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"’S WIlCOX in Radio Communications

For reliable aircraft operations, dependable radio communi-

cations are essential. Wilcox Aircraft Radio, Communication
Receivers, Transmitting and Airline Radio Equipment have
served the major commercial airlines for many years, and now

are in use in military communications in all parts of the world.

WILCOX ELECTRIC COMPANY

Manufacturers of Radio Equipment o  Fourteenth & Chesinut, Kansas City, Mo.
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TODAY. . .

Aerovox Capacitors Go to War

/&

TOMORROW. ..

Aerovox Capacitors Help Build
Peacetime Progress

Aerovox oil.filled capacitors
lor war and lor peace —a
giant 15,000 volt unit with
side lerminal and grounded
case, 10 reduce head room:
a small “"bathtub™ unit for
use in better-grade radio
and electironic assemblies.

AEROVOX CORPORATION,

Proceedings of the I.R.P

® In countless ways Aerovox capacitors are
speeding up the winning of the war. Thousands
of skilled workers, carrying out the designs and
specifications of engineers long specializing in
capacitors, are meeting a large portion of the
wartime requirements.

Indeed, Aerovox personnel has expanded
threefold since Pear]l Harbor. Close to half a mil-
lion square feet, in two plants, are now devoted
exclusively to capacitor production.

Today Aerovox is all-out for the war effort
Winning the war comes first. But tomorrow, when

NEWwW BEDFORD,
Cable

MASS., U. S
‘ARLAB' *

100 vamicx Sv , N Y. C .

February, 1944

In Canada

victory shall have been achieved, Aerovox once
more will be ready as never before to rebuild for
peacetime progress—to meet the requirements of
the expanding radio industry and the booming
electronic era. Special types of yesterday shall be
the commonplace types of tomorrow. New stand-
ards of life and performance for your assemblies
can be taken for granted.

Let us help you now with your wartime needs.
And it isn‘t too early now to be discussing your
post-war plans and problems. Submit your ca-
pacitance problems or needs.

o ,;.f\;-—-—""
&P 5 {\?//y
A

INDIVIDUALLY TESTED

* SALES OFrprces IN ALL PRiINCIPAL CiTILS
AEROVOX CANAOA LTD., HAMILTON,




ESMERALDA
oui

BAir1aies

SAUNASDRREUAYAGUIL et 4 ALONG THE PANAGRA ROUTE
racanards Bfgf:“ ' is located AAC transmitting equipment
PTAVTS) at approximately 30 different points in

Colombia, Ecuadar, Peru, Chile, Bolivia
and Argentina—forming the nucleus of
the radio navigation and communica-
tions system.

Panagra is today primarily devoting
'gogg;:gzl : its personnel and facilities to mainte-
nance of aerial lifelines between the
Americas, across which are speeding
men, mail and materials vital to the suc-
cess of the demdcratic war efforts.

[y

8%
SAO PAULON -

RIO CE JANEIRO

TODAY, the skill and ex-

perience of the AAC Elec-
tronics and ‘Hydraulic Di-
visions are devoted to serv-
ing a fighting America.
However, AAC engineers
are planning ahead for the
great peacetime future
when new and improved
AAC products will be ready

to meet postwar needs. :

(Right) Type 500 Trans-

mitter as designed by AAC
for Panagra. Consists of
multi-channel transmicting
equipment, 1,000 watts
each channel. Two chan-
nels may be operated simul-
taneously. Telephone and
telegraph transmission. Fre-
quency range 250-550 KC

and 1500-12000 KC. m

/ ;
/IIRCRAFT
WQW I Manvfacturers of PRECISION

® -




SLTRANSMILTERS
AND OTHER COMMUNICATIONS EQUIPMENT

Dependable Operation Of Airlines And
Various Communication Services

* Today, AAC transmitters and other AAC communications equipment play a
vital part in dependable operation of warplanes on the fighting fronts, as well
as airlines serving the war-busy Americans on the home fronts.

AAC Electronics Division has won distinctive leadership as one of the
country’s large producers of radio transmitting and receiving equipment. One
outstanding example of AAC communications engineering is the equipment de-
signed and built to meet the specified needs of Pan American-Grace Airways, Inc.
Consisting of a multi-channel 1,000 watt transmitter, this equipment is used by
Panagra for radio homing and communication purposes. It represents one of a
complete line of transmitting equipment for use by airlines or services having
similar communication needs.

At the present time practically all AAC facilities are devoted to war produc-
tion. However, your inquiries are welcomed now for commercial equipment which
can be supplied in limited quantities if adequate priority ratings are available.

AAC products in transport planes, cargo carriers, troop ships, bombers . . .
airport traffic net, police or other services where communications are crucial, can
be depended upon as expertly engineered and built to the most efficient perform-
ance standards.

Products of ELECTRONICS DIVISION
TRANSMITTERS » AIRCRAFT & TANK ANTENNAS ¢ QUARTZ CRYSTALS « RADIO TEST EQUIPMENT

(Below) Panagra airliner delivers important
cargo of mail and passengers. 7

o P
J/ CCESSORIES /fORPﬂRA TION
AIRCRAFT EQUIPMENT & HYDRAY LIES o



What's Wrong
With This Picture?

\ The thing that is wrong about this picture is that radio engineers have
\‘I h been doing such a bang-up job meeting and anticipating the vast needs
\ ' of our military services that not enough good things can be said about

them by those engaged in the field of electronics.

ARMY-NAVY “E WITH STAR Seven days a week and night after night, the radio engineers are working
Aworded All Four Divisions of Roytheon 4 3 X p A
for continued excellence in production out the multitudinous problems of design required to give our Allies the

most of the best electronic equipment in the world.

Raytheon is proud of its part in furnishing electronic tubes and equipment

that meet engineering requirements of stamina. high quality and com-

RAYTHEON MANUFACTURING COMPANY
Waltham and Newton, Massachusetts

plete dependability under the most severe wartime demands.

| DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ue,c’rnar}_lc"s""?
443
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Two Types of i

B GUSHING MOUNTED CAPACITORS |

Neg.Temp. Coefficient
——.00052 MMF/MMF°C

R A for special applications

Capasitonce 15 MMF 20 % Both types are used in high frequency circuits
sketch is TWICE actual size.

Pad
=
&

where a capacity ground to the chassis and t
a “lead through” is desired.

The ceramic capacitor tube is plated internally {
and externally with silver and then with cop- '

e e A

per. The tube is snug fit in the brass bushing
and the external capacitor plate is soldered
to the bushing. ‘

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

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

Type 814-078 300 MMFX10%
Neg. Temp. Coefficient
— ,00075 MMF/MMF °C
Test voltage is 1400 V,D. C. |
working voltage 500 V.D.C. |
Sketch is TWICE actual size. ’ ‘

-

v Division of GLOBE-UNION INC., Milwaukee

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

- ’
o Py, 3 y ), 2 AN .

Proceedings of the I.R.E. February, 1944 7A




New -hp- Model 2028
Resistance-tuned AF

Oscillator

Model 202D in Cabinet
Model 202DR for Relay
Rack

This newest addition to the -hp- line of Resistance-tuned
Audio Oscillators provides you with all the excellent
features found in its predecessors plus a range of avail-
able frequencies herctofore not provided. Large, easy to
read dial has two scales extending over 270° rotation.
Smooth planetary drive with a 5 to 1 reduction makes
it casy to control. The outside scale is calibrated for fre-
quencies from 7 cps to 70 kc. The inside scale
is calibrated for frequencies from 2 cps to 50
cps. All calibrations are for direct reading. A
resistance-coupled power amplifier provides

Interested in LOW

FREQUENCIES?

uniform output over the entire range. The instrument
is extremely stable, having F frequency drift of less than
¥ 2% even during the initial'warm-up period. Line va-
riations of as much as 20% will change the frequency
less than + 0.2% at 1 kc. As with all -hp- AF oscillators
10 zero setting is required. Write today for more com-
plete data. Give us details of your problem so that
we can be of utmost assistance. Ask for your
copy of the 24 page -5p- catalog which gives
much valuable information about electronic
instruments. There’s no cost or obligation.

HEWLETT-PACKARD COMPANY

o P. 0. Box 1135-A, Palo Alto, California

Proceedings of the I.R.E. February, 1944



1eNALS are amplified up to 200,000 times and

more in this new RCA multiplier phototube
—over three times the amplification possible
with the famous RCA-931—because manufac-
turing techniques have been improved materi-
ally by RCA engineers.

This really amazing sensitivity is made pos-
sible by the skillful use of secondary emission
as cathode electrons are impelled against 9
successtve dynodes before they reach the plate,
At each dynode, secondary electrons are pro-
duced to multiply the electron current enor-
mously.

Because this high amplification is accom-
plished within the phototube itself, extremely
low light levels will produce high outputs
without the high-gain amplifier stages re-
quired with conventional phototubes.

HIGH SIGNAL-TO-NOISE RATIO. Because high-
gain amplifier stages are unnecessary with the
RCA-931-A, sources of extraneous electrical
“noise” (such as grid leaks, etc.) are elimi-
nated, and a favorable signal-to-noise ratio
can be obtained for very low light levels.

HIGH SENSITIVITY. The 931-A operated at 100
volts per stage has a sensitivity of 2 amperes
per lumen; or over 3 times that of the super-
seded 931 at the same voltage per stage.

CIRCUIT SIMPLICITY. Where light signals are
very small and high gain is needed, the 931-A
provides a simpler circuit than that for a con-
ventional phototube and its accompanying
high-gain amplifier stages; also when the
931-A is used as a d-c amplifier, its zero-
reading has excellent stability, and there is
no problem of circuit feedback.

COLOR SENSITIVITY. The 931-A—like the 931
—employs the S-4 photosurface which is
highly sensitive to blue light; peak sensitivity
is at about 3750 A°. Frequency response is flat
up to a limit determined by transit-time ef-
fects, well above 10 million cycles per second.
Dark current is very low. Full details are
available on request (see coupon).

APPLICATIONS. A typical application of the
931-A is in quantitative spectrographic analy~
sis. The 931-A and its associated circuits are
substituted for the photographic plate com-
monly used in such analyses. This method is
speedy, and results can be observed with ex-
cellent accuracy. This method of spectro-

graphic analysis is widely used in vitamin
measurements.

Cross section of the
931-A, showing elec- ’
tron paths in red.

L

RCA application engineers will be glad to
help you apply the RCA-931-A—or other RCA
electron tubes—to the solution of your de-
sign problems. Write, outlining your problem,
to Commercial Engineering Section, RCA, 586
South Fifth Street, Harrison, N. J.

TECHNICAL DATA. Nine multiplier stages.
Cathode photosurface, S-4. Max. seated
height, 314”. Max. diam., 1-5/16”. Base, small
shell submagnal 1l1-pin., Mounts in any
position.

Maxmmum RaTings (Absolute values) : Plate
volts (d-c¢ or peak a-c), 1250. Volts between
dynode No. 9 and anode, 250. Plate current,
2.5 milliamperes. Plate dissipation. 0:5 watt.

CHARACTERISTICS:

Volts per stage 75 100 Volts

Luminous sensitivity 0.3 20  pAmp./plumen
Current amplification 30,000 200,000

Sensitivity at

3750 Angstroms 270 1800 Amp./Woit

Order through your local RCA Tube and

Equipment Distributor or contact Radio Cor-
poration of America, Harrison, New Jersey.

S“EE !

~ N N EE

{Please check items wanted) 3

[0 4-page technical data sheet glving descriptiorf,
ratings, characteristics, typical clrcuit diagrams, per-
formance curves, and typical circuits for the RCA-931-A,
{0 18-page booklet entitled *RCA Phototubes,” chock-
full of valuable tube data, application notes, etc., for
RCA phototubes.

RCA, 586 So. Fifth Street, Harrlson, N. J.
Gentlemen: Please rush me the items checked above.

'Y\ RADIO CORPORATION
OF AMERICA

Company.... o P g
Address..
City




capacitor type for a job— or the most

svitable type for fastest delivery

sk Spragne/

Sprague engineers have the answers to most

capacitor problems, and the Sprague line

maiches most of today’s exacting requirements.

SPRAGUE SPECIALTIES CO., North Adams, Mass.

SPRAGUE

CAPACITORS

KOOLOHM RESISTORS
GUALITY COMPONENTS * EXPERTLY EMGINEERED * COMPEYENTLY PRODUCED

Procecdings of the I.R.E. February, 1944
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Quick and efficient comprehension of the production of labora-
tory equipment comes naturally to us of ECA. We're rich in the
fundamental experiences arising from specialization in the de-
velopment, design and manufacture of “tailored-to-order” radio
and electronic equipment. Our facilities, geared to exacting lab-
oratory standards, permit our engineers and techuicians to
approach a problem confident that the ultimate result will prove
ultimately satisfactory.

An example of the work we do is the ECA Laboratory Oscillo:
graph. This is a 7-inch, direct current, general purpose device
built to provide features not ordinarily available in any com-
mercial unit. This Oscillograph has seen continuous service in
the ECA laboratory for more than a year, and it has been em-
ployed for such varied purposes as photographing transcient
phenomena, measuring time delay circuits, checking the fidelity
of mechanical recorders and oscillographs, and so on.

INVASION! This is no time for complacency. I¢s
still necessary to buy War Bonds . .. still necessary to
save scrap metal . . . still necessary to be a regular patron
of the Red Cross Blood Bank . . . to hasten Victory and
save lives.

e — :

ELECTRONIC CORP. OF AMERICA

45 WEST 18th STREET « NEW YORK I, N.Y. « WATKINS 9-1870

February, 1944

11a




MEDIUM TANK, M-4
PHOTO. 8Y
US ARMY' SIGNAL CORPS-

BUTTONED DOWN
and ROLLING

Rolling all over the world. Hitting
the enemy where it hurts him the
most,  covering- infdntry, scouting,
fighting. Fighting and talking. Talk-
ing by radio to coordinate all in a
pattern of Victory.

NATIONAL COMPANY, INC.
MALDEN, MASS.

Proceedings of the I.R.E. February, 1944




WRITE FOR YOUR COMPLIMENTARY COPY TODAY

ENDLESS opportunities for new and improved electrical design
are offered with ALSIMAG Steatite Ceramic Insulators. The
Engineer will understand, however, that high speed economical pro-
duction of the steatite pieces depends very largely upon the design
of the insulator. A practical knowledge of the manufacturing proc-
esses involved is most useful in designing for low cost production
as well as for better assembly.

Our Engincering and Research Staff is ready at all times to
cooperate in developing the most practical design for insulators and
to aid in selecting the most suitable ALSiMaG body.

Our new bulletin DESIGNING STEATITE CERAM-
ICS contains much helpful information for all who design electri-
cal, radio and electronic devices.

Write today for your complimentary copy.

Yeand WASE ©EIgVERES U, 8, ParEny OFFiIGE

STEATITE CERAMIC ELECTRICAL INSULATION

FOR ELECTRONIC USES

AMERICAN LAVA CORPORATION

CHATTANOOGA 5 TENNESSEE
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We dare to explore...we dare to try the unfamiliar, In this manner, our er
creative engineers have built the world's largest organization devoted
to the design and manufacture of gutomatic radiote < .

! \ .

5 ¥
!

legraph apparatus.
Indicative of the *McElroy technique are these completely automatic
transmitting and receiving assemblies. Designed in the McElroy plant,
these installations are typical of the high-speed radiotelegraph equip-
ment that we supply to such international companies as R.C.A. Com-
munications Inc.. Mackay Radio. Globe Wireless . . . and to the
military bramches of the government, Descriptive literature of all
McElroy apparatus may be obtained by writing direct to us.

McEltoy engineers never imftate and never copy. We create, design,
build , . . and we deliver. If one of our engineers can be of service
to you, let us know.

82 BROOKLINE AVENUE

BOSTON, MASS.

Proceedings of ghe I.R.E.

A
\

February, 1944



“Nothing Like Being Rugged, Eb Kid?”

Our mechanized

!
oV g ﬁ/ Army must have

' brains, but brawn still

counts. The big fellow

wrestling interminably with 155 millimeter

shells serves his greedy howitzer with the

broad back developed by endless months
of bone-tiring drill.

If it cannot take the jolts, vibrations,
concussions, and extreme atmospheric
variations of mechanized global war, the
best electronic fighting equipment in the
world is useless. Hearts of this combat
equipment — electronic tubes — have two
strikes against them from the start. Inher-
ently delicate and fragile by nature, still

4
OLDEST EXCLUS!VE MANY

they must be as rugged as the men who
depend upon them.

Bump, vibration, immersion, life, and
other punishing tests prove the mettle of
Hytron tubes before they leave the fac-
tory. More important still, results of
these tests form the basis for continual im-
provements in construction and process-
ing. Throughout manufacture —in stem,
mount, sealing-in, exhaust, aging, basing,
and test departments — engineers, fore-
men, and skilled operators are cease-
lessly striving to achieve in Hytron tubes
not only the tops in electronic perform-
ance, but also the peak of dependable
stamina which combat demands.

BUY

ANOTHER
WAR BOND

Proceedings of the 1.R.E. February, 1944

15A




In this “dead"” room only the sounds
which come out of the speakers are
recorded. Sounds which would other-
wise bounce back from the walls, ceil-
ings or other objects are trapped and
lost forever. The absence of rever.
beration permits scientifically accurace
testing in the sound absorbing room

Radio Products Company,

842 Orleans Street, Chicago 10, llinois «dn

$

of Utah's complete testing laboratory.

In making practical the many war.
created radio and electronic improve-
ments—in adapting them ro today's
needs and for the commercia) require-
ments ahead, Utah engineers have
designed new partsand products, devel-
oped new manufacturing devices and

silence that makes sound’

UNT}

3

Portable and

methods and have institured new, more

comprehensive testing ctechniques.
* Kk %

Every Produyct Made for the Trade, by

Utah, is Thoroughly Tested and Approved

e,
emands, Utah SPeokers '7

SHery set /
nsfarmer, J

Ound ontrols, /

4

s Systoms _y,

Proceedings of the I.R.E. February, 1944



- Motor Operation . .

PAINTED FOH ELECTAONIQ LABORATORIES, NG, B

Can a Vibrator Power Supply
Rescue a Boat -Load of Men?

No . . . it can't! But it can help—and the rescue
might ‘be prevented and the boat lost forever, if
just one vibrator power supply failed to do its job.

@® The compact radio transmitter that is standard equip-
ment in many lifeboats depends on a vibrator power
supply . . . The patrol plane that picks up the SOS . . .
spots the drifting boat, and summons surface ships with
its own powerful transmitter, has a complex electrical
system that includes many vibrator power supplies. And

LABORATORIES. INC

INDIANAPOLIS

E-L ELECTRICAL PRODUCTS — Vibrator Power
Supplies for Communicotions . . - Lighting . . . Electric
. Electric, Etectronic and othe?
lond, Sea or In the Air.
T b el F'h : o4
A ___-,_;.—»J"‘"M

in the rescue ship itself are still other vibrator power
supplies performing vital functions.

The dependability of E+L Vibrator Power Supplies
under all climatic conditions — their amazing adapta-
bility in meeting specific current requiremnents — have
brought them into wide use for radio, lighting, commu-
nications and motor operation—on land, sea and air.

Electronic’s engineers have specialized for years in the
technique of vibrator power supplies. They have con-
ducted the most extensive research ever known on power
supply circuits. They have extended the practical appli-
cation of vibrator-type power supplies far beyond pre-
vious conceptions.

In the electronic era of peace to come, the @& /
efficiency and economy of E-L VibralorW
Power Supplies will find new applications
wherever electric current must be changed,
in voltage, frequency or type.

For Operating Radio Transmitters
in Lifeboats — E-L Model S-1229-B
Power Supply. Input Voliage, 12 Volts
DC; Output Voltage, 500 Volts DC;
Output Current, 175 MA; Dimen-
sions, 715” x 515" x 614",




Chemistry is but one of the many sciences
; which are collaborating at National Union
W in the work of producing better electronic
tubes for today’s vital war assignments.

Indeed, our chemists are playing a decisive role
in making National Union Tubes measure up to
the precise standards of scientific instruments.

Thanks to chemical research, we know for ex-
ample that not only must the formula of a tube’s
emission coating be rsght, but also the application
and processing methods must be rigidly controlled.

To effect such control our chemists, in coopera-

NATIONAL

tion with the engineers of our Equipment Division,
designed, built and put into production a new type
automatic coating machine. Operating in an air-
conditioned chamber, this equipment provides
exact control of both the coating operation and the
chemical processing of the emission coating —
free from all extraneous elements.

The fact that tube manufacture s such a many-
sided scientific job—is a subject to keep in mind
when making post-war plans. If you have electronic
tube problems—count on National Union.

NATIONAL UNION RADIO CORPORATION, NEWARK, N. J.
Factories: Newark and Maplewood, N.J., Lansdule and Robesonia, Pa,

/

<UNION

RADIO AND ELECTRONIC TUBES

Transmisting, Cathode Ray, Receiving, Special Purpose Tubes s Condenserses Volume Controlse Pboto Electric Cells s Panel Lamps e« Flashlight Bulbs

x




LOCKED ON
THE BOLT BY
THE ACTION OF
THE GRIPPING
RED COLLAR.

Proceedings of the I.R.E.

SAFEGU

AR

THE COLLAR
IS ELASTIC,

* N

MADE IN ALL SIZES AND TYPES — WITH 4 '~_:
THREADS TO FIT ANY STANDARD S
TYPES OF BOLTS.

February, 1944

THE NUT CAN BE
USED TIME AND
TiME AGAIN.

[ X X XX 3§

One feature that has played an im-
portant part in the success of the
Sikorsky helicopter is the develop-
ment of “cyclic pitch control.”

The mechanism that operates this
control passes through the main rotor

hub.

ELASTIC STOP NUT CORPORATION OF AMERICA
UNION, NEW JERSEY AND LINCOLN, NEDRASKA

G - Y
Tt is the heart of the helicopter.

And you will find this heart fastened
safely and securely with Elastic Stop
Nuts.

These are the nuts with the red elastic
collar — the nuts which have revolu-
tionized aircraft construction.

That red collar hugs the bolt and grips
tight. It does not loosen under vibra-
tion or shock. It locks fast—anywhere
on the bolt.

Nevertheless, you can take Elastic Stop
Nuts off, and put them back on, time
and time again, and they still retain
their locking effectiveness.

Elastic Stop Nuts are going to prove
godsends in countless postwar fasten-
ing problems. They will make prod-
ucts safer, better and longer lasting.

Any time you wish, our engineers will
be glad to help with whatever fasten-
ing job you might have. They will
recommend the correct Elastic Stop
Nut to meet the situation.

ESNA

TRADE MARK OF

O

ELASTIC STOP NUTS

Lock fast to make things last
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“Anybody Got a Stick of Gum?”

HAT last bump was /. The waist gunner picked
Thimself up from the floor and clung to his gun as
the huge ship was brought back into coatrol. He took
a quick look out, whistled softly and spoke through

the Intercom to the rest of the crew.

“"Somebody better hurry up with a stick of chewing
gum before our left wing leaves us!”

* K %

The ability of our flying men . . . and our flying equip-
ment . . . to “take it” is one of the major marvels of

the war, and playing its full share in the success of

Let's do more \

our aerial forces is the Communications System. No
place here for equipment that’s merely good. It must
be the best, for failure in Communication may be more

serious than the failure of an engine or a landing gear,

It is to these superlative standards that Rola builds
equipment for the Army-Navy Air Forces . . . highly
specialized transformers and coils, supersensitive
headphones, and other electronic parts having to do
with Communications. And it is to these same stand-
ards that Rola will build j¢s after-the-war products,
whatever they may be. The ROLA COMPANY, Inc.,
2530 Superior Avenue, Cleveland 14, Ohio.

. in forty-four!

—,

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT
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4 NEW

FOR DESIGNERS OF COM

HIGH voira
GE D-
CAPACITORS , E ,° €

7/

GUIDES
NICATIONS EQUIPMENT

STEPPED-yp p.
VOLTAGES , .D ,c

SEND FOR THESE NEW BOOKLETS TODAY!

Whether it’s a problem of stepping up d-c power...
reducing core assembly time...locating the right high-
frequency insulators or high-voltage d-c capacitors in
a hurry, you'll find the answer in these new Westing-
house publications. Complete listings of sizes, weights
and dimensions, together with application guides
make these booklets an invaluable aid in designing
and ordering.

These are only four examples of the help that
Westinghouse can offer in the design and manufacture
of communications equipment.

VVestingho

PLANTS IN 25 CITIES ... OFFICES RYW!|

Proceédings of the 1.R.L. Februapy, 1944

Other helpful publications are available on

e Micarta insulating parts ¢ Instruments
and materials ® Rectox rectifiers
® Thermostats ® Relays
¢ Contactors

Whatevér your problem, Westinghouse Communi-
cations Equipment and Communications Specialists
can help you find a quick solution. Call on Westing-
house for help. Ask for the booklets you want from
your Westinghouse representative, or write Westing-
house Electric & Mfg. Co., East Pittsburgh, Pa,
Dept 7-N. J-94613
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OuTP cuTs

: Z o £.5
MODEL NO, 1632 !
’ :
’ ® Triple shielding throughout, Steel
outer case, steel inner case, plus
CONTINUOUS COVERAGE — 100 K. TO 120 MC. o ALL FREQUENGIES FUNDAMENTALS copper plating.

A complete wide-range Signal Generator in keeping with the
broader requirements of today’s testing. Model 1632 offers accu-
racy and stability, beyond anything heretofore demanded in the
test field, plus the new high frequencies for frequency modulated
and television receivers, required for post-war servicing. Top-
quality engineering and construction throu&hout in keeping with
the pledge of satisfaction represented by the familiar Triplert

trademark.
Of course today’s production of this and other models go for o All coils permeability tuned. Lie
' . f el s Saeir
war needs, but you will find the complete Triplett line the answer Rl SRR 8 ot

to your problems when you add to your post-war equipment.

Iripletds

BLECTRICAL (=521 INSTRUMENT (0.

BLU F FTUN ‘ \ 0 H IU P ® Notesectionsindividually shielded

with pure copper. Entire unit en-
cased in aluminum shicld.
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25,000 REASONS WHY YOU MIGHT

WANT TO KNOW US BETTER

T takes a lot of research to make American

glass the best in the world. At Corning,
for example, more than 250 engineers and
laboratory men are working steadily on
new forms of glass and new uses for this
amazing material. More than 25,000 for-
mulae for glass have been developed!

Today, out of this vast experience, has
emerged an amazingly versatile group of
glasses in daily production under the Army-
Navy “E” pennant at Corning. Glasses with
an expansion coefficient practically equal
to that of fused quartz; glasses that have
high electrical insulating qualities; glasses
that are extremely resistant to mechanical
shock; glasses that can be made into in-
tricate shapes formerly considered impos-
sible. More than that, many of these de-
velopments have meant money saved to the
customer and faster deliveries.

For example, steady progress has been made
in methods of connecting glass to metal.
First, we used Antimony Lead Alloy as a
coupling medium; then metal coats were
sprayed on glass. Today, a Hermetic Met-
allizing process has been developed which
is a vast improvement over former tech-
niques. And Corning’s laboratory is already
working on further improvements to make
glass-to-metal seals better and cheaper.

If you are a manufacturer of electronic
equipment, Corning’s “know-how” in glass
is at your service. We shall be glad to work
with you at any time on any problem in-
volving the possible use of glass. In the
meantime, you may be interested in a de-
tailed study “Glassware in the Electrical
Industry.” Simply write to the Electronic
Sales Dept. P-2 Bulb and Tubing Division,
Corning Glass Works, Corning, N. Y.

. B
NI Electronic Glassware ...
mearns 1
Research in Glass
“PYREX" and “CORNING” are registered trade-marks of Corning Glass Works
Proccedings of the I.R.E. February, 1944 21a
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. Type SCP is a mighty popular cathode-ray tube in the present

war effort. It is required in large numbers for oscillographic and
special indicating purposes. And DuMont is indeed proud to be

producing its full share of 5CP's as still another contribution to
victory, on the all-important electronic front.

Here again the specialized skill of DuMont engineers and crafts.
men is in evidence. While adhering rigidly to standard specifica-
tions governing this popular type. DuMont has introduced its own

refinements, improvements and double-check inspection for more
rugged, longer-lasting cathode-ray tubes.

Always remember,

when it bears the DuMont seal itis a product
of the pioneer in the commercialized cathode-ray tube field,

’ Be sure you have a copy of the new DuMon! manual and
catalog in your working library. Contains invaluable data

on cathode-ray technique together with listings of DuMont
tubes, oscillographs and allied equipment. Write on busi-
ness stationery for your registered copy.

ALLEN B. DU MONT
LABORATORIES, Inc.

Passaic + New Jersey
Coble Address - Wespexlin, New York

Proceedings of the 1.R.E, February, 1944




‘One of a series showing AMPEREX tubes in the making.

WATER AND AIR COOLED

TRANSMITTING AND RECTIFYING TUBES

Original Amperex design and construction refinements result in trouble-free perform-
ance of Amperex tubes . . . effecting natural economies in the operation of trans- ;
mitting equipment. With replacements difficult to obtain, the extra hours of life inhefent g% -
in Amperex tubes are often “priceless.”” To engineers, everywhere, this “Amperextra® »
factor of longevity is the major consideration.

hlgh pnlo,,n
HE-3000 By

HASTEN THE PEACE...BUY ANOTHER WAR BOND TODAY

AMPEREX ElEC'I'ROIIIC PRODUCTS

79 WASHINGTON STREET BROOKLYN 1, N. Y.
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MORE PRECIOUS
THAN GOLD M

TANTALUM
J (ATOMIC WEIGHT: 180.88)
Tantalum is one of the earth’s rare and ] IN MINERAL AND POWDERED FORM
unique metals. Rare because it is mined '
in only a few spots in the world. Unique B
because it is the only metal that readily /] “‘getters” to absorb gases. These chemi-
absorbs gases. [ cals are not stable—the heat from an
This ability of tantalum to soak up and ] overloaded plate causes them to release
retain gaseés—ecven while being sub- ! gas suddenly, and the tube goes dead.

jected to intense heat—makes tantalum
priceless in the manufacture of electron )
tubes. !
Up until the time Heintz and Kaufman ]
engincers built the first vacuum tubes ’
with tantalum plates and grids, the elec- "
tronics industry had to rely on chemical I}

One of the reasons you will find so many
Gammatrons in use where dependa-
bility is essential, is that all Gammatrons
have tantalum plates and grids. They
can and do take heavy overloads safely
—punishment which would cause any
other type of tube to cease functioning.

HEINTZ AND KAUFMAN LTD.

SOUTH SAN FRANCISCO » CALIFORNIA, U.5. A,

Proceedings of the IL.R.E. February, 1944



A beam of light is reflected -
ocross the point of opera-
tion, then into o photo-tube
in this sofcty opplication.

:J  '

THERE'S A JOB FOR

elayd »» GUARDIAN'

Where makeshift mechanical devices rudely thrust your workers'
hands and fingers away from punching and forming dies, the electron
tube in combination with a relay offers definite advantages for safer
poweér press operations.

Instantly responsive, dependable and simple—a beam of light, if
broken or modulated, actuates the electron tube; the relay breaks the
circuit and locks the controls in the ‘"off"” position until the full light
beam is restored. Typical of relays which may be used in conjunction
with such a photo-tube safety application, is the Series 5 D.C. Relay by
Guardian. In hundreds of other ways—especially in your postwar
developments —wherever a tube is used there's usvally a job for Relays
by Guardian.

s Not limited to tube opplicotions but used wherever outomotic control Is desirod for moking,
breoking, or chonging the choractoristics of electric circuits.

1628-R  w. WALNUT STREET

Series 5 D.C. Relay. Maximum s witch capacity
two normally open—two normally closed—or
DPDT Contacts. Resistance range .01 up fo

15,000 chms

Send for bulletin 14

GUARDIAN@ELECTRIC

L COMPLETE LINE OF RELAYS SCRVING AMERICAN WAR INDUSTRY

Proccedings of the I.R.E. February, 1944
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A NEW RESOURCE

HAS BEEN DEVELOPED

THE WEALTH of America has been
wrought from her natural resources
of fertile lands, wide forests and
rich mineral deposits by the brains
and muscles of her people.

But another resource is now
available. A new source of wealth
and well-being has been develop-
ing gradually and almost unnoticed
which is tremendously important
today and of still greater impor-
tance for tomorrow.

This new resource is the research
laboratory.

Today, in hundreds of industrial
and college laboratories, trained
minds are expanding the world’s
knowledge, and applying the results
of research to industry and to war.

In the Bell System, research has
always been a fundamental activity.

BELL TELEPHONE SYSTEM

The telephone was invented in a
research laboratory. And for years
Bell Telephone Laboratories has
been the largest industrial labora-
tory in the world.

Underlying modern research is
the realization of vast latent values
in nature. Although the lone genius
does from time to time bring to
light some part of these hidden
values, only organized scientific
research can assure the thorough
exploration that will render the full
measure of use for human welfare.

Research means imagining and
experimenting. It means the search-
ing out and bringing together of
facts. It means clear statements
of problems, precise measurements
and keen analysis. It means tena-
cious following along unexpected
paths.

Y‘ }

These are the procedures of
research. Its consummation is the
grasping by subtle minds of rela-
tionships in nature no one has
previously known. And on the basis
of the broader knowledge so es-
tablished are built new materials,
new methods and new structures
to serve the people of America.

The Bell Telephone Laboratories
has now concentrated its efforts on
communication systems and equip-
ment for the armed forces. When
the war is over its researches
in communication will again be
applied to an ever-improving
telephone service in America.
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HALLICRAFTERS WAS READY!

Under the abtormal climatic and operating conditions of war, the
Signal Corps SCR-299 communications truck, built by Hallicrafters,
is providing peak performance for the Allied armed forces, fighting
throughout the world.

Hallicrafters peacetime communications equipment is meeting
the wartime qualifications and demands of the Military!

Just as Hallicrafters Communications receivers are meeting the
demands of war Today—they shall again deliver outstanding recep-
tion for the Peace—T omorrow!

hallicrafters ... wonc conos B

World's largess. exclusive manufacturer of | (¥ S e
short wave radio communications equipment .. First exclusive ! "fﬂ("k
tradio manufacturer to win the Army-Navy Production Award for the third time. IR .

A Y
Jy \& ".'Lf,,"' \\\' 1\ 1’:
¢ T f ! ‘
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]
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These are

® Never before in history has a war
been fought with cathode ray tubes, transmitting tubes,
quartz crystals, tungsten wire, X-ray equipment and
other electronic devices.

But these weapons are convincing the enemies of peace
that the days of reckless war-making are over. On the
battlefronts, on the oceans, and in the skies all over the
world, these new weapons are saving lives and winning
battles for the United Nations, and bringing confusion,
consternation and defeat to the encmy.

We who make NORELCO electronic products are
doubly proud of these new weapons because, in addition
to helping to win the war today, they are among the
devices that will build a new and better world tomorrow.

For our Armed Forces we make Quartz Oscillator Plates;
Amplifier, Transmitting, Rectifier and Cathode Ray Tubes
for land, sca and air-borne communications equipment.

For our war industries we make Searchray (X-ray)
apparatus for industrial and research applications;
X-ray Diffraction Apparatus; Elcctronic Temperature

28A

" OUR weapons

Indicators; Direct Reading Frequerey Meters; High
Frequency Heating Equipment; Tungsten and Molvh-
denum in powder, rod, wire and sheet form; Tungsten
Alloys; Fine Wire of practically all drawable metals and
alloys: bare, plated and cnameled; Diamond Dies.

And for Victory we say: Buy More War Bonds.

0/'8/6' o

ELECTRONIC PRODUCTS by
NORTH AMERICAN PHILIPS COMPANY, INC.

Ezxecutive Offices: 100 East 42nd Street, New York 17, New York
Factories in Dobbs Ferry, New York; Mount Vernon, New York

(Metalix Division); Lewiston, Maine (Elmet Divixion)

Proceedings of the I.R.E, February, 1944



AMERTRAN HERMETICALLY SEALED TRANSFORMERS FOR 400 CYCLE OPERATION

Anyone familiar with AmerTran test methods will understand why
the worst conditions of warfare only serve to bring out the best in
AmerTran Hermetically Scaled Transformers. Random units from
the production line are constantly subjected to immersion, impact
and vibration tests often exceeding in severity those prescribed by
the government. Thus, we speak conservatively when we say
AmerTran Hermetically Scaled Transformers conform to today’s
rigid requirements.

Used as transformers, Wave Filters and Reactors in the latest 400
cycle apparatus, these magnetic compoments may be specified with
absolute assurance of dimensional conformance and uniformity.
The enclosing cases and terminal boards are die made, meeting close
tolerances. In all, AmerTran Hermetically Sealed Transformers
are worthy products of a company that has specialized in trans-
former manufacture for more than forty years.

AMERICAN TRANSFORMER COMPANY

178 EMMET STREET NEWARK S, NEW JERSEY

Proceedings of the I.R.E. February, 1944 29A

RS IS e




f~ | STUDAKO

POSTS « SPREADERS | o, .
ALL SHAPES AND SIZES T

Round, conical, square, rectangular, \L..[.LJSUL_:,’-X_[J@_;&SJ

spooled, etc. Small or large. Ends i

tappced as required. Glazed or unglazed.

With or without metal hardware. \C p w BUY
Many stock items. Others made \‘_ WAR BONDS
promptly to specifications. L

O., LATROBE, PA.

STUPAKOFF CERAMIC AND MANUFACTURING C

=
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What doyou needin
MOLDED CARBONS,
GRAPHITES, METALS
& COMPOSITIONS?

Electrical Brushes and
Contacts
Bearings — Anodes
Electrodes
Powder Metallurgy
Components
Welding Rods — Pipe
Brazing Blocks
Packing, Piston, and Seal
Rings
Rhbeostat Plates and Discs
Carbon Discs for
Regulators, etc.

LINE - SLIDE

S w I T c H E S ROTARY-ACTION

...cheap...dependable...adaptable

From radio equipment to toys (post war, of course), from instruments to all sorts of
electrical appliances, Stackpole Switches afford a broad engineering selection. Units are
compact, dependable, low in price, and are subject to countless adaptations to meet the
specific requirements of quantity users.

Standard types include line, slide, and rotary-action styles; 3-position types; and 1-,
2-, 3-, and 4-pole switches with or without spring return, detent, covers, and other
optional features. Nine or more possible uses for Stackpole Switches on a single table
model radio offer convincing evidence of the scope and
versatility of the line. Write for catalog.

New! Electronic Components Catalog on Request b

In addition to complete details on Stackpole Switches, Fixed and
Variable Resistors, and Iron Cores, this new 36-page catalog contains
much helpful data for purchasing agents, engineers, and production
managers. Write for your copy today.

STACKPOLE CARBON CO., ST. MARYS, PA.

MOLDED METAL POWDER AND CARBON PRODUCTS

Proceedings of the I.R.E.
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WITH the RCA TUBE HANDBOOK on your

desk, you have available at all times, and in
concise, handy form, the most up-to-date technical
data for each tube in RCA’s comprehensive tube
line...plus a wealth of detailed information such
as the Army-Navy Preferred Tube list; definitions
of general terms; tube ratings and their significance’;
types of cathodes and their use; outline-, base-, and
cap-drawings; classification chartsofreceiving, power,
and cathode-ray tubes; resistance-coupled amplifier
chart; list Prices; etc.

The $6.00 subscription price* brings you not only §
E s 6 S E c T l 0 N S the two 734” x 5 binders finished in black fabricoid
T w 0 V 0 l. U M v and imprinted in gold, complete with data sheets,
(approximately 1,500 pages) but also additiona? sheets containing new and/or
revised data as issued during the year! Annual

GENERAL INFORMATION service fee thereafter, $1.50.
RECEIVING TUBES Each binder is serially numbered and is Fill B o
istered under the subscriber's name. il out (or copy) s S}lbsquptlon Order Form
TRANSMITTING TUBES [, Tt e for cach tube type in- shown below, and mail it with your check today.
(Power ond Allied Types) cude: (a) intended T (@)(335"“}'“'1 This is the only way for you to make sure of
CATHODE-RAY TUBES :;,telffi;,,;(&:dﬁ:::z;:);g;:sicald){g'ec:- having the same completely up-to-the-minute and
(Television & Oscillograph sions; (f) terminal connections; and (g) authoritative information about RCA tubes . . .
Types) the moglt com}lziongf'eusec:ﬁ.“;v:: l‘;:trﬁg exactly when and where you want it...that thou-
PHOTOTUBES Eﬁoféi':ﬁr :)Tvi:g desigh BroblBmsse sands of other electronics engineers are using every
MISCELLANEOUS TUBES day. Rapio CORPORATION OF AMERICA, Commercial
Engineerin Section, Harrison, New Jersey.
gt g 4

(Special Types)

*This price applies only n the United States and its possessions.
Convenient loose-leaf form o Kept up-to-date ¢ Comprehensive data For other countries, subscription Price will be furnished on request
Tabbed separators for quick reforence Orders will be accepted subject to our ability to make deliveries.

* ok %k BUY MORE WAR BONDS * % K

- = SUBSCRIPTION ORDER FORM = s mm

(Domestic Order Only)

Commercial Engineering Section Dater. . i
Radio Corporation of America,
577 South Fifth Street
Harrison, N. J,
Gentlemen:
Enclosgd is my remittance of $.............for which please enter my
subscription to: (number of copies).................. of the
RCA TUBE HANDBOO_K—ALL TYPES HB-3 @ $6. POSTPAID
(including service for one year)

RADIO CORPORATION OF AMERICA

8§ B N N
) 2
0
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Y esterday— T oday—"Tomorrow |

RALPH A. HACKBUSCH
Vice-President, I.R.E.

Since the turn of the century and the birth of the radio art, much progress has
been recorded. |

Prior to the war great strides had been made in the radio art by the pioneers
of wireless and radio communication, including of course broadcasting and such
allied services as frequency modulation and television.

The advances have been made possible by the combined efforts of the research
workers, scientists, and physicists in the field of pure science, and the engineers
who, in the field of applied science, have been responsible for the application and
the large-scale production of radio equipment for the benefit of mankind

The radio industry can be justly proud that many of the developments and
the production of radio communication and electronic equipment play an im-
portant role, if not a deciding factor, in the ultimate success of the United Na-
tions war cffort.

The physicists and the engineers whose joint efforts have made possible the
use of radio-and-electronic equipment for war purposes must in the postwar
period use their knowledge and skill tocreatea better world by making available
radio-and-electronic devices to serve the peoples of the world in the fields of
safety, public service, education, and entertainment. t

To achieve these hoped-for results there must be complete co-operation be-
tween the various groups representing Government, the industry, and the
public.

The members of The Institute of Radio Engineers have played an important
part in the development of the radio art. It is their duty and responsibility to
take an active role in shaping the world of tomorrow by becoming more active in
the work of the Institute, in the general advancement of the engineering profes-
sion, in business management, as well as in the fields of government and political
influence which affect or control the art, profession, or industry in which we are 1
so vitally interested.

The value of engineering services in managerial and industrial positions is be-
coming more widely recognized. Engineers in the past have not taken a suffi-
ciently vocal part in public affairs and therefore the qualities of leadership
residing within the profession have definitely been neglected.

Let us plan for the future with confidence realizing that we have a duty and

- a responsibility in assuring full postwar employment and the wider distribution
of modern, well-designed, high-quality products.

% =
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Ralph A. Hackbusch

1944 Vice-President, I.R .E.

Ralph A. Hackbusch was born in Hamilton, Ontario,
Canada, on September 18, 1900. He was educated at
Hamilton Collegiate Institute and later specialized in
electrical engineering. For thirteen years Mr. Hack-
busch was with the Canadian Westinghouse Company,
Ltd., before becoming affiliated with the Canadian
Brandes Company (Kolster Radio). In 1930 he became
Chief Engineer and Factory Manager of the Stromberg-
Carlson Telephone Manufacturing Company at Toronto
and in 1940 he became its Vice-President and General
Manager. That same year he was requisitioned by the
Canadian Government and placed in charge of the Ra-
dio Division of the government-controlled Research En-
terprises, Ltd., at Toronto, later being clected its Vice-
President in Charge of Radio and Director of the Radio
Division. He has since resigned this post and has re-
turned to Stromberg-Carlson at Toronto as its Manag-
ing Director.

Mr. Hackbusch was a member of the Canadian Elec-
trical Code Committee, the main committee of the
Canadian Engineering Standards Association, the Radio

60 Proceedings of the I.R.E.

Manufacturers Association General Standards Commit-
tee, chairman of the Toronto Section of the Institute of
Radio Engineers in 1933, a member of the Sections
Committee in 1936, Board of Directors in 1940. He was
Director of Engincering for the RMA of Canada for
ten vears and guest member of the Joint Coordination
Committee of the Edison Electric Institute, the Na
tional Electrical Manufacturers Association, and the
Radio Manufacturers Association. He has for many
years been a guest member of the General Standards
Committee of the Radio Manufacturers Association of
the United States.

Ralph Hackbusch is a registered Professional Engi-
neer in the Province of Ontario and serves as the official
observer on the main RTPB Committee for RMA
of Canada.

Mr. Hackbusch was elected an Associate member of
the Institute of Radio Engincers in 1926, transferred to
Member grade in 1930, and to Fellow grade in 1937. He
was recently elected Vice-President of the Institute of
Radio Engineers for the vear 1944,

February, 1944



Electronic Tin Fusion*
H. C. HUMPHREY T, ASSOCIATE, L.R.E.

Summary—Application of electronic methods to the fusion of
electrolytic tin plate is an important recent technological advance in
the steel industry. It has played a prominent part in the conservation
of tin, whereby tin plate is now produced using considerably less tin
than heretofore. Handling operations have been greatly reduced, and
the rate of production of tin plate speeded up to 500 feet per minute
with some installations being made in anticipation that in the near
future these tin lines may be operated at 1000 feet per minute. One
tin mill alone has 3730 kilowatts installed capacity of electronic high-
frequency generators operating at 200 kilocycles, which is compar-
able to the total installed power of all the broadcast stations in the
United States. This pioneering example of high-frequency electronic
equipment of substantial power-handling capacity at work in industry
undoubtedly is the forerunner of many processes where high-
frequency heating has as yet been unthought of but where, if applied,
would produce a superior product, speed up operation, and effect
operating economies.

RIOR to December 7, 1941, steel strip was being
Ptin—plated for the canning and food packing in-

dustries by the well-known “hot-dip” process.
Thickness of this tin coating was such that about 1%
pounds of tin were required for each 100 pounds of tin
plate. The tin plate was processed as individual sheets
rather than as a continuous strip. Steel mills were con-
sidering a new electrolytic process which would permit
thinner tin coatings at greatly increased speed of pro-
duction as well as producing the tin plate as a continu-
ous strip. However, electrolytically deposited tin has to
be heated to its melting temperature and “flowed” to
obtain improved corrosion resistance and a satisfactory
method for accomplishing this at high strip speeds did
not exist. After Pearl Harbor, need to conserve tin and
to increase production of tin plate for the canning in-
dustry so accelerated investigation of suitable methods
for flowing electrolytic tin that research work which
would normally require two years was accomplished in
less than six months with the result that today con-
tinuous electrolytic tinning lines in several steel mills
are in production using between one third and two
thirds of the amount of tin which would have been re-
quired by the old hot-dip method, and the tin is
“fowed” with power from clectronic-type generators of
200-kilowatt output capacity.

To understand the contribution made by the elec-
tronic flowing process, it will be of interest first to
consider briefly the electrolytic-plating process itself.
A typical tinning and tin-fusion line is shown schemat-
ically in Fig. 1. The steel strip to be tinned as delivered
to the entry end of the tinning line is 28 to 36 inches
wide, 0.010 inch thick, about three miles long, and
wound in a tight coil. This coil is placed on an uncoiler,
threaded thirough a welder, and enters the first pinch

* Decimal classification: R590. Original manuscript received by
the Institute, May 6, 1943. Presented, Winter Technical Meeting,
New York, N. Y., January 28, 1944.

t Radio Division, Westinghouse Electric and Manufacturing
Company, Baltimore, Maryland
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roll. The welder is used to attach the end of one coil to
the beginning of the succeeding coil, and the pinch roll
maintains tension against the drag of the uncoiler. Be-
yond the pinch roll is a looping pit for the purpose of
accumulating a length of strip which is taken up when
the strip is stopped at the welder to attach the end of a
coil to the beginning of a fresh coil. Considering the
speed of the line and the length of time needed to weld
the beginning of a new roll of strip to the end of the old,
it is not practicable to accumulate enough length of
strip in the looping pit to enable the speed of the line to
be maintained during the welding operation. The line
has to be slowed down and automatic controls are pro-
vided for both the tinning and flowing apparatus so that
thickness of the tin coating and reflow temperature are
maintained essentially constant with variations in line
speed. After passing through a drag unit the strip enters
the plating tanks where it is coated with tin one side at
a time. Desired thickness of coating is obtained by ad-
justment of the plating current which is of the order of
60,000 amperes at 12 volts direct current. The strip
passes from the plating tank to a rinse (not shown on
Fig. 1) which removes any plating solution still adhering
to the strip. This completes the plating operation and
the tinned strip next enters the inductor-heating coil
where it is heated to a temperature corresponding to the
melting point of tin and the tin flows to produce the
mirrorlike finish expected of tin plate. The strip is then
immediately quenched to preserve this surface.
Following this, the strip either may be coiled or con-
tinued directly to a shearing unit to be cut into appro-
priate sizes to meet the requirements of the canning
industry. A shearing line does not operate faster than
about 700 feet per minute without danger of excessive
buckling of the sheets so that provision is made for coil-
ing the finished strip and later shearing it into sheets as
a separate operation. To shear accurate lengths of strip
it is essential there be no tension in the strip as it enters
the shear which might cause slippage of the strip on the
feed rolls, and for this reason the strip enters the shear
from a loop. Just before the strip enters the shear it is
usually passed through a pinhole detector and a flying
micrometer (not shown on Fig. 1). A suitable memory
device operates a gate in a classifier to shunt out rejects.
For a half-pound coating of tin per 100 pounds of strip
the coating on each side of the steel strip is only 30
millionths of an inch, or less than 1/100 the diameter
of a human hair. This unflowed surface has a dull matte
appearance which under a microscope is seen as a suc-
cession of steep pinnacles and deep valleys and tests
show that such a tinned surface does not liave a satis-
factory corrosion resistance. Upon heating the tin to
its melting point the hills and valleys level off and a
superior corrosion resistance obtained. Various methods
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Fig. 1—Tvpical tinning and fusing line.

for heating the tin strip were considered but high-
frequency induction heating using vacuum-tube oscil-
larors as the source of high-freq uency energy was chosen
by some operators for the following reasons:

(a) No physical contact is needed between the moving
strip and the electrical circuit.

(b) Work may be kept at ground potential.

(c) Lends itself to rapid changes in speed of the tin
line such as occur when the line is slowed down
while the end of one piece of work is welded to
the next following.

(d) Provides uniform heating of the tin strip avoiding
overheated spots or areas insufficiently heated to
low the tin.

(e) Permits rapid rate of heating and eliminates diffi-
culties attendant on those heating processes which
depend upon heating the tin strip by passing it
through a furnace which tends to store a large
quantity of heat.

(f) Makes it possible to combine the plating and
fusion lines, climinating the handling, delay, and
expense where the fusion process is such that its
speed cannot be matched to the plating line and
it is necessary to conduct the two operations

separately.
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Fig. 2—Arrangement of inductor coil with respect to tin strip.

To flow the tin it must be heated to about 450 degrees
Fahrenheit. To accomplish this the strip is threaded
through a solenoidal coil carrying high-frequency cur-
rent and the energy in the electromagnetic field sur-
rounding this eclectrical circuit is transferred into the
moving strip where it is converted into heat. The encrgy
required for a given strip and line speed is determined
from the well-known expression for the quantity of heat

which must be added to M pounds of a substance of
given specific heat to increase irs temperature AT
degrees. For steel strip, values of 0.13 may be assigned
for specific heat and 7.82 grams per cubic centimeter for
density and the following expression obtained for the
power required to heat tin strip to 450 degrees Fahren-
heir.

KW =3XSXbXxt (1)

KW =kilowatts power required.
S =speed of line in feet per minute
b=width of steel strip in inches
¢t = thickness of steel strip in inches.

For speeds of 500 and 1000 feet per minute energy has
to be transferred at quite a rapid rate and considerations
of first importance are to establish whether a practical
inductor-coil design is possible and to select an appro-
priate frequency which will produce the desired rate of
heating.

The arrangement of the strip with respect to the in
ductor coil is shown in Fig. 2. It is convenient to assume
the steel strip as a single-turn conductive sheet linking
with the flux from the inductor coil. The reasonableness
of this assumption is evident, since at the high fre-
quencies involved, skin effect will concentrate any
current flowing around the strip in a thin surface layer,
and for all practical purposes, the main part of the steel
strip will behave as an electrical nonconductor. Accord
ing to Faraday's law of induction, the voltage around a
circuit through which maguetic lines of force vary is
equal to the time rate of change of this flux;i.e., the volt-
age induced in the steel strip will be proportional to
(a) the frequency of variation; and (b) the total flux
linking the strip with the inductor coil. It isevident that
if the total flux through the work were to remain con-
stant, an increase in frequency would always produce
more voltage around the strip and, hence, more heating
current. However, for a given magnetizing force in the
inductor coil, because of skin effect, the alternating flux
density at the center of the strip becomes less and less
with increase of frequency, and the higher the frequency
the more pronounced this effect. until at very high
frequencies there is alternating flux only within a skin
layer at the surface of the strip. As frequency is in-
creased, this restriction of flux results in a decreasing
number of flux linkages between the strip and inductor
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coil, and this tends to offset the advantage otherwise
gained by increasing frequency. Exact mathematical
expressions for the effect of frequency on rate of heating
are available'? but the difficulty of assigning appro-
priate values to some of the variables makes it scem
preferable to use an approximate relationship given by
Rosenberg® for eddy-current loss.

P =2X VofV'B X 10~ (2)

P =eddy-current loss in iron mass-watts per square
centimeter of surface

p = resistivity ohm-centimeters

f=frequency—cycles

N = rool-mean-square ampere turns per centimeter
magnetizing force at surface of the iron mass

B =saturation flux density for the iron mass
gausses

This expression is applicable for any cross section if (a)
the thickness of the conducting skin layer is small com-
parcd to the total thickness of the iron mass; (b) in this
depth the magnetic-flux density is substantially uni
form: (c) the current density in the conducting skin

-

Fig. 3—Block schematic for a high-frequency induction-heating
equipment for clectrolytic tinning lines.

layer varies linearly from a maximum at the outside
surface to zero at a depth corresponding to the thickness
of the conducting skin layer. For tin tlowing, these con-
ditions can be approximated if (a) frequency is made
sufficiently high that skin depth of current flow is small
compared to thickness of the tin strip; (b) the magnetiz-
ing force at the surface of the tin strip is well in excess
of that necessary to produce saturation flux density.
Current density will vary in the conducting skin layer
according to the usual exponential expression but for
practical purposes a sufficiently close approximation is
obtained by assuming that current varies in a straight-
line relationship from a maximum at the outside surface
to zero at the inside boundary of the conducting skin
layer.

For practical purposes it is desirable to know the rate

t C. R, Burch and N. Ryland Davis, “Theory of Eddy Current
Heating,” Ernest Benn, Ltd., London, England.

* A.G. Warren, “Mathematics Applied to Electrical Engineering,”
D. Van Nostrand Co., New York, N.Y., 1940, pp. 243-264.

1 E. Rosenberg, “Eddy currents in iron masses,” The Electrician,
August 24, 1923,
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of heating per unit volume of tin strip and by assigning
a value of 18,000 gausses as saturation flux density for
the steel strip, converting centimeters to inches, and
assuming a resistivity of 15X 10~ ohm-centimeter. The
rate of heating for tin strip to its flowing temperature
of 450 degrees Fahrenheit is

W =3.307 X 1/t X V/fN* X 10~ 3)

W =rate of heating tin strip in the temperature range
between room temperature and 450 degrees
[Fahrenheit—watts per cubic inch

t = thickness of tin strip in inches

N = root-mean-square ampere turns per inch magne-

tizing force at surface of tin strip
f = frequency—cycles per second

It is scen that the rate of heating of the tin strip
within the temperature range under consideration for
tin flowing is inversely proportional to thickness of the
tin strip, proportional to square root of frequency, and
to the threc-halves power of the ampere turns per inch
in the inductor coil through which the strip passes. It is
interesting to note that for a given frequency, if the
root-mean-square current in the inductor coil is held
constant, the rate of heating per unit volume for a given
thickness of tin strip is independent of the strip width.

The product of the volume of strip within the in-
ductor coil and the rate of heating per unit volume
must equal the total power required as determined from
(1), and for heating tin strip to flowing temperature the
length of the inductor coil will therefore be

1=3XS/WxX10 )]
I = length of inductor coil in inches

S =speed of strip in feet per minute

IV = rate of heating in watts per cubic inch

Fig. 3 shows the block schematic for a high-frequency
induction-heating equipment for electrolytic-tinning
lines. [t comprises the following major units:

Metal-clad switchgear
Induction regulator
Plate-power transformer
Control and metering unit
Cooling water heat ex-
changer and water pumps
Electronic regulator

Rectifier

Oscillators

Tuning units

Vacuum tubes and rectifier
tubes

Transmission lines

Inductor coils

Fig. 4 is a much simplified schematic diagram omit-
ing metering, control, and protective and interlock
circuits. The circuit is a self-excited push-pull oscillator
with a three-phase full-wave rectifier. The equipment
operates from the steel mill's service bus; 6900 volts,
3-phase, 60 cycles being typical. In steel mills, because
of the capacity of the feeder circuits to which the
induction heating equipment is connected, the circuit
breaker which provides alternating-current protection
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for the high-frequency eclectronic equipment usually
has an interrupting capacity of about 250,000 kilovolt-
amperes. An air circuit breaker is used in preference to
an oil breaker because unlike usual circuit-breaker in-
stallations the main breaker for tin-line oscillators is
expected to be opened and closed repeatedly at frequent
intervals as it must open or close the plate-power circuit
for every “on-off” operation at the flow-line operator’s
control desk.

It is beyond the scope of this paper to discuss the con-
trol and interlock circuits in detail but the more im-
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sistance short-circuiting contactor must be rugged
enough and of sufficient interrupting capacity to open
in the event of a short circuit beyond it.

Power output from the oscillator and rate of heating
is adjusted by varying the alternating voltage to the
rectifier. A 100 per cent buck or boost motor-driven
remote-controlled induction regulator is used so that
for full power twice the service-bus voltage is applied
to the primary of the plate-power transformer and when
the induction regulator is in its 100 per cent buck posi-
tion, it bucks out the primary line voltage so that there
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quency gencrator, 200 to 600 kilowatts.

portant features provided will be mentioned. The main
plate-power breaker is equipped with an automatic
recloser circuit so that if a fault occurs which is only
temporary in nature, such as a tube flashover, the
breaker will immediately reclose automatically. If the
fault persists the breaker will trip out after one reclosure
and remain locked out. In case of an interlock circuit
opening up such as might happen if a cubicle door is
opened, water does not flow properly to the tube water
Jackets, cooling water temperature becomes dangerously
high or tube filament circuits are open, the plate-power
circuit breaker will open and remain locked out and
automatic reclosing does not occur when the breaker is
tripped from any one of these causes. To extend tube
life, time-delay relays automatically insure that there
is the necessary time interval after starting the tube
filaments and before applying plate voltage to the
oscillator tubes.

To avoid current surges into the plate-power trans-
former, step-start resistors together with a short-cir-
cuiting contactor are inserted between the main plate-
power breaker and the induction regulator in the plate-
power circuit. The short-circuiting contactor acts to
short out the starting resistances within a few cycles
after the plate-power circuit is closed. Considering the
large kilovolt-ampere ratings of the circuit to which the
plate-power equipment is connected, the starting re-

is zero voltage on the primary of the plate-power trans-
former. Control circuits are so arranged that whenever
the main breaker is tripped open the induction regulator
starts toward its 100 per cent buck position so that
when the main breaker is closed after having been open
for any appreciable time interval an initially low or zero
voltage will be applied to the rectifier. Upon closing of
the main plate-power breaker, if automatic control of
power output is in use, the induction regulator will
automatically adjust itself to give the required power
output. When manual control of power output is in use
the induction regulator will remain in the position it
had assumed just prior to closing of the main breaker.

The rectifier, assembled on a steel chassis and cubicle
construction (Fig. 5), is a conventional 3-phase, full-
wave type using 12 WI.-857-B mercury-vapor rectifier
tubes. It delivers a maximum of 1020 kilowatts at
17,000 volts direct current which 1s sufficient to supply
the needs of three 200-kilowatt oscillator units. Each
oscillator unit (Fig. 6) comprises two water-cooled type
WL-895 vacuum tubes and in conjunction with the asso-
ciated tuning cubicle (Fig. 7) is capable of continuously
supplying 200 kilowatts of power output at a frequency
of 200,000 cycles. The tuning-unit cubicle houses the
tank inductance, and capacitors w hich, in combination
with the inductor coil, determine operating frequency.
The tank-circuit inductance is water-cooled to help
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carry away the heat produced by coil losses and to
minimize the resistance of the tank circuit inductance.
Shielded transmission lines connect each 200-kilowatt

Fig. 5—1020-kilowatt rectifier (tubes and cover removed) is a
conventional 3-phrase, full-wave type.

oscillator-tank circuit to its inductor coil at the tin-
flow line.

Since the oscillator tubes are water-cooled, the usual
distilled-water closed circulating system with pumps
and distilled-water storage tank forms a part of each in-
stallation. All piping and tanks in the distilled-water
system including the pumps are of noncorrosive metal
to prevent contamination of the water, minimize scale
deposit on the tube plates, and maintain the noncon-
ducting properties of the distilled water. Heat dis-
sipated in the tubes, tank inductances, and inductor
coils and carried away in the cooling water is trans-
ferred through a water-to-water heat-exchanger, and
eventually carried away by the steel mills raw-water
system.

Construction of the inductor coils is shown in [ig. 8.
The important factors influencing choice of the particu-
lar construction used were maximum freedom from tin-
dust accumulation, suitable shielding, provision for use
of controlled atmosphere, accessibility for maintenance,
ability to substitute different-sized inductor coils in the
shortest possible time (the inductor coils are water-
cooled), and guarding against possibility of howed or

Humphrey: Electronic Tin Fusion 65

warped strip accidentally making contact with turns of
the inductor coil.

Excepting such few instruments as are mounted with
the metal-clad switchgear all meters, controls, timing
relays, small contactors, etc., are mounted in a separate
control cubicle and on an operator’s control desk. This
permits flexibility of control arrangement without sacri-
ficing advantage of quantity production of a standard-
ized 200-kilowatt clectronic-type generator design. In
this control cabinet and on the operator's control desk
are such meters, relays, and contactors, as alternating
voltage at rectifier, inductor-coil current, oscillator, tube
plate and grid currents, filament voltages, oscillator
direct-plate-current overload relays, grid overcurrent
relays, relays for over- and undervoltage of filament
supply, water-pump overload relays, thermal overload
relays for induction-regulator driving motor and water-
pump motor, contactors for induction-regular driving

Fig. 6—200-kilowatt oscillator (lubes and cover removed).

motor, oscillator and rectifier filaments, water pump,
and blower motors.

Probability of considerable fluctuation in the steel-
mill's service-bus voltage and the importance of main-
taining constant-filament voltage on the oscillator and
rectifier tubes is provided for by connecting filaments
and miscellaneous control circuits to the service bus
through an auxiliary transformer and small automatic
line-voltage induction-type regulator. This auxiliary

—
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circuit is connected to the service bus ahead of the main
plate-power circuit breaker so that the filament and
auxiliary power circuit are independent of operation of
the main plate-power circuit breaker. The auxiliary cir-
cuit is protected by its own current-limiting disconnect
fuses.

All cubicles are of steel construction as are the induc-
tor-coil shields, and precaution has been taken to guard
against losses due to the strong electromagnetic fields
which are present particularly in the tuning-unit cubi

Fig. 7—200-kilowatt tuning unit.

cles and at the inductor coils. Where possible, construc-
tion is made to avoid the stecl framework constituting
a continuous short-circuiting turn in the field of the
tank inductance or inductor coil; and the inside of the
cubicles is given a thin highly conducting coating of
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copper. This layer although relatively thin is effective
in minimizing losses because the high-frequency cur-
rents by reason of skin effect will low mostly only on
the surface of the sheet-steel cubicles and shields, and
only on the side adjacent to the inductor coils or tank

Iig. 8—600-kilowatt inductor-coil assembly.

inductances. The high-frequency electronic equipment,
transmission lines, and inductor coils are shielded as a
precaution against interference to radio services. Con.
trols or switches manipulated during operation are of
the dead-front or low-voltage type. Interlocks are pro-
vided on doors to all compartments in which dangerous
voltages are present.

Although these steel-mill applications pioneer in the
industrial use of high-frequency high-power electronic

equipment, they are but a variation of high-power

vacuum-tube equipment as developed for communica-
tion applications and therefore already developed to a
high state of dependability. They are consistent in per-
formance, stable in operation, capable of remote con-
trol, rapid adjustment of power output, and automat-
ically protected against overload or damage to equip-
ment from improper operation.

Correction

C. A. Hultberg, whose paper “Neutralization of
Screen-Grid Tubes to Improve the Stability of Inter-
mediate-Amplitiers” appeared in the December, 1943,
issue of the PROCEEDINGS on pages 663 to 666, has
brought to the attention of the editors an error in the

last sentence on page 665.
[

cation of Hazeltine's principles
of “. .

application of Hazeltine's principles advantageous.”

The sentence should read
- again provide suflicient reaction to make the appli-
advantageous” instead
- again provide insufficient reaction to make the
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Flexibility in the Design of Military Radio Apparatus

J. J. FARRELLSY, ASSOCIATE, I.R.E.

A PropPosAL TO INCREASE MiLITARY RADIO PRODUCTION

Summary—Numerous factors limited the production of mili-
tary radio and electronic apparatus at the inauguration of the
Defense Program. Corrective action was taken to eliminate them
as progress was made on the Defense, and later, the War Pro-
gram. With their elimination, new factors became limiting. The
major factor which establishes the current industry production
ceiling is the supply of critical materials and components. The
application of alternates for both has materially reduced the
effects of the present limitations. Much more can be accom-
plished by concentration on the problems and this paper de-
scribes measures which have been taken and suggests proce-
dures for future action.

EArLy LIMITATIONS ON PropUCTION

INCE the inauguration of the Defense Program
S there have been numerous factors which limited

the production of military radio equipment to
something less than a desirable maximum. As progress
was made, corrective action modified these factors and
those which limit us today are quite different from those
of 1939. In the beginning, the greatest limitation was the
lack of buildings and facilities—factories. It was not
material then, nor manpower. It was not engineering
since a standardized design for almost every kind of
military communication service was available and
promptly frozen. Through, and since, the last World
\War a few companies had maintained organizations for
the design and production of military radio apparatus.
In co-operation with the Government radio laboratories
they had produced the apparatus which filled the require-
ments of the Military over the intervening years. It was
a small business, perhaps 15 million dollars a year in a
highly competitive market, and at times a discouraging
business because of the wrong guesses fostered by the
overconfidence of young people to meet the increasingly
difficult requirements of the Military Services. At all
times, however, it was a period of progress. The job was
mainly one of engineering with the engineering cost a
disproportionate share of the total as measured by stand-
ards for other types of electrical apparatus. Consequent-
ly, the factory area per cost dollar was small by com-
parison with the same standards.

When the Army and Navy were given the green light,
both were “ready to go” in radio communication equip-
ment. The immediate requirements were greater than
the capacity of available facilities and the first bottleneck
was created. The Government and industry co-operated
to provide facilities for the prime contractors and their

* Decimal classification: R500. Original manuscript received
by the Institute, January 5, 1943. Presented, War Radio Confer
ence of the Radio Manufacturers Association, November 9, 1942
Rochester, NY,

t Designing Engineer, Transmitter Division, General Electric
Company, Schenectady, New York. >
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suppliers, and in a short time a number of new plants
and buildings were under construction. Then, with the
freezing of home-receiver and other commercial radio
activities, additional facilities were made available, and
this limitation became progressively less important.

There were periods when the most limiting item varied
between machine tools, jigs and fixtures, steatite parts,
aluminum, and engineering talent. These things, how-
ever, are of historical interest, and the matter of greatest
present interest is: What are the limitations today and
what can we do about them?

Factors Tuat Limit PropuctioN Topay

Today, opinion may vary in the industry as to what
the most important single factor is, but concurrence
would be quite general on what the important factors
are. Manpower is one, and a cause for concern by some,
but it seems doubtful that this is of first importance. A
military transmitter or receiver may be considered as a
structure rather than a machine, because in general there
is no relative motion between component members other
than that due to the elasticity of the materials of con-
struction. Each structure may and often does contain
several examples of machines, such as relays, meters,
gears, and levers, but a major share of the structure can
be fabricated by the semiskilled. If a basic force of
skilled workers can be retained to provide the tools and
fixtures for the unskilled and make the few precision
parts which seem to be beyond the capabilities of those
without long experience, it should not be too difficult to
take care of the rest of the job even if it must be done
100 per cent by unskilled workers, predominantly fe-
males.

Another factor to be considered is standardization.
The lack of it will be classed by some as a most serious
handicap. Granted that standardization is of importance
and that any improvement is desirable, just how vital is
it?> There is more than one radio set which is used by
both the Army and Navy. There is another which is used
in airplanes, in ground stations, and in tanks. For years
there have been Government standards on various com-
ponents. Therefore, we do have standardization; not
enough perhaps, but if we could improve it greatly over-
night it is probable that an increased output of the indus-
try would be noticeable only after a considerable period
of time.

Some would class the need for design simplification
as the major need. This objective is worthy, as always,
but how much can be accomplished ? The radio engineers
who have been at this job for 20 years in a highly com-
petitive market have not been using two vacuum tubes

Proceedings of the I KR E. 67

e e




68 Proceedings of the I.R.E.

where one would suftice, and the Government labora-
tories, with the problem of wartime maintenance and
service in mind, have permitted few complexities which
could be avoided. 1t would be ridiculous to maintain that
no simplifications can be effected, but it is doubtful,
unless the service requirements are changed, that their
magnitude would be substantially reflected in increased
production.

Production methods are a factor which rate consid-
eration. The job of ordering, routing, planning, making
the utmost of available facilities, can account for weeks
saved or lost. The expansion of the organization, which
bridges the gap between the completed drawing and the
delivery of the finished article to test, has been one of
the greatest problems. The job requires specialists trained
in the system of their particular company, and the ab-
sence of draft deferments for this type of man has not
made the job any easier. A good production man may
be worth more to the war effort than two good toolmak-
ers, but not in the opinion of most draft boards. Con-
sidering the handicaps, production organizations gener-
ally, if not beyond criticisin, are doing a good job.

To determine the importance of the factors mentioned
let us group them. Let us suppose that we could further
simplify and standardize our designs and hand them over
to an ideal production organization which had adequate
manpower at its disposal. By imagination we have elim-
inated four of the handicaps to production which are
regarded as substantial obstacles to greater output, As a
consequence we have a right to expect a prompt reflec-
tion of the action in increased shipments. If we could
perform this magic today, would we guarantee more
production? Would we even guarantee a continuation of
the present going rate? In today’s situation, insofar as
the prime contractors and major subcontractors are con-
cerned, the answer is “no”’. ’

MATERIALS THE REAL BOTTLENECK

Current production is limited chiefly by the supply
status of critical materials, and the quantity of apparatus
delivered is governed by the allocation of these materials
and certain components. It is not always evident whether
the shortage is basic—raw material, or is due to insuffi-
cient facilities—rolling mills, etc., but the reason is un-
important because, in a large measure, the situation is
beyond the control of the radio industry.

There are about 23 materials in group I of the critical
metals list. About 14 of these are used in radio apparatus,
but the requirements for 2 or 3 of them are almost
isignificant. For the remaining 11 or 12, it is impracti-
cable to obtain an authoritative listing of the materials
in the order of scarcity. If this were feasible it is prob-
able that the list would be subject to frequent revisions
due to unpredictable conditions. The knowledge of what
materials cannot be obtained in sufficient quantities, all
oo often comes by the hard way—the notification that
the requirements for a given period cannot be filled. The
problem to be solved by industry, if output is to increase
or hold its own, is the material problem.

February

SusstiTUTE MATERIALS CAN RELIEVE SHORTAGES

The obvious way to relieve the critical-material situa-
tion is by a program of substitution. However, because
of the uncertainty of forecasts it should not be a pro-
gram of outright substitution. Rather it should be the
provision of alternates or the establishment of flexibility
to the greatest feasible extent. In lieu of drawing changes
the designer should provide an alternate list and allow
his production and planning departments a free choice,
dependent upon their current knowledge of material
availability. They can use the optional material, go back
to the original if conditions change, or use both.

Facrs TuE DesioNer Must Keep 1N MiND

In considering alternate materials the designer must
keep a few fundamentals in mind. The apparatus must
be reliable and perform satisfactorily under severe con-
ditions. The requirements written into the specifications
on temperature range, altitude, humidity, etc., can be
checked any day in the newspapers. The vital necessity
of reliable equipment for fighting a war is self-evident.
Much is heard about “20 to 40 hours combat life” but
who has seen a directive or specification change to this
effect? Every departure from past practice which is
authorized by a military agency is with the reservation
that it must not cause any degradation in performance
or reliability. Authorizations for alternate materials or
components cannot be given lightly. Thorough engineer-
ing consideration, and perhaps a trial run or lot, must
first provide the assurance that reliability and perform-
ance will be maintained.

In selecting alternate materials the obvious thing to
do is apply group 111 and group 11 materials if possible.
Of some eight metals in group I1T we find only two,
gold and lead, with possibilities. Among 17 in group II
we find cast iron, platinum, silver, and paradoxically—
because copper is in group I—we find beryllium copper.
Three of the seven mentioned possibilities in groups 11
and II1—cast iron, lead, and silver—are finding increas-
ing applications. It does not require great consideration,
however, 10 determine that much relief cannot be ob-
tained from the less critical groups. Likewise there is
some, but inadequate, relief in the less critical miscel-
laneous materials such as: some plastics, glass, ceramics,
pPlywood, etc. Unfortunately the best substitutes for crit-
ical materials are other critical materials and the indi-
cated action is to allow, insofar as feasible, a free choice
dependent upon conditions at any given time.

ExanpLEs oF FLEXIBILITY IN DESIGN AND MATERIALS

Considering the group I critical list it appears, from
current procurement experience, that zinc is more plen-
tiful than nickel or cadmium, common stee! can be ob-
tained more readily than the alloy steels or aluminum,
and aluminum sheet is more readily obtainable than
aluminum bar, rod, or extruded stock. Although we do
not have any guarantee that the situation will be the
same several months from now, the course of action for
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the present is clear. The included photographs serve to
illustrate flexibility of design.

STEEL INSTEAD OF ALUMINUM

Figs. 1, 2, and 3 show components of a high-produc-
tion aircraft transmitter as made of aluminum and steel.
The steel parts are completely interchangeable with their
aluminum counterparts and weigh no more, thus com-
plying with the basic requirement on alternates for air-
craft applications. The use of steel in these components,
plus two others not shown, conserves 2,088,000 pounds
of aluminum on current orders.

Many more photographs could have been provided to
illustrate alternate designs involving other metals than

Fig. 1—Transmitter tuning unit cases for aircraft radio trans-
mitting equipment. View showing aluminum-alloy construc-
tion (at left) and alternate steel construction (at right).

steel and aluminum. These would show parts made of
beryllium copper, spring steel, and phosphor bronze;
aluminum, zinc and plastics; copper and copper-weld;
brass and steel ; and others. I.ikewise many photographs
of aluminum parts made from extrusions and sheet
from rod and sheet, and from rod and by die casting
could be provided. In all cases tools are provided for
the alternates and the selection of the material is by the
production and planning groups.

To be fully effective, the plan for flexibility must
include certain manufactured components. It is well
known that the supply of some components is so inade-
quate as to subject them to allocation. In these cases the
difficulty may be due to raw materials or insufficient
facilities. Let us consider two of these: steatite and mica
capacitors.

SUBSTITUTES FOR STEATITE

Although the supply of steatite has been greatly in-
creased during the past months, there are still numerous
instances where insulators of this material are a definite
bottleneck. While the major increase in the steatite out-
put was due to new facilitics, the generous application
of alternates has helped considerably. Plastics, mycalex,
porcelain, and glass have been applied where feasible.
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(See Figs. 4 and 5.) In most instances the application
of these materials involved some loss, inasmuch as none
of them is equivalent to steatite, but it was a loss which
could be tolerated. The most satisfactory answer to the
steatite problem is more steatite. If this answer requires
more facilities than now operated by the ten or more

Fig. 2—Transmitter mounting bases for aircraft radio transmit-
ter equipment. View showing aluminum-alloy construction (at
left) and alternate steel construction (at right).

Fig. 3—Antenna tuning unit and dynamotor unit mounting bases
for aircraft radio transmitting equipment. View showing
aluminum-alloy construction (top row) and alternate steel
construction (bottom row).

suppliers of the material the outlook would not be en-
couraging, because it is probable that the Army, Navy
and War Production Board would not support further
expansion. What is needed is an equivalent material
which can be produced without new facilities, and a body
which meets these requirements will be available soon.
By talc content it is a steatite. Its electrical and physi-
cal properties are slightly better than average of the
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materials in use. Its shrinkage is the same as one steatite
in general use, satisfactory parts having been pressed in
the same molds. However, this body contains no feld-
spar. The frit is a synthetic compound which is subject
to precise control and is, therefore, uniform. The most

Fig. 4—Components for aircraft radio transmitting equipment.
View showing porcelain, plastics, glass, and mycalex alter-
nates for steatite,

important characteristic of the body is that it matures

at cone 10, the porcelain firing temperature. This opens

up possibilities for the use of porcelain facilities, par-
ticularly the tunnel kilns, few of which are being used
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Fig. 5—Antenna tuning inductor for aircraft radio transmitting
equipment. View showing (at right) plastics, mycalex, and
glass alternates for similar steatite parts (at left).

at present to full capacity. Tools—molds and dies—
must be provided for porcelain makers but the facilities
and technique are available. At this time the material is
in the proving grounds. A production run has been made
and the parts are in various stages of subassembly, final
assembly, and test. If this double and triple checking
bears out the results obtained with test specimens, steatite
will be definitely on the way out of the highly critical
list of components.

ALTERNATES 1Ok Mica CAPACITORS

Probably the current number 1 item in the kst of
critical components is the mica capacitor. The nced for
developing alternates for this item is evident to the Gov-
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crnment and to industry as well. A \WPB-sponsored
program on the application of oil-impregnated, hermeti-
cally sealed, paper capacitors is well under way. This
undoubtedly will provide some relief, but the limitations
of the paper capacitors of the types now being manu
factured will greatly restrict their application. A better
answer is needed and, in particular, one which meets the
requirements for flexibility by providing a capacitor
which is strictly interchangeable, mechanically and clec-
trically, with its mica counterpart. Fig. 6 shows a casing
9, American War Standard CMS56, 400-micromicro.
farad, 2500-volt capacitor. Twelve of this type and rating
are used in one Army equipment for which unfilled
orders require about 800,000 units. There is also shown

Fig. 6—Components for aircraft radio transmitting equipment.
View showing typical mica capacitor (second from left) and
alternate interchangeable capacitors,

another capacitor of identical dimensions and capacity.
In temperature rating, leakage resistance, and operation
in high humidity, it equals or excels the mica capacitor
and yet it contains no mica. Its temperature coefficient
(+0.05 per cent per degree centigrade) is greater and
its power factor at low voltage (0.5 per cent to 1.5 per
cent) is poorer, but for blocking and by-pass, where the
twelve capacitors per equipment are used, these values
can be tolerated. The dielectric used is a material which,
as far as we know, has not been used herctofore for
such a purpose. It is this material which provides the
characteristics which compare so favorably with mica,
and an adequate supply of it appears to be available. If
proving runs and Government laboratory tests are suc-
cessful, as preliminary tests indicate, there will be an
alternate for CM56 micas which will help the general
situation materially.

Fig. 6 also shows another alternate for the mica ca-
pacitor. It is made of a rutile body, titanium-dioxide
with sufficient plastic materials to make feasible its
pressing in thin intricate sections. It is fired at porcelain
temperatures and silvered as necessary to provide the
clectrodes. Two plates of this size will make a capacitor
of 400 micromicrofarads, 2500 volts rating. For blocking
and by-pass applications the temperature coefficient will
not degrade the transmitter performance materially. The
plate has the same mounting dimensions as the CMS56
mentioned heretofore and two of them together have the
same over-all dimensions as the CMS56, The 400-micro-
microfarad assembly is, therefore, readily interchange-
able and meets the requirements of complete flexibility
It is anticipated that production quantity tests will be
complete and Government approval available in a short
time. This ceramic capacitor, being a product of the
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porcelain plant, will impose no additional burden on the
steatite maker and has possibilities for materially reduc-
ing the mica-capacitor requirements. Directly inter-
changeable ceramic capacitors for alternate use in fre-
quency-determining circuits are not impracticable. These
will be made of a magnesium orthotitanate body with
its lower power factor, better than mica, and negligible
temperature coefficient. This will take more time but
undoubtedly such capacitors will come into use in the
future.

AN ALTERNATE FOR THE PORCELAIN-TUBE RESISTOR

The two units shown by Fig. 7, while not by any
means an answer to the wire-wound resistor problem,

- ome s

) -..-..u..wr'

=

-
' W O s T e R
: 4 PR, \; R L
- La U S

[e/ S

&

Fig. 7—Components for aircraft radio transmitting equipment.
View showing (at bottom) alternate for conventional por-
celain-tube-type resistor (top).

show substantial relief in an isolated case. One unit is a
115-ohm tapped resistor, of conventional design, for the
filament circuit of a transmitter. The alternate unit util-
izes nichrome ribbon, welded to phosphor-bronze wires
which serve as taps and supports. It has proved satis-
factory on vibration and salt-spray tests. An incidental
advantage is the substantial weight reduction. Several
thousand of these resistors are required for one type of
transmitter.

The provision of alternate materials and components
is more feasible in frozen designs which are in produc-
tion. Therefore, their greatest application so far has been
on communication apparatus. Any alternate components
which are available should, of course, be applied, but the
provision of new alternates should not be allowed to deter
the release of manufacturing information on the basic
design. This task can be taken care of after engineering
instructions are complete.

A ProprosaL FOR INCREASING PRrRopuUCTION

The photographs illustrate the plan of giving a manu-
facturing and production group wide latitude in the
utilization of critical materials and components. They
are a representative few, selected to demonstrate an idea,
and many more which achieve the same end could have
been provided. If it had not been for these accomplish-
ments by the General Electric Company, their output of
military radio apparatus to date would have been consid-
erably less and future schedules would predict lower
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quantities than at present. Undoubtedly this statement
with respect to one company can be applied to the in-
dustry as a whole. Other companies have had to pro-
duce alternatives and substitutes to cope with the dift-
culties of the material situation. However, the total

Fig. 8—Component for aircraft radio transmitting equipment.
View showing (at left) tube socket of steatite and aluminum-
alloy construction and alternate mycalex and steel construc-
tion (at right).

achievements of the industry are probably only a small

percentage of what can be done, and the most important

task ahead of us today is to finish the job. The output
of military radio apparatus, while many times greater

Fig. 9—Components for aircraft radio lransm_itting equipment.
Samples of steatite which mature at porcelain firing tempera-
ture.

than in peacetime, has not been good enough. The output
in the months to come will not be good enough, and it
will be far less satisfactory if we stand by and let alloca-
tion take its course. There is not enough of the most
desirable materials and components to carry the mini-
mum schedules, and through ingenuity and resourceful-
ness we must compensate for this fact. The material
situation is the major obstacle to increased production
and, as such, it rates preferred attention from the engi-
neers of the industry.

While this paper was not begun with the idea of advo-
cating a program of joint action, such a conclusion ap-
pears logical upon its completion. It seems definite that
the most good can be accomplished in the shortest time
by a co-ordinated plan, between industry and the Gov-
ernment laboratories, which will provide for a free inter-
change of ideas and avoid duplication of effort. It would
be well if such a plan were adopted promptly and fol-
lowed aggressively because, if we do not make the most
strategic use of critical materials and components, one
war which will not be won is the War of Radio Produc-
tion.
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Acoustical Design and Treatment for
Speech Broadcast Studios
EDWARD J. CONTENTY, sentor MEMBER, L.R.E., AND LONSDALE GREEN, JR.}, NONMEMBER, LR.E.

Summary—Three small speech studios have recently been com-
pleted by WOR in New York City. The factors taken into considera-
tion are: (1) the reverberation time, (2) the shape of the reverbera-
tion-time~versus-frequency curve, and (3) the reduction of the
standing sound waves in the studio. This paper describes how a
studio designed for good music conditions will not give the best con-
ditions for speech; particularly speech of the news broadcast type. By
lowering the reverberation time at the low frequencies and allowing
it to rise at the high frequencies, the effect is achieved of making the
speaker in the studio sound as though he were actually in the home
where he is being heard.

The types of materials used in correcting broadeast studios are
described. Graphs of the calculated time-frequency curves and as
determined with a high-speed level recorder are shown. This paper
explains the method of testing with the high-speed level recorder
and also the discrepancies which occur between the caclulated and
actual graphs. It explains the method by which the standing waves in
the room are broken up to such an extent as not to be objectionable.

studio acoustical characteristics for music are not

satisfactory for the transmission of speech. Potwin
and Maxheld! have stated that there is still considerable
question as to the desirable frequency characteristic of
the time of reverberation in rooms especially for speech.
In fact, it is doubtful if it is possible to arrange adjusta-
ble acoustical panels so as to provide a sufficient amount
of change in acoustical characteristics to provide opti-
mum conditions for both music and speech.

In the early days of broadcasting, it was realized that
some kind of acoustical treatment was necessary for
studios as broadcasts originating in untreated rooms
sounded as though they were being given from a large
barn. It was found that by hanging drapes, the reverber-
ation of the studios could be decreased. There was still
something wrong, so more drapes were put up. This did
reduce the reverberation time at the middle and higher
frequencies but, to such an extent however, that many
of the upper harmonics in music were lost.

It was about this time that acoustical engineers
realized that the curve of reverberation time versus
frequency of a studio should have a definite shape. Ma-
terials were then tested and new materials developed
which would permit the acoustical engineers and con-
structors to predetermine the shape of this curve as
well as to control the amount of reverberation.

This was not enough, however, as opposing parallel

T HE object of this article is to illustrate why ideal

* Decimal classification: R612.1X R550. Original manuscript re-
ceived by the Institute, May 28, 1943; revised manuscript received
August 11, 1943. Presented, New York Section, New York, N. Y.,
April 7, 1943.

t Assistant Chief Engineer, WOR, New York, N. Y.

1 President, Acoustical Construction Corporation, New York.

"+ C. C. Potwin and J. P. Maxfield, “Modern concept of acoustical
design,” Jour. Acous. Soc. Amer., vol. 11, pp. 48-55: July, 1939,
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surfaces caused standing waves and interference pat-
terns in the studios to such an extent that it was difficult,
if at all possible, to find good locations for the micro-
phones where these interferences did not cause serious
distortion to the sound pickup. Because of this, engi-
neers then began to find effective means to break up
these standing waves. This breakup of standing waves
has been accomplished so effectively that, today, there
are practically no bad spots in studios which have been
properly treated and microphone placement has been
greatly simplified.

It can be seen then that the governing factors for good
acoustics are:

1. The reverberation time. This is the amount of
reverberation and is measured in the time required for a
sound, when suddenly interrupted, to die away or di-
minish to a value 60 decibels lower than the original
sound.

2. The shape of the reverberation-time-versus-fre-
quency curve. This curve shows the reverberation time
for different frequencies in the studio spectrum.

3. The standing sound waves in a room. The standing
sound waves in a room are caused by resonant condi-
tions in the room. These resonant conditions, due to op-
posing parallel surfaces such as ceiling and floor, and op-
posing parallel walls, cause serious peaks in the reverber-
ation-time-versus-frequency curve. These peaks cannot
be eliminated by the use of acoustically absorbent ma-
terials. Therefore, some other method must be used to
eliminate this condition.

The reverberation time can be controlled by the
amount of sound-absorbing materials used. The greater
amount of material, the shorter will be the reverberation
time. These materials are applied to, or built into the
walls and ceilings of the room which is being treated.
The people in the studios must be taken into considera-
tion, as each person represents a fairly definite amount
of sound absorption. The shape of the reverberation-
time-frequency curve can be controlled by selecting the
proper amounts of the different available sound-absorb-
ing materials and to a certain extent by the method in
which some of these materials are used. Manufacturers
of the materials available maintain testing laboratories
and their products are tested at periodic intervals. This
assures the constructor that his calculations and esti-
mated results will be reasonably accurate.

The standing waves can be effectively reduced and
practically eliminated by the use of surfaces placed at
slight angles from the walls in such a manner as to
eliminate large-area reflecting surfaces. This eliminates
the large-order reflections by breaking them into a
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larger number of smaller reflections. The absorbent ma-
terial also should be applied in a large number of smaller
sections rather than in a small number of large sections.
If these angled surfaces and sections of acoustical treat-
ment are placed in such positions that the reflected
sound waves strike the absorbent sections more often,
the large-order reflections will be more effectively bro-
ken up. This is achieved empirically and only through
the use of knowledge gained from practical experience.

Optimum Reverberation Time

The optimum or most desirable reverberation time of
a broadcast studio varies 1. with the size of the studio
and 2. the uses of the studio, such as music, specch, etc.
The optimum reverberation time for music studios
has been fairly well determined by Potwin.? (See Fig. 1.)
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Fig. 1—Optimum reverberation time, in seconds, for various uses
and for structures of various sizes.

[t will be noticed that the reverberation time at 512
cycles, varies from 0.7 second for broadcast studios of
5000 cubic feet to 1.5 seconds for studios of 1,000,000
cubic feet.

Shape of Optimum Reverberation Curves

The optimum reverberation curves, for music and
speech, in auditoriums have been published by Mac-
Nair? These curves are shown in Fig. 2 and are based
on the threshold of hearing for average ears. With
reverberation in accordance with these curves the musi-
cal and speech sounds in an auditorium all die away, in
the human ear, at the same instant. The reverberation
time at low frequencies is about 60 per cent higher than
at 512 cycles; the reverberation time at 1000 to 2000
cycles is shortest as this is the region of greatest sensi-
tivity of the ear. The time at 8000 cycles rises again to a
point 8 to 10 per cent greater than that at 512 cycles.
Remember these are optimum reverberation curves fora
large auditorium or legitimate theater. Orchestral music
sounds best under these acoustical conditions.

1C. C. Potwin “Architectural accoustic design,” Arch. Forum,
September, 1939.

+W. A. MacNair, “Optimumn reverberation time for audi-
toriums,” Jour. Acous. Soc. Amer., vol. 1, p. 242; 1930,

Broadcasting, however, presents an entirely different
problem as both music, from orchestras, large or small
and from individual instruments, and speech must be
reproduced by the loudspeakers of the radio receivers
in the listeners’ homes.

At this point let us stop and consider, basically, what
is tc be achieved. Nothing can be done about treating
the home acoustically, but the studio for music can be
treated to provide the same characteristics as for the
auditorium and effectively transfer the auditorium
acoustical characteristics into the home by means of
the loudspeaker. Under these conditions the music will
be reproduced under the best conditions, as the rever-
beration time in the home is so short that the musical
characteristics will not be materially affected.

For speech, however, these characteristics are not de-
sired, as the speech, when reproduced in the home, should
not sound as though the person speaking is in an audi-
torium or large hall. What effect then, is desired ? The
speaker’s voice, in the home, should sound as though
the person speaking were actually in that home. Only in
this manner can the “intimacy,” so desired by producers
be achieved; that is, without the breath and lip sounds
which are heard when a person speaks directly intoa
microphone from a distance of three or four inches.

This can be accomplished by treating a specch studio
in such a manner that the acoustical characteristics of
the room neither add nor detract anything from the
tones of the speakers’ voice. The optimum cnaracteristic
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Fig. 2—Optimum ratio of reverberation time at any frequency to
that at 512 cycles per second, in per cent, for auditoriums.

for a speech studio then, is one having a very low re-
verberation time which is fairly uniform throughout the
lower and middle audio frequencies. The reverberation
time at the high frequencies may be allowed to be 20 to
25 per cent greater than at 512 cycles. This rise at the
higher frequencies provides greater intelligibility and
also allows for the presence of one or two extra persons
in the studio without materially affecting the reverbera-
tion-time—frequency curve.

Harvey Fletcher, in his articles on high-fidelity trans-
mission, has demonstrated that the intelligibility of
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speech sounds is translated through the higher tones,
those above 500 or 1000 cycles, while the apparent in-
tensity or volume of speech sounds is provided by the
tones having frequencies lower than these values.

A preponderance of low bass reverberation tends to
make the voice sound “boomy,” and impairs the intel-
ligibility of speech, rather than to improve the quality
of reproduction. )

Three such speech studios have been built at station
WOR. These vary in volume from 1000 to 1600 cubic
feet. The calculated reverberation time at frequencies
from 128 to 2048 cycles varies from 0.4 to 0.5 second and
at 4096 cvcles is approxi'mately 0.6 second. The low bass
resonance so frequently heard on speech broadcasts is
entirely lacking in broadcasts from these studios.

As stated previously, the principal objective in the
design of these studios was expressed: “Should sound
as though the person speaking in the studio were actu-
ally in the room in the home.” This result has been at-
tained by adjusting the studio characteristics so that
they do not change the quality of the speaker's voice
materially. The remarkable fact is that proper acousti-
cal characteristics of the studio improve the reception
by all types and grades of radio receivers, regardless of
their frequency characteristics. This paper will en-
deavor toshow how, through the use and arrangement of
acoustical materials, this objective was accomplished.

About six years ago the Johns-Manville research de-
partment, at their acoustical laboratory, started work
on the development of special sound-absorbing treat-
ments to be used primarily in broadcast studios, audition
rooms, and similar spaces. This research resulted in the
development of three types of acoustical treatments
known as high-frequency, low-frequency, and triple-
tuned elements. These threc treatments are all composed
of rock wool of different densities and thicknesses, used
in conjunction with diaphragms of various densities anc
weights. and all in turn covered with perforated Trans-
ite. The Transite is used as a protective covering mate-
rial, presenting a hard finished surface, readily capable
of maintenance, decoration and repair. Perforated
Transite also has the acoustical property of proportion-
ately greater reflection of sound for the frequencics
above 2000 cycles, as compared to the frequencies below
2000 cycles. The actual laboratory sound-absorbing
values of these three treatments as determined at the
Johns-Manville acoustical laboratorv at Manville, New
Jersey, are given in Table I.

A better comprehension of the sound-absorbing
values of these materials can probably be shown by
means of graphs.

Iig. 3 shows graphically the sound-absorbing char-
acteristics of these three materials. The low-frequency
element has a sharply descending curve as the frequency
rises, the high-frequency element has a sharply ascend-
ing curve as the frequency rises, and the triple-tuned ele-
ment has, for a commercial acoustical material a curve
which has a fairly uniform or flat characteristic over the
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frequency range. 1t might be considered as the product
obtained by combining the other two treatments.

TABLE 1|

Frequency In"Cycles Per Second

N~

8 | 256 | s12 | 102a | 2048 | 1006
I

Percentage—Sound Absorption

High-frequency element 20 46 ss 66 | 79 78
Low-frequency eclement 66 60 S0 50 35 20
Triple-tuned element 66 61 80 74 | 79 75

By adjusting the amounts of these three materials on
the interior surfaces of any studio, it is readily seen that
the contour of any time-frequency curve can be con-
trolled or adjusted to any desired condition.
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Fig. 3— Sound-absorption coefficients, in per cent, of :
T.T.—]-M triple-tuned element
L.F.—]-M low-frequency element
H.F.—]-M high-frequency element

The studios referred to are WOR studios 8, 9, 10,
and 11, on the 24th floor of the building at Broadway
and 40th Street, New York, N. Y. In estimating the
desirable time-frequency curve, it was originally be-
lieved that the studio should have fairly flat absorption
characteristics up to about the 1000- to 2000-cycle range
with a rise in reverberation above that range not to
exceed about 25 per cent of the actual reverberation
time. It was belicved that a small drop in the time at the
low-frequency end would be permissible and might, in
fact, even be desirable. It was afterwards found that
this was very desirable and it is belicved that it is due
to the extremely low reverberation time below the 500-
cycle range that the studio gets away from the “boomi-
ness” of the male voice which is so evident in most
speakers’ studios.

All calculations for reverberation were made using
the Evring formula which is a modification of the origi-
nal Sabine reverberation formula. Sabine* showed “the
gencral applicability of the hyperbolic law of inverse
proportionality” between reverberation time and ab-
sorbing power as given by the relation: T=K 1"/a where
T"is the duration of the residual sound, 1”is the volume

4 qulacc C. Sabine, “Collected papers on Acoustics,” Farvard
University Press, 1900,
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of the room, and a is the absorbing power of the sur-
faces. Standardizing reverberation time as the time re-
quired for the intensity of sound to drop one millionth
of its original intensity, Sabine determined the constant
K and obtained in English units the equation: I’=0.051"
/Sa, where S is the surface of the room and a, is the
average coefficient of absorption.

Eyring® showed that the Sabine formula did not
hold in extremely dead rooms where the average sound
absorption coefficient exceeded 0.05. He developed the
formula: T=K1/—Slog. (1 —a,) in which the symbols
are the same as noted above.

The absorption coefficients for surfaces, people, and
furnishings were taken from the tables given by Knud-
sen.® The tables in his book were from data published
by Knudsen, Sabine, F. R. Watson, Bureau of Stand-
ards and other recognized laboratories.

A short description of the studios being discussed will
now be given in order to explain more clearly the actual
construction and layout.

Fig. 4—WOR studio 8 showing sizes and placement of
sound-absorbent panels.

Fig. 4 is a photograph of WOR studio 8. This studio
is approximately 14X 15X 8 feet, 6 inches high. As it is
placed in the corner of an irregularly shaped building,
it is fortunate in not having any two parallel walls of
any size. Furthermore, the ceiling is quite broken up
to conceal ventilating ducts. The volume of studio 8 is
approximately 1600 cubic feet.

All studios discussed are finished with plaster walls
and ceilings, linoleum floor, speaker’s table, two micro-
phones, and two chairs. Studio 8 had, in addition at the
time the tests were made, a studio grand piano.

Fig. 5 shows the calculated time-frequency curve and
the actual time-frequency curves which were obtained
by tests with a high-speed level recorder.

Curve C-C is the calculated design curve. Curves 4/

¢ Carl F. Eyring, Jour. Acous. Soc. Amer., vol. 1, p. 217; 1930.
% Vern O. Knudsen, “Architectural Acoustics,” John Wiley and
Sons, New York, N. Y., 1932,
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and A2 are the conditions as determined by two test
runs made with the high-speed level recorder. Curve 41
was obtained when the microphone was placed directly
in front of the speaker source, face to face, and about
two feet away from it, both near the center of the room.
Curve A2 was obtained when the microphone and
speaker were placed back to back about two feet apart
and facing opposing walls.
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Fig. 5—C—calculated reverberation-time—frequency curve for
studio 8. A1 and A2—curve of measured reverberation time, at
various frequencies, of studio 8.

The test procedure for making the reverberation time
runs was made in the following manner: Decay-time
records were obtained with a high-speed level recorder
manufactured by Georg Neumann and Company, Ber-
lin, Germany, Type Pz-No. 62. This instrument is as-
sembled for a 50-decibel range with attenuator box
Type PS. No. 40. The sound sources were Bell Tele-
phone Laboratories records BTL 108, BTL 175. These
arc warble records over the following six ranges, in
cycles per second: 160 to 250, 260 to 500, 500 to 1000,
1000 to 2000, 2000 to 3000, and 3100 to 5400. The war-
ble was rapid, approximately seven warbling cycles per
second. Regular studio loudspeakers and pickup micro-
phones were used, with their associated amplifiers. The
signal was broken by quickly pulling out a lead plug in
the loudspeaker circuit. Three decays were taken at each
frequency range and averaged for the data given.

The values shown are reverberation times, that is,
time in seconds for the sound-pressure level to drop 60
decibelsfromitsinitial steady-state condition. A straight-
line slope was drawn on the record, using the first 40
decibels of the decay. The tape speed was 50 millimeters
per second. From these the reverberation times were
computed.

The microphone-speaker-position relation was chosen
and a record taken over the frequency range. Another
microphone-speaker-position relation was then taken,
and a second record was run. Except in studio 8, these
relations were so chosen as to avoid directing the speaker
into the microphone, in order that the record would give
random sound energy.

Studios 9 and 11 are twins but not quite duplicates.
They are twins as far as their size goes, each being 8 feet,
4 inchesX 15 feet, 9 inchesX8 feet, 3 inches high and,
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having a volume of approximately 1050 cubic feet. They
are not duplicates because one is right hand and the
other reversed. Building considerations made the ar-
rangements of acoustical materials, doors, etc. some-
what different, but the amounts of acoustical treatment
and the furnishings of both studios are the same. Fig. 6 is
a photograph of studio 11 and Fig. 7 is the calculated
and actual time-frequency curves for studio 11.

Fig. 6—View of studio 11.

Through the middle range, the actual and calculated
time-frequency curves came fairly close together, but at
the low frequencies the actual time-frequency curve was
considerably less than the calculated. Fig. 8 shows the
calculated and actual results in studio 9.
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Fig. 7—C—calculated reverberation-time—frequency curve of Stu-
dio 11. A—curve of measured reverberation of studio 11.

Here again the actual and calculated time-frequency
curves came reasonably close in the middle range, but
again the actual time-frequency curve was much lower
than the calculated time-frequency curve for frequen-
cies below 2000 cycles.

As noted before, in the calculated results the coeffi-
cients of the sound-absorbing materials used were taken
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Fig. 8—C calculated reverberation time and A—measured rever-
beration time of studio 9.

from laboratory values. It is generally recognized that
all acoustical measurements made electrically with high-
speed recording devices usually indicate reverberation
times considerably below the calculated results. We
believe this is largely due to the method used in making
the laboratory tests on the sound-absorbing values of
the acoustical materials. In the laboratory, tests are
made on one solid unit or panel of the material to be
tested, placed on one surface of the cubical proportioned
room. The equivalent amount of sound-absorbing ma-
terial broken up in small segments and distributed on
the various surfaces of the room does undoubtedly give
higher unit sound-absorbing values. This has been
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Fig. 9——Calculatcd an(l‘measured reverberation time of studio 10 as
previously treated. The acoustical treatment of this studio now
is similar to studios 8, 9, and 11,

proved by Parkinson.” As the material used in all these
studios was predominantly low-frequency sound-ab-
sorbing elements, the studios undoubtedly had consid-
erably more low-frequency sound-absorbing value than
had been calculated. However, as was mentioned before,
the very low reverberation time at the low frequencies
certainly gives a much better tonal quality to the studio
when used for the male voice.

1 H .
John S. Parkinson, “Area and pattern effects in the measure-

lir'l)g%t of sound absorption,” Jour, Acous. Soc. Amer., vol. 2, p. 112;
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As a comparison with the three studios described
above, reference is made to studio 10 which is one of this
same group of studios. This studio was built long before
the other three studios;in fact, it antedates Pearl Har-
bor and the demand for small speaker studios was not
so urgent at that time. Studio 10 has approximately the
same proportions, dimensions, and furnishings as 9 and
11. It was originally designed to follow the standard
practice for a speakers’ studio, using the accepted curve
for music or speaking and bringing the reverberation
time down to adjust it to the volume. It is interesting to
compare, in Fig. 9, the actual and calculated time-fre-
quency curves of this studio with the three studios pre-
viously discussed.

The actual reverberation times, as shown by the high-
speed level recorder, are considerably less than the cal-
culated times over the entire range. The contour of the
graph of the actual times is entirely different from that
of the other three studios. It shows high reverberation
times at the low frequencies and after vacillating
around the middle range, drops down at the high fre-
quencies. The quality of speech from this studio 1s dis-
tinctly inferior to that of the other three studios, and
the only possible cause for this is the difference in
acoustical adjustment. These comments on this studio
have been borne out by various commentators who have
used all of the studios. They uniformly are loud in their
praises of the first three studios, and all prefer any one of
the three studios to studio 10 for their work. Since this
paper was written the acoustical material and arrange-
ment of this studio have been made to conform to the
other three.

It will be noticed from observing the photographs
that the acoustical treatment is broken up into small
panels and these panels are distributed in irrcgular ar-

rangement on walls and ceilings. This tends to break up
the large-order reflections. In addition to this, the sur-
face of nearly all the acoustical panels are sloped. This
degree of slope varies in the different panels, being be-
tween 5 and 10 degrees. This slope tends to break up the
standing sound waves in the room, and in this manner
minimize the serious peaks that often occur in the time-
frequency reverberation curve. Then, too, there was ab-
solutely no symmetry about the arrangement, size, or
slope within the limits mentioned for the acoustical
panels. The sloping of the panels and degree of slope
were studied from a common-sense point of view, care
being taken that the slopeson opposing parallel surfaces
were placed in different planes so as to obtain as much
as possible three-dimensional dispersion of the surface-
reflected sound. This has been accomplished very well
as the decay-time curves from the high-speed level re-
corder show a very straight drop for the first 40 decibels
with no large pronounced peaks or valleys. The last 10-
Jecibel drop was slightly wavy but this was probably
due to extraneous sounds picked up by the microphone,
and probably not due to decay of sound in the room.

The three studios have received nothing but favorable
commendation from all speakers who have used them.
When a person speaks in one of these studios, the natu-
ral tonal quality of the voice is very noticeable. Several
news commentators have remarked at the ease of speak-
ing in these studios, as their voices in these studios have
a natural ring and not the blanketed effect that comes
from a predominance of high-frequency sound-absorb-
ing material. The net result to the auditor in his home
with a fairly good commercial receiving set and speaker
seems to be very similar to the effect of a person talking
in the room without any appreciable loss due to trans-
mission and reproduction facilities.

Polydirectional Microphone-
HARRY F. OLSON {, ASSOCIATE, I.R.E.

Summary—This paper describes a polydirectional microphone
consisting of a single ribbon, the back of which is coupled to a
damped folded pipe and an inertance in the form of an aperture. A
single infinity of directional characteristics, ranging from bidirec-
tional, through all variations of unidirectional to nondirectional, may
be obtained by simply varying the size of the aperture.

INTRODUCTION

ROM the inception of sound reproduction it was
Fapparent to those associated with the problems
- of sound pickup that some form of directivity was
desirable in the sound-collecting system to improve the

* Decimal classification: R385.5. Original manuscript received by
the Institute, May 18, 1943; revised manuscript received, July 26,
1943. The development work on this microp{:one was completed
several years ago. This paper was written on September 21, 1941,
but it was not published in 1942 as was then contemplated. Presented,
Winter Conference, New York, N. Y., January 28, 1943.

t+ RCA Laboratories, Princeton, New Jersey.

February, 1944

ratio of direct to reflected sounds and thereby improve
the reverberation characteristics and otherwise discrimi-
nate against undesirable sounds. Horns and reflectors
were used for the early directional sound-collecting
systems. As the fidelity of reproducing systems was
improved, it became apparent that considerable distor-
tion in the form of frequency discrimination in both the
direct and reflected sounds was introduced because the
directional characteristics of the horn and reflector
systems varied with frequency. About ten years ago the
velocity directional microphone' was developed which
exhibited uniform directional characteristics over the
entire audible spectrum. This microphone established

t |1, F. Olson, “Mass controlled electrodynamic microphone: The

ribbon microphone,” Jour. Acous. Soc. Amer., vol. 3, pp. 56-68;
July, 1931.
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the usefulness and superiority of a sound-collecting
system with uniform directional characteristics.

The conventional velocity microphone consists of a
single mass-controlled ribbon with both sides freely
accessible to the medium. The many desirable per-
formance characteristics exhibited by this microphone
may be attributed to the obvious simplicity of the
vibrating system. The constants of the systern may be
chosen so that response and directional characteristics
will be uniform over the entire audible frequency range.
The nonlinear distortion for the intensity range of the
human ear is a small.fraction of a per cent. The light-
mass-controlled system insures good transient response.

The polar directional characteristic of the velocity
microphone is bidirectional. For certain sound pickup
problems, unidirectional characteristics are more desir-

POLE PIECE

- RIBBON APERTURE

CONNECTOR

MAGNE T
TO DAMPED

PIPE OR
LABYRINTH

Fig. 1—The elements of a single-ribbon polydirectional microphone.

able. Accordingly, shortly after the development of the
velocity microphone, a unidirectional microphone?-?
with uniform directional and frequency response over a
wide frequency range was developed. The conventional
unidirectional microphone consists of the combination
of a pressure element and a velocity element. The origi-
nal unidirectional microphone employed ribbon ele-
ments for both the velocity and pressure elements. Em.
ploying ribbon elements makes it possible to maintain
uniform phase relations between the velocity and pres-
sure elements without resorting to correcting networks.
The acoustic fidelity of the unidirectional microphone
is essentially the same as that of the velocity micro-
phone.

tH. F. Olson, “A uni-directional ribbon microphone,” Jour.
Acous. Soc. Amer., vol. 3, p. 315; January, 1932.
3 H. F. Olson and J. Weinberger, U. S. Patent, Reissue. 19115,

February

In view of the importance of directional microphones
and the high fidelity of ribbon transducers, work has
been continued on these systems with the object of
increasing the scope and simplifying the vibrating
system. As a result of this work a polydirectional micro-
phone, known as the Varacoustic microphone, has been
developed consisting of a single ribbon, in which it is
possible to obtain any type of limacon*® directional
characteristic. It is the purpose of this paper to describe
a single-ribbon polydirectional microphone.

DiscrirTioN

The single clement unidirectional microphone is
shown in Vig. 1. The ribbon is located in the air gap
formed by the pole pieces. A permanent magnet sup-
plies the tlux to the air gap. The entire one side of the
ribbon is covered by the labyrinth connector. The con-
nector, in turn, is coupled to a damped pipe or labyrinth.
The type of directional characteristic is governed by the
size of the aperture in the labyrinth connector.

The action of this microphone can be obtained from
Fig. 2 which shows the schematic view of the micro-
phone and the acoustic circuit. The sound pressure
acting on the open side of the ribbon may be written

/’l = por€’ wt+¢,) '.1

where po, =amplitude of the pressure

w=2nrf

f=frequency

=time, and
#1=phase angle with respect to a reference
point.

The sound pressure acting on the aperture in the
labyrinth connector may be written

l) :__pozéj wi+e,) \-2.)

where po =amplitude of the pressure, and
¢:=phase angle with respect to a reference
point.

‘A liv.nacon.is a curve defined by e=a+b cos 0. \Vhen a =0, e=b
cos 0, a lngjnr_ectnonal characteristic. When b=0, e =g, a nondirectional
characteristic. When a =b, e¢=a+a cos 0, a tardioid characteristic.
For other values of @ and b any type of characteristic of this family
may be obtained.

. ¢ Sce H. F. Olson, “Elements of Acoustical Engineering,” D. Van
Nostrand Co., New York, N. Y., 1940.
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Fig. 2—Front view and cross-sectional view of a polydirectional microphone
and the acoustic circuit of the acoustic system,
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The reference point for the phase may be changed so

that )
p1 = porelte? 3

P2 = Pozef(“‘+°'). €))
The phase angle ¢ is a function of the angle of the

incident sound as follows:
¢3 = ¢ cos § (5
where 8=angle between the normal to the surface of
the ribbon and the direction of the incident

sound, and
¢ = constant phase angle.

and
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Fig. 3—The acoustic system, the acoustic circuit, and the directional
characteristics for various values of the aperture M2, 74,
The volume current of the ribbon due to the pressure

p1is
Pi(za2 + 243)

Za1242 + 2a1243 + 242243
zn=raatjoM,

ras—@rasMpCan+iwMs— jo* MsM nCar

1—w2Crr(Mp+ Ms) +jw7ASCAIt

2a2="a2tju M
2A3=Ta3

Xx it (6)

where

r a4 =acoustic resistance of the air load on the
ribbon
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M4 =inertance of the air load on the ribbon

r1s =acoustic resistance of the slit between the
ribbon and the pole pieces

Ms=inertance of the slit between the ribbon and
the pole pieces

Mg =inertance of the ribbon

C.r = acoustic capacitance of the ribbon

r a2 = acoustic resistance of the aperture

AM,=incrtance of the aperture, and

r 43 = acoustic resistance of the damped pipe.

Since the acoustic impedance due to the inertance and
resistance of the slit between the ribbon and pole pieces
is very large compared to the acoustic impedance of the
ribbon, these two elements may be neglected. Further,
since the resonance of the ribbon is placed below the

1.0y
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Fig. 4—The ratio of the energy response of the polydirectional micro-
phone having a directional pattern defined by e=a-+b cos 0 as
compared to a nondirectional microphone as a function of the ratio
a+b. Exp, energy response of a nondirectional microphone. Ep,
energy response of the polydirectional microphone.

audible range, the acoustic impedance due to the

acoustic capacitance of the ribbon may be neglected for

the audible frequency range. Then,
zar=raatjoMatjoMr=ratjeM;.

The volume current of the ribbon due to the pressure

p2 18

. p2(z43) .

Xo=i———— (7
241242 + 241243 + 242243

The resultant volume current Xz of the ribbon is the

difference between (6) and (7).

X;n — ‘Yl A Xz. (8)
The value of the phase angle ¢ can be determined from
the geometry of the microphone. The values of the
impedance can be determined from the mass and dimen-
sions of the ribbon, the area of the damped pipe or
labyrinth, and the diameter of the aperture in the
labyrinth connector.

The directional characteristics of the microphone are
controlled by varying the area of the aperture in the
labyrinth connector. The cffect of varying the aperture
can be obtained from the schematic view and the
equivalent circuit. See Fig. 3.

[n Fig. 3A the aperture is so large that the back of the
ribbon is effectively open to the atmosphere. In this
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a=0 64a=b 4a=b 3a

Fig. 7—A few of the single infinity of directional characteristics obtainable with the polydirectional microphone.

case the acoustic impedance 2.2 is zero. Therefore, the
resistance ras of the labyrinth is effectively short-
circuited. The action then is exactly the same as that
of the velocity microphone. From (6), (7), and (8) the
volume current of the ribbon is

XR=X1""X2=‘(pl' p’z)— (9)

Za1

If the amplitudes of py and p, are equal, then

pm J— POlfM cos §

Xn= (10)
ZA1
If the angle ¢ is small
y 3 Ap cos 8
L AP B (11)
Za1 Za1

where Ap=pa¢ the difference in pressure between the
two sides of the ribbon.

Equation (11) will be recognized as that of the
velocity microphone. The directional characteristic is
bidirectional.

In Fig. 3E the aperture is closed. In this case the
acoustic impedance za. is infinite Under these condi-
tions the pressure p: is ineffective. From (6), (7), and
(8) the volume current of the ribbon is given by

- y . . i 4
Xn=X1~X2=X1 ) k]2)
Za1 + 243
Equation (12) will be recognized as that of the pressure
ribbon microphone. The directional characteristic is
nondirectional

Using an aperture which may be varied, it is possible
to obtain any limacon characteristic between the
cosine bidirectional Fig. 3A and the nondirectional
characteristic Fig. 3E, as depicted by Fig. 3, parts
B, C, and D). The directional characteristic of Iig. 3C
is given by

e =a-+ acosb. (13)
This is a cardioid characteristic which is obtained in the
two-element unidirectional microphone by making the
output of the bidirectional element equal to the non-

Fig. 8—Varacoustic-microphone.

directional unit. The directional characteristic of Fig.
3B is given by
e = a/2 + 3a/2 cos 0. (14)

For a wider directional pickup angle the characteristic
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of Fig. 3D may be more desirable. This characteristic
18 given by

¢ = 8a/7 + 6a/7 cos 0. (15)

The encrgy response to random sounds as compared to
that of a nondirectional microphone is } for the bi
directional characteristic, Iig. 3A, and the cardioid
characteristic, Iig. 3C. The cnergy response for the
characteristic of Fig. 3B is 1. This is the maximum
value of discrimination obtainable in this microphone
That is, the energy response varies from { to { and back
again to } in going from the bidirectional characteristic
Iig. 3A, to the cardioid characteristic of Iig. 3C. The
energy response of the characteristic of Fig. 31) Kiven
by (15) is 0.39. The energy response varies from jtol
in going from the cardioid characteristic of Fig. 3C w
the nondirectional characteristic of Iig. 3E. The gencral
expression for the directional characteristics obtainable
with this microphone is

¢=4a+ bcosé.

(16)

‘The ratio of the energy response'* of this microphone
as compared to a nondirectional microphone for any
ratio of @ to b is shown in Fig. 4.

As mentioned in the early part of this paper, an iin
portant requirement of a sound-collecting system is a
directional characteristic which is independent of the
frequency. Small deviations from a uniform directional
characteristic, particularly in the angular range of high
attenuation, are not serious because this region is used
for discrimination and not pickup. The theoretical
response-frequency  characteristics of the polydirec
tional microphone for aperture settings to yield the
following characteristics; bidirectional, nondirectoinal
cardioid, and limacon of maximum discrimination char
acteristics, are shown in Fig. 5. The experimentally
determined characteristics for the same aperture setting
are shown in Fig. 6. As in the case of the conventional
velocity microphone, the directional characteristics for
the bidirectional setting are independent of the fre.
quency, Fig. 6A. For the nondirectional position, sec

Fig. 63, the pickup s independent of frequency up o
3000 cycles. The maximum deviation of 10 decibels
occurs between 0 and 180 degrees. However, from 0 to
45 degrees the maximum deviation is less than 3 dec
bels. In the case of the cardioid, Vig. 6C, the shape of
the response characteristics in the front hemisphere is
practically independent of the angle of the incident
sound. The discrimination for 180 degrees is more than
30 decibels in the important range of 100 to 4000 cycles
I'rom 40 to 100 cycles the average attenuation is more
than 25 decibels. From 4000 to 14,000 the average
attenuation is more than 20 decibels. In the case of the
limacon,a/243a/2 cos 8, the shape of the response char
acteristics in the front hemisphere is practically inde-
pendent of the angle of the incident sound. The attenu
ation for 110 degrees is more than 30 decibels over the
range from 40 to 4000 cycles. This attenuation is some
what greater than that of the cardioid. It has been found
that for the change from the bidirectional character
istic to the cardioid characteristic, the attenuation is
progressively greater in the zone of minimum reception
as the characteristic recedes from the cardioid form and
advances toward the bidirectional characteristic form
However, the attenuation for the angle of 180 degrees
m the cardioid position is greater than can be usefull
employed in practice. An important factor is uniform
response in the useful angular pickup zone. This pre
cludes discrimination in the direct sound. Another im
portant factor is uniform response to random sounds
Iu all the types of directional characteristics obtainable¢
with this microphone the energy response is practically
mdependent of the frequency. This precludes discrimi
nation in the reverberant or generally retlected sound

A few of the single nfinity of directional character.
istics obtainable with this type of microphone are shown
mn Fig. 7.

A\ photograph of the commercial design of the pol. -
directional microphone known as the Varacoustic micro.

phone is shown in Fig. 8. This design was developed by
L. J. Anderson.




Representation of Impedance Functions in
Terms of Resonant Frequencies:

S. A. SCHELKUNOFF , ASSOCIATE, L.R.E.

Summary—The conventional extension of Foster's reactance
theorem to electric circuits with an infinite number of degrees of
freedom (sections of transmission lines and cavity resonators) leads
to series which converge so slowly that often seemingly natural ap-
proximations make the series actually divergent. There exist, how-
ever, modified expansions which are suitable for numerical calcula-
tions and which admit of an attractive physical interpretation.Similar
expansions can also be obtained for the transfer impedance. The
method of approach is function-theoretic and is based on the as-
sumption that the driving-point impedance and the transfer imped-
ance are analytic functions of the oscillation constant. When these
functions are single-valued, they may be represented as certain
series of partial fractions or series of functions analogous to partial
fractions. In the case of pure reactances each term of these series
corresponds to a resonant circuit coupled to the input element or a
resonant transducer. The results are approximately true for slightly
dissipative systems.

[. INTRODUCTION

ST T HAS been shown by Foster! that the input im-
l[ pedance (or the “driving-point” impedance) of a

network composed of a finite number of self-induct-
ances, mutual inductances, and capacitances is equal
to the impedances of properly constructed networks of
types shown in Figs. 1 and 2. The number of parallel
circuits in Fig. 1 is equal to the number of natural fre-
quencies of the given network when the input terminals
are open. The number of series combinations in Fig. 2
is equal to the number of natural frequencies of the net-
work when its input terminals are short-circuited.
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Fig. 1—Representation of a reactive network.
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Fig. 2—Representation of a reactive network.

In principle there is no difficulty in extending Foster's
theorem to include systems with an infinite number of
natural frequencics either by representing certain solu-
tions of Maxwell's equations in terms of appropriate

* Decimal classification: R140. Original manuscript received by
tlgislnstntute, June 7, 1943; revised manuscript received, Augusr 9,

t Bell Tel\c/lphonc Laboratories, Inc., New York 14, N. Y.

t Ronald M. Foster, “A reactance theorem,” Bell Sys. Tech. Jour.,
vol. 3, pp. 259-267; April, 1924,

February, 1944
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orthogonal functions? or by function-theoretic methods.?
The only question is that of convergence of correspond-
ing analytic expansions. In some instances (in the case of
transmission lines, for example), the series are known to
converge. Perhaps they always converge if the coeffi-
cients are given their exact values; but it is also true that
these series often fail to converge if certain seemingly
natural approximations in the values of the coefficients
are made. Even the expansions which are known to be
convergent, converge slowly. In this paper we obtain
modified expansions which converge more rapidly and
in which reasonable approximations can be made with-
out introducing serious errors. It turns out that these
new expansions possess an attractive physical interpre-
tation. Finally, we obtain similar expressions for the
transfer impedance.

In view of the practical importance of these analytic
representations of impedance and admittance functions,
we shall consider the entire problem anew, starting with
simple systems but in a way which permits desired gen-
eralizations and modifications. In order to avoid approx-
imations that would tend to obscure certain facts which
we are anxious to bring out, we shall start with nondis-
sipative systems; then we shall extend the results to
dissipative systems.

II. THE ADMITTANCE OF A SIMPLE
SERIES CIRCUIT

Consider a circuit consisting of an inductance L and
a capacitance C connected in series as shown in Fig. 3.
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Fig. 3—Parallel-resonant circuit.
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Its impedance and admittance across the input termi-
nals 4, B are
7 = i(wl — 1/«C), YV =1/Z = iuC/(1 — o:C), (1)
where w is the frequency in radians per second. The im-
pedance vanishes and the admittance becomes infinite
when -
w=+06, 6&=1/VLC; (2)
& is the natural frequency of the circuit with its input
terminals short-circuited as in Fig. 4. Expressing the

3 E. U. Condon, “Forced oscillations in cavity resonators,” Jour.
Appl. Phys., vol. 12, pp. 129-132; February, 1941.

A derivation similar to Condon’s is given also in an unpublished
report by J. C. Slater.

3S. A. Schelkunoff, “Electromagnetic \WVaves,” D. Van Nostrand
Company, Inc., New York, N. Y., 1943.
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admittance in terms of &, we have

V = iw@?C/(6% — w?) = jw/L(6? — w?). (3)

The energy content of the circuit at resonance is
€ =1L, 4)

where I is the amplitude of the current; therefore
L =2€ (5)

where € is the energy stored in the circuit at resonance
when the input terminals are short-circuited and the am pli-
tude of the current passing through them is unity. The ad-
mittance may then be expressed as

¥ = iw/2E(6? — w?). (6)

A

Fig. 4—Series-resonant circuit.

111, THE IMPEDANCE OF A SIMPLE
PArRALLEL CIirCUIT

Consider now a parallel combination of an inductance
and a capacitance as shown in Fig. 5. Across the termi-
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Fig. 5—Series connection of an inductance and a capacitance.

nals 4, B the admittance and impedance of the circuit
are
V = i(oC — 1/wl), Z = iwl/(1 — w:LC). (7)

The admittance vanishes and the impedance becomes
infinite when

1/VLC, (8
w is the natural frequency of the circuit when the input

terminals are left open. Expressing the impedance in
terms of @, we have ,

w=+ @

Z = iw/C(&* — w?). (9)
The energy of the circuit at resonance is
€ = icvy, (10)

where V' is the voltage amplitude across the terminals;
therefore

C =2€, (11
and Z = iw/2E(o? — w?), (12)

where € is the energy stored in the circuit at resonance
when the input terminals are open and the amplitude of the
voltage across them is unity.

Febr vary

IV. CONSTRUCTION OF IMPEDANCE AND ADMIT-
TANCE FuNcTIioNs HAVING PRESCRIBED SIMPLE
PoLEs AND GIVEN RESIDUES AT THESE POLEs

For a number of parallel circuits connected in series
as shown in Fig. 6 the impedance function is simply the
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Fig. 6—Impedance with prescribed poles.

sum of impedance functions of the type (9) or (12);
thus

7= iw/Ca(@. — w?) = 2 iw/2E.(@2 — w?), (13)

where @ =0+, @, -, + @m, (14)
are the given simple poles and
1/iCo = 1/2i€q, + 1/2iCy = & 1/2i€,, ¢ v+,
1,2iC., = + 1/4iE. (15

are the residues. The isolated capacitor is a “parallel
circuit” with an infinite inductance. The point w= « is
azeroof Z.

Now it is well known in the theory of functions of a
complex variable that any single-valued function which
has the same poles and residues as Z can differ from Z
only by an entire function.® It is easy to prove that the
impedance of a finite network varies ultimately as fwL,
where L may be zero. Thus any other impedance func-
tion which has the same singularities in the finite part
of the plane as Z can differ from it only by iwL. Hence
if we add a series inductance to the network in Fig. 6, we
can say that it has the same impedance as any other
network having the same poles and residues. .

The coefficient L is twice the maximum energy €
stored in the circuit at infinite frequency when the
amplitude of the current through the input terminals is
unity. Hence our gencral impedance function having a
finite number of simple poles may be expressed as

Z 2iw€ + Z 1w/2E.(&,? — w?). (16

A positive reactive network can have only simple
poles and zeros and these must be on the real frequency
axis. For if some &, has an imaginary part, the ampli-
tude of the corresponding natural oscillation will either
increase or decrease indefinitely; this cannot happen
unless there is either a concealed source of energv in the
network or a resistance. And if anv zero or pole is of the
order higher than unitv, then the impedance Z(p), where
p=£+1w, will be negative at some points in the right

! A function such as a polynomial or an exponential function
which has no singularities in the finite part of the plane.

* A constant term is ruled out because the impedance of a purely
reactive network is an odd function of .
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half of the p plane and this also would require concealed
sources of power. Thus, for systems with a finite number
of degrees of freedom, (16) and the representation in
Fig. 1 are quite general.
The poles of Z are the zeros of ¥ and it is easy to show
from (16) that
Y'(G,) = iB'(4n), B'(a.)=4E., if n =0, a7
Y'(0) = iB'(0), B'(0) = 2E,. (18)
Thus most of the coefficients in (16) are related to the
slopes of the susceptance at its zeros. The first coefficient
is related to the ultimate slope of the reactance function.
What we have said about the impedance function of
networks in Figs. 1 and 6 can be repeated for admit-
tance functions of the networks shown in Figs. 2 and 7.

and
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Fig. 7—Impedance with prescribed zeros.
Thus we write
V = iwC + 2 iw/La(&,:? = o
= 2ik + 3 iw/2E.(6a2 — W), (19)
260 = iX'(én),  X'(6n) = 4E., i n =0,
(&) (&n) ) (20)

2'(0) = ix'(0), X'(0) = 26,

V. A SIMPLE [LLUSTRATION

As a simple illustration of how the foregoing expan-
sions can be used let us obtain the input impedance of
the network shown in Fig. 8. If the input terminals are
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Fig. 8—Inductance coupled to a resonant circuit.
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open, the network has only one natural frequency and
this is unaffected by the coupling; thus

w=1/vIC. (21)
Next we compute the energy of the system on the as-
sumption that the voltage between A and B is unity. To
begin with we express the energy in terms of the cur-
rent amplitude /; thus

2€ = LI (22)

The voltage across AB is oLyl and if this voltage is to
be unity, / must equal 1/wLy; hence

2E = L/, (23)

Next we calculate the maximum energy € of the cir-
cuit at infinite frequency on the assumption that the
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terminals A, B are short-circuited and the amplitude of
the current through them is unity. At infinite frequency
the impedance of the capacitor is zero, the impedance of
the secondary circuit isiwL, the impedance coupled into
the primary circuit is.wLy?/iL, the effective inductance
of the primary circuit is Ly~ Lx?*/L, and

26 = L, — La*/L.
Substituting (23) and (24) in (16), we have
Z = iw(L, = (Ly?/L) + i0*Ly*w/L(a* — w?). (25)

For future reference let us note that this equation may
be written in the following form:

. @2 w 1w
Z = iwl, + — . ==
/5 @?! — w?
that as the frequency approaches zero the contribution

from the last terms becomes negligible as compared to
that of the first term, and that consequently

Z—’ ile.

(24)

(26)

(27)

V'I. IMPEDANCE AND ADMITTANCE FUNCTIONS OF
SysTEMS WITH AN INFINITE NUMBER OF
NATURAL FREQUENCIES

If the oscillating system has an infinite number of
natural frequencies we have no a prior: assurance that
expansions (16) and (19) will converge. The convergence
of these series has nothing to do with the actual exist-
ence of functions Z and ¥ but depends on their analytic
properties.

Mittag-Leftler's theorem in the theory of functions
of a complex variable states that it is always possible to
construct a function which is analytic in the finite part
of the plane except at given simple poles and that any
other function having the same poles and the same resi-
dues at these poles differs from the original function by
an additive entire function. Consider an infinite se-
quence of poles arranged in the order of increasing mag-
nitude
(28)
and assume that we found an integer p such that the
series

wi, W2, W3, ° °°

i 1

nel En(:’nzp

(29)

converges. Next we consider the following expansion

1 1 @t  wh wi(rh
_— e - - 4 -+, (30)
l=w? @2 @t w.° wnlP
It can then be shown that the series
I | w w 1w tw?r—3
Z1=Z - e = (31)
; 28" R B TR T o201

is convergent if w>a,.
We believe that in the case of impedance functions
encountered in practice the series corresponding to p =2

1 iw iw
-4 -
l ; 26,.[47,.2 w wn’]

will be convergent; but naturally the proof must be

(32)

===
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supplied in each case when the information regarding
the sequence of poles and residues is available.
Since (32) may be written in the form

Zym Yy —= —, (33)

it is evident that
Z\/iw—>0 as w—0, (34)

provided of course that (32) converges. Hence if at
vanishingly small frequencies the system has an in-
ductance L, then the complete impedance function is

= 1 ; o
B 0= S [ - ‘wJ. (35)

T 26.Le? — w @

Similarly for the admittance function, we have

¥ C Z": 1 w w 36)
ey 1 2/5,.[0"2 - w? GJ,.’:I' &
Here C is the capacitance at vanishingly small frequen-
cies or a measure of the electric energy stored in the cir-
cuit when the input terminals are open and the voltage

across them is unity.

Compare now (35) with (26) which was obtained for
the circuit shown in Fig. 8. As we should have expected
expansinns (16) and (35) are the same if both are con-
vergent. Furthermore, if we write the impedance of the
circuit directly in terms of the impedance of the pri-
mary and the impedance coupled from the secondary,
we have

Z = iwl, + w:Ly?/i(wl — 1/uC)
= 1wl + fw’Ly?/L(&? — w?). 37
Comparing this equation with (33), we have
Ly?/L = 1/2E&2 (38)

Hence we may rewrite (35) as follows
[ l.w(;)nzL,u'"z iwLM,,,':]

il +- : ~
4Ly L(n? — ) Ta

1

Z

: {w3Ly .2
iwl + Z =

1 La(@n? — w?)

(39)

and interpret it as the input impedance of the network
shown in Fig. 9. Here L is the inductance of the pri-
mary circuit which consists of a loop coupled to a suc-
cession of independent simple circuits; L, is the induct-
ance of a typical secondary circuit and Ly, is the mu-
tual inductance between it and the primary circuit.

If the series formed by the first terms in the brackets
of (39) is convergent, then (39) mav be rewritten as an
expansion of the type (16); thus

AR TATANC) YR
Z=dw(l=L)+3 —————— (39')
T La(0,? — ?
2. Lo’
L' = .
2.

Of course, in the immediate vicinity of any natural fre-
quency one particular term is so much larger than the
rest that it does not matter whether Z is written in the
form (39) or (39'); but off resonance, particularly in the
lower-frequency range the situation is quite different.
For instance, consider two resonant circuits for which
Ll '71.2 L C] - C, C2=00]C
o1=a=1/VIC, @ = 103,

and let the sclf-inductances of the coupling coils and the
mutual inductances be equal to L and Ly, respectively;
then by (39) we have

7 = 2ivl + iw¥y?/L(&? — w?) + iw'La?/L(1006? — w?).

el
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Fig. 9—Representation of a reactive network.

If w=2a, the last term contributes an inductance equal
to 0.04L2/L. This represents a very small effect and
our formula is in agreement with our physical intuition
which tells us that we are so far below the higher reso-
nant frequency that the effect of the second resonant cir
cuit should be small. On the other hand if we write Z in
the form (39’), then we have

Z = iw(2L — 2Ly?/L) + id%wly?/L(&? — )
+ 100:0%wla?/L(1006? — w?).
In this case when w=2& the contribution of the last
term exceeds the contribution of the second term.

VII. A SIMPLE EXAMPLE OF AN OSCILLATING
SYSTEM WITH AN INFINITE NUMBER
OF NATURAL FREQUENCIES

Before passing to applications of the foregoing results
to cavity resonators, it will be instructive to consider a
casc of an oscillating system with an infinite number of

- e

Fig. 10—Section of a transmission lines short-circuited at the far end.

natural frequencies in which the expansion given by (16)
indubitably converges. Even in this case the expansion
given by (35) is preferable on account of its more rapid
convergence. Let us take an ordinary transmission line
of length I and let it be short-circuited at one end, Fig.
10. If x is the distance from the open end, then the volt-
age for a typical oscillation mode is

V(x) = cos ((2n + )wx/2l), n =0,1,2,3,--- . (40)
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The amplitude has already been adjusted so that
V(0)=1. The corresponding natural frequencies and
wavelengths are

o, = (2n+ Dr/2VIT, Ra=H/(Qu41), (41)

where T,C are, respectively, the inductance and capaci-
tance per unit length. The energy associated with a
typical mode is

!
2€, = c‘:f [V(x)]dx = 3CL. (42)
Therefore by (16) we have
o 2 3
22 (43)

nam() EI(‘(;JHZ o w"‘
The direct-current inductance of the line is 11; hence
by (35) we have

e ) 1w 1w
VA iwll + = [‘ - ]
a Zo Tlori=at B

I

iwll + i

n=0

(2n + 1)—’7r2 @2 — w?)

Since (43) and (44) are convergent, we must have

(44)

(43)

This is actually the case.

Let us now obtain (44) directly from (39) in accord-
ance with which we interpret the transmission line as a
simple loop having inductance L =11 and which is
coupled to its own oscillation modes. If the maximum
current amplitude is unity, the current distribution in
the line for a typical oscillation mode is

I.(x) = sin ((2n + 1)7x/2). (46)
The inductance for this mode is then
3
Lo 2E,= Zf [7.(x))2dx = 311 (47)
[}

The mutual inductance is equal to the flux coupled with
the loop; hence

- 211
Ly, = Lf I.(x)dx =
0

(2% + 1%

Substituting from the above equations in (39) we obtain
(44).

Similarly we can obtain the following formulas for
the admittance function of the transmission line shown

(48)

in Fig. 10
1 24
Wit zl(a":g’, o) 1\;;( . (49)
1 o 1 v . "
Sl 2 Tz,z[(;,"z = : ;uz]
iV 1 v =
e TR ,,2,,2(2?2(‘)3[ - (50)

It is noteworthy that the first two terms of this equation
represent an excellent low-frequency approximation to
the admittance of a short-circuited transmission line.
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VIII. THE INPUT IMPEDANCE ACROSS THE TERMINALS
or A Loopr IN A CAVITY RESONATOR

Let us now consider a cavity resonator with a per-
fectly conducting boundary and a perfectly conducting
loop ACB, Fig. 11. In practical calculations it is difficult
to avoid approximations; but before making them let
us consider an exact mathematical problem so that later
we could appraise the nature of our approximations. In
order to make the problem definite we assume that the
electric charge is transferred from B to 4 and back by
applied forces concentrated in a tubular region which in
Fig. 11 is indicated by dotted lines. The impedance of
the loop is then the ratio of the applied electromotive
force whose positive direction is from B to A, let us say,
to the current at A flowing into the loop. The applied
electromotive force is equal to the electromotive force
of the ficld taken from A to B along the boundary of the
“electric generator.”

Fig. 11—Loop inside a cavity resonator.

In accordance with the preceding section this im-
pedance may be expressed in the form (35) where w,. is a
typical natural frequency of the system obtained on the
assumption that the terminals of the loop are electrically

open, E, is the corresponding energy content when the
voltage from A to B along the boundary of the electric
generator is unity, and L is the “direct-current induct-
ance” of the loop as aftected by the cavity resonator. In
computing the latter the generator is to be short-cir-
cuited:; in the present case this means that on the bound-
ary of the generator we must suppose a perfectly con-
ducting sheet. The terminals of our generator are
“electrically open” if there is no current flowing inside
the tube occupied by the generator and that conse-
quently the generator is surrounded by a sheet of infinite
impedance? so that the magnetic intensity tangential to
it vanishes. Thus we have a complete set of boundary
conditions for obtaining the natural frequencies of the
system:

1. The tangential electric intensity vanishes on the
boundarics of the cavity resonator and the loop,

2. The tangential magnetic intensity vanishes on the
boundary of the “generator region.”

For obtaining L the secondary boundary condition is
replaced by: The tangential electric intensity vanishes
on the boundary of the generator region and the par-
ticular solution we are interested in corresponds to w = 0.

¢ Zero conductivity and infinite permeability.
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A variant method of expressing the impedance of the
loop in a cavity resonator is based on (39). The bound-
ary value problem to be solved is the same as in the pre-
ceding method.

The lowest natural frequencies of the complete system
may be divided roughly into two groups: 1) the natural
frequencies of the cavity as affected by the presence of
the loop and 2) the natural frequencies of the loop as af-
fected by the cavity. Naturally such scparation is im-
possible when a natural frequency of the loop is nearly
equal to a natural frequency of the cavity. I'or higher-
oscillation modes such proximity is unavoidable and
then we can speak only of the natural frequencies of the
entire system.

If now the loop is small, the lowest natural frequen-
cies of the cavity are affected but little by the loop and
the effect of the natural frequencies on the impedance of
the loop is small. This is certainly the case when the
length of the loop is so small that the current in it is
distributed substantially uniformly. Under these condi-
tions the input impedance of the loop is given bv (39)

where
s
Ly = uff I, .dS.

The volume integral is extended over the entire cavity
and the surface integral over a surface subtended by the
loop; I1, is the magnetic intensity for the » oscillation
mode, /1.* is the conjugate of it and I7, , is the normal
component of 77,,.

On account of rapid convergence of (39) a good ap-
proximation for the input impedance of the loop for fre-
quencies not exceeding the second natural frequency is

La

(51)

Zz zw]. + iw3L"!'12//Ll(‘:“'Z = w:’:

+ iwiLar 2 Lo(ws? — w?). (52)
In the vicinity of the first natural frequency only the
first two terms will usually suffice.

IX. THE INrUT IMPEDANCE OF A SLIGHTLY
DisSIPATIVE SYsTEM

The foregoing method of expressing impedance func-
tions in terms of the natural frequencies of the svstem is
exact when the system is nondissipative. If the system is
slightly dissipative, then we obtain an approximate ex-
pression based on retaining the physical picture cor-
responding to (39); thus we have

@ e ) 2
Z=R+iwl + Y — --rl-"ifL“'"-_ — (33)
nmt La(@a? — w? + 16,0,w)
where 6, is the relative bandwidth for the »* oscillation
mode or the reciprocal of the Q

0n = dw/w, = 1/Q,. (34)

February

X. THE TRANSFER IMPEDANCE ACROSS A
CAvVITY TRANSDUCER

The foregoing results can readily he extended to cav-
ity transducers, Fig. 12, which may be represented dia-
grammatically as shown in Fig. 13 with the understand-

Fig. 12—Two loops inside a cavity resonator.

T

Fig. 13—Representation of two loops inside a cavity resonator.

ing that the number of simple resonant circuits is infi-
nite. Thus the transfer impedance is

x 3
212 = l'lezo + Z - - LhiLG *‘ ’

wmt La(@.2 — w? 4 i8,0,0)
where Li;° is the low-frequency mutual inductance
between the loops in the cavity, L;, is the mutual in-
ductance between the first loop and the cavity,and L,, is
the mutual inductance between the second loop and the
cavity. If we are interested in frequencies which are of
the order of magnitude of the first resonant frequency or
higher, then L, is computed for frequencies which are
small compared with the first resonant frequency and
yet are sufficiently large to make the cavity a good
shicld. The field is then confined to the interior of the
cavity. At really low frequencies L,,° is affected by the
field spreading outside the cavity.

The ratio L%, /L. is the inductance coupled into the
primary from the n* mode at frequencies very much
higher than the corresponding resonant frequency and
may be referred to as high frequency coupled induc-
tance. Similarly the ratio L,, L,./L, is the high-fre-
quency transfer inductance.

55)

XI. ExaMPLES

Consider a parallelepipedal cavity the dimensions of
which are a, b, h, and let & be small. Let the inner con-
ductor of a coaxial pair extend into the cavity as shown
in Fig. 14. At frequencies for which # is substantially
smaller than a quarter wavelength the current in the
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wire is practically uniform and hence in the direction
parallel to & the field is substantially uniform. Hence we
need to consider only those oscillation modes for which
the electric intensity parallel to I is

E. = sin (mwrx/a) sin (nwy/b). (56)
When referred to a unit maximum E,, the energy con-
tent € of the cavity for a typical oscillation mode is

2€ = leabh = L..5.

The amplitude of the voltage induced in the wire is

(57)
W nLlm M = h sin (mn/2) sin (nw3/b), (58)
where 7 is the distance between the axis of the coupling

wire and the nearest cavity wall. The natural frequen-
cies are

Wm.n = mvN/m?/a® + n?/b?, (59)
where v is the velocity of light.
f—— —a — )
b

Fig. 14—Top and side views of a parallelepipedal cavity resonator.
From the above equations we have
. omw | nmy 4
[wmnLm ]2/ LS = 44 sin? 72-sm2 - / eab. (60)

Using (16) or the equivalent equation” (39’), we obtain

mm nwy

4hiw sin? ——sin? ——

z=3% 2
If a =b, then with respect to convergence this series be-

haves as
Z Z 1/(m* + n?) (62)

which is evidently divergent. It is quite likely that using
the exact values for wm,» and L. ." obtained by replac-
ing the conducting wire with a wire of infinite impedance
we should obtain a convergent expansion; but this is not
practicable.

On the other hand from (39) we have

€ab(wWm n? — W? + 10m n0m,n)

(61)

.3_2m7r‘2n1r)7
4hiw? sin - 51N ~-I~-
)

Z=iwl+ ZwZ - —

m,n eab“-‘m,n2(wmvn2_“’2+i6m.n“-‘m,nw

y o (63)

7 Including, however, the effect of dissipation.
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where L is the direct-current inductance of the wire (of
radius r) and is approximately®

L = (uh/47) cosh=} (2(3%/r%) — 1). (64)
The series is now convergent and is not sensitive to small
changes in the coefficients of higher modes.
In the case of a cylindrical cavity (Fig. 15) of radius
a and height &, small compared with a, the fields of the
lowest oscillation modes are given by

E, - J,.(kn,,,. p)cos né,  Ju(knn) = 0. (65)
a

Fig. 15—Top view of a cylindrical cavity resonator.

For the natural wavelengths and frequencies we have

Nvm = 2ma/ Ba,ms Wam = 6m X 103/ X0 m  (66)
where
ko1 = 2.40, ko2 = 5.52, ko= 865507
ki = 3.83, ko= 17.02, kia=10.17, - - - (67)
kay = 5.14, kyo = 8.42, kyy =11.62, -
ki, = 6.38, kie = 9.70, k3a=13.02,- -
The energy associated with each mode is
2E = weha®J 2 ko,m), Tf n=0, 68)
= Yreha®(T. (ko n) )% i n #0;
and the voltage induced in the coupling wire is
V = hJ . (kn,mpi/a), (69)

where p, is the distance between the axes of the wirc and
the cavity. Hence the high-frequency coupled induct-
ance is

= (Ln.mM)2 I-‘h)‘o.m2|:-’0(k0.m Pl/a) J2 i 0
= ————= - — 1, 1 n =
l"“mb 47('3(12 J[(kO,m)
])\n,m2 -’n kn,m a .
i [ (= )}, it w0, (70)
21!'3(12 -’n’(kn m)

The direct-current inductance of the coupling wire is
L = (uh/2x) cosh™! [(a® — p\* + r?)/2ar).  (71)

If s,=a—p is small compared with a, then approxi-

mately 4
n =10,

n # 0.

s Ignoring the effect of the far walls of the cavity.

Loy = phs*/na?,
= 2y11s12/7ra’,

(72)
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A typical high-frequency transfer inductance is
45 : FII)\O.mz-IO(kO.m Px/a) Jo (ko.m Pz/(l) 0
aml = 7 n=0,
4r%a?(J (ko m) |2 (73)
BN T (R om p1/0) T (Rnom p2/@) cos ngp
=_— v if n#0.
27%a2(J 2 (kn,m) |2

For low-frequency transfer inductance we obtain

’ 1

— h
L1

(p1p2/a)? — 2p1p; cos ¢ + a?
> 47

(74)
p1* ~ 2pipz cos ¢ + a?

There exists also a transfer resistance associated with
each oscillation mode; this resistance is negligible how-
ever in its effect on coupling between the coupling ecle-
ments.

At resonance the principal terms in the expansions
(53) and (55) are

Es =
n=0

Hence the total field is

E. = %iwu[.vowp') =5
n=0

(73)

P’(Z) = (;‘nzn/én — (;‘nQnLru
])f(Z]z) = (;‘nann"

There exists also the following relationship between

7 = }1'(»/1/1[— No(Br) + Z .
n=0
iz = %iwyll[— No(Bp12) + Z én
n=0

high-frequency inductances coupled into two coupling
elements and high-frequency transfer inductance

Zn' = \/anzn“-
The quantities @,, Q., ©.0.L, are measurable.

(76)

XII. CaviTy RESONATORS AS SECTIONS OF
WAVE GUIDES

Cavities considered in the preceding section may be
regarded as sections of wave guides. For example, a
coupling wire in a cylindrical cavity of radius a, Fig.16,
sends outward a cylindrical wave which impinges on the
lateral wall of the cavity and is reflected from it. For the

|
|
|
f— P —

Fig. 16—Side view of a cylindrical cavity resonator.

purposes of computing the reflected wave it is conven-
ient to regard the incident wave as emerging from a vir-
tual source along the axis of the cavity. Thus assuming
again that the current distribution in the wire is uni-
form, we have

— Joul Z ent n(Bp1) [— Ja(Ba) + 1"\.75‘,./30)]

= — (iwpl/27)Ko(iBp")
= Youl [~ Jo(Bo') + iNo(Bp") ], (77)
B = 2w/\ = w/v,

where p’ is the distance from the axis of the wire. This
function can be expressed in terms of p and ¢, where p is
the distance from the axis of the cavity and ¢ is the an-
gle measured from the plane passing through the axesof
the cavity and the wire; thus we have (for p > p1)

E;=3oul 3 e,.J.(B0)) [ —Ja(Bp)+iN.(Bp) | cos np, (78)

ne0
where
& =2 if n=0 (79)
For cavities with perfectly conducting walls, the re-
flected intensity is obtained from the condition that th
total intensity should vanish on the boundary p=a;
thus we have

€0 = 1,

J&
(Bp) cos ne. (80)
jn(ﬁa)
No(Ba)T,

Thus we have the following expressions for the input
impedance as secn from the wire at (p), 0) and the trans-
fer impedance between this wire and another wire at

(sz ¢)
A n(ﬁa)./,.f"(ﬁpl) ]
Jn(Ba)
V(Ba)J n(Bp1) T (Bp2) cos ”4’]'
J(Ba)

We note that while the expressions in the preceding
section are double serics, the present ones are simple
series. If we were to take into account the nonuniformity
of current distribution in the wire or to consider small
coupling loops, we should arrive at the results expressed
as double series by the method of this section and as
triple series by the method of the preceding scction.

In the above expressions the effect of dissipation has
been excluded and the formulas are applicable to actual
cavities only sufhciently off resonance. Equation (82)
could be generalized but there is no practical need for it

because near a resonance only one term in the expansions

of the type (53) and (55) is nceded; it is only off reso-
nance that we may be interested in expansions (82).

In computing (82) it should be remembered that for
large n we have approximately

— Na(Ba) n(Bp1)J n(Bp2) /J n(Ba) = (1/7n) (prpo/a?)™.  (83)
Furthermore
SO |
> 5 A" cosng = — jlog (1 — 2x cos ¢ + x?)
n=m-—] 1
— > — x"cos ne. (84)

ne=l n



. el

The Dependence of Interelectrode
Capacitance on Shielding:

LEONARD T. POCKMAN }, NONMEMBER LR.E.

Summary—Although it has been known for many years that the
interelectrode capacitances of a vacuum tube with a glass envelope
depend upon the shielding of the tube, no quantitative information
on the extent and character of this dependence has been published.
In the present work the general theory is developed with the help of
Maxwell’s coefficients of capacity and induction. A simple mathe-
matical transformation shows why these cofficients may be used for
practical measurements in which all potentials are measured with
respect to the earth rather than infinity. The relation between the
Maxwell coefficients and the interelectrode and electrode-to-earth
capacitances is also developed. The effect of changes in shielding is
not necessarily small. The experiments reported show that C,, for
the particular triode studied can be made to vary from 0.16 mlcro-
microfarad to 0.41 micromicrofarad by changes in the geometry of
the external environment. Furthermore, ungrounding the shield
with which C,; was 0.16 micromicrofarad made the “effective” C,,
1.40 micromicrofarad.

\ LTHOUGH in 1929 Loughren and Parker' pointed
A out that reproducible results could be obtained
A0 the measurement of interelectrode capaci-
tances only by the use of a standardizable fixture or
shield, they did not report any measurements to show
how changes in the environment of the tube were cor-
related with the changes in interelectrode capacitances,
nor did they point out the theoretical reasons for the
dependence of the interelectrode capacitances on the ex-
ternal environment.
Since that time, no further work has becn published on
this aspect of the subject of interelectrode capacitance.
The IRE Standards on Electronics, 1938, point out
on page 39 that “For most precise results, it is necessary
to mount the vacuum tube in a specified way as regards
shielding.” This statement, though quite correct, never-
theless gives the impression that the effect of changes in
shielding on interelectrode capacitance is a small one.
Nor, does this statement and the accompanying discus-
sion emphasize the fact that these “most precise results”
are not precise in an absolute sense, but only precise for
precisely the kind of environment seen by the tube dur-
ing the measurements. More recently,” Barco has
touched upon the subject of standardization in the
mechanical construction of tube adapters, but gives no
quantitative data. The question of the standardization
of the total environment of the tube is not discussed.
The lack of quantitative information on the depend-
ence of interelectrode capacitance on the total environ-
ment of the tube electrodes, has resulted in considerable
* Decimal classification: R139XR262.6. Original manuscript re-
ceived by the Institute, January 13, 1943; revised manuscript re-
ceived, August 9, 1943. Presented, San Francisco Section, December
4, 1942; Portland Section, February 2, 1943.
t Heintz and Kaufman Ltd., South San Francisco, California.
' A. V. Loughren and H. W. Parker, “The measurement of direct
interelectrode capacitance of vacuum tubes,” Proc. L.R.E., vol. 17,
pp. 957-965; June, 1929.

1 Allen A. Barco, “An improved interelectrode capacitance me-
ter,” RCA Rev., vol. 6, pp. 434—442; April, 1942.
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confusion on the subject of interelectrode capacitance
measurement among practising radio engineers, and is
also reflected in the Government specifications on the
subject.

The measurements to be reported here have all been
carried out on one particular triode. It is not the inten-
tion of the writer to give the impression that the large
variations found with this triode are necessarily typical
of all triodes with glass envelopes, but rather to present
the measurements as a striking example of how strongly
the interelectrode capacitances of a particular tube may
depend upon the external tube environment. The ap-
proximate physical dimensions of the tube and the cir-
cuit layout will be given later, and from a comparison of
these with those of any other tube and with the help of
the general theory to be presented, an estimate can be
made of the relative magnitudes of the variations to be
expected.

On the theoretical side, it is illuminating to analyze
the problem with the help of the Maxwell?* coefficients
of capacity and induction. If this is done, the analysis
is simple and straightforward from a mathematical
point of view and brings out sharply the physical as-
pects of the problem. And this approach, through its
emphasis on the actual geometrical system involved,
avoids the blurring of important physical details. On
the other hand, an electrically equivalent network,
unless applied with full knowledge of its limitations is
apt to give the false impression that the interelectrode
capacitances are independent of the capacitances to
earth.

The results of this analysis may then be easily trans-
formed into a mathematically equivalent network of six
2-plate condensers® (for a triode) which are needed for
the application of the results in circuit analysis. The
correlation of the equivalent network of condensers and
the Maxwell coefficients also will make it possible to
take advantage of a theorem about the coeffictents which
has been proved by Maxwell, and which turns out to be
of singular importance for the present problem.

Unfortunately, as usually presented, these coefficient
are treated much more abstractly than need be, by
talking about “n” conducting bodies isolated in free
space with their potentials all measured with respect
to infinity. Thus the impression that these coefficients
are of little earthly use is easily obtained. Or, if an

3 James Clerk Maxwell, “Electricity and Magnetism,” vol. 1,
Clarendon Press, Oxford, England, 1892, chapter 3.

« L. Page and N. Adams, “Principles o Electricity,” D. Van
Nostrand Company, New York, N. Y., 1931, p. 63.

s E. T. Hoch, “A bridge method for the measurement of inter-
electrode admittance in vacuum tubes,” Proc. I.R.E., vol. 16, pp.
487-493; April, 1928.
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application of the coefficients is made, the potential of
the earth is quite arbitrarily taken to be zero. In order
to get rid of both the abstract and arbitrary aspects of
these coefficients, it is only necessary to measure the
difference between the potentials of the “n” bodies
under consideration and the potential of the earth (let
the earth be the (n+41) st body) and to forget about the
absolute charge on the n+4 1 bodies and think only about
the change in the charge on each body corresponding to
the changes of potential of the “a” bodies with respect
to the potential of the earth. In actual experiments, of
course, these changes'in charge and differences of po-
tential are what are actually measured.

In order to understand this use of the coefficients with
potentials measured with respect to the earth and
charges measured as the difference between the charges
on the bodies when earthed and the charges on the same
bodies at potentials different from earth potential, it is
first necessary to understand how they are used when
potentials are measured with respect to infinity and the
charges are the absolute or net charges on each body.

The main ideas can be introduced without loss of
generality by considering the system of four conducting
bodies formed by the elements of a triode and the earth.
The charge on each of the four conducting bodies can
be written as a linear function of the potentials of each
body with respect to infinity. If the cathode, grid, plate,
and earth are denoted respectively by the subscripts 1,
2, 3, and ¢, the sytem is described by the following equa-
tions:

Q1 = CulV1 4+ CiaVa 4+ CisVis + Co V.,
Qz e Czlrl + szVz + szVs + Cz.V.
Qs = CauVi + CauVa + CisVs + Ci V.,
Qo =CauVi+ CuVo+ CosVs + CofV,

where Q; =net charge on body 1; Q; =net charge on body
2; etc.

Vy=potential of body 1 with respect to infinity;
I’y =potential of body 2 with respect to infinity; etc.

The coefficients having identical subscripts are called
“coefficients of capacity” and those having two differ-
ing subscripts, “coefficients of induction.” Both kinds of
coefficients are constants independent of charges and
potentials and depend only on the geometry of the
system and the dielectric constant of the medium.

The physical meaning of the coefficients may be seen
by supposing, for example, that the system is charged
in such a way that all potentials are zero except V)
which is greater than zero. Lines of force will then start
from body 1, with some going to infinitv and the re-
maining going to the other three bodies. Since lines of
force start on positive charge and terminate on negative
charge, this means that Q, is positive and Q,, 03, and Q.
are negative.

From these considerations it follows that

C11=01/V1 with Vo= V;= Tra=0.
Or in words, Cy is equal to the charge on body 1 di-

(1)

February

vided by the potential of body 1 when the other bodies
of the system areat zero potential. Since 0, >0and V, >0,
Cu>0. Similarly, Ci=Q/Viwith Vo= V;=V,=0.Orin
words C is equal to the charge on body 2 divided by the
potential on body 1 when the potentials of all bodies in
the system are zero except that of body 1. Since Q, <0 if
V1>0, then C;;<0.

Thus, it can be shown quite generally that all coeffi-
cients of capacity (C.’s) are greater than zero and that
all coefficients of induction (C;,'s) are equal to® or less
than zero. It can also be proved quite generally that
Cij=Cj.

Maxwell has shown that for a general “»” body sys-
tem the coefficient of capacity of any given body is
larger than or equal to the sum of the absolute values of
the coefficients of induction of this body with respect to
the other » — 1 bodies of the system. Thus, in the case of
Cn in the above four-hody system, this means that
Cu2|Cu| +|Cu| +|Cuf.

By inspection of (1), it can be seen that, physically,
this inequality means that if the system is charged in
such a way that 11>0 and V,=13;=1,=0 then,
012 —(Q:4+Q:+0Q.), i.e., in all but special cases some of
the lines which start from Q, fail to terminate on
(Q:+Q:+0Q.) and go off to a negative charge at infinity.

In all practical problems bhodies 1, 2, and 3 are very
small compared to the earth and are located at a distance
from the earth’s surface which is also small compared
to the radius of the earth. Because of this fact, ¢y, is
very nearly equal to | Ciz| 4| Cus| +| Ci.|. In fact by a
simple application of the theory of electrostatic images
it can be shown that Cu, G, or Cs is larger than
’C12:+|C13’+|Cu!y iC21|+|C23|+|Cze|. or ]Cal
+| Ca| +| Cse] respectively, by a factor of the order of
magnitude (R+4L)/R where R=radius of earth and
L =means distance of body from surface of earth.

This means that the following equalities obtain with
a far higher accuracy than that of the best possible
capacitance measurements:

Cu=|Cu|+|Cus| +]|Ci.]
Coa=|Cn +|C23|+IC2¢| (2)
Css = |Ca| 4| Csa| + | Csal.

For practical problems the exact magnitude of C..,
the coefficient of capacity of the earth, is of no impor-
tance and unlike the three other coefficients of capacity
is tremendously larger than the sum of the absolute
values of its three coefficients of induction.

If the Ailament, grid, and plate are all earthed so that
Vi=Vi=1V3=1", no lines of force join the four bodies,
but all of them send lines to infinity. These lines cor-
respond to the fact that the net charge of the earth is not
zero.

Although the net charge on the earth is certainly of
no significance as far as ordinary capacitance measure-
ments are concerned, this does not mean that these

¢ The coefficient of induction between any two bodies is obviously
zero if a third conducting body completely surrounds one of them.
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Maxwell equations must be discarded as of merely aca-
demic interest. They can be brought down to earth very
simply. The equation for Q) can be rewritten as follows:
O=CulVi—=V)+Cu(V:— V) + Cu(Vs—V.)
+ Cio(Ve— Vo)
+ [CuV.+ CuV.+ CuV .+ GV
This equation is identically the same as the original
equation for Q.. Because it may be safely assumed that
V. is not sensibly altered” by the slight redistribution of
charge corresponding to the changing of filament, grid,
and plate from earth potential to potentials differing
from that of the earth by (V,—=V.), (V.—V.), and
(V3—V.), the terms in the square brackets are evidently
equal to the charge on the filament when filament, grid,
and plate are earthed. If this charge be denoted by Qu.,
the equation can then be written
O —Qie=CulV, -V, + Cu(Va— V)
+ Cis(Vs = V).
Now if g is taken to denote the change in the charge on
body 1 caused by changing bodies 1, 2, and 3 from earth
potential by amounts Vi~ V,, V,—1., and Vi— V. re-
spectively and v, v, and v;, are taken to denote these
differences in potential, the equation may be written

q1 = Cuv + Crov2 + Ciav;
and similarly:

g2 = C21v1 + Casv2 + Caavs

gz = Cavn + Ciove + Ci3v;

de = Cavi + Covo + Cuvs.
It should be noted that this transformation does not
require that the potential of the earth be known or that
it be arbitrarily taken as zero. Furthermore, the coeffi-
cients of capacity and induction retain all of the proper-
ties which they enjoy when the potentials are measured
with respect to infinity and the charges are taken to be
the absolute or net charges. Likewise the charges ¢; and
the voltages v;, though not absolute, are precisely what
are measured in all practical circuit problems.

A case of particular importance for practical measure-
ments of interelectrode capacitance can be nicely
treated with the aid of the Maxwell equations as re-
formulated above. It is the case in which the earth
completely surrounds the other three bodies; i.e. the
case in which an earthed conducting shield completely
surrounds the tube and that portion of the tube lead
wires lying within the main body of the shield. In this
very important special case it can be seen with the help
of Faraday’s ice-pail experiment* that g1, g2, and g3 are
not only the change of charge on hodies 1, 2, and 3 re-
spectively caused by the changes in potential of vy, v,
and v;, but are also the absolute or net charges on each

3)

7 With the help of the theory of electrostatic images, it can be
shown that if a charge is transferred from the earth (of radius R) to
another conducting sphere (of radius r) with its center at a distance
L from the earth's surface, then

change in V, rL . :
fden ] V. Ry i.e., for all practical purposes, V, does not change.

¢ Loc. cit., pp. 7 and 8.
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of the three bodies. Likewise g., while not the absolute
or net charge on the earth is the absolute or net charge
on the “inside surface of the earth.” Also, for this special
system, the relations between the coefficients of capacity
and the coefficients of induction, given by (2), hold
exactly, because no lines of force can travel from any of
the enclosed bodies to infinity. Furthermore, the earth
seen by the tube in this case is ideal in the sense that it
is conducting and therefore equipotential. Also, the
geometry of the system as a whole is entirely insensitive
to disturbances on the outside of the shield and this is
of particular moment for purposes of standardization
as will be illustrated by the experiments to be reported.

With the aid of the foregoing, the relation between
the Maxwell coefficients and the six two-plate capaci-
tances of the equivalent capacitance network shown in
Fig. 1 can now readily be obtained. Suppose that bodies

Fig. 1—Equivalent six-condenser network of a triode.

1, 2, and 3 are charged to potentials vy, v2, and v3 with
respect to carth. Then, in terms of the equivalent net-
work,

g1 = 0Cro + (01 — 92)Cro + (21 — v3)Cyp

g2 = 20,0 + (v2 — v1)Cre + (v2 — 23)Cpo (4)
qs = v3cpa + (vs b Ul)C/p + (Us — Uz)cw
—q. e vlclc + UZCaa + v3cp¢'

Taking (3) for the ¢'s and substituting for the Ci's
in terms of the C:,'s with the aid of (2), gives the follow-
ing set of equations for the g’s in terms of the Maxwell
coefficients:

ql=vl(_clc)+(vl_vz)(_clz)+(vl_‘v3)(—CXB)
112=vz(—cfza)+(vz—vl)(—C21)+(vz—vs)('—C23)

113=vs(—csa)'*‘(vs"vl)(—cxs)+(vs—'vz)(_caz)

—'qo=vl(—cu)+2(U—C20)+03(_C3n)'

By comparing this set of equations for the ¢'s with
the preceding set of equations, it can be seen that the
coefficient of induction between two conducting bodies is
equal to the negative of the equivalent capacitance be-
tween the bodies.® Thus, for the case of a triode and
earth,

©)

8 This relation was first pointed out by G. A. Campbell in his
classic paper on “Direct capacity measurement,” Bell Tech. Jour.,
vol. 1, p. 18; July, 1922.




94 Proceedings of the I.R.E. February
Co=Cu = —Cy Ca=0Ci.=—Cp replaced by another shield, which completely surroun(.is
Ca=Ciu=—Cp Co=Ci=—C (6) the tube and whose inner surface lies everywhere within
Co=Cn=—-Cp Cu=Ci=-C the inner surface of the original shield (or in part

and, although C,., Ci., and C;, cannot be measured
directly by any feasible experiment, they can be ob-
tained in terms of measured coefficients with the help
of (2). Consequently,

Cro =Cu+Cia+Cys

Coo = Ca2 4 Ca1 + Cus (M

Cpu Cis + Car + Cio.
Combining these relations with those above gives the
following relations between the coefficients of capacity
and the equivalent capacitances of the six-condenser
network:

Cn —a C/a + Clo + C/p
C22 e Cva ot Co/ + Cop (8)
C33 == Cpo + CP/ + Cpg.

The foregoing relationships between the inter-
electrode and electrode to earth capacitances and the
coefficients of capacity and the coefficients of induction
make it possible to take advantage of a theorem proved
by Maxwell® which is of singular importance for the
understanding of the variations of interelectrode capaci-
tance found in the measurements to be reported. The
theorem states that the addition of a new conducting
body to a system of conducting bodies increases all of
the coefficients of capacity of the original system and de-
creases all of the coefficients of induction. The proof is
not only general and rigorous, but is beautifully simple.
In order to follow the argument, however, it is necessary
to recall that the coefficient of capacity of a body is
equal to the charge on the body divided by its potential
when the potentials of the other bodies are all zero. It is
therefore numerically equal to its charge when its poten-
tial is unity and the potentials of all the other bodies are
zero. Similarly, the coefficients of induction between the
bodies at zero potential and the body at unit potential
are numerically equal to and have the same sign as their
respective charges. Maxwell's theorem follows:

“Let us suppose that A (any body in original system)
is at potential unity and all the rest at potential zero.
Since the charge of the new conductor is negative, it
will induce a positive charge on every other conductor,
and will therefore increase the positive charge of 4, and
diminish the negative charge of each of the other con-
ductors.”

Since placing a shield around a tube is equivalent to
adding a new body to the original system, it follows,
therefore, that the interelectrode capacitances of a
shielded tube are smaller than those of the same tube
unshielded. Likewise, decreasing the size of the shield
which surrounds the tube is equivalent to keeping the
old shield and adding a new body (the smaller shield)
between the original shield and the tube. Consequently,
if one shield, which completely surrounds the tube, is

3 Loc. cit., p. 118.

coincides with it), the intcrelectrode capacitances will
be smaller with the smaller shield. And since Cy,
for example, will be increased and as shown above
Cu=Cs+Csy+Cyyp it follows that the increase in the
capacitance of the filament to earth more than offsets
the sum of the decreases in the interelectrode capaci-
tance between the filament and grid and plate, re-
spectively. The corresponding statement may also be
made about the increase in C,. and C,..

The foregoing considerations are quite general in the
sense that they apply to the measurement of inter-
electrode capacitance irrespective of the particular cir-
cuit that happens to be used.
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Fig. 2—Scale drawing of tube and shielding used in first series of
nieasurements.

The present measurements of capacitance have been
made on one and the same triode surrounded with
various kinds of shielding. The method of measurement
was first used in this laboratory by P. A. Ekstrand® for
the determination of interelectrode capacitance and for
the simultaneous determination of the capacitance of
each electrode to earth. This method of measurement is
a substitution method in which a radio-frequency oscil-
lator, adjusted to a particular frequency with the tube
out, is brought back to the initial frequency with the
tube in, by reducing the capacitance of a variable stand-
ard condenser. The return to the initial frequency is de-
termined by listening to the beat frequency between this
oscillator and another oscillator loosely coupled toit. In
Fig. 2 the circuit diagram is shown. Six measurements
are required for the calculation of the six constants of
the system. From the same set of measurements, the
Maxwell coefficients can also be determined. As a
method for the determination of the three interelectrode
capacitances only, it is considerably more tedious than

® Now with the Navy Department.
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any of the methods described in the IRE Standards,!®
but it makes possible the determination of the six Max-
well coefficients or of the equivalent network by a mini-
mum number of measurements.

A seventh measurement serves as an internal check on
the readings and the computations.

The shield and the triode are both drawn to the scale
indicated in Fig. 2. The shield shown is one of the
shields used in the measurements to be reported—a
standard five-gallon gasoline can, cut so that the top is
removable.

When the oscillator was adjusted to zero beat with
the tube out, the portion of the lead wires within the
can and, of course, their coaxial shields, were placed so
as to be in the same position with respect to each other
and the main body of the shield, i.e., the inner surface of
the can, as they would be when connected to the tube.
The three single-pole double-throw switches facilitate
the seven distinct connections used for the seven meas-
urements. As pointed out in the theoretical discussion,
the shielding or lack of shielding of these switches and
lead wires lying outside of the grounded equipotential
surface which surrounds the tube, have no influence on
the coefficients of induction and of capacity of this
closed system. These coefficients and hence the inter-
electrode capacitances and the earth-electrode capaci-
tances are completely determined by the geometry and
the dielectric constant of the closed system. The
grounded equipotential surface which surrounds the
tube in Fig. 2 is evidently that surface formed by the
inside of the five-gallon can and the outside of that por-
tion of the lead-wire shields lying within the can.

It should be noted, however, that if the circuit wires
lying outside of the tube shield are not shielded by
grounded conductors, the operator must be careful that
the frequency is not altered by the motion of his body.
Care was always taken to see that this was the case.
For routine work, of course, such shielding of external
leads is a nccessary convenience.

If the seven directly measured capacitances are de-
noted by Ci, Ca, - - - C7 the connections corresponding
to each can be obtained from Table I.

TABLE 1
Elements above Elements
Ground Potential Grounded
C 9.8 f(or3, 2,1)
C 4 ')
Cs 2 154
Ca ifi (1% 4
Cs [ f
Ca (5) 4
Cr 9./ 4

Seven simultaneous equations, of which any six are
independent, may be set up by equating the C’s to the
appropriate combination of Maxwell coefficients or of
the six equivalent capacitances.

10 [RE Standards on Electronics, 1938, pp. 38-44.
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When set up in terms of the Maxwell coefficients, the
equations assume an extremely simple form and may be
solved by inspection of the last six equations: the first
equation then provides an over-all check.

Thus, for example, the first equation is obtained by
noting that Ci=(qi+¢:2+g3)/v.

Substituting for the ¢’s with the help of (3), and not-
ing that in the measurement of Cy,v1 =7, =73 =1, leads to

Cy = Cu + Caz + Cs3 + 2C12 + 2C13 + 2Ca.
Similarly,

Cy=Cay
C; = Ca
Ci=Cn

9
CS = 622 + CJJ + 2C23

Ce = Cu+ Ca + 2C1,
C;=0Cs+ Cu+ 2C13.

Solving for the six coefficients in terms of the meas-
ured capacitances and making use of the relations be-
tween the coefficients of induction and the interelectrode
capacitances given in (6) leads to the following equations
for the coefficients of induction and the interelectrode
capacitances in terms of the measured capacitances:

Co— (C2+C
Czs=—cw,——5——(‘—2— 3)
2
Ce — (Ca+C
Cau=—Cy = 6 (23 . (10)
C,;— (C24+Cy)
C:u=—Cp/= 7 (22 4

Similarly, the following expressions for the three
capacitances to earth are obtained by combining (7),
(9), and (10):

Co+Cr— (C2+Cd)

C/, — 2
G Ce— (C (&

C,. = e+ Ce 2( 2+ Cy) i)
Cs+C:— (Cs+CJ)

Cpa= 2 =

As mentioned earlier, the measurements reported in
Table 11 have all been carried out on one and the
same triode by the method described above. In the
table, each row of data was obtained from measure-
ments made on this triode surrounded by the particular
physical environment described in the first column. The
tube and its physical environment in the first series of
measurements are shown to scale in Fig. 2. The second
series was made with the same orientation of lead wires
as on the interior of the can in Fig. 2, but with a one-
gallon benzene can (4% 63 %9% inches) instead of the
five-gallon gasoline can. The tube was also located at the
same distance from the bottom of the can and on the
central axis of the can. The bakelite adaptor was used
for the filament prongs. In one of the series o1 measure-
ments it was possible to eliminate completely all of the
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TABLE II s
CAPACITANCE MEASURKMENTS ON ONE AND THE SAME Triopk: TUBE COMPLETELY SURROUNDED BY A GROUNDED METAL SitELD )
— T | -Cl; ( Cn | Cn i Ce | Che Cype Cyp= =Cun Crg= =Cun Cpr==Cu  Cy/Cyps
0.41 8.
1. Inside surface of five-gallon can plus those | 5.34 6.84 4.52 | 129 | 0.70 1.61 2.50 3.64 4 | 9
parts of lead wire shields on interlor of can ‘ |
(sce Fig. 2) | |
3 10.6
2. Snm)c as *1”" but with a one-gallon can (sce l 5.54 I 6.91 ’ 4.80 1.61 0.87 2.01 2.45 3.59 . 0.34 o
text |
3. Mainly the inside surface of a close fitting 7.15 [ 7.78 | 5.93 3.67 2.29 3.60 2,17 3.32 0.16 } 20.7
shield (see Fig. 3) ‘ L —  —
“EFFECTIVE" CAPACITANCE MEASUREMENTS ON SAME Triopg: TUBE ENVIRONMENT HETEROGENEOUS
4. Exactly asin 3" but with shicld electrically |  5.98 730 | a9 | o048 | 035 0.65 sy D=l B —
floating | - !
S. Grounded metal plate (7 X9 inches) about 1 5.33 ,‘ 6.80 4.42 1.23 ' 0.61 [ 1.45 2.53 3.66 [ 0.44 =
inch below glass envelope ptus grounded |
lead-wire shields, plus gencral environment | | |
of laboratory I [ | -
6. Same as *S,” but with lcad-wire shields con- | 5.18 | 6.68 | 360 | o7 | o0 0.37 2.76 B2 0256 =

nected to respective lead wires

bakelite without otherwise changing the system. A
direct comparison of measurements made with and
without the bakelite revealed no difference greater than
0.01 micromicrofarad, the approximate limit of error in
all the measurements.

The third series of measurements was made with a
close-fitting grounded shield essentially like that shown
in Fig. 3. Since the tube had to be put into and removed

., To SW 3

3£ J=——>T0 SW2

'«-TT-I
ol '\ |
Seg . (No A
4 [ﬂ- — BAKELITE
- |
UTOSWI

?__l_._!_._ SCALE

Fig. 3—Tube with close-fitting shield used in third and fourth
series of measurement.

from the shield, the actual shield was made up of several
parts which could be separated and reassembled quickly.
The details of the tube construction are also shown to
scale in this figure. The stem shield was of course elec-
trically connected to one of the filament leads.

These first three measurements are grouped together
under one main heading because only for these three

cases can it be said that the measurements determine
the coefficients of capacity and induction as defined
above. For these three cases the geometry and the
dielectric constant of the system enclosed within the
shields completely determine capacitative constants of
the system.

In the fourth case, with the close-fitting shield elec-
trically floating, the six mecasurements do determine a
set of six possibly useful capacitative constants for
describing this particular system with a tloating shield
but no longer are these constants determined solely by
the geometry and dielectric constant of the internal
system but are determined also by the geometry and
dielectric constant of the external environment as well
as by whether or not the conducting bodies in this ex-
ternal environment are grounded or floating, and by
whether or not the lead wires are shielded or unshielded.

For purposes of standardization it would be possible
in principle to specify so completely both the precise
internal and external environment of the shield that re-
producible measurements of these “cffective” capacita-
tive constants determined with the shield floating could
be obtained, but clearly it is far simpler for purposes
of standardization to obtain reproducible results by
grounding the shield. This also retains the original simple
definitions of the Maxwell coefficients and their related
capacitances.

Furthermore, there is a very practical reason for
using a tube with all of its shields (including any metal-
base shell) grounded and not floating. Thus, with the
help of the Maxwell coefficients it is easy to show quite
generally that a floating conductor in the neighborhood
of the tube will always give “cffective” interelectrode
capacitances larger than the interelectrode capacitance
measured with these bodies or shields grounded.!

Similarly, it can also be shown that the “effective”
capacitances of the clectrodes to carth will be decreased

! Measurements made at Heintz and Kaufman on the feedback
capacitance of the HK-257-B by E. L. Ung show that the feedback
capacitance with base shell floating is nearly twice as large as with

the base shell grounded, the geometry being the same in the two
cases.
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by ungrounding a near-by body. This, however, is an
advantage for which an unduly high price is paid in
terms of the corresponding increase in the interelectrode
capacitance. This is forcefully illustrated by a compari-
son of the third and fourth series of measurements.

In the fifth series of measurements, the tube was
mounted above the center of a grounded metal plate ap-
proximately 8 inches square. The same bakelite socket
was used for the filament prongs as that shown in Figs.
2 and 3. The three lead wires were arranged in such a
way that their geometry with respect to each other and
with respect to the tube was approximately the same in
the near neighborhood of the tube as the corresponding
geometry of the lead wires on the inside of the five-
gallon can. From the axis of the tube to the nearest part
of the set of three single-pole double-throw switches (sce
Fig. 2) the shortest distance was 12 inches. The grounded
shields of the lead wires exterrded all the way to these
switches. That the presence of these unshiclded switches
at this distance caused no important change in the
measurements was established by running a series of
measurements with the set up exactly as in this fifth
series except that the switches and high-voltage lead
wires were surrounded by some grounded metal screens.
No significant change was caused in the interelectrode
capacitances and the capacitances to earth were in-
creased by only a few per cent.

Furthermore, the various and sundry floating bodies
in the general environment of the laboratory are at such
large distances from the tube compared to the dimen-
sions of the electrodes that the “effective” constants
determined by this series of measurements differ by a
probably negligible amount from measurements which
could be made with a shield two or three times as large
as the five-gallon shield. This view is supported by the
small differences between the results of the first series
of measurements and this fifth series. Also these differ-
ences are in such a direction as to support this view
further; i.e., the interelectrode capacitances in the fifth
series are all slightly larger and the capacitances to earth
somewhat smaller than in the first series.

A comparison of the fifth and sixth series shows that
the “effective” interelectrode capacitances measured
with grounded lead-wire shields are all significantly
smaller and the “effective” capacitances to earth all
significantly larger than the corresponding capacitances
measured with lead-wire shields connected to their re-
spective lead wires. A detailed analysis made with the
help of the Maxwell coefficients shows that the “effec-
tive” interelectrode capacitance, such as that between
grid and plate, determined from measurements made
with shields connected to lead wires is related in the
following way to the corresponding capacitance meas-
ured with the lead-wire shields grounded:

C., (shields connected to lead wires) =

C,p (shields grounded) + Cp-p + Corp + AC, (12)
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where

p’ ~ plate lead shield
¢ ~ grid lead shield
AC,» = Cyp (tube in) — Cpepr (tube out).

Since C,-, is greater with the tube out, AC, , is less
than zero. But as the measurements show this is more
than offset by the positive sum of C,, and C,y, so that
the “effective” C,, is greater with the shields connected
to the leads than with the shields grounded.

Similar analysis of the capacitance of grid to earth
shows that:

C,. (shiclds connected to leads)
= C,, (shields grounded) — (Cypr + Copr + Cor)
+ AC, .. 13)

And neglecting the relatively small term AC,.. this
means that with the shields grounded the shields form
part of the “earth” whereas when connected to the lead
wires, they do not. And because the mean distance of
the lead-wire shields from the tube is small compared to
the mean distance of the rest of “earth,” this explains
why the “effective” capacitances to earth are so very
much smaller in the sixth series than in the fifth series of
measurements.

It might be supposed that the large influence of the
unshielded leads can be mainly attributed to the large
diameter of the leads in the sixth series of measurements.
But that this is not so was proved by substituting No. 25
wire, unshielded, and in the same relative position, for
the large lead wires. The results werre intermediate be-
tween those of the fifth and sixth series, but consider-
ably closer to those of the sixth

The results of the first three series of measurements
strikingly verify Maxwell’s theoretical prediction'?about
the variation o the coefficients of capacity and the co-
efficients of induct’on with the shielding of the system.
They, of course, also show the corresponding dependence
of the interelectrode capacitances and the electrode-
earth capacitances on shielding. Clearly the variations
are significantly large, the change from the five-gallon
shield to the close-fitting shield, to take the extreme
case, causing a two and a half fold change in C,,.
Furthermore, it becomes quite clear that it is meaning-
less to speak of one set of interelectrode capacitances as
being more nearly the “true” set than any of the others.
And this means that the wide variations in the reported
interelectrode capacitances of a given tube can only be
avoided by strict standardization of the type of shielding
to be used in the measurements. If this is done concord-
ant results will be obtained by different workers, re-
gardless of which of the many adequate methods of
measurement happens to be used.

The column showing the ratioof C,; to C,; is of pecul-
iar interest if the ratios and the trend of these ratios is

12 See discussion following equation (8) for details.




compared with the measured u of the triode, which is
28.5. Thus Chaffee," following van der Bijl and using
the Maxwell coefficients, shows that

B = Cﬂ/CP (14)
or, in the notation used here,
M= Clz/Cxa- (15)

Hence, using the relations established earlier between
the Maxwell coefficients and the interclectrode capaci-
tances, this leads to

# = Co/Cp. (16)

Of course, this is true only for the idealized case in
which all of the lines of force corresponding to C,,; and
C,s terminate on the active portion of the filament. In
the case of the triode measured here this ideal condition
1s never realized because some of the lines terminate on
the nonactive filament lead wires and the stem shield.
Nevertheless this ideal condition is more closely realized
the smaller the shield. This can be seen qualitatively by

B E. Leon Chaffee, “Theory of Thermionic Vacuum Tubes,”
McGraw-Hill Book Co., New York, N. Y., 1933, p. 146.

inspection of the geometry of the system and noting
that as the grounded shield approaches the tube it will
have a much more pronounced effect in reducing the
number of stray lines of force from plate or grid (for
a given potential) to the inactive parts of the filament,
than in reducing the number of lines to the helix, which
is much better screened from the influence of the shield
than are the inactive parts of the filament. Also, of
course, the percentage decrease in C,, will be much
greater than in C,, because these strays form a much
larger portion of C,, than of C,,;. This accounts for the
rapid rise of the ratio toward the u of the tube.
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Equivalent Circuits for Discontinuities in
Transmission Lines’

J. R. WHINNERYY, ASSOCIATE, LR.E., AND H. W. JAMIESONY, ASSOCIATE, L.R.E.

Summary—Exact equivalent circuits for several types of discon-
tinuities in parallel-plane transmission lines are obtained by Hahn’s
method of matching electromagnetic-wave solutions. Values of
lumped elements to be used in these are given in curve form, with
rules for using results in the corresponding coaxial-line problems.
Experimental checks are reported, which verify results of the calcu-
lations and stress the importance of the discontinuity capacitances
appearing in the equivalent circuits.

I. INTRODUCTION

N 1941, Hahn! presented a description of a new ap-
J:[ proach toward matching of electromagnetic-wave
solutions across discontinuities, with application to
the problem of cavity resonators as an example. In
much unpublished work, Hahn has shown that the
method when applied to transmission systems with dis-
continuities leads to simple equivalent circuits with
lumped-circuit constants representing the effect of these
discontinuities. The equivalent circuits are simple, ex-
act, and very useful for engineering thinking or calcula-
tion. It is our purpose in this paper to present this point
of view with the following goals in mind:
1. To show the exact equivalent circuits for several
representative transmission-line discontinuities.
* Decimal classification: R116. Original manuscript received by
the Institute, April 26, 1943. Presented, Winter Technical Meeting,
New York, N. Y., January 28, 1944,

t Electronics Laboratory, General Electric Company, Schenec-

tady, New York.
1W. C. Hahn, “A new method for the calculation of cavity
resonators,” Jour. Appl. Phys., vol. 12, pp. 62-68; January, 1941,
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2. To present curves showing numerical values to be
used in these equivalent circuits.

3. To discuss the physical pictures inherent in the
method and results, and the application to practi-
cal problems.

4. To show, in enough detail to be readily followed,
the mathematical steps for one simple example.

It should be pointed out at the outset that the point
of view in the equivalent circuits is identical with that
used by Schelkunoff? in radiation problems, in which he
has shown that the “complementary” end-effect waves
of an antenna may be included in a principal wave
equivalent circuit as a lumped admittance at the end of
the antenna. Similarly, we find equivalent circuits to be
used with the principal wave on a transmission system,
the effect of local waves at a discontinuity being in-
cluded in lumped admittances.

In this paper, numerical values are given only for
parallel-plane transmission lines. Although it is planned
to present corresponding results for coaxial lines in a
succeeding paper, instructions are given in Part I1I for
application of present parallel-plane results to coaxial
lincs. The experimental checks described were made on
coaxial lines. These not only check the calculations, but
empbas%ze the importance of knowing values for the dis-
continuity capacitances at high frequencies.

2 S.” A. Schelkunoff, “Theory of antennas of arbitrary size and
shape,” Proc. 1. R. E,, vol. 29, pp. 493-521; September, 1941.
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II. TuE REsULTS

In Figs. 1 to 13, inclusive, several typical discontinui-
ties that may arise in parallel-plane transmission lines
are sketched, together with the exact equivalent circuits
derived in Part VI and the Appendixes.

The equivalent circuits may be used with any ter-
mination or excitation, subject only to certain cautions
listed in Part III. The terminating conditions are sim-
ply placed at the corresponding z co-ordinate of the
equivalent circuit. Electromagnetic behavior between
the exciting source and the termination is then calcu-
lated by means of ordinary transmission-line equations
for the transmission-line sections with known character-
istic impedances Z,. The shunt admittances included
at the junction points between lines account for the local
fields of the discontinuities and may consequently be
called “discontinuity” admittances.

Engineering values for the lumped discontinuity
capacitances appearing in the equivalent circuits may
be found from a single curve for all cases, Figs. 1 to 9.
This curve, Fig. 14, is the exact discontinuity capaci-
tance for the single-step discontinuity, Fig. 1. It is ap-
plied to the other cases, Figs. 2 to 9, by combining in a
straightforward manner the lumped capacitances for the
corresponding simple steps.

It might be expected that field distortions from the
combinations of steps would be great enough to make
the combination of simple-step results a poor approxi-
mation, but accurate curves of the discontinuity capac-
itances for several of these complex cases are plotted in
the appendixes (Fig. 23 to 25), justifying this approxi-
mation. In the double-step discontinuities of Figs. 2 to
9, discontinuity fields from the separate steps are in
each case fairly well shielded from one another, as con-
trasted to those of Figs. 10 and 11, where fields from one
step are definitely influenced by the other. Fig. 15 must
then be used in combination with Fig. 14 to give the dis-
continuity capacitances for the two cases of Figs. 10 and
11, as these capacitances are definite functions of d/a.

If transverse dimensions are comparable to a half
wavelength, it is necessary to correct the values of
capacitance taken from Fig. 14. Correction curves
showing the proper value of susceptance to place at the
discontinuity as a ratio to that calculated from the
capacity of Fig. 14, are plotted in Fig. 16 versus (largest
transverse dimension/wavelength). These are calcu-
lated for the single-step discontinuity, but may be ap-
plied approximately to the cases of Figs. 2 to 9.

The discontinuity, Fig. 12, is represented by the three
transmission lines in series with a shunting capacitance
placed across each line at the junction. Values for these
capacitances are obtained approximately from Fig. 17.
Fig. 13 is a special case of Fig. 12, with one line short-
circuited so that it represents an inductance of given
value. The lumped capacitances may be appreciably af-
fected in this case by the proximity of the short-circuit-
ing end if I/a is less than 0.5. Discontinuity capacitances

should then be multiplied by a proximity factor given in
Fig. 18.

I11I. APPLICATION TO PRACTICAL PROBLEMS

It is not our purpose to list all applications to practi-
cal problems, since many such applications will be evi-
dent to engineers once the validity of the equivalent
circuits is recognized. However, the systems used for ex-
perimental checks will serve as example. A few general
instructions and cautions are also in order.

A. Coaxial-Line Disconlinuities

The parallel-plane transmission lines analyzed here
may be considered as coaxial lines with ro/r;—1.
(ro=outer radius; r;=inner radius). The total lumped
capacitance at a discontinuity is then

Cd = 27rer' (1)

where C,’ is discontinuity capacitance per unit width
obtained from the corresponding parallel-plane case of
Figs. 1 to 13 and r is a representative radius (which is
easy to select since 7; is close to r0).
The present results can also be used for approximate,
though very good, results for coaxial lines of any ratio
ro/r: with the following rules:
(a) For a discontinuity in the outer line, as in Fig.
19 (a), use 7, in (1).

(b) For a discontinuity in the inner line, as in Fig.
19 (b), usec 73 in (1).

(c) For a discontinuity in both inner and outer con-
ductors, as in Fig. 19 (c), add capacitances from
the two types of discontinuities.

Cu = 2urCd(a/b) + 2mrsCd(a/c). 2)

Justification for these rules will be given in the paper
on coaxial lines, where it is shown that such approximate
results do not differ from the exact by more than about
10 per cent for values of ro/r; up to 5.

B. Cawvity Resonators

Application of the equivalent circuits to many reso-
nant-cavity types with discontinuities is at once evident.
It is only necessary to place short circuits corresponding
to the closed ends at the corresponding points on the
equivalent circuit, and calculate resonance by simple
circuit equations. However, we must recognize that this
requires that the local field of the discontinuity be
negligible at the point where the short-circuiting ends
are placed, so that these are truly short-circuiting the
transmission-line wave, and affecting only slightly the
loca) waves. This is not true in many resonators, and if
accurate results are required in such cases, one must in-
clude the complete dimensions of the cavity in the
matching operation, as in Hahn's original paper.

C. Iigh-Frequency Filters

The configuration of Fig. 12 appears in certain high-
frequency filter combinations and may be used for
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analysis of these with the cautions mentioned elsewhere
in this part of the paper.

D. Cautions

We have mentioned previously these cautions:

(1) Proper radii must be used in applying results to co-
axial lines of large ratio 7o/7..

(2) Results must be corrected if terminations are close
to the discontinuity (an axial distance comparable
to the transverse dimension between conductors be-
ing used as a criterion of closeness at low frequen-
cies).

(3) Present results are limited to cases with largest

transverse dimension not greater than a half wave-
length.

(4) Caution must be used if multiple discontinuities
closely affect one another, as in the cases of Figs. 10
and 11.

We should also caution against interpreting results for
taper sections from these cases which apply to abrupt
dfscontinuitics. It may at first appear that the major
difference is in the magnitude of the lumped capacitance
but this is only part of the story. For example, if the
problem is one of the mismatch between the lines A and
B of Fig. 1, much of this mismatch comes from the dif-
ference between Z,, and Zu, and in most cases a smaller
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amount from the lumped capacitance Cs’. Tapering de-
creases the mismatch in going from Z,, to Zos, as is
evident from nonuniform line theory or the appropriate
field solutions.?

IV. EXPERIMENTAL VERIFICATION

To check the validity of the theory by experiment,
two sets of tests were performed. In the first, the reso-
nant wavelength of the coaxial line system in Fig. 20 (a)
(which maintains constant-characteristic impedance
across the step, and would resonate at A =4/ except for

254

20

DISCONTINUITY CAPACITY, C'q (a)
MICROMICRO FARADS PER CENTIMETER
.
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a
Fig. 14—Exact discontinuity capacitance for Fig. 1. Curve is used
also for approximate results in Figs. 2 to 9. Results given for air
dielectric; for other dielectrics multiply by dielectric constant.

the discontinuity capacitance) was measured and com-
pared with the value calculated from the equivalent cir-
cuit, using previous curves and the rules of Part III, 4,
to find the value of discontinuity capacitance. In the
second, standing waves were measured in (b) of Fig. 20
(b) at a frequency corresponding to I=X/2 and with the
line C terminated in its characteristic impedance. Under
these conditions, the generator should see Zq¢ paralleled
with 2Cq, the discontinuity capacitance calculated from
the rules of Part III, 4, and would be matched perfectly
if it were not for C4. Measured standing-wave ratio was
compared with that calculated from ordinary transmis-
sion-line theory assuming the line terminated in an
admittance Yoc+72wCqs. The two sets of tests will be out-
lined in more detail to serve as actual numerical exam-
ples and to indicate the order of magnitude of the dis-
continuity capacitance encountered in ordinary circuits
and of the resulting effects on the electrical properties
of a given system.

3 See, for example, J. C. Slater, “Microwave Transmission,”
McGraw-Hill Book Co., New York 18, N. Y., 1942, sections 6 and 25,
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Case A: Calculation of resonant N for line of Fig.
20 (a). Physical dimensions of the resonator in inches

are

r=0.217 c=0.283
r2=0.400 a=0.100
r3=0.500 b=0.520
Ty =0.920

a/c=0.353 a/b=0.192

21 = 1.969 inches = 10 centimeters.

The resonance requirements are Y, 4+ Yp=—jwC
where C, is the appropriate discontinuity capacitance.
Then

2 27(3 X 10'9)

— Oy - Co (3
Zongl N + )

Equation (2) used with Fig. 14 gives Cjyfor this type of
discontinuity

27rr,Cq’(a/b) = 0.469 micromicrofarad
27r3C4' (a/c) = 0.311 micromicrofarad

Ca

0.780 micromicrofarad
Using this value of C; in (3) and solving graphically for
A, it is found that A=12.27 centimeters (calculated). By

a resonance measurement, accurate to about +0.005
centimeter, A =12.34 centimeters (measured).

|

Cq (2)

C,d OF FIG. 10

!

i
%-2-3CURVE, ACCURACY

DOUBTFUL BECAUSE OF
SMALL DIFFERENCES

TI":
N

10 d 20
o
Fig. 15—Proximity effect for Figs. 10 and 11.

Case B: Calculation of reflection coefficient for line of

Fig. 20(b). Three such discontinuities were checked hav-
ing (a/5)=0.25, 0.5, 0.75. The one with a/b=0.5 will
be chosen as a typical example.

Dimensions

r1=0.125inch a4 =0.15inch = A\/2 = 1.930 inch
r = 0.281 inch a/b = 0.50
rg = 0.437 inch

Zop = 75 ohm
b = 0.312 inch

From transmission-line theory the reflection coefficient
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is given in terms of the characteristic admittance and
terminating admittance as

Vo= Yz ‘ =) §Z 42C3
Yo + YR 1 + jZode

Now from the curve of Fig. 14, C4’(1/2) =0.024 micro-
microfarad per centimeter and Ci=2mrCy’ =0.167
micromicrofarad. Solving (4) for R using this value
of Ca, we find R=123.45 per cent (calculated). The value
found by measurement of standing waves was R=23.5
per cent (measured).

The results of calculations and measurements (with
probable accuracy as noted) on the three discontinuities
may be summarized here

; (4)

Cd micro- chleulated Rmeuurud
(a/b) microfarads per cent per cent
0.75 0.105 755 7.4+0.5
0.5 0.334 23 .45 23.5+0.5
0w25 0.8135 50.8 58 £2.0

The results in these two cases verify the use of the
parallel-plane equations, and corresponding rules for
selection of radii in coaxial-line calculations. Remember-
ing that the rules given in 111, 4, give only an approxima-
tion to the exact results for coaxial systems, the accu-
racy of the calculations is certainly within the limits
expected. The importance of the discontinuity capaci-
tance is emphasized by noting that in the case of the
resonant line, 4/=10 centimeters, the resonant wave-
length is changed from that of a smooth line by 2.3
centimeters (23 per cent) and reflection coefficients of as

c‘c/
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Fig. 16—Effect of dimensions comparable to wavelength;
Sa=discontinuity susceptance.

high as 50 per cent are present in lines that by ordinary
transmission-line treatment, neglecting Cs, would be as-
sumed perfectly matched.

V. Tue PuysicaL PICTURES AND INTERPRETATIONS
A. The Concept of Higher-Order Waves

In the modern use of wave guides, it has come forcibly

12
N et
o8l— \%_L_Q_ic
] N
]

04 / ""'c‘a ]
2 4 b 6 8 1.0
a-d
d 1
W
Cb Ctc
12 <— ‘;
08 // N
/ -C;J \
04 %
2 4 .o 6 8
74 0

Fig. 17—Approximate discontinuity capacitance for Figs. 12 and 13.




104

to the attention of engineers that any guiding system for
electromagnetic-energy transmission is capable of sup-
porting not one but many wave types (actually an in-
finite number). An equivalent circuit showing a given
inductance, capacitance, series resistance, and shunt
conductance per unit length, and resulting in a given
characteristic impedance and propagation constant, can
be drawn only for a given wave type of the transmission

30
20
P
10 T— 1
-———COTH Z£ FOR COMPARISON

D o]
44

Fig. 18—Proximity factor for Fig. 13. (Multiply values from Fig. 17
& by P to obtain C.’, G/, C.’ for Fig. 13.)

system and not for the transmission system itself. For-
tunately, the simple equivalent circuit arrived at by cir-
cuit reasoning which considers differential elements in
classical transmission-line theory has been shown by
rigorous field theory to represent the single-wave type
which is most important in such transmission lines, the
transverse eclectromagnetic wave, principal wave, or
transmission-line wave, as it is variously called. This
representation is exact for a uniform line of zero series
resistance (although conductance need not be zero) and
is an exceedingly good approximation for lines with
finite series resistance, provided that this is not so great
as to make the transmission line inefficient for energy
transfer.*$

Now it is known that practically any physical means
of exciting a wave on a transmission line excites not one
but many of the possible wave types. Mathematically,
we state this by noting that we must add a series of the
wave solutions, not one alone, to match the boundary

¢ John R. Carson, “The guided and radiated energy in wire trans-
misélign.” Jour. A. I. E. E., vol. 43, pp. 906-913; October, 1924,

5 S. A. Schelkunoff, “The electromagnetic theory of coaxial trans-
mission lines and cylindrical shields,” Bell Sys. Tech. Jour., vol. 8,
pp. 532-579; October, 1934.
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conditions imposed by the exciting source. There is,
however, no need to worry about the equivalent circuit
not accounting for these in most practical cases, since
a study of these “higher-order” or “complementary”
wave types shows that they attenuate exponentially at
an extremely rapid rate unless the transverse dimen-
sions of the transmission line are appreciable compared
to wavelength. As a rough rule we nay think of these
waves disappearing in a longitudinal distance compara-
ble to the transverse dimensions of the line, since they
merely add to represent the fringing field predicted by
static-field considerations if transverse dimensions are
truly small compared to wavelength. The name “local
waves” is thus excellent to describe the waves when be-
low cutoff. The attenuation of the local waves is not a
dissipative attenuation however, but is a reactive at-
tenuation as in conventional filters in the cutoff region,
and mainly adds a certain reactive component to the
driving source. Thus it is usually sufficient to note that
there is a slight end effect, but over the main body of the
uniform line there is only the'single transmission-line
wave which may be represented by the transmission-
line equations.

Similarly, any discontinuity in the transmission line
will excite certain of the higher-order waves. Mathe-
matically, again, we say that the matching conditions
at the boundary require a series of waves, not one wave
alone. This requirement is particularly clear in the sim-
ple problem of the step which we use as the mathemati-
cal example later. (Fig. 21(a).) The transmission-line
wave between parallel planes has only field components
E, and I1,, and these do not vary in the y direction.
Consider such a wave progressing down the line in the
z direction to the right, confronting the step discontinu-
ity at z=0. The conducting portion from y=a toy=b
requires that E, be zero over this region (assuming per-
fect conductivity in the first approximation). Thus if
there were only this single-wave type, E, would have to
be zero everywhere at the plane z=0, since there are no
field variations with y for this wave type. The simple
step would then act like a complete shqrt circuit reflect-
ing all energy (since no energy could pass if E, and hence
the Poynting vector were zero everywhere across the
plane). This is ridiculous, physically, and the trouble
is cleared up at once when we allow other higher-order
waves to be added so that E, in the transmission-line
wave need not be zero; total E,, summing up the con-
tribution from all waves, will be zero from y=a to
»=b but not from y=0 to y=a. These higher-order
waves again attenuate in a distance comparable to the
transverse dimensions if these are small compared to
wavelength and contribute to a fringing field such as
could be drawn from a static field map, Fig. 21(b). We
would, of course, never make the mistake described
above, but as a first-order approximation would draw
the equivalent circuit of Fig. 21(c) connecting the
line of characteristic impedance Z,z directly to the
line of characteristic impedance Zo4, using ordinary
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Fig. 19—Discontinuities in coaxial lines for which approximate discontinuity capacitances are obtainable from Fig. 14.

transmission-line equations, with the assumption of con-
tinuous voltage and continuous current in the transmis-
sion-line wave across the discontinuity. We recognize
that the picture is incomplete since it nowhere accounts
for the presence of the higher-order waves in the equiva-
lent circuit which applies only to the transmission-line
wave; we only hope, if we draw such a circuit, that ef-
fects from these local waves will be small.

B. Local E Waves Represent Electric Energy, Local I
Waves, Maguetic

Of the many possible ways of classifying the higher-
order-wave types, one of the most convenient divides
waves into two classes: (1) E waves or transverse mag-
netic having electric field in the direction of propaga-
tion, magnetic field confined to the transverse plane,
(2) H or transverse electric waves with magnetic field in
the direction of propagation, electric field confined to
the transverse plane. This is a convenient separation for
our purposes since often only one of these classes will
be excited by a given discontinuity. For example, be-
tween parallel planes uniform in the x direction, the E
waves contain components E,, I., and E, only, the H
waves contain H,, E., and I,. A study of the picture
Fig. 21(b), shows that the former will certainly be re-
quired in the local field, but no reason for any of the
components of the latter can be detected. This type of
discontinuity thus excites E waves but not IT waves.

The field equations will show that the energy stored
in E waves below cutoff is a net energy in electric
fields:* in J{ waves it is a net energy in magnetic fields.
Thus we should expect local E waves to enter in reflec-
tion effects as a capacitive reactance, and local /T waves
should enter somehow as an inductive reactance.

C. Voltage in Transmission-Line Wave is Continuous at
Discontinuities, Current is Not

The first approximate equivalent circuit for the step
discontinuity (Fig. 21(c)) was written from the belief
that voltage and current must be continuous across the
discontinuity. This is true if we are talking of total volt-
age and current, but in the equivalent circuit we are
not; we are only talking of voltage and current in the
transmission-line wave, to which must be added those in
the local waves near the discontinuity. In Schelkunoff's

* In the sense of net electric energy for a series L-C circuit below
resonarce, where net reactance is capacitive.

notation? V(z) = Vo(2)+ V(2) and I(2) =I(2)+1(2).

V(z) and I(z) represent total voltage and current as
functions of z, Vo and I, represent those in the trans-
mission line wave, V and T those in the local waves.

If voltage is defined as the line integral of electric
field between planes in the equiphase XY plane, we can
check from the distribution of all higher-order waves
that these have just as much negative as positive elec-
tric field components, so that their net contribution to
the voltage integral is zero. V(2)=0 or V(z)=Vo(2).
That is, total voltage when defined in this fashion, is
exactly that in the transmission-line wave; since total
voltage must be continuous across the discontinuity, so
must that in the transmission-line wave. Say for a dis-
continuity between 4 and B regions at 2=z,

VoA(Zl) = VoB(Zl). (5)
Since contribution to current from the higher-order
waves I(z) is not zero, the complete expression for total
current I(z) must be used. Continuity of this total cur-
rent at z=2,, loa(z)+71a(2)=TIos(z)+1s(z) allows a
discontinuity in transmission-line wave currents

IoA(Zl) == IOB(zl) = 78(31) - 74(21). (6)

D. Effect of Local Waves at a Discontinuity May Be
Represented by Lumped Admittance Exactly at Discon-
tinuity

It follows at once that a continuity of voltage but dis-
continuity of current at z=z may be taken care of in
the transmission-line equivalent circuit by lumping an
admittance’ across the lines at this discontinuity, of
magnitude

4=

IOIJ(zl) - IOA(zl) O 78(31) + TA(zl)
Vo(Zl) Vo(zl)

It is not obvious at once that this admittance will be as
generally useful as we would wish, since it might con-
ceivably turn out to be a function of the impedance
termination of the line and its method of excitation.
Fortunately, it turns out to be independent of these, at
least if the exciting means and the terminations are re-
moved far enough from the discontinuity so that the
local fields of these are not mutually linked to the local
fields of the discontinuity. We will assume this in most
of our analyses.

@)

* Loc. cit., p. 499.

7 It is also proper, and sometimes helpful, to think of this discon-
tinuity admittance as an infinite number of admittances in parallel,
one for each of the local waves.
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Fig. 20—Coaxial-line discontinuities used for experimental checks, with equivalent circuits.

There may at first be a feeling that the placing of this
lumped susceptance is a little arbitrary. We have agreed
from our reasoning of P’art V, C, that the local waves
should enter as a reactive effect in some manner, but this
effect is clearly spread over a certain finite region, not
concentrated exactly at z=3z,. This objection is an-
swered by the separation between total quantities and
those of the transmission-line wave to which the equiva-
lent circuit applies. In the latter, we ask only about dis-
continuity in current in this single wave, and a review
of the above steps shows that, for the equivalent circuit,
it is correct to take care of this discontinuity exactly at
z=1z,. Physically, the local waves do add to this current
over a finite region to insure continuity of total cur-
rent, as sketched qualitatively in Fig. 21(e).

E. Lateral Dimensions Approaching Half Wavelength

The curves, Fig. 16, show that as the dimension b of
the stepped transmission line approaches a half wave,
the capacitive susceptance shunted across the discon-
tinuity approaches infinity. This simply means that the
lowest-order local wave (one which has half-sine varia-
tions of fields in the y direction) is approaching cutoff.
For b=X\/2, it is exactly at cutoff, which is another way
of saying that it is exactly at resonance for propagation
of the energy of this wave in a completely transverse
direction between planes. We would then expect some
resonance phenomenon to appear, and it does, corre-
sponding to a series resonance in the shunting circuit at
the discontinuity. The cutoff factor for the lowest order
local wave is 1/+/1— (2b/7)? This is plotted in Fig. 16,
and is a fair approximation to S4¢'/wCq4’ for all except
values of a/b approaching unity. Such an approximation
assumes that all the frequency change is occurring in the
capacity associated with the first-order local wave.

F. Reduction to the Static-Field Problem at Low Fre-
quencies
If frequency is low enough so that wavelength is huge

compared to transverse dimensions of the line, it is
evident that the local disturbance of fields extends only

over a region comparable to the transverse spacing, and
therefore over a region negligibly small compared to
wavelength. The equivalent circuit derived in this re
port would then be arrived at by physical reasoning, the
discontinuity capacitance being the difference between
total capacitance of a section which includes all appreci-
able effects of the discontinuity, and capacity of the cor-
responding section calculated on the basis of field lines
passing straight across (that is, capacitance from the
simple parallel-plane formula). One would not worry
about the exact placing of this extra capacitance in such
reasoning, since 2wz/\ is the variable of transmission-
line equations, and for this reasoning we are postulating
that z/A varies by a negligible amount over the region
of the discontinuity. (Such general reasoning should not
mask the result from the mathematical analysis that
the placing of the capacitance exactly at the discontinu-
ity is rigorous.)

The excess discontinuity capacitance in the static
case may be found by matching of series solutions to
Laplace’s equation in a manner similar to that described
in Part VI for the series-wave solution. We have carried
through such solutions, and results of course agree with
those calculated from the wave solutions with (2b/N)?
negligible compared to unity.

Results for the static case might also be obtained from
a carefully made tlux plot, and the discontinuity of Fig.
1 may also be analyzed by a Schwarz-Christoffel trans-
formation. Utilizing results of such analyses,® we find
the discontinuity capacitance, Cy'(a) to be expressible
in closed form

‘ € [al+1 1+a?
(a'(a)'—"(a coghi o2 —21n 4a2> (8)

T @ 1—a? |

a=a/b for the step of Fig. 1.

Although the curve of Cy'(a) of Fig. 14 was calculated
from the series result, (16), the above equation checks
these values to the degree of accuracy of the calculations.

t ' 'Ehe p(ljobler'p isEvor.ked. f(ir example, in Miles Walker “Conju-
e kFunctions for Engineers,” Oxford iversi ]
England, 1033 po 53 Eince rd University Press, London,

e
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Although the closed form may seem to have advantages,
we believe that the series-wave picture is superior,
particularly for analysis of the more complicated dis-
continuities, and for information on the effects of
frequency.

V]. EXAMPLE OF STEP IN PARALLEL-PLANE
TrANsMISSION LINE

To demonstrate the method of obtaining the equiva-
lent circuits presented in Part 11, as well as to illustrate
the general technique in the use of Hahn's functions for
wave-matching problems, consider the simple case of a

o c [

2:0
(o) STEP (b) LOCAL FIELDS NEAR STEP
T le——
209 24 208 204
2:0 2:0

{c) NCOMPLETE EQUIVALENT CCT (d) COMPLETE EQUIVALENT CCT

PRINCIPAL WAVE CURRENT,LINE B
""%L __CURRENT TO BE ACCOUNTED FOR BY Yg

TTo4IT_ TOTAL CURRENT (PRINCIPAL +LOCAL)
REGION B8 #— Tooeo

H
b | REGION A

1:0 ‘PRINCWAL WAVE CURRENT, LINE A
(e)
Fig. 21—Hlustrations of field distributions, qquiyalent circuits, and
current components for step discontinuity in a parallel-plane
transmission line.

single step in a parallel-plane transmission line, located
at z=0. The line may be terminated at any point far
removed from the step, on either the 4 or B side, and
will be assumed to be excited in some manner with a
transmission-line wave.

The general attack of the problem will be as follows.
(1) Write expressions for the total field comporients in
region B as an infinite sum of wave types with arbitrary
constant coefficients. (2) Write similar expressions for
region A. (3) To fulfll the required conditions of con-
tinuity of tangential electric- and magnetic-field com-
ponents across the boundary, match E, components in
B region to A region over the range 0 <y<a, E,=0in
B region for a <y <b. (4) Match /.4 to 1.5 for 0 <y<a.
(5) Eliminate between the equations resulting from (3)
and (4), to evaluate the arbitrary constants. (6) Finally,
obtain the equivalent admittance to represent the dis-
continuity in the transmission-line wave current at the
discontinuity.

A. Wave Solutions and Matching

Having assumed the line excited from either end with
a transverse clectromagnetic wave, we shall represent
the total amplitude of this wave in region 4 as Ao, and
in region B as B, at z=0. At the discontinuity, there
must arise components of E in the z direction to account
for the fringing ficld, while no z components of Il are
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required. Thus the E (or transverse magnetic) waves
will originate at the discontinuity. These waves will be
distributed in such a manner as to satisfy Maxwell’s
equations in the space bounded by the perfectly con-
ducting infinite planes. Assuming uniformity in the x
direction, the distribution equations in rational m.k:s.
units for an nth-order wave are?
E., = sin (nmwy/b) [Ba.er + B,/er| 9
E,, = (v.b/nx) cos (nwy/b) [—B.em + B, er](10)
1., = j(web/nr) cos (nxy/b) [Bae~™* + B./ev| (11)
where v = A/ (11272/b?) — wlue = (nm/b)\/1 — (2b/nN)™
The equations for the 4 space are similar to these. Now
define a wave admittance Y, for a positive exponential
term.
. /E, =Y.= jlweb/nnK,) = j(we/vn) (12)
Ko=+T=(/f)? = /1= (2/nN)2  (13)
For a negative exponential term, the sign of v is oppo-
site. Expressions for total E and I in regions A and B
may now be written as the sums of the principal and
higher-order wave components. Since we shall equate
E, components at z=0 and similarly equate /1. com-
ponents, we shall confine our attention to these and
write

where

! = mmy
Epplomo = Ao+ 2 Am cos —— (14)
m=1 a
= mm
11:A'|z=xo= YAvo'*' Z}'Am,4mcos—~y (15)
mes] a
and Ya, = — jlwea/mnK.,)

for the A region. Similarly, the expressions for E, and
II. for the B region are

£ nw
Eys)im0 = Bo + 2_ B. cos ? (16)
ne=1
< nm
I 8| im0 = Y5,Bo + 2_ Vp,B. cos (17a)
nes 1
and Vs, = j(we/v.) = jlweb/nwK,). (17b)

We have here assumed that terminations are far enough
removed from the discontinuity so that only positive
exponentials for the local waves are required in region

d

C

ty

1

o z
IFig. 22—Step discontinuity in parallel-plane transmission line,
showing co-ordinate system.

}
A a
t

B(z<0) and negative exponentials in region A(z>0).
Hence the opposite signs for the ¥’s in the two regions.
The YVo's are the transmission-line wave admittances
whose values depend upon the line terminations.

The coefficients are now to be related through the
boundary conditions at z2=0.

1 See for example Slater, loc. cil., where these waves are given in
slightly different notation by his equation 14.13.
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Eyp|smo = Ejp|emo 0<y<a (18a)
Eulll-l):o a<y<b
11:A =0 = IIxBIJ—O 0< y < a. (181))

Consider for a moment the expression (16) for
Eyp|im. It is evident that this equation may be con-
sidered as a Fourier expansion for E,z over the region
0 <y <b. Further, we recognize from the boundary con-
ditions (18a) that E,p is defined as a function of y over
the region 0<y <b. From y=0to y=a, it is given as the
series function of (14), and is zero from y=a to y=10.
The By and B. coefficients are then obtained from the
usual equations for determining Fourier coefficients

1 b
B, = f Eyﬂ!tuody
b Vo
1 a mw
= f <Ao+ ZAmcosJ)dy
b o a
By = (a/b)Aq. (19)
Similarly,
VAR i nry
B, = .bAfo E,BI,_O cos—b~dy
2 e mm nry
= - f <Ao+ ZAmcos——y) cos dy
b 0 m a b
24,  nwa
n = — §in ——
nir
n a? nra An(— 1™
2— —sin — -+ (20)
+ r bt = b - m’{(n’a’/m’b’) -1} (

We may also obtain an expression for 4., as a function
of B, from the boundary condition (18b), equating
tangential components of I1. Equations (15) and (17a)
combine to give

mmy

Yado+ 2 Y4, Amcos-
m a

nw
= Yp,Bo+ 2 V5, Ba cos —b—y 0<y<a.

In the usual manner the average value, or Y4, 4, is
found from

1 ¢ nwy
YAoAO = = f <YBOB0 + § : YB,,B,. cos ’—b"‘)dy
0 n

nra

YaAo= Yg,Bo + O, —— V5 B, sin . (21)
» nme
The Yin.4. coefficients are evaluated from
2 e nwy
VamAm=— f <YB°BO+ > Yg,B. cos )
a 0 n b
mm
- cos Ex. dy
a
2 na* (—1)™sin (nwa/b)
P Al | N - : 22)
“ a ; Boe it { (n2a?/m2?) —1} (

B. The Lquivalent Circuit

Before considering the evaluation of the B, and 4,
coefficients from (20) and (22), let us inquire into the
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meaning of the “average value” terms obtained. If we
define voltage between conducting planes as

v-.-fmz

then for the 4 space

mnm

a a y
Vil omo® —f Aody --f D A, cos—=dy.
0 0 "

[
= — dAo.

Similarly, for the B space

b b nw
l'u 20 —‘f Body - f Z B, cos by d}‘,
0 0 n

— bB,.

Note now that by equation (19) V4 = Vy. By the above,
it is also cvident that the total voltage at any point is
that in the principal wave, since [E-dl for the higher-
order waves will always be zero. This is consistent with
the boundary conditions, and establishes the continuity
of voltage at z=0. Further, note that the current in the
top conductor due to the principal wave J, is given by
+11, and so current in the principal waves for the two
spaces,

JOA!:—O b YA,Ao
Jo8|smo = ¥'5,Bo

However, (21) indicates that Jo,,],_o;é./m],_o, but
differs by a factor as follows:

and amperes per meter width.

b . nma
Y[;"Bn sin 'T .

Joa = Jou + 3

- nma

This discontinuity of current may be represented by a

lumped admittance at z=0. Rewrite the foregoing

equation as Jo4 =Jop—jwC,'V where V is voltage at
2=0, or V|.co=—ado= —bB,. Then jwCy' is

. b 1rd
1wCq = Z YB,‘B,, sin ’:

» nmaid,

(23)

This capacitance Cy’ will be useful if we can show that
it is independent of both termination and voltage, for
we may then represent the effect of the discontinuity by
a lumped admittance at this point, having an exact
equivalent circuit for all conditions of line termination.
We must then show that neither Y, nor B,/A, are
functions of the voltage or the principal wave admit-
tances, the Yo's. If the termination is not so close to the
discontinuity as to require both positive and negative
exponential solutions for the higher-order waves, then
(12) holds and shows that YV, at least is not a function of
termination or of voltage, that is, of ¥ 4o, Yo, Ao, or B,.
Then substituting for ¥, from (17b) and B. from (20)

» Kgn

S0 e sin?ar(a/b)
Cd.= oY 2/p2y
m [Z Kp,n*(a?/b?)
by SintAna/) o (= 1)1,/ el e
m m*{(na?/m22) — t}

Let us define two of the su mmations
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sin? nra n*(a/b)?
Tu(e) = 2 — 25) —e D) =
anlal {(n’a"’/p"’b’) — 1} {(n"’a"’/m’b’) = 1}
sin® nra (32)
Tmala) = 2 - (26)

= K,.mz{(n’a”/m? —_ 1)}’ .

By comparison with the Hahn functions given in the
Appendix E, we see that the above may be written

Tou(a) = So(a) =E Z( K 1>sm l:”;a 27
"B n'a
sin? nra
Tma(@) = Sm(c) +Z( X 1>n{(n2a’/m’) =35

This separation is made since the latter series converge
very rapidly, and values for the S functions are avail-
able; values of T's may then be calculated readily from
(27) and (28). In fact, if transverse dimensions are small
compared to wavelength, K.=21 (equation (13)) and
the T functions reduce to the S functions, values of
which are given in the Appendix E.

Reversing the order of summation in the last term of
(24), this equation may now be written
cr= 2T+ T O T | 9

Thus the first term in this expression is not a function
of Ao, Bo, Y40, Ygo. We shall show later that it is the
most important term, and approximate values of Cy
may be calculated using only this term. However, we
may also show that the ratio A,./4, may be evaluated,
so that the entire expression fulfills requirements for a
useful equivalent circuit.

C. Determination of Wave Amplitudes.

To evaluate the ratio A./4,, consider for the moment
(22). Let us confine attention to some particular A,
term, say the pth term to avoid confusion in the sum-
mation. Then

onr 2a(— 1)? nY paBa sin (n1ra/b)
U= pird { (n%a?/p?b?) — 1}
Substitute ¥g. from (17b) and B, from (20),
Fad 4a(— 1)7jwed sin? (nma/b)
Aptie = p2rd = nK.p{(n%a?/p¥?) — 1}
a’n? (— 1)"‘A /Ao
[1+—-»Z 1 (30)
b2 T omr{(n? a’/m’b’) — 1}
The first summation of the foregoing equation is recog-
nized as the T,s(a/b) series from {26). Consider the
second term separately, reversing the order of summa-
tion.

(= D)™(4n/A0)

e

2

m m

2 n?(a?/b?) sm2 (mra/b)
a nK,.n{ (n2a?/ph?) — 1} {(n a’/m’b’) -1 }

Through a partial fraction expansion, the following
identity is obtained:

- (31

pim® 1 1
N pr—m? [ { (n?a?/p??) —1} {(n a?/m%?) —1 } ]p;ém.
Then (31) may be written
sin? (nma/b)

(—1)™(An/A0)p?
Z I: 5,.': nI\',.B{(n’a"’/p’b’) — 1}

= pt— m?
m#p
sin? (nra/b)
5 i , ]
~ nKa.n{(n?a?/m®?) — 1}
(= 1r4, 5 n(a?/b?) sin? (nra/b)
Ao = pKopl(war/p?) — 117
The last term in which m is set equal to p in (31) must
be included since the partial fraction expansion does not

hold for m=p. Two of the series are of the form (26).
For the last, define

'V = %
I'B(a) AT.; PanB { (?12a2/P2) = }2
This is related to Hahn's U function, (82) of Appendix

E.
na’® sin? nra
Vos(e) = Uple) + Z( o >p2{(n2a2/pz)—1}’

Thus with the double summation written in the form
(33), and the definitions (26) and (34), (30) becomes

- (33)

na? sin? nra

(39)

- (35)

: pB(a/b) 1
-(-1 [pKM4+ pz‘"]‘[fF T ,5(a/b)
—1)™(A,./ A,
+ 2 - SSli )[T,,B(a/b) T.s(a/b)].  (36)

- (p?—m?)
The above equation represents an infinite number of

simultaneous equations, one for each value of p, in the
infinite number of 4,.’s. In matrix form,

[gom][4m/40] = [h,] (37

where

gom = [(— D™/ (p* — m)][T,a(a/b) = Tmsla/b)]

m#p

[ Vesa/t) | =
tor = (= 0 24 MM] (38)
b = = (1/p)Tala/b).

Formally, the ratios 4,./4. are completely determined
by (37) in terms of the ratios a/b and b/\, and are not
functions of the Yy's, proving our earlier statement.
Practically, we may solve for a finite number of these
by retaining that number of simultaneous equations.
We shall demonstrate this by a numerical example.

D. Numerical Example

Iet us consider the case of a/b=1/2 at low frequencies
(b<<\) so that the T functions reduce directly to Hahn's
S functions. Using values of these from Appendix E,
the coefficients (38), retaining four of the equations (37),
are
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—4.695 | —0.110 | +0.066 ; —0.04537 [A,/A,7] [1.00
+0.110 : +2.403 : +0.04 | —0.0292 || A:/Ao | | 0.333
+0.0663 | —0.045 | —1.61 : —0.021 || Ay4.] {0.170
+0.045 : —0.029 : +0.021  +1.212 1/4.] L0.105

A method of successive approximations, using first the
main diagonal terms only, and successively correcting
by resubstituting first approximations for other than
the main diagonal terms in the equations, leads to
values of 4,./4, very quickly, and is applicable to any
number of equations. For the above,

m=3

~0.1192

m=4

0.1003

Tm=2
0.151

m=1
Am/Ao =
-0.219 |
Substituting in (29)
Cd' =(2¢/7%[4.21—0.219—0.050—0.020—0.011 .

It is seen that four A, terms in the summation were
sufhcient.
Cd=0.253e

For air or space, e=1/36rX10~° farad per meter =
0.0885 micromicrofarad per centimeter so C;’'=0.0224
micromicrofarad per centimeter.

Although they are not required for the equivalent
circuit, it is interesting to note the wave coefficients in
the B space, calculated from (20).

B,._ n=l: r_z=2—>: .)1'=3 n=4 | n=5| n=6 | n=7 | n=8
B, |1.16/—0.2201—0.532] 0.152 | 0.344 |—0.119|—0.200+0.100

E. Approximate Expressions

The above numerical example is typical, demonstrat-
ing that the major part of the capacitance arises from
the first term in (29). For a first approximation to
capacitance, we should then not need to calculate the
coefficients 4,./A4, from the matrix (37),

Cd =2 (2¢/7)Ton(a/b) = (2¢/79)So(a/b), (b/N) L 1. (39)
Values of Sy(a/b) are tabulated over a wide range in
Appendix E. For small values of a/b, the approximate
value of the S, function may be used. The resulting
equation, including the effect of the coefficients A4,,/4,,
is then

J = e[(2/7) In (b/a) — 0.268]. (40)

Equation (40) differs from (29) by less than 10 per cent
if a/b is less than 0.3.

For values of capacitance when transverse dimensions
approach a half wavelength, the K's depart from the
value of unity and some correction terms in (27), (28),
and (35) must be calculated. To the extent that only
one correction term is required, (meaning that the ap-
proach of the n=1 E wave to cutoff is of the most im-
portance) the ratio of susceptance to that calculated
from the low-frequency value of C4’ is

Sd 1

wCd /1 —(26/M)?

Proceedings of the I.R.E.

February

This approximate relation has been compared with com-
plete calculations for Sa’/wCa’ in the range of b from 0 to
A/2 in Fig. 16.

It is interesting to note that the approximate result
(39) could be obtained by the first step in a converging
step-by-step method sometimes used in the analysis of
discontinuities. In this method the principal wave only
is considered in the region A, then the first approxima-
tion to E-wave components in B is obtained by expand-
ing these in Fourier series, then the E-wave components
in region A are obtained approximately by the discon-
tinuity in E., etc. The method followed in this report
has included simultancously all of these steps.

APPENDIX A

ANALYSIS FOR DIsCONTINUITIES [F1Gs. 2 10 8

(1) Itis apparent that Fig. 7 is the general case cover-
ing all cases, Figs. to 1 to 8. Following the analysis for
the step given in Part VI, we may write

Eys|sao=Bot+ 3 B. cos —2

(42)
nw
H i3] o= Yo, Bot+ 3 VB, cos —2
Ty
Eyclz—d C0+ Zcq CcOs .
q
) B} 43
II:C' 2—=d = } CUC0+ Z YCqu COs 4 ( )
q
Euu=[doei+ 44 eit]
mwy
+ > [Ame™ 44, er] cos - ks
m a (44)
U= —1/77[-408_"'"—/10'5""']
’
+ 2 Va,ld m€=™— A, e | cos alld
- a
Jweb Jwec Jwea
YB,.*—"" ‘K— Ce= — K = _A___
nmAsp, ™ mwR,,,
q Cq A (45)

Ks,=+/T=(28/m)?
Ka,=v/T=@a/mV)"
The matching operations, as explained in detail in
Part VI, follow these steps

(a) Obtain equations of B's in terms of 4's from con-
tinuity condition E,p|.co=FE,4|.m0 0<y<a;
Eyp|.m0=0,a<y<b.

(b) Obtain equations of C’s in terms of A's from con-
dition E,c|,ms=FE,4|sma, 0<y<a; Eyc|ia=0,
a<y<c.

(c) Obtain equations of A4's in terms of B's from con-
dition II,A I 2 = II,B‘ 20 0 <y <a.

(d) Obtain equations of A's in terms of C's from con-
dition H.u|,ca=H.c|._a. 0<y<a.

If we define F.=A4,+A4, F.=A,—A4,

Gm = Ame"de + Am'evmd Gm’ = A me—vmd — Am’ede' (46)

Keq=+/T>(2¢/qN)?
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The resulting equations are

aF0=bBo (47)
aGo—CCo (48)
Fy Y Bab
__O_.—YBO Bo+ Z L sin ai (49)
= nrwa b
G Y Cc a
__o.=ycoco+ Z Cq q7r (50)
y q’ : 1)"F m/F
2F ~1)"Fn
B, = sin "”[1+‘fl (1) Fa/Es ]( 1)
nr b b2 o m?{(n%?/m*?) —1 }
2G g2 - 1)"Gm/G
q=——°— sin i [1+‘%Z . 1)26e/Gs ] (52)
gr ¢ c m {(q’a’/m’c’)—l}
2a(—-1)™ nYp B, sin (nma/b)
YA"F".I= (53)
mrh { (n2a?/m?b?) —1}
2a(—-1)™ Y Gy si
Vs Gl = 0(2 ) q¥c,Cy sin (gma/c) (54)
mire 5 {(g%a?/m*c?) — 1}

The above equations (47) and (48) again show that
voltage 'is continuous in the principal wave, but (49)
and (50) show that current for the principal wave is

12
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Fig. 23—Discontinuity capacitances for Fig. 2 and comparison with Fig. 14.

discontinuous by the factor of the summation. This dis-
continuity in current can be written in terms of lumped
capacitances. For a unit width,

[Jop — Joalez0 . VYnbB.
= s
Jou(—aFo) Jjwnma®Fo b
Substitute Yp, from (45), B, from (51)

2¢ sin? (nma/b)
W?[ Z KB:,n”(a/b)"
— 1)™(Fn/Fo

sin? (nmwa/b)
P Kgn o m?{(n2a?/m*b?)

By the definitions (25) and (26)

S 2e —1)™(Fn/Fs)

Ci4 3[Ton(a/b)-{-z: ( ) (2 0
" ™

Cid =

Cid

T nn(a/b) ] .(55)
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Similarly,
Cod = [](.)A—]OCJt-d
Jjw(—aGy)
cu=7[roc(a/c)+2 U (G"/G°) mc(a/c)].(sw

The expressions (55) and (56) show that at least to
the extent that the summation terms represent the
usual order of correction to T'ec, the lumped capacitances
to place at the two discontinuities are those for the cor-
responding steps,

Ci/ =CJ(a/b) and C.d =CJ(a/c) (57)
where C./(a) is defined by (29), and plotted in Fig. 14.
We should, of course, expect this result if d is large com-
pared to g, but not necessarily when d/g is small. We
may check the conclusion on two special cases.

(2) Special Case of d=0 (Fig. 2).

If d=0, it follows from (46) that Fa=Gn, Fn'=Ga'.
Then (53) and (54) may be equated, with B, substituted

12

i

08

06

}— C'd(a)
\ /FROM FI1G. 14

04

02

[

from (51), C, from (52). The reversal of summation,
breaking into partial fractions, and identification of the
Hahn functions leads to an infinite matrix of equations
as demonstrated in detail for the corresponding step in
Part VI, leading to (38)

[gpn[Fn/Fo] = (1] (58)
{(= O~/(p* = mD} [Tpu(a/b) + The(a/c)

— Twmn(a/b) — Tme(a/c)]
Brp = {("‘ 1),./,,2! [Vn"<a 'h) + V,.a(!l/C)]
hy = = (1/p) [ Ton(a/b) + Tpe(a/o)].
By retaining only a finite number of the equations de-
fined by (58) (usually 4 are sufficient) that number of
values of F,./F, are obtained by simultancous solution,
and these may be substituted in (55) and (56) to correct

where g, =

mysp

J'—_—‘* =~
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the first approximation to Ci,’ and Cu’. The curves of
Fig. 23 show such values, assuming b<\, for several
values of b/c. It is seen that the approximate results
(57) are in excellent agreement with the more accurately
determined curves, for all values of b/e.

(3) Special case of b=¢, d 0.

This represents another special case in which the
matrix equation may be readily obtained and solved,
at least for low frequencies. Results for the corrected
capacitances Ci' = Gy’ = Cy’ are plotted versus a/b for
several d/a ratios in Fig. 24. Comparing with Cs’(a/b),

|

\\ NOTE: CALCULATIONS WERE

10 \ MADE FOR d/a= l/z,, , l/m 2/1r_';
.08

THE CURVES FALL BE-
06 E
N\ Cila)
g \FROM FiG 14
04

TWEEN THESE TwoO.
\
\\
02 A

N
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N
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Fig. 24—Discontinuity capacitances for Fig. 3
and comparison with Fig. 14.

it is seen that the latter is a good approximation to the
actual Cy4’ for all values of d/a.

APPENDIX B

ANALYsIS FOR DiscoNTINUITY OF FIG. 9

For this problem, we employ a small 4 region of
infinitesimal length between the B and C regions, ex-
tending from y=0 to y=a. At z=0, series forms for
E, and H, in the B and 4 regions may then be written
as in equations (14), (15), (16), (17). For the region C
at z=0, :
qmy

¢ (59)

7

qmry

Eyelsmo = Co+ 2_C,cos
q

IIzCI w0 = YVeilCo+ 2 e,y cos
q
where y'=y+4(c—a)
Yp, = (jweb/nrKp) Ve, = — (jwee/qrAc,).

The matching operations are these: (1) Obtain B's in
terms of A's by matching Eg=E,, 0<y<a; E,5=0,
a<y<b. Results are the same as (19) and (20). (2)
Obtain C's in terms of A's by matching E, =0,
0<y' <(c—a); Esc=E,4, (c—a)<y'<c.

CCo = aAo (60)
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ZAo(‘— l)q . qma
sin

Gy
q q7r ¢

g%a? An/Aq ]
? — ———————————'= (61)
[1 + c? ; m*{(qzaf/m?c?) — 1}
(3) Obtain A's in terms of B's by matching I, =115,
0 <y <a. Results are the same as equations (21) and
(22). (4) Obtain A's in terms of C’s by matching
H.y=1lc c—a<y <c

c V. Co(— 1)  gma
}’Ao-10 = VeilCo+ — Z —= sin ——— (62)
ra q ¢
2 — 1) ¢, Cqq sin (gma/c)
Ry A e (= D% ellog sin (gma/c) 63)

{ (g2a?/m?c?) — l}—

Note that in carrying through steps (2) and (4) it is
convenient to use a substitution, y" =a—y=c—y’.

Study of the zero-order terms reveals the usual con-
rinuity of voltage but discontinuity of zero-order current
¥VpoBo— YcoCo which may be accounted for by a capaci-
tance :

B, sin (nma/b)

mirc

b’
CJ = -
c? (— 1)C, sin (gra/c)
+ =3 - : ] .
b2 g*KeoA o

Substituting the results for B, and C, from (20) and
(61), and identifying the functions defined by (25) and
(26),

2e -1 "‘."m Ao
C/== { { Ton(a/b)+ > %—/- Tmu(a/b):l
s m 1

Am/Aq
——/2— T,,.c(a/c)] } . (69)

m

+ [ Toc(a/c)+ );

Again, subject to more accurate evaluation of the sum-
mation, we may write
Cd =Cd(a/b) + Cd(a/c). (65)
To obtain the more accurate values, we must find the
matrix for 4,./4,. Equate results for Y4, A4, from (22)
and (63), substitute (20) and (61), and separate in the
manner detailed in Part VI. The matrix is

lesn ) [Am/A0) = [h,] (66)
8rn = {1/(p* — m) } {(= 1)»+[T,5(a/b) — Trp(a/b)]

mpep
+ [Tse(a/c) = Tme(a/c))}
&, = (1/09)[Vop(a/) + Voe(a/c) ]
hr = (I/PZ)[(— l)prB(a/b) ol TpC(a/c)]'
In Fig. 25 values from the complete equation are plot-
ted versus a/b for the case a/c=1/2, and compared

with results from the approximate equation (65). Agree-
ment is again good.

ArrExDIX C
ANALYSIS FOR DISCONTINUITY or FiG. 12

In Fig. 12 we may write solutions for the components
E,, and II, in the three regions 4, B, and Cin the forms
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Fig. 25—Comparison of discontinuity capacitance
for one case of Fig. 9 with values from Fig. 14.

of (14), (15), (16), (17), and (59), where y'=y—f and
f=b+d.
Vi, = — (jwea/mwKa,) Ypa = (juweb/nwKp,)

" . (67)
Y, = (jwec/qmKeq).

The matching operations follow in this manner: (1)
Obtain A's in terms of B's and C's by matching E,4
=FE,p 0<y<b; E,1n=0, b<y<[; E,s=E,, f<y<a.
(2) Obtain B’s in terms of A's by matching H,p=H.4,
0<y<b. (3) Obtain C's in terms of A’s by matching
H.c=H.4, f <y <a. Resulting equations are

aA,=bBy+cCo

2B, m?b?

~ mwb
[
mw a a’

(68)

— SIn

PP G V0 SO
= n’Bo{(mzbz/nzaz)—lA}]

2C 2¢2 C
—Jsin——mﬁ[l ey - ](69)
mm a g q’Co{(m’cz/q’a’)—l}
a Vi Am mmb
VaBo=Vadot— S i, (70)
Lt m
a Vi Am mm
VeCo=YaAo—— 2 4 2 gin / (71)
¢ m a
26(=1)" mY 4, A sin (mxb/a)
o BV S e
n'ra . { (m2b?/n?a?) — | }
2c mY 4, Amsin (m=f/a)
Y oy — = : (73)

gtra 5 {(m?/q*a?)—1 }
Equation (68) shows that voltage across lines B and C
must equal that across line 4, suggesting a series con-
nection. However, equations (70) and (71) show that
zero-order current is not continuous, requiring addi-
tional shunting elements at the junction. If (67) and (69)
are substituted in (70) and (71), these may be written

Jon=J oatjoCr'Vop+jwCa'Voa

(74
—’OC —,0A+j0)C¢IVoC+ij,1,V0,1
where
cu 2a% sin (mwb/a) sin (mxf/a)
2 wbe . m*K am
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lil_{’_m’c2 C. ] (79)
at ‘55 q"Co{(m’cz/q’a’)—l}
2a% sin? (m=b/a)
Co'= ).
b m3*K gm
m?2b? —1)*B, n
N Ge = — —C4 (76)
il af @ n’Bo{(m’bz/nza’)—l} |
2a% sin? (mnf/a)
Yy p
7% = m3K pm
1 m?c? C, 7
] e —C,. (77
L a’ Zq: qzco{(m’cz/q’a’)—l} i 4 1D

Equations (74), combined with (68), lead to the
equivalent circuit given in Fig. 12, with values of ca-
pacitance at the junction defined by (75), (76), and
(77). To complete the problem, we should show that
C,/Co and B./B, are independent of the terminations
so that (75) to (77) give values of capacitance inde-
pendent of terminations. The matrix equation is ob-
tained conveniently only for the case d=0, and the
proof for that case is complete. The proof seems more
difficult for the general case of d %0, but a few numerical
checks support our belief that the major part of the con-
tributions to capacitance arise from the first summa-
tions in (75) to (77), which are independent of B,/B,
and C,/Co, as we have found in previous examples.
Curves of Fig. 17 were calculated on the basis of this
assumption, showing C4’, Cs’, and C¢' as functions of
b/(a—d) for different values of d/a.

Note from the curves that (75) gives a negative value
for C4'. Detailed study of certain special cases shows
that C, should be negative if the equivalent circuit is
correct. Two of these cases are:

1. The case of either line B or line C short-circuited
at z=0; the sum of the remaining two discontinuity
capacitances should then equal that for the correspond-
ing step.

2. The case of d=0, lines B and C perfectly termi-
nated, and a wave traveling to the left from line 4 ; the
three capacitances should then combine so that there is
no reflection.

AppPENDIX D
Tue DiscoNTiNuITY OF F1G. 13

Fig. 13 is obviously a special case of Fig. 12, with the
A line terminated by a short circuit at z=1. If this ter-
mination is close to z=0, it will be necessary to include
positive as well as negative exponentials in the A space.
The resulting combination of positive and negative ex-
ponentials, with E, =0 at z=1 for all waves, gives the
following value for Yin

Yim = — (jwéa/"l‘ﬂ'KAm) coth (mxKaml)/a. (78)

By using this value in equations (68) to (73), the ap-
propriate values of C4’, Cp’, and Cc’ may be calculated.
In particular, for the case of d=0, a<\, it was found
that all previous values of Ca’, Ca’, and Cc’ may be
multiplied by a factor which is only a function of I/a,and
is plotted in Fig. 18. This factor may be approximated
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by coth wl/a to the degree shown in the Fig. 18. Note
that until //a is less than 0.5, the correction is less
than 10 per cent; at I/a=1 it is practically negligible.
These results may be used as a guide, showing approxi-
mately when any termination is electrically close to the
discontinuity.
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Fig. 26—The Hahn functions S;(a).

Note that since we have taken a <<}, this case will also
infer that /<K\. The short-circuited line A then looks
like an inductance L=pule/w. For air or space, u=4r
X10~7 henry per meter so
L = 47 X 10-7(la/w) henry (dimensions meters)

= 4m X 10~*(le/w) henry (dimensions centimeters) (79)

w is width of the line.

APPENDIX E
Tue HauN FuNcTiONS

Hahn has defined and calculated values for the fol-
lowing summations

®. sin? nra

So(a) = Z B (80)
Y a’nd
< sin® nra

S,(a) = (81)

& oo =11

i na?® sin? nra
Usla) = =~ ng(,,zaz/pz) —1}2
For small values of a,

Sola) = =2[In (1/a) — 0.338]. (83)

Hahn! has given a quite complete table of values for
Sp(a). (Note that all values in his table should be nega-
tive.) Curves taken from this table are plotted in Fig.
26.

For values of U,(«) it is possible to neglect variation
of these functions with « in their first approximation
(and since they enter only in the second-order term for
capacitance, this is good enough for our purposes).
Then

(82)

U,22.23; U,==4.69; Us=17.12;
U,2=9.54; U,=20.97(pr2/4).

For a very complete table of the S; summation, we in-
clude results calculated by the Mathematical Tables
Project of the Works Projects Administration under the
direction of Dr. Arnold N. Loxx:an.

TABLE 1

a Si(a) a Sila) a Sela) | a Sila)
0.01 42.117 0.26 10.14 0.51 4.041 0.76 1.0877
0.02 35.276 0.27 9.787 0.52 3.880 0.77  1.0095
0.03 31.276 0.28 9.443 0.53 3.722 0.78 0.93403
0.04 28.439 0.29 9.113 0.54 3.569 0.79 0.86125
0.05 26.924 0.30 8.795 0.55 3.421 0.80 0.79116
0.06 24.442 0.31 8.488 0.56 3.276 0.81 0.72377
0.07 22.924 0.32 8.192 0.57 3.135 | 0.82 0.65907
0.08 21.611 0.33  7.906 0.58 2.997 0.83 0.59706
0.09 20.453 0.34 7.630 0.59 2.864 0.84 0.53775
0.10 19.418 0.35 7.364 0.60 2.734 0.85 0.48115
0.11 18.483 0.36 7.108 0.61 2.607 0.86 0.42728
0.12 17.630 0.37 6.856 0.62 2.484 | 0.87 0.37616
0.13 16.847 0.38 6.613 0.63 2.365 0.88 0.32784
0.14 16.123 0.39 6.379 0.64 2.248 0.89 0.28234
0.15  15.450 0.40 6.151 0.65 2.135 0.90 0.23973
0.16 14.822 0.41  5.930 0.66 2.025 0.91  0.20006
0.17 14.232 0.42 S5.716 0.67 1.918 0.92  0.16341
0.18 13.678 0.43 5.508 0.68 1.814 | 0.93 0.12988
0.19 13.154 0.44 5.306 0.69 1.713 | 0.94 0.099584
0.20 12.659 0.45 S5.110 0.70 1.615 0.95 0.072684
0.21  12.188 0.46 4.919 0.71 1.520 [ 0.96 0.049373
0.22 11.741 0.47 4.733 0.72 1.428 0.97 0.029917
0.23 11.315 0.48 4.553 0.73 1.339 0.98 0.014692
0.24 10.907 0.49 4.378 0.74 1.252 | 0.99 0.0042972
0.25 10.518 0.50 4.207 0.7 1.169 1.00 0

|
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A Dummy Dipole Network:

HANS SALINGERTY, ASSOCIATE, I.R.E.

Summary—Design data are presented for a network which
closely simulates the impedance of a dipole antenna in the range
from one half to twice its series resonance frequency.

ADIO transmitters are generally designed for use
R with a specified aerial, and in the majority of

cases they have to operate with the same an-
tenna over a certain range of frequencies. It then is
necessary to ascertain whether they deliver sufficient
power to the antenna all over this range. As it is incon-
venient to perform this test on an actual antenna, a
“dummy antenna” is customarily used, i.e., a network
the impedance of which approximates that of the actual
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Fig. 1—The network and its design curves.

antenna. In this note, design data will be presented of a
simple network to be used as a dummy for a 3A dipole,
the characteristics of which it simulates over a range
from about one half to twice the series resonant fre-
quency.

The design is based on data recently supplied by King
and Blake! which evidently are very reliable. Their
curves contain the parameter a/\, where a stands for the
conductor radius. As in our problem X\ is variable
whereas & (half the dipole length) remains constant, the
curves had to be redrawn for the parameter a/h; the

* Decimal classification: R320. Original manuscript received by
the Institute, June 1, 1943.

t Farnsworth Television and Radio Corporation, Fort Wayne,
Indiana.

1 R, King and F. G. Blake, “The self-impedance of a symmetrical
antenna,” Proc. [.R.E., vol. 30, pp. 335-349; July, 1942.
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results appear in Table I, for three values of a/h, viz.,
4105, 4% 1074, and 4 X 1073, For self-supporting short-
wave antennas higher values of a/k occur, and it would
be desirable to extend the curves of King and Blake
correspondingly. But the approximations used by them
seem to become invalid in the extended range; therefore,
the present investigation has been restricted to the
range covered by their curves.

TABLE 1
COMPARISON OF D1POLE AND NETWORK IMPEDANCE

a/h It | Z (dipole) Z (network)
4 X10°¢ 1/x=0.318 | 5—j 2050 4.04—5 1938
2/x =0.637 22—5 150 | 19.3 —j 728
3/x =0.955 61— 47 5904 —j  81.8
1 [ 6947 36 | 69.2 +j 2.2
| afxr=1.273 15745 540 |  182.3 45 591
5/x =1.591 s5045 1650 |  778.5 44 1792
6/x=1.910 | 70404 2160 6740 45 1302
2 5720—; 3800 6180 —j 2790
4X10°¢ 1/x=0.318 5—j 1550 4.08—j 1509
2/x =0.637 | 225 540 18.9 —j 532
3/x =0.955 60—j 28 58.4 —j  42.2
1 68+; 34 68.1 +5  22.1
4/x =1.273 15545 440 180.7 47 465
S/x =1.591 5404F 1250 757.5 45 1340
6/v 1910 | 47404§ 660 | as10" 45 273
2 3450 —j 2400 3860 —j 1791
41073 1/x=0.318 5—j 1050 | 3.81—j 988
2/x =0.637 223 350 18.1 —j 327
3/x =0.955 ' 58—j 12 ‘ 56.7 45 17.4
1 66+5 32 66.0 ~j  62.8
4/r=1.273 | 14945 380 | 175 45 380
5/x =1.591 52045 800 715 45 944
6/ =1.910 26005 200 2600 —; 241
2 1900 —; 1350 | 2180 —3 1129

A simple = mesh as shown in the lower part of Fig. 1
was found to simulate the dipole rather closely. The ele-
ments R, L, Ci, and C., were calculated to give the best
fit, and these values may be taken from Fig. 1; the re-
actances Xz, X¢1, and X¢2 mean 2wfoL, etc., fo being the
frequency at which 42 =N\ (this is not exactly the fre-
quency where the dipole reactance vanishes, as can be
seen from the insert of Fig. 2).

Table I compares the dipole and network impedances
for different values of f/f, and a/h. For the lowest and
highest of the a/h values, curves have been drawn;
Fig. 3 shows the resistance, Fig. 2 the reactance be-
havior. Some parts of the curves have been drawn sepa-
rately on a larger scale.

DiscussiON

From Table I, it would seem that the reactances do
not fit too well at certain frequencies. But the drawings
show that this is only due to a horizontal shift of the
curves, which means that the network does not tune
exactly at the same frequency as the dipole. This is con-
sidered as insignificant, inasmuch as the dipole itself is
slightly detuned from the \/4 value. It is possible to de-
sign the elements so that network and dipole tune at the
same point, but then the resistance match will not be as
good, and it seemed to be more important to match the
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resistances, in order to make the network useful as a
dummy load for power measurements. With the present
values, the resistances fit reasonably well in the whole
frequency range, except that the dipole resistance
curves show a sag near f/fo = 1.6 which it was not possi-
ble to simulate without impairing the fit at other fre-
quencies.

The network recommends itself by its simplicity. It is
to be noted that it contains only one resistor; thus one
meter placed in series with it will suffice to read the
power absorbed by the network.

As mentioned above, the series-resonance points of
dipole and dummy do not coincide. This defect could be
removed by placing a small reactance in series with the
network,”without giving up the advantage that the
power can be read with one meter.
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Fig. 2—Reactance of dipole and dummy.

CORRECTIONS

The R values shown in Fig. 1 are rather high, and
therefore the capacitance of R might cause trouble at
frequencies above a few megacycles. Fortunately, R is
shunted by the much smaller X ;. If the combined capa-
citance of R and L is called K, its reactance (at fo) Xk (we
take X x as positive, as we did with X¢; and X¢g), then
its effect can be taken into account by correcting X,
to X' =X./(14X./Xxk). This will hold as long as
X x> X1, and may materially extend the use of our net-
work into the short-wave region.

Also, the loss of L has not yet been considered. Since
the Q of the combination R, L (Q=R/X ) is always less

Proceedings of the I.R.E.

than 15, no trouble is anticipated if a coil of reasonably
high Q;, is used; we only have to correct R to R’, where
R'=Q.R/(Q.—R/X.'), subject to the condition
Q> R/X;. If we then want to determine the power P,
from the current I flowing in R’, we have to put P=
R.l?, where R. is in first approximation given by
Ru= R(l +(2R/QLXL,)) =R,(1 + (R'/QLXL'))' Rey is
different from R’ because part of the power is dissipated
in the X branch, and it differs also from R because the
current in X, is not the same asin R’.

It should, however, be understood that these correc-
tions have been computed only for the frequency f,. The
presence of K and the coil loss will also affect the im-
pedance curves of Fig. 2 and 3 to a certain extent. But
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Fig. 3—Resistance of dipole and dummy.

this cannot be worked out quantitatively unless definite
assumptions are made on the dependence of the coil
losses on frequency.

ExAMPLE

Take fo=10 megacycles, a/k =103, which means a
conductor diameter of 1.5 centimeters. From Fig. 1, we
find R =6700, X1 =650, X¢ = 1800, X¢2=607 ohms, or
L =10.35 microhenries, C,=88.6, C,=26.3 micromicro-
farads. Assume Q. =150, and a coil capacitance of 1
micromicrofarad. Then we should have XL/ Xk
=0.0408, and therefore X.'=623.5 ohms or L =9.94
microhenries. Similarly, R has to be replaced by R’
=7180 ohms, while R.q=7650 ohms.
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Institute News and Radio Notes

Board of Directors

At the regular meeting of the Board of
Directors, which took place on December 1,
1943, the following were present: L. P.
Wheeler, president; H. M. Turner, presi-
dent-clect; F. S. Barton, vice-president;
R. A. Hackbusch, vice-president-elect; S. L.
Bailey, E. F. Carter, I. S. Coggeshall, W. L.
Everitt, Alfred N. Goldsmith, editor; R. A.
Heising, treasurer; F. B. Llewellyn, Haraden
Pratt, secretary; B. J. Thompson, H. A.
Wheeler, and W. B. Cowilich, assistant sec-
retary.

The actions of the Executive Committee,
taken at its meeting on November 2, 1943,
were ratified.

The subject of submitting quarterly fi-
nancial statements to the members of the
Board of Directors was discussed.

These applications for membership were
approved: for transfer to Senior Member
grade, G. C. Bruck, A. F. Pomeroy, and
F. H. Speir; for admission to Senior Member
grade, J. E. Clegg; for transfer to Mem-
ber grade, H. S. Benowitz, A. O. Bliss, J. G.
Ruckelshaus, and R. D. Stewart; for admis-
sion to Meinber grade, A. C. Davis, M. D.
Fagen, H. A. Finke, Edward lannelli, C. J.
Mullin, Ricardo Muniz, Ivar Nelson, A. N.
Stanton, and W. E. Whiting; Associate
grade, 127; and, Student grade, 103.

The following amended and additional
Bylaws were adopted:

SECTION 45: Add “Investment Commit-
tee” to the list of Committees, and add “ex-
cept as provided in these Bylaws” at the end
of the last sentence in the Section.

NEw SecTioN: “The Investment Com-
mittee shall consist of the Treasurer as
Chairman, the President, the Secretary,
with such additional members as the Board
may wish to appoint.

“The Investment Committee is author-
ized to carry out recommendations received
from an Investment Advisor, or Advisors,
duly named by the Board to sell or buy se-
curities in the name of the Institute within
the limits of the Institute investments, plus
any balance of moneys in an Investment
Account established by the Board. Such
selling or buying of securities shall be by
means of an order upon the Custodian of
Institute Securities, signed by two members
of the Investment Committee authorized to
do so by the Board of Directors, directing
the Custodian to sell named securities and
deposit the proceeds in the Investment Ac-
count, or ordering the Custodian to buy
named securities and charge the cost to the
Investment Account, such account to be
maintained in the Custodian's institution
Interest and dividends received from securi-
ties shall be deposited in the Investment
Account. The moneys in the Investment
Account is to be subject to withdrawal by
the Board through its regularly constituted
officers. The identity of special funds shall
be maintained when changes in securities
are made. A report on sales and purchases of
securities shall be made to the Board by the
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Investment Committee at the Board's first
meeting after each transaction is consum-
mated.”

Following the report of Treasurer Heis-
ing, as Chairman of the Investment Com-
mittee responsible for making amendments
to the Institute Certificate of Incorporation,
the resolution below was adopted:

“Resolved: That, the notice for a special
meeting of the Institute on January 28,
1944, at 11:00 A.M., at the lotel Commo-
dore, New York City, to amend the charter,
be adopted as approved by Mr. Zeamans
and as submitted by the Chairman of the
Investment Committee, and that the Presi-
dent be instructed to sign the notice, and
that copies of the notice be mailed to all
members of the Institute between Decem-
ber 9, 1943 and January 18, 1944.”

Following the report by Mr. H. A.
Wheeler, Chairman of the Institute Com-
mittee on Professional Representation, the
following resolution was passed:

“Resolved: That, the Board does not
favor the formation by the Institute, or
otherwise encouraging the formation, of col-
lective bargaining agencies for radio engi-
neers and, therefore, the Board requests the
Institute Committee on Professional Repre-
sentation to report on the practicability of
national action, preferably in co-operation
with other technical societies, to protect and
enhance the professional interests of engi-
neers."”

The report on Institute investments,
given by Treasurer Heising as chairman of
the Investment Committee, was discussed
and resulted in a revised definition of invest-
ment policy.

Treasurer Heising, as chairman of the
Office-Quarters Committee, stated that on
the basis of estimates obtained it was found
that the rental for a 4000-square-foot area
would approximate the cost of operating a
small building with considerably larger
space. Following a discussion of the situa-
tion, approval was given to taking immedi-
ate steps toward locating a suitable building
or buildings for purchase.

A report was given by Mr. H. A. Wheeler
on the progress of the plans for the Winter
Technical Meeting, to be held on January 28
and 29, 1944,

The subject of a budget for 1944 was dis-
cussed at length.

The report of the Awards Committee,
presented by Mr. H. A. Wheeler, chairman
of the committee, was received and the fol-
lowing were named for the indicated awards:

Medal of Honor for 1944: Haraden
Pratt; Morris Liebmann Memorial Prize for
1943: \WW. L. Barrow; Fellowships: S. L.
Bailey, C. R. Burrows, M. G. Crosby, Harry
Diamond, C. B. Feldman, Keith Henney,
D. O: North, K. A. Norton, S. W. Seeley,
D. B. Sinclair, and Leo Young.

President-elect Turner was appointed to
serve as Institute representative on the
United States National Committee of the
International Electrotechnical Commission.
Dr. J. H. Dellinger was reappointed Insti-
tute representative to serve with the Ameri-
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can Documentation Institute for the
three-year term, 1944-1946, The appoint-
ments of Captain L. D. Prehn and Mr. W. L.
Roe to the Facsimile Committee were ap-
proved.

Secretary Pratt, as Institute representa-
tive on the Radio Technical Planning Board,
reported on recent activities of the named
agency. It was announced that Editor Gold-
smith was recently elected vice chairman of
the RTPB.

The resignation of Mr. B. J. Thompson,
Institute’s alternate on RTPB, was reported
by President Wheeler and accepted with re-
gret and an expression of appreciation of
services rendered to RTPB. Dr. Barrow was
appointed to the indicated office.

A proposed amendment of the “RTPB
Organization and Procedure” was approved.

President Wheeler called attention to the
registered attendance of 524 at the Roches-
ter Fall Meeting, held on November 8 and 9,
1943, included in the report to the Institute
by Mr. L. C. F. Horle.

Secretary Pratt gave a report on the re-
cent developments concerning the Consulta-
tive Committee on Engineering, War
Manpower Commission, on which commit-
tee he is the Institute representative.

An Institute Committee on Education,
proposed by Dr. Everitt, was given consid-
eration.

Executive Committee

The Executive Committee meeting, held
on November 30, 1943, was attended by
L. P. Wheeler, president; H. M. Turner
president-clect; Alfred N. Goldsmith, edi-
tor; R. A. Heising, treasurer; F. B. Llewel-
lyn, Haraden DPratt, secretary; H. A.
\Wheeler, and W. B. Cowilich, assistant sec-
retary.

The following applications for member-
ship were approved for confirming action by
the Board of Directors: transfer to Senior
Member grade, G. C. Bruck, A. F. Pomeroy,
and F. H. Speir; admigsion to Senior Mem-
ber grade, J. E. Clegg; transfer to Member
grade, H. S. Benowitz, A. O. Bliss, J. G.
Ruckelshaus, and R. D. Stewart; admission
to Member grade, A. C. Davis, M. D. Fagen,
H. A. Finke, Edward lannelli, C. J. Mullin,
Ricardo Muniz, Ivar Nelson, A. N. Stanton,
and W. E. Whiting; Associate grade, 127;
and, Student grade, 103.

Assistant Secretary Cowilich reported on
several office matters, including steps being
taken to obtain additional personnel and the
extent of overtime work during the month of
November.

Consideration was given to a new job
classification and to a pension plan for office
employees.

The statement of accounts for 1943, giv-
ing the comparison of disbursements and re-
ceipts for 1943 with the budget for the same
period, was presented by Secretary Pratt
and discussed at length. Arrangements were
made to have the budget for 1944 made
available at the next meeting.
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Treasurer Heising, as chairman of the
Office-Quarters Committee, presented an
analysis of costs of leasing and owning larger
office quarters, which are urgently nceded,
and a list of quarters available on a rental
hasis and of small buildings for sale. 1t was
indicated that the cost to the Institute of
renting an arca of 4000 square fect, the
minimum required, would approximate the
expense of operating a small building with
considerably more space to allow for expan-
sion. Approval was granted to a recommen-
dation to the Board of Directors relative to
the location and possible purchase of a suit-
able building in New-York.

A discussion was held on the report con-
cerning the Institute investment policy,
presented bv Treasurer Heising, chairman
of the Investment Commiittee.

The proposed revision of Bylaws Section
45 and a new section of the Bylaws, relating
to organization and duties of the Investment
Committee, were reviewed by Treasurer
Hcising, Chairman of the Constitution and
Laws Committee.

Attention was called by Treasurer Heis-
ing to the Special Meeting, to be held at
11:00 A.M. on January 28, 1944 at the totel
Commodore, New York, for the purpose of
amending the Institute's Certificate of In-
corporation, and to the draft of the mecting
notice being submitted to the Board of Di-
rectors for approval.

Editor Goldsmith stated that the Tem-
porary Facsimile Test Standards and an-
other special publication, were in the process
of printing and would be distributed to the
membership at an early date.

Editor Goldsmith reported that the ap-
peal to the War Production Board for 1944
paper supply for the PROCEEDINGS was being
prepared and would be submitted promptly.

Consideration was given to correspond-
ence relating to the list of Institute’s Charter
Members.

Decisions were made on certain matters
concerning the arrangemeat for handling
PrROCEEDINGs advertising, reported by Mr.
H. A. Wheeler.

The program and the budget for the 1944
Winter Technical Meeting, scheduled for
January 28 and 29, 1944 at the Hotel Com-
modore, New York, were presented by Mr.
H. A. Wheeler and given approval.

An appropriate light blue was sclected as
the official emblem color for the new Mem-
ber grade.

Recommendations were made to the
Board of Directors, concerning the Insti-
tute’s representation on the United States
National Committee of the International
Electrotechnical Commission and the Amer-
ican Documentation Institute.

President \Wheeler introduced the topic
of holding regional meetings of the Institute,
and it was decided to include the named ac-
tivities on the agenda of the annual Sections
Committee meeting, to take place on Janu-
ary 27, 1944,

Treasurer Heising, as chairman of the
Sections Committee, reported on the forth-
coming meeting of the particular committee
and indicated topics that would be dis-
cussed.

Consideration was given to a letter from
the New York Section, concerning the rate
of rebates to Sections.
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Correspondence

PosTwaAR CIVILIAN-AIRCRAFT-
Rapio FIELD

It is the purpose of this communication
to call to the Institute’s attention certain
aspects of the postwar civilian-aircraft-
radio field. The favorable development of
this ficld, it is felt, may be materially influ-
enced by the focusing upon it of the atten-
tion of the radio engincering fraternity.
Reference is made to what appears to be the
practically certain tremendous increase in
civilian aircraft in use in the United States
to be anticipated beginning immediately
after V' day. The vital importance of radio
communication to safety of life in the air is
believed to be apparent.

That such an expansion in civilian air-
craft may be taken as certain to occur seems
to be beyond cavil. There are many reasons
why this must be truc. Neglecting entirely
the popularity of aircraft and flying, the
significant part air power is playing in the
war, the complete catching of popular fancy,
the interest of demobilized military flyers,
the strong appeal to American youth, there
secm to the writer to be two paramount
reasons for anticipating such expansion—
and a concomitant opening up on significant
scale of a major new field for radio equip-
ment engineering, production, and sale.

The first, and possibly most immediately
compelling reason, is that aircraft produc-
tion is today America's No. 1 industry. This
is as it should be during the war. But, with
probable rapidly dwindling demand for mili-
tary aircraft after cessation of hostilities a
few years hence, what does America’s No. 1
industry then do to utilize its productive
plant fully? What does it do to contribute
to national welfare through continuing its
employment of the large number of employ-
able Americans today engaged in aircraft
production? A glance at aircraft figures as of
Pear! Harbor, December 7, 1941, is sugges-
tive. Inquiry has revealed that, as of Decem-
ber 31, 1941, there were but approximately
486 commercial air transports and 26,500
civilian, itinerant, or other nonmilitary air-
craft in the United States. Believed to be
correct, these figures provide food for
thought. They suggest, what with govern-
ment “borrowing” of significant numbers of
commercial aircraft to aid the war effort,
that the first postwar demand upon the air-
craft industry will be for commercial trans-
port and cargo planes.

Offsetting the possible production which
this initial demand might create are ap-
proximately 15,000 transport or like aircraft
now utilized by the government. Should
these be released to commercial users in an
orderly manner, their number would go far
to satisfy initial demand. Released in a dis-
orderly manner, their number could be
demoralizing to the industry, could create
an “Army-Navy surplus store” situation of
distasteful and damaging character. Con-
version of these aircraft to a form suitable
for commercial use could create a new and
temporary business in competition with the
original producers, who would seem better
advised to devote some of their productive
capacity initially to such conversion.
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Even without the threat represented by
15,000 government-held transport craft,
such demand alone cannot preserve current
activity rate in the aircraft industry after
V Day. The initial, and continuing, com-
mercial demand may be heavy, but in char-
acter it is unsuited to support plants
specializing in smaller types of aircraft
which may find it not fcasible to convert
rapidly to production of large transport or
cargo aircraft. In any event it is reasonably
certain that the demand, domestic and ex-
port, for large aircraft cannot keep the entire
industry operating indefinitely at anywhere
near its present rate in terms of the number
of aircraft produced and number of workers
employed. Survival alone of the many plants
producing smaller aircraft will force inten-
sive cultivation of the civilian market.
Popular fancy is ready for such cuitivation
in terms of conventional aircraft and seems
to await anxiously the practical helicopter;
and industry need can find long-time relief
only in civilian volume-sale possibilities.

It is not proposed to guess or estimate
what the total number of aircraft in use at
any future date may be. It is believed, how-
ever, to have been pointed out that with
aircraft production capacity what it is today
the continuance of prosperity in, and pros-
perity from, the aircraft industry makes
mandatory the intensive development of the
civilian aircraft market by the industry it-
self

Should, for unfavorable reasons of cost
and convenience which mayv be envisaged,
the private-plane market be unable over
time to support the expanded industry, the
second reason comes to its aid. This reason
is a combination of probably much heavier
annual military-aireraft procurement than
before the war, and the opportunity inherent
in developing government-sponsored “flying
clubs.” The romance of flying is so great
that American youth will dream of being
able to fly for years to come—a dream in
most cases not to be satisfied for economic
reasons. The government will require trained
pilots in anticipation of some future conflict,
the pilot material is ready and waiting for
training. The capacity to produce small
trainer planes may, at some future date,
even be begging for business. \What more
obvious than the formation of “flying clubs”
all over the country by the government? In
purchasing the required planes it supports
an industry which it must preserve against
future need, preliminarily trains at nominal
cost to them the pilots it must also have in
reserve, and simultaneously provides an out-
let for the air enthusiasm of its youth.

The allocation of radio frequencies to
amateur investigation and employment has
twice stood Uncle Sam in good stead, when
as a result the government has found ready
and waiting a substantial body of techni-
cally skilled radio amateurs in its hours of
need—1917-1918 and 1941-2. Are not the
multiple benefits of government “fying
clubs” potentially as—or maybe even more
—valuable?

Consideration of the foregoing will indi-
cate conclusively the inseparability of air-
craft and radio in all the aspects of the for-
mer after V Day. With a steadily increasing
number of aircraft going into service, com-
munication, which may satisfactorily | be
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only by radio to an aircraft in flight, becomes
even more essential to safety of life in the
air—yes, on the ground too—than is the
motor of an aircraft. A glider out of control-
contact can indeed be a lethal weapon in a
crowded air.

The following proposition is, therefore,
respectfully propounded; viz., in civilian
aircraft, radio communication equipment is
the first and primary requisite. This may
appear to be a bold statement, but a little
contemplation of confusion possible at a
major airport on a Sunday afternoon with
but one aircraft bereft of contact with the
control tower makes it almost inescapable.

In the supposition that it has been dem-
onstrated that civilian aircraft expansion
after V Day will be on a major scale, and
that the need of radio communication equip-
ment in operative condition is the essential
prerequisite to civilian flight, it may be con-
cluded that the radio industry is in the posi-
tion of being given a new and sizable outlet
for its skill and products, literally upon a
“golden platter.”

What the industry, and the government,
does with this opportunity is the writer's
acute concern as a radio engineer, for in this
expanded field life itself is the price of inade-
quate radio equipment. Here the primary
justification for radio communication is
neither pleasure nor convenience, but the
preservation of life. Quality may therefore
never be allowed to fall, engineering or
productionwise, into the classification of
broadcast receivers. Yet aircraft radio
equipment is logically to be produced by the
makers of broadcast receivers, in terms of
the probable considerable output which will
be required. The steadily diminishing selling
price of broadcast receivers throughout the
past fifteen years may be regarded as a sad
foretaste of what unregulated aircraft radio
equipment production might bring.

Fortunately there is something of a limit
upon the sales expansion possible for air-
craft radio receivers, transmitters, direction
finders, positioning equipment, and the like.
The reward for reduced selling price brings,
as price reduction seems almost invariably
to do, an inacceptable deterioration of qual-
ity and reduced sales. Two limits exist: one,
that few more aircraft radio equipments can
be profitably sold than there are aircraft
made to use them; second, that the equip-
ment must be of such quality that it is in
operative condition when, properly inevit-
ably, government inspection of aircraft and
accessories takes place at frequent periodic
intervals.

But, lest the shortsighted radio manufac-
turer—and who will gainsay that there have
been a few-—even be tempted to seek a
larger percentage of total possible sales
through the inducement of reduced price
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with its almost certain derogation of qual-
ity, is it not better to erect at least a partial
barrier to such deleterious effort?

Engineering refinement, increased pro-
duction, skill, diminished distribution costs,
these would seem to be the only proper de-
vices to be employed to reduce selling price.
If these alone are given free reign, will not
the essential of preservation of human life
in the air be served better? Will not the so
enforced maintenance of fair and reasonable
quality standards at one and the same time
operate to maintain the air-borne radio-
equipment business upon a more profitable
basis than would cutthroat price competi-
tion?

The writer, for himself, answers these
questions in the affirmative. Having done so,
he has considered ways and means to their
practical realization, and found the basic
instrumentalities requisite therefor to exist.
He proposes government regulation now,
(rather than later and after abuses have
made it inescapable and punitive in possible
effect) to insure maintenance in all air-borne
radio equipment of a minimum standard of
quality and serviceability. This may be ac-
complished through modification of the
present Civil Aeronautics Administration
“Approved Type Certificate” plan. Under
this plan the manufacturer mav submit his
product to C.A.A. for test and when and if
it is found suitable for air-borne use, an
Approved Type Certificate is issued indicat-
ing its suitability for use by commercial air
lines—and civilians, should they be inter-
ested.

If it may be made mandatory bv Federal
law that no aircraft, powered or glider, may
take off without radio equipment in opera-
tive condition, and that such equipment
must have previously measured up to ra-
tional minimum standards of technical ex-
cellence, then would not a significant service
have been rendered to the American people
and the radio industrv? Should the radio
industry itself, through The Institute of Ra-
dio Engineers, aid in effecting the enactment
of such a Federal law or regulation, would it
not have rendered a meritorious service to
the country?

A seemingly logical corollary thought
would be the establishment of an aircraft
radio advisory committee, drawing upon
Institute membership for engineering and
production skill, to collaborate with the re-
sponsible government agency in the formu-
lation and interpretation of technical
standards best calculated to serve the flying
public, and through it, the radio industry
itself,

McMUuRrDO SILVER,

Vice President, The Grenby
Manufacturing Company
Plainville, Connecticut

Books

Basic Radio Principles, by
Maurice Grayle Suffern.

Published by McGraw-Hill Book Com-
pany (1943), 330 West 42nd Street, New
York 18, N. Y. 256 pages+15-page index+
x pages. 269 figures. 5] X81 inches. Price,
$3.00.

This book is a direct result of the current
need for a large number of workers trained
in practical radio maintenance. Avoiding
mathematics entirely and making no as-
sumptions of background beyond the sim-
plest principles of electricity, it presents an
adequate development of radio principles
for the training of technicians. The stated
purpose is to give the student a knowledge
of radio fundamentals, the ability to iden-
tify circuit components with their symbols,
and to interpret diagrams, and an under-
standing of the principles of operation of
radio equiprwent. This purpose should be
achieved for the intended type of student.

The development is conventional. Be-
ginning with a discussion of basic phenom-
ena, terms, and symbols, the author proceeds
to outline the various functions performed in
radio receivers and transmitters and the
circuits used, ending with a brief description
of antennas and test equipment. Each chap-
ter is necessarily much limited as to detail,
with all nonessential topics omitted, but
more could not be attempted in a brief and
elementary text. While the initial chapters
may seem repetitious to anyone with previ-
ous knowledge, once the basis of fundamen-
tals has been established the development is
clear and concise. Occasionally, however,
the desire for simplification leads to such
unjustifiable statements as “A load resistor
is an electrical device into which electrical
energy is fed in order to produce electrical
power” or “The human ear . .. cannot vi-
brate at a radio-frequency rate. That is why
we have no awareness of the radio waves all
around us.” A lack of specificity in the use
of some terms is another doubtful concession
to the reader’s limited background.

The omission of frequency modulation
and ultra-high-frequency material is in line
with the elementary character of the book;
these topics appear to be the only ones lack-
ing for up-to-date coverage. Sketches and
circuit diagrams are numerous and generally
informative, and each chapter ends with a
set of simple multiplechoice review ques-
tions.

O. L. Uppike
University of lllinois
Urbana, lllinois
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Contributors

EpwarD J. CONTENT

Edward J. Content (M'39-SM'43) served
with the United States Signal Corps during
World War I and was graduated from the
radio course at the Signal Corps School at
Fort Monmouth in 1921. He entered radio
broadcasting in 1922 and for two years was
with WEAF. He inaugurated and was chief
engineer of WGBS until 1926 when he joined
the staff of WOR where he has been assistant
chief engineer of this station since that time.
During his service in broadcasting, he has
specialized in stuaio acoustical treatment,
audio switching systems, and operational
engineering management.

John J. Farrell (A’43) was born at Wa-
tervliet, New York, in 1897. He entered the
student training course of the General Elec-
tric Company at Schenectady, New York,
upon graduation from high school in 1913.
The years 1913 to 1918 were spent in the
General Electric drafting department. From
1918 to 1920, Mr. Farrell engaged in tool-
design work with the United States Arsenal,
Department of Ordnance, at Watervliet,

Joun J. FARRELL

February, 1944
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New York; also with the Studebaker Cor-
poration at South Bend, Indiana; and with
the Willys-Overland Company at Toledo,
Ohio.

In 1920, he rejoined the General Electric
Company as a designing draftsman in the
radio division. He was promoted to drafting
supervisor of the transmitter division in 1921
and entered the mechanical engineering sec-
tion in 1926. He became head of the section
in 1934 and was appointed designing engi-
neer of the transmitter division in 1938.

As installation engineer, Mr. Farrell was
in charge of the placing in satisfactory serv-
ice of many high-power broadcast stations.
Among these were the 50-kilowatt trans-
mitters at KOA, Denver; KPO, San Fran-
cisco; and KFI, Los Angeles; and the
original 50-kilowatt transmitter at WEAF.
Mr. Farrell was the General Electric project
engineer on the installation of the S500-
kilowatt amplifier at WLW, Cincinnati.

LonspaLE GREEN, JR.

Lonsdale Green, Jr., was born at Annis-
ton, Alabama, on December 31, 1889. He
received the B.S. degree in mechanical en-~
gineering from the University of Illinois in
1912. From 1915 to 1930 he was assistant
manager of the general acousticaldepartment
of the Johns-Manville Corporation. Mr.
Green was in the United States Army Air
Service during 1917-1918. Since 1930 he
has been president of the Acoustical Con-
struction Corporation in New York City.
He is a Fellow and Charter Nember of the
Acoustical Society of America and since
1941 has been its trecasurer,

Hartley C. Humphrey (A '29) is a native
of Tiverton, Rhode Island. He received the
B.S. degree in electrical engineering from
Worcester Polytechnic Institute in 1917. He
was in the traffic department of the Western
Union Telegraph Company, 1917 to 1924;
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HArTLEY C. HUMPHREY

radio broadcasting department, American
Telephone and Telegraph Company, 1924
to 1925; Bell Telephone Laboratories, 1925
to 1926; assistant chief engineer Warner
Brothers-Vitaphone Corporation, 1926 to
1927; recording engineering manager and
assistant director of engineering, Electrical
Research Products, Inc., 1927 to 1936; and
technical director, Western Electric Com-
pany, Ltd., London, England, 1036 to 1937.
Since 1939 he has been in the research
products department of the Westinghouse
Electric and Manufacturing Company.

Mr. Humphrey is an Associate of the
American Institute of Electrical Engineers.
Subsequent to his work with multiplex print-
ing telegraph systems in the traffic depart-
ment of Western Union and while with the
Bell System he pioneered in the engineering
development of sound on disk and film
recording in Hollywood, New York, and
later London, England. Most recently he
has been closely identified with the planning
and layout of high-power high-frequency
industrial electronic equipment.

H. W. JaMIESON
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H. W. Jamieson (A'42) was born in
Shreveport, Louisiana, on January 19, 1918.
He was graduated from the University of
California with a B.S. degree in electrical
engineering in 1939. In January, 1940, he
was employed by the General Electric Com-
pany where he was with the instrument
transformer development section until July,
1941; high-frequency development section
of the Gereral Engineering Laboratory until
August, 1942; and since with the electronics
laboratory. He is now in the third year of
the advanced course in engineering of the
General Electric Company.

o
o3

H. F. Olson (A '37) was born at Mt.
Pleasant, Iowa, on December 28, 1902, He
received the B.S. degree in 1924, the M.S.
degree in 1925, the Ph.D. degree in 1928,
and the E.E. degree in 1932 from the Uni-
versity of lowa. Dr. Olson was a research
assistant at the University of lowa from
1925 to 1928. From 1928 to 1930 he was in
the research department of the Radio Cor-
poration of America; from 1930 to 1932, in
the engineering department of RCA Photo-
phone; from 1932 to 1934, in the research
department of the RCA Manufacturing

LeONARD T. POCKMAN
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Company; from 1934 to 1942, in charge of
acoustic research, RCA Manufacturing
Company, and since 1942, in charge of
acoustic research at the RCA Laboratories,
Princeton, New Jersey. He is a member of
Tau Beta Pi, Sigma Xi, the American Phys-
ical Society and a Fellow of the Acoustical
Society of America.

Leonard T. Pockman was born on July
26, 1911, in San Francisco, California. He
received the A.B. degree in physics from
Stanford University in 1933 and the Ph.D.
degree in physics in 1938. In 1934 he was
Charles Coffin, General Electric, Fellow at
Stanford, and teaching assistant from 1935
to 1937. During 1937-1938 he was an in-
structor in physics at the Massachusetts
Institute of Technology, and from 1938 to
1940, instructor in physics at Cornell Uni-
versity. He served as assistant physicist in
the Aircraft Radio Laboratory at Wright
Field during 1941. Since the start of 1942,
he has been a physicist and engineer at
Heintz and Kaufman Ltd. He is a member
of the American Physical Society, Phi Beta
Kappa, and Sigma Xi.

o
o

HANS SALINGER

Hans Salinger (A'37) was born in Berlin,
Germany, on April 1, 1891, He reccived the
Ph.D. degree from the University of Berlin
in 1915. From 1919 to 1929 he was a research
associate at the Reichpostzentralamt in
Berlin and from 1929 to 1935, professor at
the Polytechnical Institute and the Heinrich
Hertz Institut fiir Schwingungsforschung in
Berlin. From 1936 to 1942 and again from
July, 1943, to date Dr. Salinger has been
with the Farnsworth Television and Radio
Corporation. During 1942-1943 he was a
consulting physicist and instructor at Indi-
ana Technical College in Fort Wayne. He i
a member of the American Association for
the Advancement of Science and an Alumini
Member, University of Pennsylvania Chap-
ter of Sigma Xi.

S. A. SCHELKUNOFF

S. A. Schelkunoff (A'40) received the
B.A. and M.A. degrees in mathematics
from the State College of Washington in
1923, and the Ph.D. degree in mathematics
from Columhia University in 1928, He was
in the engineering department of the West-
ern Electric Company from 1923 to 1925;
the Bell Telephone Laboratories from 1925
to 1926; the department of mathematics
of the State College of Washington, 1926
to 1929; and Bell Telephone Laboratories,
1929 to date. Dr. Shelkunoff has been en-
gaged in mathematical research, especially
in the field of electromagnetic theory.

o

J. R. Whinnery (A'41) was born on July
26, 1916, in Read, Colorado. He received
the B.S, degree in electrical engineering from
the University of California in 1937 and
since that time has been with the General
Electric Company in Schenectady, New
York. In 1940 he was a graduate of the
three-year program of the advanced course in
engincering of the General Electric Com-
pany, and during the following two years
supervised the high-frequency section of
that program. Since 1942 he has been with
the Electronics Laboratory of the Company.

J. R, WHINNERY




Tropical heat, moisture, vibration, eft.. ..

DelJur wire-wound potentiometers provide maxi-
mum service and efficiency. Rugged, durable and
dependable . . . engineered to meet rigid govern-
ment requirements.. There’s a type to fill your bill
. s « or we'll build to special resistances. Technical

data sent upon request. Our engineers will gladly
assist you.

®  DeJurAmsco (orporation

duction and Quality of Material SHEI.‘I'ON, CONNECTICU"

SPECIAL

More Purchases of War Bonds
Will Help Shortem The War

NEW YURK PLANT 99 Fudson Streer, New Yaork City @ CANADIAN SALES OFFICE s00 King Street \Woest, Tare
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DRY AIR PUMP

for Economical Dehydration of Air
for filling Couxial Cables

This easily operated hand pump quickly and efh.
ciently dehydrates air wherever dry air is required.
One simple stroke of this pump gives an output of
about 23 cubic inches. It dries about 170 cubic feet
of free air (intermittent operation), reducing an
average humidity of 60% to an average humidity of
10%. The transparent main barrel comes fully
equipped with one pound of air drying chemical.
Inexpensive refills are available.

The Andrew Dry Air Pump is ideal for maintaining
moisture-free coaxial cables in addition to having a
multitude of other applications.

Catalog describing coaxial cables and accessories free
on request. W rite for information on ANTENNAS
ond TUNING ond PHASING EQUIPMENT,

BuvrALO-NIAGARA

*Electronicafrom the Engineer’s Point of View,*
by C. J. Madsen, Westinghouse Electric and Manu-
facturing Company; November 18, 1943.

Cuicaco

*Designing Magnetic Fields.” by J. F. Calvert,
Northwestern Technological Institute; November
19, 1943,

*Volce-Controlled Circuits,” by R. H. Herrlck,
Automatic Electric Laboratories; November 19,
1943.

“The Psychology of Invention,” by H. F. Fruth,
Galvin Manufacturing Corporation; December 17,
1943,

“Frequency Modulation and Its Postwar Fu-
ture,” by J. E. Brown, Zenith Radlo Corporation;
December 17, 1943.

CINCINNATI

“Improving Engincering Department Efh-
ciency,” by H. D. Sarkis, Crosley Corporation;
November 23, 1943.

*WKDU—Cincinnati's Station,” by J. L.
Hearn, Bureau‘'df Communications, City of Cin-
cinnati; December 14, 1943.

CLEVELAND

“The High-Speed Photoelectric Recorder,” by
H. L. Clark, General Electric Company; December
16, 1943.

Election of Officers; December 16, 1943,

CoONNECTICUT VALLEY

“Electronics in Industry,” by W. I. Bendz,
Westinghouse Electric and Manufacturing Com-
pany; December 7, 1943,

Emporium

*Considerations in Oscilloscope Design,” by
F. L. Burroughs, Sylvania Electric Products, Inc.;
November 30, 1943.

“Forecasts of the Postwar Cathode-Ray Tube
Market,” by W. L. Krahl, Sylvania Electric Prod-
ucts, Inc.; December 17, 1943.

“Problems in Quality Control and Standardiza-
tion,” by J. R. Steen, Sylvania Electric Products,
Inc.; December 17, 1943.

INDIANAPOLIS

“Four-Terminal Network Design,® by R. P,
Siskind, Purdue University; November 26, 1943.

Los ANGELES

“Principles of Radlo-Frequency Induction and
Dielectric Heating,” by Fred Albin. RCA Victor
Division; November 30, 1943,

“Demonstration of RCA 15.-Kilowatt Radio-
Frequency Heating Unit,” by Michael Rettinger,
RCA Victor Division; November 30, 1943.

Motion Picture, “Radio-Frequency Heating
Developments in RCA Princeton Laboratories,”
November 30, 1943,

PHILADELPHIA

*Television Statfon WPTZ," by F. J. Bihgfey.
Philco Radio and Television Corporation; Decem-
ber 3, 1943.

ROCHESTER

“Supersonics and Its Applications,” by H. S.
Sack, Cornell University; December 2, 1943.

“The Radio Industry Today,” by R. H. Man-
son, Stromberg-Carlson Company; December 7,
1943,

“A Perspective View of Applied Electronics,”
by M. J. Larsen, Stromberg-Carlson Company;
December 14, 1943.

“When December 25 Became Christmas,® by
C. H. Mochiman, Colgate Rochester Divinity
School; December 21, 1943,

(Continued on page 36A4)
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cee in Blast Pressures

In war, a microphone cannot expect tp be pampered. It cannot be treated as a
delicate instrument operating under carefully controlléd conditions. It was a problem
of Shure Research Engineers to design a niicrophone that would efficiently respond
to infinitesimal speech pressure, and yet withstand the tremendous pressure
of a sixteen-inch salvo—a pressure millions of times as great.

Research such as this assures you of a new standard of

microphone performance for postwar.
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WHEN Faraday fiddied with bits of wire a century ago,
he dreamed of a new electrical age. A skeptical politician
asked him what good his electricity would produce and the sci-
entist answered tartly, "Some day you will be able to tax it."

After the war the twentieth century results of electrical
science, shaped and tested by military needs, will transform
the world. And at the core of this technical revolution will be
the coordinator of electronic energy—the fransformer. In the
most literal sense, Stancor engineers are planning now to con-

tribute fundamentally to the transformation of the future.

STANCOR
« Transformens »

STANDARD TRANSFORMER CORPORATION
1500 NORTH HALSTED STREET - CHICAGO

Manufacturers of quality transformers, reactors, rectifiers,
power packs and allied products for the electronic industries,

(Continued from page 34A4)

SAN FraNCISCO

*Properties of Radlo-Frequency Transmlssion
Lines and Stub-Matching Sections,” by Lester
Reukema, Unliversity of California; September 29,
1943.

*Properties of Lines with Inductively Coupled
Sections,” by Alfred Towne, Associated Broad-
casters, Inc.; September 29, 1943,

*Colinear Antennas,” by F. R, Brace, Associated
Broadcasters, Inc.; October 27, 1943,

*Rhomblc Antennas,” by G. W, Cattell, Mare
Island Navy Yard; October 27, 1943,

ST. Lours

*Training of Radlomen at Scott Field,® by
R. D. Gibson and Henry Spillner, Jr.. Department
of Commupications, Scott Field; November 26,
1943,

Twin CiTIES

®Discussion of the Application of Electronics
to Meteorology Through Radio Sonde,” by Fred
Melius, East High School, Minncapolis; Novem-
ber 17, 1943.

" WASHINGTON

®Accelerated Heat Treatment of Metals and
Dielectrics by Means of Radio-Frequency Cur-
rents,” by G. H. Brown, RCA Laboratories; Decem-
ber 13, 1943,

Election of Officers, December 13, 1943.

The following indicated admissions and
transfers of membership have been ap-
proved by the Admissions Committee. Ob-
jections to any of these should reach the
Institute office by not later than February
29, 1944,

Admission to Member

Clarke, F, H., Naval Research Laboratory. Anacos-
tia Station. D. C.

Mauritz, F. E,, 6001 Dickens Ave., Chicago, Il

Preist, D. H., Naval Research Laboratory, Anacos-
tia Station, D. C.

Sorensen, E. G., 154 Roxbury Rd..-Garden City,
L.ILN.Y.

Transfer to Member

Chapman, R. W., 2819 Myrtle Ave., N.E., Wash-
ington, D. C.

Goldberg, H., 215 Brett Rd., Rochester, N. Y.

O'Shea, J. G., 290 W. State St., Presque Inle,
Maine.

Spence, P. W., 463 West St., New York, N. Y.

Transfer to Senior Member

Angevine, O. L., Jr., 284 Brooklawn Dr., Rochester,
N Yas

Dushman, S., General Electric Co., Schenectady,
N. Y.

Lohnes, G. M., 4938 Wakefield Rd., Friendship
P.O.. Washington, D. C.

Shepherd, J. E.. 111 Courtenay Rd., Hempstead,

L.L.N. Y,
Tholstrup, H. L., 135 Willowbend Rd., Rochester,
N. Y.

The following admissions and transfers
were approved by the Board of Directors
on January S, 1944,

Transfer to Member

Alverson, J. G., 3438 Niolopua Dr., Honolulu, T. H.

Ashton, J. 0., Hurl Towers Apta.. Greenwich, Conn.
(Continucd on page 38A4)
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TRANSMITTING TUBES
CATHODE RAY TUBES
SPECIAL PURPOSE TUBES
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Behind the veil of military secrecy
are the wonder stories of Ken-Rad
electromc tubes Nearly five thou-
sand of us are now makmg and send-
ing these tubes which are helping
to shatter tyranny And through
Ken-Rad dependable tubes will be
worked the constructive miracles of
the great science of tomorrow

EXECUTIVE OFFICES

OWENSBORO - - KENTUCKY

EXPORTS 116 BROAD STREET NEW YORK

Februaryp 1944

METAL AND VHF TUBES
INCANDESCENT LAMPS
FLUORESCENT LAMPS
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THORDARSON ELECTRIC MFG. CO.

500 WEST HURON STREET, CHICAGO, ILL,

. . ORIGINATORS

(Continued from page 36A)
Calif.

University, Cambridge, Mass,
L.I,N.Y,

Admission to Senior Member

ing, Ann Arbor, Mich.
N.Y.

Transfer to Senior Member

Atkins, C. E., 1100 Oak Ave., Evanston, Ill.
Brauer, H. H., 76 East Boulevard, Rochester, N. Y.
James, V. N., 2841 Dyer St., University Park, Dal
las, Texas.

Martin, H. B., Radiomarine Corporation of Amer-
ica, 75 Varick St., N. Y.

Persons, C. B., 1559—19 St., North, Arlington, Va

Samuel, A. L., Bell Telephone Laboratories, 463
West St., New York, N. Y.

Sharpe, M. O, 135 N. Park Dr., Arlington, Va.
Town, G. R., 148 Colebourne Rd,, Rochester, N. Y

The following admissions to Associate

were approved by the Board of Directors
on January 5, 1944.

Abraham, W. G., 129 Second St., Garden City, L. I.,
N.Y.

Adams, E. W, Jr., 10 Mulberry Ave., Garden City,
L.I.LN. Y.
Ainlay, A,, c/o Inspection Board of U. K. & Canada

Northern Electric Co., Shearer St., Mon-
treal, Que., Canada.

Allen, }. J., 506 N. 63 St., Seattle, 3, Wash.
Allerton, G. L., 47 First St., Yonkers, N. Y.
Almas, S. L., 13200 Strathmoor, Detroit, 27, Mich
Anderson, S. W,, 3434 Home St., Fresno, Calif.
Arias, A. V., Sto. Domingo, 2295, Santiago de Chile.
Arnold, J. B., 220 Myrtle Dr., West, Woodlawn

Hills, San Antonio, 1, Texas.
Beers, Y., Winthrop Hall, St. John’s Rd., Cam-
bridge, Mass,
Bethard, C. T., Civil Aeronautics Administration
1500 Fourth St., Santa Monica, Calif.
Blackstone, H., 63 Cambridge Ave., Garden City.
L.IL,N. Y.
Blackman, H. W., 206 Dawson Ave., Boonton, N. J
Biele, R. J., 432 Gurdon St., Bridgeport, Conn.
Blake, A. F_, 1432 Madison St., Denver, 6, Colo.
Bock, A. W, 954 Amelia Ave., Akron, 2, Ohio.
Borders, C. R., Box 722, Sarasota, Fla. (transfer).
Bowman, L. H., 123—15 Qt., Richmond, Calif.
Braswell, C. P., APO 677, c/o Postmaster, Presque
Isle, Maine.
Brock, W. R., 4350 N. Bell Ave., Chicago, HI.
Broughton, J. B., c/o Fleet Post Office, San Fran-
Cisco, Calif.

Brueck, J. O., 175 Pinehurst Ave., New York, 33,
N. Y.

Brush, L. V.. 201 East Platt St., Maquoketa, lowa
(transfer).
| ‘Busch, A. E., 5437 Kimbark. Chicago, 1.
Carlin, B., 439 Marlborough St., Boston, Mass.
Carter, R. W., 4951 Brummel St., Skokle, I1I.
Caspers, G. E., Jr., Box 165, Middletown, N. J.
Cassels, W. H., c/o General Electric Co., Tucuman
[ 117, Buenos Aires. Argentina.
Chasteen, J. W., Jr., 152 N. \V. 34 St., Miami, Fla.
Cianela. D. J., 2423 S. 21 St., Philadelphia, Pa.
Clark, J. H.,

2005 Laurel Rd., Oakmont, Upper
Darby, Pa.

Clark, W. H., Jr., 303 Mountain Way, Rutherford,
N.J.

Coleman, G. M., 187 Fayerweather St., Cambridge,
Mass.

| Collins, J. A., Drummond Court, Apt, 818, 1458

Drummond St., Montreal, Que., Canada.
Collins, E. A., 8747 W, 44 Pl., Lyons, 1.

(Continwed on page 40A4)
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Buckingham, E., 3006 Gough St., San Francisco,

Harrison, C. W., Jr., Cruft Laboratory, Harvard

Hidy, J. H., 365 Stewart Ave., A-24, Garden Clty,

Attwood, S. S., Rm. 277, West Engineering Builld-

Riblet, H. B,, 93~18 Lamont Ave., Elmhurst, L. I,



WHEN PEACE COMES

The sturdy “MTC”—widely used in military equipment

OVER three million Hammarlund variable condensers
are on every front fighting for the cause of Peace. There
are hundreds of new designs which, when Peace comes,
will find wide application in every branch of electronics

and radio communications.

WMIrr THE HAMMARLUND MANUFACTURING CO., INC.

% oﬁ 460 West 34th Street, New York, N.Y:
& 2
= =

Proceedings of . the I.R.E. February, J944 39A




PLUGS &

R

2

CONNECTORS

Signal Corps and
Navy Specifications

Types : PL
50-A 61 74 114 150
54 62 76 N9 159
55 63 77120 160
56 64 104 124 354
58 65 108 125
59 67 109 127
60 68 112 149

PLP PLQ PLS
56 65 56 65 56 64
59 67 59 67 59 65
60 74 60 74 60 74
61 76 61 76 61 76
62 77 62 77 62 77
63 104 63 104 63 104
64 64

NAF
N36.1 No. 212938.1

Other Designs to Order

A QUIET CORNER ON THE
“"SECOND FRONT"

A corner of the depariment

devoted lo inspection of

plugs ond connectors. Signol

Corps inspeclors in constont
oftendonce,

SKILLED REMLER ENGINEERS and
technicians, plus complete tool and die,
plastic molding and screw machine fa-
cilities permit complete follow through
on prime or sub-contracts for the manu-
facture of components and complete
communication equipment. Each step,
from specified or original designs to fin-
ished job is rigidly supervised. Present
contracts and schedules enable Remler
to consider additional electronic assign-
ments. Extensive facilities and improved
techniques frequently permit quotations
at lower prices.

Wire or telephone if we can be of assistonce

REMLER COMPANY, LTD.
2101 Bryant St. . San Francisco, 10, California

REMLER

SINCE 1918

-ﬁnnouncing & Communication fguipment

(Continued from page 38A)

Cooper, H. D., 2048 Hood Ave., Chicago, 11

Craig, J. F., 176 Brighton Ave., Kearny, N. J.

Dalasta, F., 415 Woodland Ave., Emporium, Pa.

Dale, T. G. L., 41 Wellcsley Rd., Strawberry Hill,
Twickenham, Middlesex, England.

Darrell, R. D., 61 W. 15 St., New York, 11, N. Y.

Davies, R. C.. 1290 National Press Building, Wash-
ington, 4, D. C.

Day, W. J., 1945 Commonwealth Ave., Brighton,
35, Mass.

Denes, P., Electrotechnica Department, The Uni-
versity, Manchester, England.

Dobbins, B. F., 1103 Krameria Ave., Denver, 7
Colo.

Drumeller, G. E., 1220 S. York, Denver, 10, Colo.

Duerdoth, W. T., 52 Leaver Gdns., Greenford.
Middlesex, England.

Ekrem, T. C., 952 S. Josephine, Denver, Colo.

Emanuel, B. J., 768 Colorado Blvd., Denver, 7
Colo.

English, C. C., 1530—28 Place, S. E., Washington.
20,D.C.

Evans, J. B., 17¢9 Williams, Denver, 6, Colo.

Farr, K. E., 4149 Morgan St., Little Neck, L. I.,
N. Y.

Farrar, J. G., 410 N. Mill St., Santa Paula, Calif.

Felber, J. E., 636 Buchanan St., Hillside, N. J.
(transfer).

Fernandez, O. C., San Martin 379, Buenos Aires
Argentina.

Finch, J. E., 3550 Benton St., Denver, 14, Colo.

Ford, D., Mecadow View, Crutchfield Lane, Walton-
on-Thames, Surrey, England.

Garretson, D., 390 S. Quitman, Denver, 9, Colo

Gerber, B., 51 Essex St., Swamspcott, Mass. (trane-
fer).

Goff, L. O., 910 N. East St., Indianapols, Ind.

Grasser, L. G., VUIF Project Engineering Agency.
Allenhurst, N. J.

Gregory, J. J., 7010 Perry Ave., Chicago, Ili. (trans-
fer).

Gunderson, M. F., 9018 S, Hoover St., Los Angeles,
44, Calif.

Haag, S. J., 3330 N. 16 St., Philadelphia, Pa.

Hall, T. C,, 2533 Yale Ave., N., Seattle, Wash.

Harding, R. W., 41 St. Mary's St., Boston, 15, Mass.

Hillier, M., 5 Metford Rd., Redland, Bristol, 6,
England.

Hoagland, K. A., 32 Garden Ave., Belleville, 9
N. J.

Hudspeth, T., 1025 Parkwood Blvd., Schenectady.
N. Y.

Inglis, P., Scotland Rd., Spring Valley, N. Y.

Ireland, C. J., 225 Atlaniic Ave,, Apt. 8, Long
Branch, N. J.

Jacoby. J., 1935 Robinson Ave., San Diego, 4, Calif.

James, G. L., 2815 W. 48 Ave., Denver, 11, Colo

Janik, J. L., Barksdale Field, La.

Jensen, A. M., 195 E. Bergen Pl., Red Bank. N. J.

Jimenez, G. L., 455 Galiano St., Havana, Cuba.

Johnson, H. S.. 1908 Rosemary St., Denver, 7, Colo

Johnson, P. B., 806 E. Main St., Belleville, 111,

Joos, E. M., 3651 Boudinot Ave., Cincinnati, 11.
Ohlo.

Judge, H., Route 7, Box 1105, Sacramento, Calif.

Kalbfell, D. C., 941 Rosecrans, San Diego, Calif.

Karnik, M. B., 178-A, Hindu Colony Dadar, Bom-
bay, India.

Katz, L., 809 Alpine Blvd., Pittsburgh, 21, Pa.

Keen, A. W., 54 London Rd., Marlborough, Wilt-
shire, England.

Kelk, G. F., 477 Bayview Ave., Toronto, Ont., Can-
ada.

Knight, W. A, Box 161, Greenlawn, N, Y,

Koppelon, R., 92 Vassar Ave., Newark, 8,N.J.

Kyland, B. G., 140 Brookdale, San Francisco, Calif.

Langberg, E. L., 5814 N. 16 St., Philadelphia, 41,
Pa.

(Continued on page 42A4)
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A PLANET 777 #/éleor—

Ever notice how a meteor streaks across the heavens in a blaze of fiery splendor?
It's a beautiful sight . .. while it lasts. But most meteors burn themselves out long
before striking the earth. Not so a planet. .. though much less brilliant, it's there to
stay. That's how we like to think of I. C. E. Here to stay...Born of the war...yes,

but acquitting itself well, and all the better to serve you in the post-war future.

4
%%&M
.the promise of great things to come

INDUSTRIAL & COMMERCIAL ELECTRONICS
BELMONT, CALIFORNIA

Proceedings of the i.R.E. February, 1944
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Filters and Transformers

For Your Particular Problems

Through years of exacting experience has come the
built-in performance standard that has made ADC
Filters and Transformers the choice of men who
know “what's what” in this field. Dependability
is the watchword of every Filter and Transformer
bearing the ADC mark...high operating efficiency
is the inevitable performance record. If you have a
critical design or production problem...something
unusual ... something that calls for more than the
ordinary, then pin your faith to ADC Products. They
will never fail you because they are dependable —
under all service conditions.

In addition to Filters and Transformers, Audio De-
velopment Company manufactures an extensive
line of specialized communication components —
reactors, equalizers, key swutche§, 1ack_s, jack
panels, plugs and other electronic equipment.

¥ ctio Devettprment to

: '. 2833 13th Ave. S., Minneapolis, Minn.

Continued from page 404)

Larkin, J. H., 16 MacMillan Ave., Sans Souci,
N.S.W,, Australia.

Lilley, A. J., Radio Materiel School, Naval Re,
secarch Laboratory, Anacostia Station-
D.C.

Lockwood, N., Michigan College of Mining and
Technology, Heughton, Mick:,

Loudon, C. L., 128 Chestnut Dr., Packanack Lake,
N.J.

MacDowell, J. E., 7805—19 Dr., Jackson Helghts,
Ea T Nu'Ya

Mack, D. A., 1414 Massachusetts Ave., S. E., Wagh-
ington, D. C. (transfer).

Mahoney, J. J., Jr., Bell Telephone Laboratories,
463 West St., New York, N. Y.

Manchesian, J. T., Apt. 3, 110 S. W, Fourth Ave.,
Ft. Lauderdale, Fla.

Marcum, J. I., 2353 Hollywood Dr., Wilkinsburg,
Pa.

Marsden, W. Y., 244 Heather Rd., Upper Darby,
Pa.

Mayoral, G. A., Aviation Division, Studebaker Cor-
poration, South Bend, Ind.

McConathy, W. J., 803 Hartedale St., Dallas, Texas

McEwan, T. S., 1046 Dinsmore Rd., Winnetka, I1l.

McGlochlin, B. B., Box 821, 905 N. 16 St., Boise
Idaho.

Menes, H., Spruce Rd., Pines Lake, RD 1, Paterson,
N. J.

Merrill, H. B., Jr., 64 Brookside Rd., Springfield,
Dclaware Co., Pa.

Millman, A. J., 140 S. Dale Ct., Denver, 9, Colo.

Nienaltowskl, W., ¢/o Northern Electric Co., Spe-
cial Product Division, Box 369, Montreal
Que., Canada.

Oberle, E. J., Arpin Manufacturing Co., Radio Divi-
sion, 422 Alden St., East Orange, N. J.

OOress, E. C., 25 Park St., Montclair, N. J.

Pverby, H., Box 532, Toronto, Ont., Canada.

kalmer, J. E., 3048 Stuart St., Denver, 12, Colo.

Price, D. R. S., 39 Nelson Rd., Boornemouth, Eng-
land.

Parr, G., 68 Compton Rd., London, N. 21, England.

Perlman, W., 1630 Gilford Ave., New Hyde Park,
L.I,N. Y.

Peterson, G. W., 201 S, 17 West St., RFD 1, Box
56A, Provo, Utah.

Pierce, O. B., 2645 Ivanhoe St., Denver, 7, Colo.

Pinkerton, P. C., 1542 Gaylord St., Denver, 6, Colo.

Pinter, P. J., 2221 N. Fourth St., Philadelphia, 33,
Pa.

Ragsdale, W. H., 4499 Forest Ave., RFD 9, Watkins
Lake, Pontiac, Mich.

Provost, P., 3801 Lacombe Ave., Montreal, Que.,
Canada.

Raleigh, J. H., Box 534, Oak Park, III.

Reese, V. N, 16 S. Williams Ave,, Dayton, Ohio.

Rehberg, L. H., 43-06—53 St., Woodside, L. 1.,
N. Y

Reilly, J. A., 2165.C Ala Waj Blvd., Honolulu, 37,
T. H.

Rich, A. P., 2419 J Street, San Diego, Calif.

Roberts, F., 94 Sunnymead Rd., Kingsbury, Lon-
don, England.

Rockafellow. S. C., 456 Leta Ave., Flint, Mich.

Roganti, M. S., Paroissien 3906, Buenos Aires, Ar-
gentina,

Rogers, R. T., 4110 N. Keystone Ave., Chicago, Il

Rogge, R. S., 26 Belshaw Ave., Eatontown, N, J.

Rohrer, J. H., 337 Eudora, Denver, 7, Colo.

Rubel. J. H., General Electric Research Laboratory,
Schenectady, N. Y.

Schatz, E. R., 624 Clyde St., Pittsburgh, Pa.

Schirk, F. L., 1171 Detroit, St., Denver, 6, Colo.

Schulkin, M., 1620 E St.. N. E., Washington, 2,
D.C.

Schwartz, H. T., 60 Whalley Ave,, New Haven
Conn.

Sharpe, W. J., 318 W. lowa Ave., Denver, 10, Colo.

(Continued on page 444)
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Porirait of exactness

— Rauland funing condenser

Just a small ordinary-looking gear in 2 RAULAND tuning condenser . . . but
endowed with an exactness that contributes to high communications efficiency.

Like this gear, a/ parts of RAULAND products, however tiny, are made with both
precision and ruggedness to insure theit dependable performance under even the most
adverse operating conditions. Here, custom-engineering is not just a phrase . . .
it's a fact! Changing designs and applications are inevitable in the development of
this new science of electronics. RAULAND electroneering® successfully meets these needs.

* Electroneering—the RAULAND term for engineering vision, design and precision monufacture

Electroneering is our business
THE RAULAND CORPORATION ... CHICAGO, ILLINOIS

Buy War Bonds and Scamps! Rauland employees are still investing 10% of their salaries in War Bonds
Proceedings of the I.R.E. Febguary, 1944 434
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OTHER

SHALLCROSS
PRECISION
PRODUCTS

Ayrton Universal Shunts
Ratio Boxes
Wheatstone Bridgos

Kelvin-Wheatstone
Bridges

Low-Resistance
Teat Sets

Milli-ohm-meters

Decade Resistance
Bozxes

Meogohmmeters

and many more

Shallcross
SELECTOR SWITCHES

WRITE FOR CATALOG
Although Shallcross Selector Switches are pro-
duced in an almost infinite number of types,
you'll find our data sheets a worthwhile
guide, Ask for Switch Bulletin C-1, and C-2.

For quality selector switches—try Shallcross!

Dozens of standard designs are available
—and each of these is subject to many varia-
tions to suit individual requirements.

Shallcross Selector Switches are the logical
outgrowth of our own need for dependable,
high-quality units for exacting Shallcross
electrical measuring devices and other
equipment. You'll find them unexcelled for
use wherever the call is for switches of
assured better performance.

HALLCROSS MFG. CO.

ENGINEERING

DESIGNING

Dept. IR-24 + Collingdale, Pa.

* MANUFACTURING

(Continued from page 42A4)

Skrobisch, A., Eastern Alr Devices, Inc., 585 Dean
St., Brooklyn, N, Y,

Smale, K, E., 421 Wijldwood, Jackson, Mich,

Smedstad, H. M., 7036—19 Ave., N. E., Seattle,
Wash,

Smith, R. M., 147-53 Sanford Ave., Flushing, L. 1.,
N.Y.

Swanlund, F. A,, 2058 S, High St., Denver, 10, Colo.

Tepper, H. H., 42-01—163 St., Flushing, L. I.,
N. Y.

Thompson, R. C., 2316 Holly St., Denver, Colo.

Thomson, J. R., 112 Tyndall Ave., Toronto, Ont..
Canada.

Toms, E. C., c/o Western Electric Co., Inc., 195
Broadway, New York, N. V.

Troell, R. E., 34 N. Ferry St., Schencctady, 5, N. Y

Troup, A. B., APO 503, c/o Postmaster, San
Francisco, Calif.

Veritch, H. J., 333 Winthrop, Brooklyn, N. Y.

Wagner, F. W., 2555 W. 61 St., Chicago. 29, 111

Walker, D., Stranton, 10, Glebe Rd., Cheam, Sur-
rey, England.

Walker, F. B,, Lincoln, Kansas.

Warner, W, H., 4544 Quitman St., Deaver, Colo.

Warshafsky, H., 1750 Davidson Ave., New York
53,N. Y.

Weichardt, H. H., 455 W. 34 St., New York,1,N. Y,

Wilson, T. M., 19 Nassau Ave., Schenectady, 4,
N.Y.

Wisenbaker, T. C., 451 Main St., Waltham, Mass.

Walf, H. A., 29-03—148 St., Flushing, L. I., N. Y

Yanowitch, M., 1144 E. 18 St., Brooklyn, N. V

Yazell, G. W., 6-44B, Naval Research Laboratory,
Anacostia Station, D. C.

WIRE & RIBBON
For VACUUM TUBES

Complete range of sizes
and alloys for Transmit-
ting, Receiving. Battery
and Miniature Tubes . ,

Melted and worked to
assured maximum uni-
formity and strength

WIRES drawn to .0005” diameter
RIBBON rolled to ,0001” thick

L] SPECIAL ALLOYS made to
meet individual
tions. Inquiries invited,

specifica-

Write for list of stock alloys

SIGMUND COHN

44 GOLD ST, NEW YORK
SINCE 1?00
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"EASY — ¥
ﬂanrsuse
FOR ---'S
SAKE . ..

GO EASY!”

DON'T WORRY, SOLDIER, TUNG-SOL TUBES
IN YOUR SET ARE “VIBRATION-TESTED”

TUNG-SOL tubes are built for tough going.
They're made to give dependable service

Typical tubes are put in a vibrating machine
which tries to shake them to destruction.

under severest conditions.

For example the mount assembly must
have rigid support in order to withstand
vibration. TUNG-SOL uses a mica disc
with sixteen points for contact on the glass
envelope. This assures the necessary rigidity
even though the glass be irregular.

TUNG-SOL tubes are”Vibration-Tested.”

IMPROVED MICA DISC DESIGN

O @

16-poing TUNG-SOL Conventional type dis¢
disc permits good sup- gives good support only
port under all conditions. when glass is perfect circle.

The proven conditions means a lot to users
and makers -of electronic devices subject to
wartime and to peacetime punishment.
TUNG-SOL Vibration-Tested tubes are
made for most every electronic application,
and TUNG-SOL engineers will be glad
to assist you in designing circuits and in
selecting the right tubes.

TUNG-SOL
riteaiiion -ToZd

ELECTRONIC TUBES

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY

ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS AND CURRENT INTERMITTORS
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MEASURES
QUANTITIES

with greate"

TECH LAB MlCROHMME'!‘ER

- . . gives direct and instantanecous
readings of resistance values down to
S microhms and up to 1,000,000 me-
gohms. Accuracy in all measurements to
better than 29,. Output is sufficient to
drive recorder. Entirely AC ‘operated.
Furnished in two models. Reasonably
prompt deliveries. For complete data
regarding: other applications: write for
Bulletin No. 432,

T1RAN

@ CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION ‘ '
2LABORATORIES!

Ong" 3501 WEST ADDISON STREET + CHICAGO, |8 T

39 LINCOLN STREET
JERSEY CITY 7, N. J.
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“Calling Car 29 ... Car 29" “OK - ON THE WAY!""
Police radio installations have for some years de-
pended on the Browning Frequency Meter for
help in determining the accuracy of fixed-frequency
operations. Police departments have found this
unit economical to buy, easy to operate, and
ruggedly built. Other emergency services have
also found this product of Browning Laboratory
research to be an asset. Full details are avail-

able in literature sent upon request.

Another product of Browning Laboratory rescarch Is the
balanced-capacitance Browning Signal System for plant
protection without armed guard patrols. Descriptive liter-
ature Is available on request.

\ )
o
o

"

' 1 3 ;
i y
- J ’.’.';_,r

LABORATORIES, INCORPORATED
~ WINCHESTER, MASSACHUSETTS

I’
L .5 ) » . ’ ~ A

: i ” A r -y . 2
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" HARNESSED TO THE
NEEDS OF INDUSTRY

CETRON
Rectifiers . . . Phototubes and
Electronic Tubes

are designed for . . . and deliver long life
dependable service.

Prompt Deliveries on Most Types
Write for catalog. @

CONTINENTAL ELECTRIC COMPANY

CHICAGO OFFICE GENEVA, ILL. NEW YORK OFFICE

903 MERCHANDISE mAarY 265 W. 141h ST,

;I. R. E. People

| Mr. B. Ray Cummings (A'18-M'20-
| SM'43), vice president in charge of engineer-
ing of the Farnsworth Television and Radio
Corporation in Fort Wayne, Indiana, an-
|nounced recently that Dr. H. Salinger
| (A’37), mathematical physicist, has returned
to active duty in the Farnsworth Research
| Laboratories after a year's leave of absence,
during which time he conducted specialized
i instructional work in physics and mathe-

matics at various institutions in Indiana.
Dr. Salinger is noted for his work in the

§ | fields of telegraphy, telephone, and televi-

sion, in which sciences he has specialized in
original research over a period of many
years.

Francots C. HENROTEAU

Coincidental with the return of Dr.
Salinger, Mr. Cummings also announced the
appointment of Dr. Francois C. Henroteau
to a post on the Farnsworth research staff.

| Dr. Henroteau, who has a doctor of science
degree from the University of Brussels, Bel-
gium, and who was chief of astrophysics di-
vision at the Dominion Observatory in Ot-
tawa, Canada, overa period of 14 years, has
been an active contributor to the fields of
astrophysics and television research in the
major countries of Europe and America. At
the Farnsworth Corporation he will special-
| ize in the solution of optical problems as
| related to electronic television.

Future of Television

With thousands of engineers, technicians,
mechanics, carpenters, and other skilled
laborers required to build television stations
and several times that number of people
‘nceded to manufacture receivers, there is

every reason to believe that television in the

| post-war period will be a bigger industry
{than radio ever was, it was predicted by
David B. Smith (A'35), director of research
for Philco Corporation, in an address on
“Electronics” before the Association of Cus.
tomers’ Brokers in New York on December
14, 1943.

“In the postwar television set, the pic-
ture will be larger than most of those avail-
able today, and some receiveis may provide
a picture as large as the average road map,”
Mr. Smith said. “You will probably have
the television set in your living room, and
you will turn the lights down, but not out,

(Continucd on page 57A4)
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A typical group of H.F. radio coils
insulated with Q-Max A-27 Lacquer.

Proceedings of the I.R.E.

Q-MAX A-27 LACQUER
HAS LOW LOSS FACTOR
OVER A WIDE
FREQUENCY RANGE

The loss factor of Q-Max A-27 Lacquer

is very nearly constant as the frequency
increases from one megacycle, which
is indicative of its excellent perform-
ancein the high frequency range. This
feature, together with its low dielectric
constant and other special cbaracter-
istics, makes Q-Max A-27 Lacquer an
outstanding high frequency ‘coating
medium.

Q-Max provides an excellent coat-
ing for R. F. solenoid windings and
serves as an impregnant on multi-
layer or star coils. It is used as a tape
saturaat, a stiffening and strengthen-
ing medium, and a surfacer for wood

or porous materials. Because of its

low dielectric constant and excellent
high frequency insulating character-
istics, Q-Max is used -widely .in treat-
ing radio frequeancy coils.

New descriptive booklet sent on re-
quest.

Otber C. P. products available to
the communications industry are: a

‘radiation-free line of copper or alu-

minum Coaxial Transmission Line,
Auto-Dryaire for dehydrating trans-
mission lines, new Sterling Switches,
Antennas and Radiating Systems.

propucts © COMPANY, INC.

744 BROAD ST., NEWARK, N. J.
Foctory: 346 Bergen Ave.,
Jersey City, N. J.

Communication Products Company,-Inc,
744 Broad Street,
Newark, New Jersey

Send: (0 Q-Max A-27 Lacquer Booklet

] Data on.

February, 1944
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Rudio and,

Maintainiing a complete stock of Test Instruments has been
one of the toughest jobs we've had. The demand has far
exceeded the supply. Yét our Industrial Emergency Depart-
ments have procured them as if by magic . . . saving many a
victory-vital job from prolonged delays. Saving ‘time and
trouble getting vital Radio and Electronic Supplies is a
highly specialized business with us. Whether you need one
or one hundred different items, you'll get ALL of them from
this ONE big reliable source faster than you .ever thought
possible considering wartime scarcities. Your nearest
Emergency Service Distributor listed below is specially pre.
pared to lend you every possible aid. Send along your orders
or ask for big Reference Book & Buyer’s Guide on company
letterhead, please!

WRITE OR PHONE YOUR NEAREST DISTRIBUTOR

TERMINAL RADIO CORP.

85 Cortlandt St., Phone WOrth 2-4416 NEW YORK 7

WALKER-JIMIESON, INC.

311 S. Western Ave., Phone Canal 2525 CHICAGO 12

RADIO SPECIALTIES CO.

20th & Figueroa, Phone Prospect 7271 LOS ANGELES 7

NATIONAL INDUSTRIAL EMERGENCY SERVICE

ARE YOU IN A HURRY FOR A GOOD

| TEST INSTRUMENT?

.,

Use This Industrial Emerency Service On

49A




WANTED

for the

PHILCO
ENGINEERING

STAFF

® RADIO—ELECTRONICS—ELECTRICAL
ENGINEERS
Men with degrees in electrical
engineering or comparable experi-
ence in radio and television.

@ MECHANICAL ENGINEERS
Men with college degrees or com-
parable experience in the engineer-
ing aspects of electrical appliances,
and in designing small machinery.

DESIGN ENGINEERS — DRAFTSMEN
Men with experience in mechanical
designing, especially of small metal
parts and of the automatic ma-
chinery to mass-produce them.

PRODUCTION ENGINEERS
Including electrical and mechani-
cal engineers familiar with ani;
phase of radio, radio-phonograp
and television production.

PHYSICISTS

Must have science degree in
physics. Some practical experience
in radio is desirable.

expect the men who qualify

for these positions to become

permanent members of our staff

and take an important part in our
post-war program.

To maintain the Philco tradition
of progressive research and devel-
opment, is first and foremost in
our minds. We provide the finest of
technica) equipment. But often,
even more helpful is the inspira-
tion and personal assistance of
working with men who have done
so much for the advancement of
Radio, Television, Refrigeration
and Air-Conditioning.

WRITE US TODAY

Qualified men not now engaged in
work requiring their full talents, are
invited to write us in detail as to their
experience, education, family and draft
status, and salary, Letters will be
treated in strict confidence.
Employment subject tolocal W.M.C. rules.

WRITE TO MR. GEORGE DALE

PHILCO

CORPORATION

Philadelphia 34, Penna.

50A

The following positions of interest to I.R.E.
members bave been reported as open. Apply
in writing, addrssing reply to company mentioned
or to Box No.

The Institute reserves the right to refuse any an-
nouncement without giving a reason for the refusal.

PROCEEDINGS of the L.R.E.
330 West 42nd Street, New York 18, N.Y.

RADIO ENGINEERS

Graduate engineers with laboratory cxperience
needed for research and development work.
manent employment with progressive corpora
tion located in small city in central Pennsylvanm
Persons now employed at essential activities at
their highest skill cannot be considered without
a statement of availability. Write for application
form to Airplane & Marine Instruments, Inc.,
Clearfield, Pennsylvania.

RADIO AND ELECTRONICS ENGINEERS

We are seeking ‘the services of one or two
trained engineers who have had ample experi-
ence in transmitting-tube engineering. The men
selected will not onlv be concerned with current
war production, but should eventually fill good
positions in postwar operation.

Also, we are looking for a few young engineers
with good schooling and background to be trained
for transmitting-tube development and produc.
tion.

This is an excellent opportunity for men who
qualify to connect with a progressive, higbly re.

ardctf manufacturer of transmitting tubes.
any special benefits will be enjoyed in your
association with this company.

Please reply in writing, giving complete de-
tails, past experience, etc. Interviews will be
promptly arranged. Persons in war work or es.
sential activity not considered wnhou( statement
of availability. Address, Chief Engineer, United
Electronics Company, 42 Spring Street, Newark
2, New Jersey.

ELECTRONIC OR AMPLIFIER
ENGINEERS

A well-.known company is in need of engi-
neers experienced in the design and use of elec.
tronic equipment, particularly audio and con-
trol amplifiers,

Also, laboratory assistants and junior engi.
ncers, who are experienced in testing and labora-
tory work on clectronic apparatus.

gend complete details to Post Office Box 30,
Bloomfield, Rlew Jersey.

ENGINEERS AND DRAFTSMEN

EXECUTIVE ENGINEER: Graduate electri.
cal engineer with 15 years’ experience in radio
rescarch and development, associated with the
manufacturing of radio equipment.

DESIGN DRAFTSMEN: Experience in ra.
dio communications equ?)mem rafting, as as.
sistant, associate or draftsman,

ENGINEERING ASSISTANTS: May be ra.
dio engineers with about five years’ experience, ‘
preferably in the manufacturing of radio equip-
ment,

Positions offer post-war opportunities. Salaries
open. Location, Connecticut. Send full details
to Box 312,

RADIO ENGINEER

Experienced in the manufacture and testing
of ultra-high-frequency apparatus; must be cap-
able of taking complete charge of war projects.
Splendid opportumty War workers at bighest
skill need not ap% ‘
Inquiries wﬂl

state age, experience an
Box 288.

dpt confidential. Please |
salary expected. Write

ELECTRICAL AND RADIO DESIGN
ENGINEERS
Familiar with analysis and design of com-

plex circuits similar to those used in radio
transmitter equipment. Should bave five years

(Continued on page 52A4)

A

- Self=Defense

Program
that began in 1927

For 17 years CREI has helped equip
professional radiomen with the technical
ability to advance to better positions—to
earn more money.

The success of our efforts during these
17 years is proven by the accomplishments
of our graduates. Hundredg of unsolicited
letters in our files testify to the fact that
CREI technical training has been helpful
in gaining secure positions at higher pay
in a minimum 'of time.

Few other educational institutions have
so fully gained the respect and confidence
of the men in the radio industry. CREI
home study and residence courses have
proven their worth—they are recognized
by employees and employers alike as the
finest possible instructions at the lowest
possible cost. Ask any radio engineer!

Alert Engineers are encouraging
CREI training for their employees
. for it means:

® Step-up of Individual efficiency
® |Increased personal worth to company
o Additional technical ability

The recommendation of our home study
courses to your associates will increase
the efficiency of your engineering staff.
We will be glad to send our free booklet
and complete details so you, or to any
man who you think would be inter-
ested.
“Since 1927

CariToL RADIO
| ENGINEERING INSTITUTE

Home Study Courses in Practical Radio.
Electronics Engineering for Professional
Self-Improvement

Dept. PR, 3224-—16th St., N.W.
WASHINGTON 10, D.C.

Contractors to the U. S Navy, U. S, Coast
Guard and Canadian Broadcasting Corp.

Producers of Well.trained Tech.
nical Radiomen for Industry

Proceedings of the I.R.E. February, 1944




Key to a world within a world

To inspect metal, judge its inner worth with the aid
of electronics, is to add a vital chapter to war industry’s
book of knowledge. More, it is to write a preface to the

mightier book of the future.

This same science of electronics, which finds the struc-
tural flaw in war metal, holds great possibilities whose

commercial use awaits only the welcome day of peace.

Infinite additions to the knowledge, the safety, the
comfort of modern man continuously reveal them-

selves in the quick flutter of the electronic tubes.

This is an inspiring reason why at Sylvania, in our
work with electronics, as in everything else we do to
widen the range of the eye and the ear, we set for

ourselves a single goal — the highest standard known.

SYLVANIA ELECTRIC PRODUCTS INC. furmerly Hygrade Sylvania Carperation

EXECUTIVE QFFICES: SO0 FIFTH AVENUE, NEW YORX 18, N. YV,

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

¢

AIDING THE HOME FRONTS “KNOW-HOW”—Sylvania Fluorescent Lamps and
Fixtures give war workers the light they need to produce their armament
miracles. Sylvania Radio Tubes bring the news of the world to the American
family, keep our people mentally alert. Sylvania Incandescent Lamps
econamically protect the eyes of the American family, Indeed, the Sylvania

name now, as always, means the ultimate in product performance.

Proceedings of the I.R.E. February, 1944
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WE ARe

LOOKING FOR
A FEW MEN

There are only a few of the sort we want.
They're engineers . . . men with a solid,
expert background in electronic design

. men who aren’t hidebound in their
thinking.

We offer them an unlimited future in
a new scientific industry now working
at full capacity on military devices. We
want their expert talents to help us explore
even further the peacetime possibilities
of this new science.

It's a big job. It needs big men. If you
think we're talking to you, write us your
whole story and enclose a photo., Please
dont phone or call until an appointment
has been set up for you.

Chairman, Opti-onics Development

BELL ano HOWELL

7101 McCORMICK ROAD
CHICAGO 45, ILLINOIS

NEW! ALLlEB’s Rapid

R-F RESONANCE
& COIL WINDING

CALCULATOR

Q

U},a‘ 2 \ .
_ pose Calcula-
== tor devised by Allied

for fast, accurate determi-
nation of resonance factors and
coil winding data. Easy to use.
No. 37-955. Postpaid, only 25¢

llieds Radio
Data Handbook

Formulas, stand-
ards, data, tablqs,
charts —used in

solution of
A radio and elec-
only ¥
25¢|

Altipy
Rapjo vara
MANDsagy

tronic problems.
No.37-754. Net
postpaid . . 25¢

ALLIED RADIO CORP.

833 W.Jockson, Dept. C3-B-4,
Chicago 7, lllindts

ALLIED RADIO

Everytliing in Radio and Electronics

(Continued from page 50A4)

full.time commercial or research experience.
Must have B.S. in E.E,, or equivalent; thorough
grounding in engineering eclectronics and fa-
miliarity with high-voltage rectifier systems.
Apply in writing, to Personne]l Office, Radia-
tion Laboratory, University of California,
Berkeley, California.

RADIO TECHNICIAN

In Brooklyn war plant. Must be able to use
test equipment, to set up and use laboratory test
instruments and supervise production testing of
radio parts and electronic equipment, Will con.
sider men with amateur radio experience, State
age, education, experience. Availability certifi.
cate required. Write to Box 308,

ELECTRONIC TUBE DESIGN ENGINEER

Experience in actual design and manufacture
of large high-vacuum tubes, or electrical and
mechanical design, as well as in process, test,
and application techniques, Essential workers
need release statement. Write to Box 309,
giving complete details including salary expected.

ELECTRONIC DESIGN ENGINEERS

One of the largest manufacturers of radio
equipment, located in Eastern Massachusetts,
has openings for several engineers. Work in.
volves design and development of electronic
apparatus having a wide field of application
both now and a?ter the war,

A Master’s degree, or a2 B.S. degree in Elec-
trical Engineering with two years’' experience
in electronic work, would be desirable but not
absolutely necessary, depending upon the indi-
vidual. %‘hose now employed in an. essential
activity must be able to obtain release. Appli-
cants should submit their qualifications and
salary expected to Box 307.

RADIO ENGINEERS AND TECHNICIANS

A progressive company with a sound back-
ground in radio and electronics needs, at once,
several men with training and_experience in any
phase of the radio industry, The work open is
vital to the war effort but offers a promising

ost-war future for the right men. College
degree or equivalent experience necessary. Men
'now engaged at highest skill on war production
should not apply. Write Box 294,

ELECTRICAL OR CHEMICAL ENGINEER

. . . thoroughly versed in the theory of liquid
and_ solid dielectfics for the position of c%ief
engineer. To direct the research, development
and general laboratory on capacitors and capaci-
tor applications. This is an unusual opportunity
for a capable engineer interested in his present
and postwar future. Write to Industrial Con.
denser Corp., 1725 W. North Ave., Chicago, Ill.

RADIO ENGINEERS

Transcontinental & Western Air, Inc. has
openings at Kansas City for three Radio En.
gineers in the Communications Department. Ap-
plicants should have completed an electrical or
radio engineering course, or should have had one
to two years of practical expesience. These open.
ings are permanent.

For additional details and application forms,
write to Personnel Department, Transcontinental
& Western Air, Inc., Kansas City, Missouri.

PATENT ATTORNEYS

Patent attorneys, who are electronic physicists
and electrical or radio engineering graduates
who have maintained contact with the field of
high-frequency electronics, radio manufacture,
carrier-current telephony, and light-current cir.
cuit design and compufing, can make a sub.
stantial contribution in research or development
jobs with one of the National Defense Research
Committee laboratories located in the East. The
project is secret but is one of the most urgent
of all research jobs now under way for the
Government, .

An electrical engineering background in light
currents is essential, and amateur radio experi.
ence, inventive ability and ingenuity in the
design and layout of radio equipmént would be
of considerable help.

Facilities for specialized refresher training

(Continued on page 544)

RADIO
ENGINEERS

Radio Engineer for installa-
tion, maintenance and servic-
ing essential electronic equip-
ment {n United States and
Electrical  back-
ground and practical radio

abroad.

experience required. Age 28-
40. Salary $3600 up plus liv-
ing expenses. Wire or write
Radio Division, 2519 Wilkens
Avenue, Baltimore 23, Mary-

land for cxp'plication forms.

Westinghouse
Electric & Manufacturing ,‘
Company

ELECTRONIC
ENGINEER

or Electrical Engineer

with H. F. Experjence

preferably with some background
in mechanical engineering. Posi-
tion with well established com-
pany of known reputation in the
Middle-West with post-war pos-
sibilities i the manufacture of
industrial electronic equipment.
State education, experience, sal-
ary expected, marital and draft

status.

BOX 313
Institute of Radio Engineers
330 West 42nd St.
New York 18, N.Y.

Proceedings of the I.R.E.
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Here's a versatile unit with many electronic control
applications...THE KOLLSMAN CIRCUTROL

3 PHASE INPUT CONTROLLED
LOAD

o

/ R st = ' 4
[ s ;

ACTUAL SIZE

CIRCUTROL UNIT

used as

Thyratron Phase Control

LOAD CURRENT {MA.}

~
=)

l
07 Al ]
of!

8 o o e
o
407 60" 120" 160° 200" 240" 280" 320 360"
POSITION OF ROTOR

Typical of the many special applications for which nothing ‘more than positioning of the rotor.

design engineers have found the Kollsman Circutrol Electrically, the Circutrols are motor-like precision
particularly suited, is phase control of Thyratron type  units having high impedance two- ot three-phase stator
units. In this application the unit offers accurate linear  windings and single-phase rotors. Units are available

signed to withstand continuous rota-
tion at speeds up to 1800 R.P.M,
although many applications require ‘

Kollsman Circutrol write to Kollsman
Instrument Division of Square D
Co., 80-04 45th Ave., Elmhurst, N. Y.

3

ontrol, as shown by the above graph. which operate from 32, 115 and 220 volts, 60 cycles,
When used as a rotatable transformer, the Circutrol ~ and 110 voles, 400 cycles.
Unit produces a phase voltage which varies sinusoi- These units may also be used as single or polyphasc
«dally with the angular position of the [~ st voiscc vs ror0n anarr induction regulators, controllable volt-
‘totor as shown in the graph at right. | » I t - 11 | age modulators, single or polyphase
Another advantage of the unit as | » - ‘ 5 B alternators or phase shifters.
a rotatable transformer is that it is de- g % ] :'°'?'.$"°Q—‘14 For complete information about the
N 0 3 o

£5 88

rz

ELMHURST, NEW YORK GLENDALE, CALIFORNIA
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SOUND OPPORTUNITY
FOR TECHNICAL MEN

Wurlitzer—established in 1856, the recognized leader
in its field—offers these engincering positions:

Radio and Electronic Development Engineers

Staff Engineers—

Requirements: B.S. in Electrical Engineering or equiv-
alent; at least five years’ experience in radio engineering
and research; familiarity with all phases of circuit
development; ability to design and develop engineering
projects.

Development Engineers—

Requirements: Graduate engineer with a minimum of
two years’ practical experience in engineering or tech-
nical service; natural aptitude for design and develop-
ment work; ability to solve detailed engineering problems.
Today—Wurlitzer is concentrating its full productive
energies on fabrication of war materials, with which
those men selected will be associated until Victory is
won. But the long-range plans we are also making
today, foreshadow a future bright with opportunity.
The Wurlitzer technical and engineering staff has been
hand-picked. To it we seek to add qualified men eager
to affiliate with a closely knit, progressive organization
resolved to maintain its top-rung industrial leadership.
The men we choose—and who choose us—uwill be for-
ward-looking, resourceful, earnest in their efforts to
create, improve and perfect. These qualifications are
basic. If you have them and are interested in learning
more about the opportunities we offer, write—telling us
about yourself. An interview can be quickly arranged.
Employment subject to local WMC Regulations.

Write Today to

THE RUDOLPH WURLITZER COMPANY

North Tonawanda, New York

ATTENTION: TECHNICAL PERSONNEL DEPT,

WURLIIZER

THE NAME THAT MEANS%{GTO MILLIONS

(Continued from page 52A4)

and orientation in the particular field may be
available. Anyone who possesses these qualifica-
tions and is interested in a vital wartime de-
velopment job for the duration may get further
details on request. All inquiries will be held
confidential, Address Box 299.

ELECTRONIC ENGINEER

Electronic engineer with M.A.,, Ph.D., or the

equivalent in physics, for yeuarcix and design in

geophysics, perience in filter design_and

sound recording is desirable. Write to Inde-
endent Exploration Company, 901 Esperson
uilding, Houston, Texas.

ENGINEER

AAA-1 ecastern manufacturer, over 75 years
operation and leader in growing industry, has
immediate permanent position for chemical
clectrical, electronic or ghemical-meta_llurgicai
engineer to organize and increase cfficiency of
production activities. Send full details of ex-
perience to Box 301,

RADIO OR ELECTRICAL ENGINEER

Capacitor manui’acturer located in New Bed-
ford, Mass.,, wants an electrical or radio en-
gineer—man or woman—for equipment- and cir-
cuit-development work.

Permanent postwar future for right person.
This firm has excellent laboratory facilities and
is a leader in its field.

Applicant should be college graduate with a
degree—or equivalent experience—in radio en-
gineering or electrical enﬁineenng.

Interview in Boston, New Bedford or New
York can be arranged. Traveling expenses paid
to place of interview. 3

Write fully, giving age, education, experi-
ence, etc. Adgreas reply to Box 302.

PHYSICIST OR ELECTRICAL ENGINEER

Leading manufacturer of industrial radio-
frequency equipment desires the services of a
phrvsicist or electrical engineer to direct de-
velopmental and applications laboratory. This
field is expanding rapidly and offers excellent
opportunities for advancement. Position of a
permanent nature, Present activities devoted
entirely to the war effort. Address replies to
Box 306.

SOUND AND PROJECTION ENGINEERS

Openings exist for sound and projection en-
gineers. Several years experience in the installa-
tion and maintenance of 35 mm motion-picture
equipment of all types required. Must be draft
exempt or over draft age and free to travel any-
where in the United States. Basic starting salary
$3200. U. S. Arml Motion Picture Service, En-
Emeerm and Maintenance Division, 3327-A

ocust Street, St. Louis, Migsouri.

RADIO ENGINEERS

Permanent  radio-engineering position  in
Southern California for men with creative and
design aptitude, especially with UHF circuits.
Starting salary and advancement depends upos
the enr_me.er's experience and ability.

Applications are solieited from persons that
are not using their highest skills in war work.
. Write complete qualifying educational train-
ing and experience to Chief Radio Engineer,
Bendix Aviation, Ltd., in care of The Shaw
Company, 816 W, Sth Street, Los Angeles 13,
California.

ELECTRONIC ENGINEER

or electrical engineer with high frequency ex-
perience, preferably with some background in
mechanical engineering. Position with well es-
tablished company of known reputation in the
Middle-West with post-war possibilities in the
manufacture of industrial electronic equipment.
State education, experience, salary expected,
marital and draft status, Write Box 313.

el
The foregoing positions of interest to I.R.E. mem-
bers have been reported as open. Apply in writ-
ing, addressing reply to company mentioned eor
to Box No. .............,

Proceedings of the I.R.E, February, 1944




”fﬁm solid molded /wu?EMW

that makes the difference” r

ACTUAL
DIAMETER
1-1/16 INCH

Te resistor element in Allen-Bradley Type J Bradleyometers
has substantial thickness (approximately 1/32-inch thick), and

In this respect differs from the film, paint, or spray type var-

lable resistors. The Allen-Bradley variable resistor is molded asa F l x E D
single unit with the insulation, terminals, face plate, ond threaded RESISTORS
Type JS Bradieyometer with a bushing. This simple construction does away with rivets, welded ’ L
built-in switch. or soldered connections, and unreliable conducting paints. The o Bradleyunits are -~
Allen-Bradley type of variable resistor will prove reliable under ‘1 malded, fixed re- W
I " ¢ 5 diti sistars with lead
all extremes of service conditions. ireoen beddsd
During manufacture, the resistor element may be varied through- in hamageneavs
out the length of the element to provide practically any resistance- ;,;’e"ym:“;r:":"::‘
5% rotation curve. Once the unit has been molded, its performance an averload of
is not affected by heat, cold, moisture, or hard use. It not only is ten times raling
Bradleyameters may be vsed . f iderab)
singly or assembled for dual remarkably quiet when first manufactured but gets even better AT (e
ith otle periad of time with-
ge. out foiling. Na spe-
Bradleyometers are the only continuously adjustable composi- cial wax impreg-
fion resistors having @ two-watt rating with a good safety factor. natian is necessary
The Allen-Bradley Bradleyometer is the only commercial type tojpass ghe ’.°"
. f . - water immersion
variable resistor that will consistently stand up under the Army- | test. Available in
Novy AN-QQ-591 salt spray test, Write for specifications. A standard RMA
— ar triple construction to fit ‘II- ;:r::e"o 'l’g'r’:w‘go
any cantrol need. Allen-Bradley Company, 114 W. Greenfleld Ave. ohms in both the

% WATT ., lated and non-

Milwaukee 4, Wisconsin
Insvlaoted types.

1 WATT

ELEMENT ACTUAL SIZE

@ ALLEN-BRADLEY

RA |07 RESISTORS
%>Quauw<\g

W FIXED & VARIABLE

RiaB
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RISES

In 458 B.C,, with Rome threatened
by the Acdui, the people called the
aged veteran Cincinnatus from the
retirement of his farm to lead the armies of the re-
public. The valuc of experience was recognized svhen
real nced arose.

The experience of the ERWOOD engineering organ-
ization will be available to you after this war is won.
Place ERWOOD first on your list of postwar con-

sultants.

THE ERWOOD COMPANY

223 WEST ERIE STREET CHICAGO, ILLINOIS

we HARVEY
_“AMPLI-STRIP”

for l'F and AUDIO
AMPLIFICATION

Here is “something new under the sun”

-——a compact, thoroughly dependable I.F
and AUDIO Amplifier in convenient,
practical form, all ready to use.

The HARVEY AMPLI-STRIP is built
to supply the electrical characteristics you
want. Developed by Harvey engincers to
meet the exacting performance standards,

it offers a superb example of the creative
and production resources of the Harvey
organization.

Whatever your necds in the way of radio
or electronic instruments, components or
assemblies, present or projected, you will
find it to your advantage to get in touch
with Harvey of Cambridge.

< H‘ARVEY:

HARVEY RADIO LABORATORIES, INC.

447 CONCORD AVENUE

CAMBRIDGE 38, MASSACHUSETTS

56a
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MACHINE GUN TRAINER

———————

Operadio-built commuoication systema that
forge the crews of bombers, of tanks, of fighting
ships, into combat teams have a significance to
vou. Let our war-won electronic “know-how™
rerve you, whatever your business may be!

oPERADIo

ggd'fv}ué /}ﬁ(‘«:ﬁZ‘

OFERADIO MANUFACTURING COMFPANY, ST. CHARLES, ILL

Future of Television
(Continued from page 48A)

when you look at it. In New York, Philadel-
phia, and other Atlantic seaboard cities, you
may very well have your choice of several
programs within a few years. You will see
sporting events and scenes from Washing-
ton, perhaps the President delivering a fire-
side chat or sessions of Congress, or variety
shows and drama from New York. New
kinds of entertainment may be created as a
result of television just as the movies
changed vaudeville and the theatre.”

Rapid expansion of television as soon as
the waris over will depend upon the crea-
tion of networks linking stations together,
so that the best entertainment and news pro-
grams can be made available to the yiewing
audience, Mr. Smith pointed out.

“Sound broadcasting entered its period of
greatest growth and expansion when net-
work operation got underway, and the same
principles will apply to television,” he con-
tinued. “Ultra-high-frequency television re-
lay stations have already been developed by
Philco Corporation and other research
groups to link television transmitters to-
gether, and these are in successful operation
today. Through these links most of the tele-
vision audience in the United States made
history last night by viewing the official mo-
tion pictures of the Cairo and Teheran meet-
ings of President Roosevelt, Prime Minister
Churchill, and Marshal Stalin that were put
on the air in New York City and relayed to
Philadelphia and Schenectady. In the post-
war years, through television, people in their
own homes will be able to see these historic
events as they occur.”

Proceedings of the 1.R.E. February, 1944

1. Frame

2. Armature

3. Thru Bolt

4. Commutator
5. End Bracket
6. End Cover
7. End Plate

8. Gasket

9. End Play Washer

10. Ball Bearings

11, Steel Insert

12. Oil Thrower Washer
13. Brush Holder Screw
14. Dynamotor Leads
15. Brush Holder

16. Brush Holder Cap
17. Brush and Spring
18. Field Poles

19. Field Pole Screw
20. Field Colls

EICOR produces a Dynamotor for every
peed—from the smallest in size to the lar-
gest in output. Our complete line of frame
sizes makes possible the greatest available
range of dynamotor output ratings, sizes
and weights.

WALL CHART AVAILABLE

18° x 24" reproduction of this isometric cus-
away, complete with dynamotor data en out-
puts, sizes and weights — available without
charge to engineers and instructors. Sustable
Jor wall hanging. Write for it on company or
officsal letterbead.

ErcomlNne. 150 w. Congress St., Chicago, U.S. A.

DYNAMOTORS * D. C. MOTORS *« POWER PLANTS » CONVERTERS
Export: Ad Auriema, 89 Broad S, New York, U. S. A, Cable: Auriemo, New York
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DURABLY constructed . . . yet capable
of extreme sensitivity . . . is one of the
characteristic features of the new General
Electric line of ELECTRONIC MEASURING
INSTRUMENTS. Designed in the famous
G-E electronics laboratories, this line
offers a comprehensive selection of com-
pact apparatus for service, maintenance
and research.

For measuring electronic circuits and
component parts, this line includes: G-E
unimeters, capacitometers, audio oscilla-
tors, wide band oscilloscopes, square
wave generators, signal generators, power
supply units.

G-E testing equipment is now in pro-
duction primarily for the Armed Forces.
But these stable, shock-resistant units
may be purchased on a priority if you
are engaged in war work. After victory,
the full line will be available to everybody.
General Electric, Schenectady, N.Y.

o We invite your inquiry for G-E elec~

tronic measuring equipment made

to meet your apecific requirements.

FREE
CATALOG

ELECTRONICS
DEPARTMENT

GENERAL ELECTRIC CO.
Schenectady, N. Y,

Please send. without obligation to me,
the General Electric Testing Instru-
ment Catalog, P-2 (loose-leaf), for my
information and fifes.

Name -
{ Company
i Address

GENERAL @) ELECT

Electronic Measuring Instruments

RIC

177-c2
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and many other applications . . . providing
economical condensed power for years of
service.

Alliance Precition

Our long established standards of precision manu-
facturing from highest grade materials are strictly
adhered to in these models to insure long life without
breakdowans.

EFFICIENT

Both the new Model “K’” Motor and the Model *"MS”
are the shaded pole induction type — the last word in
efficient small motor design. They can be produced
in all standard voltages and frequencies with actual
measured power outputs ranging upwards to 1/100
H. P. . . Alliance motors also can be furnished, in
quantity, with variations to adapt them to specific
applications.

DEPENDABLE

Both these models uphold the Aliance reputation for all

‘round dependability. In the busy post-war period,
there will be many “spots”
where these Miniature Power
Plants will fit requirements . . .
Wri_te now for further infor-
mation.

VERSATILITY and dependability were paramount when
Alliance designed these efficient motors — Multum in Parvo!
. . . They are ideal for operating fans, movie projectors, light
home appliances, toys, switches, motion displays, control systems

il

el

Model **MS” — Full Séze
Metor Measures
1% x2x 3%

New Model*K”— Full Size

Motor Measures

2% x 2%" x 3I&"
Remember Alliance!

—YOUR ALLY IN WAR AS IN PEACE

Proceedings of the 1.R.E.
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Requirements

In Everything of Uncle
Sam’s that '‘flies, floats

or shoots”’ b
NATIONAL  ‘DHENOLITE. 5 oy
FIBRE Ltominated BaRELTE

—because of their lightness in weight,
high dielectric strength, ready machine-
ability, exceptional wearing and other
qualities—are playing a vital part. Ml EHupH UN[S

U-9-S is Ready for Any Job —
without Duplicating Equipment

““8ACK THE ATTACK'™ with WAR BONDS

NATIONAL VULCANIZED

FIBRE CO.

Offices in Principal Cities
WILMINGTON, DELAWARE

Whether you need to work at 50 ohms on

WIDE RANGE long lines — or want 200 to 500 ohms for that
VACUUM TUBE particular job — or find you must use bal-

anced line connections because of noise or
anT’IETEl‘s circuit conditions — or if you want to work
standard high impedance on regular shorter
lines, ONE Microphone, the TURNER US9-S,
can fill all your needs. A twist of the switch
shown at back of Model U9-S can give you
your choice of impedances. Adjustable to
semi or non-directional operation. Level
—52DB at high impedance. Response is free
from peaks and holes from 40 to 9,000 cycles.
For sure-fire performance under any and
all acoustic and climatic conditions; for
rugged dependability without distortion,
always specify Turner Microphones:

For complete information and prices on Ug-S
and other mikes pictured, Write TODAY.

. . I‘ i

FREE We've a copy of Turner's new Microphone [
y Catalog for YOU. Write for yours NOW. ||
® High input impedance for both AC and "
DC measurements. i:.

® Convenient, low capacity “Probe” especial- Crystals Licensed Under Patents

ly sdapted to high frequency radio use— of the Brush Development Co.

The TURNER Company

® Self-regulating operation from power line;
Pioneers in the Communications Field S

no batteries.

® Multiple voltage ranges — accurate and
stable.

BULLETIN ON REQUEST
ALFRED M. BARBER CEDAR RAPIDS, IOWA, U.S.A. /
LABORATORIES ,

34-04 Francis Lewis Blvd. Flushing, N.Y.
T R R T S O G oy,
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PERMANENT 1%
MAGNETS

-l:m Arnold Engincering Company is thor-

oughly experienced in the production ol all ALNICO

types of permancnt magnets including ALNIGO V.

M magnets are completely manufactured in our

own plant under close metallurgical, mechanical

and magnetic control,

Enginecring assistance by consultation or

corvespondence is freely olfered. ///// ’////
™ o

THE ARNOLD ENGINEERING (OMPANY

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS

Products of
“MERIT”’ |

means
Dine Radio Pants

... PARTS manufactured ex-
actly to the most precisc
specifications.

Long manufacturers of com-
ponent radio parts, MERIT
entered the war program as
a complete, co-ordinated
manufacturing unit of skilled
radio engineers, experienced
precision workmen and
skilled operators with the
most modern equipment.

MERIT quickly established
its ability to wunderstand
difficult requirements, quote
intelligently and produce in
quantlty to the most exact-
ing specifications.

Transformers-—-Coils—Re-"
actors—Electrical Windings
of All Types for the Radio
and Radar Trade and other
Electronic Applications.

S

Slnce 1924

MERIT COIL & TRANSFORMER CORP.

CHICAGO 6, ILL.

311 North Desplaines St.
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A record for long life has been earned by Tobe Capacitors
through an almost complete absence of “returns”. Equally
notable has been Tobe’s ability to master difficult specifica-
tions. The “DP” Molded Paper Condenser shown below is
an example. The new American War Standards “specs” are
tough ones to meet—but we mieet them. Ask us for samples
and judge for yourself.

ASSURED

SPECIFICATIONS “DP” MOLDED PAPER CONDENSERS

CAPACITANCE........covvvevuvnnns 001 to .04 MFD
WORKING VOLTAGE. ...ccvvveveveennns See chart below

Flash test 3 times rated DC working voltage
SHUNT RESISTANCE. .. .ovnivveveronnes At 185° F— 1000 megohms or greater

At 72° F—50000 megohms or greater
WORKING TEMPERATURE RANGE....... .. Minus 50° F to plus 185° F
OPERATING FREQUENCY RANGE. ......... Upper limit 40 megacycles

Q at one megacycle—average 20
POWER FACTOR. ........cvvveenvanen At 1000 cycles .004 to .006
DIMENSIONS . ..o vvveerecrsocroscnns 13/16" x 13/16" x 19/64"

Capacity | DC Working TOBE & AMERICAN WAR
in MMFD. Voltage STANDARDS DESIGNATIONS

Rating “"A"  Characteristic  “B"

1000 600—1500 CN35A102 CN358102
1500 600—1500 CN35A152 CN35B152
2000 600—1500 CN35A202 CN35B202
2500 600—1250 CN35A252 CN35B252
3000 | 600—1000 CN35A302 CN35B302
4000 600—1000 CN35A402 CN35B402
5000 600— 800 CN35A502 CN358502
6000 600— 800 CN35A602 CN358602
7000 500— 700 CN35A702 CN358B702
._8000 500— 700 CN35A802 CN35B802
10000 400— 600 CN35AT103 CN358103
20000 200~ 300 CN35A203 CN35B203
30000 S0— 150 CN35A303 CN358303
40000 50— 100 CN35A403 CN35B403

EGYPTIAN OBELISK
Central Park, New York, dates from
the 18th Dynasty (1600 BC) of King |
Thut-Mose, the Third,

Calbe AN CAANANS AT)

A SMALL PART IN VICTORY TODAY — A BIG PART IN INDUSTRY TOMORROW
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the amateur is still in radio...

All through the development of radio communications you'll find the
mark of the radio amateur. His desire to accomplish the seemingly im-
possible and the rough treatment he gave his “ham rig” helped create
and develop better radio technique. Thus the radio amateur is directly
responsible for much of the superior radio and electronic equipment
being used by the military services today. Eimac tubes, created and de-
veloped in the great amateur testing ground are a good example. They
had to possess supcrior performance capabilities in order to become
first choice of the leading radio amateurs.

Their ability to withstand momentary overloads of as much as 600%
and their unconditional guarantee against premacure failures due to
gas released internally are two potent reasons why they are today fiest
choice of the leading electronic engineers
throughout the world.

Today the radio amateur is off the airasan am-
ateur but he’s still in radio as a professional. And
wherever he is .. . in the army, navy and marine
corps...in the great electronic laboratories and X
factories ..he's still using Eimac tubes. > Eimac 250T

b EITEL-McCULLOUGH, Inc., SAN BRUNO, CALIF.
/% Plonts ot: Salt Loke City, Utoh ond San Bruno, Californio
Vel

Follow the leaders to

Export Agents: FRAZAR & HANSEN, 301 Cay Sivees,
San Francisce. Califorwia, U. 5. A




One of the great products to come from the world’s
oldest and largest capacitor manufacturer is the type
1R mica capacitor—the now famous “Silver-Mike.” At
the other extreme of the scale from its big brothers,
huge capacitors for power distribution systems, yet
comparable to them in reliability of performance and
in comparative life span, this tiny featherweight repre-
sents an achievement for which C-D engineers can well
be proud. Type 1R is fully described in our Catalog.
Cornell-Dubilier Electric Corporation, So. Plainfield,N.J.

IT'S C-D FOUR TO ONE: In ap independent inquiry
just completed, 2,000 electrical engineers were asked to
list the first, second and third manufacturers.coming to mind
when thinking of capacitors. When all the returns were
in, Cornell-Dubilier was far in the lead — receiving almost
four times as muny “firsts” as the next named capacitor.

Cornell Dubilier

more in use today than any other make

capactlors

TYPE IR SILVERED MiCA CAPACITORS

Suited for use in circuits where the LC
product must be kept constant. Here are
some of the C-D features that make IR
outstandingamong silvered micacapacitors:

SILVER COATING THOROUGHLY BONDED 70
MICA—Uniform ond low copocity-temperature
coefficient (4.002% per degree C.)—excellent
retroce chorocteristics.

EXTRA-HEAVY SILYER COATING — Proctically
no capacity drift with time.

STANDARD UNITS MOULDED IN LOW-LOSS
RED BAKELITE — Protection against physical
domage ond change of electrical charocteristics
—exceptionally high Q {3000 to $000}.

TINNED BRASS WIRE LEADS—Prevent breakage
—easily bent in_any direction without offecting
characteristics of unit.

COMPLETELY WAX - IMPREGNATED — Assures
excellent humidity characteristics.
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