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In the Battle of Design

A waste of material :
or machine time i heer: .
otage. The batt 4 i, in engineering design today i
attle of design will be won by refinements in existing c);r:p::\edn:mnable ”05 sebr
s as well as by

new inventions. Savings in small things add up . . . to big thi
3 g things. Here are some examples:
One of our engineers changed the construction of @
plastic assembly from brass insert + lockwasher ~+ In die cast structures, covers and nameplates were
brass screw to steel PK screw only. Approved by the held on by screws. A UTC design modification added

Army, the savings represen'red 1,000,000 inserts and o round projection in the casting, which is spun over to
lockwashers. hold the plate or cover. Saving: over 2,000,000 screws
_over 2,000,000 tapping operations.

and lockwashers ..

This structure employed @ cased transformer fast-
ened to a compartment wall with screws. A changed
design permitted potting the transformer directly in

~ the compartment. Saving . . - 1,000,000 terminals . . -
300,000 screws . . - 400,000 aluminum cans . . - plus
. ‘ terminal board saving and reduction-in overall size.

One UTC design eliminated a threaded shank, lock- -
,woshér and nut by changing to a spun-over shoulder
on the shank. Saving . . . 150,000 lockwashers and
nuts . . . 150,000 threading operations.

These savings added up. Small in themsel
ves .

their total is im : i
res o sl .
seem im:ossizr:.qiof(%y we need all Possibfelgshoi’v‘ifor Rachjingividual units o-
irst. Review your designs for ggs.- -feven those which
vings for Victory.
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ILEPOSTS HE
PROGRESS OF RESEARCH!

RAYTHEON tubes for the peacetime electronic era will incorporate all of the engi-

You can look to RAYTHEON leadership when you again purchase tubes . . . no matter
what type of function your requirements may be . . . you will find a RAYTHEON tube dé-
signed and engineered to faithfully perform its task.

For military reasons tubes illustrated are not a new development.

Raytheon Manufacturing Company

WALTHAM AND NEWTON, MASSACHUSETTS

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

u Proceedings of the I.R.F. April, 1943
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® Type 12 is a standard Aerovox capacitor. Exclusive
Hyvol dielectric oil. Special ceramic insulators on ribbed
cap, for ratings up to 7500 v. D.C.W.

At high altitudes encountered in aircraft applications,
however, things do happen. While Hyvol maintains the
effective capacitance even at sub-zero temperatures
found high above the earth, the terminal breakdown
voltage drops rapidly in the rarefied atmospheres.

To meet such conditions, Aerovox engineers rede-

signed the terminals of Type 12. One terminal became

*Aetovoxr Application Engineering

NEW BEDFORD
100 varick ST., N, Y, C e Cable
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a short screw post. The other, a tall ceramic insulator
with corona shield at top. Result: minimized surface
leakage; minimized corona losses; greatly stepped-up
breakdown voltage at high altitudes. The chart tells
the story.

Ingenious revisions and adaptations of standard Aero-
vox types, such as this, are meeting unusual requirements
—quickly, fully, economically.

Write for latest Transmitting Capacitor Catalog. And
try A.A.E.* on that tough capacitance problem.

. ]
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MINIMUM FR UENCY DRIFT

hot flow and cold flow,
maximum dimensional stability
and minimum expansion combine
to provide @ minimum of frequen-
cy dnift. Often it is not necessary
to use crystals or other compen=
sating devices.

Absence of

ENGINEERS !

ouTsTCHECK THESE SIX
.ANDING FEATURES OF

NEGLIGIBLE ER ABSORPTION

Multiform glasses show a water
absorption of less than 0.01 per
cent (24 hours). Impregnants of
added glazes are unnecessarys
assuring better dimensional toler-
ances. Loss of efficiency
improper lmpregnaﬁon or cracked

low L FACTOR

Insulators, made from Multiform
glasses, offer yov definitely greater
efficiency- Multiform glass #7017,
for example, has @ loss factor of
only 0.40 at 920°C,—1 Meg.

\DE RANGE
D SHAPES

EXTREMEL
OF SIZES

There's almost no limit on shapes,
cyl'mdrical or flat. In size, pieces
range from tiny beads, several
thousand to the pound, to 95-lb.

pleces 45’ or more across

glaze is climinated.

UNIFOR CCURACY

Threads, grooves and holes are
accurate from piece to piece be-
cause they are molded in the
piece. All sizes can be made with
tolerances of +9.0%, not less than

HIGH DIEL C STRENGTH

Multiform glasses have a dielectric
strength of 500 volts per mil or
more—-approxima'ely twice the
dielectric strength of porcelains
and steatites.

Proceedings of the I.R.E

April, 1943




CORNING MULTIFORM
GLASS INSULAT/ION

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

ELIVERIES slow on electrical in-

sulators? Here’s good news! New-
type insulators developed by Corning
Glass Research—Pyrex brand Multiform
Glassware—are available now! Check the
six outstanding features on the opposite
page. See why all Multiform glasses not
only comply with the proposed AS.A.
American War Standard on Radio Insula-
tion Materials of Low Dielectric Constant,
but actually offer you more in efficiency
and long life!
The characteristics of these glasses plus
Corning’s new fabrication methods make
possible an extremely wide range of shapes
and sizes. General dimensional tolerances
are: large or heavy pieces, intricate shapes,
hollow cylindrical sections— =+ 2.09, or
0.010"; flat plates, solid rods, discs, beads,
bushings + 1.09 or 0.005", except
thickness which should be + 4% or
0.005".
If you have an insulator problem, do this
today: Fill in and mail the coupon now
for a free sample of Pyrex brand Multi-
form Glass and complete, descriptive

SN RA PR A

rex lisulators =

F BRAND = b

“PYREX?” is a registered trade-mark and indicates manufaciure by Corning Glass Works
Proceedings of the 1.R.E. April, 1943 v
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Group of 1943 Science Talent Search Winners leaving ¢
South American relations with Dr.

he Pan-American Union Building after discussing

L. S. Rowe, Director-General.

Prospecting for flltur C SCiCIltiStS

Every step forward in science brings with it a need for
more scientists. Not technicians merely, but men and
women who are capable of creative achievement.

Where are they to be found?

It scems highly probable that aptitude for creative
achievement in science can be discovered as carly as the
senior year in high school.

It is quite certain that early discovery of ability helps
crystallize the interests of the students and stimulates
them to further activity.

For these reasons, Science Service, Science Clubs of
America and Westinghouse are cooperating in an annual
Science Talent Search. Mcthods employed in the Science
Talent Search, including the science aptitude tests, were
devised by Dr. Harold A. Edgerton, Ohio State Univer-
sity, and Dr. Stcuart Henderson Brite, Office of Psy-
chological Personnel, National Rescarch Council.

Each ycar, 40 boys and girls selected on the basis of
the criteria set up by Dr. Edgerton and Dr. Brite, are
taken to Washington as guests of Westinghouse. There,
after further examinations and interviews, those who
qualify reccive Westinghouse Science Scholarships rang-
ing from $100 to $2400.

Last year, 20 Westinghouse Science Scholarships were

Proceedings of the I.R.E. April, 1943

awarded, but every boy and girl sclected for the trip
received offers of scholarship help from leading colleges
and universitics.

Every onc entered college.

Every one is making a scholastic record considerably
above the average.

Since the Science Talent Scarch is only in its second
year, there are yet no data on the corrclation between
aptitude as measured by the methods cmployed and
actual achievement in science. Dr. Edgerton and Dr.
Britt have, howcver, begun a projected ten-ycar study
of these boys and girls, covering their work in college
and the carly part of their after-college carecrs.

Full information on the Science Talent Scarch, includ-
ing reprint of an article by Dr. Edgerton and Dr. Britt
describing the methods employed, will be sent on request.
Write to Science Service, 1719 N Street, Washington,
D. C., or to School Service, Westinghouse Electric &
Manufacturing Co., 306 Fourth Ave., Pittsburgh, Pa.

VVestinghouse

PLANTS IN 23 CITIES OrrICES EVERYWHIRE

vil
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Bright but cool lights now simplify live-talent programuming at G-E Television Station WRGB

Studio lighting bright as daylight. .. and cool

An Example of General Electric’s Complete
Service to Radio and Television Broadcasters

Once television actors had to work under
hot studio lights that brought beads of
perspiration through make-up, wilted
costumes, caused discomfort, hindered
good production.

Today at General Electric’s proving-
ground Television Station WRGB,
Schenectady, made-up faces stay cool,
costumes don’t wilt. Excessive studio air
conditioning is no longer necessary. For
the handicap of high heat from studio
lights is on its way to being completely

GENERAL B ELECTRIC

STUDIO EQUIPMENT .

TRANSMITTERS .

licked by G-E developed, mercury-filled
capillary lamps. They give illumination
of daylight intensity with less than half
theheat of the noonday sun. Water-cooled,
and three to a unit, they have a light effi-
ciency more than doulle — and heat
output one-tenth — that of incandescent
lamps. And one control panel aims a
dozen of them, noiselessly indepen-
dently, anywhere in the studio.

These lamps that give cool studio light-
ing are another example of the bold

160-b3-6912

ANTENNAS .

ELECTRONIC TUBES 3

research that will enable G-E electronics
engineers to build improved cathode-ray
scanning and picture tubes, cameras,
transmitters. and other equipment for
post-war television.

All this so that television may more
quickly find its proper place in the peace-
time scheme of things as a vital medium
of public entertainment and education.

-« Electronics Department, General
Electric, Schenectady, New York.

Tune in on Frazier Hunt and the Neus every
Tuesday, Th ursday, Saturday evenings over C.B.S.
On Swunday night listen to (he “Hour of Charm"
over N.B.C. See newspupers for time and station.

F RADIO- TELEVISION - AN RADID

HOME RECEIVERS



CHEMICAL INDUSTRY

Supersonics speeds
chemicolreactions—cre-
ating wide range of
Electronic coreers.

FOOD MANUFACTURE
Use of ufpersonies to
sterilize foods is on-
other field of greot

potentlalities.

100,000 MC

10,000 MC

1,000 MC

STEEL MAKING

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

SOMETHING'S
HAPPENED TO
ELECTRONICS!

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

Tomorrow belongs to the men of electronics . . . the scien-
tists in university laboratories, the engineers in war industrics,
the youths everyw here who ponder the mar ‘els of this amazing
science. From these will come the brilliant achievements of the
electronic future.

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

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

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

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

2 —

QEARTAIE

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



ALTITUDE:

Inside this new RCA plastic altitude
chamber, aircraft radio equipment
is taking a ride at 40,000 feet. A
the pressure drops inside the sealed,
transparent walls, expert eyes ob
serve every part of the radio mech
anism. Defects in design, details of
faulty construction that would re
main hidden until actual high-alti
tude flights, can be noticed at a
glance right on the ground--and
corrected before the radio is in
stalled in a plane.

For pilots it means greater safety,

better performance, dependability

where failure of the radio equip
ment might mean difficulty for a
courageous crew.

RCA’s new all-plastic test cham
ber represents another step forward
in aviation radio research. Because
itis entirely transparent - it enables
engineers to study the w hole set
at once, to check for high altitude
flash-overs and leaks at the same
time, to look for tuning shifts and
“breathing” parts in the set simul
taneously.

40,000 FEET

This most advanced of high-altitude
test chambers is typical of RCA

many facilities for aviation radi
research. Today that research
has but one goal —to help make
America’s armed might in the air
the most powerful and effective fly
ing force in the world. From that
war-time research will come th

knowledge, the skills, and
the technique that will
help keep America’s wings
the mightiest and most
useful known to man

Y ICTOKY
Y Buy

WAR

HONDY

STasy

RCA AVIATION RADIO

RCA Victor Division + RADIO CORPORATION OF AMERICA « Camden, N. J



® War jobs have posed infinite production problems.

We know a lot of them that were solved with as
simple a thing as a nut.

Because the solution was an Elastic Stop Nut.

For example, aircraft. Their very worth depends
upon fastenings that grip sure and won’t shake
loose under the chatter of machine guns, the impact
of cannon fire and the vibration of air combat.

Every plane streaming off America’s production
lines has Elastic Stop Nuts fastening important
structural parts. Several millions of them go into
aircraft every day.

And to our knowledge, not one has ever failed 10 do
its job.

With two big plants running full-tilt 24 hours a

Proceedings of the I.R.E. April, 1943

LOCKED in

place on bolt

by grip of tough
locking collar

SEALED ot

top to protect

working threads
from corrosion

HOLDS nut

thread agains?

bolt thread

— prevents
axiol play

FITS ony stand-

ord bolt Made

in all sizes
and types

day, we can’t satisfy all the needs of today’s one
big customer.

But in the days ahead, with Elastic Stop Nuts
generally available, peacetime products and their
production are going to be better.

And our engineers schooled in solving the rigorous
problems of war producti(m will be at the service of
manufacturers with fastening requirements.

Whenever you wish, they will be ready to share
their knowledge with you and recommend the
desirable Elastic Stop Nut.

ELASTIC STOP NUTS

Lock fast to make things last

ELASTIC STOr NUT CORPORATION OF AMERICA
UNION, NEW JERSEY




VULTEE AIRCRAFT SELECTS
HALLICRAFTERS EQUIPMENT
FOR RADIO FLIGHT

RECORDER

The ultra-sensitive ground-unit “'brain’’ of Vultee
Aircraft’s new radio recorder is monitored by a Hallicrafters
shortwave radio communications receiver. This test-flight
unit, originated by Vultee engineers, gives multiple instrument
readings flashed in split-second cycles through a Hallicrafters

communications receiver to ground crew tabulators during actual
test flights.

Hallicrafters communications receiver (illustrated) Model

SX-25—12 tubes, 4 bands. Frequency range of 550 kc.
to 42 mc.

Your post-war Hallicrafters communications

receiver will be worth waiting for.

World’s largest exclusive man ufacturer of shortwave radio

communications equipment

lla"icraffers

CHICAGO, U.S.A.

E
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MAX, POWER OUTPUT:

Class C AF.

PLATE D1SSIPATION:
Watts

AVERAGE AMPLIFICATION
(+]

FACTOR
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Piate Voits
Plate MLA,
Grid M.A

MAX, FAEQUENCY. Me.:
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Power
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Cg puul
C "~' vad.
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Volts
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—

PMVSICA\i:‘wn
Length,
Diameter, inches

weight. Oz
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*Bearm Penteds.

NET PRICE
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GAMMATRON tubes contain many desirable characteristics for
communications, diathermy, and electrostatic or induction heating.
They are widely used as rodio and frequency multipliers, and UHF
oscillators.

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

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

Werite for full data on Gammatrons

saL | 85aH/1054L| 1554 20544 3054

| 1 |
‘3041.‘3540 354E 454L | 454H| 654 v3

{ \ ‘
10 10% \ |1;/. ‘ |1;/| |8¥. |°8 1‘;/. 1);(

& 200
EARAK: AR AR AR AR AR
‘% : o iy s&?! &) on 288 Co. 258

2
| 2 ?
”:“ sa’ - wu:n watt | Watt LW!" 17214 | =
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= 78.00 | 178.00 | 228.00 | 300.00 | 395.00

\ |
2450 | 2080 | 7780 7150 | 78.00 | 7800 |

| ors | 2.00| 00| uwlu.w 7750 | 65.00

SOUTH SAN FRANCISCO
CALIFORNIA U-S-A:

April, 1943




o ity Y,
Gl STEATITE
1930 Centralab pioneered 1936 centrolan added @ 1940 cemrraios oddea &

a fixed resistor of temperature compen- (r‘A trimmer condenser with

“hard-as-stone’" cer- sating fixed condenser

o5 temperature compen-
amic material. of ceramic materiol. sating characteristics.

entralab added ©
v care of its OW"
) of the industty:

STEATITE plant 10 197
and, NOW.
DIV. OF GLOBE-UNION INC., MILWAUKEE, WIS. needs
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ON THE JOB

Whenever our Flying Fortresses fulfill their mis-
sions for victory, AlSiMag ceramic insulators are

on the job to help make the flight a success.

AlSiMag steatite insulation can be found in all
vital electronic components and is selected by
designers of electronic equipment for dependable

service,

Proceedings of the I.R.E. April, 1943 xifi




For a nation on wings

Built to Civil Aeronautics Administration specifications, CAA-515, the
Electro-Voice Model 7-A microphone is widely used for airport landing control
and is highly suitable for many other sound pick-up applications

The smooth frequency curve, rising with frequency, gives extremely high
intelligibility even under adverse conditions. Desk mounting incorporates easily
accessible switch which can be operated by thumb of either right or left hand.
Microphone may be moved without danger of pressing this switch. If you have
a microphone problem, we invite you to consult our engineering department.

If, however, your limited quantity requirements can be met by any of our
standard model microphones, with or without minor modifications, may we
suggest that you contact your local radio parts distributor? He may be able to
supply your immediate needs from remaining stocks. In all instances, his famil-
iarity with our products and many of your problems will enable him to serve
you well. Our distributors should prove to be vital links in expediting your
smaller orders.

.. Any model Electro-Voice microphone may be submitted to your local
supplier for TEST and REPAIR at our factory.

Eéam/éwe MICRODHONES

ELECTRO-VOICE MANUFACTURING CO., INC. 1239 SOUTH BEND AVENUE, SOUTH BEND, INDIANA
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DEDICATES /. PRESENT

2+ PRESERVATION o/ #. FUTURE

HYTRON'S SOLE PURPOSE for the duration
is to maintain an always-increasing flow of
tubes into the radio and electronic equip-
ment which is playing a vital part in winning
this Radio War. It is our firm conviction that
the torch of Liberty which Hytron is helping
to keep burning will light the way to the
unconditional surrender of our enemies and
to an electronic age which will amaze o
freed world.

HYTRON CORP., Salem and Newburyport, Mass.

. Manufacturers of Radlo Tubes Since 1921 . .




Modern Measurements .

without mechanical movement or its limitations

Perhaps no single type better illustrates
the indispensable nature of the Electronic
Vacuum Tube throughout science and in-
dustry than RCA Cathode-Ray Tubes.

Used in Oscillographs, these tubes are
pacing tbe way to new, higher standards of
measuring anything or any phenomena that
can be transformed into electrical impulses
—and doing it without mechanical movement
and the limitations inherent in such move-
ment. Every day, RCA Cathode-Ray Tubes
are proving unexcelled in the development
and production of war materiel. They are
being used in such widely diverse fields as
acoustics and vibration studies . . . studies of
magnetic phenomena . . . water-leak tests
... geological and geophysical investigations
... manufacturing operation tests . . . ignition
timing and adjustment work . . . medical and

biological research . . . engine-pressure in-
dications . . . power plant maintenance . . .
aeronautical engine synchronization . . . and
a host of others, including their better-known
applications in communications, radio and
servicing.

Other RCA Tube types, from Phototubes
to Power Tubes, are doing equally important
jobs contributing to the war effort along
entirely different lines—and doing them so
well that today's “Do It the Electromic Way'
becomes far more than a slogan. It stands as
a challenge to every civilian and war industry
to handle countless tasks faster, more ac-
curately, or more economicaily than they
have ever been handled before!

RADIO CORPORATION OF AMERICA
RCA Victor Division, Camden, N. J.

Do Things Faster,
More Accurately,
More Economically

THE ELECTRONIC WAY!

Communicating » Measuring « Checking
Analyzing + Actvating » Protecting
Testing » Detecting o Matching « Sorting
Contralling Magnifying « Healing .
Rectifying » Counting « Transfarming

*Seeing" « "'Feeling'

RCA PHOTOTUBES (booklet on request)
RCA POWER AND SPECIAL PURPOSE
TUBES (catolog on request)

RCA TRANSMITTING TUBE GUIDE
{Guide 35¢ net)




Harold P. Westman

Secretary, I.R.E. 1930-1942

Harold Prendergast Westman who for over thirteen
years was affiliated with The Institute of Radio Engi-
neers, first as Assistant Secretary and then as Secre-
tary, resigned his post on December 15, 1942, to join
the staff of the American Standards Association. His
new work is an important element of the war effort in
that the ASA, working under arrangements with the
War Production Board, is preparing a series of stand-
ards and specifications for the Military Services. These
specifications will be useful to the procurement divisions
of the Army and Navy, to radio manufacturers, and to
those who supply them with materials and components.
The first American War Standard for Fixed Mica-Di
electric Capacitors, prepared by a group under Mr.
Westman's chairmanship, has just been published, and
other standards on various subjects are being formu-
lated.

Mr. Westman came to the Institute as Assistant Sec-
retary in June, 1929. On the resignation of John M.
Clayton as Secretary in February, 1930, Mr. Westman
was appointed to that office. He previously had been the
technical editor of QST and was the author of numerous
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technical articles for that publication. Previous to his
connection with the American Relay League he had
worked for the Seigle Laboratories, the Hudson Radio
Laboratories, the Radio Audion Company, and the
Western Electric Company. lHe was born in Springfield,
Massachusetts, on May 29, 1904. In 1924, he joined the
Institute as a Junior member, transferring to Associate
in 1925, and to Member grade in 1930. He is a member
of the American Radio Relay League, the Veteran Wire-
less Operators Association, and the Amateur Astrono-
mers Association.

During the depression years, his good judgment, hard
work, and lively interest in every phaseof the Institute's
activity materially helped the organization to come
through successfully. His sense of fairness was notable,
for he was always able to analyze and understand the
viewpoint of others. His many friends in the Institute
deeply regret his departure from the Institute but ap-
preciate that he is eminently qualified for his new post
and that his work is of vital importance to the war effort
of the radio industry. And just as sincerely they wish
him success in his future carcer.
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The Institute of Radio Engineers is pleased to present the fol-
lowing searching analysis of past and future radio planning prob-
lems, prepared for the PROCEEDINGS by an eminent radio
engineer who is a member of the Federal Communications Com-
mission and a Fellow of the Institute of Radio Engineers. Insofar
as the Institute and its membership can aid in the solution of the
problems which are now faced, they will doubtless endeavor to

do so. The Editor

Radio Regulation and Radio Design

T. A. M. CRAVEN

Not everyone appreciates fully the significance of the relationship between radio-equipment
design, the practical operation of radio, and Government regulation of radio. Therefore, a useful
purpose may be served by emphasizing a few of the facets of this relationship, as well as the need
for co-ordination between these three broad categories of radio.

At the beginning of World War I, the best radio equipment consisted of spark, arc, and high-
frequency-alternator transmitters. Reception was accomplished by simple circuit receivers. Some
receivers were equipped only with crystal detectors. The best receivers were the so-called autodyne,
or self-oscillating type, equipped with two stages of audio amplification. The usable radio-frequency
spectrum ranged from about 15 kilocycles to 2000 kilocycles. However, during the war scientific
progress was very marked. Radiotelephone transmitters of the vacuum-tube type had been placed
in operation and we began to hear of the superheterodyne type of receiver.

Immediately after the war new radio horizons were opened to the public. Broadcasting was
started and other new uses of radio began to be applied in public service. The useful radio-frequency
spectrum was extended upwards in frequency to about 20,000 kilocycles. Ships and aircraft com-
menced high-frequency long-distance communication, both by radiotelegraph and by radiotele-
phone. International point-to-point services were expanded, as well as point-to-point radio services
within the United States. Radio began to be used extensively by the Forestry Service, by State and
municipal police, and by other Government agencies. The usc of radio by amateurs increased tre-
mendously. In the decade from 1920 to 1930 the United Srates became radio-conscious.

heavy investments had been made in the radio apparatus then in use. The best that could be ac-
complished by regulation was a compromise between practicalities and science. Many services had

¥
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Many wonder how much more valuable radio could have been today if, in 1920, we could have
co-ordinated radio design with radio-frequency allocation, or in other words, secured in 1920 com-
prehensive and co-ordinated general planning by the design engineers, the users of radio, and a
Government radio regulatory agency.

We cannot blame anyone for lack of foresight in 1920. We cannot blame radio design engineers
for designing equipment for various kinds of radio services using exactly the same portion of the
radio-frequency spectrum. However, as late as 1930 we had not learned the lessons of 1920. The
radio-frequency spectrum in the decade between 1920 and 1930 had been extended to the ultra-high
frequencies, and again, even after three years of Government radio regulation, we discovered that,
as the result of the lack of co-ordination between the Government radio regulatory authority and
the various elements of the radio industry, radio was fast moving into another chaotic situation in
the newly developed portion of the radio-frequency spectrum. We found the equipment used by
municipal police, by various Government Departments, including the Army and the Navy, by
marine radio services, and by the experimenters in ultra-high-frequency broadcasting, was designed
for exactly the same portion of the radio-frequency spectrum. The potentialities for uncontrolled
interference threatened the very usefulness of the newly developed radio-frequency spectrum.
When the time came to unscramble this chaotic situation, it was discovered that municipalities
could not secure additional appropriations to change equipment; the Army and Navy already had
a large investment in such equipment. In fact, the same problem existed in 1930 in the then newly
discovered portion of the radio-frequency spectrum as existed in 1920. Yet no plans were made, no
co-ordination attempted, and the problem remained unsolved until 1936, when compromises were
again attempted between practicalities of invested capital and science.

Tomorrow another golden opportunity will be presented to the radio industry. An entirely new
radio horizon will be opened to the public. Progress in radio development in World War I1 has been
of tremendous significance, and as a result new uses of radio will be available after the war. Again
there will be greater demands than ever before for space in the ether. Once more there is before us
the question of whether in radio we shall be unprepared for the peace following a war in which radio
science has progressed by leaps and bounds.

We shall have learned much of radio-electronic development ere tHis war ends. IHence, we could
be in a better position to plan for the future after World War II than we were after World War l.
Let us not repeat the errors of the past. Let us resolve now to co-ordinate our planning before em-
barking on a wild scramble of equipment manufacture for the use of new radio channels. Let us
avoid in the radio-electronic industry the destruction of radio communications by haphazard de-
sign of electronic apparatus not used for communications. Also, let us design radio-communication
apparatus for various types of services according to a logical use of the radio-frequency spectrum.

Radio-frequency channels will be at a precious premium, even though the usable portion of the
radio-frequency spectrum will be extended into the thousands of megacycles. Therefore, let us plan
upon the most scientific allocation of frequencies to the various radio services that we can visualize.
Such frequency allocation could easily conform to the practicalities of equipment design as well as
to the practical operating conditions in the services where the equipment will be used. Likewise,
the radio engineer can attempt to design equipment which will conserve ether space.

The broad phases of engineering design and practical operation can be co-ordinated with a scien-
tific frequency allocation. A long step forward can be taken in the progress of radio. In so doing, we
can avoid the pitfalls of premature standardization and its consequent regimentation of research.
Thus it seems apparent that as soon as the war clouds show signs of clearing, the entire radio-
electronic industry, the radio designer, and the Federal Government should collaborate on the best
ways and means to foster the future development of radio on a basis which will minimize, if not
climirate entirely, the potentialities of chaos in the ether of the future.
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Radio Progress During 19427

Introduction

“ ;s 7 AR requirements dominated radio during 1942,
\ During the year there was a great increase in
the number of people working on various as-
pects of radio engineering and radio communication.
Manufacturing organizations have greatly increased
their staffs engaged in radio engineering and produc-
tion work. Many schools have been established by
civilian and military organizations for training radio
technicians and radio operators. A large number of
physicists have turned their attention to radio prob-
lems. Following the closing of amateur radio stations,
substantial numbers of people formerly making radioa
hobby have turned to commercial or military radio ac-
tivities.

As a result of the pressure of military problems,
there has been a substantial shortening of the time
gap between proved laboratory research results and
the stage where mass production of radio equipment
can be undertaken.

(1) Frank B. Jewett, “The mobilization of science in national
defense,” Proc. I.R.E,, vol. 30, pp. 113-118; March, 1942.

An interesting aspect of radio during 1942 was the
large increase in the number of women engaged in vari-
ous parts of this field. At the end of the year they were
employed as radio research technicians and engineering
assistants; as draftsmen, machine attendants, and in-
spectors in radio factories; as operators in radio sta-
tions, and as instructors in radio schools.

A striking change during the year has been the di-
version of radio manufacturing facilities from peace-
time radio production, generally of a low-precision
type, to complex and high-precision war apparatus.
The volume of war production of radio equipment dur-
ing the year was many times the normal annual
peacetime output. This increased production was ac-
complished in spite of the fact that alternatives and
substitutes have been required for many materials of
which the supply became limited. Purchasing organiza-
tions have co-operated with manufacturing establish-
ments by making necessary changes in specifications.

One of the notable fields of development during the
year has been the application of radio-frequency prin-
ciples to many uses other than radio communication.
Most of these applications must remain undisclosed
for the time being but their ficlds vary from electro-
chemistry and metallurgy to biological sciences and
agriculture.

Many manufacturers undertook the production of

* Decimal classification: R090. Original manuscript received by
the Institute, February 1, 1943. This report is based on material
from the 1942 Annual Review Committee of the Institute of Radio
Engmecrs, as co-ordinated and edited by laurens E. Whittmore,
Keith Henney, and Frederick B. Llewellyn.
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radio equipment for the first time in 1942, adapting
their facilities and personnel to the production of radio
parts and accessories in close co-operation with or
ganizations responsible for the assembly of complete
units. For example, camera factories began making
variable condensers, vacuum-cleaner plants began
building dynamotors, pen factories stamped out ca-
pacitor plates, and watch factories undertook the pro-
duction of vacuum-tube parts.

As a result of the universal use of radio equipment
in modern warfare, the electron tube—perhaps radio’s
most vital element—is one of the most important single
elements in the operations of the great armies and
fleets engaged in operations all over the world. The
electron tube is used in directing the course of battle,
giving running accounts of action to commanding ofh-
cers and crews, directing gunfire, and determining
ocean depth. In aircraft the electron tube assists the
maneuvering of planes, and makes possible communi-
cation between planes and between plane and ground.
Voice communication involving electron tubes carries
messages to maneuvering tanks, officers’ cars, and even
soldiers on foot.

In industrial plants, devices using electron tubes
count passing articles faster than the eye can see,
automatic sorters discard defective articles, and elec-
tronic-control equipments regulate the temperature
and other factors, thus aiding in producing greater
output of better quality. Among the applications of
radio devices which became more widespread during
the war are those involving the production of heat in
special situations. Thus it may be said that radio
waves are now used to weld, rivet, and bake.

In order to simplify the problem of producing
electron tubes, an original list of 710 types has been
reduced through co-operative engineering study to
a little over 100 standard forms of which manu-
facture is being continued. Interchangeability in
manufacture and in service has been facilitated
in the United States by the work of a special War
Committee on Radio which chose the fixed mica-
dielectric capacitator as its initial project for stand-
ardization. The standard approved by the American
Standards Association in November, 1942, reduced the
number of designs from many hundreds to 22 physical
sizes. These cover the entire range used in both radio
receivers and radio transmitters.

(2) H.P. Westman, “Mica-capacitator standard—First American
war standard on radio,” Industrial Standardization and Com-

mercial Standards Monthly, vol. 13, pp. 297-299; December,
1942.
(3) Ray C. Ellis, “United States multiplies radio output,” Elec-
tronic Industries, vol. 1, pp. 48-49, 106; November, 1942,
(4) “War standards for military radio,” Electronic [nduslries,
vol. 1, pp. 33-35; December, 1942.

(5) “Electronics—Seccret weapon of war—Presager of a new
scientific and industrial era,” Electronics, vol. 1§, facing p. 40;
December, 1942.
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Radio Transmitters
General

The use of critical materials and vacuum tubes in
standard and high-frequency broadcasting and in com-
mercial television was limited to maintenance and re-
pair of existing facilities. In general, new commercial
developments in these fields have been retarded in
order that manpower and materials could be concen-
trated in more urgently needed developmental activi-
ties directly connected with the prosecution of the war.
Attention has been centered on extending the life
of transmitter components—particularly transmitting
tubes. All licensees of international broadcast stations
in the United States entered into a closely co-ordinated

TABLE 1

RADIO BROADCAST STATIONS FOR WHICH LICENSES AND CONSTRUCTION PERMITS
IssUED BY THE FEDERAL COMMUNICATIONS COMMISSION WERE
OUTSTANDING ON DECEMBER 31, 1942

Number of
Class of Broadcast Station Nl"‘i'cm:f; :' Construction
GEE Permits
Standard { 910 7
Commercial High-Frequency 11 36
(Frequency- Modulation)
Experimental High Frequency 12
dncluding 10 stations operating under
“special authorization™)
Commercial Television 3
Experimental Television 20 11
International 13 1
Facsimile 3
Noncommercial Educational S 2

plan of operation supervised and controlled by the
Office of War Information and the Co-ordinator of
Inter-American Affairs.

Standard-Band Broadcasting

The trend toward higher power in broadcast sta-
tions in the United States continued briefly until all
new permits for such construction were discontinued
and most outstanding permits for new facilities were
canceled, to save critical war materials.

Experimental operation of a 1000-watt polyphase
broadcast system was described. It was shown that
performance comparable to that of other commonly
used types of broadcast transmitting equipment could
be obtained readily. The theoretically obtainable
economies in tubes and equipment were realized. An
improved design of audio-frequency phase-shifting net-
work was completed which would limit the departure
to 3 degrees from the desired 90 degrees over the range
of 20 to 12,000 cycles per second.

(6) Paul Loyet, “Experimental polyphase broadcasting,” Proc.
1.R.E., vol. 30, pp. 213-222; May, 1942.

Two papers described calculating machines for trac-
ing the field pattern of 2- or 3-element directional
antenna arrays. In designing directional arrays many
variables must be considered, such as spacing, phasing
and current ratios, which make the calculations very
laborious. The machines described eliminate the major
part of the tedious work.
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(7) F. Alton Everest and Wilson S. Pritchett, “Horizontal-polar-
pattern tracer for dircctional broadcast antennas,” Proc.
1.R.E., vol. 30, pp. 227-232; May, 1942,

(8) William G. Hutton and R. Morris Pierce, “A mechanical
calculator for directional antenna patterns,” Proc., LR.E,,
vol. 30, pp. 233-237; May, 1942,

Frequency- Modulation Broadcasting

Frequency-modulation broadeasting continued to
expand, as new stations were completed and new re-
ceivers sold, until new construction was stopped by
wartime restrictions on the use of critical materials.
The industry standardized transmitter powers at 1, 1,
3,10, 25, 50, and 100 kilowatts at the instigation of the
Federal Communications Commission. All sizes were
in production except the 25- and 100-kilowatt trans-
mitters.

International Broadcast Transmitlers

A 100-kilowatt plate-modulated international broad.
cast transmitter was placed in operation at San Fran-
cisco for the transmission of broadcast programs to
South America and the Orient.

Transmitters for Frequency-Modulation Broadcasting
and Studio-to-Transmitter (S-T) Circuits

Several frequency-modulation broadcast transmit-
ters for the range of 42 to 50 megacycles, manufactured
in 1941, were placed in commercial operation in 1942.
Popular output ratings were 1, 3, and 10 kilowatts.
Also, several 25-watt frequency-modulation studio-to-
transmitter link transmitters went on the air for the
first time in the frequency range 330.4 to 343.6 mega-
cycles,the application being the high-fidelity transmis-
sion of programs from studio to main transmitter.

(9) W.F. Goetter, “Frequency-modulation transmitter-receiver for

studio-to-transmitter relay system,” (abstract), Proc. I.R.E.,
vol. 30, pp. 251-252; May, 1942,

Frequency- Modulation Broadcast Antennas

The development of the circular or “doughnut” fre-
quency-modulation broadcast antenna (frequency range
42 to 50 megacycles) was carried forward during the
latter part of 1942 and a few units were placed in regu-
lar operation. This type of antenna has a circular field
pattern, and the field is concentrated in the horizontal
plane. This antenna may be readily adjusted to any
frequency in the band without major physical change.

(10) M. W. Scheldorf, “Circular antenna,” (abstract), Proc
LRE., vol. 30, p. 253; May, 1043, ¢ "2 (abstract), '

Frequency-Modulation Transmitters and Receivers for
Emergency Service

The use of frequency modulation for two-way emer-
gency radio communication (30 10 42 megacycles) in-
creased tremendously in 1942, since most of the
applications are closely allied with the war effort.
Standard output ratings are 30 watts for mobile service
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and 60 or 250 watts for fixed and land stations. Special
military designs have been built, incorporating features
which gives the utmost in reliability under severe
climatic conditions. Unattended relay stations have
been placed in service in the band 116 to 119 mega-
cycles with 10 watts output power. Such relay stations
are needed when propagation conditions will not per-
mit direct communication between the mobile station
and headquarters.

(11) Herbert DuVal, Jr., “The tests that proved FM vital to com-
munications,” Gen. Elec. Rev.,vol. 22, pp. 5-7; February, 1942.

Communication with Automobiles

A most interesting application of both frequency
modulation and amplitude modulation in the 33- to
38-megacycle and 116- to 119-megacycle bands was
described in connection with the communications sys-
tem of the Pennsylvania Turnpike which extends 161
miles between Pittsburgh and Harrisburg. The system
provides two-way simplex communication between
any of thirty patrol or official automobiles, seventeen
ticket booths, ten utility buildings, six maintenance
buildings and patrol headquarters, with connections to
the Turnpike Commission headquarters and radio sta-
tion in Harrisburg. Transmissions from any fixed point
or mobile station are audible not only to the desired
receiving terminal but simultaneously to all others in
the system.

Six 116- to 119-megacycle amplitude-modulated au-
tomatically operated repeater stations carry traffic
from end to end of the system. Mobile and branch
units operate in the 33- to 38-megacycle band.

(12) “Pennsylvania Turnpike UHF traffic control system,” Elec-
tronics, vol. 15, pp. 34-51; May, 1942,

Marine Service

A high-frequency marine radio transmitter of the
unit type was introduced commercially during the
year. This is a companion unit to the intermediate-
frequency marine radio units which are now being in-
stalled on merchant ships by two major radio organiza-
tions. The new unit, like its intermediate-frequency
counterpart, is a completely factory-assembled ship’s
radio station for the frequency bands covered, requir-
ing connection only of power and antenna leads, thus
saving thousands of hours of valuable shipyard labor.

Electronics
Cathode-Ray and Television Tubes

Military interest in cathode-ray tubes continued
high during 1942. Of the matters which can be re-
ported, mention should be made of the establishment
of electrical and mechanical specifications by the Cath-
ode-Ray Tube Committee of the Radio Manufacturers
Association covering a group of preferred cathode-ray-
tube types. The magnetic-deflection-tube types in this
group employ a new electron gun with improved focus

Radio Progress During 1942

129

and have common structural and operating character-
istics. The electrostatic-deflection types have increased
spacing between high- and low-voltage leads, employ
new base and socket designs, and have separate leads
to all deflection plates for balanced deflection. After-
acceleration is used to increase the light output and to
improve the focus.

The development of the square-wave oscillograph
and its application to the study of response character-
istics of television apparatus represents an important
contribution to work in this field, and provides a more
accurate means of specifying the performance of tele-
vision equipment.

A report on the relative sensitivities of television
pickup tubes, photographic film, and the human eye
gives an interesting comparison on a fundamental
basis of the operating sensitivities of common methods
of picture pickup. The relations between the operating
sensitivities and the resolutions of the different meth-
ods are covered.

The use of the electron microscope has been ex-
tended during the past year and simpler portable
models were demonstrated.

Important contributions were published in the field
of electron optics.

(13) A.V. Bedford and G. L. Fredendall, “Analysis, synthesis, and
evaluation of the transient response of television apparatus,”
Proc. I.R.E., vol. 30, pp. 440—457; October, 1942.

(14) R.D. Kell, A. V. Bedford, and H. N. Kozanowski, “A portable
high-frequency square-wave oscillograph for television,” Proc.
I.R.E., vol. 30, pp. 45-8—464; October, 1942,

(15) V. J. Schaefer and D. Harker, “Surface replicas for use in the
electron miscroscope,” Jour. Appl. Phys.,vol. 13, pp. 427433,
July, 1942.

(16) R. F. Baker, E. G. Ramberg, and J. Hillier, “The photo-
graphic action of electrons in the range between 40 and
212 kv,” Jour. Appl. Phys., vol. 13, pp. 450-456; July, 1942,

(17) Henry Green, “The physics of pigments in dispersed systems,”
Jour. Appl. Phys., vol. 13, pp. 611-622; October, 1942.

(18) Gilbert N. Plass, “Electrostatic electron lenses with a mini-
mum of spherical aberration,” Jour. Appl. Phys., vol, 13,
pp. 49-55; January, 1942,

(19) R. R. Law, “Factors governing performance of electron guns
in television cathode-ray tubes,” Proc. .R.E., vol. 30, pp.
103-105; February, 1942,

(20) Karl Spangenberg and Lester M. Field, “Some simplified
methods of determining the optical characteristics of electron
lenses,” Proc. 1.R.E., vol. 30, pp. 138-144; March, 1942.

(21) Sidney Bertram, “Calculation of axially symmetric fields,”
Jour. Appl. Phys., vol. 13, pp. 496-502; August, 1942,

(22) E. G. Ramberg, “Variation of the axial aberrations of electron
Jenses with lens strength,” Jour. Appl. Phys., vol. 13, pp. 582
594 ; September, 1942.

Gas- Filled Tubes

A contribution has been made as to the understand-
ing of the phenomena of the arcback in mercury-vapor
thyratrons.

(23) A. W. Hull and Frank R. Elder, “The phase of arcback,”
Jour, Appl. Phys., vol. 13, pp. 171-178; March, 1942,

Small ITigh-Vacuum Tubes

During the year 1942, a limited number of new re-
ceiving-tube types were introduced. Outside of the fact
that some of these tubes were intended to operate at
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higher than conventional receiver frequencies, and in
some cases were intended for both receiving and trans-
mitting applications, their designs were along conven-
tional lines. In the United States a record number of
small high-vacuum tubes was sold for the year with
increased production on a reduced number of tube
types. The total number of tubes manufactured during
the year for commercial purposes was very substan-
tially curtailed by the diversion of tube-manufacturing
facilities to military requirements.

A vacuum device having a trigger property similar
to that of a thyratron but obtaining this property by
the use of the secondary emitting property of one of its
clements has been described. This device differs in its
characteristics from a thyratron in that its plate cur-
rent can be stopped as well as started by the control
grid. It will also function at much higher {requencies
than a gas-filled device because it is not limited in its
frequency by deionization time.

(24) A. 1\.1. Skellett, “The use of secondary electron emission to

obtain trigger or relay action,” Jour. Appl. Phys., vol. 13
pp. 519-523; August, 1942.

Large High-Vacuum Tubes

In the field of large high-vacuum tubes, important
developments in the materials substitution field have
been made. Materials once considered indispensable
in tube manufacture have been replaced quite success-
fully. Steel has replaced molybdenum and tungsten for
many requirements. Zirconium-coated molybdenum
and zirconium-coated graphite have found favor as
anode materials. Similarly, stainless steel and nichrome
and nickel-plated iron are being used for supports and
shields. Ceramics have replaced natural-lava insula-
tors.

Kovar has been utilized to replace copper for
vacuum seals in high-power tubes operating at high
frequencies. In the case of one large tube, the use of
Kovar produced a temperature rise of only approxi-
mately 10 degrees Fahrenheit over the temperature of
a copper-seal tube using the same quantity of cooling
air.

It was reported that an oscillator circuit which
minimizes the apparent effect of tube capacitance as a
limitation to the maximum operating frequency of a
tube has been developed.

(25) C. E. Haller, “The design and development of three new ultra-
high-frequency transmitting tubes,” Proc. I.R.E., vol. 30,
pp. 20-26; January, 1942,

(26) 1. E. Mouromtseff, “Water and forced-air cooling of vacuum
tubes,” Proc. I.R.E., vol. 30, pp. 190-205; April, 1942.

(27) E. L. Chaffee, “Characteristic curves of the triode,” PProc.
L.REE,, vol. 30, pp. 383-395; August, 1942,

(28) J.C.Frommer, “A graphical method to find the optimaloperat.
ing conditions of triodes as class C telegraph transmitters,”
Proc. LR.E,, vol. 30, pp. 519-525; November, 1942.

(29) R. I. Sarbacher, “Graphical determination of power amplifier
perfzormance,” Electronics, vol. 15, pp. 52-58, 158; December,
1942.
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Television Broadcasting

The commercial television service that had been in-
augurated in the United States in July, 1941, was con-
tinued into 1942, until May 25, when the Federal
Communications Commission authorized a reduction
in the mandatory program hours of commercial tele.
vision stations from 15 to 4 hours per week. Up until
this time, television-program technique had been de-
veloping rapidly with broadcasting of indoor and
outdoor seasonal sports events, in addition to programs
such as The Town Mecting of the Air from New York's
Town Hall and the President’s Birthday Ball from the
Waldorf-Astoria. Live-talent studio programs were
also regular features with dramatic stage shows and
illustrated news programs. .

In addition to the black-and-white programs carried
out on regular National Television Standards Com-
mittee (NTSC) standards, one station also regularly
broadcast color transmissions on the N1TSC recom
mended color standards of 375 lines and 60 frames.
Early in 1942 automatic color phasing was introduced
in the color transmissions, so that color disks at the
receivers could automatically lock into the proper
phase.

Both the program hours and diversity of television
broadcasts were sharply reduced after the curtailment
in May, 1942. However, in the New York Area, NBC,
CBS, and DuMont staggered their program schedules
lo give the televiewers an opportunity to see all of the
program material still broadcast. A limited television-
program service was also continued in Schenectad ;
Philadelphia, Los Angeles, and Chicago. Programs
originating in New York have been rebroadcast regu-
larly from Philadelphia and Schenectady via radio re-
lay.

In the New York area it has been réported that there
is considerably more interference from multipath ef-
fects in the 78- to 84-megacycle channel than has been
observed in the 50- to 56-megacycle and the 60- to
66-megacycle channels.

Stereoscopic color television was demonstrated in
England.

(30) B. J. Edwards, “Advantages and disadvantages of various
tyges of focusu}g and deflection methods used in television,”
(abstract) Radio News, vol. 28, pp. 42-43; September, 1942.

(31) G. Wendt, “Image errors occurring in the deflection of a
cathode-ray beam in two crossed deflecting fields” (abstract),
Wireless Eng., vol. 19, Pp. 274-275; June, 1942.

(32) R. L. Campbell, R. E. Kessler, R. E. Rutherford, and K. U.
Laudsberg, “Mobile television equipment,” Proc. I.R.E._, vol.
30, pp. 1-7; January, 1942; Jour. Soc. Mot. Pic. Eng., vol. 39
pp. 22-36; July, 1942,

(33) A. Rose, “Relative sensitivities of television pickup tubes,
photographic film, and the human eye,” Proc. I.R.E. vol. 30,
Pp. 293-300; June, 1942,

(34) O. s. Puckle, “Time bases,” Jour. I.E.E. (LLondon), vol. 89
pp. 100-119; June, 1942,

(35) E. C. Cherry, “Transmission characteristics of asymmetric-
sideband communication networks,” Jour. I.E.E. (London),
}'82.289, pt. 111, pp. 19-39 (discussion, pp. 39-42): March.

'




1943

(36) R.B.Fuller and L. S. Rhodes, “Production of 16 mm. motion
pictures for television projection,” Jour. Soc. Mot. Pic. Eng.,
vol. 39, pp. 195-201; September, 1942.

(37) G. L. Beers, “The focusing view-finder problem in television
cameras,” (abstract), Proc. I.R.E., vol. 30, p. 250, May, 1942;
(abstract), Electronics, vol. 15, pp. 88-89; August, 1942; Proc.
I.R.E., vol. 31, pp. 100-106; March, 1943.

(38) K. R. Wendtand G. L. Fredendall, “Automatic frequency and
phase control of synchronization in television receivers,”
(abstract), Proc. I.R.E., vol. 30, p. 254; May, 1942; (abstract)
Electronics, vol. 15, p. 89; August, 1942; Proc. I.LR.E., vol. 31,
pp. 7-15; January, 1943.

(39) H. Salinger, “Transients in frequency modulation,” Proc.
I.R.E., vol. 30, pp. 378-383; August, 1942.

(40) H. A. Breeding, “Mercury lighting for television studios,”
(abstract), Proc. I.R E., vol. 30, p. 250; May, 1942; (abstract),
Electronics, vol. 15, pp. 86-88; August, 1942; Proc. I.R.E., vol.
31, pp. 106-112; March, 1943.

(41) E.P.Anderson, “Audels New Radioman’s Guide; Theory, Con-
struction and Servicing; Television,” 766 pages, Theodore
Audel and Co., New York, N. Y., 1942,

(42) R. A. Monfort and F. J. Somers, “Measurement of the slope
and duration of television synchronizing impulses,” RCA Rev.,
vol. 6, pp. 370-389; January, 1942.

(43) L. deForest, “Television Today and Tomorrow,” 361 pages,
Dial Press, New York, N. Y., 1942,

(44) P. C. Goldmark, J. N. Dyer, E. R. Piore, and ]J. M. Holly-
wood, “Color television—Part 1,” Proc. I.R.E., vol. 30, pp.
162-182; April, 1942; Jour. Soc. Mot. Pic. Eng., vol. 38, pp.
311-352; April, 1942; Jour. Appl. Phys., vol. 13, p. 666;
November, 1942.

(45) J. L. Baird, “New television development; use of colour tech-
nique and stereoscopic relief,” (abstract), Electrician, (Lon-
don), vol. 127, p. 359; December 26, 1941.

(46) J. L. Baird, “Stereoscopic television in colour,” (abstract),
Engineering, (London), vol. 153, p. 35; January, 1942.

(47) J. L. Baird, “Three dimension color television,” (abstract),
Electronics, vol. 15, p. 76; May, 1942,

(48) R. Eichberg, “Photographing television images,” Amer.
Photography, vol. 36, pp. 8-12; April, 1942; pp. 16-18; May,
1942; pp. 22-24; June, 1942.

(49) R. Eichberg, “Adapting television receivers to the new stand-
ards,” Electronics, vol. 14, p. 63; November, 1941.

(50) “Heat-treated television; electric heater protects antenna,”
Gen. Elec. Rev., vol. 44, p. 696; December, 1941.

(51) W. L. Carlson, “Television reception with built-in antennas
for horizontally and vertically polarized waves,” RCA Rev.,
vol. 6, pp. 443--454; April, 1942.

(52) T. Chew, “Analysis of feedback and prevention of oscillation
in HF amplifiers,” Radio News, vol. 27, pp. 14-15, 44-46,
June, 1942,

(53) H. Rosen, “Detecting aircraft at night; combining both nocto-
vigsion and television,” Radio News, vol. 27, pp. 6-7; February,
1942.

(54) H.L. Donley and D. W. Epstein, “Low frequency characteris-
tics of the coupling circuits of single and multi-stage video
amplifiers,” RCA Rev., vol. 6, pp. 416-433; April, 1942.

(55) M. A. Trainer, “Orthicon portable television equipment,”
Proc. 1.R.E., vol. 30, pp. 15-19; January, 1942,

(56) J. B. Sherman, “A simple television demonstration system,
Proc. I.R.E., vol. 30, pp. 8-15; January, 1942.

(57) F. Fischer and H. Thiemann, “Theoretical considerations on

a new method of large-screen television projection,” (abstract),
Wireless Eng., vol. 18, pp. 469-470; November, 1941.

(58) J. A. Rankin, “Receiver input connections for U-H-F-meas-
urements,” RCA Rev., vol. 6, pp. 473-481; April, 1942,

(59) “Television light supplemented with fluorescent tubes,” Sci.
Amer., vol. 166, pp. 195-196; April, 1942,

(60) A. H. Rosenthal, “Television picture storage,” Jour. Telev.
Soc., vol. 3, pp. 199-203; 1941-1942; Electronic Eng., vol. 14,
pp. 578-580, 600; January, 1942.

(61) J. L. Baird, “Stereoscopic television,” Electronic Eng., vol. 14,
pp. 620-621; February, 1942.

(62) C. E. Lockhart, “Television waveforms,” Electronic Eng.,
vol. 15, pp. 19=26; June, 1942.

(63) “Television in colour and stereoscopic relief,” Jour. Telev. Soc.
vol. 3, pp. 225-226; 1941-1942. ¥ CUREELS e
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(64) M. E. Strieby and ]. F. Wentz, “Television transmission over
wire lines,” Jour. Telev. Soc., vol. 3, pp. 212-215; 1941-1942,

(65) D. C. Espley and D. O. Walter, “Television film transmitters
using apertured scanning discs,” Jour. Telev. Soc., vol. 3, pp.
216-222; 1941-1942.

(66) B. J. Edwards, “Design of television receiving apparatus,”
Jour. Telev. Soc., vol. 3, pp. 204-211; 1941-1942.

(67) ]. O. Edson, “A ten megacycle oscilloscope,” Bell. Lab. Rec.,
vol. 20, pp. 95-98; December, 1941.

(68) “Colour and stereoscopic television,” Electronic Eng., vol. 15,
pp. 96-97; August, 1942,

(69) R. Mautrer and F. Somers, “An experimental amateur tele-
vision system,” Electronics, vol. 15, pp. 68-71, 170-173; De-
cember, 1942,

(70) H. B. Fancher, “High-power television transmitter,” (ab-
stract), Proc. .R.E., vol. 30, p. 251; May, 1942,

(71) J. E. Keister, “A television relay system,” (abstract), Proc.
I.R.E., vol. 30, p. 252; May, 1942.

Piezoelectricity

Workers in this field have been devoting practically
all of their attention to developments and production
for military purposes.

An interesting development in high-frequency crys-
tal oscillators was described. By utilizing mechanical
harmonics of crystals of practical size, oscillations of
197 megacycles, and harmonics as high as the twenty-
third have been obtained with normal temperature-
frequency characteristics. It was found that the Q of a
crystal is independent of frequency but in general with
increasing harmonic order. It was shown, in a discus-
sion of oscillator circuits, that a capacitance-bridge os-
cillator circuit, utilizing the crystal in one arm, is best
for high-frequency harmonic crystals because it annuls
the large shunt capacitance of the crystal which pre-
vents it from having the necessary positive reactance
near the resonant frequency.

(72) W. P. Mason and I. E. Fair, “A new direct crystal-controlled

oscillator for ultra-short-wave frequencies,” Proc. I.R.E.,
vol. 30, pp. 464—472; October, 1942.

A treatment of the use of crystals as transducers is
included in a book published during the year.
(73) W. P. Mason, “Electro-mechanical transducers and wave

filters,” 333 pages, D. Van Nostrand Company, Inc., New
York, N. Y.; 1942.

Institute Affairs
New York Section

A New York Section of the Institute was formed dur-
ing 1942, having its own officers as in the case of the
other 26 Sections. Meetings of this Section for the
presentation of technical papers now supersede the
technical meetings of the Institute previously held in
New York.

Standards Reports

The Institute Standards have been published in
large-size individual pamphlets suitable for insertion
in loose-leaf notebooks. These include the following:




Facsimile— Definitions of Terms (1942)

Radio Receivers— Definitions of Terms (Re-
printed from 1938)

Radio Receivers—Methods of Testing Broadcast
Radio Receivers (Reprinted from 1938. Spanish
translation also available)

Radio Wave Propagation— Definitions of Terms
(1942)

Radio Wave Propagation
(1942)

Transmitters and Antennas:
(Reprinted from 1938)
Transmitters and Antennas—Methods of Testing

(Reprinted from 1938)

Electroacoustics—Definitions of Terms (Reprinted

from 1938)

Measuring Methods

Definitions of Terms
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Frequency-Modulation Distortion in Loudspeakers:
G. L. BEERSY, MEMBER, anp H. BELARY, NONMEMBER, I.R.E.

Sumimary—As the frequency-response-range of a sound-repro-
ducing system is extended, the necessity for minimizing all forms
of distortion is correspondingly increased. The part which the loud-
speaker can contribute to the over-all distortion of a reproducing
system has been frequently considered. A type of loudspeaker dis-
tortion which has not received general consideration is described.
This distortion is a result of the Doppler effect and produces fre-
quency modulation in loudspeakers reproducing complex tones.
Equations for this type of distortion are given. Measurements which
confirm the calculated distortion in several loudspeakers are shown.
The first Appendix giving the derivation of the equationsisincluded.

INTRODUCTION

ISTORTION in its several forms is undoubt-
edly the most serious problem with which the
engineer has to deal in the design of a satisfac-
tory high-fidelity sound-reproducing system. An early
appreciation of the importance of minimizing distor-
tion in such a system was obtained in development
work on high-fidelity radio receivers during the period
from 1930 to 1935. At that time an experimental radio
receiver was developed which gave an over-all distor-
tion from modulated radio-frequency input to audio-
frequency output at the loudspeaker terminals of 2 to
3 per cent arithmetic sum of all harmonics. During the

* Decimal classification: R148.1 X R265.2. Original manuscript
received by the Institute, September 30, 1942, Presented, Summer
Convention, Cleveland, Ohio, June 29, 1942; Fifty-first Semi-annual
Convention, Society of Motion Picture Engineers, Hollvwood, Cali-
fornia, May 4-8, 1942, ’

t RCA Manufacturing Company, Camden, New Jersey.
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development of this receiver, consideration was given
to the part which the loudspeaker might contribute to
the over-all distortion in a sound-reproducing system.
The possibility of a loudspeaker, reproducing a com-
plex wave, creating frequency-modulation distortion
by virtue of the Doppler effect was suggested. How-
ever, no facilities were available at that time to deter-
mine the extent of this type of distortion.

In the past few years frequency-modulation broad-
casting and improved record reproducing systems have
renewed the interest in high-fidelity sound reproduc-
tion. During a recent review of the distortion problem,
a mathematical and experimental investigation of the
possibility of frequency-modulation distortion in loud-
speakers was conducted. It is the purpose of this paper
to record the results of this investigation.

THEORETICAL CONSIDERATIONS

A loudspeaker cone mounted on a flat baftle may
have to move through a relatively large distance at low
frequencies to produce even a small acoustic output. If
such a loudspeaker cone is simultaneously radiating
both a low and a high frequency the source of high-
frequency energy can be considered as moving back
and forth in space and the high-frequency energy will
therefore be frequency-modulated. This modulation in

April, 1943




Beers and Belar: F-M Distortion in Loudspeakers

frequency is due to the Doppler effect and can be
analyzed by assuming the speaker to be a constant-
tone generator of the modulated frequency which is
being displaced along the axis of the cone at the rate
and amplitude of the modulating frequency. The re-
sulting frequency-modulated wave can be represented
by a “carrier” and an infinite number of sidebands. The
fundamental or carrier is of constant amplitude and
frequency. Its amplitude is less than that of the orig-
inal wave and depends upon the degree of modulation.
The sidebands are located symmetrically about the
carrier and are spaced at intervals equal to the modu-
lating frequency. The distortion introduced by these
sidebands can be expressed by a distortion factor.
Along the axis of a cone speaker this distortion factor
can be stated as

d.f. = 0.0334,f; per cent

where

A, =amplitude of cone motion (each side of mean
position) in inches at the modulating fre-
quency.

f2=modulated frequency.

d.f. =distortion factor in per cent defined as the
square root of the ratio of power in the side-
bands to total power in the wave.

As shown in Appendix I, the amplitude of the cone
motion required to radiate a given acoustic power
varies inversely with the square of the frequency and
inversely with the square of the diameter of the
speaker cone.

The amplitude of the cone motion is likewise pro-
portional to the square root of the audio-frequency
power supplied to the loudspeaker. A 12-inch cone
working with both sides in air requires a motion
through a peak amplitude of approximately 1/16 inch
(each side of its mean position) to radiate 1 acoustic
watt at 100 cycles. Thus it can be said that a 12-inch
cone radiating 1 acoustic watt at 100 cycles simul-
taneously with a 5000-cycle signal will distort the
5000-cycle signal by approximately 10 per cent due to
frequency modulation. An 8-inch cone could only
radiate 0.21 watt at 100 cycles for the same distortion
at 5000 cycles and only 0.013 watt at 50 cycles for the
same distortion limit.

The distortion factor, for any other low frequency f;,
cone size, and power radiated, is given by the following
formula: assuming a flat baffle with the cone radiating
on both sides.

P
d.f. = 2900 fv

1
e per cent
1

where f;=modulated frequency
fi=modulating frequency
P, =acoustic power output at f, in watts
d =cone diameter in inches
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COMPARISONS WITH SIMILAR FOrRMS OF DISTORTION

A distortion, similar to frequency modulation of
complex tones in loudspeakers, occurs in the reproduc-
tion of sound from film, due to sprocket-hole modula-
tion, and in disk reproduction due to tracking angle.
In the case of film reproduction a distortion factor of
10 per cent would be had with an unfiltered sound gate
reproducing a 400-cycle signal with a 1-mil displace-
ment at sprocket-hole frequency. In the case of a disk
reproducer, 10 per cent distortion would be had with
a straight 7}-inch tone arm reproducing a 5000-cycle
note simultaneously with a 100-cycle note of 0.5-mil
amplitude.

DiSTORTION MEASUREMENTS

In making distortion measurements on several loud-
speakers the following procedure was followed. The
speaker under test was set up in the sound-measuring
room and fed with a variable frequency from the
measuring channel. In series with this signal, right at
the voice coil, was also introduced a low-frequency
signal from another oscillator. The resultant complex
sound was picked up by a ribbon microphone two feet
from the speaker and on the axis of the cone. The out-
put of the microphone was fed to a distortion-factor
meter through a high-pass filter which eliminated the
low-frequency signal. In the distortion-factor meter
the modulated or distorted signal from the high-pass
filter was balanced against a portion of the same fre-
quency fed there directly from the variable oscillator.
The phase and amplitude of the balancing signal were
adjusted until a minimum reading was obtained. The
residual reading represented the root-mean-square
voltage of all forms of distortion, terms which may be
simple harmonic distortion, cross modulation due to
nonuniformity of flux density in the air gap, frequency-
moculation distortion, or any other forms of distortion.
To eliminate the effect of noise, readings of noise were
taken and measurements of distortion made only over
the range for which noise was not a factor.

The effect of harmonic distortion was isolated by
making distortion measurements with a single-fre-
quency input at the same level. Objections can be
raised against using a single microphone in a single
position for distortion measurements. Any one reading
of distortion is subject to error due to the uneven dis-
tribution of sound in a room. However, in this case, a
number of readings were taken at various frequencies
which together should show the trend of the distortion
characteristics. 1f allowance is made for noise and
harmonic distortion, the remaining distortion of a
complex sound would be made up of both cross modu-
lation and frequency modulation. Since both produce
sidebands of the same frequencies they cannot be
separated easily for any one reading, but the amount
due to each can be determined by measuring the dis-
tortion at various frequencies. The cross-modulation
distortion should be proportional to the amplitudes
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and should therefore be independent of frequency,
whereas the frequency-modulation should be pro-
portional to the frequency because the phase shift
at shorter wavelengths is greater for the same mechani-
cal displacement. Measurements were made of the
mechanical displacement of the cone by means of a
depth gauge which was adjusted to touch a small
aluminum cone fastened to the voice coil for the pur-
pose of this measurement.
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Fig. 1—Harmonic cross-modulation and frequency-modulation
distortion of 12-inch speaker.

It should be noted that the power input to the loud-
speakers which was used in making the measurements
of frequency-modulation distortion was 0.5 watt or
less. Since all but the smallest table model or portable
receivers are capable of supplying power outputs in
excess of this value it is apparent that the measure-
ments are indicative of conditions which are actually
met in practice. In the case of loudspeakers used in
public-address systems and in theaters the power used
is many times this valye.
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Fig. 2—Harmonic cross-modulation and frequency-modulation
distortion of 6-inch cone with folded horn.

The calculated frequency-modulation distortion for
the measured amplitude of cone displacement is shown
on Fig. 1 for a conventional 12-inch cone speaker. [t
may be noted that at 5000 cycles and above, frequency-
modulation distortion begins to have an effect; the
calculated amount being 4 per cent at 6000 cycles. The
measured amount follows the curve except that at 7000
cycles the measured distortion is much higher than
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that calculated. This may be explained by the fact
that for the calculated frequency-modulation distor-
tion, uniform response and a dead auditorium have
heen assumed. Frequency modulation of an audio wave
becomes more noticeable in a live room. In such a room
the pattern of standing waves is continuously shifted.
Thus, small changes in phase can produce large
changes in amplitude, thereby converting frequency
modulation into amplitude modulation.
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Fig. 3—Harnmonic cross-modulation and frequency-modulation
distortion of 6-inch folded-edge speaker.

Similar results were obtained with a 6-inch cone in
a folded horn as shown in Fig. 2. Compared with the
12-inch speaker this horn and cone combination has
less distortion below 100 cycles probably due to the
loading of the horn. Otherwise the same rise in over-all
distortion is noted at the high-frequency end which
may be accounted for by frequency modulation. How-
ever, at 2000 cycles the particular unit tested had con-
siderable cross-modulation distortion.

The characteristics of a 6-inch cone speaker of the
folded-edge type are shown in Fig. 3. The distortion
with a single tone is low at high frequencies but is
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Fig. .4—1-‘!armonic_cross-modulation and frequency-modulation
distortion of 12-inch cone permanent-magnet field speaker.

always high when two tones are reproduced simul-
taneously. There is a trend toward greater distortion
at higher frequencies in accordance with the calculated
frequency-modulation distortion, The modulating fre-
quency in this case was 100 cycles. At 60 cycles the
distortion was too great to permit useful measure-
ments.

Another speaker which also had considerable cross-
modulation distortion in the midrange was a 12-inch
permanent-magnet speaker. The characteristics of this
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speaker are shown in Fig. 4. The increase in the over-
all distortion with frequency, however, is still notice-
able.

In order to test the distortion of the measuring chan-
nel, distortion measurements were made with the dis-
tortion meter connected directly across the voice coil
of the speaker. This distortion always measured less
than 1 per cent. However, this did not preclude the
possibility of distortion in the microphone.

The latter is usually assumed to have a very low
distortion. This was further verified by tests made on a
combination speaker which employed separate high-
and low-frequency units and which should have very
low cross-modulation and frequency-modulation dis-
tortion. Measurements, as shown in Fig. 5, confirm
this conclusion. The mid-frequency and high-frequency
distortion with complex tones, with the exception of
one point, is less than 2 per cent. The low-frequency
distortion with a single tone showed a peak at 90 cycles
but below that frequency the distortion is less than
that of other speakers tested.
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Fig. 5—Harmonic and cross-modulation distortion, separate low-
and high-frequency speakers.

The frequency-modulation distortion should be inde-
pendent of the amplitude of the modulated frequency
but be directly proportional to the amplitude of the
modulating frequency. Thus if 5000 cycles and 60
cycles are reproduced together the per cent distortion
of the 5000-cycle wave due to frequency modulation
should be independent of the amplitude at 5000 cycles
but should be directly proportional to the amplitude
of motion at 60 cycles. This is borne out by measure-
ments shown in Figs. 6 and 7. Fig. 6 shows the meas-
ured distortion with the 60-cycle input varied. The in-
crease in distortion with 60-cycle input may be noted.
Fig. 7 shows the distortion for constant 60-cycle input
but with the amplitude of the 5000-cycle signal varied.
The per cent distortion should remain constant ac-
cording to calculations, and the measurements con-
firmed this conclusion.

LISTENING TESTS

A question which naturally arises is; how audible is
this form of distortion and how much of it can be
allowed for various applications?

Listening tests were made as follows: The signal and
the modulating tone were applied to a speaker in the
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sound-measurement room and a microphone placed
before it. The output of the microphone was fed to
another speaker in another room through an amplifier
and filter which eliminated the low-frequency modu-
lating tone. Thus the observer could not hear the low-
frequency tone itself but only its effect upon the higher
frequency. As expected and explained before, the
audibility of distortion was considerably increased if
the microphone were used to pick up a greater amount
of reflected sound. The audibility varied, but in general
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Fig. 6—Distortion of a complex tone (60 cycles and 5000 cycles)
by a 12-inch speaker.

it can be said that a distortion of about 2 to 3 per cent
becomes noticeable as a change in quality. The sensa-
tion produced is that of a very familiar form of dis-
tortion which is still hard to describe. The sound is
just not clean.

Considerable difficulty arises in endeavoring to
evaluate the objectionability of this distortion through
listening tests involving the reproduction of speech and
music. The most obvious method of obtaining the de-
sired information is by a comparison between a speaker
which is producing the distortion and one which is not.
For such a comparison to be of real value it is necessary
not only that the performance characteristics of the
two speakers be substantially identical (except with
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Fig. 7—Distortion by a 12-inch speaker with constant 60-cycle
input and 5000-cycle input varied.

respect to the frequency-modulation distortion) but
also that the distortion from all other sources be kept
as low as possible. Although preliminary listening tests
have indicated the presence of this distortion in the
reproduction of music, the preference given other work,
which at the present time is more essential, has pre-
vented setting up the necessary facilities to conduct
conclusive tests. It is hoped that these tests can be
conducted in the near future.
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MEgANs oF REDUCING FREQUENCY-MODULATION
DistorTioN OF CompPLEX TONES

Some of the means of reducing the distortion are as
follows:

(1) Reduce the amplitude of cone traverse by load-

ing the speaker with a horn.

(2) Increase the cone diameter and thus reduce

amplitude of motion.

(3) Limit the power input at low frequencies.

(4) Use separate speakers for the low and high fre-

quencies.

The following example illustrates the reduction in
distortion which can be obtained by the use of separate
low- and high-frequency speakers. The distortion of
an 8-inch speaker in a flat baffle radiating 0.1 watt at
50 cycles simultaneously with a 10,000-cycle signal
would be

faon/P 10,000+/0 .1
Y 0002 OV
f12d? 502 82

= 57 per cent approximately

d.f. = 2900

but if two 8-inch speakers were used divided at
= Vfi}f2 = /507 X 10,000 = 292 cycles

the distortion under the assumed conditions would

beconie
= 10,000v0.1 000 292V0 1
2922 X 82 502 X 82
= 1.7 per cent

or a reduction of 34:1.

It may be noted that consideration has been given
only for the distortion at a point along the axis of the
cone. At right angles to the cone, frequency modulation
of the type analyzed does not exist. In a normal listen-
ing room, however, sound radiated along the axis will
reach all points of the room because of reflections. A
more accurate analysis would integrate the output of
fundamental and sidebands for any position in the
room. It was not thought necessary, however, to do
this to illustrate the effect.

CONCLUSIONS

Both a mathematical analysis and measurements in-
dicate the possibility of frequency-modulation distor-
tion in loudspeakers when reproducing a complex sound
wave. Since this distortion increases with frequency its
effects are most pronounced in high-fidelity reproduc-
ing systems. It is fortunate that several relatively
simple means can be employed to minimize or avoid
this type of distortion. It is difficult to determine its
seriousness on the basis of listening tests because it
cannot be isolated readily from other types of distor-
tion. Although it is probable that this form of djstor-
tion is usually masked by distortion from other sources,
nevertheless, it is a factor which should be considered if
the maximum in faithful sound reproduction is desired.

APPENDIX |
Derivation of Equation for the Distortion Factor

The equation for the Doppler effect is!

v — U
Jo=——""/, (1)
Y= ¥
where v =velocity of sound in medium
vo = velocity of observer
v, = velocity of source
Jf.=source frequency
Jfo=observed frequency.

Let fi=frequency of motion of source

Jf2=source frequency.
Assume the motion of the.source to be
S = A, sin 2xfL. (2)
The velocity of the source is
S = 2mf,A, cos 2rfL.

Since the observer is at rest, vo=0 and

fo=— S
1 27l'f1z‘1

cos 2w\t

271,
= f2<1 + 3 cos 27rf1t> &)
1

where v=/\, (\; being the wavelength of the wave of
frequency f1) and 27f,4, <.

In a uniform sine wave, such as sin wt, the frequency
is 1/2m times the rate of change of the argument of the
sine function, or

_l_d e
fimige s i @

If the sine function is not uniform, it is customary to
define its instantancous generalized frequency in an
analogous manner, as 1/2r times the rate of change of
the argument of the sine function 23

1 4

Jo = — — (argument of sine function)
2w dt

SO

argument of sine function = 27rffodt

Il

2m.d
erzf -{1 + 7; ~ cos erlt}dt

1

274
= 2rfa 4 01
A

since fih;=fo\,.

sin 2rfyt (5)

2

' H. F. Olson, “Elements ot Accoustical Engi ing,”
Noszt:nld Eolmpa‘pg, New York, N. Y., l1940. ?)[.;I?g.ermg' cava
lelmholtz, “Die Lehre d = .
SCh‘:'jlg}, 1913 pp. 649»~65b. von den Tonempfindungen,” Braun
ohn R. Carson, “Notes on the theo f ion,” P
L.R.E,, vol. 10, p. 63; February, 1922, £ FEndRiB ey Sy

April
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The equation of a sound wave along the axis of a
cone speaker, for a single tone, can be written

27rX>
A
where P =pressure
K =a constant depending upon the speaker de-
sign
A =amplitude of cone traverse
f=frequency
X =distance from speaker
A\ =wavelength of the sound.

P = KA sin <27r/t = (6)

According to the Doppler effect, the movement of
the source causes the frequency of the sound at X to
vary. Equation (3) shows that the equation of the
sound wave, when the motion of the source is con-
sidered, is

2”/1 1

2r X)
Lo

sin 2xfit —

P = KA,sin {2742: +
)\2 )\2

where 27X /\; is a constant phase-shift term which
can be eliminated by choosing X =nk..

The resultant equation is well known, and can be
expressed in terms of its component frequencies by
expansion in a series of Bessel functions as follows:

j 27I’Al .
P=KA,3Jo <_,)\, ) sin 2w /st

)

+7, (‘27::1> [sin 2n( fa4f1)1~sin 2w (= f1)¢]
T4,
+J2<2 o )[Sin 27(f2+2f1)t+sin 27"(f2_2/‘)t]
27 ( 27:1 | )lsin 2r( fo+ 3f2)t—sin 2n(f2—3/1)¢]
T ¢ ®

This means that the frequency-modulated wave con-
sists of a fundamental or carrier which is constant and
of frequency f. but with the amplitude reduced by the
factor 10(2 TA 1/k2).

Sidebands have been generated which are displaced
from the carrier frequency by the amount of the fre-
quency of motion of the source, and also by all the
harmonics of this frequency as well. The amplitudes
of the sideband are proportional to Bessel functions
having the same order as the sideband.

The total power of the harmonic sidebands is pro-
portional to

nes 2rA \T
1 sideband ZZ[K/UJ"( - 1)]
nel )\2

¢ Balth, van der Pol, “Frequency modulation,” Proc. I.R.E
vol. 18, p. 1199; July, 1930. bl o AR

(9)
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Since the total power of the wave is not changed by
the frequency modulation,

27I'A| 3
]!otul = (KA2)2[J0 (" N B ) + Ieidebnnd = (KA2)2
2

27|'A1 2
Tyideband = I.om{l = [Jo(.__.) } _
A2

The distortion factor then becomes

SO

IR

where the distortion factor has been defined as the
ratio of the square root of the sideband power to the
square root of the total power.

(10)

Since
X p.& X8
JiX) ==t o Ty
1 - (X)) = =,
2 32

and the distortion factor is approximately

——— = —
1

/‘”’ [ 2nA 1/274,\*
d.f.=—‘,v 1 —1|.Jo »)\2 ) = 2( . )
2
27I'A1
=0.707( —).
A2

‘This approximation is very good for values of dis-
tortion up to 25 per cent. Since h2f2= C where C=1130
feet per second, the expression becomes,

fA

1
d.f. = 0.707(27) ———— (100) per cent
@ e (00 per

= 0.033f,4, per cent. (11)

As shown in Appendix II, the amplitude of cone
motion of a loudspeaker for a given power radiated is
inversely proportional to the square of the frequency
and the square of the cone diameter, and likewise is
directly proportional to the square root of the audio-
frequency power supplied.

For a 12-inch cone working with both sides in air,
and radiating 1 acoustic watt at 100 cycles, the ampli-
tude of cone motion is approximately® 1/16 inch. This
gives the equation for the distortion factor as

fovV Py

d.f. = 2900 —

- 12
o (12)

where d is in inches and Py is the acoustic power output
in watts at fy cycles per second.
s Harold Pender and Knox Mcllwain, “Electrical Engineers'

Handbook,” vol. S, third edition, John Wiley and Sons, New York,
N.Y., 1936, pp.f6-8.




ArrENDIX 1]

Equation for the Amplitude of Motion of a Loudspeaker
Cone
The mechanical impedance of the air load upon one
side of a vibrating piston set in an infinite baffle is®?
J1(2KR)

Zy = wR*pc{1 — ——
" "p{ " KR

Twp
] K. (2KR
} +j 2K 14 )

R =radius of piston
p =density of medium
¢ =velocity of sound in medium

where

K=2r/\
A =wavelength of sound
w=2rf

S=frequency, in cycles per second
J1(2K R) = Bessel's function of first kind
K,(2KR) =modified Bessel’s function.

By the series expansion for Bessel's function of the first
kind,

K4R-!
2(3)

Ke®R®

J12KR) _ KR = e
- 2(3%)(4)

KR 2

so the mechanical resistance is given approximately by

= {K’R2 KtR + K¢R¢® )
MA = C - = -
T TR T 20 T @@

¢ Lord Rayleigh, “Theory of Sound,” vol. 2. The Macmillan
Company, New York, N. Y., 1926, p. 164.
7 See page 80 of footnote reference 1.

The power output is given by
P = f}\miz

where % =root-mean-square velocity of the piston.
If the piston motion is given by

x A sin w!

the velocity is
Aw cos w!.

The power output is therefore
KR!
2%(3)
For low audio frequencies when N>R, the average

power output is given by
TR pcA’w* K2 R?

K8 RS

A’w’f’ K*R* . cos® w!
2(3)() f '

P = 7R?pc
e \ 2

since the first term of the series is much larger than
succeeding ones and the average value of cos? wt is
one half.

Solving for A4, the cone amplitude

A=K A
r*d?
where K is a constant, f is the frequency in cycles per
second, d is the cone diameter, and P is the radiated
power.

This formula is not accurate at high audio frequen-
cies since interference of the radiation from various
parts of the disk occurs in space, causing a departure
from spherical wave propagation.

Some Recent Developments in Record
Reproducing Svstems’
G. L. BEERS}, MEMBER, ILR.E., AND C. M. SINNETTY}, NONMEMBER, ILR.E.

Summary-—Several factors of importance in obtaining satis-
factory reproduction of sound from lateral-cut phonograph records
are considered. An experimental record reproducing system em-
ploying the principles of frequency modulation is described and
data are supplied on the measured and calculated performance
characteristics of the system. Curves are included showing the
vertical force required for satisfactory tracking with the experi-
mental frequency-modulation pickup as compared with other pick-
ups of conventional design.

INTRODUCTION

YHE remarkable increase in the sale of phono-
T[ graph records during the past few years is a
definite indication of the returning public inter-

est in records as a medium of home entertainment. If

* Decimal classification: 621.385.97. Original manuscript re-
ceived by the Institute, Scptember 30, 1942, Presented, Summer
Convention, Cleveland, Ohio, June 29, 1942; New York Meeting,
November 4, 1942; Philadelphia Section, October 1, 1942; Fifty-
first Semi-Annual Convention, Society of Motion Picture Engineers,
Hollywood, California, May 4-8, 1942,

t RCA Manufacturing Company, Camden, New Jersey.
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the present interest in phonograph records is to be
maintained, and on a permanent basis, it is essential
that the reproduction of sound from records be at least
comparable to or preferably better than that which
can be obtained from radio broadcasting.

During the past few years, an investigation was con-
ducted to determine the prospects of improving ma-
terially the over-all performance of record reproducing
systems. One phase of the investigation was directed
toward the possibility of reproducing frequencies up
to 10,000 or 12,000 cycles from standard shellac rec-
ords without the introduction of objectionable surface
n.oise. In the course of this investigation, the possibili-
ties of producing a frequency-modulated signal by
means of a special pickup and associated circuits was
investigated. This type of reproducing system appeared
to lend itself to a realization of certain requirements
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which were considered essential to a satisfactory
record reproducing system. It is the purpose of this
paper to discuss some of these requirements, to de-
scribe the frequency-modulation record-reproducing
system and indicate the improvement in performance
which can be expected from such a system.

A. PicKUP REQUIREMENTS FOR SATISFACTORY
REeprODUCTION OF LATERAL-CUT RECORDS

There are many factors which must be considered in
the design of a pickup to reproduce lateral-cut records.
The following factors not only determine the quality
of reproduction which will be obtained but also have a
direct bearing on the life of the record and stylus.

1. Vertical Force Required for Satisfactory Tracking

The vertical force required for satisfactory tracking
should be low enough to prevent excessive record wear
and minimize record surface noise. Numerous tests
have been made which indicated that for lacquer rec-
ords the vertical force should not exceed 20 grams. A
maximum value of 30 grams is considered satisfactory
for shellac records.

2. Mechanical Impedance

The vertical and lateral mechanical impedances
presented by the pickup at the stylus should be as low
as possible since the work which is performed by the
record is a function of these impedances. Low mechani-
cal impedance is likewise desirable to minimize the
mechanical noise or chatter radiated directly from the
pickup and record.

3. Free Resonance of Pickup

Experimental evidence indicates that it is desirable
to keep the free resonance of the pickup at as high a
frequency as possible to minimize the effect of ticks and
other record-groove irregularities.

4. Relationship between Stylus Displacement and Audio
Output

If distortion is to be minimized it is essential that
the pickup and associated circuits provide a linear rela-
tionship between audio voltage output and stylus dis-
placement. The necessity for minimizing distortion in-
creases as the frequency range of a sound-reproducing
system is extended.

5. Frequency-Response Characteristic

A phonograph pickup suitable for a high-fidelity sys-
tem should provide a frequency response throughout
the useful audio-frequency range which is proportional
to either the amplitude or the velocity of the modula-
tion in the record groove.
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6. Sensitivity

The sensitivity of the pickup should be such that the
amplification required between the pickup and loud-
speaker is not so great as to introduce serious micro-
phonic difficulties.

B. FREQUENCY-MODULATION RECORD REPRODUCING
SYSTEM

A review of the foregoing requirements led to a con-
sideration of several types of record reproducing sys-
tems. The possibility of producing a frequency-modu-
lated radio signal by means of a special pickup was in-
vestigated. It was found that with a simple pickup a
frequency-modulated signal could be produced which
had sufficient frequency deviation to provide a rela-
tively high audio-frequency voltage output, when ap-
plied to a frequency discriminator and rectifier com-
bination. Either the inductive or the capacitive react-
ance of a resonant circuit can be varied to produce a
desired frequency shift. From the standpoint of a
phonograph pickup the control of frequency through a
variation in capacitance seemed to offer the greater ad-
vantage.

1. Frequency-Modulation Pickup

Fig. 1 shows in outline form the general construction
of an experimental frequency-modulation pickup. A
metal frame or mounting block is provided as a sup-
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Fig. 1—General construction of frequency-modulation pickup.

port for an insulated plate which is the high-potential
side of the pickup. To this mounting block is also at-
tached a thin metal ribbon. The ribbon, which is
mounted in a plane parallel to the insulated plate and
spaced from it by a small air gap, is placed under ten-
sion in order to increase the natural resonance fre-
quency of the system. The stylus supporting wire is
anchored to the mounting block at its upper end. Itis
attached to the ribbon at approximately the mid-point
of its length and its free end is bent in a plane essen-
tially parallel to the record groove. The sapphire which
is used as a stylus is attached to the end of the wire.
The portion of the wire between the ribbon and the
sapphire provides sufficient vertical compliance to
minimize mechanical noise and to reduce distortion
due to pinch effect. From the figure it is apparent that
displacement of the stylus laterally results in a change
in the position of the ribbon with respect to the fixed
plate and thus produces a change in capacitance. The
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over-all length of the mounting block shown in Fig. 1 is
approximately } inch. The normal spacing between the
fixed plate and the ribbon is approximately 0.004 inch.

From a purely theoretical standpoint it is essential
that in a frequency-modulation pickup the change in
capacitance with displacement of the stylus be such as
to produce a linear relationship between frequency
change and motion of the stylus. In other words, the
variable capacitor formed by the elements of the pick-
up should, in radio terminology, be of the straight-line
frequency type. From a practical standpoint the dis-
tortion introduced by a pickup constructed along the
lines indicated in Fig. 1, when used with circuits to be
described later, is substantially negligible.

2. Circuit Considerations

The essential circuit considerations which are in
volved in the design of a frequency-modulation record
reproducing system may be stated as follows:

1. The carrier frequency to be employed.

2. A suitable oscillator circuit for use with the pick-
up.

3. The type of frequency-discriminator—rectifier
combination to employ.

A study of the question of the operating frequency
to use in a frequency-modulation phonograph system
leads to the conclusion that carrier frequencies as low
as those used in the intermediate-frequency amplifiers
of radio receivers and as high as those employed for
frequency-modulation broadcasting will give satisfac-
tory results. If the phonograph is to be used in com-
bination with a radio receiver there may be some ad-
vantage in using a carrier frequency which permits the
use of one or more of the intermediate-frequency am-
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Fig. 2—Schematic diagram of oscillator-discriminator.

plifier circuits as a frequency-discriminating network
for converting the frequency-modulated signal into
amplitude modulation prior to detection. However, if
the phonograph is designed as a separate device it
may be desirable to use a frequency in the neighbor-
hood of 30 megacycles particularly in case some fre-
quency in this region is assigned by the Federal Com-
munications Commission for diathermy machines. If a
carrier frequency is used in a band thus allocated by
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the F.C.C. no special shielding would be required to
prevent interference with other radio services. The sig-
nal level provided at the discriminator by the fre-
quency-modulated oscillator can readily be made quite
high, so there is no likelithood of diathermy machines
or other electrical equipment causing interference with
the phonograph.

Since the oscillator and frequency-discriminator-
rectifier circuits are to a considerable extent interde-
pendent, they will be discussed together. Fig. 2 is a
schematic diagram of circuits which have given very
satisfactory results. The circuit problem in connection
with the oscillator is to provide an arrangement which
will have sufficient frequency stability from the stand-
point of line-voltage variations, temperature changes,
etc., and at the same time .cnable the pickup capaci-
tance variations to produce the desired frequency
change.

From the standpoint of obtaining the maximum fre-
quency change for a given variation in capacitance at
the pickup, it is desirable that the pickup be connected
directly across the oscillator tuned circuit. This can, of
course, be accomplished by mounting the oscillator
tube and associated circuit elements at the pickup end
of the tone arm.

This arrangement has not been found to be particu
larly desirable because the tone arm is made unduly
large and the heat from the oscillator tube causes the
end of the tone arm, which is handled by the user, to
become uncomfortably hot. The same result, however,
can be accomplished by mounting the oscillator tube
on the main instrument chassis and connecting it to
the pickup through a resonant transmission line, which
is used as the oscillator tuned circuit. It has been found
that by connecting the pickup previously described
through a relatively low capacitance line to a conven-
tional oscillator circuit, as shown in the diagram, a
sufficient frequency shift is obtained to give the de-
sired audio-frequency output. In this case the trans-
mission line is treated as a lumped capacitance. The
line is included as an integral part of the tone arm.

I't will be noted that the oscillator tube employed is
of the 6SA7 tvpe. This tube permits the use of elec-
tronic coupling between the oscillator and discrim-
inator circuits. The oscillator frequency is adjustable
by means of an iron core which js associated with the
inductance L, shown in the diagram.

A simple resonant circuit is utilized as the means for
converting the oscillator-frequency variations into
changes in the amplitude of the signal applied to the
diode portion of the 6R7 tube. A powdered-iron core
associated with inductance L, is used to tune this cir-
cuit so that the mean oscillator frequency falls at ap-
proximately the 70 per cent response point on one side
of the selectivity characteristic. The rectification of the
radio-frequency signal by the diode develops an audio-
frequency potential across the resistor Ry. This audio-
frequency potential is then amplified by the triode
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section of the 6R7. The output voltage which appears
across resistor Rg in the plate circuit of the 6R7 is ap-
plied to a suitable audio-frequency amplifier and loud-
speaker.

The audio-frequency output of the circuit shown in
Fig. 2 is a function of

1. The oscillator voltage applied to thediscriminator,

2. The frequency variationsin this voltage which are
produced by the pickup,

3. The slope of the discriminator network,

4. The audio voltage gain obtained from the 6R7.

An experimental pickup employed in the circuit
shown in Fig. 2 has given a root-mean-square potential
of 6 to 8 volts across resistor Rs when reproducing a
400-cycle record cut at a groove amplitude of 0.001
inch.

C. PERFORMANCE CHARACTERISTICS

In the course of development of the frequency-
modulation pickup system, equations were derived for
use in calculating the performance characteristics.
Derivations of these equations will be found in the
Appendixes. Through the use of these equations the
following characteristics were calculated:

(a) Lateral mechanical impedance.

(b) Lateral force acting upon stylus.

(¢) Response characteristic of pickup and tone arm.

(d) Tracking weight required to overcome vertical
force due to lateral velocity.

(e) Tracking weights and relative outputs to be ob-
tained with different radius styli.

For purposes of comparison measurcments werc
made on an experimental pickup to determine the last
three of these characteristics.

1. Calculated Characteristics
(a) Lateral Mechanical Impedance

If sine-wave motion of the stylus on the record (per-
fect tracking) is assumed and the tone arm is of rigid
construction then the equivalent electrical diagram
shown in Fig. 3 may be set up. Since at high frequencies

Ly L2

—I-Cz L3

Fig. 3—Equivalent electrical diagram of frequency-modulation
pickup and tone arm.

Ly L2

—
L3

[ M

Fig. 4—Equivalent clectrical diagram of frequency-modulation
pickup for high-frequency calculations
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mass L3 (tone arm) is thousands of times higher than
either the stylus or its supporting wire the equivalent
diagram shown in Fig. 4 can be used. In this case the
lateral impedance Zi, becomes

Z — <L> w“LleCEC_a j‘_(lfz(Llca_'t L1C2 + LzCa) + 1
- WL C:Cy — (C2 + Cs)

w

Analyzing the above equation, it will be found that the
lateral impedance Z., becomes infinite at /=0, f==,
and when f=f., where f. is the frequency at which the
pickup moving system resonates when the stylus is
locked in the groove and may be expressed as

f = 71
‘ CLs

Zw/‘/Lz —
C:+ G

At low frequencies, we may again simplify by disre-
garding the stylus mass L, and.the pickup moving sys-
tem mass L,. Fig. 5 shows the equivalent diagram for
low frequencies.

1 A
‘L L3

- = -l L3

= )

Fig. 5—Equivalent electrical diagram of frequency-modulation
pickup and tone arm for low-frequency calculations.

In this case the lateral impedance Z ., becomes

Jwlsa
Zy, = ———
1 = (l)zLa(Cz + Ca)

Analyzing this equation it is found that Z 1, becomes
infinite at f., the tone-arm swinging resonance where

1
27/ L3(C2 + Ca)

Fig. 6 shows the calculated impedance of the pickup
and tone-arm system based on a pickup locked reso-
nance of 15 kilocycles and a tone-arm swinging reso-
nance of 20 cycles.
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Fig. 6—Calculated lateral mechanical impedance of
frequency-modulation pickup.
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The three points of zero impedance will be noted at
/=0, f=4800 cycles, and f=17,000 cycles. Two points
of infinite impedance occur as shown at f=20 cycles
and f=15,000 cycles.

(b) Lateral Force Acting upon Stylus

Using the calculqted values of the effective mechan
ical impedance of the pickup and tone-arm system, it is
possible to calculate the lateral force acting upon the

prom— SRS - = .
2l — H_ | LATERAL $ORCE ACTING UWWON 5TYLYS r__‘ ,IL ]
0% BKC PLEUP WITH 20~ TONE AGM |
u (7] SINE wAVE mPuT 001" AMPLITUDE AT 800~ AND
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Fig. 7—Calculated lateral force acting upon the stylus of
frequency-modulation pickup,

stylus due to record-groove modulation. For these cal-
culations a groove modulation of 0.001 inch amplitude
up to 500 cycles and a constant groove velocity above
that frequency are assumed. Fig. 7 shows the curve
obtained on the basis of these assumptions. It will be
noted that the lateral force exerted on the stylus
reaches a theoretically infinite value at 20 cycles and
at 15,000 cycles, the resonant frequencies of the tone
arm and pickup.

(c) Response Characteristic of Pickup and Tone
Arm

Making use of the equivalent diagramsin Figs. 4 and
5, the over-all response characteristic of the system can
be calculated. From these figures it can be seen that
current 7; represents the velocity of the ribbon with
respect to the insulated plate and current 4, represents
the velocity of the stylus. The ratio of 15 to 7, will pro-
vide the response characteristic of the pickup with re-
spect to frequency. For high frequencies this can be
calculated from

13 Cs 1
T
1

‘ R ) - (21rj)’LzC-‘2 -

2 3

For low frequencies, the response characteristic may
be obtained from

e N e
i; Cz + Ca 1 - (21rf)2L3(Cq + Cs))‘

April

It will be noted that two peaks in response occur, one
at tone-arm resonance and one at the high-frequency
resonance of the pickup moving system. Fig. 8 shows
the response characteristic as calculated from the
above equations.

(d) Tracking Weight Required to Overcome Verti-
cal Force Due to Lateral Velocity

For proper tracking the stylus must have sufficient
vertical force exerted upon it to overcome the vertical
component of force due to the lateral velocity of the
modulated record groove. Calculations have been
made which show the vertical forces exerted u pon styli
of various radii when seated in a standard groove hav-
ing an 88-degree included aygle, a 0.0023-inch radius
cutting stylus and a groove width at the top of 0.0069
inch. In addition to the vertical forces, consideration
has also been given to the variations to be expected in
pinch effect with different sizes of reproducing styli.

= T v - ——

—— L

I
RESPONBL 15 K& PICKUP wiTu 20 A TONE ARM |
CALCULATIO FROM LQUIVALENT CiBCuwiT |
DIAGRAM AND AB3UMING A BELCORD wiTh
1= CONSTANT VELOCITY ABOVE 800 €viLts.

resronse M m o

Fig. 8—Calculated response characteristic of
frequency-modulation pickup.

Fig. 9 illustrates a stylus seated in a record groove
of the above dimensions, Two important factors which
change with the diameter of the stylus are: the track-
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et

Fig. 9—Tracking diameter and wedging angle of the
stylus in the record groove.

il?g diameter d and the w edging angle (). Tracking-
diameter d has a direct bearing upon both pinch effect
and the high-frequency response and should be kept
as small as possible. On the other hand, wedging angle
@, which determines the tendency of the stylus to climb
the groove wall, should be made as large as possible for
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a specified groove. From this it is obvious that a com-
promise must be made. Fig. 10 shows the variations in
d and a with stylus radius, and from observation it can
be seen that the stylus radius should not be less than
0.0025 inch or greater than 0.0042 inch. Furthermore,
since the curve for angle « is flat from a stylus radius
of 0.0025 inch to 0.0042 inch and the curve for diam-
eter d is rising rapidly over this range it appears de-
sirable, when record-groove variations are considered,
to use a stylus radius of about 0.003 inch. The impor-
tance of the tracking diameter d and the wedging angle
« is further emphasized by the curves in Fig. 11. This
figure shows, in curve form, the two factors cot a and
d tan « which have a direct bearing upon the vertical
force due to lateral velocity and pinch effect, respec-
tively. It will be observed that the curve for cot a ap-
proaches infinity for a stylus smaller than 0.0023-inch
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Fig. 10—Variations of tracking diameter and wedging
angle for different size styli.

radius, decreases rapidly to about 0.0025-inch radius
and then remains essentially flat to 0.0042 inch. At the
same time, however, d tan «, the factor governing the
pinch effect, increases rapidly from a 0.0023-inch ra-
dius to a 0.0042-inch radius and then decreases. Ob-
servation of these two curves provides a further con-
firmation that a stylus radius of 0.003 inch is the best
compromise from the standpoint of over-all perform-
ance.

In the above equations and those which follow, such
factors as the elasticity of record materials and the
effective damping of the mechanical system are not in-
cluded. For this reason the calculated performance
characteristics do not provide all the information that
might be desired but they do give a gencral indication
of the performance which can be expected. Expressed
mathematically the conditions for tracking a laterally
cut record exist when

Ey = Z1iL cot a
where

E, = minimum vertical force acting on the stylus
which will insure proper tracking
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Zp=impedance of stylus and pickup moving system
in a lateral direction

1. = velocity of recording
a =angle at which stylus would ride up groove wall.
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Fig. 11—Effect of stylus radius upon tracking weight.

Utilizing the above equation and the previously deter-
mined values for the lateral impedance and the curve
for angle a, it is possible to calculate the tracking
weight required to overcome the vertical force due to
lateral velocity as the stylus radius is varied. Fig. 12
ilustrates in curve form the calculated tracking
weights for stylus radii of 0.0023, 0.003, 0.004, and
0.005 inch. It will be noted that a stylus radius of 0.003
inch to 0.004 inch requires the least tracking weight.
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Fig. 12—Calculated tracking weight required to overcome the
vertical force due to lateral velocity.

(¢) Tracking Weights Required and Relative High-
Frequency Outputs to be Obtained with Differ-
ent Radius Styh

As the stylus radius is increased, it is apparent that
for a given groove velocity the output to be obtained
at high frequencies will dccrease. Calculations have
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been made of the expected loss in high frequencies and
Fig. 14 shows the curve for this tracking loss at 7000
cycles for styli from 0.0015-inch radius to 0.005-inch
radius. It will again be noted that a stylus radius of
0.003 inch is indicated.
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Fig. 13—Calculated tracking weights required and relative high-
frequency outputs to be obtained with different radius styli,

2. Measured Characteristics

(a) Response Characteristic of Pickup and Tone
Arm

Fig. 14 curve (4) shows the over-all response char-
acteristic of the pickup, tone arm, and discriminator as
obtained from a frequency record having a 500-cycle
crossover point between constant amplitude and con-
stant velocity. The rounded portion of this curve at
the crossover frequency is due to the limitations im-
posed by the electrical network used to provide the
recording characteristic. For the purpose of comparison
the calculated response characteristic previously shown
in Fig. 8 is included in this figure as curve (B).
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Fig. 14—Measured and calculated response characteristics of
frequency-modulation pickup and tone arm.

(b) Tracking Weight Required to Overcome Verti-
cal Force Due to Lateral Velocity

A curve of the measured minimum weight required
for satxsfaclory tracking with an experimental pickup
is shown in Fig. 15 as curve (4). Curve (B) gives the
calculated values for the same radips stylus. The dis-
crepancy between the curves at the higher frequencies
is due to the fact that such factors as pinch effect,
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elasticity of the record material, and the Q of the me-
chanical system were not included in the calculations.

(c) Tracking Weights Required and Relative High-
Frequency Outputs to be Obtained with Dif-
ferent Radius Styli

Fig. 16 shows the correlation between calculated and
measured loss in response at 7000 cycles as the stylus
radius is increased. Also shown in the same figure are
calculated and measured curves of the tracking weight
required for different styli at 7000 cycles. It will be
noted that while the actual weights required are some-
what higher than the calculated values, because the
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Fig. 15—DMeasured and calculated tracking weight required by
frequency-modulation pickup to overcome vertical force due to
lateral velocity,

factors previously mentioned were not included in the
calculations, the curve shapes are similar indicating
that the choice of a 0.003-inch stylus is a desirable
compromise.
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Fig. 16—Measured and calculated tracking weights required and
relative high-frequency outputs to be obtained with different
radius styli,
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(d) Change in Diode Current with Stylus Displace-
ment

Fig. 17 shows the over-all linearity existing between
current in the diode resistor and displacement of the
stylus. This curve shows the combined effect on linear-
lty of the following factors:

. Change in the capacitance of the pickup with dis-
placement of the stylus.
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2. Change in frequency of the oscillator with change
in capacitance of the pickup.

3. Change in output of the frequency-discriminator
— rectifier combination with change in frequency.

The departure from linearity of this curve represents a
distortion of approximately 2 per cent second harmonic
and 0.1 per cent third harmonic. The change in fre-
quency which corresponds to the +0.0015-inch dis-
placement of the stylusis + 15,000 cycles.
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Fig. 17—Change in diode current with stylus displacement.

(e) Comparison of Tracking Weights Required for
Various Pickups

Fig. 18 shows the tracking weight required for a fre-
quency-modulation pickup as compared with three
other types of phonograph pickups. Curve (4) is a
conventional crystal pickup having a normal tracking
weight of 70 grams. Curve (B) is a transcription-type
magnetic pickup with a normal tracking weight of 45
grams. Curve (C) shows the tracking-weight charac-
teristic of a recently developed crystal pickup which
operates at a normal tracking weight of 28 grams and
curve (D) shows the tracking-weight characteristic of
the frequency-modulation pickup normally operated
with a tracking weight of 18 grams.
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Fig. 18—Comparison of tracking weights required for
various pickups.

CONCLUSIONS

An experimental frequency-modulation record re-
producing system of the type described has been in use
for some time. All of the evidence to dateindicates that
the system is a practicable one and is not adversely af-
fected hy changes in temperature, humidity, or line
voltage.

The experimental frequency-modulation pickup
meets the requirements of a satisfactory pickup to a
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degree which has not previously been attained in a
relatively inexpensive device. The general performance
characteristics of a pickup of this type can be calcu-
lated within reasonable limits.

From the listeners standpoint, the experimental fre-
quency-modulation phonograph system, which has
been described, makes it possible when using conven-
tional shellac records to extend the frequency range of
a record reproducing system to 10,000 or 12,000 cycles
with an astonishing freedom from surface noise, me-
chanical noise, and distortion. A further reduction in
surface noise can be obtained with shellac records if
they are recorded with a high-frequency accentuation
characteristic which is comparable to that used in
transcriptions. Experimental records of this type have
been made. The surface noise obtained from these rec-
ords with the frequency-modulation reproducing sys-
tem was reduced to the point where it was not objec-
tionable to the most critical listeners.

Although the calculations and measurements which
have been given are confined primarily to 78 revolu-
tion-per-minute records the same performance advan-
tages are retained in a frequency-modulation reproduc-
ing system designed for transcriptions.
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APPENDIX A
Lateral Mechanical Impedance

The equivalent diagram of the frequency-modula-
tion pickup with a rigid tone arm can be shown as in-
dicated in Fig. 3, where

L, = effective mass of needle point
L, =effective mass of ribbon and needle referred to
point
L;=inertia of tone arm and pickup referred to point
C, = compliance of needle between point and ribbon
C,=compliance of ribbon and needle referred to
point
i, = velocity of needle point
i = velocity of ribbon with respect to support
Z . = mechanical impedance in lateral direction

In practice the mass of the tone arm is several hundred
thousand times larger than that of either the point or
needle. In view of this, further simplification is possible
and at high frequencies the equivalent diagram can be
set up as shown in Fig. 4.

For these frequencies the lateral mechanical imped-
ance becomes
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From the above formula it can be seen that infinite
impedance occurs when f= «; f=0; or when
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At low frequencies L, and L, become so small in value
that they may be neglected and the equivalent diagram
may be as shown in Fig. 5.

The mechanical impedance of the pickup and tone-
arm system at low frequencies may be written as

1

— ——— X pL
, _pCatC) " oLy
“Ly = e -

1 1 + p2L3(C C
ﬂ——f~+pL3 P a(2+ a)
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Infinite impedance will then result when

7 _
w= /‘/ _
Li(C: + Cy)

or when
p 1
- 2n/L3(C, + Ca)-

This point of infinite impedance occurs when the
mass of the tone arm resonates with the total compli-
ance of the pickup, and has been generally given the
name of “swinging resonance.”

APPENDIX B

Response Characteristics

Assuming sine-wave motion of the pickup point (per-
fect tracking) and referring to the equivalent diagram,
Fig. 4, it can be seen that the frequency-response char-
acteristic may be calculated from the ratio 7,/4, for
high frequencies.

Since ¢, =1,+1; and also

1 , C.
= ia(PL2+pC3> then 7, la(Pszcz‘l'Cz)-

2

Substituting we obtain
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The ratio of 7;3/7, becomes
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Since the ratio of 7;/7;, becomes infinite when
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the frequency of infinite response becomes
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By a similar line of reasoning and making use of the
equivalent diagram, Fig. 5, the low-frequency response
at resonance may be calculated. In this case
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Here again the ratio of 43/1, becomes infinite when
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Effects of Solar Activity on the Tonosphere and
Radio Communications
H. W. WELLS{, MEMBER, L.R.E.

Summary—The relationships of solar activity on the ionosphere
and radio communications may be roughly classified as follows:

(1) There are occasional solar flares or outbursts of ultraviolet
light which instantaneously produce radio fade-outs of short dura-
tion.

(2) Occasionally solar streams of particles sweep across the
earth’s orbit producing magnetic storms and auroral displays. The
associated ionospheric disturbances may seriously affect radio com-
munication for several days although the effects are more pro-
nounced in polar regions.

(3) The general change of solar ionizing wave radiation in the
course of the sunspot cycle governs the average intensity of ioniza-
tion in the ionosphere. This trend is an important factor governing
selection of operating frequencies for radio communication.

GENERAL

TIHE SUN affects the ionosphere and the iono-

1 sphere controls radio communications. The sud-

den radio fade-outs, the occasional complete
disruption of radio and wire circuits, the changes of
radio-communication conditions from day to night or
with season, and the trends from year to year—all
of these—may be traced back to the sun, directly or
indirectly.

The sudden fade-outs are very spectacular. One
moment, communications are normal and the next
instant there will be no signals. There is an eruption on
the sun, and the fade-out occurs instantaneously. The
disappearance of signals applies only to sky-wave
communications since line-of-sight transmissions and
ground-wave coverage are relatively unaffected. The
fade-outs of this type seldom last more than an hour
but they have been responsible for many a good radio
set being torn apartin futile efforts tolocate the trouble.

However, the more severe interruptions to radio
communications are associated with magnetic storms
and ionospheric disturbances. On such occasions
signals may be blanketed out or severely interrupted
for several days especially when the wave paths ap-
proach polar regions. In addition to the effect on sky-
wave communications, strong electrical currents are
frequently generated in the surface of the earth which
render inoperative many telegraph and other wire
circuits. These radio storms are likewise traced back
to the sun although the connections, as will be shown
later, are not so direct as in the case of the radio fade-
out.

Characteristics of the ionosphere are normally re-
corded by the radio reflection technique developed by
Breit and Tuve! of the Department of Terrestrial

* Decimal classification: R113.5. Original manuscript received

by the Institute, August 5, 1942. Presented, Summer Convention,
Cleveland, Ohio, June 30, 1942.

{ Department of Terrestrial Magnetism, Carnegie Institution
of Washington, Washington, D. C.

1 G. Breit and M..A. Tuve, “A radio method of estimating the
Pslcllgoh;sof the conducting layer,” Nature, vol. 116, p. 357; September,

April, 1943
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Magnetism, Carnegie Institution of Washington, in
1925. A pulse of short length is sent out from the trans-
mitter and the echo of this pulse is picked up at the
receiver. The time difference between the direct
(ground) wave and the reflected signal (echo) measures
the height of the region of the ionosphere which has re-
turned the signal. Early recordings were on fixed wave
frequencies showing the manner with which the height
of the so-called “Kennelly-Heaviside layer” changed
during the day.

Electromagnetic theory shows that a wave of fre-
quency f, radiated vertically intoa medium such as the
ionosphere, will penetrate until it encounters sufficient
concentration of electrons N to bend the signal around
and return it to earth. If N is not adequate, the signal
is lost in space. The simplified formula for refraction
of the ordinary wave at vertical incidence is

N =1.24f* X 10~ (1)

where N is the electron density in electrons per cubic
centimeter and f is the frequency of the reflected wave
in megacycles per second.

It will be recalled that the existence of this electri-
fied region surrounding the earth was not publicly ac-
cepted until after Marconi’s successful communication
by radio in 1901 over the curved surface of the earth
from England to Newfoundland. It was reasoned in-
dependently by Kennelly and Heaviside that radio
waves, like light, travel in straight lines, hence signals
could travel long distances beyond range of the ground
wave only through reflection back to earth from
an electrified or conducting region in the outer at-
mosphere.

Technical literature reveals that as early as 1878—
long before the time of Marconi’s “wireless”—other
scientists had likewise suggested an ionosphere sur-
rounding the earth. Balfour Stewart and Arthur
Schuster, however, were studying the earth’s magnet-
ism. They observed systematic variations of the
earth’s magnetism which, they reasoned could be pro-
duced by electrical currents circulating in regions of
our outer atmosphere.

After Marconi’s historic experiment, radio com-
munication over long distances became widely applied.
Much practical use was made of this unseen and un-
identified “Kennelly-Heaviside” layer. The trends to
higher frequencies in the 1920’s revealed peculiar de-
velopments involving skip distances and phenomenal
ranges on low power, even in the daytime.

Concurrently, researches by Breit and Tuve, which
were related to studies of the earth’s magnetism,
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(A) Typical record of heights of ion densities obtained with automatic variable-
frequency equipment at Kensington, Maryland, 3 p.M., May 15, 1936, (B) Distribution
of ions deduced from (A). (C) Density of ionization deduced from (B) showing paths of
waves of various frequencies. Diagram (C) shows transmitter and receiver separated for
simplication, although in actual work the radio transmitter and receiver are at same
station and the wave paths are vertical.

succeeded in directly observing reflections from the
outer atmosphere. As mentioned before, the radio
“echo” technique developed for this purpose has now
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information which is usefully applied
to studies of radio wave propagation
as well as magnetic variations.

In general, the ionosphere is strati-
fied into at least three separate re-
gions during the daytime. The E
region at heights of about 60 miles is
the lowest one regularly observed.
The F, region exists only in the day-
time and is found at heights of abput
140 miles. The F, region is the highest
and is found at heights from 200 to
400 miles above the earth. At night
the F, and F, regions merge leaving
only the E and the merged F regions.

A brief summary of exploration of
the ionosphere is given in Fig. 1. A
typical daytime multifrequency re
cording is illustrated. In the figure,
frequencies up to 3500 kilocycles per

second were reflected from the E region; frequencies
from 3500 to 5200 kilocycles per second were reflected
from the F, region; and frequencies from 5200 to 7800

|
| J A—REFLECTION OF RADIO WAVES FROM IONOSPHERE,
HUANCAYO MAGNETIC O08SERVATORY ’

8=RECORD OF EARTH'S MAGNETIC CO/VD/"/ON, HUANCAYO
MAGNETIC 08SERVATORY

O8SERVAT ORY

tions from ionosphere accompanying

bright eruption in solar chromosphere, August 28, 1937 (75 degrees west meridian times)

been widely adopted by investigators in these fields.
In England, Appleton and Barnett? also succeeded in
identifying the ionosphere at about the same time
with somewhat different technique. Improved means
of exploration of the ionosphere now provide detailed

*E. V. Appleton and M, A. F. Barnett, “On some direct evi-
dence for downward atmospheric retlection of electric rays,” Proc.
Roy. Soc., ser. A, vol. 109, pp. 621-641; December, 1925,

kilocycles per second were returned from the F; region.
A_bove 7800 kilocycles per second the vertical-incidence
signals passed through into space. Foroblique-incidence
transmissions where transmitter and receiver are sepa-
rated by real distances, signals on frequencies above
?800 kilocycles per second would be reflected from the
ionosphere. For example, the ionospheric conditions
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illustrated would support communication over a0’ I=NORMAL  pzmiot  1aha 3-RECOVERY hszesot
a distance of 1000 miles on a wave frequency s00-

of 14 megacycles per second.

Long-distance communications may be pos-
sible by reflections from any of the ionospheric
layers, although the For F; regionsare normally
most effective in supporting high-frequency sig-
nals. Existing methodsof translating ionospheric
measurements made at vertical incidence into
terms of communication frequencies over vari-
ous distances have been adequately described.?
Any communications outside the ground range
and not in the line of sight depend upon propaga-
tion through the ionosphere. Consequently
significant changes in ionospheric conditions
are reflected as changes in communication
conditions. These changes may be for better or
for worse. It happens that most of the sudden changes
of the ionosphere are associated with poorer communi-
cations.

HEIGHT IN KM

SHORT-PERIOD RADIO DISTURBANCES

The sudden but very temporary ionospheric dis-
turbance generally known as the radio fade-out is
very spectacular in its development and effect upon
communications, as mentioned above.* There 1s an
outburst or eruption on the surface of the sun which
is immediately associated with a fade-out of radio
signals on the daylight side of the earth only. Com-
munications on the night side of the earth are entirely
unaffected. These temporary disturbances are fre-
quently associated with a small pulse or change in the
earth’s magnetic condition. One very unusual example
of this relationship between the sun, the ionosphere,
and the earth’s magnetism was recorded at the
Huancayo Magnetic Observatory on August 28, 1937.
The bright eruption illustrated in Fig. 2 occurred near
the castern limb of the sun, and was photographed at
about maximum brilliance at 14 hours 42 minutes. The
record of radio reflections from the ionosphere on a
fixed frequency showed development of a sudden dis-
turbance or fade-out at 14 hours 25 minutes Eastern
Standard Time which was followed by complete ab-
sorption of all signals until about 15 hours 00 minutes.
The recording of horizontal intensity of the earth’s
magnetic field showed a quiet and normal downward
trend until the fade-out at 14 hours 25 minutes at
which time the magnetic intensity was suddenly in-
creased. The maximum deviation of magnetic in-
tensity from normal trend was recorded at about the
time the solar eruption was photographed which like-
wise corresponded to the mid-point of the fade-out.
After the fade-out the magnetic pulse disappeared and
the normal trend of magnetic intensity was continued.

+ N. Smith, “The relation of radio sky-wave transmission to

jonosphere measurements,” Proc. [.R.E., vol. 27, pp. 332-347,
May, 1939.

4], H. Dellinger, “A new cosmic phenomenon,” Science, vol. 82,
p. 351; October 11, 1935,
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Fig. 3—Radio fade-out recorded at Kensington, Maryland, February 26,
1941,
recovery, 75 degrees west meridian time (E.S.T.) is indicated.

illustrating characteristic sudden development and gradual

Sudden ionospheric disturbances of this type occur
in various degrees of intensity; some weak—some
strong.5 The highest intensities are usually observed
when the radiation from the solar eruptions is most
direct. Analyses of a number of these effects show that
about 60 per cent of the fade-outs endure less than 15
minutes, while an occurrence of more than an hour is
very unusual.

Without special facilities, it may be difficult to recog-
nize a radio fade-out until after the disturbance has
passed. It is characterized by an abrupt beginning and
a somewhat more gradual recovery. The associated
solar flare may only be identified by special observing
apparatus. It cannot be seen with the naked eye. This
effect is contrasted with the disturbance associated
with “radio storms” to be discussed later which de-
velop gradually and last much longer. Sudden fade-
outs occur at random intervals, sometimes several in
the same day and occasionally none at all in a month.
In general, their frequency of occurrence follows the
sunspot cycle. When sunspot numbers are high, fade-
outs are more numerous, and when sunspot numbers
are low, fade-outs are less frequent.

The generally accepted explanation of these phe-
nomena which completely absorb radio waves is quite
simple. Ultraviolet light of the solar flare penetrates
into the lower part of the ionosphere. It is not ab-
sorbed extensively in passing down through the normal
F,, F), and E regions. However, at some level below the
normal E region the intense radiation is absorbed and
produces a high degree of jonization. This ionization
is in a region of relatively high molecular density,
which results in complete absorption and the dissipa-
tion of energy of high-frequency radio waves. It is in-
teresting to note that fade-outs occur and disappear
without producing any noticeable effect on the other
ionospheric regions. In spite of the intense ionization
just below the E region, there is no appreciable change

¢ L. V. Berkner and H. W. Wells, “Study of radio fade-outs,”
Terr. Mag., vol. 42, pp. 183-194; June, 1937; and pp. 301-309;
September, 1937.




150 Proceedings of the I.R.E. April
T T T T A J 20 e L
- 8 . 1”2 6
78 WEST MERIDIAN MEAN MOURS |
‘005 B l = Lo a:‘,::'c/o,v
E @- vimimum VIRTUAL HEIGHTS o --83 o9 PRTL T Cve, | }
-Vt S NPy |
L g | AT .,L’—b.zt 3 ° T e F-REGION d
L p—— ) = 7 R | P e g
S B it ity X0 s X NI ) oo o S8 Mo sar — P > o
3 | wh"% At | < 7 -n:cﬁw 0.0 o g ==
N = e < — — —— —
A e P = e s ae '
: 1
-REGION 2 2
[0 Lo00f 0P Py = L A SO oty - . TR saC AR Y Pt g R
=00 0p o P Oy V00 D000~ — = | — _ _ o DO ,
l { |
>
i i
F2 CRITICAL FREOUENCY
o e LR
P ¥ oo p,o®0o lo
@®-crrrica Freouencies od 2 B, GOIER. na T 222 Naei
A (B Yy == -~ T -, ‘o
_____ ~
s —— 1 - — AL ~= :1‘:’:»
NO REFLECTIONS L S o
(PENE TRAT 10N} _ v °
g- £,-REGION oS
] 2 St
I o° 4 | (FOR MmiMuM WEIGHTS SEE @) 480vE) & ai;,
o 7 | g
T~ | P l °. o
_‘_.0‘ — — —_— 4 — 4 -_— — -
¢ R T | 4 7, CRITICAL FREOUENCY 1 '
A TPt ”» - 2.
; LAt eew v P EIg Oy,
| A pood T N oo |
g f’_ v~ L SO i
q B4 £, -REGION A& £ -REGION
} '5’ ! RO '
3 7, £ CRITICAL FREQUENCY » Sk
o Tm— Lintdmo &t : i AN —
N ! 2 ~%
] Y g -3 o & |
2 22 T 1
g ©.a .
3 a,/ v |
3 p | %
¢ £-REGION -
< [ K,
S - O g
2 A L) o B
vooooq LOWEST FREQUENCY ON ‘ > Pt VA }
WHICH REFLECTIONS 08SERVED [~ =" =~=o _ ______ | int bR ~~uq
o= SR T e NV PP s
------- g EN 1
] P NO REFLECTIONS > b Gl s ) P
ioTe 22 (a8s0RPTI0N)
A -~ L A " 1 i i | L A i A L s 1 A A i

Fig. 4—The ionosphere showing radio fade-out July 31, 1937, determined from automatic multifrequency registrations, Kensington
Maryland, (39°01’ North, 77°05’ West).

---0---0---0 observed values for o-wave component;

weekly mean of values for o-wave component (July 26 to 31, 1937);

lowest frequency on which reflections observed; |777777| fade-out at Huancayo Magnetic Observatory (12° South, 75° West)
determined from automatic fixed-frequency registration (4.8 megacycles per second).

in the degree of ionization in the normal E, F,, or F,
layers when it is possible to observe them again follow-
ing the radio fade-out. Automatic multifrequency re-
cordings of ionospheric characteristics during radio
fade-outs have definitely established this fact which is
likewise illustrated in Fig. 4. Similarly heights of the
several ionospheric regions appear to remain relatively
unchanged.

Normal multifrequency recordings of ionospheric
characteristics include measurement of the lowest fre-
quency from which reflections at vertical incidence are
recorded. In Fig. 4 the lower limit was about 1.0 mega-
cycle per second. Signals below 1.0 megacyle per second
in this case were highly attenuated since no reflections
were recorded. The radio fade-out, therefore, extends
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this lowest frequency of reflections up to very high
values. When this absorption limit is boosted up high
enough it cuts off all reflections from the higher regions.
Following the disturbance the recovery to normal is
somewhat gradual as illustrated in the figure.

There are certain indications and reports which ap-
pear to be substantiated by actual observation that
communications on low radio frequencies, say in the
range 100 to 200 kilocycles per second or less, may be
improved rather than absorbed during the sudden
fade-out.® The process by which these waves are re-
turned from the ionosphere is more nearly equivalent to

.U J: E.'Best, J. A. Ratcliffe, and M. V., Wilkes, “Experimental
investigations of very long waves reflected from the ionosphere,”
Proc. Roy. Soc., ser. A, vol. 156, pp. 614-633; September, 1936.

1930 1940

Fig. 5—Geomagnetic activity (x) and relative sunspot numbers (R), annual means, 1835-1941.
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that of metallic reflection than to a refractive or bend-
ing process. The increased ionization and the improved
conductivity in the lower ionosphere resulting from the
solar flare could reasonably explain an improvement of
signals on the low frequencies.

LoNGg-PErIOD Rap1o DISTURBANCES

On other occasions, the sun appears to shoot out
streams of electrified particles which reach the earth
about one to four days later, causing mag-
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of the United States Coast and Geodetic Survey, the
magnetic ranges were the greatest in the history of the
Observatory. Auroral displays directly overhead or
south of the zenith were seen throughout the United
States, and the aurora was reported from points in
equatorial regions.

The extent to which radio circuits are interrupted
during periods of magnetic activity depends upon the
reaction in the ionosphere. Some of the general rela-

negic storms, auroral displays, ionospheric
disturbances, and interruptions of radio com-
munications. It will be recalled that the
“fade-out” illustrates a direct or instantaneous
relationship between the sun and the earth.
Now we have the delayed effect which may be
very severe and which can disturb communi-
cations over the entire world. The intense
storms may occur only once or twice a year
although moderate disturbances are more
frequent. In general these disturbances follow
the 11-year sunspot cycle with magnetic and
radio disturbances of all types more fre-
quent when the sunspot numbers are high.
The comparison of geomagnetic activity with
sunspot numbers since 1835 (Fig. 5) empha-
sizes, however, that there is not a direct, one-
to-one relationship between sunspot numbers
and geomagnetic activity. Occasions of high
magnetic activity and low sunspot numbers,

Courtesy of United States Naval Obserratory,
Washington. D. C.

Fig. 6—Photographs of sunspots associated
with magnetic storm and auroral dis-
play of September 18, 1941.

or of low magnetic activity and high sunspot -

numbers, are frequently recorded. There have Ph;;ul)]-
a T
even been occurrences of magnetic storms Ll =
when no sunspots were seen. The general (A)
trends, however, are very definitely estab- (B)
lished. (C)
(D)

The intense disturbance of September 18,
1941, is still vividly recalled by many because
of the brilliant aurora and the associated
effect upon communications. This storm resulted from
a very large and active sunspot group. The develop-
ment of this sunspot group as photographed on eight
successive days is illustrated in Fig. 6. It will be noted
that on September 12 the group of sunspots was first
seen on the eastern limb. The normal rotation of the
sun which amounts to one revolution in about 27 days
placed the group on the sun's central meridian, point-
ing at the earth on September 16. The storm, however,
did not develop until September 18, two days after the
active solar region passed the central meridian. Pre-
sumably’ the solar particles were shot out at the earth
on September 16, but did not reach us until two days
later.

The North Atlantic circuit disturbance ratings pre-
pared by the Radio Corporation of America, show that
communications over the North Atlantic were affected
for the best part of three days, namely, September 18,
19, and 20. At the Cheltenham Magnetic Observatory

Date 75° West Photo- Date 75° West
September  Meridian Time graph  September Meridian Time

h m s h m s

12 11 31 20 (E) 16 10 53 20

13 10 40 00 (F) 17 13 13 15

14 11 38 36 (G) 18 15 12 30

15 12 40 00 (H) 19 11 24 30

(1) Enlarged print of sunspot group, September 17, 1941.

tionships between magnetic activity and radio com-
munications, especially over the North Atlantic cir-
cuits, have been very adequately treated by Hallborg.’
Such investigations have established the important
evidence that circuits over various parts of the world
are reacted upon differently by magnetic disturbances.
Under the effect of such disturbances the ionosphere
exhibits unusual ahsorption and turbulence. Either of
these effects can interrupt normal communications,
and a combination of the two is doubly severe.
Absorption during magnetic storms may be equally
as intense as that which causes the sudden radio fade-
out. Occasions of complete disappearance of signals
are recorded. There is increasing evidence to indicate
that some, if not all, of the absorption during a mag-
netic storm occurs in the same general part of the
ionosphere where the radio fade-out is produced.

1H. E. Hallborg, “Short-wave radio transmission and geo-
magnetism,” RCA Rev., vol. 5, pp. 395- -408; April, 1941,
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A—Ilonospheric records illustrating changes during magnetic
storm of March 24, 1940, and showing disappearance of F, region,
Huancayo Magnetic Observatory (12° S, 75° W).

Probably the same general explanation holds for both
types of absorption; that is, a high degree of ionization
is temporarily produced in a region of relatively high
molecular density. However, the ionizing mechanisms
are distinctive. During magnetic disturbances the ab-
sorbing ionization frequently seems to be a downward
extension of sporadic E-region ionization. The transi-
tion from sporadic E-region ionization to the absorp-
tion effect apparently is very critical and involves an

Courtesy Mount Wilson Observatory, Carnegie Institution of Washinglon

Fig.8—Streamers over an active sunspot extendingintospacemany
thousands of miles.

B—Ilonospheric records illustrating changes during magnetic
storm of March 24, 1940, and showing production of new F, region,
Huancayo Magnetic Observatory (12°S, 75° W),

effective lowering of height which may not amount to
more than a few kilometers.®

Turbulence in the ionosphere during magnetic
storms is evidenced as abnormally high or low electron
concentrations. Systematic analyses of such variation
have been made.® Probably the most outstanding effect
during severe disturbances is the apparent “blowing
up” of the outer ionosphere as illustrated in Fig. 7. The
F: region gradually disintegrates and often completel
disappears. Echoes are returned from great heights and
the critical frequencies are low indicating greatly re-
duced electron concentration. Under these circum-
stances, normal high-frequency sky-wave communica--
tion by means of the F, layer again is disrupted since
the electron concentration is not sufficiently dense to
bend the waves back to earth. The lower ionospheric
regions, however, are only slightly altered during such
disturbances and propagation occasionally takes place
in this manner. Wave propagation by the E or F,
regions, however, is relatively limited as to time of day,
frequencies usable, and range of coverage.

As additional evidence of these strcams which are
shot out from the sun we have actual photographs
which sometimes show great extensions or streamers

2 P. O. Pederson, “The Propagation of Radio Waves Along the
Surface of the Earth and in the Atmosphere,” Danmarks Natur-
vnde;nskélr)ehge, Samfund, Copenhagen, Denmark, 1927,
ated L:t; .ﬂBcrkner and S. L. Sfa\ton, “lonospheric changes associ-

wi '€ magnetic storm of March 24, 1940.” Terr. Ma ., vol.
45, pp. 393-418; December, 1940, )
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in particular directions as illustrated in Fig. 8. These
streamers occasionally move with high velocity. Some
appear to travel right away from the sun while others
fall back toits surface.

Particles ejected from the sun with a speed of about
1600 kilometers per second would take about 26 hours
to travel to the earth's orbit. Evidence has been col-
lected indicating this value to be reasonable for an
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current densities over the polar cap with maximum cur-
rent flowing in a belt about 23 degrees from the mag-
netic axis pole. These theoretical zones of greatest current
intensity nearly coincide with the observed zones of maxt-
mum auroral activity which have been carefully estab-
lished by international co-operation. Outside the auroral
zones the theoretical current densities fall off very
rapidly.

ANTANCTIC BELT OF
. AURORAL FACOUENCY

- 73 e
Base Map, Courtesy, U. S. IIydrographic Ofice

Fig. 9—Relationship of great-circle paths from Washington, D. C., with auroral belts.

average figure although the transit interval varies
from one to three or four days.

These streams probably are electrically neutral; that
is, they contain equal quantities of positive and nega-
tive charges. When they approach within the effect of
the earth's magnetic field the particles are deflected
into the polar regions producing magnetic disturbances
and auroral displays.!® It has been shown that the
gencral form of magnetic disturbances could be ac-
counted for by a current system in the earth’s outer
atmosphere. This theoretical current system has high

10§, Chapman and ]. Bartels, “Geomagnetism,” Oxford Uni-
versity Press, Oxford, England, 1940 ch. 9.

[t is common knowledge that radio-communication
circuits which traverse the polar regions are erratic in
operation and subject to frequent interruptions. Cir-
cuits which only approach the polar regions are subject
to somewhat less frequent interruptions. The degree
of magnetic activity appears to be a factor controlling
the disturbances. The North Atlantic circuit from New
York to Europe is an excellent example since this
radio circuit approaches but does not cross the polar
regions. Studies by Hallborg’ and others of circuit
performance over various paths and magnetic activity
have indicated unquestionable relationships. They
have shown that normal circuit performance 18
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associated with quiet magnetic conditions, while erratic
or poor circuit performance obtains during periods of
magnetic disturbance.

It has been mentioned that the normal auroral zones
are roughly concentric around the geomagnetic poles.
(These are occasionally known as the magnetic axis
poles and represent the location the poles would as-
sume if the earth’s magnetic field were uniformly dis-
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central point to any other point are straight lines. For
example, a circuit from Washington to London passes
close to the edge of the auroral zone as illustrated in
FFig. 9. For magnetically quiet periods this circuit
would be expected to operate normally. However,
magnetic and auroral disturbances have the effect of
cxpanding the zone radially outward from the geo-
magnetic poles. Results of magnetic observations in

- T
ANTARCTIC BELY-OK MAXfturs
AURDRAL_FREQUENC

Base Map, Courtesy U. S. Hydrographic Ofice

Fig. 10—Relationship of great-circle paths from San Francisco with auroral belts.

tributed.) Furthermore, the auroral activity is an in-
dication of abnormal ionization at levels which
include the ionospheric regions. The high current
densities required to explain magnetic observations
likewise indicate a high conductivity in the outer at-
mosphere which may be attained through abnormal
ionization. One effect of high ionization in the lower
ionosphere has already been discussed as the probable
cause of the radio fade-out. It seems reasonable to as-
sume that radio-absorbing regions which limit com-
munications over polar areas are very closely identi-
fied with the zones of high magnetic and auroral
activity. The relationship between auroral zones and
communication paths is illustrated by great-circle
maps with auroral zones added. Wave paths from the

polar regions show that this zone appears to broaden
fmd move toward lower latitudes during periods of
intense disturbance so that a station which is ordi-
narily on the equatorial side of the zone may, during a
magnetic storm, be under, or on the polar side of the
zone.'® In this case a very small expansion would sweep
the absorbing regions across the North Atlantic circuit
path and interfere with operation of the circuit.
Other circuits from Washington (or the cast coast)
to t.he Far East, including China, Philippines, Dutch
lndlgs, etc., cut across the absorbing zones. Com-
mercial as well as amateur experience has established
the generally poor nature of communications over these
Paths. It is also seen that circuits from Washington (or
the east coast) to Africa, South America, or Australia
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are {ree from disturbances related to the auroral zones
except possibly during severe magnetic storms.

It is interesting to compare radio circuits on great-
circle maps based on different points such as Washing-
ton and San Francisco in the light of our experience
with communications from these points. As mentioned
above, the circuit path, Washington to Manila, or to
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to 70 degrees. Intense magnetic disturbances however
will extend these zones out to geomagnetic latitudes 40
to 50 degrees. When this happens radio circuits inter-
cepted by this expanded zone of absorption probably
would experience unsatisfactory operation. Radio cir-
cuits in the lower latitudes are not so greatly affected
during magnetic storms although unusual conditions
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Fig. 11—lonospheric records, Kensington Experimental Station, during sporadic intense ionization of E region in late afternoon,
showing development and subsequent disappearance of the effect.

the Far East, traverses a large portion of the auroral
zone and is generally unreliable. Now let us examine
the circuit, San Francisco to Manila, or to the Far
East, as shown in Fig. 10. We see that the wave path
falls well outside the normal auroral zone. The de-
pendability of this circuit has been thoroughly estab-
lished. A relative degree of freedom of interruption
from minor magnetic and ionospheric disturbances is
assured by the distance between the absorbing zone
and the wave path.

For example, a magnetic disturbance which spreads
out the absorbing zone just sufficient to interfere with
a Washington-to-London circuit probably would not
affect operation of a San Francisco-to-Manila circuit
(if we had one) because of the greater separation of the
latter from the auroral zone. Undoubtedly the com-
plete interpretation of circuit-disturbances is not
nearly so simple as suggested above.

We have seen that the zones of maximum auroral
and magnetic activity are roughly concentric with the
geomagnetic poles. Furthermore, these zones spread
out radially from the geomagnetic poles during mag-
netic disturbances which scem to develop as a result of
bombardment of the polar regions by particles from
the sun. During slight disturbances the expansion is
small, but during severe magnetic storms the zone may
extend 20 to 30 degrees beyond normal. The extent of
the auroral zone is thercfore measured by distances
from the geomagnetic poles. Another manner of in-
dicating zones of equal distance from the geomagnetic
poles is by a system of geomagnetic co-ordination of
latitude and longitude. The zones of maximum auroral
activity normally include the geomagnetic latitudes 65

of absorption and turbulence are experienced. In most
cases communication may be maintained although the
most satisfactory operating frequencies may be above
or below those normally used depending upon the re-
action in the ionosphere. lonospheric recordings near
the magnetic equator at ITuancayo, Peru, show that
the F region of the ionosphere frequently has a lower
concentration of electrons during certain phases of a
magnetic disturbance. This characteristic is also il-
lustrated in Fig. 7. Occasions, however, of greater than
normal electron concentration have also been observed,

especially during the preliminary phases of magnetic
disturbances.
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Fig. 12—Maximum usable frequencies over distance of 1000 miles
during sporadic [ recorded in Fig. 11,

OTHER SoLAR EFFECTS ON [ONOSPHERE

Solar and magnetic disturbances also seem to be re-
lated to the ionospheric effect known as sporadic




156

E-region ionization. This is a condition which has pre-
viously been mentioned as an indication of intense
ionization. The stages of development are recorded in
Fig. 11. As normally observed, the sporadic E effect is
recorded at ionospheric heights slightly higher than the
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the higher latitudes.' These characteristics of distribu
tion resemble auroral occurrences. It is interesting to
speculate that subsequent analyses may relate sporadic
E as well as aurora more closely to solar corpuscula;
radiation.
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normal E region. This frequently blankets out or masks
off reflections from the higher ionospheric regions. Anal

yses of the occurrences of this effect from the limited
amount of world-wide data available have shown that
sporadic E is very seldom recorded near the geomag-
nctic equator, but that it occurs more frequently at

The sporadic E condition is very effective for com
mumcation purposes while it lasts because of the in
tense 1onization and the low height. Occasions have

WICUR Berkner and 1. \V \Weils, « \bnormal ionization of the
Fggt;glon of the ionosphere,” Terr. Af 1g., vol. 42, pp. 73--76: March
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frequently been recorded where radio communication
on wave frequencies up to 60 and 70 megacycles per
second could be supported for communication over
distances of 1000 miles or more. The graph of Fig. 12
shows variation of maximum usable frequencies over
a distance of 1000 miles during the sporadic E condition
recorded in Fig. 11. In this case, a peak of 70 megacyles
per sccond was reached at 17 hours 30 minutes: This
maximum did not persist more than about 15 minutes,
but wave frequencies exceeding 50 megacycles per
second were supported for more than an hour on this
occasion. It should be added that communication over
distances of 1000 to 1500 miles represents a theoretical
limit for single-hop transmission from the E region.
Communication over greater distances by such “freak”

occurrences is much less probable
since reflection from sporadic E
effects at two widely separated points
in the ionosphere would be involved.
There is, of course, the possibility
which should not be entirely over-
looked that the so-called sporadic E
jonization is occasionally more gen-
eral than at present believed. It is un-
doubtedly this same effect which
makes possible occasional long-dis-
tance reception of frequency modu-
Jation and other stations on frequen-
cies between 40 and 80 megacycles
per second.

One of the factors which again re-
lates the sun with the earth’s mag-
netism and the ionosphere is the
occasional tendency for certain types
of magnetic and ionospheric disturb-
ances to occur at intervals of 27 days.

The sun completes one rotation in 27 days and it is
reasonable to assume that active solar arcas may be
continuously erupting streams of particles which sweep
across the carth once in each solar rotation. This 27-
day recurrence tendency is illustrated by Fig. 13 which
plots magnetic activity in rows of 27 days each. In
a figure of this type, January 1, for example, is dircctly
over January 28, and the 27-day interval represents
onc complete rotation of the sun. Occasions have been
noted where moderate magnetic activity has recurred
for five or six consecutive solar rotations. However,
studics of characteristics of the intense magnetic
storms reveal that they scldom recur at all.'? During
periods of high sunspot activity the recurrence tend-
¢ncies are frequently difficult to determine since the
variations arc masked by a large amount of random
activity. However, during periods of low sunspot
numbers these recurrence tendencies are more readily

2] A, Fleming, Eleventh Arthur Lecture of Smithsonian Insti-
tution: “The Sun and the Earth's Magnetic Field,” presented Febru-

ary 26, 1942. (In press.)
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identified because of the absence of other activity
which would mask the effect.

The general relationship between sunspot nun.bers
and magnetic storms has already been discussed. Radio
observations of ionospheric characteristics for about
one sunspot cycle of 11 years are now available. There
is a very close correlation hetween sunspot numbers
and average electron density in the ionospheric regions
which is revealed by Fig. 14. The curve of electron
density at the Huancayo Magnetic Observatory (Peru)
for the F; region measured at noon shows electron
densities in 1938 near sunspot maximum to be more
than double the densities recorded in 1933 near sun-
spot minimum.”? This marked variation has an im-
portant influence upon the selection and application
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Fig. 14—Comparison of annual average sunspot number with annual average electron
density of F, region measured at noon at Huancayo Magnetic Observatory, Peru.

of communication frequencies for established com
munication services. At the present time we arc rapidly
approaching another period of minimum solar activity
and it is to be expected that communication circuits
for the next few years will achicve gencrally satisfac-
tory performance using the same ranges of frequencics
which were found suitable about 1931. The time when
the low of the sunspot cycle will be reached and the
upward trend will start cannot be accurately deter-
mined because of frequent irregularities in the length
of the sunspot cycle which may range from 9 to 13 years

In addition to the abnormal effects of solar disturhb-
ances on the ionosphere, there are other normal solar
effects upon communications. The change from day to
night conditions is primarily a solar c¢ffcct. Similarly the
change of ionosphcric and communication characteris-
tics with the seasons is primarly a solar cffect. Other
observations such as those made during solar eclipscs
add to our knowledge of solar and ionospheric relation-
ships. Such matters, however, are beyond the scope of
the present paper.




Radio-Frequency-Operated High-Voltage Supplies
For Cathode-Ray Tubes*

0. H. SCHADET, MEMBER, I.R.E.

Summary—The operation of tuned step-up transformers in
seif-excited oscillator circuits as high-voltage sources for kine-
scopes is analyzed. General information and data are given for
optimum radio-frequency-transformer design and operating condi-
tions with specified rectifier loads. Practical high-voltage supplies
are illustrated ranging from 1 to 50 kilovolts with power-output val-
ues of one-quarter watt to 50 watts, respectively. The perfor-
mance of these supplies in television equipment is discussed.

INTRODUCTION

YHE ogcration of cathode-ray tubes for television
requires high-potential direct-current sources,
ranging in voltage from less than 1 kilovolt for

iconoscopes to 30 kilovolts and higher for projection
kinescopes.

‘The conventional high-voltage supply consists of an
iron-core step-up transformer energized from the 60-
cycle power line, and a rectifier circuit with smoot hing
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Fig. 1—Power factor and impedance of tuned circuits.

filter. Mechanical ard insulation problems make it
difficult to construct small 60-cvcle transformers with
tightty packed windings for voltages exceeding ap-
proximately 5 kilovolts. Practical transformers, there-
fore, are relatively large and heavy and can furnish
currents considerably in excess of the usual require-
ments.

The use of high-frequency-power sources permits a
substantial reduction in transformer inductance and
results in a relatively simple transformer construction,
The input power is generated by vacuum-tube oscilla-
tors, which automatically limit the possible power out-
put. This characteristic and the low-energy storage in
the small smoothing reactances permit the construc-
tion of safe supplies provided the current requirements
are not too high.

The theory of tuned step-up transformers points out
the necessity of constructing unusually high-imped-
ance secondary circuits to obtain efficient operation.
The design of optimum high-voliage coils is, therefore,

* Decimal classification: R356.1 X R388, Original manuscript
received by the Institute, September 30, 1042, Presented, Sixteenth

Annual Convention, New York, N. Y. Jaunuary 10, 1941; Winter
Conference, New York, N. Y, January 28, 1943.

1 Research and Engineering Department RCA Manufacturing
Company, Inc., Harrison, New Jersey.
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of prime importance in the construction of practical
radio-frequency-operated supplies.

A brief analysis of tuned step-up transformers in
self-excited oscillator circuits with rectifier loads will
furnish design data for the various circuit components
and show their influence on the performance of the
high-voltage supply.

THEe TUNED STEP-UP TRANSFORMER

The exciting current of a' transformer is determined
by the reactance of the primary winding and its power
factor. The power factor is expressed at radio frequen
cies by its reciprocal value, the Q value of the react
ance. The loss component may be represented as a
scries resistance r or a shunt resistance R (Fig. 1). For
Q values greater than 5,

X
y = > 5 and
0 ¢ 1
X =wl or X = 1/uC.
R=0Xx

‘The magnetizing current of the transformer is can
celed with respect to the power source by the operation
of tuning the transformer primary. The resonant im
pedance, hence, of a tuned circuit is

Zo= R (2)

The secondary of the transformer is tuned by the
natural circuit capacitances consisting of distributed
coil capacitance, diode capacitance, and stray capaci
tance. The secondary circuit has, therefore, a natural
frequency we: which determines the operating fre-
quency of the transformer.,

A high-voltage radio-frequency transformer is a
special case of two coupled tuned circuits. The method
of coupling is in general immaterial; the circuit how-
ever, must be suitable for stable self-excited oscilla-
tions, maintain a substantially constant secondary
voltage under considerable external load variations.
and load the oscillator cfficiently.

The use of critical coupling

« = 1/VOiQu (3

furnishes a maximum voltage step-up for the no-load
condition

N

E/E, = \/le 71 (4)

but it is not suitable for variable loads, because of its
dependance on the Q value and impedance of the sec-
ondary circuit (equations (3) and (4)). The maximum
energy transfer into the secondary circuit is limited to
S0 per cent of the power input to the primary circuit.
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The stability of the secondary voltage can be greatly
improved by increasing the coupling to a value K> K,
for a fully loaded circuit. The theoretical efficiency
limit then can increase to 100 per cent.

The overcoupled circuit has two coupling frequen-
cies w; and w; which cause a double-hump resonance
curve as shown in Fig. 2. The spread of the peaks
depends on the coupling,

1 — (w)/ws)?
K=— — (3)

1 4 (wi/we)?
The relative amplitude of the peaks depends on the
relative frequencies wn and we; to which the circuits
are originally tuned before coupling. It is, hence, pos-
sible to control the secondary voltage E; by changing
the primary tuning without change of coupling or of
secondary tuning.

The best voltage stability for variable loads is ob-
tained by operation at the lower coupling frequency,
and maximum energy is obtained for a tuning adjust-
ment wo~we. The latter adjustment, however, is not
critical. It is, therefore, the desirable operating condi-

e

K=K =0.6 o |
() s w, = wo)

Fig. 2—Frequency characteristics of coupled circuits.

tion of the circuit. The voltage step-up is reduced to
approximately one half of the maximum obtainable
in order to provide high efficiency and good voltage
regulation. The latter is in the order of 7 to 15 per cent
from no load to full load when the output is measured
at the direct-current terminals of practical kinescope
supplies and includes oscillator performance. A cou-
pling of K220 K. is required at full load.

REQUIREMENTS FOR SELF-EXCITATION,
INDUCTANCE, AND Q VALUES

Self-excitation with feedback from the primary
winding causes an unstable tuning characteristic as
indicated in Fig. 3. A stable oscillation characteristic
requires coupling of the grid-circuit inductance L; to
the secondary circuit I, as shown in Fig. 4. The cir-
cuit oscillates at the lower frequency peak »; when the
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winding directions between L; and L; are as in normal
oscillator circuits. Reversal of L, or L; causes stable
oscillation at ws.

The full-load Q values of primary and secondary
circuits should be high to obtain a large degree of over-
coupling (K ~20 K.) with moderate values of K which

w -
TUNING CHARACTERISTIC
FOR K>» K¢

Fig. 3—Oscillator circuit for K £ K., and unsuitable tuning char-
acteristic when K>>K..

cannot be made very large because of insulation re-
quirements (K =25 per cent).
Desirable values are

[Q; = 10 when transformer is shunted by the

reflected plate load R, )

20 when transformer is shunted by the

On =z

equivalent rectifier load R..
Corresponding inductance values are

wL, £ 0.1R,

: (7)
wLy £ 0.05R,.

The no-load Q values should of course be consider-
ably higher than the full-load values. A loss of 10 per

STABLE OSCILLATIONS AT
w, OR w, DEPENDING ON
PHASE OF FEEDBACK

Fig. 4—Oscillator circuit for all values of K, and stable
characteristic when K>>K..

cent per circuit requires ten times the Q value given
in (6);i.e.,

QLl = ]00; QL2 o 200 (8)

THE EQUIVALENT RECTIFIER LOAD

The equivalent rectifier load R, depends on the rec-
tifier circuit, three types of which are shown in Fig. 5.
The alternating-current load R is determined by the
direct-current load resistance R, the direct-current
output voltage E, and the alternating peak voltage
F, applied to the rectifier tubes.

(E)'R

Ri=— 9
L= (9)
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R = 1/2R for half-wave rectifiers (98)
R, = 1/8R for voltage-doubling circuits.

The direct-current load resistance R of a supply fur-
nishing 1 milliampere at 10 kilovolts is K =10 meg
ohms. The secondary circuit feeding a half-wave recti-
fier must, therefore, have an impedance Zy= R = 10R,,
i.e., 50 megohms for a sccondary loss of 10 per
cent. Scecondary circuits of such high impedance are
too expensive and large for practical use and cfficiency
1, therefore, sacrificed in favor of size and cost as

1
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Fig. 5—Rectifier circuits for kinescope suppl:
voltages £, and E,.

shown later. Equation (9a) points out the advantage
of a doubling circuit, from an efficiency standpoint,
hecause it requires only one fourth the circuit imped-
ance. The circuit of Fig. 5(c) is similar to a doubling
circuit, except that D, rectifies only part of the coil
voltage. The voltage £ tap is made shightly lower than
the desired focusing potantial E, for electrostatic
types of kinescopes. E, is adjustable by means of the
potentiometer P, which allows the addition of B-supply
voltage to the radio-frequency voltage. This circuit
has a high efficiency, because it does not dissipate
power in a bleeder resistance. It maintains also a very
stable voltage at increased first-anode current.

THE RerLEcTED PLATE LoaD

The primary-circuit constants are determined after
the sccondary coil has been designed from the operat-
ing frequency, the total power output P.O. to be sup-
plied by the oscillator, and the oscillator peak voltage
swing £, From thesc, the reflected load,

_ (£
"~ 2r0. L

‘The primary rcactance wl, is then obtained from (7).
The problem of designing an optimum high-voltage
coil and determining its operating frequency may be
approached in the following manner.
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HiGi-VoirtaGr: CoiL DESIGN

Piysicul Dimensions
The physical size of the coil depends on the required
mumum sparking distances and the power which
must be dissipated. The latter is at first unknown. A
coil of destrable size for the particular purpose is hence
chosen and given a copper cross section consistent with
voltage requirements and high-Q values. The winding
is subdivided into pics (Iig. 6) with approximately 5
turns per layer, the pie spacing being somewhat Jess
than the pie height in order to maintain the same po-
tential gradient between coils as inside the winding
The coils should be supported by strips of msulating
matcrial or by an impregnated paper tubing, which is
perforated to permit free circulation of air and to re
duce diclectric losses. The coil size indicated in Iig. 6
will dissipate approximately 6.5 watts in a horizontal
position.
DrsiGy ror Ortimum ELECTRICAL
CHARACTERISTICS
The power loss in the coil is given by
P = (E.)*/R. (11)

7

The equivalent shunt-loss resistance R at resonance
(sce Fig. 1 and (1)) can be written R=L/rC. Thus

,7C
L

r 7 1la

For given values of secondary voltage £, and tuning
capacitance C, which should be as small as possible,
a mintmum for the power loss requires a high L/r
ratio. At low frequencics, this ratio has a constant
value, depending only on the total COpper Cross s¢ction

7”
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Fig. 6-—Dimensions of hizh voltage coil for 10 1o 15 kilovolts.

of the coil and its shape. At higher frequencies, the

coil resistance r increases because of eddy currents, as
follows:

r=ro(1 + £2) (12)
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where & is the eddy-current factor expressed as
0.04V'a?
l

and ro=direct-current resistance, ohms
0.04 = constant for particular coil shape
N’ =total number of insulated wire strands in
cross section of coil
d =strand diameter, inches
| =effective length of coil (45 in Fig. 6), inches
f =frequency, cycles per second.
It is apparent from (12) that operation at high fre-
quencies requires a small wire or strand diameter d.
If it is desired to use Litz wire, we
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50 per cent of its optimum value at the frequency
where Q goes through a maximum.

A good compromise between efficiency and voltage
regulation, which depends on coupling and Q values as
explained, indicates 1400 turns of 3-strand Litz wire
with L =43 millihenries, a resistance R =17.5 megohms,
Q =227, and an operating frequency f =288 kilocycles.
Other factors, such as winding time, cost of wire, etc.,
may influence this choice. The maximum peak voltage
for P=6.5 watts is, hence, En., =15 kilovolts for this
coil.

TuBes AND CIRCUIT ASSEMBLY

Efficient operation of the oscillator tubes requires

may select No. 41 enamel wire as the

TICKLER
smallest desirable wire for strands, ﬂ 004 uf HIGH voLTAGE COIL
: ; . '
but are at ht?erty t9 use a single wire , < J 'FRACTIONAL TR
or parallel wires (Litz) per turn., thus %oHo'\?g E P B0 0, = DEVELOPMENTAL
being able to vary L and f without |TYPE sv6-G ““ DI0DE

affecting the copper cross section or F_} "2\ casLe sHIELD
any of the remaining factors which 2 L

determine & in (12). The coil in Fig. 6 R Gl
contains 4200 strands of No. 41 wire I o&orze

in its cross section; i.e., it may be 7

given as 4200 turns of single No. 41 eo/c:- N -? e

wire or 2100 turns with 2 parallel o ng [ 50000

strands of No. 41 wire, etc. The tun- 05 L P AR £, (RIPPLE =
ing capacitance C is estimated to be it B 000, J’ _]_ooos 0.4V. PEAK)

C =17 micromicrofarads (coil capaci-
tance =3 micromicrofarads).

The lowest operating frequency
of the circuit with N =4200 turns
L =387 millihenries) is 96 kilocycles,
at which the eddy-current factor &?
has still a negligible value (k*=0.037).
The cquivalent shunt resistance R
has, therefore, the optimum value ob-
tainable with this coil size: R=22.5
megohms but the value of Q is only 97. Fig. 7 shows
the results of paralleling strands to vary L and f as
cxplained above. The shunt resistance R decreases to

)
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OPERATING CONDITIONS (APPROX.)

Fig. 8 —Circuit and operating conditions of the 10-kilovolt supply for kinescopes.

class C excitation and low plate-voltage loss. Beam
power tubes such as the 6L6 and 6Y6G are, therefore,
especially suitable for use at low supply voltages. The
0Y6G can furnish 15 watts power with 75 to 85 per
cent efficicncy at voltages between 300 and 375 volts.
The grid-lcak bias should be Eq =2E.q0 The screen-
grid voltage is made self-regulating by a series re-
sistance R, (Fig. 8). It varies from approximately 65
volts at no load to 120 volts at full load and, thus, aids
the voltage regulation of the supply. Larger output
powers require parallel operation of tubes.

Hi1ci-VoLTAGE RECTIFIER TUBES

Standard high-voltage rectifiers such as the 2X2 or
2V3-G require considerable heater power and are not
designed for high-frequency operation. The develop-
ment of special diodes for rectification of high radio-
frequency voltages was therefore indicated. The RCA-
8016 requires a cathode power of only one-quarter
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watt and thus permits economical radio-frequency
heating from the oscillator source.
SMOOTHING FILTER REQUIREMENTS

The filter capacitances have small values because of
the high operating frequency (300 kilocycles for a 10-
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Fig. 9—Typical high-frequency transformer assemblies

kilovolt supply). In contrast to conditions with 60-
cycle operation, the ripple voltage is determined sul)-
stantially by the ratio of the sum of diode and stray
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Fig. 10—Corona shielding of cable connection

capacitances to the filter-condenser capacitance. The
actual ripple percentages must be of considerabl
lower value than in 60-cycle filters to avoid capacitive
coupling and interference with receiver operation.
Typical values are given in Fig. 8 for a 10-kilovolt
kinescope supply.

CIRCUIT ASSEMBLY

The particular form of the transformer assembly de-

Fig. 11—A 1-kilovolt high-voltage supply for iconoscopes.
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pends on the type of circuit and the required sparking
distances. Typical assemblies are shown in the sketches
of Fig. 9. The operation at high radio-frequency volt-
ages emphasizes corona effects because of increased
dielectric losses in ionized air. The fine-wire, high-
potential ends of transformer windings, must, there-
fore, he protected against power loss and destructive

Fig. 12—A 10-kilovolt high-voltage supply for kinescopes.

effects due to corona by guard rings or conductors
of sufficient radius of curvature asillustrated in Figs. 9
and 10. This requirement also includes diode terminals
and filter circuit,

DEVELOPMENTAL VOLTAGE SUPPLIES

A very small voltage supply for iconoscopes is shown
in Fig. 11. It was built several vears ago for battery

Fig. 13—Arrangement of a 30-kilovolt voltage-
doubling circuit.

operation and is housed in a coil shield 2% inches in
diameter. The 955 oscillator tube takes 8 milliamperes
at 180 volts to supply 1 kilovolt to a bleeder circuit
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and iconoscope. The operating frequency is 1.2 mega-
cycles. The small diode is an experimental tube. The
larger kinescope supply shown in Fig. 12 operates be-
tween 7 kilovolts and 12 kilovolts and measures
72 X41 X9 inches. The supply includes the oscillator
tube, which is separated by a heat shield from the
transformer assembly. The housing is ventilated at the
oscillator but otherwise closed, to
prevent dust precipitation on the
high-voltage conductors. Operating
data are given on the circuit diagram
in Fig. 8.

Schade: R-F H-V C-R Supplies
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tor interference with television equipment but isolating
resistors or chokes may be required when a single
source of filament or B supply is used.

CONCLUSIONS

Actual performance has proved that high-voltage
supplies energized by vacuum-tube oscillators at high

SECOND-ANODE SUPPLY

+ €1 5#600-1600 uu

50
OHMS

TYPE

A 30-kilovolt projection-tube sup-
ply with separate oscillator for the
focusing voltage is shown in Fig. 13.

50000
OHMS

|
|
FOCUSING VOLTAGE SUPPLY |
|

|
|
Transformers and rectifier assembly [ _00'4“, { .
are housed in dust-tight shields. The ~ | .
outside dimensions of the second TYPES6Y6G Sp—t
anode supply are 11X 11X 12 inches {
high. The focusing voltage can be |
varied from 4 to 7 kilovolts by tuning ¥ : 250000 280 »’»L—;Lr _
the primary of its oscillator circuit. Izooo_ 3 B 6Y6-G 0004 e W
The main second-anode supply em- %lsoooo B l P d % ~FOOT
: : ; OHMS | 400 SHIELDED LEAD
ploys a voltage-doubling circuit ener- rRs soozet | & orms Ly 101600
gized by three parallel 6\60 oscilla- ZMH.@§ » “r-I | 2MH. i Ol uf '_\N Buf D58 D3= DEVELOPMENTAL
tor tubes. Both supplies are operated 'l ¥ - = SOOOOOD'ODES
in series to maintain a desired voltage CABLE Kot ! pE E0000 m&T&*uE_OE,
ratio under varying load conditions. St TR T {)}Ii& I.oooze e 2T
Circuit and performance are shown En

in Figs. 14 and 15.

A number of radio-frequency-oper-
ated supplies for various voltages have given trouble-
free service in the laboratory and in television equip-
ment. Voltage stability and focus regulation under

——3 PARALLEL OSCILLATOR TUBES IN E,-SUPPLY
- . o "

375V, Ep | 360V 1

200

(MAL) OR Eq (voLTs)

100

Te

’0

LOAO CURRENT T, (MA.)
Fig. 15—Regulation characteristics of the 30-kilovolt supply.

actual operating conditions are quite satisfactory.
Little difficulty was experienced in preventing oscilla-

Fig. 14—Circuit of the 30-kilovolt supply for projection kinescopes.

frequencies are practical as kinescope and iconoscope
supplies. The obtainable power output is limited by
the oscillator power. This method permits the con-
struction of safe supplies, where the current require-
ments are not too high. This low-power reserve also
protects the kinescope and rectifier in case of spark-
over or accidental short circuits because of the small
short-circuiting current. It must be remembered, how-
ever, that currents of dangerous magnitude are ob-
tainable, depending on the voltage step-up and the
oscillator power. For such conditions, due precautions
for safety must be taken.

The cost of high-frequency-operated supplies com-
pares favorably with 60-cycle supplies when the oscil-
lator power is moderate and when, consequently,
small oscillator tubes can be used. Kinescope supplies
for voltages up to 30 kilovolts and approximately 50
watts output are in this range.
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Network Theory, Filters, and Equalizers:
FREDERICK E. TERMANY, FeLLow, 1RE.
PART 1

Summary—In Part 1 the fundamental properties of networks
are reviewed with particular emphasis on two and four-terminal
networks. The use of reactive networks for impedance matching
is covered.

Fundamental network definitions and network theorems are re-
viewed. The general mesh equations of the network are given,
together with their solution for input and transfer impedance.
Properties of two-terminal reactive networks are presented in
terms of zeros and poles from the viewpoint of Foster’s reactance
theorem. Methods of synthesizing any impedance realizable by a
two-terminal reactive network are given,

Reciprocal impedances are discussed, and the methods of de-
riving a reciprocal network given.

The general properties of four-terminal networks are reviewed
in terms of image impedance and image transfer constant. The
alternate presentation on terms of iterative impedance and itera-
tive transfer constant is also covered briefly,

The subjects of impedance matching and insertion loss are
considered and formulas are presented for the mismatching factor
and for insertion loss.

Properties of four-terminal networks based upon T, =, L, and
lattice sections are summarized. The use of reactive T, r, and L
networks for impedance matching is reviewed, and charts are pre-
sented for designing a matching network to meet any given re-
quirements.

I. NETWORK DEFINITIONS
& NETWORK is made up of resistances, induct

ances, capacitances, and mutual inductances

" connected together in some manner. The re-

sistancCes, inductances, mutual inductances, and ca-

pacitances involved are termed network constants or

parameters. \Vhen these paramecters are constant, in-

dependent of the current going through them, the net-
work is said to be linear.

A typical network is illustrated in Fig. 1. The junc-
tions a, b, ¢, etc., at which the current can divide are
termed branch points, and the sections of the network
between branch points are termed branches. A series

* Decimal classification: R142XR390. Original manuscript re-
ceived by the Institute, February 17, 1943. Prepublished by permis-
sion from “Radio Enginecrs Handbook”, by Frederick E. Terman
and the McGraw-Hill Book Company, New York, N. Y.

t Director, Radio Research Laboratory, Harvard University,
Cambridge, Massachusetts,
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of branches that form a complete loop is termed a
mesh. Examples of meshes are shown by the arrows in
Fig. 1, where five separate meshes are designated

Fig. 1-—Network illustratin meshes, branches, and branch point:

A passive network is a network containing no source
of energy, in which no energy is dissipated other than
that accounted for by the resistance clements of the
network. An active network is a network containing one
or more sources of cnergy, or some sink of energy
such as a motor.

. = L Li—;
- Network E(~) | Network [ 3load
— | | S .
e | .
(0) Two-terminal network (b) Four-terminal network
Fig. 2—Two- and four-terminal networks.

The term two-terminal is applied to networks oper-
ated under the conditions shown in Fig. 2(a). llere the
only applied voltage is that shown acting between
terminals 1--2 obtained by opening some branch of the
network. The tern four-terminal is applied to a net-
work operating under the conditions illustrated in
Fig. 2b. Here a voltage £ is applied in series with one
branch of the network by opening up this branch to
form terminals 1 2, while another branch of the net
work is opened up to form terminals 3-4, between
which an output or load tmpedance is inserted. A four-

April, 1943
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terminal network is equivalent to a transmission sys-
tem. and is sometimes referred to as a transducer.

11. NETWORK THEOREMS

Superposition Theorem—The current that flows in a
linear network, or the potential difference that exisls be-
tween any two points in such a network, resulting from
the simultaneous application of a number of voltages
distributed in any manner whatsoever throughou! the net-
work is the sum of the component currenls at the first
point (or the component potential differences between the
two points) that would be caused by the individual volt-
ages acting separately.

Reciprocity Theorem—In any network composed of
linear impedances, if an electromotive force E applied
between two terminals produces a current I at some
branch in the network, then the same voltuge E acting al
the second point in the circuit, will produce the same cur-
rent I al the first point.

Thévenin's Theorem— Any linear network containing
one or more sources of voltage and having two terminals
behaves, insofar as a load impedance connected across the
terminals is concerned, as though the network and ils gen-
erators were equivalent to a simple generator having an
internal impedance Z and a generated voltage E, where E
is the voltage that appears across the terminals when no
load impedance is connected and Z is the impedance tha!
is measured between the terminals when all sources of
voltage in the network are short-circuited.!

Compensation Theorem—If an impedance AZ is in-
serted in a branch of a network, the resulting current
increment produced at any point in the network is equal
to the current that would be produced at that poin! by a
compensating voltage acting in series with the modified
branch, whose value is —IAZ, where I is the original
current that flowed where the impedance was inserted be-
fore the insertion was made.

111. GENERAL MESH EQUATIONS OF A
NETWORK AND [ HEIR SOLUTION?

The response of a network to an applied voltage can
be most readily expressed in terms of the mesh cur-
rents, i.e., the currents that can be considered as
circulating around the closed meshes, as indicated in
Fig. 1. The branch currents can then be obtained as the
vector sum of the various mesh currents that flow
through the branch in question.

Mesh Lquations

The voltage and current relations in a network con-
taining n independent meshes can be written as

! When the sources of energy in the network are constant-
current generators, instcad of constant-voltage gencrators, the in
ternal impedance £ is the impedance observed between the termi-
nals when all constant-current gencrators are open-circuited.

* An excellent discussion of the general mesh equations of a net-
work is given by 12. A Guillemin, “Communication Networks,”
vol. 1, ch. 4, John Wiley and Sons, New York, N. Y., 1931
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leIl + lelz + 21313 + S
Zoaly + Zl: + Zosls + - -

Zlnln — El]
Z?nlu = E2

anln+Zn21n+Zn31n+ - b Znnln= En"

In these equations, I, I, etc., designate the individual
mesh currents; F, Eq, etc., represent the vector sums
of the applied voltages acting around the individual
meshes numbered 1, 2, etc. Z11, Za2, Zss, €tc., represent
the self-impedances of individual meshes, i.e., the im-
pedance around the mesh if all other branches of the
network other than those included in the mesh in
question were open-circuited. The impedance Z:; repre-
sents the mutual impedance (coupling) between meshes
1 and 2, as a result of which, a current in mesh 2 pro-
duces a voltage drop in mesh 1, and Z,; represents the

7
E|¢/—I|\ /‘A IZ

Fig. 3—Network for illustrating meanings of
driving point and transfer impedances.

mutual impedance whereby current in mesh 3 produces
voltage drop in mesh 1, etc. It is to be noted that re-
versing the order of subscripts of the Z's does not alter
the value of mutual impedance. Thus Ziz=Z. Cou-
pling may result either through mutual inductance or
from impedance elements common to the two meshes.

In setting up the system of (1), care must be taken
to be consistent in the matter of signs. The positive
directions for the mesh currents are assigned arbi-
trarily. An impedance that is common to two branches
is then considered to be a positive mutual impedance
when the arrows representing the corresponding mesh
current pass through the impedance in the same direc-
tion. 1f the arrows indicate that the corresponding
mesh currents pass through the common impedance
in opposite directions, then the mutual impedance is
the negative of this common impedance. A mutual in-
ductance is positive or negative according to whether
it acts with a polarity the same as or opposite to that
of a corresponding common inductance.

In setting up a system of relations such as is repre-
sented in (1), it is possible to designate the meshes in
a varicty of ways, subject only to the limitation that
cach branch of the nctwork must be included in at
least one mesh. For example, mesh 1 in Fig. 1, instead
of following the configuration afeda, could have been
defined as abgfeda. This would have modified the de-
tails in (1), but would have resulted in the same in-
dividual branch currents.

In setting up mesh equations and selecting the
meshes, there sometimes may be a question as to the
number of independent meshes present. In such cases
one can use the relation

number of
branches

number of inde-!

number of |
pendent meshes +1. ()

branch points|




166 Proceedings of the | R I

A solution of the system of (1) shows that the cur-
rent I, in the kth mesh that flows as the result of the
voltage E; acting in tha jth mesh is

B
I = E;— - (3)
D
Here D is the determinant of the system of (1), and
is given by
le Zl2 B S Zlu

D= ZZl 422 -l ZZu X (4)

| Zul Zn2 A Znn
Methods of evaluating a determinant (as well as its
more important properties) are found in mathematical
texts. The quantity B, in (3) is the principal minor
of D and is formed by canceling the jth row and kth

(a) Poles at zero and infinite frequency

)
(17 7

(b) Pole at zero frequency and zero ot
infinite frequency
3 X

) -

(c) Zero ot zero frequency, pole at in

finite frequency
] /

Frequency ——
(d) Zero ot zero and infinite frequency
Fig. 4—Reactance as a function of frequency for various classes of
reactive networks.
column and then moving the remainder together to
form a new determinant with one less row and column
than D. In evaluating B j, this new determinant is pre-
fixed with the sign (—1)7+*,

Input and Transfer Impedance

Consider a network having a single applied voltage,
with the meshes so arranged that this voltage acts in
a branch that is part only of a single mesh, as in Fig. 3.
The impedance that the network offers to this applied
voltage, i.e., the ratio E,/I,, is termed the input im-
pedance or driving-point impedance of the network.
From (3) this input impedance can be expressed as

input impedance = —— . (5)

1
In an analogous manner the transfer impedance is
defined as the ratio of the voltage E, applied in mesh 1

April

to the resulting current [, of mesh 2, as indicated in
Fig. 3. This transfer impedance can be expressed as

transfer impedance from | - D
mesh 1 to mesh 2 »

(6)

where the meshes are so sclected that /7, is observed in
a branch that is in only the second mesh of the network
and the branch in which the voltage is applied is con-
tained only in the first mesh of the system.

IV, Two-TERMINAL REACTIVE NETWORKS

Fhe characteristics of a two-terminal network com-
posed of ideal reactances having zero losses are impor
tant, because such networks approximate very
closely the reactive arms that are used to build up
filters, impcdance-malching.networks, etc.

Foster’s Reuactunce Theorem?

The driving-point impedance of a two-terminal re-
active network behaves as shown in Fig. 4. The
impedance curve consists of segments going from
minus infinity to plus infinity (except possibly at
zero and infinite frequency where a scgment may start
or stop, respectively, at zero impedance). The slope
of the curve is everywhere positive, and is greater than
the slope of a straight line drawn to the origin. The
frequencies at which the impedance is infinity are
termed poles, and the frequencies at which the im-
pedance is zero are termed zeros.

Foster hasshown that the driving-point (i. e, input)
impedance of a reactive network is uniquely specified
by the location of the internal zeros and poles, plus one
additional picce of information.s Expressed analytical-
ly, the reactance function can be written as follows:

For a pole at the origin (Figs. 4(a) and 4(b)
CmpEient | = 2

iy i (w: — ) (w? — wg?) - - - (wz: wy2)' (72)
@ (08 — @) (W — w?) - (0 — w,?)
For a zero at the origin (Figs. 4(c) and 4(d)
driving-point | y
impegdlance (- Z
2 2 2 2N ® 4 s » S~ 2
~ ¥l (w wn“)(w = ws?) (0 = wy?) (7b)
(@ = w?)(w? — w?) - - (@ — w?)

where the angular velocities wy, wy, - - -, w, designated
by odd subscripts correspond to the internal zeros
of the reactance function, and the angular velocities
W @Wo -, w, designated by even subscripts, corre-
spo‘nd to the internal poles of the reactance (sce Fig.
4). The plus sign applies when there is a pole at infinite

*Ronald M. Foster, “A "

Jou‘r.é voAl’. .ép. ngze‘g il r]egzcijunce theorem,” Bell. Sys. Tech.
AE. uillemin, “Co ication Networks,”

Wlley)and Sons, New York,"l]\:'l.n;;l.l,c‘llg\gf e e
* Poles or zeros at the origin, or at infinity, are referred to as

external, and play no part in the specification of the reactance
function.
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frequency while the minus sign applies with a zero at
infinite frequency. The sum of the number of poles
and number of zeros is one less than the number of
independent meshes of the network. The quantity /1
is a positive real constant that takes into account the
fact that one additional piece of information is re-
quired to complete the specification of the reactance
function.

Foster's reactance theorem shows that the imped-
ance characteristics obtainable from a physically real-
izable reactance network are quite restricted. This is
important, because it limits the characteristic obtain-
able from filters and other networks.

Synthesis of Reactive Two-terminal Networks

Any driving-point reactance characteristic that can
be obtained from any conceivable two-terminal reac-
tive network can be realized by either one of the two
networks shown in Fig. 5. The first of these consists
of paraliel resonant circuits connected in series, with
one paraliel resonant circuit corresponding to each in-
ternal pole. The series condenser C, is omitted in the
event that the network has a zero at the origin, while
the series inductance L4218 omitted if the network has
a zero at infinity. The magnitudes of the circuit com-
ponents required in the equivalent network of Fig. 5(a)
to realize a desired impedance characteristic are given
by the following relations:

Jo

E=2,4, -
7 ( 5

Ci = ’ (1) (8)
where Z, is the quantity obtained by omitting the term
(w? —w?) from the denominator of the corresponding
expression (7) for Z and evaluating the modified ex-
pression for Z with w=w:. Corresponding to each Ci,

one has

1
ot 8 &)
If the network has a pole at infinity, then
Loz = H. (10)
1f the network has a pole at zero frequency
Co | (1m
70

where Z, is the quantity obtained by omitting the w
in the denominator of (7a) under [/ and evaluating
the modificd expression for Z with w =0.

An alternative method of synthesizing any desired
impedance characteristic is to use the arrangement of
Fig. 5(b), in which the two-terminal network is built
up of a number of series-resonant circuits connected
in parallel, with one resonant circuit for each internal
zero. In the event that the poles and zcros are so ar-
ranged that the network has a pole at the origin,
inductance Lo is omitted. Similarly, if there is a pole

Terman: Network Theory, Filters, and Equalizers
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at infinite frequency, capacitance Cpiz 18 omitted. The
values of the elements in the circuit of Fig. 5(b) re-
quired to give a reactance function corresponding to
specified zeros, poles, and the given value of 1, is ob-
tained from the following equation which can be de-
duced by a partial fraction expansion of 1/Zy as given
by (7):

1139""P) (12)

where Z/! is the quantity obtained by omitting
(w?—w?) from the numerator of expression (7) for

:LC

Li = | joZi |, (k =

o
C2 L2
Cq La
i
|
Cq La (b)
Lqe2
(a)

Fig. 5—General forms of reactive networks.

7 and evaluating the modified expression for w=uw;.
Corresponding to each L, one has

1
Ce = = (13)
If the network has a zero at infinite frequency
Cpiz = s (14)
i
If the network has a zero at zero frequency
Io =2y (15)

where Z¢ is the quantity obtained by omitting the w
that multiplies H in (7b) and then evaluating the modi-
fied expression for Z with w=0.

The networks of Fig. 5 represent networks having
the least possible number of reactive elements that can
be used to realize a specified impedance characteristic.
The same impedance characteristic may also be real-
ized by many other networks other than the two
shown,® but alternative arrangements will in most
cases have additional circuit elements that are super-
fluous. The least number of circuit elements required
is one more than the sum of the internal poles and
zeros. One, or even more than one, element beyond
this minimum is possible for a given number of in
ternal zeros and poles, but such networks have exactly
the same impedance characteristic as the simplest

¢ Ladder networks starting with either a serics impedance or a
shunt impedance also can be used to develop a specified two-termi
nal impedance utilizing the minimum possible number of circuit
elements. The circuit constants for such networks are obtained from
continued fraction expansion of the reactance function. I‘or further
information, sce pages 198 207 of footnote reference 2.
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forms, such as given in Fig. 5, which are called funda-
mental or canonic forms because they have the least
possible number of elements.

V. INVERSE OrR REciprocAL IMPEDANCES?-®

Two impedances Z, and Z, are said to be reciprocal
with respect to an impedance Z if they are so related
as to satisfy the relation

Z|Zg = 72 (1())
Under practical conditions where reciprocal imped-
2% Z3 Zn-
3 2
Z — Z; 274 2Zn2 Zy
3 :»
-

(a) Original network

R? R2 R2

Z;j Y 2n

MW\ W~ e WA
2,.-R_ L 3R" ZR® 387 3 R?
2 RN Fa 327 $Zn,

(D) Network reciprocal with respect toR
Fig. 6—Reciprocal ladder networlks.

ances are of importance, the impedance Z in (16) is
always a resistance.
The process of deriving a reciprocal impedance from

Original Reciprocal with
network respect to R
L L/R?
O —— T ¢ o
L/R?
L r
—— BB — A, —— RYr —~
R°C
-t - .
) RZC
i
RZC
roLoC « tL/R?
—MN TN
R%/r
RYz,
Z, 2 I3 RYz
M= M —0 >
RY/zs

Fig. 7—Basic examples of reciprocation.

a given impedance is termed reciprocation. Reciproca-
tion of a ladder network consisting of alternate series
and shunt arms, as in Fig. 6(a), leads to a correspond-
ing ladder network of alternate shunt and series
arms, as shown in Fig. 6(b).

T See p. 201 of footnote reference 2.

YA C Bartlete, “T'heory of Electrical Artificial Lines and
[ilters,” John Wiley and Sons, New York, N. Y., 1931, pp. 53-58.
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Various special cases of reciprocation are shown in
Fig. 7. These assume that reciprocation is with respect
to a resistance R, i.e., Z in (16) is taken as R. It will
be noted that the reciprocal of a number of imped
ance clements in series consists of a number of im
pedance elements in shunt, with each shunt element
being the reciprocal of one of the series elements, and
vice versa. It is also to be noted that when two reactive
networks are reciprocal, the poles of one coincide with
the zeros of the other impedanee, and vice versa.

V1. FUNDAMENTAL RELATIONS EXISTING IN
Four-TErMiNaL NeTworks?®

Methods of Lxpressing Network Characteristics

Insofar as the four terminals are concerned, the
properties of a four-terminal network at any one fre-

LN ,:’_IZJ_
$ ¥
256 1 3% 2,— | Network —27; E34~S‘Z
[ ]
Esl~ _(!_ B s +
2 —
For image impedance operation
Zs = Zl'
ZL = 212

Fig. 8—Four-terminal network operated with terminal impedances.

quency can be expressed in terms of any three inde-
pendent properties of the netw ork, irrespective of how
complicated the network is. Although there are an un
limited number of ways in which three independent
constants can be defined, the ones most commonly
employed in communication networks are (1) image
impedances and image transfer constant; (2) open- and
short-circuit impedances; and (3) iterative impedances
and iterative transfer constant.

Four-terminal Network Behavior Expressed in Terms of
Image Impedances

A network is said to be operated under image-im-
pedance conditions when the internal impedance Z,
of the source of power acting on the input terminals
of the network, and the load impedance Z; at the out-
put terminals, are so related to the ncetwork that the
impedance looking into the network from the termi-
nals 1-2 with the load connected (sce Fig. 8) is equai
to the generator impedance, and, similarly, so that the
impedance looking into the network at terminals 3-4
with the generator connected cquals the load imped-
ance. The generator and load impedances required to
produce this condition are propertics of the network,
and are termed (he inmage impedances. 'l hey can be
designated by the symbol Z; and Z1, for the input and
output terminals, respectively (see I'ig. 8).

. Additional information on these subjects is given in the follow-
ing books: K. S, Johinson, “Transmission Circuits for Telephonic
Communication,”; T |2, Shea, “Transmission Networks and Wave
Filters.” D. Van Nostrand Company, New York, N. V. 1929;
Guillemin, footnote reference 2
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In dealing with image impedances, the third inde-
pendent property of the network required to finish the
specification of the network behavior is taken as the
image transfer constant 6, w hich is defined in terms of
the relations

E;u I /’le

Voz - sl e ds

The notation is illustrated in Fig. 8. The image trans-
fer constant 8 has the same value irrespective of the
direction of transmission of energy through the net-
work.

The three network parameters Zi,, Z1,, and 8 can be
defined in terms of the network determinant and its
minors, and also in terms of the open- and short-circuit
impedance of the network, according to the equations

(17

Z e BN 35 (18)
-1 =S “ocls sc
‘ BHBH??
z DB A (19)
\/ “ac - 8C
" ‘ B22Bl12'.!
Zac Zacl ,/I_)Bllﬁ
tanh 0 = 4 - 4 = A/ — (20)
Zac Zacl BHB’H

where Z.. and Z,. are the impedances at terminals 1-2
with terminals 3—-4 open- and short-circuited, respec-
tively, Z,.' and Z,." are the impedances at 3—4 with 1-2
alternately open- and short-circuited, while D is the
determinant for the network formed by short-circuit-
ing terminals 1-2 and 3-4. The B's are minors of this
determinant, with Bus being the minor formed by
striking out both first and second rows and first and
sccond columns of the determinant.

Image-impedance operation of a network can be
conveniently related to the behavior of a transmission
line expressed in terms of wave trains. Although wave
trains obviously cannot exist in a network having
lumped constants, it is nevertheless frequently con-
venient to explain the behavior of a four-terminal sys-
tem, insofar as the terminals are concerned, in terms of
wave trains just as though these wave trains actually
existed within the network instcad of being hypo-
thetical. The image impedances correspond to the
characteristic impedance of the transmission line, but
unless the network is symmetrical about its mid-point,
there will be two image impedances because of the fact
that the network can be considered as equivalent to a
transmission line that is unsymmetrical and so has an
impedance transforming action upon a wave train. The
image transfer constant 6 of the network is likewise
analogous to the hyperbolic angle of the transmission
line. The real part of the image transfer constant is
called the attenuation constant, and can be considered
as causing the hypothetical wave train in the nctwork
to be attenuated in magnitude. The imaginary part of
the image transfer constant corresponds to the phase

Terman: Network Theory, Filters, and Equalizers
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constant of the transmission-line hyperbolic angle, and
causes a shift in phase of the hypothetical wave train.
If the load impedance does not equal the image im-
pedance on the output side of the network, the effect
on the voltage and current relations is as though a
wave train existed in the network, and was reflected by
the load impedance, just as in the case of a transmis-
sion line.

\When several networks are connected together in
cascade on an image-impedance basis, as illustrated in
Fig. 9, then the image impedances at the input and out-

e, 6, 65

~N

Net | =

ZIZ=Z[I/ Net 2 ZIZ Z[“‘ Net 3 J

Fig. 9—Networks connected in cascade on an
image-impedance basis.

put terminals are the image impedances at the input
terminals of the first network and the output terminals
of the network, respectively (Zr, and Zr," in Fig. 9).
The image transfer constant of such a system is

where 8y, 8s, etc., represent the image transfer constants
of the first, second, etc., component networks of the
system.

In a system consisting of a number of networks con-
nected in cascade on an image-impedance basis, it is
customary to refer to the image impedance existing at
a particular junction point as the impedance level at
that point.

The image-impedance method of expressing the
properties of a four-terminal network is extremely im
portant because most four-terminal networks used in
communication systems are opcrated under conditions
that approach very closely image-impedance operation.
This is particularly true of filters, equalizers, and im
pedance-matching networks.

Four-terminal Networks Operated on an Iterative M-
pedance Basis

A network operated on an iterative-im pedance basis
requires that the load impedance be such that the in
put impedance of the network with the load connected
is equal to the load impedance. At the same time, the
impedance observed by looking into the network from
the output terminals toward the generator with the
internal impedance of the generator connected across
the input terminals of the network must equal the
gencrator impedance. These two impedances can be
designated as Z,, and Z,,, respectively, and are proper
ties of the network. The third property necessary to
specify completely the network characteristics is then
taken as the iterative transfer constant P, which is de-
fined by the equation

I
I

e’

(22)
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where I, and /» are the input and output currents of
the network, respectively, when operated under itera-
tive conditions. Iterative-impedance action hecomes of
importance in handling problems involving L and lad-
der types of attenuators.

Impedance Matching

Two impedances are said to be matched when they
have the same magnitude and the same phase angle.
Thus in Fig. 10(a), the load impedance Z, is said to be
matched to the generator impedance Z, if the load

-

<5

(a)

'/mpeda."t‘e
Q) )~ matching |e- Z; 2L
netfwork 2

(b
For motching Zg to 2L

Zs= Zy,
ZL: le

Attenuation constant of net-
work equal to zero

Fig. 10—Impedance matching of generator and
load with the aid of a network.

impedance equals the generator impedance. If the load
and generator impedances are not matched, it is possi-
ble to obtain matching by inserting between generator
and load, as shown in Fig. 10(b), a network having
Zy,=2Z, Z1,=Z,, and zero attenuation (i.e., real part
of image transfer constant 8 must cqual zero). The
generator then sees a load impedance Z1,=Z,, and the
load receives its power from a source (the network out-
put terminals) having an internal impedance Zi,=2Z,;.
Such a system has its impedances matched on an image
basis at all junction points.

The ratio of load current that would be delivered by
a particular gencrator to a particular ioad without
matching, as indicated in Fig. 10(a), to the same
current when the impedances are matched, as in Fig.
10(b), is designated by such terms as mismatching fac-
tor, reflection factor, or transition Jactor. The absolute
value of this ratio gives the loss of load current that
results when no means are provided to couple the gen-
erator to the load impedance on an image-impedance
basis. The value of the mismatching factor depends
only upon the ratio of load to generator impedance,
and is

/47,

load Eu_"e,n_l,‘iit,h,o”l nl_ailtf:l1i_n§ i 1/ Zy, 23)
load current with matching 4 <,
Zy

April

Expressed in decibels, the loss of load current resulting
from mismatching is

20 logo (1/k) (24)

mismatching loss in db

A chart giving loss from mismatching based on
(24) is given in Fig. 11, where 6, and 0, are the phase
angles of Z, and Z,, respectively.

When the generator impedance Z, is a resistance,
then image-impedance matching corresponds to the
condition for which the power delivered by the gencra
tor to the load is maximum, and if the load impedance
fails to mateh the generator impedance, a loss of load
power results. lHowever, if the generator impedance
has a reactive component, then failure to match the
load impedance to the generator impedance can, under
certain conditions, result in an increase in the load cur-
rent.'® Under these conditions, the mismatching factor
will be greater than unity.

Iusertion Loss

When a generator is inserted between a sending-end
impedance Z, and a load impedance Z,, as in Fig. 10(b)
the ratio of current in the load impedance when the

12 0-*150°
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Effect of Mismatchin,

g S N N Y N
02 Q3 04 05 a7 0 30 4050 70 Qo

Impedonce Rotic %i

Fig. 11—Chart giving effect of mismatching generator
and load impedance.

network is present to the load current in the absence of
the network is termed the tusertion loss, since this is the
loss in output current resulting from the insertion of
the network between generator and load.

T'he insertion loss can be conveniently expressed by
the formula

' The condition for maximum possible transfer of energy to the
load 1s realized when th resistance component of the load imped-
anceis equal to the resistance componcent of the generator imped-
ance and when at the same time the reactive component of the
load impedance is equal in magnitude but opposite in sign to the
reactive component of the generator impedance.
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" . ks
insertion loss =

ge? (25)

where k), =mismatching factor of Z, and Z;,
k. =mismatching factor of Z;, and Z,
£ =mismatching factor of Z, and Z,
f =image transfer constant
o =interaction factor

1

g (.Z.’*i.zb)(:‘{'_”_z.')e 2
Zi+Zu/ \Zn+2,

The interaction factor ¢ is a second-order effect rep-
resenting a modification of the insertion loss that oc-
curs when there is mismatching at both the input and
output terminals of the network. The interaction fac-
tor takes into account the effect of a wave that is re-
flected from the load back to the generator through the
network, and there reflected back to the load. The in-
teraction factor becomes unity whenever at least one
end of the network is matched on an image-impedance
basis, or when the network attenuation is such that a
wave that has traveled through the network twice will
have been reduced to negligible amplitude.

Under practical conditions, the interaction factor in
networks intended to be operated on an image-im-
pedance basis is at most only a few decibels.

VI1I. FunpaMENTAL TyPES oF Fouk-
TERMINAL NETWORKS

mand T Networks

The fact that any four-terminal network can have
its properties represented, insofar as the terminals are
concerned, by three independent constants means that
such networks can be always represented by three
properly chosen independent impedances arranged in
the form of a T or m, as shown in Fig. 12.
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vvvvvvv

o—w.vnv—j—mun—o

2x Il et

F2 g Z, 7

or ok W or,'
2y T 2y, 2k,

T Section
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7 Section

Fig. 12—General T and » networks

The relationship between the impedances composing
such networks, and the characteristics of the system
expressed on an image-impedance basis, are

For T section (see Fig. 12):

Z V(7/ = 27 +//)(Z’+Z’)

1 Av4 13 Y4 > ;

' 2+ 24

VAR A

Zi, /‘/(lez + £1Zy + 724s) <Z1 s

) |- @6

{

VAV R AVARS R AYAY)
(Z + Z3)(Za + Z3)

tanh 6 ‘/

Terman: Network Theory, Filters, and Equalizers

171
For 7 section (see Fig. 12):
Zi = 2,4 (Zs+ Zc) Zc
(Za+2Zc) Za+ Zp+ Z¢
Zi. = (Za+ Z¢) Zc @7

Y Zo % 20) Za+ 28 Zc

Z2c(Za+ Zs+ Zc)
(Za+ Ze)(Za + Zo)

In the design of T and 7 networks, one normally
knows the desired image impedances, and wishes to
realize a particular transfer constant 8. The relations
are then

For T section (see Fig. 12):

tanh 6 =

1
2= g 20 (zz;m y 1)
== tail}: o =
z=—20 _ g
tanh 6
For 7 section (see Fig. 12):
Zc = \/Z-IZ:sinh 0
1
e )
Zitanh 8 Zc¢ (29)
i 1
b= 7
Z,-l tanh 0 B Z

Examination of these equations shows that in the
case of networks with reactive elements, the image
impedances are either pure resistances or pure react-
ances. Furthermore, when the image impedances are
resistive, the image transfer constant is a pure imagi-

Fig. 13—General L network.

nary, while when the image impedances are reactive,
the image transfer constant has a real component, and
so attenuation is introduced. These relations are par-
ticularly important in the case of filters and impedance-
matching networks.

L Networks

An L network is shown in Ijg. 13 and can be consid
ered as a special case of a T or m network in which one
of the impedance arms has become either zero or infin

1ty.
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The properties of an L network can be expressed in
terms of image impedances and a transfer constant, as
in the case of any four-terminal network. However,
since there are only two impedance arms in an L net-
work, a relationship must exist between the image im-
pedances and image transfer constant such that if two
of these are defined the third is likewise determined

The formulas relating the image impedance and im-
age transfer parameters of an L network with the im-
pedance elements of the L are

Zy =721~ Zn) )

Z, = Zi, 1/ _ |

n— 2 (

/Z’l - Z’z
Zn

(30)

tanh 6

The corresponding formulas for iterative impedance
operation are

Ziy

Za= b 31
£ — 1
Z’l

Zn ==

where Zi, and Z,, arc the iterative impedances of the
two ends of the network, as shown in Fig. 13, and P is

Za
| 22 %)
—— .—
7, Vuflg 1
2 —o4
La

(b) Lattice section drawn
as bridge

(a) Lottice section

Fig. 14—General lattice network.

the iterative transfer constant, as defined by (22). L
networks find their chief use in impedance-matching
systems and in attenuators.

Lattice Sections

A lattice is a symmetrical balanced four-terminal
network composed of two pairs of impedances, ar-
ranged as shown in Fig. 14. It will be noticed that the
lattice is essentially a bridge in which the input is ap-
plied across one diagonal of the bridge, and the output
is taken from the other diagonal.

The basic formulas of the lattice section in terms of
image impedance and image transfer constant are

21 =21, + Z, = \/Z—,,Z;,

9 /Za
tanh — :
. ( 2 ) Y Z

(32)
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If oneis given 8 and Z;, then

(]
Z,,--—-Zrtanh<2>

VA (33)

(]
tanh ( )
2

It is possible to represent any symmetrical four-ter-
minal network by a lattice having physically realizable
impedance arms. In contrast, the = or T-network
cquivalent of a complicated four-terminal network will
sometimes require negative circuit elements in some of
the arms. and hence be physically unrealizable. The
image impedance of a latuice depends only upon the
product of the two branch impedances, whereas the
image transfer constant depends only upon the ratio
of thesc impedances. It is therefore possible in the lat-
tice to control the transmission characteristics entirel
independently of the image-impedance behavior.

Lattice nerworks are used in filters and equalizers.

VA

VI REACTIVE T, L, AND # NETWORKS FOR
MATCHING IMPEDANCES! M

T and m Reactive Networks

T and 7 networks having impedance arms composed
of reactive ¢lements are widelv used for matching an
antenna to a transmission line in order to give a non-
resonant characteristic-impedance termination for the
line. It is possible with such networks to transform any
resistance load that may be offered by the antenna sys-
tem toany other value of resistance that may be needed
to give a characteristic-impedance load for the trans-
mission line. At the same time, the phase shift intro-
duced by the impedance-matching network can have
any desired value.

On the assumption of an ideal network composed of
reactive impedances with zero losses, the design rela- -
tions represented by (28) and (29) can be written as

FFor "I section:

2 l\'l COSﬁ e \/‘Rll\)c

A
sin g8
v Racos 8 — \/R\R
2, 2 : A FA 2r (34)
sin g |
R\R.
A }.\ e

sin 3

" AL Everirt "Output networks for radio-frequency power
amplifiers,” Proc. [.R.E, vol. 19, pp. 725-738; May, 1931,

2 AV L. Everitt, “Coupling networks,” Communications, vol. 1§
p. 12; Svptembef, 1938: and p. 12; October, 1938.

" Carl G. Dietsch, ¢ Ferminating concentric lines,” Klectronics.
vol. 9. p. 16; December, 1936.

" Ralph P. Glover, “R-f impedance matching networks,” Elec
tronices, vol. 9, p. 29; January, 1936.
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Fig. 15—Three-clement reactive networks which may be
used for impedance matching.

For 7 section:

7 g RiRysin 8 ]
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) Ry cos B — \/R,Rzl
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where R, and R, are the two image impedances and (8 is
the angle by which the phase at the output terminals
lags behind the phase at the input terminals. Design
charts derived from these equations are given in Figs.
16, 17, and 18, and together with Fig. 15 will give the
reactances required. The charts can be used for nega-
tive as well as positive values of 8. For negative values
of 3, the magnitudes of the constants a, b, and ¢ are the

10 — S S — -

JEEnTai=EnT

g :_;.f.l_tl+x+++-,-.,‘3° :

4 —+—— —+++120 A
| o /! / 7\ 044

3 a0 160

2+ a—,\o . i T%_or

Values of a

04

810 20 30 40 60 80100

Fig. 17—Design charts, giving values of b for different
values of 8 for use in networks of Fig. 15.

same as for positive, but the signs used in front of the
constants are reversed, as shown in Type 3 and 4 net-
works of Fig. 15. In the design curves of Figs. 16 to 18,
it has been assumed that R,/R; is greater than unity.
This is no restriction, since terminals 1-2 can be placed
at either the generator or the load end of the network,
according to whichever must match the higher resist-
ance.

L Reactive Networks

An L. network composed of reactive elements is able

Values of b

’ J
Y N R l
\ 2 34 6810 20 3040 60 80100
R
R2

Fig. 16—Design charts, giving values of a for different valuce of 8 for use in networks of Fig. 15.
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to transform a given resistance to make it look like any
other resistance by making the image impedance of the
network at the terminals facing the load equal the load
resistance and the image impedance at the other ter-
minal equal the desired resistance. The phase shift
introduced by an L section is determined by the ratio
of image impedances, and cannot be specified inde-
pendently, becauvse the L section has only two im-
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cording to the type of section involved. These curves
apply for L as well as T and 7 networks, the locus for
the L network being dotted on the curves.

A study of I“igs. 20 and 21 shows that the efficiency
of the network is implicitly determined by the imped-
ance transformation ratio and the phase shift. Therc is
no choice between I and 7 networks and between net
works that advance and retard the phase, insofar as

10 0
8 8
6 6
4 4
3 = 9
. >
= S
— 08 < o8f
Y o6 © 06
o 04 Sos
S o3 1303
2 oz ‘ 02
o =TT | hi70°
2 34 6610 20 040608000 01 2 34 6810 20 3040 6 80100
Ry |
Ry li’z

Fig. 18—Design charts, giving values of ¢ for different values of B for use in networks of Fig. 15.

pedance arms.  The L section can be considered as a
special case of Fig. 15, for which constant ¢ has the
value ¢ = «, leading to scctions as in Fig. 19. The loci
corresponding to this condition are shown on Figs. 16
and 17. \WWith an I. section, the maximum phase shift
obtainable is +90 degrees.

Dissipation of Power in Reactive Networks

In practical networks, the condensers have neglibi-
ble loss, but the resistance of the inductances is not

Xg=bR
OV —— c

I A GRZ -—R, R —»
) C

Phose retarded by
small angle

Xg=-bR;

—=

\A=OP2 - R

R —

Plase advanced by
smoll angle

Fig. 19— -Section of L type that is obtained when ¢ in
Fig. 15 becomes infinite.

entirely negligible. On the assumption that the cur-
rents in the various network branches are not appreci-
ably affected by the dissipation of the inductive ele-
ments and that the various inductjve clements have a
ratio of rcactance to resistance (i.e., Q) thatis the same
for all inductances, one can write! 12

power lost in network é

power dei.ivered lornelv;:rk - Q (36)

where 6 is a constant given by either Fig. 20 or 21, ac-

efficiency is concerned. The loss increases with increas
ing transformation ratio, and tends to be large when
the phase shift of the network is cither very small or
very large. Finally, it will be noted that for a given
transformation ratio, the L. section has a lower loss
than either the T or 7 section. In cases involving very
high transformation ratios, or phase shifts that are
cither very small or approach 180 degrees, an incrcase
of etticiency can be obtained by dividing the total im-
pedance transformation and total] phasc shift among
two or more networks connected in tandem.
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Fig. 20—Values of & for use in (36), applicable for Type 1 and
I'ype 3 networks of Fig. 15. The angles are values of 8.




Harmonic Reduction

Coupling networks that call for an inductance in the
series arm or a capacitance in a shuntarm, or both, can

00— o (5 b NS SR S S ¢
60 o 15 I s =, K S O 0 ¥
60 — 4+ ~ - - 4
4 +
3
§io
8
6
4
3
“~{ocus Lfo;' L ‘.;ec7/'o‘(7: ) 1
2 34 6 810 20 3040 60 80100
R
R2
Fig. 21—Values of & for use in (36) applicable for Type 2 and
I'vpe 4 networks of Fig. 15. The angles are values of 8.

be readily arranged to provide discrimination against
harmonics. The discrimination against a particular
harmonic can be made particularly great when the
series inductive reactance is supplied by a parallel cir-

cuit, as shown in Fig. 22 (b), resonant at a frequency to
be suppressed and so proportioned as to give the re-
quired inductive reactance at the frequency to be
transmitted. An equivalent result is also obtainable
when the shunt capacitive reactance is supplied by a

3 TI e %:s

TG
(b) Network with sereies trop (c) Network wi th shunt trop

(o) Network os designed

Fig. 22—Diagram illustrating how a series inductance and a shunt
capacitance of an impedance-matching net work may be replaced
by parallel- and series-resonant circuits respectively, to increase
discrimination against an undesired harmonic.

suitably designed series circuit, as in Iig. 22(c), that is
resonant at the frequency to be suppressed.
The design formulas are as follows:

For Fig. 22(b):

L' =
For Fig. 22(c):

Gl =

L( — %) (37a)

Cs(1 — 7% (37b)

where v is the ratio of the frequency to be transmitted
to the frequency to be suppressed. C: in Fig. 22(b) and
L.’ in Fig. 22(c) are assigned values that will make the
resonance occur at the frequency to be suppressed.

(To be continued)

Address of Retiring President’
ARTHUR VAN DYCK{, FELLOW, LR.E.

71 YHE YEAR 1942 was extraordinary in the record
L of Institute history. It was the thirtieth anni-
. versary of the founding of the Institute. It was
the first year of World War Il. It marked the end of
one era in radio, and the beginning of another. The
year has been packed with events of great significance
to radio, and consequently to The Institute of Radio
Enginecrs. There have been not only technical devel-
opments, but there have occurred the beginnings of
changes and movements which will have vast effect
upon radio scicnce and industry after the war. A com-
plcte review of the year is impossible in such a report
as this, and 1 can hope only to select a few high lights.
Even a sclection of items is difficult, and I must con-
fess to some bewilderment in rating and choosing
subjects on the basis of importance.
One subject of certain interest and importance is
that of the Institute itself, and its progress during the
year, in membership, organization, and accomplish-

* Decimal classification: R009. Original manuscript received by
the Institute, January 26, 1943. Presented, Winter Conference,
N w York, N. Y., January 28, 1943.

t KCA laboratories, New York, N. Y.
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ment. Full reports thercon will be published in the
PROCEEDINGS, and it is not necessary here to report
in detail. In connection with membership, our roster
now totals 8775 members, which is a growth during
the year of approximately 25 per cent. ‘I'his has been
a natural and unforced increase, without membership
drives and pressure solicitation. I hope that during
1943, it will be appropriate and possible to increase
membership by a much greater percentage, from the
ranks of the thousands of newcomers to radio in war
services, and | recommend active membership cam-
paigns, not only by the regular committees, but by
cach Section and by every individual member.

It should be recorded that the quality of the Pro-
CEEDINGs has been maintained. In spite of extra war-
time difficulties, particularly those of papers secure-
ment and of censorship, the PROCEEDINGS have been
issued regularly, on time, with papers having high in-
terest and value. This record has been achieved by
much extra work on the part of the Editors, particu-
larly their Chairman, Dr. Alfred N. Goldsmith, and
by the efforts of the Papers Procurement Committec,
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headed by Mr. Dorman Israel. I wish to express the
thanks we all feel to them for their unselfish devotion
to this work which means so much to the profession.
There are good prospects that they have planned and
built, and are planning and building, so well, that
1943 will see continuance of high quality in the Pro-
CEEDINGS in spite of the difaculties introduced by war
conditions.

A number of changes in office personnel were
brought about during the year by war conditions.
Early in the year Mr. John D. Crawford resigned to
enter war engineering work. Also early in the year, the
Secretary, Mr. Harold Westman, began extra work in
standardization of radio material, for the War I’ro-
duction Board and the American Standards Associa.
tion. This work developed in magnitude and impor-
tance until toward the end of the year his full time was
required by the American Standards Association.
Consequently, he resigned the Secretaryship of the
Institute, and while we are sorry to lose him, we can
view his loss to us as a distinct gain to the war effort
because it is certain that he is uniquely qualified for
the difficult work of radio standardization. Alreadyv,
valuable results have been accomplished under his
leadership, and much more will follow.

In further reference to office operations, I must re-
port that the Directors, particularly those who have
served on the Executive Committee, have worked hard
and long during this diffcult year. The loss of the
Assistant Secretary and the part-time service of the
Secretary placed extra work upon the Executive Com-
mittee. In spite of the fact that cach member was al
ready heavily loaded by war work, each one responded
cheerfully to every call to more work for the Institute.
I would like to mention especially the services of Mr.
Haraden Pratt, who has given unstintingly of his time
and energy. His quiet wisdom, good judgment, and
unselfish willingness to help in anything asked of him,
have meant much to the welfare of the Institute, and
to me personally in my job, throughout the year.

The financial condition of the Institute continues to
be sound, as a result of prudent, good engineering
management. The Institute has weathered depression
years and one year of war without financial difficulty.
I would like to point out, however, that the income of
the Institute is not such as will permit engaging in
activities for the welfare and advancement of the pro-
fession, such as may become advisable in the postwar
period. Conscquently I recommend that study be given
during the coming year to ways and means of increas-
ing income in order that the Institute may have the
ability to enlarge its activities in keeping with the
enlarged importance of radio and its engineering pro-
fession.

During the year, the Board of Directors has given
much study to factors basic to the preparation of the
Institute for the difficult years ahead. The expansion
of radio technique, the acceleration thereof by war
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necessities, and the war itself, have brought about
changes and new conditions, which must be recog-
nized and prepared for, if the Institute is to progress
or even to retain the eminence in its field which it has
held heretofore. Not to progress is to retrogress, and
the next year or two will be a critical time, in which the
long-term future of the Institute will be largely intlu-
enced, if not completely determined.

As a result of its study, the Board has evolved, and
is submitting to the membership, proposals to change
the existing status of membership requirements in
allied communication-and-electronic ficlds to one of
equality, and to change the membership-grade struc-
ture by the addition of another grade, intermediate
between the present Member and Associate grades. It
is unnecessary to discuss these proposals at this time,
but I do recommend them to you for approval, as
having potentialities of benefit to the Institute under
future conditions.

During the year, the organization of a New York
Section was completed, and it has begun operations
with vigor and vitality. It is believed that this will not
only relicve the National Office of the work connected
with New York meetings, but will give new force and
incentive to this area, which includes a high percentage
of the membership.

The year witnessed remarkable revolution in the
radio industry, in which its engineers were called upon
for heroic performances. Production of peacetime ci-
vilian-radio apparatus was completely stopped, and
the manufacturing capacity of the industry was con-
verted to military production within a fraction of the
year. It was not casy to make such a change, for the
designs and the manufacturing processes and toler
ances are quite different for devices in the home and
devices in fighting machines. But it was done, and now
350,000 persons are engaged in the production of pre-
cision radio for our fighting forces.

It should be mentioned also that the broadcasting
side of the industry has kept pace with requirements.
Not only has it maintained its home programs in -
quantity and quality in spite of personnel and mate-
rials difficulties, but it has greatly increased its trans-
oceanic services, with their important uses of home
contact to our men overseas, and the spreading of in-
formation on the American way to all peoples every-
where.

There are several matters to which 1 would like to
call attention, although they cannot be classified as
accomplishments of 1942, They appeared in 1942,
however, and their treatment is in the future. | believe
that they should he mentioned at this time, in order
that we may keep before us the agenda which we shall
have 10 meet.

First there is the radio personnel problem. That has
a current aspect and a postwar one, Its present im-
portance involves training, selective service, and allo-
cation. To the Institute, it presents an opportunity
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both to serve the country, and to benefit itself by in-
creased membership. Its postwar importance will re-
sult from the condition that the number of workers in
radio at the end of the war will be many times that in
it before the war. It is doubtful that commercial radio
will be able to utilize immediately all those who will
wish to enter it, and there will be problems of selection
and allocation of personnel. If the Institute can be pre-
pared to assist in meeting these problems, it will be
highly desirable to do so.

After the war, there will be a sudden and huge re-
lease of technical papers for publication. Many devel-
opments have occurred in each branch of radio tech-
nique, but nearly all have been shrouded in war
secrecy. When the need for secrecy is removed, lit-
ally hundreds of papers will be made available for
publication. Inasmuch as the PROCEEDINGS of the
Institute has always been a foremost publication in the
field of radio, radionics, and electronics, it is advisable
that preparations be made to handle this flood of
papers efficiently and well.

Next, and of great importance, is postwar planning
of certain technical matters, largely of the nature of
standardization. For example, television should have
review and speedy settlement, hecause that branch of
radionics will be one of the few new industries capable
of immediate utilization on a large scale in the con-
version of industry from war to peace. The Chairman
of the Board of War Communications has already sug-
fested that this be done, and I believe it is the duty of
the Institute, as the professional radio engineering
body of the country, to take leaclership in such techni-
cal problems of the industry. Incidentally, I hope that
we may achieve the benefits of international stand-
ardization, as well, so that the introduction of inter-
national television, after a few years, will not be im-
peded by unnecessary differences.

It may seem inadvisable, or at least premature, to
consider postwar planning before we have won the
war. Of course we must not let such planning interfere
with the prosecution and successful conclusion of the
war with maximum speed, but it is possible even at
this time to do some things without penalty to the
war effort. The radio industry did an excellent job of
converting from peace to a war footing. That resulted
from preparations made a year or more in advance.
Similar foresight and planning will be necessary to
assure that the conversion of industry to peace shall
be as efficient and orderly as possible, with a minimum
of unemployment, social disturbance, and economic
dislocation.

And now engineering and engineers, science and
scientists, have come to a crucial point in the develop-
ment of civilization. Scientists and engineers have
brought about progress which has culminated not in
greater freedom, happiness, and security, but in the
most destructive conflict the world has seen, one so
destructive that it is destroying not only human lives,
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but whole empires, political castes, and social systems.
Having made possible such efficient destruction, en-
gineers and scientists should decide what they are
going to do next. Of course, they may let the decision
go by default, and let nature take its course as they
have done in the past. On the other hand, they have
the opportunity now to decide to do something in the
future which will encourage happier results and safer
progress in the development of civilization. Something
must be done in the future, which will give saner
judgment and more scientific control of the forces un-
leashed by science, if we are to progress.

Many will say that it is presumptuous and egotisti-
cal for engineers to talk or think in this way. To those
I would say, listen to the words of many leaders of
thought today, who are not engineers. For example,
first, Dorothy Thompson—*“What stands out in ever
more glaring relief is the gap between scientific accom-
plishments and imagination regarding the uses to
which they are put. The greatest star in the crown of
twentieth-century capitalism is its creation of our in-
dustry. The greatest blot on it is its recurrent failure
to put the public interest, necessity, and welfare in the
foreground of its thinking and planning. It has tech-
nological foresight out of all proportion to its social
foresight.”

Next, from an article in Fortune magazine— “Tech-
nology is simply the application of the sum of man'’s
knowledge of the physical world to the task of getting
a job done with maximum results and a minimum of
error. It is science in action. It is now a decisive ele-
ment in the rise and fall of civilizations. The points at
which technical decisions are made today are the most
critical spots in the world.”

Next, Professor Bridgman of FHarvard—“It seems
to me that scientists are curiously obtuse as to the
social conditions which make possible their existence
as a class. It is by no means a certainty that society
will so evolve that the individual will be allowed to
engage in independent intellectual activity. Society
may well come to feel that the scientist has not enough
more to give it in the way of material benefits, to jus-
tify keeping him. \We must do certain things if we are
to play our part in molding a public opinion which will
create the society of our vision.”

Next, a New York Times editorial— “. . . American
scientists and engineers have not given nearly so much
thought to the scientific and technological implications
of the Atlantic Charter as their British colleagues. We
have some fine American discussions of postwar eco-
nomics, but no clear program to indicate the part that
science and technology must play in removing the
economic causes of war.

“T'he turning point in British thinking came in 1932
when the International Congress for the History of
Science was held in London . ... Militant English
scientists began to discuss the frustration of science
and to urge laboratory workers to think of themselves
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as citizens of the world whose plain duty it was to
make their influence felt.

“Out of this agitation came the decision of the
British Association for the Advancement of Science
to consecrate a whole division to the planned, global
application of science to social progress. The American
Association for the Advancement of Science followed
with a decision to co-operate with the British associa-
tion in studying what we now call the ‘impact of
science on socicty.’

“There is every reason why science should be or-
ganized internationally to implement the fourth ar-
ticle of the Atlantic Charter. Science has always been
international. Its votaries accept one another for what
they know and for what they have achieved. At inter-
national scientific meetings o questions are asked
about race, nationality, or creed. Each man gives freely
for the benefit of the world.

“Scientists still stand apart in their internationalism
because their objective mode of thinking is not yet
the common possession of mankind. If ever we suc-
ceed in implementing the fourth article of the Atlantic
Charter by granting not only equal access to raw ma-
terials but equal access to the technical knowledge by
which raw materials are exploited, we shall go far to-
ward removing the intellectual barriers that scparate
the laboratory from the common mind.

“Out of the British conference on international re-
sources of last July two axioms emerged. The first is
this: \We can no longer atford to leave the use of world
resources and of human ingenuity and skill to blind
economic and national forces. The alternative to in-
ternational co-operation is the old chaos.

“Planning inevitably leads to the second axiom,
which is this: An International Resources Office must
be established, an office which will concern itself not
only with postwar relief and postwar reconstruction
but with the perpetual research and the application of
scientific knowledge so that not only actual raw ma-
terials (petroleum, coal, metals, plant and forest prod-
ucts) but the techniques whereby these raw materials
can be best utilized for the general good of the world
may become accessible.”

In speaking of these things, I hope not to be thought
pedantic, but I do consider it my duty as your Presi-
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dent for a term, to give you my observation and opin-
ion that these matters have assumed importance
greater than that of the technical things to which we
have herctofore confined ourselves, that we are by
training and expericence better able to cope with them
than others not so trained, and lastly, that if we do
not exhibit interest and activity in them, we shall find
ourselves in a world of chaos. Isolationism is now im-
possible, for scientists as weli as for nations.

Perhaps we can see a good lesson in the current per-
formance of Soviet Russia. Many have wondered at
the remarkable way in which that country has turned
back the mighty German military machine. Perhaps
the secret lies in certain facts revealed in recent studies
by the New School for Social Research, which show
that the long experimentation of the Soviet in govern-
ment and industrial methods finally developed from
1936 to 1938 into a plan wherein economic control and
industrial management were unified in the hands of
young production engineers. This change has gone so
far that nearly one third of the government offices are
held by engineers. These men are not only better fitted
technically to handle a technical economy, but are
trained to decide questions on a basis of facts rather
than of political expediency. The spirit of Russia was
implemented by technically sound administration, and
was thereby made effective.

As my retiring message, | submit to you the proposi
tion that the time has come for us to think of larger re-
sponsibilities, to seek them, and to accept them. Only
by so doing can we do our full duty toward making
this world safe for civilization.

I desire to thank the membership for the honor and
privilege of serving as President. It has been a pleasure
to serve, even though it has been a war vear, and not
a peaceful, placid one. It has been a pleasure because
it has meant close association with the Directors, a
group of men whom | wish you all could know as I
have come to know them -sincerely interested in the
welfare of the Institute, and unstinting in time and
effort to promote that welfaré. ‘They remain, among-
them your new President, and in his and their hands
during this next year, | shall know that the Institute

is going forward in the bigger and better future which
awaits it.




Institute News and Radio Notes

Postwar Horizons

Important contributions to be made by
the radio-and-electronic field toward post-
war economic recovery and renewed pros-
perity were envisioned by David Sarnoff,
President of the Radio Corporation of
America and former Secretary of The Insti-
tute of Radio Engineers, in an address de-
livered before the Chamber of Commerce
of the State of New York on February 4,
1943. He said in part:

“Our hope for a future world economy
of abundance is founded upon much more
than prewar standards of prosperity. It
is based upon the promise of industrial
science. The old frontiers of the world were
frontiers of geography. The new frontiers
are those of science. The covered wagon of
the present day is the research laboratory.

“Progress in the field of radio and elec-
tronics has advanced on the same broad
front with progress in other fields of science
and industry. It is radio which has made
possible a war of speed and mobility on
land, at sea and in the air. Radio-electronic
sentinels stand watch on shipboard and
along the coast. The United States now
has fighting forces stationed at more than
sixty strategic locations on the world map.
Its Navy operates on the Seven Seas.
Without instant, reliable radio communi-
cation it would be impossible for these
widespread forces to function as a unified
war machine.”

Referring to the radio tube as the heart
of every radio instrument, he pointed out
that science in putting electrons to work in
the tubes has greatly extended the useful-
ness of clectronics in industry as well as in
communications. He added further:

“We began learning how to control the
clusive electrons in vacuum tubes, forty
years ago. The versatility of these tubes,
and of the devices built around them, is
amazing. They can be made to respond to
light, to all shades of color, to smoke, to
the faintest noise. In terms of results, we
can say that they are able to hear, sce,
fecl, taste, remember, calculate, and even
talk. They bring increased speed, accu-
racy, and safety to a wide variety of in
dustrial operations.”

Calling attention to the latest radio-
electronic developments, Mr. Sarnoff ap-
praised the electron microscope as an out-
standing achievement. Capable of mag-
nifying 100,000 diameters, it has opened
new worlds of knowledge in biology, bac-
teriology, medicine, physics, chemistry,
plastics, textiles and, other ficlds of re-
scarch. In this regard, he statcd:

“In most industries the emphasis is on
bigness. Radio science is built on minute-
ness. An clectron is a tiny fraction of an
atom.

And to illustrate this point he called
attention to the fact that the electron
microscope made it possible to photograph
the influenza virus for the first time. It
should not be forgotten that a single in
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visible germ sometimes carries more power
of destruction than a 2000-pound bomb.

Turning to another new field of radio,
his analyses showed that radiothermics,
the application of heat generated by high-
frequency radio waves, is finding new and
widespread use in speeding and improving
industrial processes. For example, a lami-
nated airplane propeller is processed in
minutes compared with hours required by
older methods. Similarly, radio heat may
be employed to bond rubber to wood or
plastic surfaces, to dry textiles and purify
food products. Accordingly he foresaw
radiothermics as a significant factor in
postwar industry.

Describing television as “the most
spectacular development in the field of
communication,” which may be looked
forward to in the post-war period, he pre-
dicted that when the war is over, television
will advance as a new service of public
information and entertainment.

“\Ve expect to have intercity networks
of stations as we have them in sound
broadcasting. Eventually they will become
nation-wide. We look forward to television
programs in theaters as well as in homes.
Thanks to war research, these television
pictures will be technically much better
than they were before the war. It is grati-
fying to those who labored many years to
bring television out of the laboratory to
know the experience gained from tele-
vision research is proving of vital im-
portance in the war.”

Board of Directors

The regular meeting of the Board of
Directors, held on February 3, 1943, was
attended by L. P. Wheeler, president; F. S.
Barton, vice president; S. L. Bailey, E. F.
Carter, 1. S. Coggeshall, H. T. Friis,
Alfred N. Goldsmith, editor; G. E. Gustaf-
son, R. A. Heising, treasurer; Haraden
Pratt, secretary; H. M. Turner, A, F. Van
Dyck, H. A. Wheeler, W. C. White, and
W. B. Cowilich, assistant secretary.

Approval was granted to the following
applications: for transfer to Member from
H. E. Dinger, Beverly Dudley, T. M.
Ferrill, Jr., ]. B. Knight, Clarence Radius,
A. G. Sparling, C. ]. Terrey, and R. G.
Zender; for admission to Member from
J. A. Cose, D. M. Davis, J. E. Innes-
Crump, G. F. Maedel, 0. S. Meixell, A. (&
Omberg, Charles Sheer, and W. D. Wenger;
and 110 for admission to Associate, 120
for Student, and 5 for Junior.

P’resident Wheeler briefly reported on
recent Executive Committee actions in-
volving temporary changes in the Code of
Administrative Practice, the appointment
of three members to be responsible for the
nstitute’s committee activities, and early
conference with chairmen of existing Tech-
nical Committees relative to personnel of
their committees for the next term, begin-
ning May 1, 1943,
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The editorial, “Wartime Service,” by
President Wheeler, was approved for puh-
lication in the March, 1943, issue of the
PROCEEDINGS.

The bank resolutions relative to the
“General Account” and tothat “Special Ac-
count” requiring only the secretary’s signa-
ture for withdrawal, were authorized.

The bank resolution regarding a second
“Special Account” for office use and pro-
viding for withdrawal only on the signature
of the assistant secretary, was rejected.

In place of the latter “Special Ac-
count,” an account to be known as the
“Office Account” was established for pur-
poses of office administration. The bank
resolution on this account was also ap-
proved.

The following resolution concerning the
readmission of former members was voted:

“Resolved, that the Board of Directors

readmit to the grade of membership

previously held (or in the Associate
grade if formerly a Junior and now over

21 years of age) those former members

(a) whose memberships terminated be-

fore or during 1942 and who pay either

current dues or all dues in arrears or

(b) whose memberships terminate on

March 31, 1943 and who pay dues for

1943 at a later date during 1943. The

payment of a new entrance fee, if such

would normally be required, is waived.

Associates, who formerly had the

privilege of voting, will be readmitted

as nonvoting Associates.”

Reports were given on Executive Com-
mittee actions relative to I’ROCEEDINGS
advertising and to the charge for the com-
pleted audit of the Institute’s 1942 financial
records.

The auditor’s report for the fiscal year
ending December 31, 1942 was accepted.

It was agreed to make certain changes
in office practice. Consideration was given
to the matter of changing the date of the
first mailing of membership-dues bills,
which is now December first as specified in
the Constitution, in view of the year-end
congestion of other work in the office.

The appointment of a committee to
investigate the Institute’s investments was
delegated to President Wheeler and [reas-
urer Heising.

President Wheeler announced the two
actions of the Executive Committee, one
with reference to the proposals of B. J.
Thompson, chairman of the Membership
Committee, for conducting the activities
of that group this year, and the other with
reference to holding PROCEEDINGS issues
in reserve for members in the armed serv-
ices.

Two letters received in reply to the
{nstitute's resolution on deferment of engi-
neering students were read. They were
from the Office of Emergency Manage-
ment of the War Manpower Commission,
and the Signal Corps Manpower Division
of the Selective Service System, both at
Washington.

(Continued on page 182)
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CANDID CAMERA
COMPLETES THE RECORD

Dr. Southworth addresses the

joint LR.E.-A.L.E.E. meeting at of Honor from President Wheeler
New York

Dr. Wilson receives the Medal

Vice President Barton (right)
converses with Past-President
Van Dyck




OF THE WINTER
CONFERENCES OF 1943

Chairman Fly of the F.C.C. Addresses Washington

At Boston, Dr. DuBridge receives Fellow diploma Section and Nationwide I.R.E. audience. (Seated,

from Professor Oberg (center). (Others, left to left to right, General Stoner, Section Chairman

right, Messrs. Henry, McElroy, and Eastman and Hunt, Admiral Ranneft, Captain Wilson, and Mr.
Commander Meader.) MclIntosh of W.P.B.)
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(Continued from page 179)

The subject of more extensive promo-
tion of the interests and welfare of the In-
stitute and its membership was discussed.

The letters from C. L. Fortescue, presi-
dent, and R. L. Smith-Rose, both of the
Institution of Electrical Engineers, Lon-
don, suggesting an exchange of that
society's facilities with those of the Insti-
tute, were read by President \Wheeler.

This suggestion was accepted whole-
heartedly.
A memorandum on the Institute's

foreign-membership policy, previously pre-
pared, was discussed.

President Whecler called attention to
the splendid co-operation received from
the American Institute of Electrical Engi-
neers during our Winter Conference at
New York City, and to his recent letter to
1. S. Osborne, their president, expressing
the Institute’s appreciation.

President Wheeler stated that the In-
stitute had sent flowers to the funeral of the
late Dr. Nikola Tesla.

Mr. Coggeshall, chairman of the Winter
Conference Committee, reported on the
conference held on January 28, 1943
Satisfaction with the success of that con-
ference was expressed and Mr. Coggeshall
was given a vote of gratitude.

The proposed Constitutional Amend-
ments, which in due course will be sub-
mitted to the membership as required by
the Constitution, and the resolution rela-
tive to their submission to legal counsel,
are given below:

“RrsoLVED: that the Board of Directors
does hereby propose the following
amendments to the Institute Constitu-
tion and does hereby instruct the Secre-
tary to submit these proposed amend-
ments to legal counsel for his opinicn as
to their accordance with the laws under
which the Institute is organized:

Proposed Revision of Article 11, Sections
1through 8 and Section 10; Article 111,
Sections 4 and 7; Article 1V, Section | -
Article 'V, Section 1; Article VI, Sec-
tions 4, 5, and 6; Article VII, Heading
and Section 2 of the Conslitution

ARTICLE ]]
MEMBERSHIP

Sce. 1—The membership of the Insti-
tute shall consist of :

a. Fellows, who shall be entitled to all
rights and privileges of the institute.

b. Senior Members, who shall be en-
titled to all rights and privileges of the
Institute except the right to hold the
offices of President and Vice President.

c. Members, who shall be entitled to
all rights and privileges of the Institute
except the right to hold the offices of
President, Vice President, and Director.

d. Associates, who shall be entitled to
all rights and privileges of the Institute
except the right to hold the offices of
President, Vice President, and Director,
and the chairmanships of standing Com-
mittees and of Scctions, and the right
to vote. However, Associates of record
on March 1, 1939, shall have the right
to vote so long as a continuous member-
ship since that date is maintained. Fur-
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thermore, the restriction on holding
chairmanships of standing committees
and of Sections shall not be operative
until January 1, 1945,

c. Students, who may participate in
meetings, receive the PROCIEEDINGS, and
wear the badge of the Institute, but who
shall have no other rights or privileges.

Sec. 2—lellow: For admission or
transfer to the grade of Fellow, a candi.
date shall be at least thirty-two vears of
age and shall he either:

a. An engineer or scientist in radio or
allied ficlds. As such he shall have at-
tained distinction in his profession and
shall be eminently qualified to take re-
sponsible charge of important radio or
allied work. He shall have been in the
active practice of his profession for at
least ten years, and shall have had re-
sponsible charge of important radio or
allied work for at least three years.

b. A professor of engineering or of
physical science. As such he shall have
attained special distinction as an ex-
pounder of the principles of engineering
or of science in radio or allied fields. He
shall have had at lcast ten years' experi-
ence as a teacher of clectrical or physical
subjects and shall have had responsible
charge, for at lcast three years, of a
course in radio or allied subjects in a
school of recognized standing.

c. A person who has done notable
original work contributing to the ad-
vancement of engineering or science in
radio or allicd ficlds which has given him
a recognized standing at least equivalent
to that required for I'cllow under para-
graph “a” or “b.”

d. A person regularly engaged in radio
or allied work for at least ten years, who
by invention or contribution to the ad-
vancement of engineering or science in
radio or allied fields, or to the technical
literature thereof, has attained a stand-
ing at least equivalent to that required
for Fellow under paragraph “a” or “h.”

Sec. 3—Senior Member: For admis-
sion or transfer to the grade of Senior
Member, a candidate shall be at least
twenty-six years of age and shall be
either:

a. An engincer or scientist in radio
or allied fields. As such he shall have per-
formed and taken responsibility for im-
portant engineering or scientific work in
these fields and shall have been in the
active practice of his profession for atr
least six years.

b. A teacher of radio or alljed subjects
for at least six years in a school of recog-
nized standing. He shall have been in
responsible charge of a major course in
such fields.

c. A person regularly employed in
radio or allied work for at least SIX years,
who by invention or by contribution to
the advancement of engineering or
science in radio or allied fields, or to the
technical literature thereof, has at-
tained a standing cquivalent to that re-
quired for Senior Member under para-
graph “a.”

d. An exccutive who, for at least six
years, has had under his direction im-
portant engineering or research work in
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radio or allied fickls and who is qualified
for direct supervision of the technical or
scientific features of such activities.

Sec. 4—MNlamber: For admission or
transfer to the grade of Member, a candi-
date shall be at least twenty-four years
of age and shall he either:

a. An engineer or scientist in radio or
allicd fields. As such he shall have
demonstrated competence in engineering
or scientific work of professional char
acter and shall have been in active prac-
tice of his profession for at least three
years.

b. A teacher of radio or allied subjects
for at least three years.

Sec. 5—Associate: For admission or
transfer to the grade of Associate, a
candidtate shall be at lcast eighteen
years of age and shall be interested in the
theory o practice of radio engineering
or of the allied arts and sciences.

Sec. 6—Student : For admission to the
grade of Student, a candidate shall be
devoting a major portion of his time a:
a registered student in a regular course
of study in engineering or science in a
school of recognized standing. Member
ship in this grade shall not extend more
than one and one-half years beyond the
termination of his student status as de-
scribed above.

Sce. 7—The term “allied” as used in
this Constitution and Bylaws refers to
electrical communication, electronics
and such other technical fields as are
directly contribntorv to or derived from
radio.

Sec. 8—The expression “school ol
recognized  standing” includes only
schools of college grade providing an
engineering or scientific curriculum of
not less than four years and granting
degrees, and such other schools as may
be so designated by the Board of Direc-
tors.

Scc. 9—Graduation from a radio or
clectrical course oka school of recognized
standing shall be accepted as equivalent
to one year's experience in radio or allied
fields. Full-time graduate work, or part-
time graduate work with teaching, in
radio or allied courses in a school of
recognized standing, shall be accepted as
cquivalent to professional experience, for
a period not exceeding two years.

Sec. 10—(old Sec. 9 without change).

Sec. 11—The terms “member” and
“membership” when printed without an
initial capital where used in this Consti-
tution and Bylaws include all grades.

Sec. 12—(old Sec. 11 without change).

ARTICLE 111
ADMISSIONS, TRANSFERS, AND EXPULSIONS

Sec. 4—The admission fee and dues
are payable on notification of election
and if not received within six months
from notification, the election shall be
void.

Sec. 7-—When a member's dues be-
come three months in arrears his mem-
bership shall terminate. Subject to the
approval of the Board of Directors,
membership may be resumed on pav-
ment of all dues in arrears or on payment
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of a new entrance fee and current dues.

For purposes of Article 1I, Section
1-d, resumption of membership as pro-
vided under Sections 6 and 7 of this
Article shall not constitute maintenance
of continuous membership.

ARTICLE |V
ENTRANCE FEES AND DUES

Sc¢c. 1—The entrance fees, transfer
fees, and annual dues shall be as follows:

ENTRANCE FEES

FrLLow $5.00
SENIOR MEMBER 5.00
MEMBER 3.00
ASSOCIATE . 3.00
STUDENT . .. NONE

The transfer fee from one grade of
membership to another shall be the dif-
ference between the corresponding en-
trance fees except that there shall be no
fec when transferring immediately from
Student to Associate membership.

ANNUAL DUES

FELLOW . $10.00
SENIOR MEMBER. . 10.00
MEMBER. . .. 6.00
ASSOCIATE . 6.00
STUDENT. . 3.00
ARTICLE V
OFFICERS
Sec. 1—The governing body of the

Institute shall be the Board of Directors
and shall consist of the President, Vice
President, Secretary, Treasurer, Editor,
nine elected Directors, five appointed
Directors, and the two most recent past
Presidents.

ARTICLE VI
MANAGEMENT

Transpose Sections 4 and 5

Sec. 6—All funds received by the
Institute shall be deposited in an ac-
count requiring the signatures of at least
two of the following for withdrawal:
President, Vice [Iresident, Sccretary,
Treasurer, and Editor. Funds from . ..
ctc.

ArTticLE VII

NOMINATION AND ELECTION OF PRESIDENT,
VICE PRESIDENT, AND THREE DIRECTORS,
AND APPOINTMENT OF SECRETARY,
TREASURER, EDITOR, AND FIVE
DIRECTORS

Scc. 2—The Secretary, Treasurer, and
Editor, shall be appointed by the Board
of Directors at its annual meeting to
serve until the next annual meeting.

Executive Committee

The Executive Committee met on
January 29, 1943, and those present were
L. P. Wheeler, chairman; Alfred N. Gold-
smith, editor; R. A. Heising, treasurer;
I. B. Llewellyn, A. F. Van Dyck, H. A.
Wheeler, and W. B. Cowilich, assistant
sccretary.

Institute News and Radio Notes

‘I'hese applications were recommended
to the Board of Directors for approval: for
transfer to Member from H. E. Dinger,
Beverly Dudley, T. M. Ferrill, Jr., J. B.
Knight, Clarence Radius, A. G. Sparling,
C. |. Terrey, and R. G. Zender, and for
admission to Member from J. A. Cose,
D. M. Davis, J. E. Innes-Crump, G. F.
Maedel, O. S. Meixell, A. C. Omberg,
Charles Sheer, and W. D. Wenger.

The 110 applications for Associate, 120
for Student, and 5 for Junior were also ap-
proved for confirming action by the Board
of Directors.

Consideration was given to the pro-
posals made by B. J. Thompson, chairman
of the Membership Committee, regarding
the current year's activities planned for
this group.

It was decided to make certain tempo-
rary changes in the Institute's Code of
Administrative Practice.

The bank and other resolutions were
approved for submission to the Board of
Directors.

It was noted that members in the
Armed Services were maintaining active
memberships and, in cases where they were
unable to receive the PROCEEDINGS, were
having their issues held in reserve by the
Institute.

Chairman Wheeler reported on his re-
cent letter to H. S. Osborne, president of
the American Institute of Electrical Engi-
neers, expressing appreciation of that
socicty's co-operation received by the In-
stitute during its Winter Conference in
New York City.

The assistant sccretary pointed out
that the attendance at the Winter Confer-
ence on January 28, 1943, at New York
City, wasapproximately 450 members and
guests at the morning session, 350 at the
afternoon session, and 600 at the joint eve-
ning meeting.

Chairman Wheeler stated that the In.
stitute had sent flowers to the funeral of the
late Dr. Nikola Tesla, held in December.

Approval was granted to paying the
earned advertising commissions, requested
by W. C. Copp, on the basis of twice a
month. It was also authorized to accept the
actual charge for making the recently com-
pleted audit of the Institute’s 1942 finan-
cial records.

Ireasurer Ileising, in his capacity as
chairman of the Constitution and laws
Committee, gave a brief oral report on the
constitutional changes in process.

Iz ditor Goldsmith explained the current
restrictions on the use of paper in periodical
publishing and its effect on the PROCEED-
1NGs, and made a paper-saving proposal
relative to the P’ROCEEDINGS which was
approved.

The existing Technical Committees
were discussed and consideration was given
to their personnel for the next annual term,
which begins May 1, 1943.

‘Three members of the Executive Com-
mittee were appointed and each placed in
charge of a division of the Inst itute’s com-
mittee activities, as required by the Insti-
tute's Code of Administrative Practice.

Letters were read from C. I.. Fortescue,
president, and R. L. Smith-Rose, both of
the Institution of Electrical Engineers,
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London, on the subject of co-operation
between that society and the Institute. A
discussion was also held on a previously
prepared memorandum relative to the
general subject of the Institute’s foreign-
membership policy. These matters were re-
ferred to the Board of Directors.

The recent letter from the American
Association for the Advancement of
Science, concerning the formulation of
general objectives for science, was dis-
cussed and likewise included for considera-
tion of the Board of Directors.

A meeting of the Executive Committee
was held on February 3, 1943, and those in
attendance were L. P. Wheeler, chairman;
Alfred N. Goldsmith, editor; R. A. Heising,
treasurer; Haraden Pratt, secretary; A.F.
Van Dyck, and W. B. Cowilich, assistant
secretary.

Approval was granted to salary in-
creases of certain office emplovees on the
basis of individual-merit increases within
established salary-rate ranges, or the opera-
tion of an established plan of salary in-
creases according to length of service.

A policy was adopted relative to over-
time work.

Winter-Conference
Section Meetings

The following accounts describe those
Section. meetings on which reports have
been received by the Institute Office and
which were held on or near January 28,
1913, the \Winter-Conference Day set by
the Institute's Board of Directors

BosTtOoN

The Boston Section conference pre-
ceded by a dinner, took place on January
28, 1943, at Northeastern University,
Boston. The program included the follow-
ing papers:

“Résumé of Impedance Measurements,”
(illustrated), by I. G. Easton, General
Radio Company.

“Radio Production for the Armed
Forces,” by Rear Admiral S. C.
Hooper, U.S.N. (Paper Presented by
lieutenant Commander R. B. Meader
U.S.N))

“Radio Standards Go to War” by H. P.
Westman, American Standards As-
sociation. (PPaper Presented by P. K.
McElroy, General Radio Company.)

By special arrangement at this meet-
ing, Dr. Lee A. Du Bridge was formally
presented the Institute’s Fellowship Award,
granted to him “for engineering and ad-
ministrative leadership in the development
and application of new radio techniques.”

Despite one of the worst blizzards in
the area, the conference was attended by
54 members and guests. J. M. Henry, past
chairman, presided.

CINCINNATI

The Cincinnati Section conference was
held on January 28, 1943, at the University
of Cincinnati.

The following papers were given:
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“Radio Production for the Armed
Forces,” by Rear Admiral S. C.
Hooper, U.S.N. (Presented by Lieu-
tenant Piersall, U.S.N.)

“Radio Standards Go to War,” by H. P.
Westman, American Standards As-
sociation. (Presented by H. G. Hard-
ing, Crosley Corporation.)

Vacation Pictures on Kodachrome Color
Slides, shown by ]. R. Duncan.

The conference was attended by 30
members and their guests, H. Lepple,
chairman, presided.

CLEVELAND

The Cleveland Section meeting, pre-
ceded by a dinner, took place on January
27, 1943 at the Cleveland Engincering
Society quarters, Cleveland.

The paper of the evening, “The Be-
havior of Dielectrics over Wide Ranges of
Frequency and Temperature,” was pre-
sented by Dr. R. F. Field, General Radio
Company.

The annual election of officers was also
held.

Approximately 25 attended the meet
ing which was presided over by F. C. Ever-
ett, vice chairman.

Dacras-Fort WonrTti

The Dallas-Fort \Worth Section met
on the evening of January 28, 1943, at the
Adolphus Hotel, Dallas. The program in-
cluded these papers:

“Pulse Circuits, Specialized Applica-
tions” (illustrated), by C. W. Tittle,
Southern Methodist University Pre-Radar
School.

“Square-Wave Analysis,” by V. N
James, Southern Methodist University
PPre-Radar School.

Major Strobart, U. S. Signal Corps, was
called upon and spoke briefly of his inter-
ests in the Institute.

A. N. Stanton read an editorial from
Electronics magazine concerning the warn-
ing of the attack on Pear! Harbor by the
Radar operator on duty. The reading was
followed by a discussion of the part that
Radar is playing in the present war.

The radio addresses of incoming presi-
dent L. P. Wheeler and retiring president
A.F. Van Dyck, from New York, and that
of Honorable James Lawrence Fly, from
Washington, were received at 9:30 p.m. at
the meeting.

The annual meeting and election of
1943 officers also took place.

Nearly 60 members and guests were in
attendance. Chairman Truett Kimzey pre-
sided.

DETrOIT

The conference meeting of the Detroit
Section, on January 28, 1943, took place
at the Engineering Society of Detroit
quarters, and was preceded bv a dinner.

The following papers were given:

“Electronic Devices in Industry,” by
R. A. Powers, Bundy Tubing Company.

“Radio  Production for the Armed
Forces,” by Rear Admiral S. C. Hooper,
U.S.N. (Presented by A, B. Buchanan, De-
troit Edison Company,)

Proceedings of the | . R.E.

The radio addresses of incoming presi-
dent I.. P. Wheeler and retiring president
A. F. Van Dyck, from New York, and that
of Honorable James lawrence Fly, from
Washington, were heard over the l(.)('al
station WJR at 10:30 p.M. on a receiver
installed at the meeting.

R. A. Powers, vice chairman, presided
and 30 members were present.

MONTREAL

The Montreal Section held its confer-
ence on January 28, 1943, at NcGill Uni-
versity, Nontreal, the meeting being pre-
ceded by a dinner.

The program included the following
papers:

“The Behavior of Dielectrics over Wide
Ranges of Frequency and Temperature,”
by R. F. Field, General Radio Company.
(Presented by J. M. Conroy, RCA-Victor
Company.)

“Analysis of Performance of Loop An-
tennas,” by Dr. F. S. Howes, McGill Uni-
versity. (Paper discussed by Messrs. E. A.
Laport, R. R. Desaulniers, L. T. Bird, and
A. Oxley.)

The addresses by the Institute's new
president I.. P. \Vheeler and retiring presi-
dent A, F. Van Dyck, from New York
and by Honorable James l.awrence Fly,
chairman of Federal Communications
Commission, from Washington, were heard
on public-address system over landline
from New York.

Nearly 90 were in attendance at the
meeting, at which L. T. Bird, vice chair-
man, presided.

St. Louss

The conference meeting of the St. Louis
Section took place on January 28, 1943 at
the studio of radio station KNOX, St.
Louis. A dinner was also held in conjunc-
tion with the meeting.

The paper of the evening, “Frequency
Modulation and Emergency Communica-
tions in a Public Utility,” was presented
by B. B. Miller, Public Service Company
of St. Louis, and was followed by a general
discussion of the subject.

The radio addresses of the Institute’s
new president I.. I>. Wheeler and retiring
president A. F. Van Dvck, from New York,
were received through the facilities of sta-
tion KNOX, in addition to the address of
Honorable James lawrence Fly, from
Washington. The subject of the latter
address was discussed at length by those
present.

O. S. McDaniel, chairman, presided
and more than 50 attended the meeting.

SAN FRANCISCO

The San Francisco conference meeting,
on January 28, 1943, was held at the studio
of radio station KQW, Palace Hotel, San
Francisco, and was preceded by a dinner.

The program included the following
papers:

“A Wide-Band Cathode-Rav Oscillo-
scope” (illustrated), by Dr. E. D. Cook.
General Electric Company. (Presented hy
P. G. Caldwell, General Electric Com-
pany.)

“Radio Production for the Armed
Forces,” by Rear Admiral S. C. Hooper,

April

US.N. (P’resented by NMNr. Cameron,
Heintz and Kaufman, Ltd.)

The meeting was opened with a reading
of the address of retiring president A. F,
Van Dyck, which was submitted by the
Institute headquarters to sections holding
simultaneous winter conferences.

The radio addresses, broadcast that
evening, of the Institute’s new president
L. P. \Wheeler and retiring president Van
Dyck and of Honorable James l.awrence
Fly, were received at the meeting.

At the mecting there were 60 present
and Dr. Karl Spangenberg, chairman, pre-
sided.

Twin Cities

The January 28, 1943 conference meet-
ing of the Twin Cities Section took place at
the studio of radio station \WWCCO, Minne-
apolis, anrl‘ included a dinner.

These papers were given and on them
a round-table discussion followed:

“Some Problems in Filter Design,” b
Ralph Allison, Audio Development Com-
pany.

“The Winona (Minnesota) Police De-
partment Frequency-Modulation Radio
Installation,” by W. A. Haeussinger, Radio
Station KBZB.

“Monitor Crosstalk Problem in Station
WCCO’s Master Control Room,” by A. G.
Peck, Radio Station WCCO.

The radio addresses of the Institute's
new president L. P. Wheeler and retiring
president A. F. Van Dyck, and that of
Honorable James Lawrence Fly, were re-
ceived at the meeting over station WCCO,
beginning at 9:30 p.M.

Approximately 25 attended the meect-
ing, which was presided over by Ralph
Allison, chairman.

\WASHINGTON

The conference and banquet of the
Washington Section were held on January
28, 1943, at the Willard Hotel, \Washing-
ton. ’

The following papers comprised the
technical program:

“The Radio Enginner in War Indus-
try,” by F. H. MclIntosh, Chief of Domes-
tic and Foreign Radio Branch, Radio and
Radar Division of War Production Board.

“The Radio Engineer in the Army,” by
Brigadier General F. E. Stoner, Director
of Army Communications, U. S. Army.

“The Radio Engineer in the Navy,” by
Captain C. F. Holden, Director of Naval
Communications, U. S. Navy.

“The Radio Engineer in Psychological
Warfare,” by R. C. Corderman, Assistant
Chief of Bureau of Communication Facili-
ties, Office of War Information.

At 10:30 p.m. Honorable James Law-
rence Fly, chairman of the Board of War
Communications and the Federal Com-
munications Commission, delivered the
radio address, “Radio Engineering in \Var-
!ime." which was broadcast from Wash-
inton over the Columbia Broadcasting
Svstem stations and received at the ban-
quet on a public-address system.

Preceding Chairman I'ly’s address were
those of the Institute’s retiring president
A. F. Van Dyck and new president I.. P.
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Wheeler, as part of the same radio pro-
gram, from New York.

The banquet was followed by a full
program of entertainment, with Arthur
Godfrey as master of ceremonies. Dancing
after the radio broadcast concluded the
evening's activities,

The committee responsible for the con-
ference arrangements, included Captain
E. M. Webster, C. M. Hunt, Lieutenant
Commander G. C. Gross, and H. A. Bur-
roughs.

There were 275 members and guests in
attendance at the conference and banquet.

OTHER SECTION MEETINGS

1.0s ANGELES
4Television, Present and Future,” by
H. R. Lubcke, Don lLee Broadcasting
system, January 19, 1943,
MONTREAL

“Physics and the Radio Engineer,” by
Dr. W. H. Watson, McGill University,
February 10, 1943.

PHILADELPHIA

“Effect of Solar Activity on the lono-
sphere and Radio Communications,” by
Dr. H. H. Wells, Carnegie Institute of
Washington, February 3, 1943.

PITTSBURGH

“The Behavior of Dielectrics over Wide
Ranges of Frequency and Temperature”
(illustrated), by R. F. Field, General Radio
Company, January 11, 1943.

Naval
Training

U-H-F Engineering

The attention of the readers of the
PROCEEDINGS is directed to the follow-
ing announcement from the Navy De-
partment of the United States:

“The rapid expansion in Navy sur-
face vessels, submarines, and aircraft
has created several hundred additional
billets for officers trained in electrical
engineering who are needed to serve in
engineering work in connection with
ultra-high frequency electronic appara-
tus, the Navy announced today.

“The Navy has issued a call for
qualified engineers to fill the new vacan-
cies. Technically qualified for this work
are men who hold degrees in electrical
engineering and have practiced in the
field of engineering since their gradua-
tion; or men who have majored in phys-
ics, mathematics, or other branches of
alternating-current circuits and elec-
tronics.

“Men commissioned for this elec-
tronic work are given the Navy's three-
months’ course in ultra-high frequencies
at either Harvard University or Bow-
doin College, followed by an additional
three-months’ laboratory course at
Massachusetts [nstitute of Technology.
Upon graduation, these officers are as-
signed to responsible engincering posi-
tions having to do with research, de-
sign, instruction or maintenance of the
Navy's ultra-high frequency equipment.

“Qualified engineers are urged to ap-
ply for a commission at the necarest
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Office of Naval Officer Procurement.
These offices are located in principal
cities throughout the United States.”

Brown Brothers
RaLpi R. BATCHER

In accepting a new post as consult-
ing editor of Electronic Industries, re-
cently inaugurated publication in the
radio-and-electronic field, Ralph R.
Batcher has added to his numerous and
productive wartime activities. He is the
author of textbooks and articles in the
radio-and-electronic field, and has de-
voted particular attention to cathode-
ray tubes and their associated circuits.
During World War 1 Mr. Batcher was
an instructor in radio theory at the Sig-
nal Corps School of the College of the
City of New York and also at the old
Marconi Institute. On his graduation
from lowa State College in 1920 he be-
came an enginecr with the Western
Electric Laboratories where he stayed
until 1924 when he became research en-
gineer with A. H, Grebe and Company.
During 1929-1930 he was vice president
of the Decatur Manufacturing Com-
pany, resigning to do consulting work
until 1938 when he hecame chief engi-
neer of the Allen D. Cardwell Manufac-
turing Company.

Mr. Batcher joined the I[nstitute as
a Junior in 1916, transferred to Associ-
atein1918,and to Membergradein 1922,
He isa member of its Board of Editors
and also has served effectively on the
Publications Committee of the [nstitute
and the Committees on Symbols and
Television. He is a member of Tau
Beta Pi.

Hazeltine Electronics
Corporation

The name of Hazeltine Service Cor-
poration has been changed to Hazeltine
Electronics Corporation, according to an
announcement just made by W. A. Mac-
Donald (A'19-M’26), president. This step
follows completion of a program of plant
expansion providing large additional facili
ties for electronics research and develop-
ment.

“The tremendous growth in the use of
electronic devices by the Army and Navy
has greatly incrcased the responsibilities
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entrusted to the Hazeltine organization,”
said Mr. MacDonald. “Since the infancy
of radio broadcasting, Hazeltine has been
supplying new principles, circuits, tech-
niques, and equipment, and Hazeltine de-
velopments today are playing an ever more
vital part in helping to keep the United
Nations superior to the enemy. With en-
larged facilities in plant and personnel we
can undertake solution of the most com-
plex problems in electronics. Following the
war, Hazeltine Electronics Corporation
will be able to supply the public, through
industry, with electronic marvels that can
make life safer and happier for every one.”

Bibliography to be Published
on Automatic Stations

The fourth bibliography of technical
literature entitled “Bibliography on Auto-
matic Stations, 1930-1941” is soon to be
issued by the American Institute of Elec-
trical Engineers. This publication spon-
sored by the AIEE committee on automat-
ic stations supplements earlier bibliogra-
phies on the subject published previously
in AIEE Transactions.

The entries in this bibliography are
numbered consecutively by sections and
listed alphabetically by years. The mate-
rial is divided into the following sections:

General; supervisory and remote con-
trol; telemeters and telemetry; automatic
and remote-controlled switches and switch-
gear; automatic features of generating sta-
tions using fuels; automatic boiler and
combustion control; automatic hydroelec-
tric plants; automatic substations.

The “Bibliography on Automatic Sta-
tions, 1930-1941” will be obtainable from
AIEE headquarters, 33 West 39th Street,
New York, N. Y., at 25 cents per copy for
AIEE members (50 cents to nonmembers)
with a discount of 20 per cent for quanti-
ties of 10 or more mailed at one time to one
address. Remittances, payable in New
York exchange, should accompany orders.

Radio Club of America Meet-
ing

A meeting of The Radio Club of Amer-
ica was held on Thursday, February 11, at
Columbia University, New York. The
speaker was Robert F. Field, Engineer,
General Radio Company, and his subject
was “The Behavior of Dielectrics Over
Wide Ranges of Frequency and Tempera-
ture.” Mr. Field is a Member of the
[.R.E. The summarizing paragraph of Mr,
Field’s paper indicates that he dealt with
several interesting aspects of the hehavior
of dielectrics. The changes in dielectric
constant and loss factor of several dielec-
trics were described. It was shown that
two types of polarization, dipole and inter-
facial, are responsible for these changes.
These polarizations are defined by three
parameters whose values are found either
from plots of loss factor against dielectric
constant, or by a graphical analysis of the
current-time curves of the dielectric. Sev-
eral examples were given of the variation
of the polarization parameters with fre-
quency, illustrated by graphs.




Joux KELLY Jounson

John Kelly Johnson for manyv years
engineer in charge of the Huzeltine
laboratories in Chicago has resigned his
position as senior engincer in Hazeltine
Electronics Corporation in order to ac-
cept the position of Special Repre-
sentative assigned to the Office of Procure-
ment and Material of the Office of the
Under Sccretary of the Navy. He will
assume his new duties with headquarters in
Washington, D. C. immediately. Mr.
Johnson joined The Institute of Radio En-
gineers as an Associate in 1925 and trans-
ferred to Member grade in 1935,

Dx. Howarp A. PinGEON

Dr. Howard A. Pidgeon, vacuum-tube
development engineer of Bell Telephone
Laboratories, died February 7 after a
short illness. He was born in Pennsville,
Ohio, on October 25, 1883.

Dr. Pidgeon received the B.S. degree
from Ohio University in 1911 and the M.S.
degree in 1912, He then went to Cornell
University where he engaged in work in
engineering and physics, acted as instruc-
tor in physics and reccived his Ph.DD. de-
gree in 1918, He joined the Laboratories,
then the Engineering Department of the
Western Electric Company, in October,
1918, and for a number of years was en-
gaged in fundamental studies of electron
cmission. Since then, in the Electronics
Rescarch Department, he had been in
charge of a group responsible for the de-
velopment of all types of vacuum tubes
used for communication purposes, particu
larly those used in modern long-distance
telephone equipment. Since the beginning
of the present war he had been concerncd
with the development of vacuum tubesand
other electronic devices for the Army and
Navy. Dr. Pidgeon had contributed sev-
eral technical papers in his field of en
deavor. He joined The Institute of Radio
Engineers as a Member in 1929 and he
was a member of the American Physical
Society, New York Electrical Society,
American Association for the Advance-
ment of Science, and the National Geo-
graphic Society.

Correspondence

IrRvIN Ray Baker

Irvin Ray Baker, who was formerly
head of RCA’s Broadcast ‘I'ransmitter
Sales and latterly was advancing the de-
velopment of ¢lectronic applications to war
industries, died FFebruary 9, of a cerebral
hemorrhage.

Mr. Baker was horn on a farm in Free-
dom ‘Township, Adams County, Pa., on
October 6, 1903. lie attended the public
and high schools of the township and later
entered Gettysburg College. Ile had be-
come interested as a boy in what was then
known only as wireless. After he reccived
his B.S. degree, he continued his studies to
receive another degree in electrical engi
neering.

Shortly after his graduation, Mr. Baker
entered the employ of the General Elect:ic
Company in 1927. There he was placed iy
charge of operations of the Schenect
New York, broadcasting station, WGY,
one of the first in the nation. In 1929 he
joined the Radio Corporation of Amcrica
and in a few years he was appointed as
head of broadcast transmitter sale
RCA Camden plant. He was a Member of
The Institute of Radio Engincers since
1935. When the war came, Mr. Baker de-
voted most of his time to rescarch into the
use of high-frequency radio current to
specd war production.

Correction of F-M Distortion

The frequency-modulation distortion-
correction system described in Pieracci's
article! has been the subject of much con-
troversy. In this paper it was shown that
the system was capable of correcting dis-
tortion for a sinusoidal applied signal.
Many readers doubted the ability of the
system to correct distortion when a com-
plex signal was applied. This doubt was
only partly dispelled by the supplementary
article in the March, 1942, PROCEEDINGS.

The following is a mathematical analy-
sis of the frequency-modulation distortion-
correcting scheme. It includes a derivation
of the nccessary correction and a proof
that if the correction is properly made for
a sinusoidal input it is sufficient regardless
of the nature of the applied signal.

In a frequency-modulation system, if
the phase angle ¢ is made to vary linearly
with the sideband E, then there will be no
amplitude distortion introduced at this
point in the system. It is, thercfore, desired
that ¢ be related to E, by the equation
0=KE, Fron the triangle

6=tan"'(E./E.).

£
S1DEBAND

£

CARRIER

[t is immediately obvious that E. must
be varied if the desired lincar relationship
is to be obtained. Assuming that it is pos-
sible to obtain the strict linear relation-
ship,

E, D
0= KE, = 1 —= ¢
E, = tan E or e tan KE,.

From this last equation the desired
form for E, is obtained:

E. = F, cot KE,.

For small values of the argument the
cotangent can be expressed by the series

1 x d 248
cot x = ~ = = =
345 945
so that
E. =
L[ | KE. (KE) 2KE)
LKE 3 45 945 ]
1 KE* [K3Es
R 3 a5

! Roger |. Pieracci, “A stabilized fre-
quency-modulation system,” Proc. I.RE,
vol. 30, pp. 7681 ; February, 1942: Sup-
plement, March, 1942, pA ISl

Proceedings of the I.R [

B

Taking now E,=1 for §=60 degrees or
1.048 radians, K =0/E, =1.048. Hence, for
complete correction E. must have the form

E. =0.955 — 0.349E2 — 0.025E, - - -
Y a

If now E. is related to E, in such a way
that for a sine wave (sinpt) applied (taking
the numerical values given in the original
article)

E. = 0.765 + 0.188 cos 2ot
then
L. =0.765 + 0.188(1 — 2 sin?pt)
= 0.953 — 0.376 sin?o¢
or
L. = 0953 — 0.376F.2.

Hence, if the correction is proper]
made for a simple sine-wave input, then
necessarily the carrier is related in the
proper manner to the sideband voltage E
to give a good approximation to a lincar
relationship between 0 and E,. (The high
cocfhicient of E? here compensates some-
what for the neglected higher-order terms.)
This being true the correction is properly
made to compensate for any input wave
regardless of how complex it may be.

SIDNEY BirTRAM
7171 Fay Avenue
La Jolla, California

April, 1943
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J. K. Clapp G. G. Muller

1. S. Coggeshall
F. W, Cunningham

A. F. Murray
H. O. Peterson

R. B. Dome A. F. Pomeroy
W. G. Dow J. R. Poppele

E. B. Ferrell Simon Ramo

D. G. Fink F. X. Rettenmeyer
F. W. Grover I’. C. Sandretto
O. B. Hanson S. A. Schelkunoff
J. V. L. Hogan D. B. Sinclair

F. V. Hunt Karl Spangenberg
Harley lams H. M. Turner

L. F. Jones Dayton Ulrey

J. G. Kreer, Jr., W. C. White

F. R. Lack Irving Wolff

H. C. Leuteritz J. W, Wright

D. K. Martin H. A, Zcamans

Technical Committecs

ELECTRONICS
R. S. Burnap, Chatrman

E. L. Chaffee Ben Kievit, Ir.
H. P. Corwith FF. B. Llewellyn
K. C. DeWalt 1. 5. Mouromtseff
W. G. Dow L. S. Nergaard
R. L. Freeman G. D. O'Neill
T.T.Goldsmith, Jr. H. W. Parker
L. B. Headrick H. J. Reich
S. B. Ingram C. M. Wheeler

J. R. Wilson

FACSIMILE

J. L. Callahan, Chairman
E. I. Bancroft W. A. R, Brown
J. C. Barnes G.V. Dilienback, Jr.
F. R. Brick, Jr. John Hancock

Institute Committecs—1943

PAPERS PROCUREMENT

D. D. Isracl, Chairman
\W. L. Everitt, Vice Chairman
J. R. Pierce, Second Vice Chairman

-

V. L. Barrow
. L. Bowles

. E. Brown

. S. Burnap

. L. Chaffee

. D’Agostino
. T. Dickey

\". Eastman
. E. Foster

. M. Graham
B. Hanson

. V. Hunt

{. S. Knowles
. K. Morgan

—ma

nOo<o>r

-

D. E. Noble

A. A. Oswald

J. R. Poppele

P. C. Sandretto
W. L. Schwesinger
B. E. Shackelford
H. C. Sheve

L. C. Smeby

Karl Spangenberg
H. M. Turner

A. F. Van Dvck
H. A. Wheeler

L. I>. Wheeler

R. M. Wise

PusLic RELATIONS

I. S. Coggeshall, Chairman

0. H. Caldwell
E. K. Cohan
I>. B. Findley

George Grammer

O. B. Hanson

Keith Henney

D. D. Israel

T. R. Kennedy, ]Jr.
J. R. Poppele

A. F. Van Dyck

REGISTRATION OF ENGINEERS
H. B. Richmond, Chairman

J. K. Johnson

E. L. Nelson

SECTIONS

R. A. Heising, Chatrman

C. N. Anderson
E. D. Cook

V. M. Graham
J. K. Johnson

J. H. Miller

F. A. Polkinghorn
G. T. Royden

B. E. Shackelford

(Section Chairmen, cx-officio members)

‘TELLERS
C. E. Scholz, Chairman

H. F. Dart Beverly Dudley
W. J. Ponsoll

J. V. L. Hogan Pierre Mertz

.. C. Horn George Robinson

I. A. Lefko L. A. Smith

H. J. Lavery F. T. Turner

BB. V. Magee R. J. Wise
C. J. Young

FREQUENCY N ODULATION
D. E. Noble, Chairman

J. E. Brown

C. C. Chambers
W. F. Cotter
M. G. Croshy
W. L. Everitt
R. F. Guy

C. M. Jansky, Jr.
V. D. Landon

H. B. Marvin

B. E. Shackelford
D. B. Smith

I.. P. Wheeler

Warren White
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G. D. Gillett
H. R. Mimno
K. A. Norton

PiEzoELECTRIC CRYSTALS
W. G. Cady, Chairmnan

C. F. Baldwin \W. P. Mason
W. L. Bond J. M. Wolfskill
J. K. Clapp K. S. Van Dyke

Rapio Recieivers
\W. M. Angu

W. M. Angus, Chairman C. T Burké
G. L. Beers D. E. Foster R.S. Burnap
W. M. Breazcale C. ]. Franks W. G. Cadr

W. F. Cotter
Harry Diamond
W. L. Dunn

H. B. Fischer
H. C. Forbes

J. L. Callahan
C. C. Chambers
J. H. Dellinger

David Grimes

J. K. Johnson
Garrard Mountjoy
H. O. Peterson

A. E. Thiessen

R. M. Wilmotte

Rapio WavE ProragatioN
R. R. Batcher
M. R. Briggs

C. R. Burrouws

J. H. Dellinger, Chairman

S. L. Bailey C. R. Burrows
J. L. Barnes W. A. Fiteh

Institute

Alabama Polytechnic Institute: \Woodrow Darling
Alberta, University of: J. \. Porteous
Arkansas, University of: I’. K. Hudson

British Columbia, University of: H. ]. MacLeod

Brooklyn, Polytechnic Institute of: F. F. Cinavaciol

California Institute of Technologv: S. S. Mackeown
California, University of: I.. J. Black

Carleton College: C.'A. Culver

Carnegie Institute of Technology: R. T. Gabler
Case School of Applied Science: P, I.. Hoover
Cincinnati, University of: W, C. Osterbrock
Colorado, University of: J. M. Cage

Columbia University: J. B. Russell
Connecticut, University of : . I1. Nelson
Cooper Union: J. B. Sherman

Cornell University: Truc Mclean

Drexel Institute of Technology: R. T. Zern
Duke University: \V. ]. Secley

Florida, University of: P, H. Craig
Georgia School of Technology: M. A. Honnell
Harvard University: E. L. Chaffee

Idaho, University of: Hubert Hattrup
Nlinois Institute of Technology: . G. Andres
Hlinois, University of: H. J. Reich

lowa, University of: R. C. Kent
Johns Hopkins University: Ferdinand Hamburger, Jr.

Kansas State College: Karl Martin
Kansas, University of: G. A. Richardson

I awrence Institute of Technology: H. L. Byerlav
Lehigh University: C. B. Brenecke
Louisiana State University: Taintor Parkinson

Maine, University of: W. ]. Creamer, Jr.

Manhattan College: J. IF. Reintjes

Maryland, University of: G. L. Davies

Massachusetts Institute of Technology: W. H. Radford and
Guillemin

McGill University: F. S. Howes

Michigan, University of: L. N. Holland

Minnesota, University of: O. A. Becklund
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STANDARDS
H. A. Whecler, Chatrman

SymBoLs

. M. Turner, Chairman

E. W. Schafer

.

April

H. O. Peterson TLELEVISION

l\-:/.nrpre;: 1{31':1..::1 I. J. Kaar, Chairman
H. S. Baird L. M. Leeds
J. . Brown H. M. Lewis
A. 3. DuMont A. V. Loughren

D. E. Foster H. T. Lvinan
P. C. Goldmark A. F. Murray
Virgil M. Graham T.T. Goldsmith, Jr R. E. Shelby

L. C. ¥. lorle A. G. Jensen D. B. Sinclair
1. ] Kaar . B. Smith
D. E. Noble

E. G. Ports

A. E. Thiessen

H. M. Turner TRANSMITTIERS AND ANTENNAS
. G. Ports, Chairman

Raymond Asserson
M. R. Briggs

W. W. Brown

k. L. Chaffee Harry Diamond

E. T. Dickey F. A. Gunther

0. T. Laube R. F. Guy

W. . Jackson

Ronold King

J. F. Morrison
J. C. Schelleng
Robert Serrell
D. B. Sinclair
Warren White
J. E. Young

Representatives in Colleges—1g 43

Montana State College: G. J. Fiedler

Nebraska, University of: F. AV, Norris

Newark College of Engineering: Solomon Fishman
New York University: Philip Greenstein

North Dakota, Universitv of - E, . O'lirien
Northeastern University: G. E. Pihl
Northwestern t niversity: A. B. Bronwell

Notre Dame, University of: . E. Ellithorn

Ohio State University: E. C, Jordan
Oklahoma Agricultural and Mechanical College: H. 7. Fristoe

Pennsylvania State College: G. H. Crossley
Pennsylvania, University of: C. C. Chambers
Pittsburgh, University of: R. C. Gorham
Princeton University: J. G. Barrv

Purdue University: R."P. Siskind

Queen’s University: H. H. Steward

Rensselaer Polytechnic Instit ute: H.
Rice Institute: C. R, Wischmeyer
Rose Polvtechnic Institute: G. R. Schull
Rutgers University: |. I.. Potter

D. Harris

Southern California. University of: |. K. Nunan
Southern Methodist University: R E, Beam
Stanford ["niversitv: Karl Spangenberg

Stevens Institute of Technology: FF. C. Stockwell

Texas, University of: £, \WV. Hamlin
‘l‘oronro. University of: R. G. Anthes
Fufts College: A. H. Howel

Union College: F. W, Grover
United States Naval Academy: G. R. Giet
Utah, Universitv of: O, C, Havecock

Virginia, University of: L. R, Quarles
Virginia Polvtechnic Institute: R. E, Bailey

Washington, University of: A. V. Eastman
Washington University Stanley Van Wambeck
Wayne University: G, \V. Carter

Western Ontario, University of: G. A. Woonton
West Virginia University: R. C. Colwell
Wisconsin, University of: Glenn Koehler
Worcester Polytechnic lostitute: H. H. Newell

Yale University: H. M. Turner
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Institute Representatives on Other Bodies—1943

A.LE.E.—Subcommittee on Radio of the Committee on Applications to Marine Work. 'y T. E. NivisoN AND J. [.. PRESTON
American Documentation Institute ; . b . . C. M. Jansky, Jr.
Committee on Applied Physics B L O . WiLLiaM WILSON
Council of the American Association for the Advancement of Science - omb @ty PO ....]. C. JENSEN
Engineering Index National Committee. . MEeLVILLE EAsTHAM

Joint Co-ordination Committee on Radio Reception of the NEL.A, NEMA, and R.MA. ; . C. E. BriGHAM
National Advisory Council on Radio in Education, Committee on Engineering Developments. . . . 0 g oo
L.Loyp EspEnscHIED, ALFRED N. GOLDSMITH, C. W. Horn, L. M. Hurt, AND R. H. MARRIOTT

National Television Systems Committee ALFReD N. GoLpsmitd (H. A. WHEELER, alternate)
Panel 2 . ) . ALFRED N. Gorpsmiti, Chairman
Panel 4 X . . . ..E. G. Ports
Panel 8 . R Py T R b i . “wc . Knox MclLwaIN

New York City Advisory Board on Industrial Education............ b L H. P. WESTMAN

Anerican Council on Education . ..

Planning Committee, National Conference on Educationa! Broadcasting . Bl e
C. M. Jansky, Jr., C. B. JOLLIFFE, AND E. L. NELSON

U.R.S.I. (International Scic;xtiﬁc Radio Union) Executive Committee. : C. M. JaNsKy, Jr.
U. S. National Committee, Advisers on Electrical Measuring Instruments MELVILLE EAsTiaM AND HAROLD OLESEN
U. S. National Committee, Advisers on Symbols. . . . 5 . I.. E. WilITTEMORE AND J. W. HorTON

American Standards Association

Standards Council oYy ALFreD N. GoLpsmiTii (H. P. WESTMAN, alternate)
Board of Examination. . . v . H. P. WESTMAN
Electrical Standards Committee. . E . H. M. TurNer (H. P. WESTMAN, alternate)
Sectional Committee on Acoustical Measurements and Terminology E. D. Cook anD H. F. OLsON
Sectional Committee on Definitions of Electrical Terms ... HARADEN PRATT

Subcommittee on Vacuum Tubes. . . B. E. SHACKELFORD
Sectional Committee on Electric and Magnetic Magnitudes and Units J. 1. DELLINGER
Sectional Committee on Electrical Installations on Shipboard . F. ByrNEs aAND V. R. Russ
Sectional Committee on Electrical Measuring Instruments .......  WiLsoN AULL
Sectional Committee on Graphical Symbols and Abbreviations for Use on Drawings AusTiN BaiLey (H. P. WESTMAN, alternate)

Subcommittee on Cominunication Symbols... 5 3 . 0 t. M. TURNER
Sectional Committee on Letter Symbols and Abbreviations for Science and Engineering . . . H. M. TURNER

Subcommittee on Letter Symbols for Radio Use .. H. M. TURNER

Sectional Committee on National Electrical Safety ( ode, Subcommittee on Article 810, Radio Broadcast Reception Equipment.......
) E. T. Dickey (VIrGIL M. GRrAHAM, alternate)

Secfional Committée on Preferred Numﬁcrs A. F. Van Dvck

Sectional Committee on Radio. ALFRED N. GoLpsmiTH, Chairman; HARADEN PRATT, AND L. E. WHITTEMORE
Sectional Committee on Radio-Electrical Co-ordination : J. V. L. HocaN, C. M, JaNSKY, JR., AND I.. E. WHITTEMORE
Sectional Committee on Specifications for Dry Cells and Batteries. . N § S Sk A ..H. M. TURNER
Sectional Committee on Standards for Drawings and Drafting Room Practices. . AUSTIN BAILEY
Sectional Committee on Vacuum Tubes for Industrial Purposes . . ..B. E. SHACKELFORD
War Committee on Radio ALFRED N. GoLpsmiTi®

* Also Chairman of its Subcommittec on Insulating Material Specifications for the Military Services.




Contributors

Ot70 H. Scliapr

Otto H. Schade (M'40) was born on
April 27, 1903, at Schmalkalden, Germany.
He was graduated from the Reform-Real
Gymnasium, Halle, Germany, in 1922. From
1922 10 1924 he was with the Telephon-
fabrik A.G. vorm. J. Berliner, Berlin and
Dusseldorf; from 1924 to 1925, in charge of
the laboratory in the radio manufacturing
company “Ratag” in Berlin; and from 1926
to 1931, in the engincering department of
the Atwater Kent Manufacturing Com
pany. He received the Modern Pioneer
Award, Fcbruary, 1940. Since 1931 Mr.
Schade has heen in the research and en-
gineering department of the RCA-Victor
Division, Radio Corporation of America,
Harrison, N. J

C. M. Sinnett was born at East Liver
more, Maine, in 1900. He rbceived the
B.S degree in electrical engineering from

C. M. SINNETT
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the University of Maine in 1924, Mr. Sin
nett was in the radio engincering depart
ment of the Westinghouse Electric and
Manufacturing Company from 1925 -1930;
in charge of the phonograph development
and design department of the RCA Manu
facturing Company from 1930 to 1933; on
various special assignments in the en
gincering department of the RCA Manu
facturing Company from 1933 to 1940; and
in the advanced development division of
the latter company on phonograph devel
opiment from 1940 to datc. e is a member
of Tau Beta Pi

Frederick Emmons  Terman ‘25
F'37) was born on June 7, 1900, at English
Indiana. He received the A.B degree in
1920 and the degree of Engineer in 1922
from Stanford University, and the Sc.I)
degree from Massachusetis Institute of
Technology in 1924. From 1925 (o 1937
Dr. Terman was an instructor, assistant
professor, and associate professor of elec-
trical enginecring at Stanford University.
Since 1937 he has been professor and head
of the electrical engineering departinent at
Stanford. In February, 1941, Dr. Terman
was given a leave of ahsence by Stanford
to assume the directorship of the Radio
Research Laboratory which operates under
Harvard Universit Cambridge, Massa-
chusetts, in co-operation with the Office of
Scientific Research and Development. At
the present time he is also a member of
Divisions 14 and 15 of OSRD. Dr Ferman
was Vice President of the Institute of
Radio Engineers in 1940 and President in
1941

H. W. Wells (A'36 M*36) received the
B.S. degree in clectrical engineering in 1928
and the EE. degree in 1937 from the Unj
versity of Marviland. He was subsequently
employed by Westinghouse Electric and
Manufacturing Companv at Pittshurgh,
Pennsylvania. The All American Malas
sian Expedition selected My, Wells in 1929
to take charge of radio commy nications for
their expedition into Central Borneo. After
completing the explorations in lands of the
Dyak head-hunters, he joined the radijo
engineering staff of Heintz and Kaufman
in 1930 engaging in receiver and trans.
mitter development together with stand
ard-frequency installations  for Globe
Wircless. This was followed by an inter
lude during which Nr. \Wells joined the
Army Air Forces being graduated from
Brooks and Kellv Fields in 1932, and
served on active duty with pursuit squad

Proceedings of the 1. R E.

Frepewrick E. Terman

rons at Langley Field. He has been a mem
ber of the scientific staff of the Department
of Terrestrial Magnetism, Carncgic Insti
tution of Washington, since late 1932, ¢n
gaged in ionospheric and associated re
search in this country and in Peru, South
America. During this period he has been
instrumental in developing apparatus for
multifrequency ionospheric exploration, in
extending our knowledge of world-wide
ionospheric characteristics, and in appl
ing this information to theoretical analyses
of the earth's magnctic field together with
its practical application to radio wave
propagation. A professional degree, E.E
was received from University of Maryland
in 1937,

For a biographical sketch of G. L.
Beers, see the ProCreEDINGs for March

1943: for Arthur Van Dyvck, see the Pro
EEDINGS for January, 1043

H.W. WgLLs

April, 1943




IMPORTANT NOTICE
See Next Page




YOUR ATTENTION, PLEASE!

Facing this page you will find a folded chart, inserted loosely,
which should have been bound in the March issue of the PROCEED-

INGS. It was omitted through an oversight on the part of the printer.

The binding edge of this chart has been treated with dry glue
so that it may be moistened and inserted between pages 94 and 95
of the March number to accompany the article, ““Maintenance

of Broadcast Operations in Wartime, " by J. A. Ouimet.

In order that this important chart may not be misplaced or
destroyed, it is suggested that it be promptly transferred to your

copy of the March PROCEEDINGS as s00n as you read this notice.

The printers sincerely regret the prior omission of this chart as

well as any trouble or inconvenience it may have caused.
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He must have it ... first!

Daily production schedules are determined only on the basis of preference ratings indicated
on priorities extension certificates. At times, this fixed arrangement must “stretch” to accommo-
date later urgency directives. If an occasional shipment has been delayed beyond our estimated
delivery date, it is only because a MORE VITAL order has intervened and has preceded it.

Though we are indebted to clients who have favored us with their patronage in previous
years, our personal preferences are subordinated. We rightfully are proud of the fact that these
clients, who advised and assisted with many of our pre-war engineering developments, are
sharing today’s inconveniences with the same friendly cooperation.

Ordering standard components and equipment may facilitate deliveries.

THE DAVEN COMPANY

158 SUMMIT STREET NEWARK, NEW JERSEY
Proceedings of the I.R.E. Aprit, 1943




WAR

PRODUCTION
TRANSFORMERS

% You name the specifications and we'll design
the transformers to meet the most exacting per-
formance limitations of your application, Whether
it be standard or special characteristics, Acme's
trained production organization and special-
ized transformer manufacturing facilities can
serve you better,

For Example

Acme compound-filled communication trans.
formers, for mobile and air-borne equip-
ment are tested to successfully withstand
all temperatuie and climatic conditions.

This Welding
Transformer is an-
other special de-
sign applicetion.
For operation on
115 volt, single
phase, 60 cycle
primary circuit
with secondary
characteristics of
0.75 wvolt, 1600

Isolating Transformers

To eliminate extraneous interference caused by
power lines entering shielded test rooms, this
Acme Isolating Transformer has a completely
shiclded secondary winding and shielded sec-
ondary terminal leads. Secondary provides a
relatively constant voltage for testing purposes,
unaffected by the use of instruments, solder-
ing irons, lighting or on-and-off switching. Rated
at 2 KVYA with 50% overload capacity and
1% regulation at | KVA.

THE ACME ELECTR IC & MFG. CO

44 Water St . Cuba, New York

Bell Graduates 22" War Class

The 22nd Class of the War Training
School conducted by Bell Telephone Labo-
ratories, New York, received their certifi-
cates Thursday, February 18 and left for
further training or for duty as civilian em-
ployees of the Army. This school, has now
trained 1300 men in the operation of com-
munications developed by Bell Laborato-
ries.

The school occupies two floors of a
modern loft building and is laid out with
well-equipped laboratories, lecture and
study rooms, Its “faculty” is composed en-
tirely of 36 members of the Bell Labora-
tories technical staff. So new is the infor-
mation to be imparted that the “faculty”
has already had to write nearly 2000 pages
of textbook material.

Organized several nionths ago as the
result of a request of the Signal Corps, the
first class began on April 27 of last year.
Instruction now goes on eight hours a day
and six days a week, and students from the
Navy and other branches of the Army are
included.

Tides of battle are very largely influ-
enced by the maintenance of adequate
communication facilities. The laboratories
are glad to be able to supplement their war
effort with this program of training to as-
sist in making sure that the intricate tech-
nical devices used in modern warfare shall
be kept in a high state of usefulness by ade-
quate maintenance. Registration for the
school is handled entirely by the armed
forces. Applications through the Bell Labo-
ratories cannot be considered.

In the tank radio laboratory session,
Armored Force officers and enlisted men
work side by side, plumbing the intricacies
of the Western Electric radio set that rides
in America’s tanks, helping to coordinate
mechanized operations.

Personnel of some of the courses is pre-
dominantly civilian employees of the Sig-
nal Corps. These students in age range
from recent trade school graduates to gray-
haired men. Many have had experience as
radio “hams,” station operators, or as ra-
dio repairmen. Two were merchant mari-
ners with memories of recent torpedoings.

Director of the school is R. K. Hona-
man. Mr. Honaman describes the radio
students, civilian and military, as uni-
formly earnest and diligent and with a full
knowledge of the responsibility they will
assume on their return to active service

OUR MEN NEED
* BOOKS «

SEND -
ALL YOU CAN SPARE

GOOD BOOKS ARE ON THE MARCH
from your bookshelves to our fighting
men. Doubtless some of our soldiers
and sailors are interested in modern
radio engineering methods and will
find your books on that subject helpful
to them in their work. Get them out—
leave them at the nearest collection
center or public library for the 1943
VICTORY BOOK CAMPAIGN,

Proceedings of the L.R.E. April, 1943
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In the vast new province of Nuclear Physics the
atom-smashing ‘Big Guns’’—the Van de Graarf
generators, the cyclotrons and betatrons—are
carrying on a campaign of creative destruction.

Manned by an army of collaborating special-
ists, this massive and complex artillery has al-
ready achieved spectacular results in the medical,
chemical and biological fields and in scientific
developments which must remain secret for the
duration. The *'smashing’’ of atoms has released
new energies, created new atoms.

Despite the tremendous force required to
produce high-specd electrons, protons and ions,
the controls and measuring devices perform with
amazing accuracy.

IRC is proud to have contributed to the de-
velopment of resistor units, both Wire Wound
and Metallized—of fixed and variable types—
used in the measuring instruments. And IRC

Electron beam tube of atom-smasher.

engineers bave produced special resistors used to
stabilize corona and other disturbing phenomena
in atom-smashers.

If you are confronted with a problem involving
resistance devices, we invite your inquiry. Our
engineering staff, specialists in the design of all
types of resistors, can be depended upon for
impartial counsel.
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PHILADELPHIA

INTERNATIONAL RESISTANCE COMPANY

401 N. BROAD ST,
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A new world of
wonders, through

ELECTRONICS

From the very beginning,
Thordarson engineers recog-
nized this amaring industry as
a new challenge to their imag-
inations and a new opportunity
to achieve.

As a result, Thordarson
developments in the field of
electronics are today far ad-
vanced ... and they bear the
same hall-mark of superiority
which is a part of every
Thordarson accomplishment...

When the propitious moment
arrives, the tremendous scope
of our research in electronics
will be self evident!

SLECTRIC MFO. COMPANY
300 WSt NURON STEERT, CHICAGO. MU

7ransformer Sreoccelests Seicce /575

Membership

I'he following indicated admissions and
transfers of membership have been ap-
proved by the Admissions Committee
Objections to any of these should reach
the Institute office by not later than April
30, 1943.

Transfer to Member

Howes, F. S., Electrical Engineering Dept
McGill University, Montreal
Que., Canada

Kocehler, G., Electrical l.aboratory, Uni-
versity of Wisconsin, Madison
Wisc

Admission to Member

Kraus, J. D., Washington, D. C.

Schairer, O. S., Radio Corporation of
America, 30 Rockfeller Plaza
New York, N. Y.

The following admissions to Associate
membership were approved on March 3
1943,

Albano, J. A, 215 E. Livingston Ave
Orlando, Fla.

Adkins, J. M., 127 Signal Radio Intel
ligence Co., Ft. Sam Houston

Texas

Ausin, H. A., 1532 Centre St., Roslindale
Mass.

Barger, G. K., 1228 Olympic Way, Seattle
Wash

Batchelder, E. F., Jr., 573 West St
Keene, N. H.

Baylis, G. F.,, R.C.AF., No. 1 Wireless
School, Montreal Que., Canada

Bergen, R. S., Box 711, Westbury, N. Y.

Blahna, C., 3351 N. Rutherford Ave
Chicago, 1.

Blewett, J. I’., General Electric Co., Re-
search laboratory, Schencctady
N. Y.

Boone, E. M., Engineering Dept., Ohio
State University, Columbus, Ohio

Boyer, W. P., Box 134, Miami Springs,
Fla

Brannen, C. W,, 511 Loew Bldg., Syracuse
A i

Brobst, A. K., 1929 Woodvale Ave., Read-
ing, Pa

Brockett, P. C., 261 Rodes Ave., Lexing-
ton, Kv.

Brodie, 1.., D. of M. M., MGO Branch
N.D.H.Q., Ottawa, Ont., Canada

Bullard, R. W., 2502 D St., Sacramento
Calif.

Burks, A. W., Moore School of Electrical
Engineering, 200 S. 33 St.,
PPhiladelphia, Pa.

Burns, H. S.,, 94 County St., American
Jewels Corp., Attleboro, Mass.

Cafhin, R. F., 37 Faversham Rd., Canter-
bury, E. 7, Victoria, Australia

Carroll, E. A., 525 Upland Rd., Manoa,
Upper Darby, Pa.

Castenholz, F. E., 1921 Wood St., Muske-
gon, Nlich.

Chandler, G. C., 846 Howe St., Vancouver,
B.C

Chew, W. M., 711 E. Hillwood Ave.,
Falls Church, Va.

Crozer, \W. A., 1432 Constance St., Los
Angeles, Calif.

Denton, A. D, 25 York Rd., Kettering,
Northants, England

(Continued on page xxit)
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“We've been using
Wilcox Equipment for two years__
without a single interruption” |

says E. H. Forsman,
Supt. of Communications for
Continental Air Lines

W ILCOX equipment has an im-
portant part in the vital communica-
tions operations of leading airlines,
and uninterrupted service is proving
Wilcox dependability. The Wilcox
factories have converted their entire
facilities and experience to produc-
tion for military needs...to help keep
’em flying until Peace is assured.
But, after the war Wilcox equipment
again will be available for the huge
expansion in civil air transportation
that is certain to come.

There MUST Be
Dependable Communications

Communication Receivers
Airline Radio Equipment Aircraft Radio
Transmitting Equipment

VV,

WILCOX ELECTRIC
COMPANY

Quality Manufacturing of Radio Equipment
14th & Chestnut Kansas City, Mo.

a2
12
s

i 4
o 'I.'
E Photo, courtesy
Continental Air Lines
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Sine waves of a tuning fork, A-440
cycles per second. Note the pure
wave form absolutely devoid of har-
monics. |f secondary waves are super-
imposed on the fundamental wave, we
have the harmonics or overtones which
distinguish  voices or instruments.

G-392 cycles per second as produced
by a single reed of an accordian. Com-
plex wave form is the result of reed
being driven to a high amplitude, pro-
ducing many harmonits or overtones.

E-392.6 cycles per second as produced
by the D string of a violin, with first
finger in position.  Since the entire
body of the violin resonates, the tone
is rich in harmonics and wave form
will vary greatly from note to note.

BETWEEN A STRADIVARIUS
AND A TEN-DOLLAR VIOLIN!

% Good tone—the average ear demands
just that. But how can we describe good
tone—in precise terms other than mere
personal opinion as to what ‘‘listens
good?"’

The DuMont oscillograph again comes
to the rescue. Simply pick up the voice
or instrument, and reproduce it as an
oscillogram. Here we have a faithful por-
trayal of fundamental pitch and over-
tone components. If that voice or in-
strument is pleasing, then we have a
veritable electronic master blueprint
to be followed and matched in dupli-
cating that desired tone quality.

Thus tone is no longer a matter of per-
sonal opinion. It is a precise quantity
as well as quality to be duplicated. Which
represents but another example of how
the versatile DuMont oscillograph is em-
ployed today.

Y Write for Literature. . .

ALLEN B. DU MONT
LABORATORIES, Inc.

Passaic + New Jersey
Wespexlin, New York

Coble Address

LET'S SEE THE DIFFERENCE

|

Membership

(Continued from page xx)

DeVries, R. T., 1077 West 31 St., Los
Angeles, Calif.

Dickens, W. D., Howard College, Durban,
Natal, South Africa

Diggs, G. C., 245 Frost Ave., Rochester
N. Y

DiStadio, 1., 864 E. 149 St., Bronx, N. Y.
Dolan, C. M., Naval Training School,
U.S.S. Despatch, San Francisco,

Calif.

Ellis, E. W., 9265—46 S. W., Secattle
Wash

Erb, R. J., RC.AF, No. 1 Wireless

School, Montreal, Que., Canada

Frost, G. R., 400 Kenilworth Rd., Bay
Village, Ohio

Gauthier, E. J., R.C.AF., No. | Wireless
School, Montreal, Que., Canada

Goeppinger, A. L., 109 Joliet St., S.W,,
Washington, D. C.

Goldstein, S., 324 Blue Hill Ave., Roxbury
Mass.

Gray, J. E., 44—43 Douglaston Pkwa
Douglaston, L. 1., N. Y.

Green, M., 594 Kocsiusko St., Brooklyn
N. Y.

Hampton, I.. R., McCellan Field, Sacra-
mento Air Depot, Sacramento

Calif.

Harris, D. D., R.D. 2, New Kensington,
PPa

Harris, J. R., 500 Ninth St., Brooklyn
N.Y.

Heckler, E. A., 6553 S. Wood St., Chicago
n

teller, C. B., 33-50—28 St., Long Island
City, L. 1., N. Y.

Hensel, M. L., 7 Lafayette P’l.,, Chatham,

N. L

IHenshaw . H., 690 Melbourne Ave.
Westboro, Ont., Canada

Hertzberg, A., 149 E. 165 St, New York

NY

D O., WMAL,

Bethesda, Md.

Irwin, E. M., 180 K. California St., Pasa-
dena, Calif.

Jacob, D. M., 404 Root Ave., Scotia, N. Y.

Jackson, C. L., 2402 S. Charlotte Ave.,
San Gabriel, Calif.

Jewell, E. D., 1037 Redgate Ave., Norfolk,
Va.

Kaye, H., 169 Bay 26 St., Brooklyn, N. Y.

Kennedy, F., 10 Follen St., Cambridge,
Mass.

Kline, M. B., 179 Ocean Pkway, Brooklyn,
N. Y.

Kritz, J., 2437—65 St., Brooklyn, N. Y.

Kronenberg, Ni. II., 306 Fourth Ave.,
Asbury Pk, N. J.

Kullberg, J. E., 620 Garfield, St., Laramie
Wyo.

Kunz, J. G., Limekiln Pike and Summit
Ave., North Hills, Pa.

Kurz, A. A., Napier Field, Dothan, Ala.

Lane, C. A, Jr., Radio Laboratory, Navy
Yard, Mare Island, Calif.

Lanskail, R. B., R.C.AF., No. 1 Wireless
School, Montreal, Que., Canada

LaRock, %\J P., 3147—30 St., Astoria, L. 1.,

v

Hunter, Cedar Lane

LaSalle, J P., 383 Harvard St., Canibridge,
Mass,

Leaver, E. W., 215 College St., Toronto,
Ont., Canada

(Continued on page liv)
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Reason for

More than ninety per cent of American
scientists are engaged in beating the
Germans and Japanese.

More than ninety per cent of American
scientific laboratory facilities are devoted
to the same task.

American scientists are working at this
job six or seven days a week, long hours,
with few interruptions.

They are getting somewhere, too.

Every now and then the Germans and

the Japanesehave an unpleasant surprise.

They find that American science has
caught up with them and passed them.

It is reassuring to us and discouraging
to our enemies, for American scientific

.(’4;'-1,“::‘
RELL TELEPHONE SYSTEM (
ear?

A new building of the Bell Telephone Laboratories

Confidence

facilities are the greatest in the world.
And they are functioning.

Little by little, some of the things that
have been developed become public, but
most of them you won’t hear about until
after the war.

But now, without the details, you can
have faith that American research —
industrial and academic combined —
is rapidly giving our fighting forces an
advantage.

Along with other American indus-
try the Bell Telephone System has its
own Bell Laboratories — the largest
in the world —working overtime
for victory.

Your continved help in making only vital calls to war-busy centers is a real contribution to the drive for victory
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New Equipment
SHALLCROSS ROTARY TAP SWITCHES ' Notes
USE SOLID SILVER CONTACTS,

BECAUSE SOLID SILVER... New Vacuum Switch

The FA-15 vacuum switch recently an-
nounted by the General Electric Company

1. Has the highest conductivity of materials available. of Schenectady, N. Y., will perform many

y general-purpose switching operations with

2.1 superior to silver-plating which wears off, re- high-speed operation, low operating pres-

o . sure, long contact life, and rapidity of
sulting in high resistance contacts. cnuerrt interruptioh!

Totally enclosed in a vacuum these

3. Should it corrode the sulphide formed does not switches offer many advantages; operation

is unaffected by atmospheric conditions

contacts are free from contamination, and

. resistance remains low. The totally en-

Let Shallcross answer your switch problems closed construction eliminates arcing at
Address Dept. C 23 thecontacts.

The low operating pressure, the fact that
only a fey thousandths of an inch move-
ment is required to interrupt the rated
current, and the light weight of the moving
parts account for the very small amount of
power required to operate the device.

WHY “SHORTING” AND “NON-SHORTING" 2 operate ¢!
ese are characteristics which render
SWITCHES? these switches highly suitable for applica-

tion to high-speed relay construction, to
d-c circuits involving high inductance, for
use in installations which require that a
This is the shorting type. As the orm ’ i circuit be opened by a very slow move-

q = ment, and for many other applications
‘ . where these features will result in efficient,
other the adjacent contact points are - L et dependable operation over a long period of

“shorted” (bridged). , Wmmm il time

appreciably increase the contact resistance.

is rotated from one position to on-

Kilovoltmeter

The Shallcross Manufacturing Company
B . presents the following design bases for its
‘ This ls:the non-sherting type. As the “Kilovoltmeter”—a high-voltage measur-
arm Is rotated from one position to ing instrument.
another, the arm lifts up, and .only In general the amount of current that is
available for metering a high voltage cir-
cuit is quite limited. If ordinary voltmeter
are employed, in many cases their current
drain is so great that the accuracy of the

one contact is touched at a time.

- = o
-2 T S A

EHALLCROSS N2760
D.CKILOVOLTMETER

"
8
-

20PV.

Gr.

ACCURATE RESISTORS—SWITCHES—SPECIAL EQUIPMENT AND
SPECIAL MEASURING APPARATUS FOR PRODUCTION AND
ROUTINE TESTING OF ELECTRICAL EQUIPMENT ON MILITARY AIR-
CRAFT...SHIPS ... VEHICLES. .. ARMAMENT. .. AND WEAPONS

10KV
S
5KV

/

N

i
GROUND

HALLCROSS MFG. CO.

measurements is impaired. The specifica-

COLLINGDALE o PENN A. tions of an efficient instrument for measur-

ing high voltages are stated to be:
(Continued on page xxvi)
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_For lack of a Tube

The Big “B” was limping home over the water with two
motors shot away. Too far gone to reach the home field.
No visibility for a navigational fix.

Radio Op was trying to locate a closer field when a tube
went dead. Which one? No time to test. He yanked out all
the tubes. Started putting in a spare set.

But one of the tubes he jerked out was a “special selec-
tion.” The replacements didn’t work. The big bomber
never got that bearing. And $350,000 worth of fighting
ship drowned in the Pacific.

The moral? If you are a designer of radio and radio-
electronic circuits for our armed forces, you can avoid
the use of special selection tubes in 99 cases out of 100.

There’s hardly a radio-electronic circuit today that

can’t be designed to function perfectly with standard tubes.

You might need two of these in place of one “special
selection,” but standardization makes it worthwhile.

We can and do supply “special selections” but only
when authorized by the Army or Navy. Even then your
special selection will interfere with the mass production
and delivery of our standard tubes — and today time is
the essence.

So why not first find out if the circuit you're working on
now, can’t be designed without the use of “special selec-
tions”? Our staff of application engineers iS [FORYICTORY
always ready to help you solve yqur design and | 4
manufacturing problems — and they can help
you avoid “special selections”!

RCA RADIO TUBES

RECEIVING TUBES + POWER TUBES - CATHODE-RAY TUBES + SPECIAL-PURPOSE TUBES

RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N. J.
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Keep your eye on this lad
Mr. Manufacturer

FEW MONTHS AGO he was just a normal, un-

trained, happy-go-lucky kid. Today he’s been well
trained by Uncle Sam’s Signal Corps into a competent
technician, fit to take the responsibility on which hun-
dreds, maybe thousands of lives depend. When he comes
marching up Broadway in a shower of ticker tape, be
ready to grab him—he’ll be a valuable man.

And if he tells you that communications and electrical
equipment made here at C. T. & E. is the last word in
advanced engineering and rugged dependability, pay
heed—you’ll be listening to the voice of experi-
ence. You see, there’s “Connecticut” equipment
on the job almost everywhere United Nations

“y oo

forces are fighting.

CONNECTICUT TELEPHONE & ELECTRIC DIVISION

o

REAT
MEIRICAN
NOUSTRIES
e

MERIDEN, CONNECTICUT

| New Equipment

Notes

(Continued from page xxiv)

1. Low current consunmption. Not more
than 1 Milliampere.

2. Completely self-contained. All multi-
plier units to be an integral part of
the instrument.

3. Three ranges, 5, 10 and 20 Kilovolts,
in a single instrument.

4. Plus or minus 2 per cent accuracy at
full scale.

5. Sensitivity of the movenient to be
1000 ohms per volt.

6. Rugged . . . portable,

All of these requirements are more than
adequately met by the No. 760 Shallcross
Kilovoltmeter as designed and manufac-
tured by The Shalicross Manufacturing
Company of Collingdale, Pa. The multi-
plier unit contains Shallcross accurate wire
wound resistors mounted on ceramic in-
sulators, and the entire unit is enclosed in
an oak case. Shallcross Kilovoltmeters of
this type are used in Governmental and
Industrial Laboratories for measuring both
a-c and d-c high potentials and for voltage
breakdown testing in production work.

Ceramic Condenser

3

Erie Resistor Corporation announces a
new type ceramic condenser that is stated
to combine unusual compactness and high
capacity. Known as Erie Disc Ceramicons,
these capacitors provide all the inherent
properties of ceramic dielectrics, such as
low loss, capacity stability and excellent
retrace characteristics.

They are made in two sizes, basic type
1770 which is 3" in diameter and basic
type 170 which is 4§” in diameter. Height
of the units vary in accordance with ca-
pacity, the maximum height, excluding
mounting stud and terminal is 3*.

Typc 1770 is rated at 500 volts d.c.
working and is available in any standard

(Continued on page xxviii)
Proceedings of the I.R.E. April, 1943




STANCOR Professional Series
Transformers’ case design com-
bines a smartappearance and uniform
pattern with rugged mechanical con-
struction. The reversible mounting
feature increases the range of applica-
tion. Uniform mounting centers are
maintained for each case size; thus,

accurate chassis punchings may be
made with assurance of easy instal-
lation or replacement.

This line of Stancor transformers
combines sound engineering with
highest quality materials and preci-
sion manufacturing. No sacrifice of
quality is tolerated.

For further information write for catalog No. 240

STANDARD TRANSFORMER CORPORATION

1500 NORTH HALSTED STREET ¢ CHICAGO

Proceedings of the LLR.E. April, 1943

DIMENSIONS

Professional Series Transformers

w L MW

ML

2" 1%6"
23%" 11346"
2%¢" 11%6"
3" 2%¢"
3%" 3%s"
4Y;" 3274,"
5%" 47"
516" 4'3%)¢"
74" 62"
834" 7%"
83%" 73"

8%" 7%"
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UTAH RADIO PRODUCTS COMPANY

842 Orleans Street .

Canadian Office: 838 King St., W., Toronio ¢ In Argentine: UCOA Radio
Products Co., SRL, Buenos Aires ¢ Cable Address: UTARADIO, Chicago

Shown below is a Utah Potentiometer for power-driven machine gun or

cannon aircraft turrets. This gunner bas feather-touch control of his
guns' position—no matter from which direction the enemy may attack.
'n this precision operation, the Utab part plays a vital role. It has been
fitted for that role by split-hair accuracy in manufacture. This is only
one of many Utah products now in service with the armed forces.

When there’s a Messerschmitt on his tail, equipment must oper-
ate with the precision of a fine watch. That’s when a “Fortress’
gunner appreciates flawless construction. Precision work, how-
ever, is no stranger to the Utah factory. Their outstanding repu-
tation in the radio and electrical industries has been built on pre-
cision manufacturing. Advanced Utah engineering has kept ahead
of requirements. The dependability of Utah parts—long a by-word
among radio men and in industrial plants—is now being proved
in all parts of the world.

If you have a problem, calling for precision electrical parts, why
not take advantage of Utah’s extensive experience? Utah makes a
complete line of Potentiometers, Rheostats and Attenuators—as
well as other electrical parts. Write today for complete information
—and see what Utah precision manufacturing and advanced en-
gineering can do for your product. There *
is no obligation.

Chicago, lllinois

xxviii

UTAH WIRE-WOUND CONTROLS, RELAYS, JaCKks,
RESISTORS, PLUGS, SWITCHES, MOTORS

New Equipment
Notes

(Continued from page xxvi)

temperature coefficient from + 120 (P120)
to — 750 parts per million per degree C.
(N750). Maximum capacity at zero tem-
perature coefficient (NPO) is 1,000 mmf
and is approximately 7,000 mmf{ in N750.

I'ype 170 is rated at 1500 volts d.c.
working. Maximum capacity in NPO js
400 mmf, and 1750 mmf in N750.

Erie Disc Ceramicons can be supplied in
a wide variety of mounting studs and ter-
minals. The design of these condensers is
such that their resonant frequency is con-
siderably higher than that of conventional
condensers, an important characteristic for
ultra-high frequency applications. The Disc
Ceramicons are hermetically sealed, to
provide maximum protection against hu-
midity. '

Copies of a data sheet showing various
styles of available mounting studs and giv-
ing electrical characteristics of Erie Disc
Ceramicons can be secured by writing Erie
Resistor Corporation, Erie, Pennsylvania.

New Voltage Stabilizer

The General Electric Company has an-
nounced a new voltage stabilizer which
provides a constant output of 115 volts
from circuits varying between 95 and 130
volts. This stabilizer is insensitive to load
power factor. It is not affected by varia-
tions in load from no load to full load or by
changes in power factor from unity to 0.8
lagging. It is completely self-protecting,
and will operate continuously throughout
the range from open circuit to short circuit
without damage.

The new stabilizer can be applied wher-
ever close voltage regulation is requisite to
good operation—for example, in radio
transmitters, electronic-tube apparatus,
motion-picture sound equipment and pro-
jectors, photo-cell equipment, and in the
calibration of meters, instruments and re-
lays. Ratings from 50 va to 5000 va are
available. Publication GEA-3634 describes
the new voltage stabilizer in detail.

New Television Manufacturer

It is stated by the President of the re-
cently-formed Scophony Corporation of
America, Arthur Levey, that large screen
television projection and easy adaptability
to color will presently be available to
American television enthusiasts in the
home, schools, churches, restaurants and
motion picture theatres under the British
patent rights controlled for the entire

(Continued on page xxx)
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W/ QUICKER DELIVERY
STEATITE INSULATORS

G, AND STEATITE CORP.

= KEASBEY NEW JERSEY
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... the Highest Standard
in Magnetic Measurements

1:) maintain a high degree of uniform magnetic quality and pre.
cision, Arnold engineers use The //igh If Permeameter (illustrated )
.-.a duplicate of the Permeameter in use at the National Bureau of
Standards . . . just one example of the close magnetic control under
which the Arnold magnets are manufactured.

All ALNICO types of Permanent Magnets . . .including ALNICO V
...are completely fabricated in the Arnold plant under exacting
metallurgical, mechanical and magnetic control.

Arnold engineers are available to solve your magnetic design prob-
lems . ..all inquiries will receive prompt attention,

TH_E ARNOLD ENGINEERING COMPANY

CHICAGO, ILLINOIS

147 EAST ONTARIO STREET

PRODUCERS OF MAGNETS FOR AIRCRAFT, MARINE, RADIO,
ELECTRICAL AND OTHER TYPES OF MEASURING INSTRUMENTS
* * *

For Victory ...invest at least 10% in Wur Bonds

A

New Equipment
Notes

(Continued from page xxwiii)

Western Hemisphere by the new company.
Formed as a completely independent
American organization, the initial board of
directors consists of Joseph E. Swan
Banker, partner in E. F. lHutton & Co.,
New York City; Franklin Field, director of
the Piper Aircraft Company and Chief
Operations Advisor, Outpost Division of
the OWI; Paul Raibourn, President of
Television P’roductions Inc., a subsidiary
of Paramount DPictures Inc.; Earle

Hines, DP’resident of General Precision
Equipment Corporation; and Arthur
Levey, one of the founders and director of
Scophony Ltd., of London and president
of the new American television company.

The “supersonic” system of television
projection developed during fourteen years
of research and the expenditure of several
million dollars in England will be among
the utilized methods. This type of projec-
tion was used successfully for more than
eight months in two London theatres prior
to the outbreak of the war. A successful
demonstration of this unique method was
also made at the Riaito Theatre, New
York, on June 21, 1941.

Working models of the various “super-
sonic” projectors, including the projector
giving an 18 foot television picture, used
at the Odeon Theatre in London, are now

| in New York under the care of S. H

Dodington, chief of the British company's
electrical staff.,

Supersonic projection differs in numer-
ous respects from the electronic projection
used in all other American television sys-
tems. It was discussed in some detail in the
August, 1939 issue of the PROCEEDINGS of
the I.R.E.

Headquarters of the Scophony Corpora-
tion of America are at 527 Fifth Avenue,
New York, N.Y.

Emby Changes Name

Emby Products Company, Inc., an
nounces a change in name to Selenium
Corporation of America, for the purpose of
indicating the increased scope of manu-
facturing activities. l.ocated at 1800-1804
West Pico Boulevard, Los Angeles, the
company manufactures instrument and
relay rectifiers, photo-electric cells and

| other related scientific products.

Among the officers of the Corporation is
Eric Lidow, Vice I’resident and Chief En-
gineer, active in the design of rectifiers and
photo-electric cells and associated with
that industry since 1933.

Manufacturing facilities have been
greatly enlarged during recent months to
meet the increasing demand for these
products. Special attention is being given
to new rectifiers which are stated to
have extreme compactness, instantaneous
response, ability to withstand overloads
as high as 10009 without permanent
injury, complete protection against low
pressures at high altitudes, increased
efficiency at higher temperatures and posi-
tive insulation against atmospheric dis-
turbances, a 309 saving in weight.

Proceedings of the I.R.E. April, 1943
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“Survivors sighted :

Through the blue comes the message that
tells men in the air what to do . . . where to
go. These messages must not, cannot, fail,
for the whole operation of our Army and
Navy Air Forces depends upon the vital

artery, Communications.

Streamlined for this most exacting job, ROLA
is devoting all of its facilities and its energies
to the production of wartime electronic equip-
ment — transformers, hcadsets, choke coils,
and related devices. And, thanks to its long
experience in this field, ROLA has been able
to develop machines and methods to speed

- proceed to rescue”’

production, prevent spoilage and improve per-
formance . . . all to the end of better communi-
cations for our fighters in the air.

Today, all these developments belong to the
War Effort. Later, we are confident, they will
be of great significance in the field of peace-

time Electronics. N

Rola has done an outstanding job, both as prime contractor,
and as subcontractor for other manufacturers and it can
Surther wtilize its expanded plant equipment, its increased
bnowledge and skill, in the War Effort. If you have a subcon-
tracting problem, we suggest you wrile us, or ask our repre-
sentative to call. THE ROLA COMPANY, INC, 2530
Superior Avenue, Cleveland, Obhio.

ROLA

April, 1943

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT
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Utilization of
Manpower

The Radio and Radar Division
of the War Production Board has
8 1 made available on February 4,

1943 a memorandum or “Manual

j of Manpower Procedures” which

will be of interest to production

P/ ' d conﬂeCfo ,‘5 engineers in this field. It has been
”g‘s a” prepared particularly for manufac-
turers of electronic equipment,

components, and industrial instru-

ments. Pertinent portions of the
memorandum follow. [Editor]

ARMY
SIGNAL CORPS
SPECIFICATIONS

With the increasing demands made upon

Quantity Prices Quoted our Industry because of the size and com-
on receipt of Delivery plexity of the military production program
Schedules this year—demands for increased produc-
tion with a decreasing labor and technical
labor supply—the greatest care should be
taken to plan a manpower program which
will insure a steady flow of equipment from
the factories to those agencies requiring
this equipment for the eflective prosecu-
tion of the war
The information in this memorandum
supplements that sent to electronics manu-
facturers by the Army-Navy Electronics

Manufacturers of Commanication Equipment TR SRR
its Memorandum No. 21) and is intended

SINCE 1915 A
to bring you up to date on methods of
REMLER COMPANY, Ltd. - 2101 Bryant St. - San Francisce, Calif. Heathe lyameetierifndjerns.

Certain procedures must be followed if
our program is to be fulfilled; certain steps,
immediately taken if labor shortages are to
be avoided within the next few months.
This important fact is to be taken into
consideration in planning a manpower pro-
gram—except for an extremely limited
number of persons who are physically
handicapped or of seriously critical value
to war work, it is probable that the Armed
Forces will require the services of all men
between the ages of 318 and 38.

Steps which should be taken in view of
this fact mayv be summarized as follows:

Deeadener?
/ i

1. Determine the character of the labor
force, qualitatively and quantita-
tively,

2. Plan for replacing expected losses in
the labor force.

3. Plan for retaining those members of
the labor force for whom replace-
ments cannot be trained.

4. Maintain labor standards.
5. Maintain good labor relations.

L. The Character of the Labor Force

The \War Manpower Commission has
requested producers of war materials to
prepare a manpower inventory. The Man-
ning Table is the device for accomplishing
this purpose. In the pamphlet describing
the Manning Tables, the War Manpower
Commission states

“The major purpose of the Manning
Table Plan is to indicate the form in
which the employer should keep the
record of his labor force, so as to provide
a basis for planning the orderly with-
drawal of workers from his industry into
(Continued on page rxriv)
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SOLIDS FROM POWDERS in 30 seconds!

... TO HELP SOLVE DESIGN, PRODUCTION
AND PRIORITY MATERIAL PROBLEMS

Typical Stackpole Molded Products

Brushes ond Confacts
(all carbon, graphite,
metal and compo-
sition types)

Rore Metal Confacts

Powdered lron Com-
ponents

Anodes

Electrodes

Brozing Blocks

Bearings

Welding Rods, Elec-
trodes, and Plates

Pipe

Packing, Piston and
Seal Rings

Rheostat Plates and
Dises

Broke Lining, and
numerous others

Stackpole Electronic Products

Fixed and VYariable
Rosistors

Switches
Molded lron Coros

Outstanding among current developments is the rapid increase in the use of solids
molded from powders. Not only do these include the better-known types of carbon,
carbon graphite and similar compositions but, of steadily growing importance, are
the countless parts formed from molded iron and iron-nickel powders. Savings in
machining operations, faster production, and the frequent ability to utilize less
critical materials are outstanding among the advantages involved.

As a leader for over a third of a century in the molding of solids from powders,
it is only natural that Stack pole today should be headquarters for the latest develop-
ments—whether they entail powder iron metallurgy, or the forming of rare metal
contacts from powders, a field in which Stackpole developments have set new
standards of performance.

A vast fund of accumulated engineering knowledge backed by exclusive processes
is here available to manufacturers whose products may be made berter or produced
faster by the use of molded carbon, iron, or rare metal components.

STACKPOLE CARBON COMPANY, St Marys, Penna.

STACKPOLE

MOLDED CARBON AND METAL PRODUCTS

Proceedings of the I.R.LC
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MIRACULOUS
MINUTENESS

in EMBY Selenium

ment Rectifiers

Instrv gineers

gngineered for E

EMBY Instrument Recliflers
have specially treated metal electrades and vse
the uni-palar canductivity af metal ta seleni-
um junctian. Rectificatian is instantaneaus—na
warm-up periad required. Na maving parts.
Shack praaf. Permanent characteristics. Unlimit-
ed life. Increased efficiency with increased tem-
perature. Temperature range, —~70 ta +70°,
Unaffected by severe atmaspheric canditians.
Sealed-aff units supplied far aircraft service.
Series "N and "'S" have satisfactary frequen-
¢y characteristics and can be used in the fre-

Input 5 volts, Half wave

quency range vp ta 100 ke.
Continuous dc current 1 ma
Uned with metern. detector

N-2 circults, bias voltage
P e 3 ‘ Input 3 volts. Ialf wave.
<SE___®» Contlnuous direct cur-
rent 8 ma, Numerous
H.-SM

field applications.

input and output same
um H-SM, but has two
rectifying elements con-
nected in werics.

Input 10 valts. Full wave
Bridie. Continuous de 10
ma. Unbreskable plastic
caxe with mounting exten-
wion.

Input 10 volts. Full
wave. Continuous de rat-
ing 35 ma. Maunted In
o EEEES S S

T

Input 10 volts. Full
wave Bridge. Continu.
ous de rat.
& ng 33 ma
Y Mounted in
= nluminum ecane with
DL mounting extension.

Input 10 volts. Con
tinuous de rnt
ing 30 ma
Mounting cx
tension avait.
able if specified

Uous output rating BO

Input 10 <0lta. Contin.
—I ma. Deslgned for SEm—m

r CENSORED

ALL ILLUSTRATIONS ACTUAL SIZE

Send for Bulletin with complete specificotions. {Bulletin
No.10 on Self.generoting Photo.Electric Cells Is olso
avoiloble

SELENIUM CORP. OF AMERICA

Manufscturers of EMBY Rectifiers,
Photo-Electric Cells and allied
sclentific products
1800-1804 West Pica Bivd.
Las Angeles, Callfarnia

Utilization of Manpower

(Continued from page xxrvii

the Armed Forces of the country with
the least possible disturbance to produc
tion

“Both trained fighters and trained work
ers are essential to the winning of the
war. Trained fighters, however, are more
restricted as to age, sex, and physical
condition than are workers. T'he need:
of the Armed Forces will compel the
eventual induction into active service of
practically all men who can meet the
age, physical and other requirements
These men must be released by indus
try. The Manning Table Plan provides
the basis for the withdrawa! of such
workers at a rate that will allow others
not suitable for active service to be
trained to replace them.”

No doubt most manufacturers have al
ready received copies of the Manning
Table ingtruction circulars. If not, they
should be requested immediately from the
Regional Offices of the War Manpower
Commiission located in any of the cities
listed in Schedule “A” or the ANEPA
expediter, if one is assigned to your plant.

Proper preparation of the Manning
Table will supply the following facts:

I. The different kinds of jobs in the
plant or activity

2. The number of workers necessary to
do cach kind of job

3. The tvpe of worker suited to do each
job and the possibility of substitut
ing other workers of less skill

4. The amount and kind of training
necded to train an unskilled worker
to do each job.

5. The training methods which often
result in improved training tech
niques

6. The jobs in which women are em
ploycd and also those in which
women could replace men

7. The information nceded for fore
casting labor requirements in con
nection with anticipated production
programs; e.g., if the output of the
plant is to be raised 309, an accu-
rate estimate can be made of the
number and kinds of workers that
will be needed to accomplish this in-
creased production

8. Job relationships and a logical chain
of promotion or upgrading
9. Unbalance between number of
skilled workers and unskilled, or
workers and supervisors
10. Jobs where physically handicapped
or disabled persons can be used
Using the Manning l'able or inventory as
a basis, a Replacement Schedule will be
prepared which provides for replacing men
in each job classification and indicates the
time within which the replacement can be
accomplished. Full consideration will be
given to each registrant's replaceability
and to the time when he would normally
be inducted into military service according
to his Selective Service status,
When the Replacement Schedule has
been submitted to the State Director of
Selective Service of the State in which the

plant is located, and the State Director has
approved the schedule, he will assign a
“State Acceptance Number” to the em
ployer. The employer will then be author
ized to use this State Acceptance Number
and to place a prescribed State Acceptance
Stamp on the Form 42A or Form 42B. de
pending on the employee’s dependency
status, indicating that the time for re
placement of the employee shown on the
Form is in accordance with the Replace
ment Schedule accepted by the State Di
rector.

An accepted Replacement Schedule in
dicates that careful consideration has been
given by the employer, by the State Direc
tor, and possibly by other Governmental
agencies, to the employment requirements
of the particular plant and the time re
quired to replace the workers in each job
classification

‘he matter of deferment on occupa
tional grounds rests with the Local Board
and Boards of Appeal in all questions of
individual classification. Local Boards will
however, give serious consideration to the
replacement time which has been deter
mined under an accepted Replacement
Schedule,

Full details and sample Replacement
Schedule forms may be obtained from Se
lective Service Regional Field Officers or
State Directors

2. Plan for Replacing Expected Losses in
the Labor Force

With a clear picture of the composition
of the labor force, it will now be possible to
plan for replacing those persons who are
expected to leave.

It has been effectively demonstrated
that systematic training procedures are
more cffective in breaking-in employees on
new jobs than are the traditional hit
or-nuss practices. Within the War Man
power Commission there are a number of
agencies which are equipped to give.em
ployers expert and specialized training
assistance at no cost to such employers.
The public vocational schools and the Na
tional Youth Administration can be uti-
lized in providing training for new workers
on single-skilled jobs. ‘I'he I'raining
Within-Industry Service, and the Appren-
ticeship and | raining Service may be
utilized in providing traiming for the up
grading of workers to positions of greater
responsibility.  The Engineering-Science-
Management-\Var Training Program can
be utilized 1o provide training for produc-
tion workers such as engineers, chemists
and production supervisors. These are not
all of the training services available, /¢ is
urged that the Director of Training of the
nearest regional office of the War Manpower
Commission (listed in Schedule “A") be
consulted for specific information with regard
o any training problems.

In addition to obtaining the services of
aew employees through training proced
ures, employers should be careful to extend
the practice of utilizing the services of
women wherever it is possible to substitute
them in jobs now flled by men. Handi-
capped persons, who have not been em
ployed in the past, should be given oppor-

Continued on page rxayuiii
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The Institute of Radio Engineers

... serves those engaged in radio and allied fields through the presentation and publication
of technical information on the subjects.

THE PROCEEDINGS, the official magazine of I.R.E,, has been published without
interruption since 1913 when the first issue appeared. The contents of each paper pub-
lished in the PROCEEDINGS are the responsibility of the author and are not binding on
the Institute or its members. Material appearing in it may be reprinted or abstracted
in other publications on the express condition that specific reference shall be made to
its original appearance in the ProceEpINGs. Illustrations of any variety, however, may
not be reproduced without specific permission from the Institute.

STANDARDS reports are pub-
lished from time to time and are
sent to each member without
charge. Current reports include
two each on Radio Receivers,
Transmitters and Antennas, and
Radio Wave Propagation, and one
each on Electroacoustics, and
Facsimile; a detailed description
of these reports will be sent on re-
quest.

MEMBERSHIP has grown from
a few dozen in 1912 to approxi-
mately eight thousand. Practically
every country in the world in
which radio engineers may be
found is represented in our roster.
Dues for the five grades of mem-
bership range from $3.00 to $10.00
per year. The PROCEEDINGS is sent
to each member without further
payment.

SECTIONS in twenty-seven cities
in the United States, Canada, and
Argentina hold regular meetings.
The chairmen and secretaries of
these sections are listed on the
page opposite the first article in
this issue.

SUBSCRIPTIONS are accepted
for the Proceepings at $10.00 per
year in the United States of
America, its possessions, and
Canada; when college and public
libraries order direct from the In
stitute, the subscription price is
$5.00. For other countries there is
an additional charge of $1.00 for
postage.

APPLICATION for ASSOCI-
ATE membership may be made by
using the convenient blank on this
page, or preferably on written re-
quest to the Institute headquar-
ters.

The Institute of Radio Engineers, Inc.
330 West 42nd Street
New York, N.Y.

Convenient Associate Membership Blank

The Institute of Radio Engineers

Incorporated
330 West 42nd Street, New York, N.Y.

To the Board of Directors
Gentlemen:

I hereby make application for ASSOCIATE membership in the Institute
of Radio Engineers on the basis of my training and professional experience
given herewith, and refer to the sponsors named below who are personally
familiar with my work.

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I shall be governed
by the Constitution of the Institute so long as I continue a member. Further-
more | agree to promote the objects of the Institute so far as it shall be in

my power.
Y e - e
STk =it CULEREELLS
" (City ‘and Statey
(Date)
SPONSORS
(Signatures not required here)

Mr. .
Address

City and State
Mr

Address

City and State

Mr

Address

City and State

Fill Out Reverse Side Also
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- CABINETS
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* PANELS
* RACKS

tor ELECTRONIC APPARATUS

Send specifications; or write for
aur Cotalog No, 41A.

PAR-METAL

PRODUCTS
CORPORATION

32.62—49¢h STREET . . . LONG ISLAND CITY, N. V.
Export Dept. 100 Varlch S¢., N. V. C

Utilization of Manpower
(Continued from page xxviv,

tunities for the exercise of their skills, It is
known that some skills frequently exist to
a greater degree in handicapped persons
than in normal persons. Blind persons, foi
instance, are known to have extremely
well-developed senses of touch and hear
ing, and deaf persons have well developed
senses of sight.

President Roosevelt, in his Executive
Order No. 8802, has advised employers of
the necessity for ceasing certain discrimi
natory practices in the selection of their
labor force. Most important of these is the
failure of some employers to hire Negro
workers in spite of the present labor short
age. For the purpose of utilizing fully the
manpower resources of our nation, Negro
workers should not be refused employment
in any job for which they can qualify. In
obtaining assistance in hiring women,
handicapped workers, and minority groups,
the local office of the United States Em
ployment Service will be helpful. Advice
with respect to employment of Negroes is
summarized in the pamphlet How Manage
ment Can Integrate Negroes in War Indus
Iries, available on request to the Industrial
Commissioner of the State of New York
80 Centre Street, New York, New York

3. Selective Service Deferments

Requests for the deferment of key per
sonnel must be kept at a minimum in order
that they may be given serious considera
tion by local boards. Employers desiring to
obtain deferment for war workers who can

XXxXwiii

not be replaced must follow procedure
forms obtainable from the \WV.P.B., Radio
and Radar Division

The Radio and Radar Division furnishes
this procedural information to employers
for the sole purpose of reducing to a mini
mum dislocation of operations Employers
should understand that requests for defer
ment of other than key personnel should
not be made. The Radio and Radar Divi
sion or ANEPA cannot, of course, act in
any cases unless it agrees as to the critical
nature of the services rendered by the per
son involved, and until all of the steps
enumerated above have been followed

4. Labor Standards

Wages are now controlled under the
Economic Stabilization Act and increases
in wages with certain minor exceptions
must be approved by the National War
Labor Board or the Salary Stabilization
Unit of the Burcau of Internal Revenue
In granting wage increases enployees
should be notified that, while the effective
date of the increase may be made retro
active, actual payment of increases cannot
be made until approval has been granted

Manufacturers must obtain permission
from the Salary Stabilization Unit only in
cases involving salaried employees receiv
ing more than $5000 per year or executive,
administrative and professional employees
receiving less than $5000 a year who are
not represented by a recognized labor or
ganization. An exccutive employec must
receive more than $30 per week and an
administrative or profcssional employee
must receive more than $200 per month in

order to come within the jurisdiction of the
Salary Stabilization Unit. Applications for
such increases should be made to one of
the local ofhces listed in Schedule “B.”

Increases which do not come under the
jurisdiction of the Salary Stabilization
Unit, including all those intended for
hourly wage employees, and for executive
administrative and professional employees
represented by a recognized labor organ
ization and carning less than $5000 per
year, must be approved by the National
War Labor Board before actual payment
is made, although the effective date, as in
dicated above, may be made retroactive
Information as to the procedures (or ob
taining approval of the National War La
bor Board in such cases should be obtained
from the nearest local office of the Wage
Hour Division of the U, S. Department of
Labor. The Regional Office of the War
Labor Boyrd (listed in Schedule “C") may
be consulted only with regard to special
problems which the Wage-Hour Division
cannot treat

5. Labor Relations

Authoritics on personnel procedure
agree that the maintenance of good labor
relations is a primary factor in the effec
tiveness of the productive effort of any
business organization. Under the provi
sions of the National Labor Relations Act
employers are required to bargain collec
tively with the chosen representatives of a
majority of their employees. Information
with respect to that Act may be obtained
directly from onc of the regional offices of
the National Labor Relations Board, listed
in Schedule “D.” Should the employer feel
that labor relations problems are hamper-
ing production, he should call upon the
Regional LLabor Representative of the La-
bor Production Division in the War Pro
duction Board Regional Office for advice
and assistance in solving the problems. See
Schedule “H.”

Where the bargaining agent and the em
ployer cannot agree on the provisions of a
contract, the aid df the Regional Labor
Representative should be sought, and the
matter may also be referred by telegraph
to the Conciliation Division of the United
States Department of Labor, or to one of
the regional offices of the National War
Labor Board, listed in Schedule “C.” Also
available to all employers are the services
of the Management Consultant Branch of
the War Production Board in \Washington,
D. C.

It has been found that cfficient produc
tion as well as good labor morale have been
furthered by the formation of joint labor-
management production committees in
individual plants. Information with respect
to the formation of such committees may
be obtained from the \Var Production
Drive Headquarters, War Production
Board, Washington, D, C., or from the
representative of the Labor Production
Division, referred to above, in the local
War Production Board Office.

The Radio and Radar Division of the
War Production Board has had assigned to
it a consultant from the staff of the Labor
Production Division of the War Produc-
tion Board who serves as adviser to the
Division on all labor problems. Manufac
turers should feel free to call upon the Di-

(Continued on page sl
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WHEELHOUSE OF A PC BOAT

Proceedings of the 1.R.E.

April, 1943

Just as the wheelhouse is the nerve center of the
swift little PC boats, so radio is the nerve
system that links the Navy's ships together.

Like the ships, like the men who man them, the
Navy's radio equipment can take it.

NATIONAL COMPANY, INC.
Malden, Mass.
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MANUFACTURED FROM
STANDARD PARTS . . .

Custom designed tronsformers can often be assembled from
stondard parts found in the large variety of types and sizes
available to Chicago Transformer's customers.

Where entirely different designs are necessary, it's modern
and complete plont and laboratory facilities are equipped
to handle the most unusual assignments.

Given the application, description and the electrical results
desired, the Chicago Transformer organization should best be
able to solve your new and difficult transformer problems,

Manefactirers of all lyfies of
gum%ﬁmw% tfe lo 10 K Vid

3595 WEST ADDISON ST%{EE

T T e

cuchco TRANsronMEn‘ﬂ

CORPORA@MON A
~I-CHICAGOj
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Utilization of Manpower
(Continued from page xxxviii)

vision for any assistance it may give on any
of the matters discussed in this memoran-
dum.

In all cases, however, before referring
nmatters to the Washington office, it will
better serve the manufacturer’s purpose if
the local offices of the proper governmental
agencies are first consulted. Plants having
direct relationship to the Army or Navy
procurement services may receive assis-
tance from a regional representative of the
Army or Navy. The name of the proper re-
gional officer to be consulted may be ob-
tained from the local procurement officer or
the Radio and Radar Division. The Signal
Corps, U. S. Army, maintains labor supply
officers at various locations (see Schedule
“G”) whoare specifically equipped toadvise
and assist, manufacturers of Signal Corpk
cqunpmcnt on the matters referred to in this
memorandum. The Various schedules re-
ferred to and the complete report may be
obtained from the War Production Board
Washington, D.C.

Electronic Soldering Method

Electronic high-frequency induction
heat has taken the place of gas heat in the
soldering of crystal units used to maintain
frequencies in war-radio equipment manu
factured by the Elecironics Department of
the General Electric Company.

Explaining the change-over, it was
pointed out that the soldering of the shell
of the crystal unit to its base proved a criti-
cal operation when performed with gas ring
burners.

“The crystal is mounted on a bracket
inside a metal shell like that of a radio re-
ceiving tube,” stated the engineer, J. P.
Jordan. “The bracket is mounted on a base
or ‘header,’ the shell assembled over it and
soldered in place. If the header is over-
heated, or heated too slowly, the heat is
conducted up the bracket to the crystal,
sometimes causing internal distortion
There is also a possibility of injurious ef-
fects due to products of high temperature
gas combustion,” he explains.

“The above difficulties proved ex-
tremely hard to control when the soldering
operation was performed by gas ring burn-
ers, But with the use of a vacuum tube
oscillator, these difficulties have been
largely overcome.”

The crystal unit is placed in a fixture
which locates it with respect to a two-turn
inductor coil and a perforated air-blast ring
nozzle. Heat is induced in the metal of the
unit for a few seconds, after which a cool-
ing-air blast is operated for ten seconds.
The entire sequence is automatically timed
to assure uniform seals. During the heating
cycle, the operator twists the shell slightly
to assure uniform distribution of the solder.

It was added that there are many braz-
ing and soldering operations now per-
formed by other methods which could be
done faster and better by electronic induc-
tion heat. In use, the part to be heated is
placed in a water- cooled, copper tuning
coil and current is passed through the coil
at frequencies in the order of 500,000 cycles
per second.

Proceedings of the I.R.E. April, 1943




N
™
nuu//,,///
@ Z
O:
)

W
B

R

s
, ©

"
\

\
|

//
4 ”Huhn\
N
P \\\\\\OO
- ~
(
n

How may quality be recognized? The determining factors
are materials, construction and performance . . . plus the in-

gredients that come from experience and research.

DeJur Aircraft, Electrical Instruments, Potentiometers and
Rheostats are backed by more than twenty-five years expe-
rience and laboratory research. They are designed and
manufactured to conform with the highest standards of

war-tequirements . .. their worth has been demonstrated on

sth the battle and home fronts.

e Jur:flmsco (@rporaTIoN

=
Manufacturers of DeJur Mcters, Potentiometers, Rheostats and Other
Precision, Quali!y Electrical Instruments

SHELTON, CONNECTICUT

Every Week . . . Everglody . . . 10% in War Bonds and Stampo
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CONDENSE
LINE OF
UNSURPASSED
-~ QUALITY
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PAPER, OIL AND ELECTROLYTIC CONDENSERS

INDUSTRIAL

CONDENSER COR PORATION
1725 W. NORTH AVE., CHICAGO, U. 5. A

DISTRICT OFFICES IN PRINCIPAL CITIES
QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS

POSITIONS OPEN

The following positions of interest tac I.R E,
members have been reported as open. Ap-
ply in writing, addressing reply to com-
pany mentioned or to Box No. ......... .

PROCEEDINGS of the |.R.E.
330 West 42nd Street, New York, N.Y.

INSTRUCTORS IN RADIO AND
ELECTRICITY |

S50 civilian instructors needed immedi.
ately for Army Air Forces Radio Instruc-
tor School. Su{u'ec!s of instruction: Direct
current and alternating current electricity.
vacuum tubes, standard radio receivers and
transmitters; , international Morse code,
telegraph and radiotelephone procedure
Salaries follow Civil Service starting from
$2,000 per year. State experience, educa-
tion, code speed, personal data. Positions
open immediately. Saint Louis University,
Army Air Forces Radio Instructor School,
221 N. Grand Boulevard, Saint Louis
Mo. A. H. Weber, Technical Director.

COMMUNICATIONS ENGINEER OR |
PHYSICIST '

The National Geophysical Company has
an opening on its Engineering staff for a

ymmnnications engineer, or physicist with
electronic training, who is interested in re. |
search and development work. Projects
cover all phases of geophysical work, and [
in addition, developmental work on Gov-
ernment projects. This position is per-
manent. Salary open. For additional de-
tails address {lanonal Geophysical Com-
pany, Research Laboratory, 8806 Lemmon
Avenue, Dallas, Texas

RADIO ENGINEERS

Large New York City plant has excel-
lent opportunities and immediate employ-
ment for those who can qualify as fore-
men, leaders, or designers in the produc-
tion of aircraft radio equipment. Electrical
engineer’s degree or equivalent, with ex-
perience in manufacture of electronic ‘
equipment required. Lesser positions in |
many other classifications available for
those lacking above qualifications. Send full
details to Box 277.

RADIO ENGINEER OR TECHNICIAN |

Knowledge of circuits for supervisory
position in transmitting tube circuit labora-
tory. Circuit knowledge and executive
ability more important than college de-
gree‘ Married man with children preferred

alary open. Minimum $250. Box 279

RADIO ENGINEER

Junior engineer, preferably with amateur
radio experience, needed as assistant in
administrative office of important company
Must know radiotelegraph. Write Box 286.

RADIO, MECHANICAL AND
ELECTRICAL ENGINEERS

Several men needed immediately for
work on government radio equipment, Men
with at least three years experience in de-
sign and development of quality equip-
ment desired. College degree or equivalent
experience necessary. Any person now em-
ployed at highest skill on war production
work should not apply. Address Box 280.

RADIO ENGINEERS AND
TECHNICIANS

In critical war industry, Opportunity for
several competent men in research and
production engineering on Government
contracts. \Work is with a company well
known in the radio industry, located in a
Michigan city. Send full “particulars of
))'g;xr cxperience and photo. Address Box

(Continued on page xliv)
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As a radio technician, Johnny is a vital part of our
armed forces. He sees an amazing electronic future
in the new devices developed by the urgency of war.
No, he can’t talk about them now, but as he uses
them he dreams of electronic wonders to come.

Someday soon, Johnny and thousands like him
will come marching home to take their places in
their chosen field. Their vision . . . their plans . ..

their energy will give us those wonders in elee-
tronics of which they dreamed.

Wherever Johnny’s ambition leads him in
electronics, he will find TUNG-SOL ready for the
peacetime developments. TUNG-SOL tubes for
transmitting, receiving and amplifying, TUNG-SOL
research engineering serviee will be important
parts of his future and the future of electronies.

™

UNG-SOL /7

v -0
TUBES

RADIO

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

AN ENGINEER WITH
PLENTY OF IMAGINATION

An Out-of-the-Ordinary Opportunity
for an Out-of-the-Ordinary Man

This is an unusual sort of an advertisement. It is unusual because
a client of ours has asked us to help them find an unusual sort of a

man to fill rather an unusual sort of position.

First of all, this man must be an electro-mechanical engineer
having both real design imagination and a finger on the pulse of
what is going on in the electronic, radio, and clectrical industries.
Second, he must be the type of fellow who is visionary enough to
be constantly alert to new ideas, yet practical enough to understand
manufacturing limitations. Third, it would be just fine, if such a
man also had training in the design and development of relays,
timers, and solenoids.

The position? Well, primarily it will have to do with helping our
client maintain his present leadership in the items that are regularly
produced. This activity at present is, of course, 1009 devoted to war
work. Next, and by no means least, is the task of designing other
items to keep one step ahead of the needs which will surely arise
with the rapid development of the Electronic art in all of its phases.
That’s where imagination and a close knowledge of the field come in.

The offer? To the right man is offered a connection with a nation-
ally-known, long-established firm located in Eastern Pennsylvania.
It is a firm large cnough to afford unlimited opportunity to the
right man—yet small enough to assure rapid individual recognition
of jobs well done. The engineer selected is assured of free reign
to initiative, good working conditions, attractive remuneration, and
important war work for the present coupled with future possibilities
in full keeping with his abilittes,

If you feel that you can fill the position, write in detail. Your
correspondence will be treated with strictest confidence. All of our
client’s employes who might be interested know of this advertise

ment.
Harry P. Bridge, President
THE HARRY P. BRIDGE COMPANY

Advertising Counsellors
812 Real Estate Trust Bidg., Philadelphia, Pa,

(Continued from page xiii)

NAVAL ORDNANCE LABORATORY

The Naval Ordnance Laboratory, lo-
cated in Washington, D.C., is a rescarch
development agency of the Bureau of Ord-
nance, concerned with the design of new
types of naval mines, depth charges, aerial
bombs and other ordnance equipment, in-
cluding measures for the protection of ships
against mines,

This laboratory needs physicists and
electrical engineers with electronics experi.
ence, mechanical engineers familiar with
the Jealun of small mechanical movements
or mechanisms, and personnel for techni
cal report writing and editing. \Vrite to
Naval Ordnance l.aboratory, ?\Iavy Yard,
Washington, 1).C

RADIO AND ELECTRONIC ENGINEER

For developmental work. Must combine
practical ability with a little of the "dream.
er.” Excellent opportunity with alert or-
ganization. \Vrite Radio Receptor Com-
gfu;y, Ine., 251 W. 19th Street, New York,

ELECTRONIC ENGINEER, PHYSICIST
AND DRAFTSMAN

Capable radio engineer for work on x-ray
and allied applications, and physicist with
specialized experience in electronics. Me:
cLanical draftsman, with practical produc:
tion experience, for work involving usual
drafting for production of electronic de-
vices, primarily in x-ray field. \Vrite
Philips Metalix Corporation, 419 Fourth
Avenue, New York, N.Y.

RADIO ENGINEERS AND
TECHNICIANS

Technicians with specialized engineer-
ing knowledge. Perform efficient main.
tenance and adjustment of radiotelegraph
operating office equipment. Technical
knowledge of special radio and related
equipment needed in the service. Must be
capahle of sending and receiving the In
ternational Morse Code at a minimum
speed of 20 words per minute and must
hold a Federal License as required by law

Radio Instructor on operation and main-
tenance of radio transmitting equipment

Maintenance Engineers to keep machin-
ery, mechanical equipment, radio.communi
cation operating machines, and radio in
struments in good repair. Construct and
install new apparatus. A combination of
maintenance mechanic and machinist du
ties,

Maintenance Electricians to take charge
of all plant maintenance pertaining to all
the electrical facilities, wiring and ma
chinery. Must be capable of doing me
chanical construction of communication
equipment and electrical wiring, and work
from blueprints. Address Box

ELECTRO-MAGNETIC ENGINEER

Unusual opportunity for engineer with
vision for new ideas in design work with
nationally known, long established firm in
Eastern Pennsylvania, now 100% on war
work. Firm large enough to make remun
cration attractive, small enough to insure
recognition. Training in design of relavs,
timers and solenoids would he lielpfu!
\Vrite Box 285

RAD!IO ENGINEERS AND
MONITORING OFFICERS

Applications for positions with the Fed-
eral Government of radio engineer at
$2,600 to $8,000 a year, radio monitorin
officer at $2,600 and $3,200 a year, an
radio mechanic technician at $1,440 to
$2,600 a year, will be accepted at the
Washington, D.C., office of the United
States Civil Service Commission. Qualified
persons urged to apply immediately. No
written tests. Applicants will be rated on
the hasis of their statements in the appli-
cation, subject to verification by Commis-
sion. For full information, and application
forms, write to United States Civil Service
Commission, Washington, D.C

(Continued on page xlvi)
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American Radio 1S

It is in the hands of people who have
spared no effort, neglected no opportu-
nity, to make radio a weapon for Victory

From broadcasting entertainment that builds morale, to
information that keeps the country alert, from explanations
of war-time measures, to requests for cooperation with
Government drives, the support of the American broad-
casters has been wholehearted, enthusiastic, and efficient.

RCA has furnished equipment and technical services
which have aided the broadcasters in the past. But because
our plants and laboratories are working around the clock
to build radio equipment for our armed forces, our service
to broadcasters may not have been up to the standards RCA
has set for itself.

We intend to keep producing that equipment, and to
keep devoting ourselves completely to the task of winning
this war. But we intend also, to the best of our ability, to
aid the broadcasters in their important work. The skill
the knowledge, the resources of RCA are yours to command
wherever available, 1f you have equipment FpyIcTOr

problems, and if you feel we can be of service |4a MY

. . . - WAR
to you, write to us, call us, get in touch with us, iy

We may be able to lick them together!

A viay

Rt e s et .-.".'/(“

y

”
L
¥ 4 /_l

RCA BROADCAST EQUIPMENT

RCA Victor Division
RADIO CORPORATION OF AMERICA, CAMDEN, NEW JERSEY

i e
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DYNAMOT ORS
« « o /and Dare-Devils!

The men in the planes can tell you
that it takes perfect coordination of
every factor—of manpower, plane and
instruments—to come out on top in a dog-
fight. Dynamotors don't do the shooting
—but they furnish the necessary power for
radio communications, direction-finding,
radio compass and other instrument controls
o vwhich enable our men to find the enemy, attack
and come back safely. Eicor Engineers are proud
of the job Eicor Dynamotors are doing today
in fighters, bombers, trainers and transports.

Ercom INE. 1501 w. congress st., chicago, U.5.4.

DYNAMOTORS.* D. C. MOTORS » POWER PLANTS + CONVERTERS
Exporl: Ad Avriemo, 89 Brood St., New Yol‘, U. S. A. Coble: Auriema, New York

EVERY “WAR-TORN"
ENGINEER NEEDS!

A-C CALCULATION CHARTS

By R. LORENZEN

This new Rider Book greatly reduces the time required
for alternating current engineering calculations — speeds
up the design of apparatus and the progress of engineer-
l ing students. Two to five times as fast as using a slide rule!
Thousands of enthusiastic users.

A-C CALCULATION CHARTS are designed for use by
civilian engineers and engineers of the armed forces who
operate in the electrical —communication — power — radio
~—vacuum tube—telephone—and in general, the electronic
field. Invaluable for instructors as well as students, and
also administrative officers who check engineering calcu-
U lations.

$7.50
160 pgs.
(9% x 12 in.)

CATHODE RAY TUBE AT WORK

The Cathode Ray Tube at Work is the accepted
authority on the subject. The cathode ray tube in
the Oscillograph and its application to electronic
and industrial work is fully discussed. Profusely
illustrated. 338 pages. . . . . . . . $3.00

JOHN F. RIDER PUBLISHER, Inc.

404 FOURTH AVENUE, NEW YORK CITY
Export Division: .Rocke-Internationi Elec. Corp.. 100 Varick St.. N. Y, C. » Cable: ARLAB

xlvi

Continued from page xliv)

COMMUNICATIONS ENGINEERS
AND PHYSICISTS

Several openings in the Research Lab.
oratory, Development and Engineering
Divisions for communications engineers
and physicists, Men holding Ph.D. and
B.S. (E.E.) Degrees, and men with proven
ability in physics or electrical engineer.
ing desired.

Other positions open for engineers and
physicists with experience in development
of microphones and telephone receivers to
predetermined standards, Another position
calls for experience in the design and
measurement of microphones and tele-
phone receivers. Another calls for acous-
tical engineering experience in communi
cations. Opportunity is given for perman-
ent post-war connections in the communi
cattons-equipment manufacturing industry

Only American Citizens can be consid-
ered. Apply by letter stating full qualifica-
tions. Bert Holland, Personnel Manager,
Kellogg Switchboard & Supply Co., 6650
South Cicero Avenue, Chicago, Hlinois.

RADIO INSPECTORS

Radio Inspectors sought by Federal Com
munications Commission. The positions
pay $2,000 and $2,600 a year, and are
located throughout the United States. Du
ties include inspection of radio equipment
on ships and aircraft, or at land stations,
the making of frequency runs and har
monic analyses, and the examination of
radio operators.

No written test will be given to appli
cants. To qualify for Radio Inspectors
$2,600 a year, applicants must have had
education and experience as described in
one of the following: (1) a full 4.year
course in electrical or communications en-
gineering at a recognized college or uni
versity, (2) a full 4.year college course
with major study consisting of at least
24 semester hours in physics, (3) 4 years
of technical experience in radio work, or
(4) any time-equivalent combination of
(1), (2), or (3). Amateur radio experience
under a class A license may be substituted
for 2 years or less of experience. For
Assistant Radio Inspector, $2,000 a year,
only 3 years of this education and experi-
ence are required

In addition, applicants must hold a valid
second-class radiotelegraph operator's ‘li.
cense, or must demonstrate during the
first 6 months of service their ability to
transmit and receive 16 code groups per
minute in International Morse Code. They
must also be able to drive an automobile.

Full information, and application forms,
may be obtained at first- and second-class
post offices, except in regional head
quarters cities where they are available
only at the civil service regional offices
or from the U. S. Civil Service Commis.
sion at Washington, D.C.

ENGINEERS

Electrical, Electronic, and Mechanical
Engincers (men or women) with at least
some development laboratory experience.
Recent graduates also considered.

O!d established plant located in Central
Indiana, normally manufacturing precision
parts for wide range of industries, includ-
Ing aviation, automobile and electrical. At
present devoted to developing and produc-
Ng war equipment

Excellent post-war opportunities for
those who qualify. If not employed in war
production to highest skill, write giving
full details of experience, education, age,
draft status and salary expected. Address

|

Box 282,

(Continued on pPage xlviti) |
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SHURANKOEE,

UNDTETD IS ELONNT,

Ceramiica fm/ the World of SMoctronics

Dependable Ceramic Insuvlators
for the Radio Industry

N\
@ T;
HE name ‘‘Stupakoff’’ is
@ not new to the radio industry.
Two decades ago special ceramics
@ were developed in the Stupakoff

- Laboratories, and by 1930 we were
producing over a million ceramic
parts daily for radio tubes.

Today Stupakoff produces a
complete line of precision made,

(S5 ‘““radio grade’’ insulators, made

@ of Steatite and other materials.
v/ All Stupakoff ceramic insulators

are subjected to the most severe
laboratory and field tests, to as-

4
lI sure their unfailing performance
in actual service.

m For the duration, our entire
ceramic manufacturing facilities
are devoted to the production of

Stupakoff ceramic insulators for
equipment used to bring Victory W

to the United Nations.

b

N

f?ﬁﬂLAT@M@J
4 ,
STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA.
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7 Inch
Cathode Ray
Oscillograph

513950

7;19 7" tube offers larger, brighter patterns with fine line
trace and clean focusing to the very edges of the screen. In addi-
tion, this instrument provides all the features of the ordinary five inch
oscillograph! A moderate quantity in stock for immediate shipment,
sound and electronic parts . . . quick deliveries from two big warehouses!

FREE — 130 page illusirated catalog contains thousands of radio.
sound and electronic items — indexed for quick reference. Write today

to Department 413, 901 West Jackson Boulevard Chicago, Ill.

LAFAYETTE RADIO CORP.

901 W. JACKSON BLVD., CHICAGO, ILL. - 265 PEACHTREE ST., ATLANTA, GA.

( Lafayelte carries complete stocks of nationally advertised radio, )

PLATINUM and Platinum
ALLOYS . . . In SHEETS
TUBING, WIRE, Special Forms...

Through 4 decades this organization has specialized in
the ctefining and working of Platinum and Platinum
Alloys. .

vision, to assure maximum quality and serviceability. . . .

- - Every step is controlled, under direct super

Our cescarch department will be glad to offer advice and
metallurgical data regarding the use of Platinum or Platinum

Alloys—for any industrial application. . . . Inquities invited.

Among the Products in which we specialize:

* FUSE WIRE—in lridium Platinum and other alloys;

drawn to exact resistance specifications.

* FINE WIRE, RIBBON, FOIL—drawn to close toler-
ances. . . . Wire as fine as .0005” diameter:

Ribbon to .0001” thickness.
* RHODIUM PLATING SOLUTION—forreﬂectingsurfaces.

% SPECIAL FORMS—to meet individual requirements. . . .

SIGMUND COHN & CO.

NEW YORK

44 GOLD ST, A

since 4B 1901

(Continued from page xlv:)
ENGINEERS

The s:nlarr _is open and (lcpends only
upon the ability and experience of the
engineer.

1. Electronic and radio engincers to de-
sign electronic navigation and com.
munication cquipment for aircraft,

Mechanical engineers familiar with
and interested in the design of small
precision equipment and familiar with
shop practice and tools.

3. Engincers familiar with the design of
components for electronic cquipment.

4. Technical men alle to write technical
material for instruction books

These positions can be permanent for the
right men. Excellent opportunities for ad-
vancement

Engineers with experience are preferred,
but the right persons do not need experi
ence if they have the abhility to learn and
the required aptitude. Ap[lﬁ'c."nls may be
male or female. Persons already engaged
in_war work cannot he considered.

Write directly to Chief Engincer, Bendix
Radio Division, Bendix Aviation Corg
Baltimore, Maryland giving complete
tails of education and experience.

RADIO INTERCEPT OFFICERS

Persons qualified to intercept radio mes
sages are needed by the Federal Com
munications Commission. The positions pay
$2,000 and $2,600 a year, plus overtime,
which increases the salaries about 219% for
8 hours of overtime a weck.

Radio intercept officers will participate
with Army Air Forces in effecting radio
silence and insuring compliance witl
silence orders, test the efficency of meth-
ods of control, maintain a continuous waich
on_ distress channels, and otherwise par
ticipate in monitoring assignments relat
ing directly to the war effort

For assistant radio intercept officer,
$2,600 a year, persons must have had
either a full 4.year course in electrical
engineering or physics at a college or unt
versity of recognized standing, 4 years of
technical experience in the field of radio,
or a tune-equivalent combination of such
cducation and experience. For the $2,000
grade, less education and experience is re
quired. Applicants for both grades must
be able to transmit and receive in Inter-
national Morse Code. and in some cases
may substitute experience as a radiotele
graph operator, or as an amateur holding
a Class A license, or radio and engineer
ing study at a recognized college or radio
institute for part of.the prescribed educa
tion or experience

No written test is required, and the only
age limitation is that applicants must have
reaclied their eighteenth hirthday, Posi-
tions are to he filled throughout the United
States,

Persons using their highest skills in war
work are not encouraged to apply. Com
plete information and application forms
may he obtained at post offices, from the
United States Civil Service, Washington,
D.C., as well as from civil service regiona
offices

Attention Employers . . .

Announcements for ‘'Positions Open' are
accepted without charge from employers
offering salaried employment of engineer-
ing grade to I.R.E. members. Please supply
complete information and indicate which
details should he treated as confidential
Address: “POSITIONS OPEN," Institute
of Radio Engineers, 330 West 42nd Street,
New York, N.Y

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal.

Proceedings of the I.R.E.
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“Condenser by Rauland”

Back of every fine instrument is a communications by modern warfare.
combination of wide cxperience, infinite  They are made to “stand the gaff,”
skill and painstaking care. RAULAND  having battleship toughness, yet blended
condenser users know the utter depend- with a precision accuracy that insures
ability of these electroneered units; how a fine degree of tuning. These are
successfully they have met and performed  the things you get when you specify
the most difficult tasks demanded of “Condenser by RAULAND.”

0...SOUND..« ;:.‘CO'M“MUN[TC_},U'_(WI"‘

Electroneering is our business

. THE RAULAND CORPORATION » » » T CHICAGO, ILLINOTS

Buy War Bonds and Stamps! Rauland employces are still investing 10% of their salaries in War Bonds

Proceedinys of the I.R.E. April, 1943 xlix
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Army-Navy “‘E’’ Honor Roll

History of the Army-Navy “E” Award
In 1906 the Navy instituted the “E” pen-
nant as an award for excellence in gunnery,
and later extended this to engineering and
communications. Prior to Pear! Harbor the
Navy gave the award to a few firms an
organizations which showed excellence in
producing ships, weapons and equipment
for the Navy.

Since Pearl Harbor, the Army and Navy
have joined together in making a combined
Army-Navy “E” award to both plants and
their employees, who working as a team
have given “excellent” performance in the
battle for production.

The PROCEEDINGS takes pleasure in
reporting brietly on those firms serving the
radio industry who won the Army-Navy
“E” award. From time to time we hope to
give additional reports as information
reaches us on firms winning this honor.

General Radio Win “E”

On February 16th the Army-Navy Pro-
duction Award was made to The General
Radio Company at Cambridge, Massa-
chusetts. Governor Leverett Saltonstall of
Massachusetts and Mayor John H. Cor-
coran of Cambridge took part in the Cer-
emony. Captain John ]. Hyland, U.S.N.
(Ret.) made the award and Colonel James
H. Van Horn, presented the employee pins.
Harold B. Richmond, Treasurer accepted
for the company, and Charles H. Riemer
President of the General Radio Mutual
Benefit Association accepted for the em-
ployees. A color guard composed of G-R
men, all members of the Massachusetts
State Guard raised the Award Flag.

The nomination of the General Radio
Company was originated by the Navy De-
partment, and following favorable action
by the Navy Board the award was made
upon the concurrence of the Army Board

White Star to Mallory

I’. R. Mallory & Co., Inc., Indianapo-
lis, Indiana, was advised on February 3, by
Admiral C. C. Bloch, Chairman of the
Navy Board for Production Awards, that
it had been granted a renewal of the Army-
Navy “E” Award for an additional period
of six months, dating from December 31
1942. This renewal grants Mallory the
right to add an additional white star to its
pennanr

Mallory was the first company in In.
dianapolis to receive the Navy “E’ pen
nant and flag of the Bureau of Ordnance
These were awarded in December of 1941
by Secretary of Navy Knox. I’resentation
ceremony was held in January, 1942,

On July 18, 1942, notice of the renewal
of this award was announced. This permit-
ted the company to add its first white star
tothe Army-Navy “E” flag which had sup-
planted the former Navy “E” pennant and
Bureau of Ordnance flag.

A WORD ABOUT DELIVERIES

Naturally deliveries are subject to necessary priority
regulations. We urge prompt filing of orders for delivery
as expeditiously as may be consistent with America’s
War effort.

TRIPLETT ELECTRICAL INSTRUMENT CO. .

Admiral Bloch has announced that a
new flag with two stars affixed is being sent
to the Mallory Company through the
Commandant of the Ninth Naval District

Philco Wins A White Star

Philco Corporation has been awarded
the Army-Navy “E” with a white star for
continued “meritorious services on the
production front,” according to word re-
ceived today from Robert I’. Patterson
Under Secretary of \Var.

Converted 1009, to war work Philco is
turning out electronic equipment for
planes, ships, and tanks shells, fuzes and
industrial storage batteries for the Govern
ment. War production is running at a con-
siderably higher rate than ever before, and
is expected to increase further in the next
few months.

The original “E” Award presentation to
Philco Corporation, one of the first in the
country, was made on August 14, 1942 by
Brigadier General A. A. Farmer, Com
manding Officer, Philadelphia Signal De-
pot.

In writing to inform Philco of the new
award, the Hon. Robert . Patterson said,
“I'am pleased to inform you that you have
won for the second time the Army-Navy
Production Award for meritorious services
on the production front.

“You have continued to maintain the
high standard that you set for yourselves
and which won you distinction more than
six months ago. You may well be proud of
your achievement. The White Star, which

TRIFPLETT

/722 INSTRUMENTS

RIPLETT

scale

S
This i\\usgranon i
vz actual su‘e, v
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inimum pa

space requires

the renewal adds to your Army-Navy Pro-
duction Award flag, is the symbol of ap-
preciation from our Armed Forces for your
continued and determined effort and pa-
triotism.”

Wins Maritime “M?”

The Maritime “M”’ Pennant, the Vie-
tory Fleet Flag, and Maritime Merit
Badges for all employees have been
awarded to the Radiomarine Corporation
of America, Charles ]. Pannill, President
was notified today in a telegram from Ad-
miral H. L. Vickery, USN (Ret.), Com
missioner of the United States Maritime
Commission. Radiomarine, which produces
marine radio communications equipment,
received the Army-Navy “E” flag on De-
cember 19,

Admiral Vickery's telegram read:

“As Chairman of the United States
Maritime Commission Board of Awards
I take pleasure in advising you that the
Board in recognition of outstanding pro-
duction achievement has awarded your
company the Maritime “M” Pennant, the
Victory Fleet Flag, and Maritime Merit
Badges for all vour employees. A United
Maritime Representative will personally
present the award to your company before
March 20.”

In reply, Mr. Pannill said that Radio-
marine employees joined the management
of the corporation in expressing “our heart
felt appreciation for this recognition and
We promise to giveall within us tocontinue
to deserve this distinction.”

Proceedings of the I.R.E. April, 1943
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® Two of the simplest words in the English language

make up the phrase, “I see.” Yet in that phrase is

wrapped up most of the progress man has made. It

B d S' ht d spells understanding — which, whether gained through
eyun Ig an eye or ear, is the key to all things good. It is the begin-
p . ning of knowledge, the source of progress, the inter-
Transcendlng Heanng preter of beauty, the keystone of civilization. That is
why the everyday things we build — radio and electronic

tubes. incandescent lamps, fluorescent lamps and equip-

ment — are to our mind more than they physically seem.

They might be called the Means to the Future, since

they enter areas beyond sight and transcending hearing.

So regarded, they become not merely a present means to

i Victory, but precious implements in the forward march

=R of mankind. It is only natural that in their produc-

? i tion we set for ourselves the highest standards known.

SYLVANIA

ELECTRIC PRODUCTS INC.

formerly Hygrade Sylvania Corporation

Emporium, Pa.

Bslablished 1901 . . . Makers " Tricandesconl Pamps, Gluorescon! Tamps, Fintreres and decessories, Radie Tebes and EloctonioDevices
4

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

boa =
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Yhe most widely used Plugs

y /”/”m'u'(wu

MANUFATTURERS OF
li

-

_and Jacks in the U.S. A. .

B

These are only three of the many items
now rolling off owr production lines. We
are equipped to monufacture plugs and
iacks to your specifications . . . send
ws your blueprints for quotations.

Keep Buying War Bonds

WReelio Heviclreecvre r()mu//ﬂw(z/, T e,

476 BROADWAY, NEW YORK, N. Y.

4
anwmwca

Q27 SHORT WAVE

TELEVISION

RADIO « SOUND EQUIPMENT

' Booklets

AST.M. STANDARDS AND DATA
ON ELECTRICAL HEATING AND
RESISTANCE ALLOYS This pub
lication provides twenty-three specifica
tions and tests on electrical heating and
resistance alloys as developed through the
work of Committee B-4 on Electrical.
Heating, Electrical-Resistance, and Elec
tric-Furnace Allovs of the American
Socicty for Testing Materials. In addi-
tion, there are included four pertinent
technical papers, two of which cover
thermostat materials—one on “Thermo
stat Metal” by'S. R. Hood and the other
on “Methods of Testing Thermocoupl
and Thermocouple Materials” by W, F
Roeser and W. T. Wensel which were also
included in last year's compilation. The
other two papers deal with electrical surge
tests on contdet materials and contact
testing machines.

The largest group of standards covers
materials for radio tubes and lamps—eight
test methods for these materials, and one
specification for round nickel wire for
clectronic devices. There are four tests
pertaining to electrical resistance alloys,
four standards covering various types of
electrical heating alloys, and two pertain
ing to electric furnace alloys (a proposed
draft on specifications for chromium-nickel
alloy castings for high temperature service
and another draft of a proposed method of
test for effect of controlled atmospheres
upon alloys in electric furnaces). Stand
ards for heat resisting alloys and thermo-
stat metals are covered,

Copies of this 160-page publication in
heavy paper cover can be obtained from
the American Society for Testing Materials,
260 S. Broad St., Philadelphia, at $1.50
per copy; on orders from 10 to 49 copies, a
price of $1.25 applies.

The following commercial literature has
been received by the Institute,

War Production Transformers

In a special bulletin just issued, The
Acme Electric & Mfg. Co. of Cuba, New
York, lists standard specifications and
mounting means of Audio Transformers
Driver Transformers, Interstage Trans-
formers, Reactors, Microphone Input
Transformers for air-borne equipment and
Transmitter transformers and reactors for
mobile equipment.

Inaddition to the specifications covering
such units, a chapter is devoted to the ex-
planation of transformer compounding.
The manufacturer asserts that transform-
ers sealed with the proper compound can
operate at a lower temperature rise than
ordinary air-cooled transformers. The se-
cret being that certain types of compound
have the quality to dissipate heat more
rapidly than ordinary free air.

The manufacturers offer to send this
engineering bulletin #159 to anyone inter
ested in the production of equipment in
which transformer units of this type may
. be included.
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Booklets

FORMEX MAGNET WIRE®* * *The

1eral Electric Company at Schenectady,
New York, has just issued a 28-page book-
et entitled: “Formex Magnet Wire.” It is
lesignated as booklet GEA-3911. Quoting
from the booklet:

Some years ago study of the problem of
roving the insulation of magnet wire
in ted that because an enamel film has
therently high dielectric strength and
takes up little room, efforts should be
to better its mechanical properties.
Although minor improvements had been
1¢ the addition of synthetic resins
o the oil enamel, major improvements in
he phvsical properties of the film were
apparently not to be attained so long as
ing oils were the major ingredient.
attention was turned to the pro-
uction of a wire insulated with a thin film
thetic resin. After considerable re
arch and development, an insulated wire
odying a thin film of synthetic resin
f the polyvinyl-acetal type was pro-
u which was vastly superior in many
respects to wire insulated with conven
tional enamels.

The usual difficulties experienced in
adapting any laboratory process to factory
yroduction were encountered and over-
me: and now wire insulated with a film
of synthetic resin embodying potyvinyl
-etal (wire manufactured by General
Electric under its trade-mark, Formex) is
in extensive production and use.”

The booklet stresses the folllwing de-
irable properties of the new wire: higher
winding-space factor, outstanding mois-
ture resistance, higher heat conductivity,
higher dielectric strength per mil, and
lower cost. It is claimed to avoid the fol
lowing undesirable properties of fabric-
covered types of magnet wire: compara
tively weak resistance to abrasion, heat-
shock cracking, and lack of resistance to
solvents and treated compounds.

The booklet on Formex wire discusses
in considerable detail such properties of the
wire as dielectric strength, power factor
(including abrasion resistance, flexibility,
resistance to heat shock, and adhesion of
film) heat aging, shelf aging, temperature
rating, thermoplastic flow, moisture resist-
ance, and solvent resistance. The econo-
mies of the wire in connection with its
favorable winding-space factor, increased
number of feet per pound, lower cost, and
ready use under manufacturing conditions
are discussed.

The wire is available in round and rec-
tangular shapes and may be supplied in
various colors. Its properties are illustrated
by a group of comprehensive tables.

Application notes on the wire are given
including methods of making connections
(stripping, flame and wire brushing, soft

oldering and welding), varnish treatment,
and baking practice,

Proceedings of the I.R.E. April, 1943

| M MCALOR DECIICE SATRUMENT
. DevioN, BWC

Eviry Jackson clectrical instrument
— multimeter, tube tester, signal
analyzer, or whatever —is built to
one simple design principle: specified
limits of accuracy under anticipated
service conditions. In other words,
Jackson instruments are built to fit the
job, right down to the last detail . . .
You can, if you will, call this business
integrity — or plain common sensc.
Either way, Jackson users appreciate
the fact that their measurements can

be relied upon, consistently . .. While
all Jackson products manufactured
today are going to war — fast —we
are maintaining a wartime mainte-
nance and repair service for all our
customers. Feel free to consult us on
any problems concerning equipment
you now have, bearing our trade-mark.

* * *

All Jackson employees —a full 100% —
are buying War Bonds on a payroll deduc-
tion plan, Let's all go all-ont for Victory.

JACKSON

Fine Electvical Jesling FInstemendts

| JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO

lit
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Four-unit tandem control comprising tw.
standard Clarostat 50-watt
stats in rigid cradle mounting, and two
wire-wound potentiometers with high
voltage insulated coupling,

power rheo-

YOt made up g,
Standarq contrels

Another control problem of the

kind Clarostat engineers like,
came in recently. Specifically: a tan-
dem assembly comprising dual 50-
watt power rheostats and dual 3-watt
wire-wound potentiometers; the latter
insulated from shaft and ground for
2000-volt breakdown test; four units
to have the same degree of rotation.

In a hurry, of course. First a sample.

Then immediate production running
into large figures.

Clarostat engineers worked out the
assembly here shown from standard
units and parts, again demonstrating
how time, money and effort are saved
by ingenious adaptation of the
Clarostat wide choice of standard
units and parts to very special re-
quirements.

Send us your nesistor problom . .

Our engineers will try to solve it—with standard items, adaptations of
standard items and parts, or with special designs where rarely necessary.

A4 .
¥ wF Y

awnd SEHIIOU

CLAROSTAT MFG. CO., Inc. - 285-7 N. 6t St., Brookiyn,

Membership

(Continued from page xxii)
Leick, J. S, Jr., 23 Chestnut St., Newark
N.J

levy, S., 1008 E. 172 St., Bronx, N. Y.

McCredie, C. J., 5815 S.E. 21 Ave., Port-
land, Ore.

McDovwell, W. E., 321 Raleigh St., SE
Washington, D. C.

McFatridge, J. E., 207 Riverside Dr
Detroit, Mich.

McGaughey, J. R., Fleet Service School
Virginia Beach, Va

McGoldrick, J. P, 1., S. 2808 Scott St.,
Sookane, Wash.

Mclaren, I. H., Radiation Laboratory,
M. L. T., Cambridge, Mass.

Mead, R. S, TWA, Hanger 2, National
Airport, Washington, I). C

Meridith, R. R., 10213 S. Wood St
Chicago, 111.

Montgomery, D. J., 312 Probasco Ave.
Cincinnati, Ohio

Nelson, E. K., E. 734—39 Ave,, Spokane

\Wash.
Nelson, J. E., 1231 Garner Ave., Schenec-
tady, N. Y.

O’Brien, T. J., Jr., E. 1417 Wellesley Ave
Spokane, Wash.

Ogilvie, A. R., 15 Lockland Ave., West-
mont, N. J.

Ogren, V. G., 48 Highland Ave., Jersey

City, N. J.

G. H.,, Hanger 2, Washington

National Airport, Washington,

b. C.

Pack, H. G.. Box 151 Redwood City, Calif.

Parker, B. E,, RT. 2/c Flag Allowance,
COMSERFORPACFLT Box 4
% Fleet I’.O. San Francisco
Calif.

Parry, F. M., KTKN, Ketchikan, Alaska
Paulsen, W. H., 2045 Commonwealth
Ave., Brighton, Mass.

Pratt, J. H,, RCA Victor Co., Ltd., 976

Lacasse St., Montreal, Que.
Canada
Reid, E. H., 410 E Vienna St , Clio, Mich,
Ricciotti, S., 645 N. Broadway, Shawnee,
Okla

Osbhorn

| Ringo, G. R., 800-C S. \Washington St.,,

Alexandria, Va.

Robb, G., 5401 Girard Ave., S., Min
neapolis, Minn.

Robson, C. A., 1105 Elm St., Cincinnati

Ohio
| Rocke, A., 100 Varick St., New York
N. Y.
Rook, C. W., University Station, Grand
Forks, N. D.
Ross, G. A, 206 \V. 21 St.,, New York,
INSY;

Rudicil, G M, 7138 Hollywood Bivd,
Hollywood, Calif

| Saling, D, 123-52—147 St , South Ozone

Park, I.. I, N. Y.

‘ Samour, S, General Radio Co., Cambridge

Mass.

Sampson, C. H., 9270 Airdrome St., Los
Angeles, Calif.

Schultz, C. W., 2322 Ridge Ave., Evan
ston, {1l

Shapiro, G., 602 Third Ave., Ashury Ik,
N

Smith, H. I, 860 N. 23 St., Philadelphia,
Pa

Spargue, R. E., 2019 Grand
Schenectady, N, Y
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Membership

spratlin, J. W., 1592 S. Gordon St., S W,
Atlanta, Ga
tokes, J. H., 70 Hamilton Ave., Green-
wich, Conn,
Storr, E. E., R.C.AF.,, No. 1 Wireless
School, Montreal, Que., Canada
E. R., 3970 Arlington Ave., Los
Angeles, Calif.
lor, T. T., 996 Eastern Ave., Schenec-
tady, N. Y
man, C. R., Sig. Hq. & Hq. Co. VII
F.C. APO 958, % Postmaster
San Francisco, Calif.
H., R.C.AF. Station, Shelburne,
N\.S., Canada
rner, K. D., 3800 Cortland St., Chicago,
1
NBC 724—14 St., N.W,,
Washington, D. C.
W A., Jr., Propeller Laboratory,
Engineering Division, Wright
Field, Dayton, Ohio
Weinstein, M., 1201 Avenue K., Brooklyn,

| Y
\estbrook, E. P., 953 Grant Ave., Rock-
ford, 1.

Vesterdahl, S. B., Belgrano 975 esc. GyH
Buenos Aires, Argentina

W hitlock, R. W., RT. 2/c USS. Charger,
K Division, 9, Fleet P.O.® New
York, N. Y.

Williams, J. J., 29 S. Devoe Ave., Yonkers
N. Y

Williams, K. B., 1371 Peabody St., N.W
Washington, D. C

Nilson, W. A., 1729 Westmoreland Ave
Los Angeles, Calif.

Young, K. W. L., 151 Norwood Ave,
Long Branch, N. ]

Saves 166,000,000 Pounds
of Brass

The following was announced in Wash
ington on February 23rd: For a design that
saves 166,000,000 pounds of brass on the
present procurement of M-20 Al booster
hodies, used in the firing mechanisms of 75
mm. and 105 mm. shells. Charles H. God
schall, manager of the Metal Division of
Philco Corporation, and Licut. Colonel
D Woodberry, Army Ordnance, have
been officially cited by the Ordnance De-
partment of the United States Army for
making “a marked contribution to the
vital war production program to conserve
critical material and machines.

The savings of critical materials in the
production of booster bodies resulting from
the new Philco design would be the equiva
lent of a column of brass 24 feet square as
high as the Washington monument

To effect the savings, the threaded tube

2} inches in diameter and 1% inches long,
was redesigned so that it could be made in
two parts, the outer shell being a steel
tamping and the insert produced from
teel bar stock. With older methods the
entire part was machined from brass bar
tock or forging

Lngineering is now under way on a de
sign to permit use of malleable iron cast
ings as an alternate material

Redesign of the booster body was car
ricd out by Mr, Godschall in the Philco
Metal Division with the aid and assistance
of Licut. Colonel Woodberry

Proceedings of the I.R.E April, 1943

'ROGER/:

i OV EAST Ruwway Vol €

Wikt

NAVICATO

You Can’t Work ‘Em, If They Can’t Hear You!
The work of Oxford Tartak Radio Engineers is helping
to write a part of the achievement that is American Radio.
Present production schedules call for the unusual—all of
the equipment we are producing is special, made to do a
top job under the most adverse conditions.

IN PRODUCTION
o AIRPLANE RADIO RANGE FILTERS
o AIRPORT RADIOPHONE TRAFFIC CONTROL TRANSMITTERS
e MOBILE RADIOPHONE TRANSMITTER-RECEIVER
INSTALLATIONS
o PRODUCTION AND ELECTRONICS TEST EQUIPMENT
o MOISTURE-PROOF AND IMPACT RESISTANT
LOUDSPEAKERS And

Other “Difficult-to-manufacture” Electronic ltems.

* Radio “Shorthand” for R or + ==+ meaning, “Your message recelved!”

OXFORD-TARTAK RADIO CORP.

3911 S. MICHIGAN AVE., CHICAGO, ILL.




After the War
...What?

For many radiomen the end of the war will
mean the end of a job. But for those with
vision and foresight, the future offers golden
opportunities. These are the men who realize
that the responsible engineering positions
will go to those who have acquired the
ability and technical training to keep pace
with the rapid strides being made by the
radio and industrial electronics industries.

Noav is the time to make sure of the road
ahead. CREI home study courses in Prac-
tical Radio Engineering provide a planned
program of spare-time specialized training
to give professional radiomen the technical
skill to supplement their present ability.

Being “too busy” is no excuse. CREI courses
are designed to be studied in the most crowd-
ed schedules. Right now, more than 8,000
professional radiomen are training with
CREI in their spare time to obtain security
and advancement in various branches of
radio.

It's not too late to start. Get all the imn-
portant facts at once!

*

We will be glad to send our free booklet
and complete details to you, or to any
man whom you think would be inter-
ested.

CAPITOL RADIO
ENGINEERING INSTITUTE
E. H. RIETZKE, President

Home Study Courses in Practical Radio Engincer-
ing for Professional Seclf-Improvement

Dept. PR., 32214—16th Street, N.W.
WASHINGTON, D.C.
Contructors to the U. 8, Signal Corps—U. 8. Coast Guard

Producers of Well-trained Technical Radiomen
for Industry

Ivi

RADIO EDUCATION NOTES

Radio Instruction Course
In an effort to provide material of a
| substantial and constructive help to those
interested in electricity and the vital func-
[ tions performed by vacuum tubes in com
I munications, Sylvania Electric Products,
Inc., of Emporium, Pa., have developed
| and produced a RADIO INSTRUCTION
COURSE. The chief working tools in thi
course are three large wall charts litho-
graphed in color. Chart #1 and #2 deal with
the fundamentals of direct and alternating
current respectively, Chart #3 is devoted
to the fundamentals of the vacuum tube.
Comprehensive lesson folders as illustrated
and described on the back page of the
folder are also available and are to be used
in conjunction with Chart #3.
The titles of the individual sections on
the charts are as follows:
Electrons are the Source of Direct Cur
rent
Current is Measured in Terms of Quan
tity and Time
Voltage is Measured in Terms of Elec-
trical Pressure
Electrical Resistance is Measured in
Ohms
Electrical Resistance Varies with Di-
mensions, Material, and Tempera-
ture of Conductor
Electrical Power is Measured in Watts
Energy Considerations and Electric
Power
How an Electrical Current Produces
Magnetism
How Magnetism Produces an Electric
Current
How Alternating Current is Generated
Inductance
Capacitance
Reactance-Inductive and Capacitative
Circuit Impedance and I'hase Relation
Resonant Circuits
Reactance Chart
Alternating Current Transformers
Radio Transformers
Emission
The Diode Tube
The Triode Tube
Reading Radio Tube Curves
The Pentode Tube
Beam Power Tube
Converters.
$1.80 for Charts 1, 2, 3 plus 5¢ a set of
three lesson folders, or $3.00 a set (includ
ing Charts 1, 2, 3, and 25 sets of lessons).
The purpose of the Radio Instruction
Course is to speed the instruction of stu-
dents of radio and electrical subjects, It is
stated by its producers that, as one of t heir
contributions to the tremendous all-out
! war effort in which time is all important,
they are offering this course at much less
| than actual production cost.

[ Scientific Training in

‘ Wartime

| The War Policy Committee of the

| American Institute of Physics was estab-
lished in the Spring of 1942. its third re-

| port has been issued in the Journal of Ap-

‘ plied Physics, Volume 14, No. 1, January,
1943, pages 1-7. The present report deals
with wartime training in physics. It stresses

‘ the importance of physics in modern war,
defines the field and its war uses, indicates

the manpower needs in that field and men-
tions a present deficit in the training of
skilled physicists. The parallel policy in
England is described. Under the heading of
“Strategic Considerations” the correlation
of rate of training with probable length of
the war is discussed. The importance of
producing superior war weapons for the
United Nations is emphasized.

The types of training are discussed in
considerable detail as well as the availabil-
ity of teachers and pupils.

Earlier reports of the War Policy Com-
mittee had treated the professional status
of physicists, their training for war pur.
poses, their use in the war, and the man-
power requirements of the field.

Reference is also here made to another
document of the American Institute of
Physics at 175 Fifth Avenue, New York,
N. Y. namely Bulletin No. 12 dated Febru-
ary §, 1943, This deals with the call to ac-
tive duty of Enlisted Reserve Corps stu-
dents (according to a recent announcement
from the War Department entitled W150-
1-43, dated January 27, 1943). Procedure
relative to Naval Reserve students and
other related topics are discussed in this
bulletin,

Certain of the information contained in
the preceding publication may be of inter-
est to radio engineers,

Signal Corps Seeks to Pur-
chase Amateur Radio Com-
munication Equipment

Radio amateurs have been requested to
sell their short-wave communication equip-
ment to the Signal Corps, Army Services of
Supply. This equipment is needed both for
training purposes and operational use, the
War Department announced today.

The radio communication equipment
necded consists of transmitters, ranging in
power from 25 watts to 450 watts and cov-
ering various bands in the short-wave
range, as wcll as the corresponding tvpes of
receivers and such radio components as
capacitors, resistors, and installation ma-
terial. Especially desired are audio-fre-
quency and radio-frequency signal genera-
tors and oscilloscopes, precision AC and
DC voltmeters, amimeters and miliam-
meters, and other equipment for testing.

Used equipment will be purchased if it
is in perfect operating condition or if it can
readily be restored to such condition. The
price paid for each item will be set by a
Signal Corps inspector.

Persons in posscssion of the desired
equipment who wish to sell it for the use of
the Army are invited to send a brief de-
scription, including name of manufacturer
and model type, to Captain James C. Short
at the Philadelphia Signal Corps Procure-
ment District, 5000 Wissahickon Avenue
Piladel phia, Pa.

The complete list of the desired equip
ment follows:

Transmitters—Hallicrafter and Collins

Receivers—Hallicrafter National
RME, Hammarlund, and Howard

Meters—\Weston

Capacitors—Mica and Paper

Oscilloscopes, Audio Signal Generators
and RF Signal Generators.
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SUPERIOR ELECTRIC (0.

is solving new VOLTAGE CONTROL prohlems

This plant is entirely devoted to engineering
manufacturing and development of ...

POWERSTAT
VARIABLE TRANSFORMERS

AIR COOLED OIL COOLED
STANDARD TYPE POWERSTAT VARI. COMPLETE ENCLOSURE WITH IN
ABLE TRANSFORMERS are available CREASED KYA CAPACITY is available
f acit p to 75 KVA for single ooled POWERSTATS. Many

phase operation 2 wartime applications require these

440 volt sits. Wi neces features in single and polyphase types
sary ] designe its These units are manufactured for

t ot cif n 1tic otor ive

MOTOR DRIVEN AND
REMOTE CONTROL

POWERSTATS
STANDARD AIR COOLED MOTOR DRIVEN —
POWERSTATS it ) t¢
KON factnss o gotrpnn cheuts f 15,2 SECO AUTOMATIC
5. U hi's tyf i o
tortionless cont VOLTAGE REGULATORS
large amounts of power, The driving tor s
g O O : ; SECO IMPROVED AUTOMATIC VOLTAGE
3 A Pr 0 of these vi es REGULATORS deliver constant output volt
push button lyﬁc control of voltage age with variations of applied voltage or
ther fie ,_‘4 poctiont ting, plat ‘ load. This dcsign has features of wide range
2 MU automatic correction of volt recction ;“ efficicncy, freedom from
> »ut when the d t mechanical adjustments zero wave form dis
s t ts tortion, low cost per KYA and operation is
SEND FOR POWERSTAT BULLETIN |49ER unaffected by load power factor. Send for

bulictin % 163ER

CRITICAL CIRCUITS, radio, other electronic devices and technical processes REQUIRE a.c. voltage and power control,

Our engineering and sales department will cooperate w th you in scheduling delivery of this equipment to meet your requirements.
Write for Bulletin # 149ER.

SUPERIOR ELECTRIC COMPANY

172 LAUREL STREET BRISTOL, CONNECTICUT
’
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"They'll here you all

right—your transmitter
checks to the cycle!”

r AL
: ‘u’fﬂl&g ,

St
.Q,Evll

Then, as now and in the past,
Browning will make available
what it takes to know that
transmitters are “right to the
cycle.” Then, as now, Brown-
ing will be in the forefront
of electronie development and
commercial production of nse-

ful apparatns.

INCORPORATED

WINCHESTER-MASS-
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OUR MEN NEED
* BOOKS «

SEND &=a8
ALL YOU CAN SPARE

GIVE A BOOST WITH A BOOK—
Good books, in good condition, are
wanted by the 1943 VICTORY BOOK
CAMPAIGN for men in all branches
of the service. Doubtless some of our
soldiers and sailors are interested in
modern radio engineering methods and
will find your books on that subject
helpful to them in their work. Leave
yours at the nearest collection center
or public library.

April, 194



Long life is the outstanding quality you re-
quire in a capacitor. And greatest guarantee
of long life is the record of the past.

This record in the case of Tobe Capacitors
warrants the fullest confidence . .. a record
that is almost completely free of condensers
that “couldn’t take it".

Tobe's exacting standards mean persis-
tent research and the constant “raising of

LONG LIFE

sights” in excellence of production.

Typical example is the Tobe Oilmite
Capacitor shown below. This capacitor, im-
pregnated and filled with mineral oil, is
made with meticulous care and rated with
conservatism. It is doing yeoman service
as a filter condenser in secret war equip-
ment. We welcome inquiries arising from
your condenser problems,

. ASSURED

CHARACTERISTICS OF TOBE OIL-MITE CAPACITORS

STANDARD CAPACITY TOLERANCE = 10% RATINGS: .05 mfd. to 2.0 mfd. - 600 V.D.C. - .05 mfd. to 1.0 mfd. - 1,000 V.D.C.
TEST VOLTAGE . . . Twice D. C. rating GROUND TEST. .. 2,500 Volts D. C.

SHUNT RESISTANCE ....05 t0 0.1 mfd.- 20,000 megohms+.25t0 0.5 mfd. - 12,000 megohms - 1.0 to 2.0 mfd. - 4,000 megohms

Special units can be held to 12,000 megohms per microfad depending solcly on terminal construction.

A SMALL PART IN VICTORY TODAY

POWER FACTOR ... At 1,000 cycles—.002 to .005

A BIG PART IN INDUSTRY TOMORROW

Proceedings of the I.R.E April, 1943



A date with Destiny

These two modern weapons of battle

...the electronic tube and the bomb-
ing plane ... have an important date
with post-war industry. In the days
to come Eimac tubes, like the air-
plane, will help achieve the better

way of life for the common man.

““First in Peace, First in

War,” First in the im-

portant new develop- -
ments in the field of ?

electronics.

OFFICIAL PHOTO U. S. NAVY

For high achievement in the production of " /g = EITEL-McCULLOUGH, INC.

war material ... the joint Army-Navy “E” “AY > SAN BRUNO « CALIFORNIA + U.S. A,

awarded September 4, 1942. Export Agents: FRAZAR & CO,, LTD.
201 Front Street, San Francisco, California, U. S. A,




Cornell-Dubilier

capacilors

THROUGH
NO FAULT
OF YOURS?

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

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

&,

Medium Power Transmitter Capacitors
TYPE 30

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

ODDAY THAN ANY OTHER MAKE



Carefully rotating the last few turns of the lathe by
hand avoids collapse of the winding on the steepest
slope of cards with a logarithmic taper. These log.
arithmic units can be used with an external series re-
sistor to obtain a truly logarithmic resistance, or
wilhoul the series resistor to give the steepest possible
slope to the resistance characteristic.

Although the winding of all

: : ? resistance cards for General
i Radio potentiometers is essen-
e tially automatic, experienced

Putting the second winding on an Ayrton-Perry, or Spring-mounted pulleys absorb variations in workmen adapt the winding
non-inductive, resistance unit. This unit js used as wire tension as the card turns. Constant ten- speed to each particular unit
the output control in a standard signal generator sion is provided bv a spring device on the through Variac control of the
operating at frequencies up to 50 megacycles. shaft carrying the spool of wire. motor drive,

How G. R. Rheostat-Potentiometers are Wound

The resistive elements are wound on flat fabric-base phenolic cards, which are then bent around
molded cylindrical forms. To achieve definite resistance characteristics - linear, parabolic, or
logarithmic — many sizes and shapes of cards are used. More than one size of wire on a single
card necessitates abrupt changes in card width. For non-inductive units, two similar windings
in opposite directions on a single card are necessary.

General Radio has developed winding methods and adapted standard lathes to produce all
these various windings. Constant-tension devices and automatic feed insure precise control of
winding. The finished resistance element has lurns accurately spaced and presents a smooth

Bmm allofour  Umiform surface to the sliding contact. This results in long life and trouble-free operation,
facilities are de- General Radio instruments use a w ide variety of these variable wire-wound
;:’otj‘; gts' 2 these  Tesistors as calibrated controls in bridge and other measuring circuits. Originally
rheostat-poten- designed for our own use, these rheostat-potentiometers are essential elements in
tiometers are at many electronic instruments and are now widely used by other manufacturers

preseni available 3 2 3
only for war work.  of precise electrical equipment.
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