYDRAULIC SERVOS °* ELECTROMELHANIJCAL DEYICES

AREND OF THE TOMMY GUN..

K \comes the Pesearch engineering skil/

TUBES
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THE ELECTRON ART

Cos> Hardening with R-F Energy
Light Source for Photoelectric Radiometry . . ..

Tristimulus Colorimeter. ... ..

Case Hardening with

R-F Energy

UNIFORMLY HARDENED CASES 0.005
to 0.030 inch deep and controllable to
within 0.001 inch have been pro-
duced on steel objects with 5-Mc r-f
energy generated by power vacuum
tubes, using techniques described by
V. W. Sherman in Vol. 21, No. 2 of
Electrical Communication.

Common faults of r-f surface heat
treatment, namely excessive pene-
tration of heat and nonuniform heat-
ing of the metal to be hardened, are
generally due either to too low a fre-
yuency or to a heating rate so low
that the heating period must be 15
sec or more. Heating power should
therefore be equivalent to several
times the conduction loss, and the
time of treatment must be kept short
enough to minimize conduction dras-
tically. Since there is usually no ex-
cuse for hardening to a depth much
in excess of allowable future wear,
except possibly where impact load is
high, it appears that the cost of heat-
freatment is justified only in a layer
up to about 0.030 inch deep.

Freedom from scaling or severe
oxidation can be secured through re-
duction of time just as readily as
through reduction of temperature.
When the heat treatment is com-
pleted in one second or less, there is
no scaling even in ordinary atmos-
phere, and the time is just barely
sufficient to produce a blue oxide
color. With r-f heating methods, it is
thoroughly practical to conduct the
treatment in a controlled atmosphere
like hydrogen and thus prevent oxi-
dation.

Process of Heat Generation

An induction heating work coil en-
closing an iron object constitutes a

170

transformer in which the surface
layer of the object is a single-turn
short-circuited secondary. The cur-
rent I induced in this secondary flows
through a resistance R and develops
heat at a rate equal to I’R. If a
given coil has say 10 turns and the
equipment can send 100 amp through
these turns, the maximum ampere-
turns available for heat-treating pur-
poses is 1000. Since the secondary
has one turn, the theoretical maxi-

mum secondary current cannot ex-
ceed 1000 amp in this example.

Not all of the primary flux will
thread the secondary, however, be-
cause of the need for insulation and
mechanical clearance between coil
and work. If only 50 percent of the
primary flux links with the surface
of the work, only 500 amp would
actually be available for generating
heat in the work. It follows, then,
that the rate of heating in the metal
can under given conditions be in-
creased only by increasing the re-
sistance of the surface layer in which
the current is confined.

Resistance versus Frequency

The thickness of the layer in
which the current is confined can be
shown to vary inversely as the square
root of the frequency. Thus, if fre-
quency is increased from 1 to 4 Me,
the thickness is reduced to one-half,
the secondary resistance 1s doubled,
and the heat developed by the avail-
able current is also doubled.

The problem of keeping the resis-
tance high becomes increasingly im-

DEVICE RATES PARALYTICS

Mrs. Dorothy Hampton is shown with the electrode of a new davice affixed fo
her arm. The instrument, developed under a grant of the National Foundation

for Intantile Paralysis,

tests the paralyzed muscles to determine immediately

whether there is any chance of restoring them to normalcy. The device was

recently demonstrated

in Washington, D. C., and is interesting in that, appar-

ently, traces of the muscle potential are shown on a cathode-ray tube screen
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/ This amazing electron microscope, de-
veloped in the RCA Laboratories,
| O explores new sub-microscopic worlds not
" revealed by light waves. It is from 50 to 100 times
more powerful than the strongest optical micro-
scope. Magnifications up to 100,000 diameters

are obtainable.

The use of Ohmite Rheostats and Resistors in the
circuits of such an advanced electronic instrument
is a tribute to their quality and performance.

Ohmite Products are used today for accurate, de-
pendable control-by-resistance in many electronic
and electrical devices...in laboratory apparatus, in
fighting equipment, in scientific instruments, and

in the production tools of war. These resistance
units will be ready to serve the new electronic age
to come...after Victory is won. Ohmite engineers
are glad to work with you on any control problem.

Send for Catalog and Engineering
Manual No. 40

Write on company letterbead for helpful 96-page
guide in the selection and application of rheostats,
resistors, tap switches, chokes and attenuators.

OHMITE MANUFACTURING COMPANY
4817 FLOURNOY STREET e CHICAGO, U.S. A,
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the call of pUTY”

EN of the Signal Corps are per-

forming miracles in this war.
Decorations are being presented to
those valiant soldiers for performances
“above and beyond the call of duty.”
And Murdock Radio Phones are their
“ears.” Precision built “above and be-
yond” Signal Corps specifications, they
are sensitive to scientific exactness, and
dependable. See these unusual Radio
Phones. Send to Dept. 63 for cata-
logue.

“Murdock

RADIO
PHONES

!

Wm. J. Murdock Co.l

Chelsea, Mass.
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Heat loss curves for two representative

metals with surfaces heated by radio-

frequency energy. The loss of heat

through conduction is sufficiently great to

permit  self-quenching of the surface

(without immersion in a liquid after heat-
ing) in many types of objects

portant as the diameter of the work
becomes smaller. For example, the
resistance of the current-carrying
path in a Z-inch diameter plece is
only 25 percent of that in a 1-inch
diameter piece. With definite limi-
tations on the output of the induc-
tion heating unit, on the current-
carrying capacity of the work coil,
on the number of turns in the coil,
and on the coefficient of coupling,
there thus remains only the control
of secondary resistance by exploita-
tion of high-frequency skin effect.
The rates of loss of energy from a
heated*rrqletal surface to air and to an
inner mass of metal are shown in the

accompanying graph for two repre-

sentative metals, iron.and copper.
These .curves indicate that for all
practical purposes the radiation loss
is negligible compared to the conduc-
tion loss of heat. The curves also in-
dicate that_ the minimum heating
rate in kw per sq in should be at
least double that of the conduction
loss if nonuniform deep heating of

l the work is to be avoided.

The paper contains a number of
excellent macrophotographs and mic-
rophotographs of specimens having
surfaces heated by radio-frequency
energy, with interpretations of ne-
sults in each case.
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BALLANTINE
ELECTRONIC

AC VOLTMETER
AND ACCESSORIES

T e

MODEL 300 .
ELECTRONIC
VOLTMETER

i et

j
!

MODEL 505
ARTIFICIAL EAR

MODEL 220
DECADE AMPLIFIER

MODEL 402

; ~ MULTIPLIER 1
u PRSP TI S . PR e : 20
MODEL VP-5
This enormous range of voltages—five hundred mil- ~ VIBRATION

lion to one—is accurately covered by our Model 300 PICKUP

Electronic Voltmeter and some of the accessories
shown above. Frequency range 10 to 150,000 cycles.
Accuracy 29, over most of the range. AC operation.
Five decade ranges with logarithmic scale make read-

1 ings especially easy. Uniform decibel scale also pro-
vided. Over a thousand of these instruments are
giving excellent service in Government, commercial
and university laboratories and factories.

Send for Bulletin 8

BALLANTINE LABORATORIES, INC.

BOONTON, NEW JERSEY, U.S.A.
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OI\'E of the fun-

damental measurements in
every branch of electrical engineering is
that of impedance, now more important
than ever because of the rigid specifica-
tions to be met in the production of war
material.

In circuits with lumped con-
stants the accepted means of mmped-
ance measurement

iS comparison h‘ on generator.

a null method, using an a-c adaptation
of the Wheatstone bridge. Impedance bridges have been a General Radio
specialty for nearly 25 years. A program of continuous research into methods,
circuits, and circuit components has led to creasingly better designs and
more useful instruments. For measuring both the reactive and resistive com-
ponents of impedance at all the important frequencies
60 megacycles, there is a General Radio bridge

between 60 cycles and
to do the job.

Because all our facilities are devoted to war projects, these
tmpedance bridges are at present available only for war work.

GENERAL RADIO COMPANYGR

CAMBRIDGE + MASSACHUSETTS
NEW YORK + LOS ANGELES

Capacitance test bridge measurin 8
transformer bushings.

Radio frequency bridge in
broadcasting station.
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' Light Source for

Photoeleciric Radiometry

DETAILED CONSTRUCTION DATA for a
tungsten - filament - in - quartz lamp
siitable for precision filter radiom-
etry, such as for calibration of the
spectral and total radiation sensitiv-
ity of phototubes, is given in a re-
search paper by R. Stair znd W. O.
Smith in the June 1943 Jowrnal of
Research of the National Bureau of
Standards.

About 18 inches of 8-mi) tungsten
wire is arranged in four evenly
spaced hairpin loops, with blackened
tungsten shields over the loop ends
and the supporting hooks so as to
vlock radiation from cooler areas of
the filament. The entire lamp envel-
ope is constructed from high-quality
fused quartz. Wavelength values
from 2300 A to 3500 A are obtainable
with a filament temperature range of
2500 to 2900 deg K, with wavelength
corresponding to each temperature
being found from the table in the
paper or from a more complete table
available from the Bureau of Stand-
ards.

The lamp is used in calibrating in-
dividual phototubes for the specific
purpose to which they are to be ap-
plied, as well as for calibrating the
portion of phototube surface that is

to be used.
[ ] (] o

PREPARING FOR THE
FUTURE

Canadian industry is now planning to
create peace time jobs and luxuries in the

conversion of war time industries. Cath-
oderay tube parts are shown being
cleaned in a vacuum firing machine
which drives all gases from metal. This

equipment is vital to fighting men
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The spring tension principle of /the SPEED NUT SYSTEM has revoluljianiz'ed assembly methods every-
where. Now, in mc::l|'1'y'_'_<_;"'¢'s_lses,i o SPEED NUT performs multiple fﬁpéﬁoné, reduces number of parts,
eliminates handling operations dnd drastically cuts weight and production costs.

For example: Our complete fine of SﬁEED NUT angles combines the qngI;e bracket and fastener into a single part.
Self-retaining SPEED NUTS for all\lypes of conduit clamps speed up assembly by eliminaiing unnecessary
handling of parts. SPEED NUT retainer, fings cut riveting aperations o0 a minimum and save both in material
and weight. SPEED ‘NUT strips replacéf'\e;&;\uded gang chénnelé. And our triangular nut plate for attachment

“of running lights, cuts riveting operations fro\nilé_mt\o 1. These are only 5 out of dozens of SPEED NUT designs

that have virtually exploded conventional assembly methods. Write for our new summary catalog No. 185.

-

TINNERMAN PRODUCTS INC. - (2106: Fulton Rd., Cleveland, Ohio

IN CANADA: Wallace Barnes Co., Ltd., Hamilton, Ontario IN.ENGLAND: Simmonds Aerocessories, Ltd., Londen

4
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There Goes The

IMPROVED GATES TRANSMITTER

You’ll Want Tomorrow!

A few vears ago we “got a kick” when a broadcasting
station in Alaska bought Gates equipment—Alaska seemed
so far away . . . and names like Salamaua and Messina were
places we left behind in our geography books.

But today, we at Gates suddenly find ourselves at the
crossroads of the world. Every day Gates transmitters, tun-
ing and control units, amplifiers and remote equipment
start on their journey to the many odd-named war fronts.

Our experience of over 21 years of good designing, dur-
able construction and assured performance, stand behind
every Gates product. To this has heen added new methods
of engineering, improved efficiency. These developments
are vital to our Armed Forces and of great significance to
vou who have plans in post-war radio.

Our engineering staff stands ready to assist and
advise on the maintenance of vour present equip-

ment—ichether you are Gates-equipped, or not.

QUINCY, ILLINOIS, U.S. A.

Manufacturing Engineers Since 1922

e —— e ——
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Tristimulus Colorimeter

THE DEVELOPMENT AND USE of pre-
cision photoelectric methods for eval-
uating the appearance of materials
is described in 46-page Bureau of
Standards Circular C429, “Photo-
electric Tristimulus Colorimetry with
Three Filters”, by Richard S. Hunter
(obtainable from Supt. of Docu-
ments, Washington, D. C. for 10 4
cents coin). i
A tristimulus colorimeter meas-
ures a color stimulus in terms of |
three selected stimuli called pri-
maries. The ideal source-filter-pho- |
totube combination for the photo-
electric tristimulus colorimeter are
those spectrally equivalent to the ll

1931 ICI standard observer for col- |

orimetry in combination with an ap-
propriate illuminant. Althcugh the
best available combinations do not
quite meet this requirement, there
are many problems of color measure-

ment to which this direct and rapid |

color measurement procedure may
be advantageously applied.

The Circular reviews the use of
photoelectric cells for color measure-
ments, gives a 3-page list of terms,
symbols and definitions applying to
the subject, and analyzes the prob-
lems involved in measuring color dif-
ferences as small as those which
trained inspectors of paint, textile,
plastic, paper and ceramic products
can see. Possible errors are taken up,
and instructions are given for con-
verting photoelectric tristimulus data
to eight different usable forms for
various industrial purposes. The
bibliography contains 51 references.

High Harmonics of Quartz
Crystals Control VHF

Oscillator Circuits

THE DEVELOPMENT of a circuit that
permits utilization of ecrystal har-
monics at least as high as the 23rd
now makes possible the construction
of a crystal-controlled oscillator cir-
cuit operating at frequencies as high
as 160 Mc, using crystals with funda-
mental frequencies below 10 Mec.
The theory of the new circuit is
presented by I. E. Fair in the April
1943 Bell Laboratories Record. Prac-
tically all circuits used for quartz
crystal oscillators require that the
reactance of the crystal be positive
at the operating point. The equiva-
lent circuit of a crystal, making up
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Don’t cramp your style by trying to stick
too rigidly to the “straight and narrow
path” in remote control and light power
transmission. With WALKER-TURNER
FLEXIBLE SHAFTING you can take your
choice between going through or going
around. Oftentimes it offers the only prac-
ticable solution to knotty problems in
mechanical design, as many aircraft
builders—among others—have learned.
Maybe you are struggling with some

- 3 application today on which you could
- ! use a little of our experience. Take it
‘ T up with us.

WALKER-TURNER COMPANY, INC.

1483 BERCKMAN STREET PLAINFIELD, N. J.

.
'.."..‘
..'.{’a:
s
i R

9 FLEXIBLE SHAFTING

ey’ FOR REMOTE CONTROL AND POWER TRANSMISSION

V.S5.R.
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Wehen

WALKIE-TALKIES
GO T0 WAR

S p
Seconds

*

U. S. Army Signal Corps Photo.,
Back-carried Walkie-Talkie two-way

vaice radio

*

® There can be no time lost where instant reports of
enemy actions must be relayed,—for split seconds lost may
mean unnecessary sacrifice of men and equipment.

For the modern Walkie -Talkies of the U. S. Army Signal
Corps, nothing short of complete reliability is required of the
transformers used, and the tens of thousands of Jefferson Elec-
tric Transformers have proven their reliability, long useful life,
and freedom from unnecessary servicing in the field of combat
JEFFERSON

ELECTRIC COMPANY, Bellwood (Suburb of Chicago), lllinois.
Canadian Faciory: 60-64 Osler Ave., W. Toronto, Ont.

where time and manpower must be saved . . .

Fig. 1—Lattice network (above) and equiv-

alent circuit (below) for placing the un-

desirable static capacity of a crystal unit

at the ends of the lattice where it can

become part of the associated oscillator
circuit

this reactance, consists of R, L and
C in series, with the combination
shunted by a capacity CO represent-
ing the static capacity obtained if
the crystal were removed from its
holder and some other insulating
material placed in the holder. It is
this capacity which tends to make
the combined reactance negative.

Since a crystal may be represented
electrically by two impedances in
parallel, a lattice network including
a crystal in one of its series arms
could be represented as shown in the
upper part of Fig. 1. This in turn is
equivalent to the circuit just shown
underneath, wherein the shunting
effect of CO is brought to the ends
of the lattice where it can be com-
bined with other elements of the
circuit. ™

If the network of Fig. 1 is placed
in a crystal oscillator circuit as shown
in the upper part of Fig. 2, the effec-
tive circuit is as shown in the lower
part of Fig. 2. Capacities CO are not

co S

1

Fig. 2—New oscillator circuit (above) and

equivalent circuit (below) for obtaining

quartz crystal control at frequencies up to
150 Mc
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THESE RESISTOR WATTAGE
RATINGS MEAN WHAT THEY SAY

ACTUAL SIZE
ILLUSTRATION

‘ ..Regardless of the ohmic values

, If it’s a 5-watt Koolohm, use it at its full 5-watt rating—regard-

Lo““ less of whether it has a 1 ohm or a 40,000 ohm value! If it’s 2

00 10-watt Koolohm you can count on it dissipating a full 10 watts
whether the resistance value is 1 ohm or 70,000 ohms!

oW ENS
-\ /. W‘R In brief, there’s no need to “play safe” with Koolohms. You
21/4 don’t have to use a larger resistor than you actually require.
L You can forget your worries as to whether the wire size is big
ES enough to carry the current and the resistor body large enough
T‘M to withstand the temperature rise involved. You can use any
GER Koolohm at its full wattage rating—any time, anywbhere !
LAR ‘ This freedom of use is made possible because Koolohm
{ohm Resistor design is l?ased upon a tirne-.tested, inong}m’c insulating material.
A\‘houghKooe no large This is sintered on the wire before it is wound—at 1000° C.!
themse\ves“e":f—‘han orfliﬂgﬁ}’ The insulation is flexible, and has a dielectric strength of
fren ;rs"‘ ‘heir croS; 350 volts per mil at 400° C.!
resist . n a . ), . .
times "‘“g::e;\, This 18 ets\?e Samples free to industrial users. Catalog on request to all
sec;l\o . mportant ' tt\h;:e vgry who are interested in better, more dependable resistors.
cially lues e,
istance V2 fail 0 : ivic
1:5; wires S n(:?‘e:vo\ved in SPRAGUE SPECIALTIES CO., Resistor Division, North Adams, Mass.
curre : o
carty i esistor OPerauog,swe
power 0 ad the COT B L, .
0 W of operation
h{ie;id ties, play ;
Koolobms "

REGISTERED TRADEMARK

POWER WIRE WOUND RESISTORS AND METER MULTIPLIERS
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.. in World-Wide Aerial Warfare!

* Pygmies in size, but giants in achievement are WiLco Thermometals (ther-
mostatic bimetals) and WiLco Electrical Contacts.

* Either paired with the correct WiLco Thermometal, or used alone, WiLco
Aeralloy Aircraft Magneto Condtacts are doing their part to assure smooth air-
plane performance. Other Wirco Electrical Contacts are giving equally depend-
able service in tank, ship and gun applications,

* WiLco Thermometals, either separately or in conjunction with WiLco Elec-
trical Contacts, are being used with the same success for aircraft oil temperature
control and in various instruments for the Army and Navy.

BoTH AvarmasBLE From ONE Source

* The facilities of THE H. A. WiLson COMPANY permit manufacturing cus-
tomers to secure both electrical contacts and thermostatic bimetal from a single
source. This is important because materials from these two groups are fre-
quently used in conjunction, as parts in the same device. The most effective
use of one necessitates a knowledge of the other.

WiLco PRODUCTS ARE: Contacts—Silver, Platinum, Alloys, Powder Metal.
Thermostatic Metal—High and Low Temperature with Electrical Resistance
from 24 to 530 ohms per sq. mil,-ft. Precious Metal Collector Rings for rotat-
ing controls. Jacketed Wire—Silver on Steel, Copper, Invar, or other combin-

ations requested.

WiLco sales and engineering rep.esentatives are famil-
iar with both Electrical Contact and THERMOMETAL
application. Send us your preblem for analysis.

Tae H. A. WiLson CoMPANY
105 Chestnut St., Newark, N. ].

Branches: Chicago * Detroit
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 1 moved from the crystal, positive re-
‘actance is obtained even at high har-

.,ﬁi,l‘kﬁ capacities comprising the

| cillator for submarine signalling,

— ——

ADJUSTMENT
FOR CB

Fig. 3—Constructional details of the crystdl .
lattice unit. It is small enough to be
mounted on a standard vacuum tube base

shown since they now. form parts of
capacities CD and CE. With the ef-
fect of the shunting capacity CO re-

monic frequencies;

crystal and those associated with
it in the lattice network are very
small. It is possible, therefoxzélf' to as-
semble the crystal and the fliree ca-
pacitors in a compact unit whiteh can
be mounted on a tube base. The con-
struction of this crystal-capacitor
network is shown in Fig. 3. One ca-
pacity is adjustable, "being changed
by means of a threaded screw:

Supersonic Research Abroad

THE PROPAGATION of supersonic
waves in wires is analyzed in a 5-
page article by E. Czerlinsky in the
Jan. 1942 Alkust. Zeitschr. Where
the wavelength is of the order of the
wire diameter, the propagation ve-
locity falls steadily as frequency is
increased. At higher frequencies,
the velocity reaches a constant value
which is essentially independent of
frequency.

The use of a Poulsen arc generator
to drive a magnetostriction oscillator
from which considerable supersonic
power must be obtained is deseribed
by H. H. Zschirnt in Nov. 1942
Hochf: tech. u. Elek: akus. A com-
mercial 20.8-kc magnetostriction os-

consisting of nickel stampings with
two rectangular slots through which
the thick rubber-covered exciting
turns were wound, was used in the
first tests. The arc was operated in
a coal-gas atmosphere, with a water-
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ALL OVER THE WORLD
YOU’LL FIND KEN-RAD

h" “over the embattled world Ken-Rad the headlines of electronic triumphs
: tizhes help to make our victory certain in the worlds of tomorrow
let
¢ f:omp et Industry will then utilize the elec-
s Not until vi¢tory can the story be tronic developments of the war to
B s released Then it will merge with produce for better living
, AL
TRANSMITTING TUBES
ZATHODE RAY TUBES
SPECIAL PURPOSE TUBES
METAL AND VHF TUBES
OWENSBC}R XK E N T U C K Y ; A
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The greater the need
2 for Speed...

... the greater the need for

ARKWRIGHT TRACING CLOTHS!

If you’re working under pressure, use Arkwright Tracing Cloths.

Then you won’t have to worry about erasures. You can erase easily
and quickly because Arkwright Cloths have a smooth. almost
smudge-proof surface. And you can ink
over erasures neatly because both surface
and base cloth are strong enough so they
won’t wear through. When time is im-
portant, choose tracing cloths carefully.
Choose Arkwright! Arkwright Finishing
Company, Providence, R. I.

I -

TRACING

CLOTHS

AMERICA’S STANDARD FOR OVER 20 YEARS

<t S, o VT e

1
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cooled ‘copper anode and a rotating
carbon in a transverse magnetic field,
using a 700-volt d-c generator as the
power source. Considerable atten-
tion is given in the article to methods
of recording the frequency and am-
plitude. fluctuations of the Poulsen
arc oscilfations, and to means for re- -.
ducing inherent fluctuations in arc.
frequency. "
A modified air-jet generator for!
generating supersonic intensities of |
the order of 1 watt per sq em int
gases rather than liquids is described
in a 2l-page paper by Ehret and
Hahnemann in Zeitschr. f. tech.
Phys., 23, No. 10, 1942. Two ways‘a
of separating the supersonic field '
from the flow of air are given. In
the method adopted, the base of the
resonator is replaced by a diaphragm
having a transverse natural fre-
quency equal to the Hartmann fre-
quency. The authors conclude that
perfected apparatus would be useful
also for excitation of liquids.
Abstracts of the above-described
papers were compiled by the Radio
Research Board (Great Britain) and
published in the May 1943 issue of
Wireless Engineer, from which the
foregoing paragraphs were compiled,

Powerful )é-ray tubes produced at the
Westinghouse Lamp Division for use in
industry and medicine are tested in this
laboratory “proving ground”. The tubes
are placed in lead chambers, and oper-
ated from the control panel in the fore-
ground. Safety switches make it imposi-
ble for the doors of the lead chambers to
be opened without cutting off the power.
The test operator is shown placing a small
white envelope containing unexposed film
on the door of the test area. Such films
are carried by operators as a precaution
against exposure to x-rays. The films.
which are developed regularly, would
show any such exposure
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A UNIQUE
ENGINEERING GROUP IS READY
TO ROLL UP ITS SLEEVES FOR YOU!

FOR wartime produc-
tion or postwar planning...in
the application of existing de-

vices or the development of

new designs...we are ready to

help you harness the miracle

gu

of electronics to your specitfic
needs. We have the back-

ground: 65 years of constant

cooperation with the commu-

nications industry in all its

phases. We have the facilities:

military and government

agencies may tell you some of

the story. And we are neither

too big to bother with small

problems . . . nor too small to
Jﬁ succeed with big
ones. Can we get

SIS
c/l‘\llﬂs together?

UNNELL:/

GENERAI. OFFICES: 215 Fulton St., New .York ley FACTORIES at Brooklyn, N. Y.

, > | @ewyntng (g)nytneew and ./% %c/mma 0/’ | &

ELECTRONIC INDUSTRIAL DEVICES % INDUSTRIAL RECTIFIERS
HIGH POWER RADIO FREQUENCY GENERATORS * TRANSMITTERS
RECEIVERS * AUTO IC TELEGRAPH EQUIPMENT
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cetien You VA7 Yot ceagon
le lhe ya//oﬁpny election . . .

OU know, of course, that
e

electronic applications can be

made in almost any industry...can

, J l.' o help in the making of almost any product.

) What you may not know is that OpErADIO enginecers

have helped develop some of the most advanced

electronic devices of World War II, and

OPERADIO craftsmen have helped build them!

When you need help with electronic problems

involving design, engineering, or contract

manufacturing, let OPERADIO supplement

your own facilities, serving as your

electronics development and manu-

facturing division. Come to OPERADIO!

OPERADIO MANUFACTURING CO., ST. CHARLES, ILL.

P Fymbod of’ Cleclionic Excellernce
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| Data on New Acoustie

Stethoscope

By HARRY F, OLsoN
RC4 Mfg. Co,, Camden, N. J.

THE EMPLOYMENT of a reversed taper
tube in a new stethoscope developed
in RCA Laboratories promises to
widen considerably the study of
sounds produced within the human
body, such as normal heart sounds,
heart murmurs, breathing sounds,
respiratory rales and rattles, and
peristaltic squeaks or groans.

The new instrument transmits all
frequencies over the range from 40
to 4000 cycles without diserimination
or appreciable attenuation, whereas
an ordinary stethoscope has an effec-
tive range of only 200 to 1500 cycles.
S0 many new sounds are heard that

- a filter controlled by a knob has been

built into the instrument to per-

' mit limiting its range until the mean-

ings of the new sounds can be de-
termined by further study.

STETHOSCOPE
SuBAQuEOUS
LOUD SPEARER

P
S\\\\'?/Z ‘Z///& ARTIF ICIAL
%!ﬁ‘?\!% £AR 2 . ]
\f'!/'f N DIAPHRAGM BELL
? " Mveg TYPE

AMPLIFIER

Fig. 1-—Arrangement used to obiain the
frequency response characteristic of a
stethoscope

The arrangement used for compar-
ing response characteristics of
stethoscopes is shown in Fig. 1,
Sound vibrations were developed in
the human body by means of a suba-
queous loudspeaker fed by an audio
amplifier and audio signal generator.
An artificial ear was first held di-
rectly against the opposite side of the
body to secure a reference charac-
teristic, and different stethoscopes in
turn were then introduced between
the artificial ear and the body. The
resulting frequency response charac-
teristics are shown in Fig. 2 for the
new acoustic stethoscope and two
other types.

The output of the acoustic steth-
oscope is essentially flat, and is
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ERIE
CERAMICON

IS ()

S

Have 5 Inherent Advantages

HAT do the five advantages of Insulated
Ceramicons listed here meantoyou? From

0 COMPLETELY ENCLOSED the standpoint of design, they mean a more com-

pact, efficient lay-out. Insulated Ceramicons can
be located anywhere in the chassis without regard

9 GREATER . to theblfm}}{limity <l>f o(;clher ﬁorﬁponents. Theskf1 mike
possible shorter leads which are musts in higher
MECHANICAL STRENGTH frequency circuits. They mean greater protection

against humidity . . . so important in today’s mili-
tary equipment. They provide extra insurance

e MORE DIRECT AND UNIFORM against breakage in-handling on the assembly

lines or damage from shock and vibration in

ELECTRICAL PATH actual service. The method of attaching wire
.leads to the silver electrodes provides a more

0 CAN BE LOCATED uniform and direct electrical path.
Erie Insulated Ceramicons, for temperature
ANYWHERE IN CHASSIS compensating applications, are made in three

sizesand in capacitiesup to 375 mmf. Erie "Hi-K"
Insulated Ceramicons, for by-pass and blocking

e BETTER PROTECTION condensers, are available up to 5,000 mmf.
AGAINST HUMIDITY Where your specifications call for ca-

pacities within the above ranges, specity Erie
Insulated Ceramicons.

3 | For complete information covering operat-
* INVEST TODAY IN % ing characteristics of Erie Insulated Ceramicons,
BONDS FOR VICTORY write for data sheet.

ER'E RES'STOR CORP., ER'E, PA. LONDON, ENGLAND - TORONTO, CANADA,
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OR

RADIOACTIVITY |

PRadioactivity is rapidly gaining importan
as a tool for research and industry. Devel-
opments in this field are calling for reliable,
specialized equipment at reasonable cost. It
is to fill this need that Cyclotron Specialties
offers two new pieces of equipment indis-
pensable for work in radioactivity, wheth-
The

er research, industrial or medical.

Impulse Register and
the Geiger Muller
Counter, here illus-

trated, will measure

up to the most exact-

ing requirements of YCLOTRON

~adioactivity work. 85  cppciaLTIES €O

eI

IMPULSE REGISTER s

The finest piece of apparatus of this
sort available. It will accurately reg-
ister up to sixty impulses per second,
and will solve your problems in
either high speed impulse recording,
or high speed mechanical operation
counting. Price, f. 0. b. factory, $55.00

GEIGER MULLER
COUNTER

An especially fine piece of
equipment with numerous
applications in the radio-
activity field. It has been
subjected to thorough test-
ing under research labora-
tory service conditions and
its numerous outstanding
features have been devel-
oped to conform to actual
working requirements.

Price, f. 0. b. factory, $345.00

Cyclotron Specialties Equipment is being developed in close co-opera-
tion with outstanding investigators in the field of radioactivity. Both
the G-M Counter and the Impulse Register illustrated above are rug-
ged, practically fool-proof pieces of apparatus made from the highest
grade materials and parts, and designed for dependable performance
under actual working conditions. < Write for more complete specifications.

CYCLOTRON SPECIALTIES COMPANY
Moraga, California

.
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Fiq. 2—Frequency response curves for the

new acoustic stethoscope (A4), a dia-

phragm-type stethoscope (B) and a bell.
type stethoscope (C)

about 12 db higher than that of the
bell-type unit. The uniform response
is expected to be a great aid in
diagnosis since this depends entirely
upon the character of the sound
heard. The new stethoscope is in-
sensitive to air-borne noise due to
the high mismatch between the air
and the stethoscope, hence extrane-
ous noise will not mask weak desired
sounds.

Pressure of Exploding
Gunpowder Is Recorded
with Oscillograph

To INSURE UNIFORMITY of powder in
production runs and thereby elimi-
nate errors in fire-control calcula-
tions due to variations in propelling
charges, a Dumont type 235 cathode-
ray oscillograph is being used in con-
Junction with testing of powder.

A powder sample is exploded in a
strong sealed container, and the vol-
tages derived from pressure elements
affected by the explosion are applied
to the horizontal and vertical plates
of a cathode-ray tube through suit-
able amplifiers. This causes the beam

Example of ballistic graph obtained
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Flaws you never suspected—defects that
cause failures later on —show up in a flash
when you put your product into the new
“Norelco” Searchray.

Shockproof, rayproof, foolproof and readily
mobile, Searchray is so simply devised that
anyone can operate it. Yet it discloses in fluor-
oscopic and radiographic views the iriternal
structure of parts, sub-assemblies and finished
products and many other units made of light
alloys, rubber, ceramics, plastics and other
light materials. It can be as useful in the lab-
oratory as it is on the production line.

By its detection of imperfections in manu-

s

facture, the new ““Norelco” Searchray can
save you thousands of dollars and man-hours
of production. Searchray also has a definite
place in plant protection by means of its rapid
inspection of incoming and outgoing pack-
ages, etc. It is truly Industry’s X-ray
HANDY MAN. Safe—simple—inexpensive.

The new Searchray is only one of the
“Norelco” industrial electronic products cre-
ated for helping industry. If you want to
know whether Searchray can help solve your
problems, write today to North American
Philips and get the benefit of our wide

experience.

NORELCO ELECTRONIC PRODUCTS BY :

NORTH AMERICAN PHILIPS COMPANY, INC.

Industrial Electronics Division, 419 Fourth Ave., New York 16, N. Y.

Products For Victory include Cathode Ray Tubes; Amplifier
Tubes; Rectifier Tubes; Transmitting Tubes; Oscillator Plates;
Tungsten and Molybdenum in powder, rod, wire and sheet form;
Tungsten Alloys; Fine Wire of all drawable metals: bare, plated
and enameled; Diamond Dies; Searchray (X-ray) Apparatus

ELECTRONICS — August 1943

for industrial and research applications; X-Ray Diffraction

Apparatus; Electronic Temperature Indicators; Direct Reading

Frequency Meters.
Factories in Dobbs Ferry, N. Y.; Mount Vernon, N. Y. (Philips
Metalix Corp.); Lewiston, Maine (Elmet Division).
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Shown above, are two Acorn Pal-
nuts holding inside assembly of I.F
Transformer. This eliminates sharp
corners, replaces regular Acorn nut
and lockwasher, saves material and
assembly time. Regular Palnut is
used to fasten cap bushing for per-
meability tuning core.

WRITE FOR PALNUT MANUAL NO. 2
giving full details on all types of
Self-Locking Palnuts, advantages,
installation data, sizes, etc.

THE PALNUT COMPANY

a Pesu e

Neat, streamlined appearance
—Bolt ends are covered

SELF-LOCKING

ACORN PALNUTS
Lock Tight — Look Right!

e e o
— .

———— - y

-
-
—
——

-

-—

Self-Locking Acorn Palnuts combine
many unique advantages as fasten-
ings for electronics and radio equip-
ment. They replace ordinary nut and
lockwasher—saving one part and one
operation—yet hold tight under vi-
bration and stress. In addition, Acorn
Palnuts encase unsightly bolt ends in
a smooth dome of pleasing appear-
ance,

Made of tempered spring steel, Acorn Pal-
nuts have all the features of other Palnut
Locknuts, namely: easy application, light
weight, low cost, absolute security. Acorn
Palnuts have found many interesting ap-
plications. They may suggest the answer
to a fastening problem right now—or a2
streamlined touch for the produet you are
planning for tomorrow. Send details of
your product, for samples and data.

DOUBLE LOCKING ACTION

When the “Palnut is wrench-
tightened, its arched, slotted
jaws grip the bolt like a chuck
(B-B), while spring tension
is exerted upward on the bolt
thread and downward on the
bart (A-A), securely locking
both,

77 Cordier St., Irvington, N. J.

!

Self-l.bcking P‘l"
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Dumont
equipment used to check powder charges
electronically

oscillograph  and associated

to move in a path that constitutes a
graph of "pressure variations. This
oscillogram is photographically re-
corded and later analyzed.

Calibration is secured in a novel
manner through application of a
series of luminous dots arranged in
a matrix on the screen, so that both
graph and matrix are photographed
simultaneously. Each luminous dot
is electronically positioned on the
screen so that the horizontal or ver-
tical distance between any two ad-
jacent dots is a constant known fac-
tor. Readings can be duplicated to
within % percent by this method.

The entire process is automatic
once the closed container or bomb
has been charged and the c¢ircuit vol-
tages adjusted. Pressing a plunger
then automatically opens the camera
shutter, turns on the cathode-ray
beam, fires the charge, switches the
input of the deflection amplifiers
from bomb chamber to matrix gen-
erator so as to produce the matrix
of dots, turns off the electron beam
and closes the camera shutter. A
short-persistence blue fluorescent
screen is used in the 9-in. diameter
cathode-ray tube.

When porcelain insulators of a
radio transmitter were broken dur-
ing unloading somewhere in Africa,
an Army dental officer made a satis-
factory repair with the cement used
in artificial dentures.
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RADIO
RECEIVER AND TRANSMITTER CHASSIS

FOR Your APPLICATION

SMALL:— Various types of Receivers and Transmitters require a space only 77 wide, 10%5”
deep and 714" high.

PERFORMANCE ;- Receivers with 1 microvolt sensitivity, high selectivity with a band width of only
16 KC at 30 DB down. Tunable, multi-channel crystal controlled or combination
models available.

Transmitters with up to four crystal controlled channels, built-in antenna match-
ing network, 20-25 Watts power output with 100% modulation capability on
phone. 10 watt model with power supply on same small chassis also available.

VERSATILE:—Operation on 6, 12, 32, 110 volts DC; 117 volts AC or various DC-AC combina-
tions. Dynamotor or Vibrator power supplies available for operation of transmitters
and receivers.

s

Series 6 1unable receiver. 2 band Under chassis view Series 6 tun- Series 6, five channel fixed tuned
model illustrated, range able receiver. receiver. Model illustrated not
550-4000 K.C. crystal controlled.

* K kK K

Series 20, 4 channel 1600-6000 KC, Under chassis view Series 20
20 watt transmitter. transmitter.

*x Kk ok % K

KAAR ENGINEERING CO.

PALO ALTO, CALIFORNIA
Manufacturers of High Grade Mobile and Central Station Radiotelephone Equipment
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Operational Condition
Test Equipment

Army, navy, air corps, and C. A. A. specifications for Electronie
products as well as instruments and their component parts require opera-
tional condition testing—cold, heat, dust, humidity, salt spray.

Whether for development work or for production testing calibration,
Northern Engineering Laboratories can supply you quickly with stand-
ard or custom built test chambers which will provide all of the atmospheric
conditions your specifications require.

Model NEL135-43 is typical in performance —100°F to +160°F;
20% to 95% R.H. in the physical range; altitude simulation from sea
level to 80,000 feet. (14" Hg. absolute). The graphs below show actual
flight simulation curves of performance of the unit pictured above.
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-|00 -830
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Rugged construction—complete shock and vibration isolation—
Electronic indicator controller—full view observation window—fully
automatic operation—high and low frequency electric connections from
instrument panel to chamber interior—temperature controlled to plus or
minus 0.2° F of selected temperature—fully mechanical refrigeration
with complete refrigeration control—Freon 22 refrigerant—feature this
laboratory instrument.

For full information and details send for Bulletin #22.

NORTHERN
ENGINEERING
LABORATORIES

50 CHURCH ST., N.Y.C.

pREﬁSU@E

~Humiprty
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Temperature
Compensation

(Continued from page 105)

received, which was a 1lin.xd%in.
unit and had a resistance of 675 ohms
at 20 deg, was tested from —30 deg
C to 441 deg C, starting at the low
temperature. At first it showed an
erratic characteristic, and on cooling
again, didn't follow the original
curve. There seemed to be an aging
phenomenon. - Several days later it
was tested again. A smooth charac-
teristic was obtained this time, with
resistances about 14 percent higher
than originally. This indicated the
desirability of giving resistors to be
used as neutralizers an accelerated
aging or ‘‘cooking” treatment. (The

|

manufacturer has since made a prac-

tice of aging such resistors.)

Figure 1 illustrates typical resis-
tance-temperature curves, obtained
by the author, of three types of neu-
tralizers. The two curves marked
Keystone illustrate the characteris-
tics of the resistors discussed in the
preceding paragraph when com-
pounded to produce the highest pos-
sible coefficient and pertain to neu-
tralizers now used in standard Diesel
engine pyromillivoltmeters.

There are three curves pertaining
to the silicon carbide Globar resistors
previously described and two per-
taining to a new material of unstated
composition, labelled I.0. The curves

were obtained from two out of a

number of samples prepared by the
manufacturer for this test.

It is important to notice that all
the curves are concave upwards. The

negative temperature coefficient in-

creases as the temperature decreases.
The upturn is especially pronounced

below 0 deg. This is obviously unde- |

sirable. The DR of the coil to be com-
pensated is substantially constant,
while that of the neutralizer varies.

The curves for the Keystone neutral- |
izers show that at 20 deg DR = 0.173

ohms per degree, at 50 deg DR =
0.145, and at —10 deg DR = 0.515
ohms per degree. The exact result of
these variations will be illustrated
later.

It is only fair to say that a large
proportion of electrical measuring
instruments are not operated at 10
deg below zero C, and that neutral-
izers are therefore rendering good
service in large numbers, having
made possible the design of more
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Fine Watch Precision
#  ...and not much bigger
/// (Photograph Actnal Size)

# NEW "Sealed” MIDGET RELAY
Explosion Proof! Dust Proof!

Sealed Chamber—Makes Relay Explosion Proof and Dust Proot;

serves as effective arc quench.

Excess Capdcity—Rated at 25 amperes; operates satisfactorily at 50
amperes; tested without failure at 120 amperes high induc-

tive load.

Light and Compact—Standard model above (S47D) weight only
4.7 ounces; overall dimensions as follows: Height, | 9/16";

Width, | 21/64”; Length (less base), 1 7/16”; Overall of
base, 2 1/16”; Mounting holes, center to center, | 3/4".

Positive Action—Overtravel spring insures positive contact pressure

and instant “‘break’’ release.

Tampeér Proof—Factory adjusted and sealed; protection against un-

authorized re-adjustments.

Reversible Contacts — If worn from excessive use contacts may be
reversed in the field, thus providing new surfaces without

disturbing adjustment.

4 Specifications:
Normal Cosl Rating. 24 volt - 150 m. a.- 3.6 watts.

Contact Rating. 25 amps. inductive load at 30 volts.

PRODUCTS COR PO RAT'ON Unit has withstood Army tests, including overload; vibration 55 cycles per

3 second with .06° excursion; acceleration of 10 gravity units; salt spray tests of
General Office: gravity pray

240 hours duration.
1128 Venice Bivd. Los Angeles, Calif.

-~ e
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rugged and better-compensated in-
stirments.

Figure ¥:shows that a random pair
of Key,sto‘ﬁe""{“i*esjggors had " closely
parallel characteristies: This is also
true “of the pair ‘of “Globar 1.0. re-
sistors. 1t is important that neutral-
izers for a specified application have
parallel resistance-temperature char-
acteristics, because DR is the slope
of the curve representing these char-
acteristics,

Laboratory Model Millivelimeter

Early in 1941 We were givipg spe-
cial attention ;to-the,problem of pro-
ducing more rugged marine diesel
engine pyromefers having requisite
high resistance. High resistance is
desirable to avoid the necessity of
accurately adjusting the resistance of
the leads to the thermocouple. But
increasing the circuit resistance or-
dinarily means decreasing the torque
corresponding to a given millivolt-
age.

A model millivoltmeter was built
to see what improvements could be
achieved. It differed from our exist-
ing designs in several ways, so a di-
rect comparison cannot be made. The
author designed a special magnet, us-
ing Nipermag, producing twice the
flux of the commercial unit magnet,
and used a moving coil of different
proportions. A composite neutralizer
was made with assorted samples at
hand. Five Keystone neutralizers,
with a combined resistance of about
82 ohms, and one Globar B of 108
ohms were connected in parallel. The
DR of the combination just matched
that of the 105 ohm coil, which, ac-
cording to thre formula above, was
assumed to be 0.42 ohms per degree.

During the first temperature test
to which the instrument was sub- |
jected, inconsistencies in total resis- |
tance were noticed. The cause |
seemed to be that the neutralizers,
which were not mounted very close
to the machanism, did not maintain a.
temperature equal to that of the mov- |
ing coil during changes in ambient .
temperature. To overcome this con- !
dition, the bundle of neutralizers was !
insulated and clamped against the |
magnet. The resistance then followed 5

: 7998R°ADWAY asmoojchercurve. . |
un nnE NE W YOR K CITY The instrument was made into a |

pyromillivoltmeter without cold-end |
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