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New additions to the UTC Interstage Filter family are now available in the tvpe HPI and
LPI units, respectively high pass interstage and low pass interstage filters.

The units are designed with a nominal impedance of 10,000 ohms to be used in a circuit
as illustrated. Typical curves obtainable are shown above. Loss at cutoff frequency is less than
6 DB. At .75 times cutoff or 1.5 cutoff frequency tespectively, the attenuation is 35 DB, and at
one-half or twice cutoff frequency respectively, the attenuation is 40 DB.

These units employ a dual alloy magnetic shield which reduces inductive pickup to 150
Mv. per gauss. The dimensions in hermetically sealed cases are 11" x 212" x 234", Filters of
the HPI and LPI type can be supplied for any cutoff frequency from 200 to 10,000 cycles. Spe-
cify by type followed by frequency, as: LPI-2500.

May we cooperate with you on design savings for your application . . . war or postwar?

180 VARICK STREET NEW YORK 13, N. Y,
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| RE Winter Technical Meeting

Hotel Commodore
New York City

January 24, 25, 26 & 27, 1945
Annual Meeting:

This is the war-time equivalent of the I.R.E. National
Convention and the major annual meeting of the Institute.

Technical

Papers
An exceptionally interesting group of techni-
cal papers have been arranged. The trend of

the War and approaching peace make valu-
able the papers planned for this timely

President's Luncheon

This is just-one of many opportuni-
ties for friendly greetings our Meet-
ing provides.

meeting. o llec
Exhibits
\X/omen's The Radio Engineers’ Show
has been resumed as a part of
Program the IR.E. Annual Meeting.

31 Manufacturers will show
equipment and component
parts on a scale in keeping
with War-time conditions.

For the first time since
1942, enjoyable activities
for women have been ar-
ranged and it is hoped
many will attend.

Service Men's
Program

The Saturday Morning Session
will be devoted to papers of special interest to
engineers in the Armed Forces.

e

Banquet

The Annual I.RE. Banquet will be held Thurs-
day Evening, January 25th in the Grand Ball-
room. (Informal)

He reserved his room Cocktail Party—Sections Meeting
Y X AR
The Institute of Radio Engineers
Park benChCS are Winter Technical Meeting—Hotel %ommodorc. New York City
COId GENTLEMEN:
| PLEASE MAKE RESERVATIONS FOR PERSON(S)
beds! NAMED FOR ARRIVAL ON:
AM,
USC thls | DATE St nhi . 5 Ale e ¥ PM. DEPARTING: stvne o s ne utvs
SELF (AND WIFE) .......TYPE. .. ... ...ROOM, RATE §$..........
[C\I%;EX?'" W - (I | TYPE..........ROOM, RATE §$ ... ...
| R AR B € o o e SR TR L AT
e ) 4 ADBRESS 56w o] og g dos - Biahs e hin spttgee vt RPN 1)
The hotel situation in New York is 5 ORGANIZATION = st 1k wm o it S LI TIRN <At R Er ot
acute and there is a definite limit to )
accommodations.  Pleasc tear off 7 _—7—_-1!_“ following are Hotel-Commodore Rates
coupon and send in your requirements TYPE A ROOM | TYPE 8 ROOM | _ TYPE C ROOM | TYPE D SUITE
promptly to insure reservations. LE | 2 Persons—Double Bed | 2 Persons—Twin Beds
$3.50—$3.85—$4.40 $5.50—$6.05—$6.60 $6.60—$7.15—$7.70 2 Persons
9 5550 | $7.1 $8.60 $12.00 to $16.00

Institute of Radio Engineers )

330 West 42nd St., New York I8 ALL ROOMS HAVE PRIVATE BATH AND CIRCULATING ICE WATE
Clip and mail to Convention Dept., Hotel Commodore, New York City

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




XACTING

STANDARDS FOR .
AMERICA ® & o o o

THE ELECTIONS ARE OVER. The essential greatness of the American
nation, the profound democratic spirit that has made Uncle Sam a
symbol of human liberation in the darkest corners of the earth, has
closed the ranks of our people and united them behind their chosen
Commander-in-Chief.

Only a few short weeks ago, the passions of political partisanship
caused human emotions to run high and deep fissures seemed to appear
in our national life. Fears and suspicions were aroused, hatred, bigotry,
racial prejudice and other subversive doctrines were spread broadcast
by campaign orators lacking real issues. Our Axis enegmies gloated and
saw visions of a soft peace in the success of their “divide and conquer”
technique.

But America was too robust and intelligent to be undermined by its
greatest asset. American democracy has withstood the acid test of an
election in the midst of a war. And its people emerge from a partisan

truggle, united and determined to work together for a speedy victory
and an enduring peace.

Nothing must be permitted to obstruct or frustrate these historic
objectives. Disruptive groups seeking to undermine our harmony, con-
fuse our minds, promote class discord and racial hatred, must be weeded
out, isolated, quarantined from American life.

This is a time for national greatness. We are winning this war,
winning it because we remain united, because we never lost sight of
the crusade and the riches in its victory.

To all of us, there is the common problem of making our country
stable, prosperous, contented; of making the world secure, peaceful,
democratic. If we jointly accept this problem, the eras ahead for our
children are literally golden ones.

To these aims, we of the Electronic Corporation of America dedicate
ourselves, our thoughts, our energies and our resources.

Our thoughts on this, and other mattors of vital importance to every Amen'can,
are more fully expressed in "A Plan for America at Peace”, the 44-page book
prepared by a group of distinguished economists and writers. This plan, designed,
as is all ECA equipment, to exacting laboratory standards, will be particularly
interesting to the men and women of our industry. We will be glad to mail you
a copy, without cost or obligation. Write for it today.

ELECTRONIC CORP. OF AMERICA

45 WEST 18th STREET « NEW YORK {1, N.Y. WATKINS 9-1870

B Proceedings of the I.R.E. December, 1944
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RANSFORMERS AND INDUCTORS
{Auoto AND POWER)

HUMlDIT!

VIBRATION

At AmerTran, conformance to every detail — and impli-
cation—of the most rigid Army or Navy specifications is
taken literally. Routine precautions include: vacuum impreg-
nation and slow-baking of coils, infra-red heating to insure

complete filling with insulating compound; toraue gauging

Proceedings of the I.R.E.

December, 1944

Pioneer Manufacturers of Transformers, Reactors and

Rectifiers for Electronics and Power Transmission

and resilient gaskets to protect ceramic terminals; induction
heating for soldering operations to insure perfect hermetic
sealing. Quality control is maintained by frequent inspections

during the manufacturing process.

After the war, similar extraordinary care will be needed.
Video-f.m.-a.m. and other combinations will complicate sets
and circuits— emphasizing the need for perfectly coordi-
nated components. That means rigid adherence fo the letter
AND THE SPIRIT of specifications—what AmerTran has been

furnishing for forty-three years. Write or phone us, today.

AMERICAN TRANSFORMER CO., 178 EmmetSt., Newark 5,N..




SIDE-MOLDED IRON CORES

Uniform Permeability
with Respect to Linearity

Use in many applications has shown Stackpole side-
molded iron cores outstandingly superior to conventional
This dicrcmmcﬁc illustration shows how end-molded c_or_es fof Permeability _mning in the b_road'
conventional cores, molded by applying cast bands. Similar side-molded units are now available
pressure 1o the ends, results in a dense for short wave frequencies including television and
grouping o'f iron particles at these frequency modulation. ¢
i dl:ﬁ"";""'"e‘fm:‘: = h:‘:ai:;' As the name implies, cores of this type are molded by
preyssure extends evenly along the applying pressure from the sides rather than from the
( entire length of the core, assuring uni- ends. The resulting units show very little variation in

form permeability with respect to length. density or permeability with respect to length,
thus assuring a high degree of uniformity.

WRITE FOR CATALOG ! Other Stackpole Iron Core
types include both standard and high-frequency types
snsulated types; iron cores for choke coils, etc. Our new
Catalog RCG describes these as well as fixed and variable
resistors, and our complete line of inexpensive line, slide,
and rotary-action switches.

IRON CORE HEADQUARTERS

A Proceedings of the I1.R.E. December, 1944
A



NOW AVAILABLE

NEW CATALOG, DESCRIBING THE COMPLETE LINE OF

Electho

ez.
commumcmous

MICROPHONES

,,\‘

-

o

Soum BEND AVENUE « SOUTH BEND 24, INDIANA 3
'1 Ndw York 16, N. Y., U. 5. A, Cables: Arlab » Zipd
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TBE uniform characteristics, long life and
outstanding performance of NORELCO
Cathode Ray gl‘ubes are the result of excep-
tional manufacturing skill supplemented by
rigid tests applied to each tube as it comes
off the production line.

As an example of the care exercised, the
electronic test set, shown here, subjects every
cathode ray tube to 30 different checks,
such as line width, light output, plate align-
ment, hase-to-shell alignment, uniformity of
cathode surface, astigmatism, presence of gas,
and screen condition. A total of 90 exacting
tests of raw materials, parts, suh-assemblies,
assemblies and performance guard cathode ray
tube quality.

This is typical of the great lengths to which
North American Philips goes in producing
high performance NORELCO electronic tubes.
Behind this company is an organization with
world-wide experience resulting from over fifty
years of electrical research and development.

Although all the tubes we produee now go
to the armed forces, we invite inquiries from
prospective users. A list of tube types we are
especially equipped to produce will be sent
on request.

Uniformly bright spot o
of 5 CP1 cathode ray tube
indieates perfectly fe

n sc

Write today for inte resting
booklet, describing the back-
ground of North American Philips
in the science of electronies.

NORELCO PRODUCTS: Quartz Oscillator Plates; Amplifier, Transmitting, Rectifi

¥ Ray Tubes; Searchray (X-ray) Apparatus; X-ray bitfraction Apparatus; Mgédig:l"){f;yaggu‘i:gg‘ggte

/ Tubes and Accessories; Electronic Measuring Instruments; High Frequency Heating Equipment:
Communications Equipment, Tungsten and Molybdenum products; Fine Wire: Diamond Dies.

s When in New York, be sure to visit our Industrial Electronics Showroom 3

Ectronc roducts by NORTH AMERICAN PHILIPS COMPANY. INC.

Dept. F.12, 100 East 42nd Street, New York 17, N. Y.
Factories In Dobbs Ferry, N. Y.; Mount Vernon, N. Y. (Metalix Div.) : Lewiston, Me. (Eimot Dlv.)

B Proceedings of the I.R.E. December, 1944



COLONEL JOHN CASEY, Manager,
Chicago Municipal Airport . ..

Colonel Casey said, “The growing complexities of airport traffic make it ever more important
that private planes and regular operating passenger aircraft be equipped with up-to-date, reliable
two-way radio, if high standards of safety are to be maintained. One important factor is . ..”

§

“A FOOLPROOF POWER SUPPLY FOR AIRCRAFT

RADIO OPERATION”

Colonel Casey, Electronic Laboratories has long been aware of the
need for reliable power supplies especially adapted for aircraft use.
One of E-L’s exclusive developments along this line involves vibrators
operating in parallel which assures a reserve power source for extra
protection. These Vibrator Power Supplies—both light and heavy duty
—are specially designed for complete reliability at very high altitudes.
The life of E-L Vibrator Power Supplies is far beyond the customary
overhaul requirement, With these units maintenance time is cut to a
minimum—only a small fraction of the time previously required.
Other E-L developments for the aircraft field include units for flash-
ing wing lights and for instrument panel illumination. This equipment
has wide application for the light plane field as well as for large aircraft.
The economy and versatility of Vibrator Power Supplies are also
available to the marine field—where units have been designed to pro-
vide fluorescent lighting, radio-telephone operation and electrical ap-
pliance use—as well as many other fields where it is necessary to con-
vert current to specific voltage and type requirements . . . Let E-L engi-

neers consult with you on your power supply problem.
@‘ i}r

%0?4C LABORATORI

STANDARD POWER SUPPLY

MODEL SC-1096
Model SC-1096 is a typical E-L Vibrator Power
Supply which mcets t{ne requirements of aircraft
radio use. This unit was designed for the Canadian
Signal Corps to operate radio transmitters Input
voltage: 12 volts DC, or 110-117 volts AC at
50-60 cycles. Qutput voltage: 2000 volts at 125
ma., 400 volts at 25 ma., 250 volts at 10 ma., 250
volts at 5 ma., 10 volts at 5 amps., 12 volts at
1 amp. Output power: 480 watts. Dimensions:
17° x 12%° x 74"

INDIANAPOLIS

VIGRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION =+ ELECTRIC, ELECTRONIC AND OTHER EQUIPMENT
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VA

First exclusive manufacturer of

short wave radio equipment to
receive the coveted Army-Navy
“E” Award for the fifth time. . .
the result of the continued and
untiring devotion to duty of the

company’s 1,500 employees.

hallicrafters

THE HALLICRAFTERS COMPANY + MANU.
FACTURERS OF RADIO AND ELECTRONIC
EOUIPMEN'-(MI(AGO'&, Uu. 3. A.

Builders of the fomous $CR.299
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To solve a difficult welding problem, Eimac laboratory
technicians compounded a welding alloy that could be
applied with a paint brush.The alloy flows easily under
an arc to complete the weld, yet subsequent heating to
temperatures as high as 2900 degrees Centigrade will
not destroy the weld.

Such is but an example of the application of the
Science of metallurgy in the “science Eehind the science
of electronics.” The extent to which Eimac Engineers
went to solve this relatively small problem reveals two
important facts:—(1.) The thoroug&ncss of Eimac Engi-
neering, and (2.) The completeness of their engineering
facilities. The leadership which Eimac tubes enjoy
throughout the world in all phases of electronics is
attributable to the soundness of this engineering.

Performance of any electronic equipment is a direct
réflection of the performance of itsvacuum tubes. Hence
it is advisable for users and prospective users of elec-
tronics to look first to the vacuum tube requirements.
Because Eimac makes electron vacuum tubes exclusively
their advice to you isunbiased and can be of greatvaluc.
A note outlining your problem will bring such assist-
ance without cost or obligation.
EITEL-McCULLOUGH, INC., 870 San Moteo Ave., San Bruno, Calif
Plonts located at: San Bruno, Collfornio and Salt Lake City, Urah

Export Agents: FRAZAR & HANSEN,
301 Clay St., San Francisco 11, California, U.S. A.

//‘L

Write for your copy of Elec-
tronic Telesis—a 64 page book-
let fully illustrated — covering
[nndamenials of Electronics
and many of its imporiant
applications. Written in lay-
man's language,

Follow the leaders to

e70

10a

N

TusEs

Alloy flows easily and weld is qisckly completed under are.

The Science Bebind the Science of Electronics

is the focusing of all branches of science upon the development and improvement of electron vacuum tubes.

SPECTROGRAPH... Analysisdetermines exact

1E 7 7
A Tile: o oo e METALLURGY. .. Compounding special alloys 3

of metals.

OPTICS... For studying the effects of processing.

ELECTRONICS. .. Welded elements in electron
vacuum tubes withstand tremendous heat.

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



Here's an ESSENTIAL TOOL for Radio-Electronic Engineers, Designers,
Equipment Builders, Manufacturers...

e Why essential? That's a big statement. Let us qualify:

This new Aerovox Catalog contfains that information which is
essential 1o those who design and build radio-electronic equip-
ment. Here is general and specific engineering data on capacitors
and their applications; detailed specifications on various types;
listings of recommended types and ratings; special notes cover-
ing special features and special types; color codes; etc.

For greater convenience, the catalog is divided into four sec-
fions, each with its fab-indexed cover. These sections comprise
Mica Capacitors, Application Engineering Data, Paper Capacitors,
Electrolytic Capacitors. The plastic binding permits pages to lie
absolutely flat.

In preparation for a year and a half—involving widespread gath-
ering of data and intensive compilation—this combination manual-
catalog represents an outstanding contribution to the working
library of the radio-electronic engineer and executive. It was pre-
pared BY engineers FOR engineers; contains absolutely no adver-
tising—just information on capacitance and capacitors. And be-
cause of cost, its circulation is strictly limited to engineers and
executives.

o Write for Your Copy ...

If you are engaged in designingor building radio-electronic
equipment of recognized standing, write on your business
letterhead for your registered copy. Also submit your capac-
itor problems and requirements for our collaboration.

__4h ——
o~
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INDIVIDUALLY TESTED

AEROVOX CORPORATION, NEW BEDFORO, MASS., U.S.A. g SALES OFFICES IN ALL PRINCIPAL CITIES
Export: 13 E. 40 ST., NEw Yorx 16, N. Y. ° Cable: ‘ARLAB' - {n Canada: AEROVOX CANAOA LTD., HamILTON, ONT.
11A
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As the field of Electronics broadens and new, more complex
equipment goes into service the need for more accurate test
and measuring instruments becomes greater. The war has lent
great impetus to the progress of Electronics and has accord-
ingly accellerated the development of Electronic instruments.
Into the past two years have been crowded a normal ten years
of technological progress.

Today the most advance developments are not being released
for general use. However, today is not too soon for you to
make your plans for post-war activity. And, along that line, you
should make note of the fact that -hp- engineering is in the
vanguard of electronic instrument developments.

HEWLETT-PACKARD COMPANY
Box 927D Station A, Palo Alto, California

124
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Oscillators to test wide range television tﬁf&g, new high
frequency signal generators, special signal generators for F. M.
use, new vacuum tube velemeters . . . all providin 2 split-hair
accuracy for more exacting measurements-and ruggedly con-
structed to per'form in the field under circumstances of war, are
examples which merely hint of the better things to come.

-hp- engineering is at your service, whether your problem is im-
mediate or for post-war. Write today, 4
there is no cost or obligation. Direct
Canadian inquiries to Aclas Radio
Corporation, 560 King Street West,
Toronto 2, Canada.

Proceedings of the I.R.E. December, 1944
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The march of Hytron receiving tube prog-
ress down through the years is fascinating.
One looks back on tubes, tubes, and more
tubes: battery, AC, AC/DC, diodes, triodes,
pentodes, beam tetrodes, multiple purpose
types, G’s, MG’s, BANTAM GT’s—and
now the miniatures. Price and size have
been drastically cut; quality and perform-
ance, amazingly improved.

Hytron has made them all. Its long
and varied experience is priceless in a
complex industry where probably never will
all the answers be known. In making
radio tubes, painfully acquired practical

OI.D‘S‘ Q‘CI.US

W<

experience must supplement the formulae
of science.

With an eye to present and future, Hytron
is concentrating its production of receiving
tubes on preferred BANTAM GT types
needed for war— for today’s civilian re-
placements — and ultimately for post-war.
Its wartime activities are teaching Hytron
new techniques of miniature production.
Many potentially popular Hytron minia-
tures are in development. Typical American
dissatisfaction with anything but perfection
continues; the parade of Hytron receiving
tubes marches on.

BUY ANOTHER WAR BOND

Proceedings of the L.LR.E.

December, 1944
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creative
engineering |

* g

The electronic engineer has more than a testing and
research job. His is a creative job, too. From his fer-
tile mind come the great new ideas for the electronic
equipment which is helping to defeat the enemy and
which will mean a glorious peacetime era when peace
is assured. Most all industries will benefit from the
highly specialized technical and scientific knowledge
of the electronic engineer and the discoveries he has
made.

Raytheon is proud of its part in the immeasurably

important role that advanced electronic equipment

ARMY.NAVY °*"E'" WITH STARS
Awarded All Four Divisions of Roytheon
for Continued Excellence in Production

is playing in winning the war. When peace comes,

Raytheon’s research and wartime production knowl-
edge will be used to doubly protect the electronic
equipment requirements of post-war radio and
industrial products manufacturers, and to assure

Raytheon’s continued leadership in the electronic era.

Raytheon Manufacturing Company

ELECTRICAL EQUIPMENTY DIVISION

Waltham and Newton, Massachusetls

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

Proceedings of the IL.R.E. December, 1944
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[he recognized quality and dependabilicy
of AAC quartz crystals is the result of AACS
wide experience as one of America’s largest
producers ot transmicters and other precision
radio equipment. AAC guare, crystals and
crystal units have proved so outstanding in
meeting intricate specifications and exacung
requirements that they are today demanded
by many of the world's greatest airlines, radio
manufacturers, various branches of the armed
services and other government agencies.

I'his practical achievement background
plus AAC's staft of skilled engineers and
modern-co-the-minute manufacturing facils
ties is ready 0 meet your crystal needs ad
vantageously Rapid delivery of standard
types—also special types, ground and mount-

ed o your specifications,

ELECTRONICS DIVISION

Kansas City, Kansas

AIRCRA

RADIO and
Konsas City, Kons.



PRECISION MADE FOR

PRECISE PERFORMAMN
—aad

PROVED IN USE!

There is no question about AAC crystals meeting the
most exacting requirements under severe operating
conditions. Their reliability has been tested and proved
a thousand times over . . . in battlefront service to the
armed forces. .. in helping to keep the communication
systems of many leading airlines working efficiently ...
in meeting the quality demands of radio manufacturers.
The list of users of AAC crystals shown below is a
tribute to the engineering skill and fine manufacturing
facilities behind AAC crystals.

Braniff Airways, Inc.

Chicago & Southern Air Lines, Inc.
National Airlines, Inc.

Northwest Airlines, Inc.

Pan American Airways System

Pan American-Grace Airways, Inc.
Pennsylvania-Central Airlines Corp.
Transcontinental & Western Air, Inc.

Colonial Radio Corp.

Columbia Broadcasting System, Inc.
Stewart-Warner Corporation
Western Electric Company, Inc.
Zenith Radio Corporation

Remember, crystal production is only one of AAC’s
services to the aviation and electronics industries. The
production of airborne and ground radio equipment at
the rate of more than 30 million dollars yearly for U.S.
government and leading airlines demonstrates the wide
scope and high rating of AAC manufacturing ability.

£-134

CCESSORIES JORPORATION

ELECTRONICS ° ENGINEERED POWER CONTROLS
New York, N.Y. Burbank, Calif. Cable Address: AACPRO

Proceedings of the I.R.E. December, 1944
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It’'s the Smallest
2=-Watt Fixed Resistor

W
,;f:?f)" k '
Y ON\ E-\- ER [ ONLY {i-inch long.. and -inch diameter. . those are the remarkably small
BRAD \_E dimensions of the NEW Type HB Bradleyunit. It is the smallest 2-watt insulated
The World's Finest i fixed resistor ever produced, but you can use it safely right up to its listed
3 e sl AdiUS'ab'e Res rating. You don't have to derate it for even the toughest application.

g ; 1y odjustoble composition The Type HB 2-watt Bradleyunit will pass all American War Standard tests:
The only Sl e Y\ inch diameter) hoving It is outstanding in its humidity and temperature characteristics. It matches in
et ‘°“‘Ym with substontiol sofety dependability and fine appearance the Allen-Bradley b:-watt and 1-watt
o rottng of 2 :: molded resistol un'ﬂ--“°‘. Bradleyunits {see below) which are recognized as "'tops” by all radio and
o H:;oor paint type. AnY resistonce radar men.

:o‘::‘l‘i’o’:cw"e avoilable: Available in R. M. A. standard values from 10 ohms to 0.47 megohms In

Type S grodieyomete’

itch. tolerances of 5, 10, and 20 per cent. Specify the Type HB 2-watt Bradleyunit
with puilt-in line switch-

Not offected by heot ond be safe in your engineering.

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis,

7.
(A4
" K-WATT
1ype ) pradieyom®” §= %’]II;
ters moy ©° u‘\ed Bet
ingly ©f assemble A
f:\!o multiple controls. v WA
[}
carbon brush
ot
makes €ontoS 2-WATT
with surface ©

molded resistor:

i/

FIXED & ADJUSTABLE RAD@’ RESISTORS
/QUQLIW\

184
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For special-requirements

Delur
Catalog

R e Jur-Amsco (orporation

GENERAL OFFICE: NORTHERN BLVD. AT 45th ST, LONG ISlAND CITY 1, N. Y.
Buy and Hold More WAR BONDS .

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




So me%m rZ, /Pmm/ez

about havmg your CAPACITOR
SPECIFICATIONS MATCHED

In designing or producing a radio
or electrical product, there are plenty

Capacitor types, plus hundreds of
adaprations and special units.

ol | of things to think of besides capaci- Such a request places you under ne
tors. Moreover, unless you’ve special- obligation to buy the recommended

SPRAGUE ized, it's difficult to keep fully abreast type. It simply assures you of special-
of modern capacitor developments.  jzed attention in the selection of an

CAPACITOR TYPES

Dry Etecirolytic

Paper Dielectric

Mica Dielectric

Power Factor Correction

Motor Starting

High Voltage Networks
Radio Noise Suppression

Filters, efc., etc.

o

That's why we make this suggestion:

Write today for a supply of Sprague
Sample Request Forms. Then, as
capacitor applications arise, use these
forms to send full details to Sprague
engineers. Let them make suggestions.
Benefit from their broad experience,
as well as from the fact that Sprague
regularly produces dozens of standard

important component on which there
are many factors to consider—angles
which cannot always be cataloged
completely or promptly, or which can-
not be uncovered in any other way
than through this personalized engi-
neering service.

Write today for a supply of Capaci-
tor Sample Request Forms.

SPRAGUE ELECTRIC COMPANY, North Adams, Mass.

(Formerly Sprague Spec:alhes Co.)

A typical group of Sprague Dry
Electrolytic Capoacitors designed

to match speciol specifications.

“ CAPACITORS - KO0I.0HM RESISTORS

. U.S. PA

3 Proceedings of the I.R.E Decembey, 1944
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Casting the International Meter Rods
in Paris 1874. The degree of accu-
racy attained 1/10,000,000 of a quad-

rant of a terrestrial meridian.

Z

FOR TRANSMITTING TUBES

\ AN
O3
X

IN every art or craft, the work of some acknowledged master
sets the standard.

Since 1934 UNITED has won recognition by specializing
exclusively in the engineering, design and building of trans-
mitting tubes which are unchallenged for excellence. UNITED
tubes excel in every electronic application . . . including radio
communication, physiotherapy, industrial control and electronic

heating. In these and other applications, tubes by UNITED con-
tinue to win top honors for uniformly dependable performance.

N ) oAt In communication equipment for airlines, commercial broad-
\ - casting, police radio stations and other vital civilian services,
UNITED transmitting tubes set the standard. Accept nothing

less than UNITED quality tubes for your requirements.

T R A N S M I TT I N G y Order direct or from your electronic parts jobber.

T U B E S : :15'311501 ELECTRONICS COI:::.?:I

Transmitting Tubes EXCLUSIVELY Since 1934
Proceedings of the I.R.E, ‘December, 1944




RUGGED

ENERAC

MAXIMUM

ASS
i i BRODUCTION

COMPACT

HIGH
PERFORMANCE

75

i 7*‘3imm
N
 EONONCA

PREFERREU
BY
MAJORITY SET

_ MANUFACTURERS

\
\\«
—

The weight and space saving advantages of Ken-Rad
“self-shielding” metal tubes have long been recognized
Their sturdy ruggedness under severe service condi-
tions in fighters and bombers is a martter of record

TRANSMITTING TUBES .
CATHODE RAY TUBES

SPECIAL PURPOSE TUBES ..

RECEIVING TUBES

INCANDESCENT LAMPS IR NS : o3 -3o P KENTUCKY
FLUORESCENT LAMPS FXTORTS 18 Moonr srmrrr rw yorx

LXLCcurTive orricrs
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on [ongp(stanﬁe [ines

this Christmas. ...

It was a big rush last year. It may

be even bigger this Christmas.

So please help keep Long Distance

lines clear for essential calls on

December 24, 25 and 26.

War still needs the wires— even

on holidays.

BELL TELEPHONE SYSTEM




BY MYCALEX CORPORATION OF AMERICA

Issued in an Effort to Clear up and to Avoid Continued Confusion in the Trade.

An Important Statement

It has come to our attention that in some quarters electronic engineers

and purchasing executives are under the erroneous impression that the
MYCALEX CORPORATION OF AMERICA is connected or affiliated
with others manufacturing glass-bonded mica insulation, and that genuine
“MYCALEX?” and products bearing similar names are all ““the same thing”
+ « - are “put out by the same people” . . . and “come from the same plant.”

These are the FACTS:

('S )

The MYCALEX CORPORATION OF
AMERICA is not connected or affiliated
with any other firm or corporation manu-
facturing glass-bonded mica insulating ma-
terials.

The word *MYCALEX” is a registered
trade-mark owned by MYCALEX COR-
PORATION OF AMERICA, and iden-
tifies glass-bonded mica insulating mate-
rials manufactured by MYCALEX COR-
PORATION OF AMERICA.

The General Electric Company, by virtue
of a non-exclusive license it had under a
MYCALEX patent through the MYCA-
LEX (PARENT) COMPANY LTD., has
been permitted use of the trade-mark *MY-
CALEX” on its glass-bonded mica insu-
lating materials.

The MYCALEX CORPORATION OF
AMERICA has behind it over 20 years of
research leadership, dating back to work
done by the original MYCALEX (PAR-
ENT) COMPANY, LTD. of Great Brit-
ain, from which it obtained its American

patents. MYCALEX CORPORATION

Plant and General Offices
CLIFTON, N.J.

6

MYCALEX CORPORATION

“Owners of ‘MYCALEX’ Patents”

OF AMERICA owns U. S. patents and pa-
tent applications on improved glass-bonded
mica insulation marketed under the trade-

mark “MYCALEX”.

The products of MYCALEX CORPORA.-
TION OF AMERICA are: (a) “MY-
CALEX 400”—the most highly perfected
form of MYCALEX insulation, approved
by the Army and Navy as Grade L-4 in-
sulation. MYCALEX 400 is sold in sheets,
rods and fabricated form. (b) *MY.
CALEX K”—an advanced capacitor di-
electric with a dielectric constant of 10 to
15, which can be fabricated to specifica-
tions. (¢) MOLDED MYCALEX avail-
able to specifications in irregular shapes
and into which metal inserts may be in-
corporated.

“MYCALEX” in the forms described
above is made by exclusive formulae and
exclusive patented processes. It is utter-
ly impossible for any one other than
the MYCALEX CORPORATION OF
AMERICA to offer any product, similar

In appearance, as “the very same thing.”

Executive Offices: 30 ROCKEFELLER PLAZA
NEW YORK 20, N.Y

Proceedings of the 1.R.E
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. . « How MYCALEX Solved a
Tough Insulating Problem for

HAZELTINE ELECTRONICS
and the NAVY . ..

Note one more success story
concerning MYCALEX and an
outstanding builder of elec-
tronic apparatus. MYCALEX—
the “last word” in low-loss in-
sulation—may be the right
answer to your problem, too.
Write for detalled specifi-

cations and samples.

Procecdings of the I.R.E. December, 1944
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OUTPUT
FROM A PAIR

AT 200
MEGACYCLES

H & K developed this fecztberwez'gbt
to pack a wallop in the VHF region

The only thing that’s small about this 4%4-inch, 1%-ounce Gammatron
isitssize. Heintzand Kaufman engineers originated and perfected this

HK-24G MAXIMUM RATINGS

powerful lictle tube to put out a 77 watt signal from a pair at 200 Mc.
as a Class C unmodulated amplifier ... 116 watts at 100 Mc. Even at

Power Output

s { Class“*C" R.F. . . . 90 Wats
Peak frequency, 300 MC., aipaln of HK-24G Gammatrons develop - Plate Dissipation . . . 25 Wats
remarkable 44 watts. g . Amplification Factor . . . . . 25

The high efficiency of the HK-24G in the VHF region results from Pl Volldge . o'y ; F600 Ve
(1) the long, capped tantalum plate, typical of Gammatrons,which con- Plate Gurrent o . o - = . . Z6RA
fines the entire electron stream for useful output, and (2) the fact that Grid Current o . A8 MAA
this grid is closely spaced to the filament for short electron time-flight. Frequency . . . . ... 300 MC

The HK-24G triode is easy to neutralize, and parasitic oscillation
is avoided, because the inter-electrode capacities are very low, and the
grid and plate leads are short. For typical operating ratings of the

INTER-ELECTRODE CAPACITIES
C Grid-Plate ... 1.6 VUF

C Grid-Filament . . . . 1.8 UUF

HK-24G as an r.f. power amplifier, audio amplifier, crystal oscillator, & HaNe B mact s £T1 N2

doubler, or tripler, write today for data.
FILAMENT

HEINTZ ano KAUFMAN 1.

LOAN YOUR DOLLARS
SOUTH SAN FRANCISCO « CALIFORNIA

- Gammatnon [ubes

FOR EARLY VICTORY
26A Proceedings of the I.R.B. December, 1944
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Jocked door...

@ Forbidden to all but top government officials and Utah technicians

this room has been the birthplace of many miracles in radio, electronics and electricity.

Behind this locked door, Utah has developed vital equipment . . . earmarked
for military needs. Inevitably, the wartime secrets of this forbidden room will
be adapted to commercial and consumer needs . . . assume a

prominent role in the pursuits of peace.

* K H e

Every product made for the trode, by ' 55
Utoh, is thoroughly tested and approved

Keyed to “tomorrow’s” demands: Utoh tronsformers,

speakers, vibrators, vitreous epamel resistors, wirewound controls,

plugs, jacks, switches and small electric motors.

Utah Radio Products Company, 842 Orleans Street, Chicago 10, I,

Proceedings of the 1.R.E. December, 1944 27A




Through the development of our own highly specialized calibrating
equipment Hammarlund engineers have made possible mass production of

variable capacitors with accuracies comparable to laboratory standards.

AMMARIUND

THE HAMMARLUND MFG. CO., INC., 460 W. 34T ST, N. Y. C.

MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT

Proceedings of the I.R.E. December, 1944
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QUARTZ CRYSTALS,

This is a message from Bliley to the
thousands of amateurs and professional
engineers who are now serving their
country in the armed forces and in es-
sential communications industries.
Bliley “‘grew up” with them.

To these men and women Bliley
crystals are still a familiar sight. They
recognize, in the military crystal units
used by our armed forces, many basic
features that were pioneered by Bliley
for application in peacetime services.

When tremendous production was
demanded by our armed forces Bliley
had the engineering background, the
facilities and the production experience
to provide a firm corner stone on which
this volume production of radio erys-

tals was successfully built. And, from
the ranks of talented amateurs and
radio engineers came a host of long-
time friends who knew exactly how to
use them.

But research has continued and ex-
perience has grown mightily to meet
the challenge of war requirements.
With the return to peace, and relaxa-
tion of wartime restrictions there will
be better Bliley crystals for every ap-
plication as well as new Bliley crystals
for the new services that loom on the
horizon. That’s a promise.

To our old friends, amateurs and
professional engineers, we say, *“Look
to Bliley for crystal units that embody
every advanced development.”

Do more than before . ..

buy extra War Bonds

B

CRYSTALS

December, 1944

BLILEY ELECTRIC COMPANY

UNION STATION BUILDING - ERIE, PENN.
29A
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Aores AN

VARIABLE CONDENSER'S

\_

® Perfect electrical design A
symmetrv.

® Built-in neutralization.

® Unexcelled mechanical con-
struction.

® Buiit-in coil mountings with
lead lengths at an abso-
lute minimum.

® Half the length of conven-
tional dual condensers.

® Unexcelled for use in balanced
single-ended or push-pull
circuits.

A B & W heavy.
duty Condenser
with %" plates.

Write for new Catalog 75-C on B& W
Type CX heavy duty variable condensers

Standard tank circuit as-
‘ sembly consisting of 8 & W
condenser and integrally
mounted B & W coil.

Mt

Typical standard Type
CX Condenser with Ve *

plates. '
* AIR INDUCTORS*VARIABLE CONDENSERS & .

_ ELECTRONIC EQUIPMENT ASSEMBLIES
I\ . z oo oy A

BARKER & WILLIAMSON

Dept. IR-114, 235 Fairfield Ave., Upper Darby, Pa.
Export: LINDETEVES, INC., 10 Rockefeller Plaza, New York, N. Y., U. S. A.
30 Proceedings of the I.R.E. December, 1944



BN G date
i for a plone call

This G. I. has an important call to make
the instant he lands. For the next steps
in the gigantic Air Invasion depend
upon the reports he sends back . ..on
the instructions he receives.

Fortunately, there will be no crowded
circuits, no “busy” signals, for on his
back this airborne trooper carries the
means for instant, dependable Com-
munications. In its way, it's as expertly
designed and built as the huge Trans-
port he has just left, as the automatic
rifle that he clutches . . . designed and
built to give the greatest possible meas-
ure of service under the most punishing
conditions. It’s one of the reasons why
our troops are called the most superbly
equipped in the world.

* * *
Supplying Transformers, Coils, Headsets
and special Electronic parts is the wartime

job of Rola, pioneer manufacturer of
Sound-Reproducing Equipment.

THE ROLA COMPANY, INC.
2530 SUPERIOR AVENUE CLEVELAND 14, OHIO
l\i

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT

Proceedings of the I.R.E. December, 1944 31a
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JANUARY, 1940 _ To provide higher quality tubes,
and reduce costs at the same time, RCA introduced the
Preferred Type Tube Program. The idea was to concen-
trate a larger demand and production on fewer tube types.
The longer manufacturing runs which would result,
meant greater production efficiency ... more uniform,
lower-cost tubes for you.

NOVEMBER, 1940  The average cost to you of tubes
on the RCA preferred list was already 13% lower than that
of the same tubes in November, 1939...before the pro-
gram started. Yet the tubes had improved in quality and
performance. And fewer types meant simpler tube stocking
for both the manufacturer and the dealer-serviceman.

DECEMBER, 1944 _ Another record has since substan-
tiated the value of the preferred type idea... that of
military equipment designed almost entirely around an
Army/Navy Preferred List of Vacuum Tubes. From Saipan
to Soissons, our fighting men have been sure of speedy
replacements of high-performance tubes.

LISTEN TO ““THE MUSIC AMERICA LOVES BEST,”
SUNDAYS, 4:30 P.M., E.W.T.,, NBC NETWORK

V-DAY, 194X Look to RCA for continuing the Pre-
ferred Type Program after Victory. If you already have
specific tube complements in mind for post-war and would
like to know if the tubes you plan to use will be on RCA’s
preferred list, write (stating tube types) to Rapio Corpo-
RATION OF AMERiCA, Commercial Engineering Section,
Dept. 62-13P, Harrison, New Jersey.

The Magic Brain of all electronic equipment is a Tube...
and the fountain-head of modern Tube development is RCA.

25 Years
of Progress

1919.
1944

in Radio

and Electronics

61-6121.1

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION . CAMDEN, N, J.

Proceedings of the I1.RE.
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Electronic Papers

This is a proposal that a still further increased number of papers dealing with electronic appa-
ratus and methods shall promptly be submitted for publication in the PROCEEDINGS OF THE I.R.E.
in order to promote the rapid development of the radio-and-electronic field and to place before the
readers of the PROCEEDINGs the fundamental steps taken in that domain.

During the several decades of its existence, the contents of the PROCEEDINGs OF THE .R.E. have
faithfully mirrored the trends and accomplishments of current engineering within the scope of the
Institute. Its pages have been at once a history of the art, a recital of current practice, and an in-
troduction to future developments. The underlying policy continued in force, even in the troubled
days of World War I. It remains unchanged in the far more turbulent period of World War II.

It is timely to redefine the scope of The Institute of Radio Engineers and accordingly of its
PROCEEDINGs. Briefly, these interests cover the field of radio technique and its applications. This
realm of thought has been termed the radio-and-electronic field. It naturally includes radio com-
munication in all its aspects, both two-way and one-way. The latter type is represented by that
major niethod of mass communication: radio broadcasting. Telegraphy, telephony, facsimile,
teleprinting, and television are the broad method aspects of the radio field. Transmission, propa-
gation, and reception of any form of electromagnetic waves—including the versatile extremely
high-frequency oscillations—are necessarily involved.

But applied radio technique extends further, and into all of what may be termed the field of
electronics. A wide variety of phenomena, practices, and devices have been included under that
heading. Methods of intricate, high-speed, and unusually accurate control of physical effects have
been involved. Many circuit elements have been drawn from the field of pure radio, with minor
modification, to meet the design needs of electronic devices. Amplifiers, oscillators, detectors, and
their associated circuit assemblies are normally used. Photocells, capacitance-sensitive systems,
and even television equipment have found their way into electronic use. In fact, the heterogeneity
of radio-and-electronic devices and methods is one of their distinguishing characteristics!

The ProcEEDINGs oF THE .R.E. can and will take its proper place in contributing substantially
to the development of all electronic aspects of its field. An increasing number of basic papers dealing
with the corresponding topics will be found in its pages.

There will be required co-operation on the part of the membership of the Institute to maintain
this publication policy in effective fashion. Accordingly, those workers who develop electronic
devices or methods which are at this time without direct military significance are urged to prepare
papers descriptive of their work and to submit these for publication in the PROCEEDINGS.

The PROCEEDINGS will always represent the integrated engineering thought, technical effort, and
group loyalty of the members of the Institute. It will stand as a symbol of their professional
aspirations and accomplishments. It is earnestly hoped that the Institute"will find a prompt and
major response to this appeal for the early submission of papers dealing with the electronic aspects
of the field of engineering activity of the members and their Institute.

The Editor

December, 1944 Proceedings of the I. R. E. 721




Major General Harry C. Ingles

Major General Harry C. Ingles, who was appointed
Chief Signal Officer of the Army on July 1, 1943, has
been connected with comimunication work in the Army
since the beginning of World War I and has had a wide
and varied career in the Army.

He was graduated from West Point with a B.S. de-
gree in 1914, and during the last war he was in charge
of the training of Signal Corps officers.

Since the last war he has had various communication
assignments, including Signal Officer, Philippine Divi-
sion; Director, Signal Corps School; instructor in com-

722 Proceedings of the I.R.E.

munication at the Command and General Staff School;
Signal Officer, Third Army; and Signal Officer, Carib-
bean Defense Command.

Other important duties to which he has been assigned
include War Department General Staff; Chief of Staff,
Caribbean Defense Command, for which duty he was
awarded the Distinguished Service Medal; and Deputy
Commander, European Theater of Operations.

General Ingles is a graduate of the Army Signal
School and the Army War College, and a distinguished
graduate of the Command and General Staff School.
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l The electronic engineers, as well as the communication engineers, have played

‘ an outstanding part in the present world conflict. They have both contributed
a host of devices of significance to the Military Services. It is therefore with ‘

| deep gratification that the Institute presents to the readers of the PROCEEDINGS

l oF THE 1.R.E. a guest editorial dealing with the work of the members of the ‘
Institute and coming from the pen of the Chief Signal Officer of the United |
States Army, Major General Harry C. Ingles. This message came with the best |
wishes of General Ingles to the entire membership of The Institute of Radio

Engineers—and these wishes are certainly heartily reciprocated.
The Editor

Radio-and-Electronic Engineers
in War and Peace

Major GENERAL HARRY C. INGLES

When the history of World War II is written, it will be found that although little publicity
was given to the work engaged in during hostilities by radio and electronic engineers, it was the
painstaking research activities and patriotic devotion to duty of these brilliant scientists which
materially hastened the final Allied victory.

Following on the heels of the Pearl Harbor attack, our country called for help, and many lead-
ing radio-and-electronic engineers, most of them members of The Institute af Radio Engineers,
were prompt in their response. Today the United States is the communications center of the
world and much of the credit must go to the excellent co-operation of these men of science.

In these days of whirlwind warfare, with entire armies moving at unbelievable speed, signal
communications are of paramount importance in directing our gigantic offensives. The Signal
Corps, whose principal mission is to insure swift and reliable communication among all elements
of the Army from the high command in Washington to the most advanced outpost, employs
every serviceable means to achieve that accomplishment.

But it is in the field of radio and electronics that the Signal Corps has attained pre-eminence
in signal communications. Many amazing items of signal communications equipment have re-
sulted from the research activities of radio-and-electronic engineers in co-operation with Signal
Corps engineers. For the time being much of this equipment must remain a military secret.
However, members of The Institute of Radio Engineers may well feel proud of their contribu-
tion to the successful performance of this equipment on battlefields in every quarter of the
globe, and to the winning of the great conflict now raging. Without their scientific aid, the mag-
nificent victories now being won by our forces might not have been possible.

The Signal Corps has trained thousands of men in the basic principles of radio-and-electronic
engineering in order to provide personnel to operate and repair the intricate and astounding
signal equipment now helping our men to win victories =1l over the world. Radio-and-electronic
engineers, by lending their knowledge of this vital science, helped to improve and perfect this
vast training program. ~

Thus the radio industry will have a large reservoir of trained personnel upon which to draw
for its postwar expansion, which will eclipse anything it had attained prior to the opening of
hostilities in the Far East.

Radio-and-electronic engineers now have a big job in helping us to win the war. But they will
also have a job after victory in helping to set up new applications of the devices they aided in
developing for military purposes. But what is more important, members of The Institute of
Radio Engineers, when peacetime comes, can render a patriotic service to our country by help-
ing it to grow even stronger, through science, so that no aggressor, or combination of them, may
ever again threaten our security.
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Frederick B. Llewellyn

Chairman, Papers Committee

Frederick B. Llewellyn was born in New Orleans,
Louisiana, on September 16, 1897. In 1915 Dr. Llewel-
lyn took a course at the old Marconi School for Wireless
Operators. Off and on, Dr. Llewellyn put in about three
years in the merchant marine, plus the better part of a
year in the Navy during the 1917-1918 outbreak.

He was graduated from Stevens Institute of Technol-
ogy in 1922, where he took special courses under Profes-
sor Alan Hazeltine. A year was then spent as laboratory
assistant to Dr. F. K. Vreeland and in 1923 he joined the
technical staff of the Western Electric Company, later
transferring to the Bell Telephone Laboratories when
it was formed in 1925. His work was then concerned
with the long-wave transatlantic telephone, operating
through Rocky Point, L. I. From 1924 to 1928 he at-
tended graduate classes at Columbia and in 1928 re-
ceived the Ph.D. degree.

In 1929 the ship-to-shore telephone service was inau-
gurated with the S. S. Leviathan as the first to open for
public service. Dr. Llewellyn was one of the engineers
who carried out the development of the shipboard in-
stallation and made a number of voyages on the famous
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vessel. Ten years later a reunion luncheon was held at
which Commodore Cunningham was presented with the
telephone handset which had been in his cabin at the
opening, when he was skipper of the ship.

On shore once more, Dr. Llewellyn’s next work was
the investigation of noise in vacuum tubes and of con-
stant-frequency oscillators. This was followed by a
study of the action of vacuum tubes at very high fre-
quencies. In 1936 he was awarded the Morris Liebmann
Memorial prize for his results on high-frequency elec-
tronics and on constant-frequency oscillators.

A member. of the Electronics Committee for many
years, Dr. Llewellyn was especially active in connection
with the Electronics Conferences which were held for
the years just preceding the war. With the retirement of
Dr. William Wilson as Chairman of the Papers Com-
mittee, he succeeded to that post. For the past two years
h'e has l‘)cen on the Executive Committee, where his spe-
cial assignment is to promote the welfare of the technical
committees. He became an Associate Member of the

Institute of Radio Engineers in 1923 and was trans-
ferred to the Fellow grade in 1938,
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Philosophy of Design’

The Foundation for Better Planning

C. M. ASHLEY{, NONMEMBER, I.R.E.

Summary—Success of an industrial research and development
organization depends not only upon the ability and intelligence of its
members and on the effectiveness of their organization. Equally im-
portant is a proper working philosophy as the guide to action for
each individual and for the group as a whole. The development engi-
neer must deal with nature in a most imperfect state where theory
is frequently hidden from sight by the complexity of interactions in-
volved. Problems with which he wrestles are usually too complex for
exact analysis. Experience teaches the development man things
which his intellect would never have told him. He learns the proper
balance between daring and caution, idealism and realism, theory
and practice. His way of thinking must be pragmatic in character,
based upon an evaluation of risks and the probabilities of a given
situation.

Turs THING CALLED PERFECTION

,_I[‘ HE perfectionist is never happy as a development
J engineer. He quickly learns that perfection in any
detail is difficult to obtain and requires an in-
ordinate amount of time. He is soon forced to one of two
alternatives. Either he perseveres, seeking perfection, in
which case he ceases after a time to be a useful develop-
ment engineer, or else he gives up his ideal of perfection,
in which case he is no longer a perfectionist. At the other
extreme is the man who is easily satisfied with an im-
perfect achievement and never realizes the possibilities
of the thing which he is developing. Less complacent
competition sweeps past this man.

Perhaps the ideal attitude is that of the deferred per-
fectionist. While never wholly satisfied with present
forms, he realizes perfection is an objective which cannot
completely be attained and is content to strive for worth-
while improvements. The problem of deciding when a
development has reached a practical stopping point re-
quires fine judgment. The design must be viewed objec-
tively from the point of view of both the user and the
salesman. Two questions must be asked: First, is the
equipment developed commercially practical? Second,
have possibilities of trouble been reasonably eliminated?

One reason why perfection cannot be taken too seri-
ously is that it doesn’t stay put. At best it is a mental
image. Too often the engineer finds that his mental
image has no reflection in reality, that a perfectly con-
ceived and executed design leaves the field cold when
some purely practical objection, such as cost or lack of
market, acts as an insuperable bar to acceptance. An-
other quality of perfection is its growth. As progress is
made our imagination reaches out still further ahead.
Our ideas of perfection in equipment are constantly

* Decimal classification: RO004. Original manuscript received
by the Institute, September 11, 1944. Published by permission of the
author and Product Engineering, in which it was originally presented
in volume 11, on pages 443—444, of the October, 1940, issue.

t Product Development Engineer, Carrier Corporation, Syra-
cuse 1, New York.
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being tempered and conditioned by changing outside
influences such as customer reaction, practical workabil-
ity, or competition.

So the wise development man recognizes perfection as
that something within himself which makes him dis-
satisfied with present forms, rather than an absolute
objective. He learns to control this dissatisfaction to
yield maximum returns for the time and money with
which he has to work.

WHEN TrouBLE COMES

Since perfection is never achieved, the development
engineer is constantly beset by troubles. Equipment de-
sign is a strange mixture of theory and practice and
often the theory comes only as the rationalization of
recognized practice. In many cases it is only by re-
peated trials of a new design element that success can
ultimately be won out of failure. Even the minor modi-
fication of a design in a thoroughly explored field may
be beset by trouble. Consider the new model of an auto-
mobile, as an example. Let the motor manufacturer
change anything more fundamental than the decoration
on the hood and he brings down on himself a host of
“weaknesses” despite endless trials in the laboratory,
proving ground, and on the road. If this can happen,
how much greater is the danger of trouble in a field not
nearly so well stabilized nor able to give a new design
adequate advance trial? What chance of being free from
troubles has a new design, even when relatively simple,
when put out with no field trials at all?

Trouble has another characteristic. No matter how
successful 999 of 1000 elements of a machine are, if the
one remaining part gives trouble that is all that matters.
A man may have a car whose motor functions perfectly
but he is still thoroughly annoyed by a weak ignition
system, a short-circuited starter, or a grabbing clutch.
Yet the “bugs” in that car may amount to only one
hundredth of one per cent of the design problems which
have been solved successfully.

What attitude must be Yaken? First, trouble must be
expected from any change, however small. Second, the
likelihood of trouble increases with the magnitude and
with the novelty of the change. Third, the chances of
catching the trouble in the laboratory stage depend
upon the extent and intelligence of the proof tests.
Fourth, no amount of proof-testing will catch all of the
troubles. Fifth, the wise general always lays his plans
for a retreat before he starts his advance.

When a change is made, ask three questions: One,
what are the chances of trouble? Two, how can the
trouble be discovered? Three, what alternatives are
there in case trouble develops? Regarding the third,
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perhaps there are other methods for achieving the same
result that do not seem quite as cleanly designed but
which may be less novel, thus safer. Again, the changed
part may be subdivided so that replacement is less ex-
pensive. Or particularly easy access might be arranged
to cut the cost of a field repair.

The role of the development engineer becomes very
much like that of the actuary who tries to gage the mag-
nitude of the risk and sets premiums accordingly. Where
the production of a machine part is small, it may not be
expensive to take large risks. Where the risk possibility
is great, the production must not be permitted to grow
too large before extensive tests have proved the new de-
sign and reduced the risk to a minimum.

One of the most difficult psychological problems is for
a man accustomed to designing for small-quantity pro-
duction, to shift to designing for mass production.
Where before he had the utmost freedom in making
changes immediately as experience dictated, now he
must stop to consider questions of cost, interchangeabil-
ity, field replacement, confusion in manufacturing and
marketing, and a host of others.

There is one other aspect of trouble that certainly de-
serves mention. It seldom or never occurs where it is
expected. This is popularly recognized and is not so
difficult to understand when it is remembered that an-
ticipated trouble is usually guarded against. It is the
unanticipated trouble against which we cannot protect
ourselves. Still, we know from experience that we must
expect it and prepare to meet it from whatever quarter
it may come—by keeping designs as flexible and adapta-
ble as is in any way consistent with the factors of cost
and results.

THE TIME FACTOR

Pure research does not generally recognize time as
one of its limitations. Development, on the other hand,
meets constant pressure from management to conform
its projects to rigid time schedules. Frequently these
schedules are dictated not by the time required to carry
on the development in an orderly manner, but by the
exigencies of the commercial situation, such as competi-
tion, production demands, sales needs. It is hard for
people outside of the development group to understand
why schedules cannot be set up and met, and it is
equally hard for those within to set them up and meet
them.

Any sort of schedule assumes the success of each step
and of the development as a whole, for failure would
inevitably retard the work. Actually, however, failure
is the customary initial reward of development. In fact,
design engineers meet with so many failures in this line
of business that they have to be optimists by nature.
Otherwise they wouldn’'t have the courage to keep
plugging. Success comes as a rule out of a series of time-
consuming failures.

Most developments must fulfill not only one objec-
tive, but dozens simultaneously, such as cost, power de-
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mand, weight, space occupied, accessibility, quietness,
good appearance, and reliability. The failure to meet
any one of these may result in failure of the design
as a whole. After extensive study it may be found that
the objectives are unattainable. They must then be re-
stated and the work started all over again. It is not to
lbe wondered, therefore, that development problems,
even those along conventional lines, should be hard to
schedule. As for the radically new things, schedules had
best be forgotten until some success becomes assured.

Every orderly time estimate of a development is
based upon the summation of the time estimates for
each separate step. You may allow for failures by figur-
ing on one, three, or five trials to reach a successful
solution of a given step, but there is no assurance what-
ever that this will be the number actually required.

It is commonplace to observe how simple an accom-
plished result seems compared with the labor and cir-
cumlocutions by which it was reached. Experience seems
to indicate that developments take about three times
as long as there seems any good reason that they should
take. But it does not do to set up a schedule which al-
lows this extra time for each step, since then the de-
velopment engineer unconsciously plans a more exhaus-
tive study which uses up more than the time allowed.
For the development as a whole this becomes cumula-
tive. The best plan is to set up each step, giving it a
reasonable allowance above the requirements visualized
at the start of the development. Then, for the develop-
ment as a whole, an extra time allowance as taught from
experience should be made to cover the remaining con-
tingencies. )

Savings in time required to consummate a develop-
ment can be made through more intelligent planning
and execution, that is, better organization. This should
be the constant aim of a development staff. Too often,
however, the development engineer or director is swayed
by commercial exigencies into feeling that in a particu-
lar case he can “beat the game.” He is customarily dis-
appointed. Even short-circuiting the usual procedure
seldom helps him in the long run. Although he may be
able to complete a development, he is later forced by
unfavorable developments from the field to return to
his unfinished task.

Time for design is one of the most important factors in
the success of an industrial organization. There is no
substitute for it. Both management and design engineers
must give it due consideration in laying plans.

DEVELOPMENT PLANNING

Planning is the lubricant that keeps a development
organization running smoothly. \Vhere proper plans are
not made, the essential ingredient, time, is out of phase
and the result is more likely to be chaos than accom-
plishment. The planning must be of three types. First,
e.ach development project must be planned so as to ar-
rive at a satisfactory state of conclusion at the desired
time. This involves the marshalling of resources and
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men and working out the time required. In general, all
developments follow the same pattern, with variations
caused by the magnitude of the design problems and
production.

Next comes the planning of the whole development
program. Here, all of the projects compete to some ex-
tent for the services of the shop, draftsmen, and engi-
neers. In this program must be found some way to re-
lieve the “bottlenecks” wherever they occur.

Finally, there is the problem of the long-term plan-
ning of the product engineering of the company. No
company would think of operating without some sort
of a budget, even though it knew that the budget would
not be followed in all details. In the budget would be
an account for the depreciation of all of the physical
assets of the company: the machinery, the inventory,
and the plant. Yet the designs of the products which it
makes are seldom considered in depreciation. Some de-
signs may have a useful life of ten or twenty years, but
it is normal to expect a life of not more than one to
three years before minor changes must be made, and no
more than five before something fairly radical is re-
quired. In many lines the customer expects, and gets,
a new design every year, even though the changes are
mostly in the external appearance and gadgets, and the
“revolutionary advances” come from the publicity de-
partment. It usually takes the better part of a year from
the time a minor redesign is approved until it is rolling
down the production line, and for a major redesign it
may be one to five years, or more. For this reason, it is
not enough to wait until some competitor brings out a
new design and then try to match or better it.

What this adds up to is that a company, in order to
stay in the running, must constantly apply fresh study
and effort to each of its lines and must be ready to bring
out of the laboratory, at the right moment, new models
to keep abreast of competitive progress. For success in
this, more time than seems necessary will be taken,
troubles will bring their headaches, and the work proba-
bly won’t be perfect when finished. It is the develop-
ment man’s unique privilege to expect, understand and
admit these things. And development work can be
soundly organized only by men who base their judgment
and planning on the underlying abstract factors.

IDEAS!

Ideas are the stuff from which new designs are spun.
Everyone has had ideas, has put ideas into practice,
and has listened to the ideas of others. Yet few people
ever stop to consider just what an idea is. Its nature
is generally misunderstood. For instance, it is commonly
supposed that the number of ideas is limited, at least
concerning any one subject, and that only a few persons
are endowed with the mystic genius of idea creation.
This is not so. Consider Rube Goldberg and his ilk and
it is apparent that ideas can be legion.

! Published by permission of the author and Product Engineering
in which it was originally presented in volume 11, on pages 511-512,
of the November, 1940, issue.
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Ideas are the impingement of imagination on experi-
ence. As such there is nothing mysterious or exclusive
about their origin and there is no reason why anybody
should not have them. They are likely to be original
with one person to the extent that his experience or
imagination is in advance of that of others. But ideas
are the property of no man and are as free as air to those
who would seek them.

What does distinguish some ideas from others is the
directness and simplicity with which they reach their
objective. The question is not “How can an objective
be reached?”, but rather, “How can it best be reached?”
This point of view very evidently strips ideas of any
inherent value. They retain value only as they are use-
ful. By the same token, no particular credit redounds to
the person who has an idea. Credit is due only to him
who has a good idea.

There is no mental quality that permits anyone intui-
tively to select good ideas and only good ideas. There-
fore, the problem of arriving at good ideas is one of
elimination. This involves, in the first place, marshaling
all of the ideas which can be conjured up on the subject.
There is no reason why this procedure should not be
orderly. After a little experience the ideas can be classi-
fied and all of the permutations and combinations ex-
posed to view. The second step is to su bmit the various
ideas to critical analysis.

Of the two steps, the second is the more difficult.
One must be sure on the one hand that no hidden pos-
sibility is passed over lightly, and on the other hand
that time is not wasted exploring unprofitable alleys of
ideas. The quantitative attitude of approach toward this
analysis is most valuable as it will eliminate the great
mass of ideas which are qualitatively practical but quan-
titatively impractical.

An attitude which must be repelled is the proprietary
one. It makes an idea no better just because I happen to
have thought of it rather than you. It must derive its
value without respect to who conceived it. Since the
value of ideas can be proved by practice, it behooves
each individual to see that his ideas are used only when
they are superior to the ideas of others. There is always
a suspicion that a person may not take an objective
point of view in comparing his ideas with those of
others. For this reason, it is frequently wise to get the
opinion of some competent, disinterested person.

It frequently happens that an idea has to be presented
in the proper form, that is, “sold” to the person with the
necessary authority. It is not fair to suppose that ideas
have self-evident merit which should immediately im-
press a superior, even when he is very receptive. On the
other hand, it is important that the idea not be mis-
represented.

NOVELTY

At first thought it might seem that a new design
must have a great deal of novelty to be really valuable
or worth while. The new, the miraculously different
seems to be the thing which makes the headlines and
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attracts the attention. Yet how many times is the article
which is radically different from all competitors the
sales leader? Not many. True, when the advantages are
clear and self-evident, then sales may flow to the novel
product. But it lacks the mutual sales help of competi-
tors which are much alike. A good example of this is the
steam automobile. Basically a much simpler and more
flexible machine than the conventional type, its patent
protection and uniqueness proved its undoing.

Look around and consider how many things of a
mechanical character which are considered indispensa-
ble represent the simplest, most dramatic approach to
the problem. Then consider the vastly larger number of
things which are the fruit of years of polishing what may
basically be a very impractical idea. The automobile is
perhaps the perfect example of this. Rube Goldberg
himself could hardly have conceived of the automobile
transmission, clutch, or ignition system. Before the
automobile of today could be perfected it was necessary
to establish and develop whole new industries, such as
that of alloy steels. Every important part is the result
of years of effort to achieve the best possible result with-
out any fundamental change which would affect too
many other parts. §

Most progress in the line of machines comes as a
gradual evolution of an existing type. There comes a
time, however, when a radical departure must be made
from previous forms if further progress is to be made.
The new type is usually the survival of a whole series
which have been tried and discarded. Naturally this

Harris and Lwing

People thought both of these ideas were ridiculous, but the one
above was sublime. Knowing when not to laugh an idea out of exist-
ence calls for acute foresight and sound engineering judgment
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process is expensive and is usually left to the little fel
lows who do not have much of a stake to lose. On the
other hand, it pays every company to keep informed of
progress and trends and occasionally to make a “scoop”
by bringing out an advanced design.

What philosophical attitude can we have toward
novelty? First, we can stop chasing will-o’-the-wisps;
we can look to the present forms and study them to see
how they can be made more perfect; we can accept
something which may never reach the heights of ulti-
mate perfection and refine it in detail to make it a highly
workable design. Second, we must keep before us the
ideal of a design which will not have the inherent limita-
tions of the present type; we can and must be dissatisfied
with present forms, striving for a simpler and basically
better form. Third, we must appreciate the problems
inherent in the attainment of the simpler form; the long
search, the slow perfection to a usable state, the break-
ing down of commercial and psychological barriers to
its use.

SELLING THE IDEA

Equipment design and selling would seem to be as
far apart as the poles. Nevertheless, there are times
when the development man can serve his company best
if he has the ability to “sell” his ideas to his superiors.
It is a common belief that new ideas originate in the
sales force in the field from whence they flow back to
the development department, which puts them into
workable form. Actually, this is seldom the case. The
salesman must take a- somewhat uncritical attitude
toward the equipment which he sells in order to main-
tain his selling integrity. Naturally, he glosses over im-
perfections as long as possible.

On the other hand, the imaginative designer is pain-
fully aware of the deficiencies of his design, even though
he is not permitted to give voice to them publicly. Nlore
than that, he visions a product not only better in detail
but in basic conception as well.

The engineer need not take the role of the partisan
in his presentation. His job is to show the relation of his
ideas to others which might be considered. He should
assume the attitude of an advocate only long enough
to obtain recognition for his ideas, then he should revert
to the judicial point of view. Often it is better to unfold
the picture gradually, over a period of time, through the
Courtesy Bude Goldderp

8¢ €
W/EERI gygy RUG A MDGET
ARTS
RIVENTION % e raons S
Foor (4) HARPROON
MN oy FLIES UP AND AT WA{AQ’;)
K1cKs BEam (8), SECURELY
OFVICE CAUSING NAILING
Y0 CANDLE (€) TO RUEG
srop v o L e m
~ /
gy& SKYROCKET (D) MAS/C LANTERN (F), FLOOR .
51%/\/6 Pe 7%20‘/ o wh
E OF WHALE(F)
|(So s N RUG ~ J 9-15-40 /
Regnater and Thtane Sypdarsls M(W& .




1944

medium of periodic suggestions. It frequently takes time
to change mental patterns to meet new suggestions. But
by means direct or devious, the engineer must somehow
present the picture of the future in compelling terms.

IDEAS AND ORGANIZATION

A development program must be organized in one of
two ways; either one man or group must carry it through
from beginning to end, or it must be passed successively
from one specialized group to the next until it is finally
completed.

For one man to carry on a project from beginning to
end with success requires a most rare combination of
abilities. It is an axiom that no man is at once a good
beginner and a good finisher. To launch a development
needs a man of boundless imagination. He should be
able to think of all of the ways under the sun of doing a
thing. His mind should range through all the possible
and impossible ideas for accomplishing the desired end.
Sometimes he will be able to distinguish between the
possible and the practical. Often this must be done by
someone with his feet more firmly on the ground. But
even the “crackpot” inventor has his place at the be-
ginning of a development.

Once the development passes its initial phases, how-
ever, this type of man usually loses interest. In his
imagination it is already complete and perfect and his
interest seeks out still other ideas. Such a man has not
the patience to guide the development through its slow
perfecting stages.

Here is needed a “hound” for detail, who can take ail
of the “kinks” out of the design, who can sharpen his
pencil and whittle first dollars and then pennies out of
the cost. He must be willing to prove the practicability
of each part and of the whole design by exhaustive
laboratory tests and field trials. Frequently, before the
development is turned out as complete, quite a number
of people must each take a hand in it in succession. More
often than not the tooling and the introduction to manu-
facture is handled separately.

When one man is in a dominant position with respect
to a development, he leaves the stamp of his personality
upon the design. His weaknesses may be as evident as
his strong points. Why then should carrying on the de-
velopment under one man be considered? Because the
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other alternative is equally dangerous. When a design
is passed on to a new group, something is lost in the
transfer. Frequently the new group may approach the
design from an entirely new point of view and lose much
that was of value in the original design. The people
dominating each step are likely to have their own pet
ideas, which may find their way into the finished prod-
uct to its detriment.

It is evident that there is no “royal road.” Regardless
of the method of organization, the project must depend
for success upon the ability of the people who are to
carry it on. Also, there must be no insulation, no bar-
riers between the men or groups carrying on the de-
velopment; each must be subjected to the same ideas
and the same criticisms. This naturally indicates that
there must be a common leader throughout the progress
of the design.

How, then, are the disadvantages of this type of or-
ganization to be overcome? Nlost important of all, the
leader must understand himself. He must know where
his strength lies and where his weakness; where he can
rely largely on his own judgment and where he must
call on that of others. He must gather around him men
who will complement his abilities in order to form a
well-rounded group. lle must know when to call for
help outside of his group. Furthermore, this leader, by
understanding his point of weakness, can gradually
train himself to a rounded ability more nearly approach-
ing that of the ideal development man. He can also learn
a tolerance for diverse points of view which can con-
tribute to the success of the development and can learn
to accept even though he cannot sympathize with them.

There are, of course, many able men who, because of
a too great one-sidedness or because of an insulation
from the point of view of others, can never become
leaders.

The administrator to whom the leader reports must
provide a point of view which balances that of the
leader. He must also see that the leader is surrounded
by adequately complementary assistants. Thus, one of
the most important aspects of the organization of de-
velopment work is to study and train the aptitudes of
individuals in order to fit them together into harmonious
and well-rounded groups capable of carrying through a
development from rough idea to finished product.

=)

Correction

H. T. Friis, whose paper “Noise figures of radio re-
ceivers,” appeared in the July, 1944, issue of the Pro-
CEEDINGS on pages 419-423, has brought to the atten-
tion of the Editor an error in equation (15).

The formula appears as follows:

Eam (ARG

The corrected formula is

Fay=Fi+(F—1)/Ga

(15)

(15)




A Frequency-Dividing Locked-In Oscillator Frequency-
Modulation Receiver

G. L. BEERSt, SENIOR MEMBER, LR.E.

Summary—A new type of frequency-modulation receiving system
is described in which a continuously operating local oscillator is
frequency-modulated by the received signal. In an embodiment of
the system which is described, the oscillator is locked in with the
received signal at one fifth the intermediate frequency. With this 5:1
relationship between the intermediate frequency and the oscillator
frequency, an equivalent reduction in the frequency variations of the
local oscillator is obtained. Received signal-frequency variations of
+75 kilocycles are reproduced as + 15-kilocycle variations in the
oscillator frequency. The frequency-modulated signal derived from
the oscillator is applied to a discriminator which is designed for this
reduced range of frequencies.

The oscillator is designed to lock in only with frequency variations
which occur within the desired-signal channel. The oscillator is,
therefore, prevented from following the frequency variations of a sig-
nal on an adjacent channel. A substantial improvement in selectivity
is thus obtained.

The voltage required to lock in the oscillator with a weak signal is
approximately one twentieth of the voltage applied to the discrimina-
tor. Since this voltage gain is obtained at a different and lower fre-
quency than the intermediate frequerncy, the stability of the receiver
from the standpoint of over-all feedback is materially improved.

Other performance advantages and the factors affecting the op-
eration of the sytem are discussed.

its infancy in terms of a nation-wide entertain-

ment service. Until a large number of high-
powered frequency-modulation broadcast stations are
operating on a commercial basis, the major technical
problems which are involved in the design of frequency-
modulation receivers will not be fully appreciated. How-
ever, the experience which has already been gained from
frequency-modulation broadcasting has indicated some
of the problems which must be given serious considera-
tion.

Probably the most difficult requirement to be met is
that of obtaining adequate adjacent-channel selectiv-
ity. This problem was emphasized by a report on
“Blanketing of High-Frequency Broadcast Stations”
issued in 1941 by the Federal Communications Com-
mission. High sensitivity is necessary in a frequency-
modulation receiver to insure maximum performance.
This requirement makes it difficult to provide the de-
sired over-all stability without excessive shielding and
other circuit complications. This problem has already
been the subject of a great deal of engineering investiga-
tion and one of the solutions which has been proposed

FREQUENCY—moduIation broadcasting is still in

* Decimal classification: R361 XR414. Original manuscript re-
ceived by the Institute, October 6, 1944. Presented, National Elec-
tronics Conference, Chicago, Illinois, October 6, 1944 (the Chicago
Section of The Institute of Radio Engineers was one of the sponsors
of the National Electronics Conference); Washington Section, Wash-
ington, D.C., October 9, 1944; New York Section, New York, N. Y.,

mber 1, 1944, -]
No“’I'eRa:;io Corporation of America, RCA Victor Division, Camden,

New Jersey.
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is the use of the double heterodyne type of superhetero-
dyne receiver. A new approach to a solution of these
problems is provided by a frequency-dividing locked-in
oscillator frequency-modulation receiving system which
has been developed.! It is the purpose of this paper to
describe the new receiving system and to indicate some
of the factors which affect its operation.

DESCRIPTION OF SYSTEM

Basically the operation of the system depends on pro-
ducing, in the receiver, a local signal which is frequency-
modulated by the received signal. The local signal is
provided by a continuously operating oscillator. The
received signal, after it has been amplified by conven-
tional radio-frequency and intermediate-frequency am-
plifiers, is applied to the oscillator in such a way as to
cause its frequency to change in accordance with the
frequency variations of the received signal. In the par-
ticular applications of the system to be described in this
paper, the oscillator is locked in with the received signal
at one fifth the intermediate frequency. With this 5:1
relationship between the intermediate frequency and
the oscillator frequency an equivalent reduction in the
frequency variations of the local oscillator is obtained.
Received-signal frequency variations of + 75 kilocycles
are reproduced as + 15-kilocycle variations in the oscil-
lator frequency. It should be noted that the locked-in
oscillator operating at one fifth the intermediate fre-
quency reduces the frequency deviation corresponding
to any modulation frequency but does not change the
modulation frequency. The frequency-modulated signal
derived from the oscillator is applied to a discriminator
which is designed for this reduced range of frequencies.

The output voltage of the oscillator is independent of
the strength of a received signal, in fact, the same volt-
age is applied to the discriminator when no signal is
being received as when the receiver is tuned to a near-by
transmitter. This feature makes it unnecessary to em-
ploy the conventional arrangements for minimizing am-
plitude variations in the received signal.

The adjacent-channel selectivity of a conventional
frequency-modulation receiver is determined by the
selectivity characteristics of the radio-frequency and
intermediate-frequency circuits. If these circuits do not
provide sufficient selectivity, a local transmitter on a
channel adjacent to the desired signal may produce, at
Fhe discriminator, a substantially greater voltage than
is obtained from the desired station. Under these condi-
tions the desired program will not be heard. In the new
receiving system a novel principle is used to provide

! United States Patent No. 2,356,201, filed February 12, 1942.
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additional adjacent-channel selectivity. The oscillator
is designed to “lock in” only with frequency variations
which occur within the desired-signal channel. The
oscillator is therefore prevented from following the fre-
quency variations of a signal on an adjacent channel.
A substantial improvement in selectivity is thus ob-
tained by electronic means.

The “locked-in” oscillator arrangement which is used
provides, under weak signal conditions, a voltage step
up of approximately 20. In other words, the voltage
required to lock in the oscillator with a weak signal is
approximately one twentieth of the voltage applied to
the discriminator. Since this voltage gain is obtained at
a lower frequency than the intermediate-frequency, the
stability of the receiver from the standpoint of over-all
feedback is materially improved. This improvement is
secured without the disadvantage of the additional
image responses which are obtained with the double-
heterodyne type of superheterodyne receiver.

One receiver arrangement is shown in Fig. 1. In this
diagram the units which are heavily outlined are those
which are peculiar to the new system.

ICOMVERTER "

AMPLINER LLATOR - IER

REDUCED AUDIO
Bt
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Fig. 1—Block diagram.

DESCRIPTION OF THE LOCKED-IN OSCILLATOR

The locked-in oscillator circuit diagram is shown in
Fig. 2. The tube generally used in this circuit has been
an A-5581, an experimental converter tube, which is
similar to the 6SA7 but has a higher mutual conduct-
ance. The oscillator tuned circuit is connected to the
plate of the tube and the feedback coil is connected to

4300 XC

Fig. 2—The locked-in oscillator.

the No. 3 grid. This grid is operated with self-bias. The
received signal is applied to the No. 1 grid of the tube
through a 4300-kilocycle intermediate-frequency trans-
former. The No. 1 grid is likewise operated with self-
bias.

DESCRIPTION OF DISCRIMINATOR

One type of discriminator that can be used with the
locked-in oscillator is shown in Fig. 3. This circuit has
a pair of diodes connected with their load resistors in
opposition so the discriminator is balanced at the center
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frequency. One diode has a tuned circuit in series with
it and the other has a tuned circuit across it. The dis-
criminator is connected across the tank circuit of the
locked-in oscillator through the coupling capacitor
shown in the diagram. The audio-frequency output
from the discriminator is fed through a de-emphasis
network to the audio amplifier.
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Fig. 3—Discriminator.

WaY THE OsSCILLATOR LOCKs IN WITH THE
RECEIVED SIGNAL

Theoretical and experimental evidence indicates that
the locked-in oscillator circuit operates in accordance
with the following theory.

As previously stated, the oscillator is designed to lock
in at one fifth the intermediate frequency. With an
intermediate frequency of 4300 kilocycles the oscillator
tank circuit is tuned to 860 kilocycles. When no signal
is being received the tube will function as a normal
oscillator. The amplitude of the oscillation in a feedback
oscillator is determined by the curvature of the E,—1I,
characteristic and is usually so great that the grid volt-
age swings well into the curved parts of the tube charac-
teristic during the cycle. This means that a distorted
output current is produced in the plate circuit, having
component frequencies 2w, 3w, 4w, where w is the
natural frequency of the tuned plate circuit. These har-
monics are applied to the No. 3 grid because of the re-
generative coupling. Furthermore, the No. 3 grid
operates with self-bias and draws grid current during
the positive swings of voltage. The grid-current pulses
also contain the harmonics of w.

Suppose now that the signal voltage of frequency Sw
(4300 kilocycles) is applied to the No. 1 grid. Since the
tube is a nonlinear device and operates as a converter,
combination frequencies Wwill be produced equal to
+ Srw+ sw where 7, s=0, 1,2, 3, - - -. Since the plate
circuit is tuned to a frequency w (860 kilocycles), the
only frequencies which will be amplified are those of
frequency w; the others will be by-passed effectively. If
r=1, then s=4 or 6 will give the frequency w. This
means that either the fourth or the sixth harmonics of
the oscillator will beat with the incoming signal, having
the frequency 5w, to give the frequency w.

This added 860-kilocycle component of the plate cur-
rent caused by the harmonics of the oscillator beating
with the incoming signal is in phase with the 860-kilo-
cycle current in the oscillating plate circuit. The circuit
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becomes stable in this condition and the injected current
will “lock in” the incoming 4300-kilocycle signal with
the 860-kilocycle current in the plate circuit. Since the
injected current has the same phase and frequency as
the normal current, it is merely equivalent to an in-
creased output from the tube.

oy

T

Fig. 4—Vector diagram.

Now suppose that the frequency of the incoming sig-
nal is increased somewhat. The effect of the fourth har-
monic will be to inject a current of slightly greater
frequency thon 860 kilocycles into the tank circuit. The
sixth harmonic will also cause an injected current of
slightly less than 860 kilocycles; this will be considered
later. Assume for the moment that the oscillator ig not
locked in. In Fig. 4, OA is a vector rotating 860,000
times per second and represents the normal current in
the oscillating tank circuit. Let AB be the injected cur-
rent of frequency slightly greater than 860 kilocycles,
from the fourth harmonic of the oscillator voltage beat-
ing with the incoming signal voltage. This vector will
rotate slightly faster than 860,000 times per second and
thus will have an angular velocity relative to 04 equal
to the difference of the two angular velocities.

Now consider the instantaneous condition shown in
Fig. 4. The injected current AB has a component AC
in phase with 04 and another component 4D, 90 de-
grees out of phase with respect to O4. Let this resultant
current OB be applied to a tuned circuit LC as shown
in Fig. 5. Since the LC circuit is tuned to 860 kilocycles,
it will be at resonance with respect to the current OC
which is also 860 kilocycles and equals 7.4-17,. The quad-
rature current AD is a leading current at the instant
shown by Fig. 4, and the result is the same as though
an additional condenser C’ is in the circuit. The effect
is to decrease the natural frequency of the tuned circuit.
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Fig. 5—Effect on circuit.

Now consider the condition at a later instant as shown
by Fig. 6. Since the vector A B is rotating with respect
to 04 it has now rotated to the new position as shown.
The injected current A B now has an in-phase component
AC as before, but the component AD is now lagging in-
stead of leading. If this current OB is now impressed on
the circuit of Fig. 5, the lagging component AD will
cancel part of the leading current through C and this
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will be equivalent to reducing the capacitance C since
the circuit is now drawing a smaller leading current.
This will raise the resonant frequency of the tuned cir-
cuit.

It is now evident that the circuit of FFig. 2 behaves
like a reactance tube and swings the frequency of the
tuned circuit back and forth. It is easy to see that if the
frequency of the incoming signal is approximately five
times that of the tuned circuit, a point will be reached
when the frequency of the tuned circuit becomes ex-
actly one fifth of the incoming signal frequency. When
this happens the oscillator will “lock in” with the in-
coming signal. This means that the amplitude and phase
of the plate current now remain fixed with respect to
the incoming signal; vector 4 B now makes a constant
angle CAB with O4.

If the incoming signal is exactly five times the fre-
quency of the tuned-plate circuit, the vector AB will
be in phase with O4. As the incoming signal frequency
is decrcased, the vector AB rotates to some position
such as that shown in Fig. 4. A further decrease in fre-
quency will rotate the vector until it is 90 degrees out

¥ A

1] "

Fig. 6—Vector diagram.

of phase with respect to 0O4. Since this position gives the
maximum amount of quadrature current it corresponds
to the maximum amount the oscillator frequency can be
pulled over, and thus gives the lower limit of the lock-in
range.

If the incoming-signal frequency becomes greater
t!lan five times the plate-circuit frequency, the condi-
t10n§ will be similar except that the vector AB will be
ljaggmg as shown by Fig. 6 instead of leading. The upper
limit of the lock-in range is reached when the injected
current lags by 90 degrees. The lagging current tends to
reduce the effective capacitance of the circuit and thus
raises the frequency.

. When the sixth and fourth harmonics are both present
s!multfmﬁeously, it can be shown that the result is a
smgle injected current of variable amplitude and phase.
This causes the frequency of the tuned circuit to swing
back anq forth in accordance with these variations; the
process 1s very similar to that already explained when
the fourth harmonic only is present. Usually, the fourth
and sixth harmonics will be of unequal amplitude and
the effect of the weaker one is to produce relatively

small variations in the other.
Lock-IN RaNGE REQUIREMENTS

fAS PrerOUSIY stated by restricting the lock-in range
of the oscillator to frequency variations in the desired




1944

channel a material improvement in selectivity can be
obtained. On the other hand, it is necessary that the
lock-in range be adequate to follow the frequency varia-
tions of the received signal and in addition provide for

/ BREAK - OUT

AUDIO OUTPUT

’
Fig. 7—Breakout characteristic.

receiver mistuning and frequency drift in the transmit-
ter and receiver.

The effect of the fourth and sixth harmonics in con-
trolling the lock-in range of the oscillator has been pre-
viously discussed. The amount of fourth and sixth har-
monics on the No. 3 grid of the oscillator is limited, and
this limits the dock-in range. When the deviation ex-
ceeds the lock-in range the oscillator breaks out and
starts back toward the center frequency since it is no
longer controlled. The oscillator may then suddenly
jump to a series of different frequency ratios such as,

... 36/7,41/8,46/9 - - - 5/1, - - -, 44/9, 39/8, 34/1,

for short intervals. The lock-in range for each of

those ratios is very small, and the oscillator breaks out

between them. The result can be a distorted output as

shown by Figs. 7 or 8. It is, therefore, necessary to pro-

vide adequate lock-in range in order to prevent this
distortion.

AUDIO OUTPUT

Fig. 8~ Breakout characteristic.

Factors WHicH DETERMINE THE LOCK-IN RANGE

The lock-in range of the oscillator depends upon sev-
eral factors which will now be discussed.

Effect of Discriminator

When a discriminator is connected to the oscillator,
it changes the impedance relations of the tank circuit
and increases the lock-in range. The equivalent input
capacitance of the discriminator circuit shown in Fig. 3

Beers: Frequency- Moduiation Receiver
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decreases rapidly with frequency near the center fre-
quencyof the oscillator. Fig. 9 shows how this capacitance
falls off near the center frequency fo. If the oscillator

R

S—

Fig. 9—Input capacitance of discriminator.

tank circuit is to be kept in tune over the operating
frequency range, the tank circuit capacitance should
decrease with increasing frequency as shown by Fig. 10.
The slope of this curve is determined by the L/C
ratio of the tank circuit.
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Fig. 10—Oscillator-tuning capacitance.

The discriminator input capacitance characteristic
can be designed to provide an apparent capacitance
change with frequency nearly to match the require-
ments for tuning the oscillator.

In Fig. 11 the solid line represents the falling input
capacitance of the discriminator and the dashed line is
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Fig. 11—Matching the discriminator to the oscillator.

the variation of capacitance required to keep the oscilla-
tor in tune as the frequency is varied. If the two curves
have approximately the same slope at the center fre-
quency fo, the lock-in range will be greatly increased

since only a small amount of reactive current will shift
the oscillator frequency a considerable amount.
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Effect of Signal Voltage

If the No. 1 grid is operated with self-bias so that the
operating bias is approximately equal to the peak am-
plitude of the applied signal voltage, the lock-in range
will be as shown by Fig. 12.

, COMPENSATED

-—
-
-~
-

LOCK - IN RANGE

APPLIED VOLTAGE

Fig. 12—Effect of signal voltage on lock-in range.

For small appli d voltages the lock-in range increases
rapidly from zero with increasing signal voltage until
it reaches a maximum, and it then decreases slowly with
further increase in voltage as shown by the dashed line.

In practice, the screen and plate resistors can be
chosen to correct this falling off of the lock-in range
with increased input. This compensation will give the
constant lock-in range beyond the knee of the curve as
shown by the solid line.

Effect of Tube Constanis

The lock in range depends upon the amount of quad-
rature current that can be developed by the tube. This
means that the tube should have a fairly high zero-bias
plate current and a fairly high mutual conductance from
the No. 1 grid to plate. This assures large pulses of plate
current which produce the required reactive current.
The experimental A-5581 tube has been found to meet
these requirements. This tube is similar to the 6SA7 but
provides increased peak current and increased mutual

conductance.

Effect of Intermediate-Frequency Selectivity on Lock-In
Range

The primary effect of intermediate-frequency selec-
tivity is to attenuate the voltage on the No. 1 grid as
the signal frequency moves down the side of the selec-
tivity curve. Naturally the oscillator cannot lock in if
the incoming signal voltage becomes too small. This
means that the bandwidth of the intermediate-fre-
quency amplifier will affect the lock-in range. Fig. 12
shows the variation of lock-in range with input voltage.
The range falls off very rapidly when the applied volt-
age falls below the knee of the curve. The amplifier
should be designed so it is broad enough to assure suffi-
cient voltage to lock in the oscillator at the maximum
frequency swings encountered and also to provide for

drift and mistuning.
Effect of Oscillator Frequency

The lock-in range is in general inversely proportional
to the oscillator tank circuit C. An increase in the inter-
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mediate frequency will result in an increase in the lock-
in range only when C is correspondingly reduced.

Effect of Feedback Winding

The lock-in range will increase somewhat with in-
creased mutual inductance from the tank coil to the
feedback winding. Fairly tight coupling should be used
for increased range.

A method which can be used to increase the lock-in
range is to tune the feedback winding to the second har-
monic of the oscillator as shown by Fig. 13. Capacitor C
is chosen to tune the grid circuit to 1720 kilocycles.
This builds up the second harmonic, which in turn causes
an increase in the fourth and sixth harmonics because of
the nonlinearity of the tube. The result is an increase

in the lock-in range.
\

Noise-REDUCTION CHARACTERISTICS

It has been previously stated that the locked-in oscil-
lator arrangement can be designed to increase ma-
terially the adjacent-channel selectivity of a receiver.
This improvement is obtained by restricting the lock-in
range of the oscillator so that it will follow only the
frequency variations which occur within the desired
channel. This restricted lock-in range is of interest also
from the standpoint of the noise-reducing properties of
the receiver.

In conventional frequency-modulation receivers the
discriminator is designed so that the linear portion of its
response characteristic is adequate to accommodate the
frequency variations of received signals, with due allow-
ance for mistuning both by the user and that resulting
from frequency drift of the heterodyne oscillator. The
curved portions of the discriminator characteristic which
extend beyond the linear region just referred to provide
an additional frequency range in which noise compo-

Fig. 13—Tuned-feedback coil.

nents with wide frequency variations are converted into
amplitude variations. Fig. 14 shows a typical discrimina-
tor.characterisfic in which 4 B is the linear region within
which the.frequency variations of received signals are
converted into amplitude variations. The sections of the
cha‘racteristic designated C4 and BD are the portions
which are not useful in the reception of desired signals
becayse of the curvature, but which are effective in con-
vertu'lg _frequency-modulation noise components into
amPht.ude variations. The upper figures. indicating
fieyxa'txon, correspond to the discriminator character-
1stic in a conventional receiver, while the lower figures
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are the frequency values for the locked-in oscillator dis-
crim'nator. The restricted frequency range of the oscil-
lator in the locked-in oscillator type of receiver can be
used to limit the portion of the discriminator charac-
teristic, which is utilized in converting the frequency
variations of both the received signal and noise compo-
nents into amplitude variations, to the linear region AB.

Another characteristic of the locked-in oscillator
which may be used to advantage in minimizing the
effects of noise is the ability to prevent the oscillator from
following the frequency variations corresponding to
superaudible noise components. This is accomplished in
the oscillator arrangement shown in Fig. 2 by the
proper choice of circuit constants.

MOobDIFIED-CIRCUIT ARRANGEMENT

A modification of the frequency-dividing frequency-
modulation receiver has been developed by which its
ability to select between desired signals and undesired
signals or noise is further extended. Fig. 15 is a block
diagram of this modification.

The locked-in oscillator used in this arrangement is
likewise designed to operate at one fifth of the inter-
mediate frequency. The normal lock-in range of the
oscillator, however, is restricted to only 20 to 35 per cent
of the frequency-variation range required for received
signals. This very restricted lock-in range is extended
by means of a reactance-tube arrangement so that the
oscillator will follow the maximum frequency variations
of received signals. The audio-frequency potential de-
veloped at the discriminator-rectifier combination is ap-
plied through a phase-correcting network to the react-
ance tube in the proper phase and magnitude to cause
the reactance tube to shift the oscillator resonant fre-
quency so that at any instant its frequency is such that
the limited lock-in range will permit it to lock in with
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Fig. 14—Discriminator characteristic.

the received signal. The amplitude of the control po-
tential applied to the reactance tube is normally kept
slightly below the value which would shift the oscillator
to the correct frequency, assuming that the oscillator
had no lock-in range. In other words, for 100 per cent
modulation the reactance tube shifts the oscillator fre-
quency by slightly less than +15 kilocycles.

Let us consider the merits of this arrangement in con-
nection with noise impulses and adjacent-channel selec-
tivity. Superaudible frequency-modulation noise compo-
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nents applied to the input circuit of the locked-in
oscillator may appear in the oscillator output circuit.
The phase-correcting network, however, may be de-
signed so that these components either are not fed back
to the reactance tube at all or are not fed back in such
phase and amplitude as to permit the oscillator to follow
them. In other words, the receiving system is provided
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Fig. 15—Modified-circuit arrangement.
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with a circuit which is responsive only to small fre-
quency variations and this restricted-response range is
moved back and forth at a rate'which follows the desired
modulation of received signals but is not moved back
and forth at a rate which will follow superaudible noise
impulses which may be present with the received signals.

The effect of the reactance-tube arrangement on
adjacent-channel selectivity is also of interest. This can
best be understood by reference to the discrimina-
tor-rectifier—voltage-frequency response characteristic
shown in Fig. 14. As the output potential of the dis-
criminator-rectifier and hence the potential applied to
the reactance tube varies over the useful portion of the
discriminator characteristic (the linear portion of the
characteristic between the points A and B) the effect
of the reactance tube is to shift the oscillator frequency
in the same direction as the frequency changes which
give rise to the demodulator potentials. If, on the other
hand, we assume that a signal on the adjacent channel
could reach the discriminator circuits and produce po-
tentials caused by frequency variations over the side of
the discriminator characteristic as indicated by the por-
tion A-C of the curve, the phase of the potentials ap-
plied to the reactance tube would be such that the effect
of the reactance tube on the oscillator would be to re-
verse the direction of the oscillator-frequency change.
That is, the reactance tube cannot shift the oscillator
frequency so that it will lock in with the signal on an
adjacent channel because the circuit elements are so
designed that if the frequency of the oscillator were to
change beyond the usefu| range of the discriminator and
towards the adjacent channel, the phase and magnitude
of the potential applied to the reactance tube would
shift in such a manner that the oscillator frequency
would be shifted away from the adjacent channel fre-
quenctes.

EXPERIMENTAL RESULTS

As a part of an experimental investigation of the new
receiving system, work was carried on with two identical
commercial receivers. One was modified by incorporat-
ing the locked-in oscillator and reduced-range discrimi-
nator, shown in Fig. 16, in place of the two-tube cascade
limiter and the discriminator used in the original
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construction. The other receiver was used for compara-
tive tests in the laboratory and field. This procedure
was repcated with two identical laboratory receivers
constructed along conventional lines.

It should be noted that the locked-in oscillator circuit
shown in Fig. 16 is representative of the receiving sys-
tem illustrated by the block diagram in Fig. 1. This ar-
rangement was used in preference to the modification
illustrated by the block diagram in Fig. 15 because it
was less complicated and, therefore, considered more
suitable for commercial receivers.

With the arrangement shown in Fig. 16 an intermedi-
ate-frequency signal of about 1 volt on the No. 1 grid
of the oscillator tube was required to provide the de-

LOCKED-IN
OSCILLATOR 860 KC
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the receiver employing the frequency-dividing locked-in
oscillator system. It should be noted that with an in-
crease in interfering signal, a point of oscillator breakout
may always be reached. The level of interfering signal
at which breakout occurs is higher than the —30-decibel
interference level. The improvement in adjacent-chan-
nel selectivity, shown by these curves, is equivalent to
the addition of two intermediate-frequency stages in the
receiver.

Impulse Noise Interference

Oscilloscopic investigations of the effects of impulse
interference with both modulated and unmodulated
signals were made with the four receivers. The results
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Fig. 16—Locked-in oscillator and discriminator.

sired lock-in range of approximately =+ 110 kilocycles.
The frequency range in excess of the + 75 kilocycles re-
quired for the normal modulation of a received signal is
provided to take care of mistuning by the user, fre-
quency drift of the heterodyne oscillator, and over-
modulation at the transmitter. The oscillator voltage
developed at the discriminator was between 20 and 30
volts. From the foregoing, it is apparent that the re-
ceiver should be sufficiently sensitive to produce 1 volt
on the No. 1 grid of the oscillator to provide satisfactory
reception of a desired signal.

Improvement in Selectivity

The results of selectivity measurements, made by the
two-signal method, are shown in Fig. 17. In these tests,
the receivers were tuned to a desired signal of 100 micro-
volts, with 400-cycle modulation and a deviation of
+25 kilocycles. An interfering signal, modulated with
1000 cycles, and a deviation of +235 kilocycles, was ad-
justed in signal strength and frequency to give an
interference output 30 decibels below the 400-cycle
output. A considerable improvement in selectivity, es-
pecially for the entire adjacent channel, is shown with

indicated a general superiority in noise reduction for
the frequency-dividing locked-in oscillator system.

Field Tests

Field tests showed the receivers using the new re-
ceiving system to be considerably more selective with
respect to adjacent-channel interference than !conven-
tional commercial receivers. More distortion was, how-
ever, encountered when the locked-in oscillator receivers
were tuned so that the signal was received at the edges
of the receiver-response characteristic than was obtained
with the conventional units. This is due to the oscillator
breakout characteristic and the fact that the voltage at
the discriminator remains fixed irrespective of the signal
applied to the oscillator. In general, it can be stated that
an increase in distortion, when tuned to one side of a
desired signal, goes hand in hand with increased ad-
jacent-channel selectivity in any type of radio receiver.
Some observers felt that this effect assisted in properly
tuning the receiver.

Observations with respect to noise reduction substan-

tiated the laboratory measurements which previously
have been discussed.
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Modified-Circuit Arrangement

An experimental receiver was also constructed incor-
porating the modified arrangement illustrated by Fig.
15. Although the tests on this receiver were not so ex-
tensive as those on the receivers in which the Fig. 16
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arrangement was used, they did indicate that the modi-
fied circuit possessed superior noise reducing and adja-
cent-channel selectivity characteristics.

CONCLUSIONS

A novel method of receiving frequency-modulated
signals has been investigated both theoretically and ex-

Beers: Frequency-Modulation Receiver

737

perimentally. The investigation indicates that the sys-
tem has the following advantages:

—

By restricting the lock-in range of the oscillator to

follow only the frequency variations which occur

within the desired-signal channel, a material im-

provement in selectivity is obtained.

2. An equivalent voltage step-up is secured at a differ-
ent and lower frequency than the intermediate-fre-
quency and a corresponding improvement in free-
dom from over-all feedback is secured.

3. A constant voltage is applied to the discriminator ir-
respective of the strength of a received signal, and
arrangements for minimizing amplitude variations in
a received signal are, therefore, not required.

4. The frequency-dividing locked-in oscillator receiving
system provides a means for incorporating, in a fre-
quency-modulation receiver,” a type of selectivity
which can be used to discriminate between the de-
sired-signal modulation and frequency-modulation-
noise components.

The following characteristics should also be consid-
ered in an evaluation of the system:

1. Adequate receiver gain ahead of the locked-in oscilla-
tor must be provided if distortion of the weaker sig-
nals (due to the oscillator falling out of step), is to
be prevented.

2. When the receiver is tuned through a signal, more no-
ticeable distortion occurs at the edges of the receiver
response characteristic than is obtained with a cor-
responding conventional receiver.
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Electronic Apparatus for Recording and Measuring

. . . *
Electrical Potentials in Nerve and Muscle
WILLIAM M. ROGERS{, NONMEMBER, 1.R.E., AND HORACE O. PARRACK ], NONMEMBER, I.R.E.

Summary—Electronic apparatus used in studying action poten-
tials is described. It consists of:

1. A variable-frequency stimulator with a volume control which
governs the intensity of current used for exciting the nerve or
muscle.

2. A trigger -circuit synchronizing the sweep of the recording
system, a cathode-ray oscilloscope with the stimulator.

3. A recording system, a cathode-ray oscilloscope whose circuit
has been altered to permit synchronization with the trigger
circuit.

4. A resistance-capacitance-coupled amplifier with one balanced
push-pull input stage used as a preamplifier to feed a high-
level signal into the differential stage which effectively cancels
in-phase signals. This stage is supplied with an input jack per-
mitting its use as the input stage when low-level gignals are
not encountered. This is followed by three single-ended stages
each having an output jack.

A theory of nerve conduction is discussed. The formation of diphasic
and morophasic wave forms is described and illustrated. A method
for measuring conduction rate is also considered. '

CTIVITY of the nervous system and of muscles
A is accompanied by changes in electrical poten-
tial. These changes are accepted as the electrical
signs of activity! and are called action potentials. These
differences of potential are very small, being of the order
of microvolts and millivolts. In a monograph published
in 1935, Adrian? reviewed the history of electrophysiol-
ogy. He pointed out that, until recently, advances in
this field were limited by lack of sensitive apparatus.
With the development of vacuum tubes, apparatus ade-
quate for measuring and recording these minute changes
in potential was made available to the physiologist.
Our electronic apparatus for studying bio-electric
phenomena consists of

1. A stimulator to excite the nerve or muscle.

2. A trigger circuit to synchronize the horizontal

sweep of the cathode-ray oscilloscope with the

stimulator.

A differential amplifier.

4. A recording system, in our case, a cathode-ray
oscilloscope.

5. An extra audio amplifier and recorder with a loud-
speaker is not necessary but useful.

&

* Decimal classification: 621.375.1. Original manuscript received
by the Institute, January 3, 1944; revised manuscript received, July
28, 1944, Presented, New York Section, New York, N. Y., October 6
1943.

t Department of Anatomy, College of Physicians and Surgeons,
Columbia University, New York, N. Y. J ) ]

t Formerly, Department of Physiology, Columbia University;
now, Captain, Army of the United States. - .

oNB Erlanger and H. Gasser, “Elet‘tnca_l Signs qf Nervous Activ-
ity,” University of Pennsylvania Press, Philadelphia, Pennsylvania,

2 E. D. Adrian, “The Mechanism of Nervous Action,” University
of Pennsylvania Press, Philadelphia, Pennsylvania, 1935.
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The stimulator consists of a master timer and a pulse
amplifier (Fig. 1).

It is desirable to have a master timer of variable fre-
quency for controlling the stimulus used to activate a
nerve or muscle. A neon bulb pulse generator serves this
purpose. The frequency of the stimulus is determined by
the combination of condensers and resistors used, and
varies inversely with capacitance and resistance.

Directly coupled to the timer is a 6] 7 tube (7%) which
amplifies the voltage resulting from the condenser dis-
charge. T, serving as a buffer amplifier, is followed by
one or more independent output units. Each output
stage is a pentode (T;) operated as class C.

A potentiometer (P;) in the grid circuit of T; regu-
lates the amplitude of the stimulating pulse. A bank of
coupling condensers in the plate circuit permits selection
of wave form.

The ungrounded secondary of an output transformer
(T7,) delivers the stimulus to the nerve or muscle. Elec-
trodes applied to the nerve or muscle are of silver wire
with silver chloride at the points of contact and in-
sulated everywhere else by rubber lacquer.

TaHE TRIGGER CIRCUIT AND THE CATHODE-RAY
OSCILLOSCOPE

When this stimulator is used to excite a nerve the
horizontal sweep of the cathode-ray oscilloscope must
be synchronized with the stimulus applied to the nerve.
The same neon resistance-capacitance timing unit is
used as a trigger circuit. The condenser voltage, ampli-
fied by a 6]7 tube (T,), whose output is coupled by a
transformer to the external synchronization input termi-
nals of the cathode-ray oscilloscope trips the horizontal
sweep. To accomplish this in most 3-inch cathode-ray
oscilloscope commercial units, certain changes must
be made. An RCA stock unit, No. 155 using a 906-
(3-inch) cathode-ray tube was modified in the following
way in order to synchronize the timing axis oscillator
with the external stimulator.?

Two potentiometers (R100 and R101) were added to
the bleeder for the power supply of the cathode-ray
oscilloscope unit (Fig. 2A). These potentiometers
form a trip-sweep adjustment which increases the differ-
ence of potential between grid and cathode of the gas-
triode oscillator (884). R100 in the grid circuit varies
the bias in coarse steps. R101 in the cathode circuit
varies it in fine steps. Proper adjustment prevents the
Thyratron from firing until it is tripped by an impulse
delivered to the synchronizing transformer. Both po-
tentiometers are returned to zero resistance for normal

* This alteration was suggested by Charles Sheer.

December, 1944
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operation. The ground connection from the secondary
of the synchronizing transformer must be through R100.

The resistance in the plate circuit of the horizontal
‘amplifier was increased (Fig. 2B) in order to increase
the gain and allow the spot to be displaced from the
fluorescent screen of the cathode-ray tube. The original
plate circuit is opened by a switch (S5) and the current
shunted through the higher resistance (R102). The
switch is closed for normal operation. The above change
in the horizontal amplifier reduces the high-frequency
response from about 20 to § kilocycles, which is adequate
for our needs.

THE DIFFERENTIAL AMPLIFIER

High-gain, low-frequency amplifiers are used for am-
plifying the action potentials in order that they may be
recorded. Various circuit arrangements have been pub-
lished by different investigators during the past ten
years.*~7 These have considered some or all of the diffi-
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Fig. 1—Circuit diagram of stimulator and trigger circuit for cathode-
ray oscilloscope.

culties involved in amplifying action potentials. Elimi-
nation of interfering electrical fields has been a primary
consideration in every design. Interfering voltages, es-

' pecially in the 60-cycle fields, which may be of the order
' of tenths or hundredths of volts between each of the

input grids and ground, are the chief offenders. These
relatively large alternating voltages are approximately
in phase at each input electrode while the small desired
signal passing along a nerve or muscle is out of phase.
The action potential passing along the nerve is out of
phase because it arrives at the first grid electrode before
it reaches the second. Thus, we may use the difference in
conduction time between the two grid electrodes to give
an out-of-phase signal.

INPUT STAGE
Cancellation of the large undesired in-phase signal

¢ Paul Traugott, “Electroencephalograph design,” Electroni
vol. 16, p. 132; August, 1943. 18 i (LR

¢ J. F. Toennies, “Differential amplifier,” Rev. Sci. Instr., vol. 9
pp. 95-97; March, 1938. g

¢ Franklin Offner, “Push-pull resistance coupled amplifiers,”
Rev. Scs. Instr., vol. 8, pp. 20-21; January, 1937.

7 Otto H. Schmitt, “A simple differential amplifier,” Rev. Sci.
Instr., vol. 8, pp. 126-127; April, 1937.
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may be accomplished by the use of a push-pull amplifier
or at least a push-pull input stage. Such an amplifier
was designed for multiple recording by Matthews® and
used successfully by him and Adrian.? The electrodes
placed at different points along the nerve are connected
to grids of two matched tubes, 180 degrees out of phase
with each other. Their outputs likewise will be out of
phase. Interfering voltages reaching the input electrodes
will also vary in phase and cancel each other leaving the

PP -
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Fig. 2
A—Bleeder for power supply of cathode-ray oscilloscope showing
trip-sweep adjustment. For original circuit see RCA No. 155 in-
struction bulletin (No. 1.B.-26417, p. 12).
B—Modified plate circuit of horizontal amplifier.

desired signal from the nerve or muscle. This method
of differentiating between the undesired in-phaseand the
desired out-of-phase signals has led to the designation
of these amplifiers as “differential amplifiers.” Mat-
thews' design is reasonably inexpensive to build since
single-ended stages may be used as second and third
stages. Schmitt? built another simple differential ampli-
fier requiring only two tubes, two rheostats, and a re-
sistor, which also gave satisfactory results.

More recently Toennies® has published data on a
differential amplifier. In-phase cancellation is accom-
plished by employing a high-value cathode resistor
which is common to both input tubes (R6 in Fig. 3).
The high negative grid voltage resulting from this ar-
rangement is compensated for by an opposition voltage
or by returning the grids to ground through a positive
potential. This input circuit differentiates with marked
accuracy a modulation between two ungrounded points
against the common modulation of these points. This
amplifier may also be followed by single-ended stages.
Recently, Traugott! in discussing an electroencephal-
ograph design, objected to Toennies’ circuit when low
noise levels were necessary. Our experience confirms this
objection. However, this amplifier does an excellent job
of canceling in-phase signals.

INTERSTAGE COUPLING IN PUsH-PULL AMPLIFIERS

Offner® has reviewed several coupling methods for
amplifiers when more than one push-pull stage is used.

8 Brian H. C. Matthews, “A special purpose amplifier,” Jour.
Physiol., vol. 8, pp. 28-29; 1934.
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If a dual center tapped push-pull transformer is used
to couple the first and second stages, no in-phase signal
will result while the out-of-phase signals will be trans-
mitted to the grids of the second stage. However, there
are many practical objections to transformer coupling,
one of which is the difficulty of obtaining adequate clec-
tromagnetic shielding. As a result, a resistance-capaci-
tance coupling is used in most amplifiers for hiological
research.

One source of internal noise is the vibration of carbon
particles when carbon resistors are used for coupling be-
tween low-level stages. Wire-wound precision resistors
are preferable for this purpose.

The amplifier that we are using consists of two push-
pull stages with resistance-capacitance coupling, fol-
lowed by three single-ended stages, each with an output
jack which may be connected to the vertical plates of

—— NERVE

I

December

heater cathode disturbance objected to by Traugott.?
We have also used successfully a three-stage push-pull
amplifier with a volume control between the first and
sccond stages. In studying spontancous, rhythmic out-
bursts of action potentials, a loudspeaker is a distinct
advantage. Records of electromyocardiograms demon-
strated over a portable public address system,'® illus-
trate this point.
The above-described apparatus has been put to use
in our laboratory for the study of
1. Normal nerve-muscle physiology.
2. Fatigue.
3. Dcgeneration following nerve injury.!!
4. Influence of vitamin E deficiency on neuromuscu-
lar function.
5. Action of drugs on peripheral nervous system and
on muscles.

'°°lI'I'I'LI'I'I}'I-+

B

Ji, Iy are input jacks used when moderately high-level signals are
being observed.

Jiand Js are output jacks. y ! )

Ja, Js, Js, and J; are plate-current jacks into which a microammeter
may be plugged when adjustments are to be made. i

P,, P;and P, are 0.5-megohm carbon potentiometers for regulating
the screen voltage. A screw adjustment is on the front panel.

Py is a 0.5-megohm wire-wound potentiometer controlling the ampli-
fication of the last two stages.

R, is a 2500-ohm resistor

Ry, Ry, Ry, Rs, R1, Ry, Rus, Ris, and Rygare 0.5 megohm.

the cathode-ray oscilloscope (Fig. 3). The input stage
uses tubes having a low noise factor (type 1603 RCA).
The second push-pull stage is the differential stage, a
slight modification of the Toennies desig.n. An input
jack to the grids of the second stage permits its use as
the input stage when less amplification is needed. Input
grid leaks are unnecessary since each grid electrode is in
contact with two different points on the same nerve,
whose resistance is between 1000 and 20,000 ohms.
Thus, the nerve itself acts as a grid leak. When low-level
signals are to be amplified, the first input stage is used
as a differential preamplifier. By feeding a higher-level
signal into the Toennies stage, we avoid much of the

» F. E. Terman, “Radio Engincers’ Handbook,” McGraw-Hill
Book Company, New York, N.Y., 1943, p. 477.
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Fig. 3—Circuit diagram of amplifier.

Ry, Ryz, Ry, and Rg are 0.1-megohm resistors.
Ry5is 1.0 megohm.

Rg is 0.25 megohm.

R.O., Ry;, and Ry are 10,000-ohm resistors.

G, is a 50-microfarad condenser.

C, is 8 microfarads.

Cs and C; are 0.1 microfarad.

Cs, Cz, Co, and C,, are 1.0 microfarad.

Ce, Cs, and Cyp are 12 microfarads electrolytic.

The heaters of all tubes are operated on 6-volt storage battery not
shown in diagram.

Before discussing these uses it is desirable to make a few
general statements regarding the nature of the nerve
impulse. Although there are different schools of thought
on this subject, the most widely accepted view is the
Membrane or the Local Circuit I'heory. According to
this view, a resting nerve is enclosed in a semipermeable
polarized membrane. \When excited, the local area
arqund the stimulating electrodes is depolarized. Stimu-
lation apparently renders the surface temporarily per-
meable to the ions on each side of it, thus permitting
them to pass through the membrane and neutralize each
other. This depolarized area (labeled 0) is negative with
' Made available through the courtesy of Arthur Washell."

Y W. M. Rogers and H. O. Parrack, “Anatomico-physiological

studies on degenerating peripheral 4
ke g perip nerves,” Anat. Rec., vol. 73, sup. 2,

l
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respect to the inactive remainder of the nerve. Thus, a
difference in potential exists between the active and
resting regions. The depolarized area is rapidly rebuilt
by local currents from the inactive area. The region
adjacent to the active area becomes depolarized, result-
ing in a wave of depolarization at approximately zero
potential propagated along the nerve fiber (Fig. 4). This
self-propagating surface breakdown accompanies the
nerve impulse. For a brief time (0.4 to 2 milliseconds)
after the passage of the impulse, the repaired area is
refractory (Fig. 4). Stimuli falling within this refractory
period are imeflective.

Strong support for the “membrane theory” was given
by Lillic's"” experiments. He prepared an iron-wire
model which behaved like a nerve. The iron wire when
treated with strong nitric acid becomes coated with an
oxide film. When this coated wire was placed in a weak
acid solution which would cause a gradual disintegration
of an untreated wire, no chemical action resulted. The
coated wire was said to be in a passive state, comparable
to a resting nerve. The coated wire could be “stimu-
lated™ to activity by scratching the surface film or by
applving an electric current. This initiates an electro-
chemical reduction which sweeps down the wire. 1t is
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A—Schematic rcgnw*nmlion of the membrane or local circuit theory
B—Impedance changes, solid line—action potential, dotted line.

accompanied by an effervescence and the production of
a dark-colored lower oxide. By connecting two points
along the iron-wire model with a galvanometer the pas-
sage of an electric current can be demonstrated. If the
acid in which the model is immersed is of the proper
concentration a new oxide film reforms in the wake of
the reaction. A second stimulation will then cause a
repetition of the same phenomenon. The resemblance
of the reactions in the iron-wire model to those in a liv-
ing nerve is very striking. Both are surface phenomena.
Recent work of Cole and Curtis® also supports the mem-
brane theory. They measured the impedance changes
during activity in the giant nerve fibers of the squid. A
definite decrease of impedance occurs when the nerve
impulse passes any given point. This impedance change
occurs suddenly at the moment when the action poten-
tial reaches its maximum (Fig. 4B). They consider that
the breakdown consists in the sudden and simultaneous

1 R S. Lillie, “Trar_\smission of Physiolpgiml influences in proto-
plasmic systems, especially nerves,” Physiol. Rer., vol. 2, pp. 1-33;
January, 1922.

UK. S. Cole and H. J. Curtis, “Electrical impedance of nerve
during activity,” Nature, vol. 142, pp. 209-210; July, 1938.
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change of the membrane clectromotive force and con-
ductance which are closely associated properties of a
nerve. The current which flows through the membrane
reverses in direction at the same time that conductance
increases.' Impedence changes and potential differences
should both be regarded as electrical signs of nerve
function.

When alternating-current differences in potential are
recorded on a cathode-ray oscilloscope they cause a de-
flection for cach of a pair of grid electrodes in push-pull
arrangement. These two deflections are spoken of in
clectrophysiology as a diphasic action potential which is
bidirectional and whose alternate phases cross the zero
line (Figs. SA and 6). A steady current called the current

. r‘d ™ . -

l* LJ
Fig. 5—Simplified diagram of current (left side) and potential (right)
changes as recorded on a galvanometer and on a cathode-ray
ascilloscope (right) during passage of a nerve impulse. S indicates
the stimulating electrodes.

of injury may be obtained by crushing the area in con-
tact with the second grid electrode (crosshatched). This
mayv be recorded on the galvonometer but not on the
cathode-ray oscilloscope (Fig. 5F). If this preparation
is stimulated only one deflection will be recorded on the
cathode-ray oscilloscope. This deflection, called a mono-
phasic action potential is unidirectional (does not cross
the zero line) and will occur when the impulse (stippled
area) reaches the first electrode (Figs. 5G and 7). The
maximum deflection approaches the level of zero differ-
ence of potential (broken line). Due to crushing of the
nerve the impulse never reaches the second electrode.

CoNDUCTION RATE

In addition to measuring the amplitude and analyzing
the wave form we can study the conduction rate of the
nerve impulse. This may be done in several ways, one
of which is described below. The first of two pairs of
recording electrodes L, is in contact with the nerve

u H. J. Curtis, “Macleod’s Physiology in Modern Medicine,”

ninth edition, C. V. Mosby Company, St. Louis, Missouri, chapter 7,
“The Nerve Impulse.”
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distal to the stimulating electrodes. At some point distal
to the first pair of recording electrodes is a second pair
of recording electrodes L,. The diphasic wave recorded
by L, is nearer the shock effect than is the wave recorded
by L, (Fig. 6). A time recording superimposed on the
same figure permits us to compute the conduction rate
when the distances between S, L,, and L, are known.
It has been shown by Erlanger and Gasser! that the
conduction rate varies with the fiber size (Fig. 7B)"* and

Fig. 6-—Diphasic-action potential records.

with the temperature. The conduction rate of the largest
fibers (18u) in the nerves of bullfrogs and other cold-
blooded animals is 40 to 42 meters per second (Fig. 6).
In mammals and other warm-blooded forms, fibers of
the same size have a more rapid rate of conduction (90
to 100 meters per second). Most nerves contain fibers of
several diameters, each having a ‘different conduction
rate (Fig. 7). The smaller the fiber, the slower its rate.

The threshold necessary to excite the large fibers is
less than that required for smaller ones. Fig. 7A is an
action-potential record of the largest fibers, designated
as « in the sciatic nerve of a bullfrog. The stimulating
pulse of 3 volts was sufficient to excite every large fiber.
By increasing the voltage (4 to 6 volts) the group of
slightly smaller (14u) fibers were activated. The poten-

15 All photographic records used were made with a Leica 35-milli-

meter camera using an f/2 lens and either super XX or ultra-speed
film.
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tial from this group, designated as 8, appears as a sec-
ond, smaller elevation which follows the « spike along
the time axis since the smaller fibers have a slower con-
duction rate (25 meters per second).

One can observe that the amplification is the same for
the two records by comparing the alpha spikes. In Fig.
7A the voltage pulse, which reaches both grid leads at

Fig. 7—Monophasic-action potential records.

practically the same time, is entirely canceled. In 7B
the increased pulse (S) is barely discernible.

TRrRANSMISSION OF IMPULSE FROM NERVE TO MUSCLE

Where a motor-nerve fiber terminates on a skeletal
muscle fiber, it does so through a specialized ending,
called a motor end-plate. Around the nerve terminals is
a special substance which transmits the impulse across
the nerve-muscle junction and initiates changes in the
muscle fiber. When the nerve is stimulated in a normal
nerve-muscle preparation, action potentials may be
picked up from the nerve by a first set of recording
electrodes while the potentials from the muscle may be
recorded by a second set. Following prolonged rapid
stimulation, the muscle finally fails to contract when the
nerve is stimulated, but contracts when the muscle is
stimulated directly. Records taken from such a fatigued
nerve-muscle preparation show action potentials in the
nerve but not in the muscle, indicating that the motor
end-plate is the site of fatigue. The same principle has
been used in studying the cause of failure in degenerat-
ing nerve'® and in various drug experiments.

. W. M. Rogers and H. O. Parrack, “Influence of age on func-
tional survival of severed mammalian nerves,” Proc. Amer. Phystol.

fggg, p. 611P, listed in Amer. Jour, Phystol., vol. 126, no. 3, July,




Electrical Glass’
EDWIN M. GUYERT, ASSOCIATE, I.R.E.

Summary—Electrical glass offers the electronics engineer a
versatile working medium with useful applications in many types of
circuit elements, a dielectric with properties suitable for solving some
of his most perplexing problems in electrical insulation.

The behavior of electrical glass in direct-current and in alternat-
ing-current fields is discussed in terms of dielectric properties, con-
sidered as functions of field parameters and variables of ambient
condition.

Representative values are given in the form of curves which
illustrate the wide range of glass properties available for radio engi-
neering service.

INTRODUCTION

ROM a practical engineering viewpoint, glass is
Fsilica which has been rendered thermoplastic at a

convenient working temperature by admixture of
borate and alkaline oxide fluxes in combinations and
amounts carefully formulated to enhance certain specific
properties. The variety of shaping and forming opera-
tions thus made possible is unique among modern manu-
facturing methods.

Electrical glass is glass formulated to meet the special
requirements for optimum performance in a wide variety
of electrical applications. It serves the radio engineer in
four distinctly different ways:

(1) Asan insulator to confine the flow of electric current
in suitably restricted channels.

(2) As a conductor of electrical energy in the form of
alternating potential waves.

(3) As a storage medium for electric energy.

(4) As a vacuum or gastight envelope for numerous
electronic devices ranging from miniature radio
tubes to giant rectifier bulbs and including sealed
housings for such circuit elements as condensers,
resistors, and inductors.

But the glass characteristics necessary for successful
operation are not limited to electrical properties alone.
Thermal, mechanical, and even chemical properties
must not be neglected in the business of accurately
fitting electrical glass to the service which it is expected
to perform.

THERMAL STRENGTH

Since the insulation on high-powered, high-voltage
systems is sometimes exposed to thermal shock from
superficial electrical discharges or flashovers, good arc
resistance is an important criterion in the selection of a
serviceable material. The remarkably low coefficients of
thermal expansion of borosilicate glasses render them
highly commendable for this type of service.

MECHANICAL STRENGTH

In compression, glass is very strong, resisting with

* Decimal classification R281. Original manuscript received by
the Institute, May 29, 1944; revised manuscript received, September

15, 1944.
t Corning Glass Works, Corning, New York.

December, 1944

impunity crushing forces which would make metals and
other structural materials crumble or flow like wax.
Since glass is a very hard material, it breaks in tension
at lower stresses than it can safely withstand in com-
pression. Thus it is often possible, where great mechani-
cal strength is an important design consideration in an
electrical-insulation problem, to process the glass by
suitable heat treatment in such a manner that the out-
side exposed surface is under compression. When this is
done properly, the strength may be increased by a factor
of three or more.

It is the purpose of this discussion to analyze in terms
of characteristic properties those factors which deter-
mine the electrical behavior of glass in the difficult in-
sulation problems with which the radio engineer is fre-
quently confronted. In Part I the behavior of glass will
be considered in direct-current electrical fields. Part 11
will deal with glass behavior in alternating-current
fields, and in Part I1II certain special forms of electrical
glass will be described. From the wide range of glass
properties available, representative values will be given
to help in the selection of proper glasses for optimum
performance under various conditions of service.

PART 1

BEHAVIOR OF Grass IN DIRECT-CURRENT
ELEcTrIC FIELDS

In a unidirectional electrical field of constant intensity
the behavior of glass as an electrical insulator is de-
termined and controlled by four fundamental electrical
properties:

1. Surface electrical resistivity

2. Volume electrical resistivity

3. Specific inductive capacitance or dielectric constant
4. Dielectric strength

Although these properties are to be considered as char-
acteristic of the material, they are definitely modified
by ambient conditions. Thus the satisfactory solution
of an electrical-insulation problem involving glass, or
any other dielectric, requires knowledge of the basic
properties considered, not as single valued constants,
but as dependent variables in functional relationship
with one or more of four independent variables of am-
bient condition: (1) time, (2) temperature, (3) relative
humidity, and (4) atmospheric pressure.

SURFACE ELECTRICAL RESISTIVITY

Surface electrical resistivity is of primary importance
in all electrical insulation problems since it affects
directly actual performance in service. Due to the ad-
sorption of a moisture film, the surface electrical re-
sistivity of glass, while high in comparison with that of
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many other materials, is markedly lower than volume
resistivity. Thus chemical durability is an essential re-
quirement in good electrical glass since moisture-film
thickness and conductivity both are increased by soluble
products of unstable compositions.

Fig. 1 is a plot of representative values showing sur-
face resistivity as a function of relative humidity at 20
degrees centigrade for fused quartz, an ordinary lime
glass, and a high-quality horosilicate electrical glass.

The dotted line at the top indicates the order of ad-
ditional insulation (with respect to surface resistivity)
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Fig. 1—Surface resistivity as a function of relative humidity for
fused quartz, borosilicate electrical glass (Corning no. 774), and
lime glass (Corning no. 008).

which can be achieved by means of special surface treat-

ments.
VOLUME ELECTRICAL RESISTIVITY

Volume resistivity when measured in terms of current
flowing through unit path per unit of applied voltage,
in accordance with Ohm's law for metallic conductors, is
markedly affected in glass and other dielectrics by
several factors which must be specified to obtain valid
results. The current flowing at any instant after ap-
plication of the voltage is determined not only by the
instantaneous voltage and temperature which prevail at
the moment of measurement but is a function also of
the time which has elapsed since the initial application
of voltage, the previous electrical and thermal history of
the sample under test,! the composition of the glass, and,
in some instances, the composition of the electrodes used
to contact the glass.? This functional relationship be-
tween current strength and elapsed time of flow, called
dielectric absorption, has been known to students of
dielectrics beginning with Benjamin Franklin and stud-
jed since that time by an imposing list of famous
scientists.?

1 E. M. Guyer, “Electrical behavior of glass at room temperature,”
Jour. Amer. Ceram. Soc., vol. 16, pp. 607-618; December, 1933.

2 H. R. Kiehl, “Electrical conductivity of glass,” Physics, vol. 5,
pp. 363-369; December, 1934. > .

3 John Hopkinson, “Original Papers,” vol. 2, Scientific, Cam-
bridge University Press, London, England, 1901, pp. 1-153.

+]. B. Whitehead, “Lectures on Dielectric Theory and Insula-
tion,” McGraw-Hill Book Company, New York, N. Y., 1927, chap-
ter 2, pp. 18 et. seq.
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Dielectric absorption appears as a superposed tran-
sient current many times greater in magnitude than the
final true clectric conduction current by which it is
ultimately succeeded. In Fig. 2, a typical charge-and-
discharge curve for a lead borosilicate glass plate pro-
-vided on opposite faces with metal electrodes illustrates
several important facts with regard to dielectric ab-
sorption in electrical insulation.
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Fig. 2—Charge and discharge curves for a lead borosilicate glass
(Corning no. 772)

It will be observed that while a current of 160 X103
ampere flowed through the glass at room temperature
(20 degrees centigrade) one minute after application of
voltage, the current has dropped to 41.5X 10~ ampere
after twenty-five minutes of applied voltage. This de-
crease is current continues for hours depending upon
glass composition and temperature, the disappearance
of the anomalous current taking place faster -at higher
temperatures.

From this observation two things are clear. The con-
ventional arbitrary adoption of one minute of elapsed
time after the initial application of voltage is unsatis-
factory as a standard procedure for glass-resistivity
measurements. On the other hand, continued observa-
tions until the apparent change in resistivity has de-
creased to the limits of accuracy of measurement is im-
practicable where more than a very few samples are to
be measured. Fortunately there is a relatively simple
solution to this problem since in good electrical glasses
the dielectric absorption is reversible. Thus by plotting
two curves, one showing the charging current for an
interval of time which should be increased (within
limits) the greater the desired precision, and the other
the discharge current, after voltage removal for a
similar interval, it will be found that subtraction of
ordfnates of the discharge curve from corresponding
ordinates of the charge curve will yield values which ap-

Proximate the true conductivity. This procedure is
illustrated in Fig. 2.
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Volume resistivity of glass at ordinary room tempera-
tures varies widely with composition from glasses as low
as 10® ohm centimeters in resistivity to glasses as high as
10" ohm centimeters. The resistivity of a given composi-
tion at a fixed temperature may vary by a factor of 3
depending upon the degree of annealing or strain which
the glass has received, strained glass having lower re-
sistance than properly annealed glass.

At temperatures well above room temperature,
anomalous absorption currents become insignificant in
relatively short intervals of time so that these effects are
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Fig. 3—Volume resistivity as a function of temperature for borosili-
cate glass (Corning no. 774), lead glass (Corning no. 001), and lime
glass (Corning no. 008).

no longer troublesome in volume-resistivity measure-

ments. However, considerable time must be allowed,

even at elevated temperatures, for the glass to stabilize,
that is, attain a final constant value at the temperature
in question.?

Fig. 3 illustrates the variation in volume resistivity
of three representative types of glass: a lime glass, a
lead glass, and a borosilicate electrical glass, over the
wide temperature range from ordinary ambient tem-
peratures of 20 to 1500 degrees centigrade. The superi-
ority of the high lead and borosilicate clectrical glasses
over lime glass is evident.

Sprciric INDUCTIVE CAPACITANCE Ok DIELECTRIC
CONSTANT

Diclectric constant, defined as the ratio of the ca-
pacity of a given electrode configuration including a
specific dielectric to the capacitance of this same elec-
trode system in vacuum (without the dielectric), varies
with glass composition from a little less than 4 to values
of 16 and over.

In direct-current fields at ordinary room temperatures
dielectric absorption affects diclectric constant measure-
ments giving values which vary with the time of applied
potential or charging time. Curic and Compan® obh-
served increases in dielectric constant of 43 per cent from

¢ J.°T. Littleton and W. L. Wetmore, “The electrical conductivity
of glass in the annealing zone as a function of timne and temperature,”

Jour Amer. Ceram. Soc., vol. 19, pp. 243-245; Scptember, 1936,
* Curie and Compan, Comptes Rendus, vol. 134, p. 1295; 1902.
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7.89 to 11.25 for potash-lime glass for variations in time
of charge from 0.05 second to 10 seconds. At very low
temperatures (—75 degrees centigrade) dielectric con-
stant has been found to be independent of time of
charge. At ordinary room temperatures and above, di-
electric constant increases markedly with temperature
at rates which vary with glass composition, being least
in high silica and borosilicate electrical glasses and
greater in lime glasses containing substantial amounts
of alkali.

In addition to the obvious effect of high-dielectric-
constant glasses on the capacitance of the circuit ele-
ments into which they enter, it is to be noted that their
high-dielectric strengths may be of even greater sig-
nificance in energy-storage systems. Since the energy
which can be stored in a condenser varies as the first
power of the dielectric constant and the second power
of the voltage, a glass with twice the dielectric strength is
as effective as one with four times the dielectric constant.

DIELECTRIC STRENGTH

While the surface and volume resistivities together
with the dielectric constant each affect the behavior of
glass in direct-current fields of arbitrary intensity, the
important matter of how great the voltage can safely
be allowed to grow without danger of breakdown is de-
termined by the fourth property, the dielectric strength.
Of all four properties, dielectric strength is the most dif-
ficult of measurement and the least certain of interpre-
tation. A good deal has been written in the literature
on the physical mechanisms responsible for the complex
behavior but much remains to be established before
there can be satisfactory agreement between the differ-
ent theories so far advanced. Meanwhile, the engineer
must content himself with testing dielectrics for elec-
trical breakdown under circumstances as nearly identi-
cal with actual service conditions as possible, proceeding
cautiously when definite departures Ifrom *'these test
conditions are unavoidable.

The voltage gradient, across the dielectric, at which
electrical failure takes place varies with (1) the charac-
teristics of the ambient testing medium, (2) the nature
and manner of application of the impressed electric
field, and (3) the composition, form, and condition of
the glass sample under test.

Failure to specify the variables controlling each of
these separate factors accounts for the difficulty in cor-
relating much of the recorded data on dieletric strength.

Although a detailed analysis is beyond the scope of
this discussion, an excellent critical examination of this
complex problem has been given by Littleton and
Morey’ from which certain observations are here sum-
marized to help in the proper selection and treatment
of glass diclectrics for high-voltage service.

Because the dielectric strength of glass is much

71, 7. Littleton and G. W. Morey, “The folectrical Properties of

Glass,” [lohn Wiley and Sons, Inc., New York, N.Y., 1033, chapter
V, “Dielectric Strength.”
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greater than most other substances including the air
and conventional insulating liquids such as oil, used for
convenience to avoid surface flashover, the results ob-
tained in such tests are characteristic of the weaker
medium in which the glass is tested rather than the
glass itself.

What is actually measured is not so much dielectric
strength as corona resistance or the ability to withstand
bombardment with the ions from the localized dis-
charges occurring in the weaker gaseous or liquid
medium. Different glasses and even nonvitreous prod-
ucts with widely different dielectric strengths will thus
appear to have the same breakdown voltage, namely,
that of the oil in which they are tested, and in different
oils, will show as many different apparent dielectric
strengths.

The only remedy seems to be the application of special
techniques of measurement which ‘avoid the localized
discharges at points of nonuniform electrical stress con-
centration in the medium about the test electrodes.

In considering briefly the effect of composition, form,
and condition of the glass on dielectric strength, it
should be noted that it was not until procedures were
developed which eliminated edge effect that results were
available which were sufficiently consistent to separate
the controlling factors.

Glass temperature determines not only the magnitude
of the breakdown voltage but also the type of dielectric
failure. At low temperatures and with thin sections, glass
fails by purely disruptive breakdown, resulting directly
from electrical overstress of the dielectric without evi-
dence of internal heating.

At higher temperatures the breakdown is largely of
the thermal type. Dielectric heating becomes cumulative
as losses raise the temperature which, in turn, increases
the dielectric loss. The upper curve of Fig. 4 shows the
variation of the dielectric strength of lime glass with
temperature in the thermal breakdown region. Moon
and Norcross® working with samples of 200 micron
thickness found the following relative values of break-
down voltage in the disruptive region and thermal
breakdown region at 300 degrees centigrade for the four
types of glass illustrated.

TABLE I
g Disruptive kilovolts Thermal kilovolts
Kind of Glass per centimeter per centimeter
Fused-quartz glass 5000 560
Borosilicate glass 4800 200
Lead glass 3100 { 102
Lime glass 4500 32

As expected, glass compositions which show highest
electrical resistivity at elevated temperatures have, in
general, highest dielectric strength for thermal break-
down at the elevated temperatures. This does not imply
correlation, however, between dielectric strength and
electrical resistivity at low temperatures.

8 P. H. Moon and A. S. Norcross, “Three regions of dielectric
breakdown,” Elec. Eng., vol. 49, p. 762; April, 1930.
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Disruptive breakdown voltage increases directly with
thickness. Thermal breakdown gradient, on the contrary
decreases for thicker sections due largely to cumulative
overheating. This will be discussed further in consider-
ing glass behavior in high-frequency fields.
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Fig. 4—Breakdown voltage as a function of temperature for direct
current and for 435-kilocycle alternating current.

PART 11
BEHAVIOR OF GLAss IN PEeriopic ELEcTrICc FIELDS

The behavior of glass (and all other dielectrics) in
fields which vary periodically in intensity and direction
is dominated by the phenomena of dielectric loss.
Anomalous absorption currents are predominant over
conduction currents since the time of current flow be-
tween reversals of the field is, in practice, much shorter
than the time duration of the transient absorption cur-
rents. Dielectric absorption, plus conduction, trans-
forms electrical energy into heat since both represent
components of current flow in phase with the alternating
electric field, in contrast to the 90-degree phase relation
between the current and voltage vectors of a hypo-
thetical wattless condenser. Inasmuch as all properties,
electrical, mechanical, and chemical, vary with tempera-
ture, it is obvious that the primary factor which deter-
mines the rate of heat generation in the cyclically polar-
ized dielectric will control the consequent variations in
all of these properties. In operation at low voltages and
power levels, low-loss insulation is desirable to improve
circuit performance. At high voltages and power levels,
dielectric losses must be minimized not only to improve
circuit performance but also to avoid destruction of the
insulation itself by cumulative heating. Thus it is of
primary concern in the selection of high-frequency in-
sulation to know how much of the field energy will be
wasted in heating up the dielectric and how this will
affect the life and performance of the insulated system.

DIELECTRIC Loss

En.ergy. expended by the field in heating up the in-
sulation is represented vectorially by the dielectric

———
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power factor or loss angle which is the complement of the
phase angle between the impressed sinusoidal voltage
and resultant dielectric current. More specifically it can
be represented by the loss factor which is the product of
the tangent of the loss angle and the dielectric constant.®

Power loss in watts per unit volume of dielectric, per
cycle, per unit potential gradient, may be expressed
conveniently in terms of a numerical unit constant, and
the loss factor LF. Thus since the power loss varies
directly with frequency of the applied voltage and the
square of the potential gradient, power loss in watts per
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with temperature of loss factor, for a high silica and a
low alkali borosilicate electrical glass in comparison
with fused quartz.

While in most high-frequency insulation problems the
loss factor is the most important consideration, there
are some electrical-glass applications, such as capacitor
design, where knowledge of the behavior of each com-
ponent, the dielectric constant, and the power factor
considered separately, is of interest.

PowERr FACTOR

Power factor varies with glass composition, the fre-
quency of the applied field, and the temperature of the
glass. Fig. 5 shows this variation of power factor with
frequency for a low-loss borosilicate glass, a lead glass,
and for an ordinary soda-lime glass. Fig. 6 (left) shows
the behavior of the power factor with respect to tem-
perature.

Expanded plots for both dielectric constant and power
factor for several representative glasses measured in

LF x100—PF x1000 Dierecraic Consranr
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Fig. 5—Variation of power factor (PF), loss factor (LF), and di-
electric constant (DC) with frequency for borosilicate glass
(Corning no. 707), lead glass (Corning no. 001), and lime glass
(Corning no. 008).

unit volume may be calculated at any specified fre-:

quency and voltage by the equation:

P/V = 0.555LF-f-E,® (1)
where f is frequency in megacycles, E, is potential
gradient in kilovolts per centimeter, and LF is the prod-
uct of the dielectric constant (ratio without dimensions)
and tangent of the loss angle.

Fig. 5 shows the variation of the loss factor with fre-
quency over the wide range from 60 cycles to 10 mega-
cycles per second, for three representative glasses, a
high-quality borosilicate and a lead glass suitable for
radio service, and, for purposes of comparison, an ordi-
nary lime glass. The marked superiority of the radio
glasses is evident.

While in all cases the loss factor is relatively much
higher at the lower frequencies, the need for the higher-
quality glasses is nevertheless more urgent at the high-
frequency end of the spectrum since it is the actual loss
in watts per unit volume of dielectric which determines
radio field performance. An equally important con-
sideration is the variation of the loss factor with tem-
perature since dielectric heating increases dielectric
losses cumulatively. Fig. 6 (right) shows the variation

9 E. T. Hoch, “Power losses in insulating materials,” Bell Sys.
Tech. Jour., vol. 1, pp. 110-117; November, 1922.
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Fig. 6—Power factor and loss factor as functions of temperature for
fused quartz, borosilicate glass (Corning no. 707), and 96 per cent
silica glass (Corning no. 790).

round-robin tests in several different laboratories, over

a wide range of frequencies will be found in a paper

by Richards.!®

DieELECTRIC CONSTANT IN ALTERNATING-CURRENT
FI1ELDS

The dielectric constant of most glasses decreases as
the frequency of the applied field increases, the variation
being large for high-loss glasses and relatively much
less for low-loss electrical glass. Rising temperature in-
creases dielectric constant but the percentage increase
is less at high frequencies than at low.

This behavior is illustrated in Figs. § and 6.

SURFACE AND VOLUME RESISTIVITY

Surface and volume resistivity are of considerably
less importance in alternating-current fields than in
direct-current fields because of the relatively much

19 P, A. Richards, “Report on round-robin tests of power factor

and dielectric constant for glass,” Amer. Soc. Test. Materials Proceed-
ings, 44th Annual Meeting, vol. 41, pp. 1183-1197; June, 1941.
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greater magnitudes of the dielectric-displacement cur-
rents in comparison with the conduction currents. Un-
less ambient temperature and humidity are very high,
only a small part of the total dielectric loss in high-
frequency fields can be accounted for by electrical con-
ductivity.

Yager and Morgan!! have shown the part played by
surface and volume conductivity in determining glass
behavior in high frequency fields.

The family of curves in Fig. 7 (from their paper)
shows the variation in surface conductivity of a boro-
silicate electrical glass with relative humidity at dif-
ferent frequencies and temperatures. Surface conduc-
tivity is seen to increase with frequency and to a greater
extent at higher humidities than at lower. While surface
conductivity increases with ambient temperature this
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Fig. 7—Surface conductivity as a function of relative humidity
at different frequencies.

factor of increase is relatively small in comparison with
the changes due to variations in either the frequency or
the relative humidity.

DIELECTRIC STRENGTH IN ALTERNATING-CURRENT
FiELDs

At low temperatures and frequencies, under condi-
tions such that edge effect is properly eliminated and
breakdown is disruptive in character, most investi-
gators have found no difference in the dielectric strength
of glass whether determined by impulse test, in direct-
current fields, or in alternating-current fields, provided
peak voltage is used as the basis of comparison. Because
of the phenomena of dielectric loss, however, it is ap-
parent that thermal breakdown will play an in¢reasingly
important role in glass behavior in alternating-current
fields and that this fact will become more pronounced at
the higher frequencies. Thus dielectric failure in practice
is largely determined by the thermal parameters of the
glass system and ambient medium in addition to the

1t W. A, Yager and S. O. Morgan, “Surface leakage of pyrex
glass,” Jour. Phys. Chem., vol. 35, pp. 2026-2042; 1931.
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electrical characteristics of the glass and the diclectric
loss factor becomes an essential part of high-frequency
dielectric strength.

This is illustrated in Fig. 4 where the breakdown volt
age is seen to decrease at 20 degrees centigrade from
over 3000 kilovolts per centimeter for direct current to
less than 400 kilovolts per centimeter at 435 kilocycles.

The relatively much smaller difference between direct-
current and high-frequency breakdown at higher glass
temperatures is also apparent. Thus for the lime glass
in question there is no difference between high and low
frequency breakdown at temperatures above 240 degrees
centigrade.

A comprehensive summary of alternating-current di
electric-strength data on glass collected from many dif-
ferent sources and presented in convenient graphical
form will be found in a recent paper by Shand.!?

PART 111
SpeECIAL ForMs orF ELECTRICAL GLASS

Certain special forms of clectrical glass which are
rapidly finding useful applications in the electrical insu-
lation field are the product of new processes involving
radical departures from established methods of glass
fabrication are (1) fiber glass electrical insulation, (2)
multiform electrical glass, (3) VYCOR brand 96 per
cent silica electrical glass, and (4) new combinations in
glass-metal seals.

FIBER-GLASS ELECTRICAL INSULATION

Fiber glass, as applied in electrical-insulation tapes,
braided sleeving, electrical cloth, cordage, laminated
products, and mica combinations, owes its success to
the extraordinary tensile strength of fine glass fibers,
their resistance to temperature, and their desirable
electrical properties. Motors, gencrators, transformers,
reactors, relays, meters, and all manner of electro-
magnetic equipment have profited by the reduction of
winding space and higher safe operating temperatures
which fiber-glass insulation provides. Even after treat-
ment with suitable impregnating varnishes the marked
superiority of these inorganic fibers is still dominant over
comparable products similarly treated, as illustrated in
Figs. 8 and 9.

MuLTiFORM ELRCTRICAL GLASS

In the past the production of electrical glass parts by
conventional glass making methods- —blowing, pressing,
and drawing—have had definite limitations. Shapes
have had to be relatively simple and special design
features such as holes, grooves, or threads have been
major problems for the glassmaker. It has also been dif-
ficult with the conventional methods to hold close
tolerances in the dimensions of glass parts. The results
of these limitations in shape, design, and accuracy has

2 E. B. Shand, “The dielectric strengt - i i
viewpoint,” Elec. Eng., vol. 60, pp. 416—{19gl ;hl\olfagcl:%ssl ;‘il\ln S B
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been to preclude the use of glass in many applications
where the qualities of the material have been suitable.

A wide range of new applications of electrical glass
has been made available by the recent development at
Corning of the Multiform process of glass making, in
which successful production of intricate insulating parts
of unusual shape and with close dimensional tolerances
has been achieved. A number of glass compositions hav-
ing widely different characteristics are available and
have found applications in products ranging from small
insulating beads, running several thousand to the pound
to large insulators and bushings weighing 25 pounds or
more.

General dimensional tolerances are: large or heavy
pieces, intricate shapes, hollow cylindrical sections—
+ 2.0 per cent or 0.010 inch; flat plates, solid rods, disks,
beads, bushings— % 1.0 per cent or 0.005 inch, excepting
thickness which should be +4.0 per cent or 0.01 inch.
This glassware can be ground and polished to closer
tolerances when necessary.

Properties of glasses made by the Multiform process
are given in the following table in comparison with
glass No. 774 made by conventional processes.

The range of practical design of glass parts for all
manner of electrical-circuit elements from coil forms and
capacitors to fittings and internal insulating structures
for electronic tubes is enormously extended by the de-
velopment of the Multiform process.

Guyer: Electrical Glass
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TABLE II

GLASSES MADE BY MULTIFORM PROCESSES COMPARED TO No. 774 GLASS
MADE BY CONVENTIONAL PROCESSES

Multi- | Multi- | Multi- | Conven-
Process Glass No. Unit | form form form | tional
| 790 7761 | 707 774
Linear cocfficient expansion | perdegrees 7.5 33 | 32 33
(0-300 degrees centigrade) cen:)ig;ade ‘
X10~
Maximum service tempera- | degrees | 800 460 450 1 510
ture centigrade
Log R at 250 degrees centi- | ohm centi- ' 9.8 12.0 11.2 8.1
grade [ meters | |
Log R at 350 degrees centi- | ohm centi- 8.1 10.0 9.1 6.7
ade meters |
Powet factor at 1 megacycle | percent | 0.10 0.11 .08 | 0.42
20 degrees centigrade } to
0.18
Dielectric constant at 20 de- 4.0 4.0 4.0 4.7
grees centigrade 1 mega- |
cycle |

VYCOR BranD 96 PER CENT SILICA ELECTRICAL GLASS
No. 790

This glass is approximately 96 per cent silica and com-
pares favorably with fused quartz in thermal properties
and performance. For operations at very high tempera-
tures and insulating problems where high arc resistance
is desirable, it is a marked advance over all other glasses
with the exception of pure fused silica. Because of newly
developed methods of manufacture, glass No. 790 can
be fabricated and formed as an easily workable glass of
relatively low melting point after which a special
chemical process removes practically all constituents
except silica. A high-temperature firing subsequently
consolidates this porous shell into the finished ware. Its
properties are compared with other materials as shown
in Table III.

TABLE 111
.CHARACTERISTICS OF GLAss No. 790 COMPARED TO OTHER MATERIALS

96 Per Cent | Pyrex Brand

. h Fused
Physical Property Silica Glass Glass T
No. 790 No. 774 Silica
Softening point, degrees centigrade 1500 819 *1667
Annealing point, degrees centigrade 910 553 *1140
Strain point, degrees centigrade 820 510 *1070
Maximum operating temperature, de- 900 510 1000
grees centigrade
Linear coefficient expansion per de- 7.5X10°? 33 X107 *5.5X10°7
gree centigrade (From 0 to 300 de-
grees centigrade)
Specific gravity 2.18 2.23 *2.20
1.458 1.474

Index of refraction

*1.458

* General Electric Company.
New COMBINATIONS IN GLASS-METAL SEALS

As the large family of present-day electronic tubes
continues its rapid growth, both in number and variety,
the problem of sealing electrically conducting vacuum-
tight leads into the insulating glass envelopes of vacuum
and low-pressure discharge devices confronts the tube
engineer with ever greater frequency. Rising power
levels demand larger conductors in these seals, as do
the newer circuit elements such as vacuum capacitors,
which must carry many amperes of circulating current
in tuned tank circuits. Higher plate voltages on power
tubes and high-voltage vacuum switches, relays, and
circuit breakers put greater dielectric stress on seals and
envelopes alike. Thus glass-to-metal seals, while old to
the glass art, are of constantly increasing importance to
the radio engineer.
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The basic requirements which glass and metal proper-
ties must meet for satisfactory seals in modern electrical
service are:!3-10

(1) There must be strong adhesion at the glass-metal
interface. This generally involves solution by the glass of
a tough adherent oxide coating formed by suitable treat-
ment of the metal.

(2) The relative expansion coefficients must be so
related that residual stresses are less than the tensile
strength of the glass. In this connection, it is to be noted
that the necessity of expansion matching applies over
the temperature range up to the softening point of the
glass. Even with properly matched expansion coeffi-
cients, glass-to-metal seals will not be free of strain un-
less properly heat-treated after the sealing operation is
completed.'’

Seals to specially prepared edges of ductile metals!s
preceded more recent matched expansion glass-metal
combinations and are still used in many applications.

(3) The metal must be sufficiently conducting to
carry the currents required in service without overheat-
ing and to permit electrical welding or other desired
metal bonding operations with connected circuit ele-
ments or associated structural parts. X

(4) The glass must have sufficient stability, chemical
durability, electrical resistivity, and low dielectric loss
at operating temperatures to avoid electrical failure
either by conduction augmented by electrolysis or by
thermal failure due to cumulative high-frequency heat-
ing.

Credit for fulfilling these exacting and often mutually
antagonistic requirements belongs jointly to the glass
technologist and metallurgist, whose co-operative re-
search has provided the tube engineer with a wide
variety of useful combinations, ranging from glasses to
match cold-rolled steel at 137 X 10-7 centimeter per de-
gree centigrade, per unit length to tungsten at 45X 10-7.
Details of proper procedure for making glass-to-metal
seals have been published.!?—20

Still another form of hermetic sealing of glass to

13 H. Scott, “Recent development in metal sealing into glass,”
Jour. Frank. Inst., vol. 220, pp. 733-753; December, 1935.

¥ A, W. Hull and E. E. Burger, “Glass-to-metal seals,” Physics,
vol. 5, pp. 384—411; December, 1934,

* W. E. Kingston, “Low expansion alloys for glass-to-metal
seals,” Trans. Amer. Soc. Metals, vol. 30, pp. 47-67; March, 1942,

' A, W. Hull, E. E. Burger, and L. Navias, “Glass-to-metal seals
11,” Jour. Appl. Phys., vol. 12, pp. 698-707; September, 1941.

17 J. T. Littleton, “The effect of temperature treatment on glass-
to-metal seals,” Jour. Amer. Ceramic Soc., vol. 18, pp. 239-245;
August, 1935,

18 W. G. Houskeeper, “The art of sealing base metals to glass,”
Trans. A.I.E.E. (Elec. Eng., vol. 42, June, 1923), vol. 42, pp. 870-
877; June, 1923,

1], Strong and Collaborators, “Procedures in Experimental
Physics,” Prentice-Hall, Inc., New York, N. Y., 1938, chapter 1.
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metals has been developed which permits the attach-
ment of metal parts or fittings to glass electrical bush-
ings, by soldering to metallized glass.” This process is
finding current application to provide hermetic seals for
leads and terminals on metal cases of transformers and
condensers, permanently attached windings of fixed
characteristics for high-frequency coils, glass condenser
electrodes, and conducting screens for high-voltage or
high-frequency electric fields.

CONCLUSIONS |

The data on glass properties brought out in the pre-
ceding discussion may be summarized as follows:

(1) Surface resistivity varies with composition, tem-
perature, and relative humidity from 10" to 107 ohms.
With alternating-current potentials surface resistivity
decreases as frequency increases.

(2) Volume resistivity at room temperature varies
from 10" to 10® ohm centimeters with glass composi-
tion. As temperature increases to the melting point all
glasses become electrically conducting molten electro-
lytes with resistivities of a few chms or less.

(3) Dielectric constant in direct-current fields varies
with time of charge. In alternating-current fields the
dielectric constant of glass varies from less than 4 to
over 16. |

(4) Power factor of glass varies from 0.05 per cent or M
less for good borosilicate electrical glass to several per ||
cent for alkali glasses.

(5) Loss factor varies from 0.0021 for low-loss elec-
trical borosilicates at radio frequencies to over 50 for
alkali-lime glass at 60 cycles.

(6) Dielectric strength is very high when edge effect
and breakdown of the ambient medium are eliminated |
by proper design.

(7) Special forms of electrical glass of recent develop-
ment which are finding wide application in insulation |
problems include (1) fiber-glass tapes, braided sleeving,
cordage, laminated products, electrical cloth and mica
combinations, (2) multiform glass parts of intricate
shape and accurate dimensions, (3) VYCOR Brand 96
per cent silica glass products in clear form and multi-
form, and (4) a wide variety of glass-to-metal seal com-
binations including metallized glass for soldered bushing b
and terminal connections, and permanently fixed coil
windings and electrodes.

* Corning Glass Works Publication, “L i
with Pyrex Brand Glass,” pp. l7l~1a8;|013'38. aboratory Gias: SRS
2 D. E. Newton, “Methods of hermetic sealing,” Part 1, FAl

Radio Electronics, vol. 3 . 22-25; 1 g
BT o oad pPp i June, 1943; Part 11, vol. 3, pp. |




The Design of an Intermediate-Frequency System

for Frequency-Modulated Recervers’
WILLIAM H. PARKER, JR.{, ASSOCIATE, LR.E.

Summary—With a possibility that the present frequency-modu-
lation wave band may be increased in width it has become imperative
that an intermediate-frequency amplifier operating at a frequency
higher than that most commonly in use at present, 4.3 megacycles,
be developed. Stability both as to performance and permanence of
adjustment govern the choice of frequency and restrict this choice to
a definite maximum value. Design data are given in this paper for
an amplifier operating on 8.25 megacycles which satisfies the stability
conditions, and gives the required performange.

INTRODUCTION

YADIO receivers designed for the reception of fre-
R quency-modulation broadcasts are usually of the
superheterodyne type employing a stage of radio-
frequency amplification followed by a frequency con-
verter and with two stages of intermediate-frequency
amplification preceding the limiter and frequency dis-
criminator. The band of frequencies assigned to these

CONVERTER I.F. AMP.

.F.AMP.

plifier is expressed by the ratio of the voltage needed at
the limiter for effective operation (approximately 2
volts) to the voltage appearing at the input to the con-
verter tube from an assumed S5 microvolts at the an-
tenna terminals. The gain is of the order of 40,000 times
assuming a total radio-frequency gain of 10.

As a selectivity requirement, the amplifier must allow
passage of modulation frequencies to +100 kilocycles,
from the carrier with a minimum of attenuation and
then must attenuate as rapidly as possible thereafter.
Previous experience with 4.3 megacycles has indicated
that an attenuation of 6 decibels, 75 kilocycles removed
from the carrier, will result in no observable output
distortion. Under this condition, an attenuation of 30
decibels at 200 kilocycles removed from tune can be
achieved in design and will result, from a field stand-

LIMITER  DISCRIMINATOR

OUTPUT

i—oA.F.

Fig. 1—Schematic for frequency-modulation—intermediate-frequency amplification.

transmissions, namely, 42 to 50 megacycles, dictates a
value of receiver intermediate frequency somewhat
greater than 4 megacycles in order to avoid image inter-
ference from other frequency-modulation transmissions.
With a view to the possibility that the frequency-modu-
lation band may be extended beyond 50 megacycles, and
also with an idea of standardizing with television
receiver practice, an intermediate-frequency value of
8.25 megacycles in superheterodyne receivers seems in
order. This discussion is limited to the problems arising
in the design of the intermediate-frequency amplifier
when two stages are employed using a frequency of 8.25
megacycles, and to the transformer design problems in-
volved in coupling a limiter to a frequency discrimi-
nator.

THE INTERMEDIATE-FREQUENCY AMPLIFIER
The gain required in the intermediate-frequency am-
* Decimal classification: R363.1. Original manuscript received by

;};e {gstitute, July 25, 1944; revised manuscript received, September
, 19044,

t Stromberg-Carlson Company, Rochester, New York.

December, 1944
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point, in a practical degree of selectivity. These condi-
tions dictate the requirements for an intermediate-
frequency amplifier operating at 8.25 megacycles.

Several factors govern the gain and the selectivity
of the intermediate-frequency amplifier when the value
of the intermediate frequency is established. These are
principally (a) the mutual conductance of the amplifier
tube and its interelectrode capacitance, (b) the number
and Q of the tuned circuits, and (c) the ratio of induc-
tance to capacitance in the tuned circuits.

The mutual conductance of the amplifier tube enters
into the gain as a first-order effect. The interelectrode
capacitance (i.e., between control grid and plate) acts
to limit the maximum gain by introducing regeneration
effects.!

The gain factor of an amplifier tube may thus be
considered as directly proportional to g, and inversely
proportional to C,,. Three types of tubes have been
proposed for amplifier service. A comparison of their

1J. A. Worcester, Jr., “Double superheterodyne for FM re-
ceivers,” FM Magazine, vol. 4, pp. 15-18, 58—60; March, 1944.
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properties may be of interest. The superior propertics of
the type 6SG7 tubes are obvious and this type was
accordingly selected for use in the amplifier.

TABLE |
‘T_ubc Type | £m | Cop Gain Factor
6SK7 2000 0.003 | 667
6SG7 4000 I 0.003 1334
6ACT 9000 0.015 600

The intermediate-frequency amplifier comprises three
amplifying tubes, including the converter, and three
interstage transformers of double-tuned-circuit design.
The schematic is shown in Fig. 1. The individual stage
gain is expressed by the relation, when the coupling
coefficient k is at the critical value?

stage gain =g,,.(w\/L1L2\/Qle)/2

¢ = mutual conductance of the amplifying tube

w = angular value of the intermediate frequency

L, =inductance of the primary circuit

L,=inductance of the secondary circuit

Q1 = figure of merit of primary circuit

Q. =figure of merit of secondary circuit
By design considerations L, is made equal to L., and Q,
is made equal to Q,, which reduces the expression to
stage gain=g.(wLQ/2). ]

The individual stage selectivity is a function of the
circuit Q, and the over-all selectivity requirement previ-
ously stated is attained by using appropriate pairs of
selective circuits in individual transformers. It then
becomes necessary to balance the influence of Q in stage
gain against its effect on selectivity. The maximum an-
tenuation requirement of 30 'decibels at 200 kilocycles
removed from tune resolves to an individual stage at-
tenuation of 10 decibels. By reference to convenient
data based on the attenuation as a function of the num-
ber and Q of the circuits and deviation from mid-
frequency, the required value of Q is found®* to be 45.

The ratio of inductance to capacitance chosen for the
tuned circuit is a compromise between amplifier stage
gain and stability. The tuning inductance should be
high so as to provide adequate stage gain, but on the
other hand, the tuning capacitance should be high in
order to minimize the effects of changes in capacitance
with temperature in the tube, the socket, and the as-
sociated wiring. Experience has indicated that not less
than 35 micromicrofarads should be included in the
total shunt capacitance to allow stable operation and
optimum gain. At 8.25 megacycles, the circuit induc-
tance is thus 10.5 microhenries.

The total gain requirement of 40,000 results in an
individual stage-gain requirement of slightly more than
34, assuming equal gain in all stages. This is only ap-
proximately the case, since the gain in the converter and
the gain in the stage preceding the limiter are less than

:F. E. Terman, “Radio Engineers’ Handbook,” NcGraw-Hill
Book Company, New York 18, N. Y., 1943, section §, paragraph 19.

3 See section 3, paragraph 5, of footnote reference 2.

4 “Radiotron Designer's Handbook” (third edition) edited by
F. Langford Smith, published by Wireless Press for Amalgamated
Wireless Valve Company, Sydney, Australia, 1942, p. 128.
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in the normal intermediate-frequency stage. The load
conditions in the converter and limiter stages are not
the same as in a normal intermediate-frequency ampli-
fier and thus a different adjustment in coupling is re-
quired in order that the desired selectivity and gain be
realized. Referring to the expressio® for stage gain, and
inserting established circuit constants, a gain of 49 is
calculated for the interstage intermediate-frequency
amplifier. This result was experimentally verified. By
suitable adjustment of coupling, a conversion gain of 27
was realized, and in the stage preceding the limiter a
gain of ncarly 30 was obtained. The net over-all gain is
thus computed to be 39,800 which is in close agreement
with the specification.

THE INTERMEDIATE-FREQUENCY TRANSFORMER

Experimental work led to the development of inter-
mediate-frequency transformers embodying the circuit
constants cnumerated. The data are tabulated as

follows:
Coil form diameter e . L) &z inch
Wire size. . no. 36 B&S gauge enamel

Type of winding solenoid, single layer
Number of turns (primary). ..... ..... 34372
Number of turns (secondary). ... ... . b3
Distance between inside turns of windings..23/64 inch
Shield container 1§ inches square on sides

Q of windings, in air +/3
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Fig. 2—Selectivity characteristic 8.25-megacycle
intermediate-frequency amplifier.

The measured gain of the first intermediate-frequency
stage with the transformer described was 55, and that of
the second stage (operating into the limiter) was 31.
The selectivity characteristics of one, two, and three
stages, both calculated and measured are shown in Fig.
2. The selectivity is measured between the second inter-
mediate-frequency-amplifier grid and the limiter input,
between the first intermediate-frequency-amplifier grid
and the limiter input, and between the converter grid
and the limiter input as indicated.

A word might be said as to the need for electrostatic
shielding between transformer windings. In the absence
of a shield, the capacitive coupling in the design

A




described is approximately the same order of magnitude
as the inductive coupling. Capacitive coupling makes
difficult the attainment of a symmetrical selectivity
curve. Also effective coupling between the windings

agnagg

m—

L
=y

2-36 BRASS MACHINE SCREW
GROUNDED TO FRAME

Fig. 3—Intermediate-frequency transformer, 8.25 megacycles.

changes rapidly with spacing and the desired coupling
is difficult to obtain and to maintain in production. The
simple expedient of a brass screw inserted axially in the
coil and connected toa frame proved a satisfactory means
of minimizing the disturbing electrostatic coupling. A
typical transformer construction is shown in Fig. 3.

THE DISCRIMINATOR TRANSFORMER

Derivation of the audio voltage from the frequency-
modulated signal is accomplished in the discriminator
network following the limiter. Due to its simplicity and
ease of adjustment, the well-known Foster-Seeley circuit
is used. A transformer for this service was designed. Its
specifications follow :

Coil-form diameter o R TRED

Wire size (primary and secondary)............ :
il _no. 38 B&S gauge single silk enamel
Type winding (primary) universal (64/66 gears)

Type winding (secondary) . .solenoid, single layer

Number of turns (primary). . ... ........... WEN35
Number of turns (secondary). . .. . .58
Shield container . . .. .12 inches square on sides
Q of primary inair. .. ... .. L% S S5 et OO
Q of secondary inair..................a e 65

The voltage-input versus output-frequency change
is shown in Fig. 4. These data were obtained by intro-

{84 +
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g ! {1751 252 1 JFs
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— £ —601P - =

Fig. 4—Discriminator characteristic, 8.25 megacycles.

ducing a frequency-modulated source at the limiter
grid and observing the direct-current change in the dis-
criminator output as the modulation index was changed.
A carrier level of 2 volts input was used. The charac-
teristic is observed to be linear to +75 kilocycles from
the center frequency, with some departure from linear-
ity between +75 to 100 kilocycles from the center
frequency.
CONCLUSION

The intermediate-frequency amplifier of the design
described was installed in several experimental receivers
previously designed for 4.3-megacycle operation. Satis-
factory results were obtained. The receivers were uni-
form in performance, and indications are that no dif-
ficulties due to instability will arise when the receivers
are built in production.

Triode Linear Saw-Tooth-Current Oscillator
LEONARD R. MALLINGT, ASSOCIATE, L.R.E.

Summary—TIt is shown that a triode may be used for generating
a linear saw-tooth current when coupled to a suitably designed trans-
former. The triode is operated on a hitherto unused portion of the
E,/I, characteristics, notably the positive-grid region where the
E,/I, characteristic is a straight line of slope R=E;/I;. While the
over-all efficiency of the oscillator is low, it is shown to be inherently
more efficient than conventional scanning systems operating in the
negative-grid region. Improved operating conditions and circuit ef-
ficiency may be obtained by the use of an inverted diode. The losses
in a typical triode-scanning oscillator are analyzed and individually
computed for a given design. Attention to these individual circuit
losses should enable designs to be made of considerably higher
efficiency.

* Decimal classification: R355.9. Original manuscript received by
the Institute, February 23, 1944; revised manuscript received, July
24, 1944 ; revised manuscript received, September 25, 1944,

t 127 Argyle PL., Scattle 3, Washington.

December, 1944
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ANY diverse methods are used for the genera-
M tion of saw-tooth currents for sweeping cathode-

ray tubes. It is no?generally realized, however,
that a triode vacuum tube using a suitably designed
magnetic and electric circuit is capable of producing a
linear sweep with a high degree of cfficiency and sim-
plicity of circuit design. Like the triode sine-wave oscil-
lator, the frequency and wave-form characteristics are
almost completely determined by the feedback trans-
former design. The use of the triode oscillator for mag-
netic scanning was first proposed by Philo 1. lFarns-
worth,! modifications being made later by other workers
in the field, notably G. R. Tingley and A. 1. Gilbert.

1 U. S. Patent No. 2,059,683, November 3, 1936.
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The salient design features that affect linearity and ef-
ficiency will be discussed in detail with an analysis of
the tube operation.

DEscripTiON OF Basic Circuilt

Fig. 1 shows the basic circuit of the triode saw-tooth-
current generator. The ratio of L/C is high and the two
windings of the transformer are tightly coupled on a
closed iron core. Oscillations in circuits of this type were
first discussed in a paper by Vecchiacci® who presented
oscillograms showing that while the plate and grid
voltages would exhibit pulse characteristics the plate

Fig. 1—Basic saw-tooth current-generator circuit.

i O

(a) Current in Lg.

Y e 7

(b) Current in Lp.

(4) Voltage at plate of V1.

Fig. 2—Current and voltage wave forms in circuit of Fig. 1.

and grid currents would be of substantially saw-tooth
wave form. Operation of this class of oscillator is char-
acterized by two modes of oscillation, a vigorous single
sine-wave-voltage oscillation of frequency given by
|w?| =1/LC followed by a period of heavy grid current
lasting several such cycles during which these voltage
oscillations are effectively damped out and a saw-tooth
current generated. The length of this damped period
which fixes the frequency of the saw-tooth current oscil-
lations is determined chiefly by the transformer design
but is also influenced by the applied bias. The sine-wave-
voltage oscillation frequency is determined entirely by
the LC product of the circuit components. These two
modes of oscillation are illustrated in Fig. 2 which gives
the voltage and current waveforms existing in the basic
circuit.

Fig. 3, an equivalent of circuit for Fig. 1, shows the

2 F. Vecchiacci, “Oscillations in the circuit of a strongly damped
triode,” Proc. I.R.E., vol. 19, pp. 856-873; May, 1931.
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manner in which the vacuum tube acting as a switch
changes from the heavily damped period 4 to the short
oscillatory period /;. When the switches are closed C is
quickly charged and a high current established in
R,. Then, as current is gradually established in L,, the
voltage across it drops, and the current in R, drops. If L,
is replaced by a two-winding transformer, I, starts as
the reflected I, and increases. I, starts as some high

81 sz olosed for sos mning period ‘l

sl 52 open for retrese peried ¢,

Fig. 3—Equivalent circuit for saw-tooth-current oscillator.

value and decreases. The period ¢, may be considered as
a long direct-current charging period in which the plate
current increases exponentially through the inductance
L, which will induce a similar current in L,. However,
owing to the grid-current characteristics of the vacuum
tube, the current in L, does not follow exactly the plate-
current variations. Assuming for the moment a linearly
falling current in L, a steady positive potential ¢, will
be induced across L, given by

e, = — L,(di,/d?). (1)
The bias is set so that this voltage drives the tube into
the positive-grid region for the whole of the scanning
period . The I,/E, characteristics of a typical triode
operating in the positive-grid region are shown in Fig. 4

E high 4ve

/
\, | B, nedium +ve

Fig. 4—Plate-current—plate-voltage and grid-current characteristics
for the positive-grid region.
and the operating region that is of interest for our pur-
pose lies between zero plate voltage and the voltage
indicated by the dotted line E,, representing a scanning-
time excursion #. Over this part of the characteristic the
tube is acting substantially as a pure resistance with an
equation of the type R,=E,/I, being satisfied. The
plate and grid impedance will be of the order of a few
hundred ohms for triodes of the power-output class.
However, it will be noted that the grid impedance given
by v, = de,/di, (2)
changes markedly over the working region defined, so
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that as I, rises r, rises and thus accelerates the falling
off of the grid current. By suitable choice of circuit
parameters the current in L, can be made to decrease
linearlv. The effect of grid loading on I isshown in Fig. §.

iasurrieient grid
losdimg ohange

Toe high
grid loading
shange

optisus

Fig. S—Effect of vanable-grid loading on secondary
current in transformer.

APPLICATION OF TRIODE OSCILLATOR TO SCANNING
ProBLEMS

In order to utilize the saw-tooth current existing in
the transformer windings, some form of magnetic circuit
is required to enclose the cathode-ray tube neck. The
leakage flux may be used direct as shown in Figs. 6a and
6b, or separate scanning coils may be used as shown in
Fig. 6¢. A typical triode-oscillator circuit designed for
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indings
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S1de View Baguetie Cireuit

/
Froct Jeetien
View
Fig.Ge. Bagnetie Circuit using Closed Yode.
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F15.60. Magretie Cirouit using Open Yoke.
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| B
(==
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Cotde »
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Tiew
}. Fig 6¢. Use of Separate Scanning Coils.

Fig. 6—Types of magnetic circuit for use with cathode-ray tube.

high-scanning frequencies is shown in Fig. 7 and func-
tions in general like the basic circuit of Fig. 1 except
that the diode rectifier modifies the behavior of the volt-
age oscitlation and separate scanning coils are used. The
capacitance C of Fig. 1 now becomes the sum of the tube
and stray capacitances, making the L/C ratio as high
as is practically possible. The negative-plate excursion
of Fig. 2(d) is now eliminated by the diode as when the
plate swings negative the diode draws current thus
charging the capacitance C. The energy so obtained is
available for conversion into the magnetic field of the
scanning coils, see Fig. 8. The energyv relation is given by

Malling : Satw-Tooth-Current Oscillator
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W, = 1/2 CE.? joules (3)
where E, = — LJ{di,/dn (1)

and L, is the scanning-coil inductance and ¢, the scan-
ning-coil current. Heater current for the diode may be
taken direct from the scanning transformer when the
heater-power requirements are low. Negative bias to the

.‘i I
.it‘ '[ |

Y

Sehematic diagram of typical scan oscillator
designed tor high scan frequencs

€, added capacitor to balance €, €y, (4 by -pass capacitofs
Cy conl coupling L. scanning coils
Cy Co stray capacitancs R, scan-frequency control
Ry scan-amplitude contml

triode is supplied by the direct-current drop in the
variable resistor R, which is bv-passed for scanning
currents. The resistor Ry is used for control of scan am-
plitude. Fine control of scanning frequency is obtained
by adjustment of R,. Increased bias decreases the ex-
cursion into the positive-grid region shortening the time
over which the plate-current swing is linear and de-
creasing the linear charging period ¢, This gives a higher
scanning frequency and vice versa. The retrace time
will remain constant, being controlled entirely by the
LC components so that the percentage retrace time will
vary with scanning frequency. Svnchronization is best
accomplished by coupling direct to the grid through a
diode and using a negative synchronizing pulse. By
connecting the diode plate direct to the grid negative
synchronizing pulses pass to the grid but negative oscil-
lation potentials are prevented from passing back into
the synchronizing circuits. In cases where precise timing
is not important a third winding may be added to the
transformer and coupled in the plate circuit of the syn-
chronizing tube in such phase as to give the required
negative synchronizing pulse at the grid of the triode.

An attempt is made in the following brief analysis of

Current oa;;ITws Current supslied

vy triaxde ty trisde
/MI :
/ W 7 V
Supsliet by di10de
{a) without Diocde () uwith 21ode

Fig. 8—Part of the scanning current is supplied by
efficiency diode of Fig. 7.
circuit losses to show how power is dissipated in the
various circuit components and the relation that these
circuit losses have to the power actually used for scan-
ning. The losses and efficiency of the circuit of Fig. 7
may be conveniently analyzed by means of the equiva-
lent circuit diagram of Fig. 9. The effective load on the




756

oscillator will be the grid resistance of the vacuum tube,
and it is this load which is the effective plate load of the
oscillator tube when considering power relationships.
The scanning coils may be considered as a factor affect-
ing the power factor only when considering total losses.
For constant grid voltage and zero leakage reactance in
the transformer maximum power into , will be delivered
by the generator of Fig. 9 when rp=r, X, and X,
being assumed high. However, the leakage inductance
L, modifies this relationship so that maximum power
would be delivered when r,= X ;.. The leakage reactance
is usually sufficiently high to prevent the latter from
being realized as too high a transformer ratio would be
required making the effective C too high. The ratio
should also be kept low so that the ratio of leakage

ik

Fig. 9—Equivalent circuit for high scanning frequency. 1:1 trans-
former ratio assumed.

reactance to coil inductance L, is low in order to mini-
mize loss of the reactive scanning power. i
The ratio of the current in the load without matching
to the load current with perfect matching is given by
 [4ro/(r + X)) o
1+ [rp/(ro + jX 1)
Some knowledge of the circuit constants is necessary
to determine the losses and the circuit efficiency. The
scanning-coil inductance is given by
L, = 1/w®C henries (6)
where wg is given by
fo=1/2t @)
and ¢, is in seconds.
The field intensity required to deflect the beam
through half the total scanning angle is given by
H = 3.36V"%sin B/I, gauss (8)
where 8 is the half-scan angle, V the second anode po-
tential, and /. the coil length.
The ampere-turns required in the scanning coils to
produce this field
NI, = (1/0.4x)Bl,. (9)
B =11 for this particular case where the field is in air.
The mean length of the gap
I, = #d/4 approximately (10)
where d is the over-all diameter of the cathode-ray tube
neck. Knowing the number of turns in the coil enables
the coil current to be determined and allowing for the
transformer ratio the peak tube plate current can be

found
[L,= [’/n, (11)

The positive-grid potential to give a linear relation
E,/I, over this plate-current range can be found from
the tube characteristics.
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The over-all efficiency of a scanning system may be
defined as the ratio of the power required to sweep the
beam to the input power delivered to the scanning
system. The energy required to sweep the beam in one
direction per cycle

W. = (1/2)L.J.* (12)
where I,=root-mean-square saw-tooth current and
Itms = Inax/V/3. The power used for creating the mag-
netic field at a frequency f, is given by

P, = f,IV, watts. (13)

The input power to the system is of course given by the
product E,I, direct current and the difference between
this figure and that given by (13) represents the losses.
These losses may be broken down into those introduced
by the transformer, tube losses, and mismatch losses.

At low frequencies the transformer losses in a scan-
ning system are mostly copper losses and at high fre-
quencies mostly iron losses. The core loss is the sum of
the eddy current and hysteresis losses W.= W,+ W,
=K:f.+K.f.* where K and K, are hysteresis and eddy-
current factors dependent on the iron used. The eddy
current losses W, = (72/6p)b%f,2B .10~ watts per cubic
centimeter and the hysteresis losses W) = nf, Bua:! 610~7
watt per cubic centimeter where ¢ =thickness of lami-
nations meters, B... gauss, p =ohmmeters, n =a
constant, which for silicon steel may be taken as 0.001.
A useful approximation for the core losses may also be
made by extrapolation of the manufacturer’s curves
given for lower frequencies.

The tube losses are the plate loss

W, = (Imnle's)Rp (14)
and the grid loss
Wy = I,,*R,.

The mismatch losses are given by (5).

(15)

PracrticaL Design

A preliminary series of approximations will be made
on a typical design to indicate the nature of the problem
involved and the magnitude of the various losses. The
data are shown in Table I.

TABLE |

Scanning frequency 15,000 cycles i

Co Rt St Lt s ycles per second, 10 per cent retrace time
Triode oscillator tube
Second anode potential
Length of trace
Scanning-coil length
Scan transformer

6L6 triode-connected
7000 volts
6 inches
f inches
-4-to-1 ratio, cross-section area 1 square inch, core
length 54 inches 3

The circuit to be used will be identical with that
shown in Fig. 7.

The energy required to sweep the beam at 15,000
cycles per second will first be determined. To do this the
scanning-coil inductance anq the root-mean-square saw-
tooth current flowing in the coils must be evaluated.
The frequency of the free oscillation period fo=175 kilo-
cycles from (7) and assuming C =100 micromicrofarads
the scanning-coil inductance L, =45 millihenries from
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(6). The scanning-coil current can be determined from
a knowledge of the magnetic scanning field and the turns
comprising the scanning coils. From handbook data on
the 7 CP1 and the length of trace given above, the half-
scan angle becomes 23 degrees for a radius of deflection
of 7 inches. Thus from (8) H=21.6 gauss, or the total
field required for full sweep is 43.2 gauss. From (9)
and (10) 95 ampere turns are required in the scanning
coils for creating this field of 43.2 gauss. Assuming
simple square scanning coils of square cross section
bent to fit the tube neck and surrounded by a thin
circular iron shield the total number of turns may be
estimated at 740. This gives a peak current of 128
milliamperes or a root-mean-square saw-tooth current
of 74 milliamperes. Thus from (12) the energy required
to sweep the beam W, =124 microjoules and the power
used for creating the field at a frequency of 15,000
cycles is 1.86 watts from (13).
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Fig. 10— Characteristics of 61.6. Triode connected. Positive bias.

It will be of interest to see how much of the energy
required to sweep the beam is supplied by the diode.
From (4) the voltage developed across the scan coils
E.=860 volts so that the energy stored W,=37 micro-
joules or 30 per cent of the total scanning-power re-
¢uirements.

The correct operating characteristics for the oscillator
tube may now be considered. The peak current flowing
in the primary or plate winding of the transformer allow-
ing for the 1.4-to-1 transformer ratio will be 92 milliam-
peres. The positive bias required to obtain a substan-
tially linear I,/E, relationship up to this current for
the 6L6 is of the order of 17 volts, and Fig. 10 shows an
E,/I, curve for the 6L.6 with these conditions. Corre-
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sponding grid-current curves are also shown. From these
curves it can be seen that R,=470 ohms and that the
grid resistance varies from 200 to 400 ohms.

Some estimate of the leakage inductance must be
made before the total losses are calculated and a brief
outline of a typical scan transformer will be of interest
in this connection. The grid inductance of the trans-
former should be several times that of the scanning coils
to avoid shunting effects, say 0.45 henry so that the
plate inductance will be 0.9 henry. A preliminary ap-
proximation for the number of turns required on a
1-inch square core to give the required inductance of
0.9 henry gives 800 turns. This may be checked by de-
termining the inductance given by this number of
turns when carrying the direct plate current and saw-
tooth current. The direct plate current will be of the
order of 70 milliamperes so that the polarizing magneto-
motive force H, =35 gilberts per centimeter (/=14 centi-
meters) giving an incremental permeability of 400 for
standard audio 4 laminations. The flux density Bpmax
= (E;me10%)/(4.44f N,AK 4). NoW Erme = Emax(t1/1+12)"?
=380 volts. Emex =1.4 X860, the grid voltage times the
transformer ratio. So that Bma.x =125 gauss. The plate
inductance calculates out to be close to the required
figure of 0.9 henry with this flux density. Using suitable
formulas® the leakage inductance may be determined
and may be approximated at 55 millihenries.

The separate losses may now be calculated and
summed. The mismatch loss due to the leakage re-
actance will be figured for best match at the highest
working grid impedance which is 400 ohms. The plate
resistance is 470 ohms and the load impedance is the
sum of the grid resistance and the leakage reactance,
that is 5200 ohms, so that from (5) 2=0.55 giving a loss
of 5 decibels or a power loss ratio of 3.16. The power
loss at the grid E?/R, is 1 watt, where E is the positive
grid voltage developed at the grid during the scanning
time. The plate power loss is I;ms’r, giving a figure of 2.5
watts. Losses in the grid resistor can be determined from
the difference between the positive grid voltage de-
veloped and the positive bias required for correct grid
operation. The positive bias developed by the flow of
saw-tooth current through the grid inductance is 96
volts and the required fixed grid potential is 17 volts
positive. From the tube characteristics the average direct
current is 40 milliamperes?nd thus the grid resistor power
loss is 3.75 watts. Summing the above it can be seen that
the total plate power required to drive the grid circuit
will be 12 watts. Core losses calculate out at 2 watts and
extrapolated data give 3 watts, but experience indicates
a figure of from 3 to 4 watts for a scanning frequency of
15 kilocycles. The total of these losses gives a figure of
18 watts, and as the power required to sweep the beam
in one direction is of the order of 1.8 watts the over-all
efficiency of the scanning oscillator is 10 per cent.

3 Harold Pender and Knox Mcllwain, “Electrical Engineers’

Handbook,” vol. 5, John Wiley and Sons, New York, N. Y., 1936,
section 5 to 21.




Impulse Excitation of a Cascade of Series

Tuned Circuits’
SAMUEL SABAROFF%, ASSOCIATE, L.R.E.

Summary—The response of a cascade of series tuned circuits to
an impulse is mathematically determined. The peak value of this re-
sponse is examined and found to be approximately E = SG(w2 —w)/2
where S=impulse strength, G =network gain at the resonant fre-
quency w, and (wy—ow) is the bandwidth at 0.707 down on the
voltage characteristic. This peak value is relatively independent of
the number of tuned circuits when 5 <n < Q/2 where n=number of
tuned circuits and Q=wL/R.

single impulse. All other noises may be consid-

ered to be the result of combinations of such im-
pulses. Radio devices in which noise manifests itself are
usually composed of cascaded tuned circuits. An analy-
sis of the response of a network composed of a cascade
of simple series-resonant circuits to an impulse is there-
fore fundamental in the study and measurement of
noise.

The noiselike qualities of the network response to an
impulse is determined in large part by the peak! value
of this response. Variation in the shape of an impulse
has relatively little effect provided its duration is small
with respect to the natural period of the excited circuit.>

It has been stated and experimentally verified that
the peak value of the network response to an impulse
is proportional to the effective over-all bandwidth.* The
following mathematical analysis formally verifies this
fact subject to certain conditions.

The differential equation of a simple series-resonant
circuit in terms of the condenser voltage is

LC(d*;/dt?) + RC(dvy/dt) + v, =V (1)
where V =applied voltage.
Assuming an initial condition of equilibrium,-® the
Laplacian solution of (1) is
9y = V/(LCp* + RCp + 1) 2)
where the bar indicates the operation of multiplying by
e—*' and taking the infinite integral with respect to ¢.
For example

Y3 I 1HE elementary noise is that resulting from a

* Decimal classification: R142. Original manuscript received by
the Institute, February 11, 1944; revised manuscript received,
September 18, 1944. 4 )

t+ WCAU Broadcasting Company, Philadelphia, Pennsylvania.
This work was done for Lucian Laboratories, Lansdowne, Pennsyl-
vania, for whom the author was consultant. I

1 C. M. Burrill, “Progress in the development of instruments for
measuring radio noise,” Proc. 1.R.E., vol. 29, pp. 433-441; August,
1941.

1 John R. Morecroft, “Principles of Radio Communication,” John
Wiley and Sons, Inc., New York, N. Y., 1927. chapter 3.

3 V. D. Landon, “A study of the characteristics of noise,” Proc.
[.LR.E., vol. 24, pp. 1514-1521; November, 1936. . )

¢ H.S. Carslaw and J. C. Jaeger, “Operational Methods in Applied
Mathematics,” Oxford University Press, London, England, 1943.

 Murray F. Gardner and John L. Barnes, “Transients in Lincar
Systems,” vol. 1, John Wiley and Sons, Inc., New York, N. Y., 1942.

¢ R. V. Churchill, “Modern Operational Mathematics in Engineer-
ing,” McGraw-Hill Book Company, New York 18, N. Y., 1944.
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i= fwe""x(t)dt 3)

where |p| >0.

The network is assumed to be a cascade of simple
series-resonant circuits as shown in Fig. 1, with the volt-
age across the condenser of each circuit taken to be the
driving force for the next. The reaction of each circuit
on the preceding one is taken to be zero.

The Laplacian solution for the voltage across the con-
denser in the nth circuit is then

9. = V/(LCp? + RCp + 1)". 4
Equation (4) may be written
5, = V/{LO)"[(p + «)* + 8*]} ()

where a=R/(2L) and 8 = v/ (1/LC) — R%*/(4L?).
Equation (5) is a formal solution with no restrictions

other than those required by Laplacian theory.

TNV
L

V)

R
AN

— N, (L)

Fig. 1—Cascaded series-resonant circuits.

The driving force is taken to be an impulse occurring
at t=+0. The Laplacian of such an impulse is a con-
stant called the strength of the impulse; thus

LA (6)
where S is the impulse strength.

Equation (5) now can be written

LY 5a/S = [(p + )? + B2] 7" Q]

Equation (7) may be solved without great difficulty
for v,(t) by purely mathematical means. However,
various Laplacians and their inverses have been tabu-
lated. The more practical method would be to per-
use these tabulated forms for a possible solution. First,

however, (7) can be somewhat simplified by applying
the principle of translation

(LO)[e=vu(0)]/S = (p2 + B (8)
The right:-hand side of (8) and its inverse have been
tabulated.” They are

..—\1;__; ;’[ T T
rmygye Y B)] = (07 + 8 9)

where 7>0, and J,_12(Bt) is a Bessel function of the
first kind.

Equating (9) and (10), removing the bars and solving
for v,(¢) results in the complete solution

7 See transform 57 on page 298 of footnote reference 6.
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St 0t
(LCB)"2~"'T'(n) 2

B may be real, zero, or imaginary, depending on
whether the circuits are oscillatory, critically damped,
or aperiodic. We will here consider real values of 8 only.

The Bessel function in (10) may be written in terms
of circular functions® thus lending itself to more evident
analysis;

\N7Bt/2 Ju1s2(8t) = P.(Bt) cos (Bt — (nr/2))

va(t) = Jaz1s2(88). (10)

— Qn(8¢) sin (8t — (nr/2)) (11)
where n is an integer and
E (=1 ln—142r
/8 = - e
s ..;o | 2¢ | m — 1 = 2r (280)*
ST =] (12)

- (= 1| n+ 2
0-60 = 2, [2r + 1 [ n — 2r — 2 (281)2+

P. and Q, are terminating series, since for sufficiently
large values of r, the factorial of a negative integer ap-
pears in the denominator and such a factorial is equal
to infinity.

As a first approximation for values of 8t>n%, it will
be sufficient to consider only the leading terms in (12).
Making these substitutions in (10) gives

St“"e“"
v.(f) = -

[ (Bl nr )
(Lcg) "2~ | =% 2

n—1

nin—1) (’ nr ] &
25 sin { 8 2) . (13)

Let us now assume the circuits sufficiently oscillatory
as to make a<<B. The value of 8 then approaches the
fundamental resonant frequency of the circuits, which
we shall call w. Thus

~w = 1/VLC. (14)

Equation (13) may now be written, approximately

” _Sw"t""e“" [1+n"(n—l)":| [ : nr] (s
v.(f) = 8(al)? cos| wt—r > )

Jsar= | n—1

where
sin (r) = — n(n — 1)/(2wt)
cos (r) =1 — n*(n — 1)%/(8u%F7).
Examination of (15) shows that it represents a sinus-
oid of varying amplitude and phase. We shall consider
in some detail the amplitude characteristics only. The
peak value of this sinusoid may be found by differ-
entiating the amplitude with respect to time and equat-
ing to zero, thus discovering the necessary conditions.
Substantial simplification occurs when it is remembered
that the assumption of wt>n? has been made. Let us
now specify that the change in amplitude due to the
quadrature component be less than 1 per cent;i.e.,
ni(n — 1)2/(8a) < 1/100. (16)
We may, therefore, omit this term in (15) without sub-

¢ S. A. Schelkunoff, “Electromagnetic Waves,” D. Van Nostrand
Company, Inc., New York, N. Y., 1943, pp. 51-52.
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stantial error, provided the conditions for the peak value
satisfly the above inequality.
Differentiating the remaining time functions in the
amplitude and then equating to zero gives
d(t*'e=)/(df) = 0 when t=(n—1)/a. (17)
Substituting the condition of (17) into (16) results in
the inequality

na/(2v/2 w) < 1/10. (18)
Putting R/(2L) for «, and Q for Lw/R in (18) gives
finally n <0.566Q, or rounding off

n < Q/2 (19)

as the relation to be satished for the quadrature compo-

nent to be negligible in the region of the peak value and

for times thercafter. This condition exists in most prac-
tical circuits. For these circumstances (15) becomes

SoytE1g st nr
0.(f) = — cos { wt :
201 =1 2

Recourse must be had to (10) or (11) if accurate
values of v.(1) are desired for times less than that at
which the maximum value occurs or when the inequality
of (19) is not observed.’

If we let E be the peak value of (20), then utilizing
the condition of (17), we have

Sw*(n — 1)l (-1

(20)

(21

For large values of n, (21) may be simplified by utiliz-
ing the Stirling approximation for the factorial

1

|n =1 =(n—1)""e""D2r(n — 1) (22)
becoming thereby
E = Sw*/[(2a)*\/2z(n — 1)]. (23)

The Stirling approximation is 2 per cent low for n=6
and 1 per cent low for n =10, becoming more accurate
with increasing values of n.

Equation (23) may be further simplified by putting
in the value for a,

E = SRG/[L\/2x(n — 1)) (24)

where G is the total gain of the network = (wL/R)". The
value of G can also include any linear external amplifica-
tion that may be present between the various circuits.

Equation (24) is now-n terms of easily measurable
quantities. The response of the network to a sine wave
of frequency w will determine the value of G. R/L can
be determined by measuring the Q of one circuit. In
this case (24) is

E = wSG/[Q\v/2x(n — 1)]. (25)

It may be more convenient to determine the ratio

R/L by noting a relation between the attenuation and

frequency of the whole network. It can be shown that
for aKw,

* E. Jahnke and F. Emde, “Tables of Functions,” B. G. Teubner,
Leipzig and Berlin, Germany, 1933, pp. 222-227.




R/L = (w2 — w))/A/AYU" — 1 (26)

where (w;—w,) is the bandwidth at a point on the volt-

age characteristic that has a relative attenuation of 4,

with the minimum attenuation taken as unity.
Incorporation of (26) in (24) gives

E = SG(O)Q = wl)/\/27r(n = 1)(.42/" = 1) (27)

It is interesting to note that the denominator of (27)

approaches a limit as 7 increases without limit. By ordi-
nary methods it can be shown that

lim (n — 1)(A%" — 1) = 2 log (4)

n—wo

(28)

then E = SG(w: — w)/[2V/7 log (4)]. (29)
When, as is usual, 4 is made equal to V2, (29) is
E = 0.485G(w; — w1). (30)
The numerical factor of 0.48 in (30) applies when
n— . For n=>5 and n =10, as calculated by means of
(27), this factor is 0.52 and 0.50, respectively. For val-
ues of #n>5, the factor may be rounded off and made
equal to 0.5. Equation (30) becomes finally
E = SG(w; — w1)/2 31)
with a maximum probable error of less than 10 per cent
when 5<n<Q/2.

A Calculator for Two-Element Directive Arrays’
J. G. ROUNTREE{, MEMBER, I.R.E.

Summary—This article describes a mechanical device which may
be used to calculate quickly the horizontal field pattern of a two-
element directive array. The construction is not difficult and may
readily be undertaken with only the usual drafting instruments, a
protractor, and a set of mathematical tables.

s

INTRODUCTION
g S THE number of standard broadcast stations

has increased, more and more recourse has been

made to the use of directive arrays to minimize
interference to other stations operating on the same
channel. The design and adjustment of these arrays has
become a somewhat specialized field of consulting radio
engineering, requiring as it does, a background of train-
ing and experience not usually found among the person-
nel of broadcast stations, and the use of instruments not
always in possession of these stations.

This article describes a mechanical device which may
be used to calculate quickly the horizontal field pattern
of a two-element directive array.! While allocation prob-
lems in assignments of a number of recent stations have
required that arrays of three or more elements be used,
many existing directive arrays consist of only two ele-
ments. The calculation of the horizontal field pattern
for a two-element array, although laborious, is not a
too-difficult feat mathematically, and many patterns
for these arrays are available for use as a starting point
or as a guide.2~¢ However, it is felt that the calculator
described herein can serve a useful purpose in determin-
ing the parameters for new directional installations and
in determining the effects of changes in parameters of
existing arrays, thereby enabling those who operate
with such an array to observe the effect of a maladjust-

* Decimal classification: R325.1. Original manuscript received by
the Institute, August 8, 1944.

t Federal Communications Commission, Dallas, Texas.

1 Patent rights reserved.

2 R. M. Foster, “Directive diagrams of antenna arrays,” Bell
Sys. Tech. Jour., vol. S, pp. 292-307; April, 1926. y

3 A. James Ebel, “Directional radiation patterns.” Eleclronics,
vol. 9, pp. 29-30; April, 1936.

+G. H. Brown, “Directional antennas,” Proc. I.R.E., vol. 25, pp.
78-145; January, 1937.
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ment of current or phasing on the horizontal pattern.
The construction of this device is not difficult and may
readily be undertaken with only the usual drafting in-
struments, a protractor,and a set of mathematical tables.

PRINCIPLE OF OPERATION

The principle upon which this device operates is that
of vector solution. Fig. 1 indicates an array consisting

P

7 kd {7

Fig. 1—Plan view of two-element array.

of two identical towers, spaced an electrical distance kd
degrees. At any point within the field of the antenna
system, the field-strength component due to each ele-
ment will be directly proportional to the current in that
element, and the resultant field strength will be the re-
sultant of the two voltage vectors at that point. Point P
is located sufficiently distant so that signals from the
towers travel over substantially parallel paths. Assume
that the current in T, leads the current in 7 by Za
degrees. Then, since the signal from 7', must travel the
added distance kd cos ¢, expressed as an angular portion
of a wavelength, the voltage vector of T at point P will
lead the voltage vector of T by a+kd cos ¢ degrees.
(Fig. 2.) Regardless of the signs of Za and of kd cos ¢,
the.angle between the voltage vectors will be the alge-
braic sum. Positive values are used here merely for il-
lustration.

{\s angle ¢ is varied from 0 to 360 degrees, that is, as
point P is shifted around the antenna system, vector
ET; may be conceived of as describing an oscillation
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about the end of vector ET;. The center position of this
oscillation, occurring at ¢ =90 degrees and at =270
degrees (i.e., kd cos ¢=0) is determined by the phasing
of the towers, while the magnitude of oscillation is de-
termined by the spacing of the towers.® (Fig. 3). With
vector ET, as reference, the length of ET; is determined
by the ratio of the field of T’; to the field of T7,.* Where the
towers are of differing heights, the length of vector ET,
is also adjusted to account for the differing effective
fields. In this calculator, the tower producing the larger
vector is taken as the reference (T1), and the vector is
assigned the value of one (ET,=1).

The calculator provides a mechanical means of evalu-
ating Eg, the resultant vector, at ary value of ¢ for dif-
fering values of phasing (£a), spacing (kd), and field
ratios (ET:/ET:). The way in which this is done may be
seen by a study of Fig. 3. A device consisting essentially
of a fixed vector, corresponding to ET;, and a rotary

Fig. 2—Vector combination at point P.

vector, corresponding to ET,, may be used to solve for
Eg if scales are provided to measure the following:

1. Ratio of ET2 to ET\

2. Center position of ET; (i.e., the phasing angle of
the current in T with respect to the current in 7})

3. Rotation of ET, from the center position as ‘¢
varies, for various values of spacing (kd), and

4. Values of Eg.

These are provided in the calculator. Angle ¢ is meas-
ured from the T end of the line of towers, and since the
pattern of a two-element array is symmetrical about
the line of towers, it is necessary only to measure values
of Eg for values of ¢ from 0 to 180 degrees.

ScaLE CALIBRATION

In appearance and construction, the device is similar
to a circular slide rule and consists of a fixed base and a
rotary circular element, both bearing scales, and a trans-
parent rotary calibrated runner. (Fig. 4.) The fixed
base, containing the ¢ scales and loci of points of the
kd scales, is laid out as follows:

A reference line is drawn upward from the pivot point
of the rotary units. With the pivot point as a center, a
series of circles and arcs is drawn whose radii correspond
to various values of kd ranging from 360 to 45 degrees.

s F. Alton Everest and Wilson S. Pritchett, “Horizontal-polar-
pattern tracer for directional broadcast antennas,” Proc. L.LR.E,,
vol. 30, pp. 227-232; May, 1942,

¢ John F. Morrison, “Simple method for observing current ampli-

tude and phase relations in antenna arrays,” Proc. 1.R.E., vol. 25,
pp. 1310-1326; October, 1937.
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Other values could be included, but it is thought that
this range is representative of most arrays. The inner-
most circle is the one to contain ¢ scales for kd =360
degrees, and the intervals between succeeding circles
and arcs correspond to decrements of 15 degrees in
spacing, with two exceptions: Arcs are drawn for values
of kd =138 degrees and kd = 316.5 degrees. Spangenberg’
has indicated that arrays with these spacings have cer-

Fig. 3—Oscillation of vector ET as angle ¢ is varied.

tain special characteristics, and scales are provided for
these values for the purpose of allowing ready investiga-
tion of the patterns obtainable. The calibration marks
on the runner allow values of spacing to be determined
to 3 degrees.

The calibration mark for each value of ¢ on each arc
or circle is determined as illustrated in Fig. 5. The arc
contained between the calibration mark and the refer-
ence line subtends a central angle equal to kd cos ¢.
Thus the position of each calibration mark may be
determined by measuring the central angle and pro-
jecting to the point of intersection on the circle or arc
being scaled. Central angles for these scales are calcu-
lated by simple arithmetic, and results for the values
selected are listed in Table 1. Positive angles are meas-
ured counterclockwise from the reference line, and nega-
tive angles in a clockwise direction. Values for ¢ =90
degrees fall along the reference line, and isometric lines
are drawn through all other values of ¢. These lines,
when used in connection with the scale on the calibrated
runner, allow the runner to be set to these values of ¢
for spacings intermediate of those represented by the
circles and arcs.

On the perimeter of the rotary element is inscribed a
protractor scale, calibrated from O to 180 degrees in both
a negative direction (clockwise from 0 degrees) and a
positive direction (counterclockwise from 0 degrees).
This constitutes the phasing (Za) scale, which gives
the phasing of T’z with respect to T:. In operation of this
device, the phasing angle on this scale is set to the 90-
degree line of the ¢ scales (the reference line), for at
¢ = 90 degrees, the angle between the vectors is equal to
the phasing angle.

Located on this rotary element are resultant vector
scales, in circular form, from which the value of Eg is

7 Karl Spangenberg, “Charts for the determination of the root-
mean-square value of the horizontal radiation pattern of two-element

broadcast antenna arrays,” Proc. LR.E,, vol. 30, pp. 237-240; May,
1942.
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obtained, for ratios of ET,/ET, ranging from 0.2 to 1.0 This equation is placed in form (3) so that the results
in steps of 0.1. Isometric lines are drawn through equal obtained may be most useful in plotting points along the
points on the Eg scales, so that by means of the cali- Epg scales, for in this form, the values of a+d cos ¢ may
brated runner, values of ET,/ET, determined to 0.02 be determined for desired decimal values of Er. Where
may be used. ET,/ET,=1, (ET,=ET,=1), equation (3) becomes

e PHASING OF T,
WRER SCALE TO TSN
. L

’qNGL £

S
WirH TOWER
MEASURED YRom To END -

L e

Fig. 4—The horizontal-pattern calculator for two-element directive arrays.

The Eg scales are computed trigonometrically, as il- cos (a + kd cos ¢/2) = Ep/2. 4
lustrated in Fig. 6. Here, by the law of cosines: The results obtained for the values selected are listed |
Egp? = ET.* + ET:? in Tables II to XI. As in the case of the fixed base, each

— 2ET,ET; cos (180 degrees — a + kd cos¢) (1) calibration mark is determined by measuring the céntrai

ERz(___ f;};:; ut ig‘; + 2ET\ET; cos (a + kd cos ¢) (2) apg:e l:;md projecting to the point of intersection on the
et X cos circle being scaled. (Fig. 7. i

= (Eg* — ET\* — ET,»)/(2ET\ET,). (3) directly og the pro(tragctor) ;;I;:}:lia;;g)fgmt?; Zij:gneeisfu:ﬁg
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TABLE 1
CENTRAL ANGLES FOR CALIBRATION OF ¢ SCALES
i kd cos ¢ kd cos ¢

% kd =45 kd =60 kd =75 kd =90 kd =105 kd =120 ¢ kd =225 kd =240 kd =255 kd =270 kd =285

degrees degrees | degrees degrees degrees degreen degrees degrees degrees degrees degrees

Degrees | Degrees Degrecs Degrees Degrees , Degrees Degrees Degrees Degrees Degrees Degrees Degrees Degrees
0 45.0000 60.0000 75.0000 90.0000/ 105.0000( 120.0000 0 225.0000 240.0000 255.0000 270.0000 285 .0000
5 44.8286 59.7714 74.7143 89.6571| 104.6000 119.5428 5 224.1428 239.0856 254.0285 268.9713 283.9142
10 44.3165 59.0886 73.8608 88.6329, 103.4051| 118.1772 10 221.5823 236.3544 251.1266 265 .8987 280.6709
15 43.4669 57.9558 72.4448 86.9337| 101.4227{ 115.9116 15 217.3343 231.8232 246.3122 260.7011 275.2901
20 42.2861 56.3814 70.4768 84.5721 98.6675| 112.7628 20 211.4303 225.5256 239.6210 253.7163 267.8117
25 40.7840 54.3786 67.9533 81.5679 95.1626] 108.7572 25 203.9198 217.5144 231.1091 244.7037 | 258.2982
30 38.9714 51.9618 64.9523 77.9427 90.9332| 103.9236 30 194.8568 207.8472 220.8377 233.8281 | 246.8186
35 36.8618 49.1490 61.4363 73.7235 86.1108 98.2980 35 184.3088 196 .5960 208.8833 221.1705 | 233.4578
40 34.4718 45.9624 57.4530 68.9436 80.4342 91.9248 40 172.3590 183.8496 195.3402 206.8308 218.3214
45 31.8200 42.4266 53.0333 63.6399 74.2466 84.8532 45 159.0998 169 .7064 180.3131 190.9197 201.5264
50 28.9256 38.5674 48.2003 57.8511 67.4930 77.1348 50 144.6278 154.2696 163.9115 173.5533 | 183.1952
55 25.8110| 34.4148| 43.0185 51.6220 60.2259 68.8296 55 129.0555 137.6592 146.2629 154.8666 163.4703
60 22.5000‘ 30.0000| 37.5000 45.0000 52.5000 60.0000 60 112.5000 120.0000 127.5000 135.0000 142.5000
65 19.0179 25.3572|  31.6965 38.0358| 44.3751 50.7144 65 95.0895 101.4288 107.7681 114.1074 120.4467
70 15.3909| 20.5212} 25.6515 30.7818, 35.9121 41.0424 70 76.9545 82.0848 87.2151 92.3454 97.4757
75 11.6469 15.5292| 19.4115 23.2938 27.1761 31.0548 75 58.2345 62.1168 65.9991 69.8814 \ 73.7637
80 7.8143 10.4190} 13.0238 15,6285 18.2333 20.8380 80 39.0713 41.6760 44.2808 46.8855 49.4903
85 3.9222 5.2296 6.5370 7.8444 9.1518 10.4592 85 19.6110 20.9184 22.2258 23.5332 l 24.8406
90 0.0000| 0.0000: 0.0000 0.0000 0.0000| 0.0000 9 0.0000 0.0000 0.0000 0.0000 0.0000
95 - 3.9222|— §.2296 — 6.5370| — 7.8444|— 9.1518!— 10.4592 95 - 19.6110 | — 20.9184 | — 22.2258 | — 23.5332 — 24.8406
100 —~ 7.8143| — 10.4190|— 13.0238| — 15.6285/— 18.2333/ — 20.8380 100 — 39.0713 — 41.6760 — 44.2808 — 46.8855 — 49.4903
105 — 11.6469; — 15.5292| — 19.4115'— 23.2938| — 27.1761| — 31.0584 105 — 58.2345 — 62.1168 — 65.9991 — 69.8814 — 73.7637
110 — 15.3909 — 20.5212| — 25.6515|~ 30.7818| — 35.9121| — 41.0424 110 — 76.9545 — 82.0848 — 87.2151 — 92.3454 | - 97.4757
115 | — 19.0179 — 25.3572| — 31.6965|— 38.0358 — 44.3751|— 50.7144 115 — 95.0895 | —101.4288 —107.7681 —114.1074 —120.4467
120 - 22.5000 — 30.0000/ — 37.5000| — 45.0000 — 52.5000| — 60.0000 120 -112.5000 —120.0000 —127.5000 —135.0000 1 —142.5000
125 | — 25.8110| — 34.4148) — 43.0185{— 51.6220 — 60.2259| — 68.8296 125 —129.0555 | —137.6592 —146.2629 | —154.8666 | —163.4703
130 | — 28.9256| — 38.5674| — 48.2093| — 57.8511|— 67.4930| — 77.1348 130 —144.6278 | —154.2696 ' —163.9115 | —173.5533 —183.1952
135 — 31.8200]— 42.4266| — 53.0333| — 63.6399 — 74.2466/— 84.8532 135 —159.0998 | —169.7064 —180.3131 | —190.9197 —201.5264
140 — 34.4718| — 45.9624| — 57.4530| — 68.9436 — 80.4342| — 91.9248 140 —172.3590 —183.8496 l —195.3402 | —206.8308 —218.3214
145 — 36.8618 — 49.1490| — 61.4363| — 73.7235/— 86.1108| — 98.2980 145 —~184.3088 | —196.5960 | —208.8833 | —221.1705 | —233.4578
150 |- 38.9714/ — 51.9618| — 64.9523| — 77.9427| — 90.9332| —103.9236 150 —194.8568 | —207.8472 —220.8377 | —233.8281 —246.8186
155 | — 40.7840| — 54.3786/ — 67.9533| — 81.5679| — 95.1626| —108.7572 155 —203.9198 | —217.5144 | —231.1091 | —244.7037 | —258.2982
160 42.2861| — 56.3814| — 70.4768| —~ 84.5721| — 98.6675| —112.7628 160 —211.4303 | —225.5256 | —239.6210 ' —253.7163 | —267.8117
165 — 43.4669 — 57.9558‘— 72.4448| — 86.9337 —101.4227(—115.9116 165 ~217.3343 | —231.8232 ! —246.3122 | —260.7011 —-275.2901
170 — 44.3165|— 59.0886| — 73.8608| — 88.6329| —103.4051| —118.1772 170 —221.5823 | —236.3544 —251.1266 | —265.8987 | —280.6709
175 — 44.8286|— 59.7714| — 74.7143| — 89.6571| —104.6000( —119.5428 175 —224.1428 | —239.0856 . —254.0285 ] —268.9713 | —283.9142
180 | = 45.0000, — 60.0000| — 75.0000| — 90.0000&—105.0000|—120.0000 180 | —225.0000 —240.0000 ‘ —255.0000 [ —270.0000 ] —285.0000

kd cos ¢ kd cos ¢

Py kd =138 | kd =150 kd =165 kd =180 kd =195 kd =210 ¢ kd =300 ‘ kd =316.5 kd =330 | kd=345 kd =360

degrees | degrees degrees degrees degrees degrees degrees degrees degrees | degrees | degrees

Degrees | Degrees Degrees | Degrees Degrees Degrees Degrees Degrees | Degrees Degrees Degrees | Degrees | Degrees
0 138.00 150.0000! 165.0000| 180.0000| 195.0000| 210.0000 0 300.0000 316.5000 330.0000 345.0000 360.0000
5 137.4742) 149.4285 164.3714| 179.3142| 194.2571| 209.1999 5 298.8570 315.2941 328.7427 343.6856 358.6284
10 135.9038| 147.7215( 162.4937| 177.2658| 192.0380| 206.8101 10 295.4430 311.6924 324.9873 339.7595 | 354.5316
15 133.2983| 144.8895| 159.3785/ 173.8674] 188.3564; 202.8453 15 289.7790 305.7168 318.7569 333.2459 347.7348
20 129.6772] 140.9535| 155.0489| 169.1442| 183.2396| 197.3349 20 281.9070 297.4119 310.0977 324.1931 ‘ 338.3884
25 125.0708| 135.9465 149.5412‘ 163.1358/ 176.7305| 190.3251 25 271.8930 286.8471 299.0823 312.6770 t 326.2716
30 119.5121 129.9045| 142.8949| 155.8854| 168.8759| 181.8663 30 259.8090 274.0985 285.7899 298.7804 311.7708
35 113.0427| 122.8725| 135.1598| 147.4470( 159.7343| 172.0215 35 245.7450 259.2610 270.3195 282.6068 294.8940
40 105.7135) 114.9060| 126.3966| 137.8872| 149.3778 160.8684 40 229.8120 242.4517 252.7932 | 264.2838 275.7744
45 97.5812| 106.0665 116.6707| 127.2798| 137.8865 148.4931 45 212.1330 223.8003 233.3463 243.9530 254.5596
50 88.7050 96.4185 106.0604| 115.7022) 125.3441| 134.9859 50 192.8370 203.4430 212.1207 221.7626 231.4044
55 79.1540 86.0370| 94.6407, 103.2444| 111.8481| 120.4518 55 172.0740 181.5381 189.2814 197.8851 206.4888
60 69 .0000 75.0000 82.5000 90.0000 97.5000| 105.0000 60 150.0000 158.2500 165.0000 172.5000 180.0000
65 58.3216 63.3930 69.7323 76.0716 82.4109 88.7502 65 126.7860 133.7592 139.4646 145.8039 152.1432
70 47.1988 51.3030 56.4333 61.5636 66.6939 71.8242 70 102.6060 108.2493 112.8666 117.9969 123.1272
75 35.7172 38.8230 42.7053 46.5876/ 50.4699 54.3522 75 77.6460 81.9165 85.4106 89.2929 | 93.1752
80 23.9637| 26.0475| 28.6523| 31.2570| 33.8618| 36.4665 80 52.0950 54.9602 57.3045 59.9093 62.5140
85 12.0281 13.0740 14.3814 15.6888| 16.9962 18.3036 85 26.1480 27.5861 28.7628 30.0702 31.3776
90 0.0000 0.0000 0. 0000/ 0.0000| 0.0000 0.0000 90 0.0000 0.0000 0000 0.0000 0.0000
95 | = 12.0281) — 13.0740| — 14.3814/ — 15.6888 — 16.9962| — 18.3036 95 — 26.1480 | — 27.5861 — 28.7628 | — 30.0702 | — 31.3776
100 — 23.9637| — 26.047S| — 28.6523| — 31.2570| — 33.8618| — 36.4665 100 — 52.0950 | — 54.9602 - 57.3045 | — 59.9093 | — 62.5140
105 — 35.7172| — 38.8230 — 42.7053| — 46.5876| — 50.4699| —~ 54.3522 105 — 77.6460 | — 81.9165 — 85.4106 — 89.2929 — 93.1752
110 — 47.1988 — 51.3030,— 56.4333!—- 61.5636‘— 66.6939| — 71.8242 110 —102.6060 | —108.2493 —112.8666 ' —117.9969 —123.1272
115 — 58.3216{— 63.3930| — 69.7323| - 76.0716|—- 82.4109( — 88.7502 115 —126.7860 | —133.7592 —139.4646 | —145.8039 | —152.1432
120 — 69.0000| -~ 75.0000 — 82.5000| — 90.0000| — 97.5000 —105.0000 120 —150.0000 —158.2500 —165.0000 —172.5000 -—180.0000
125 — 79.1540| — 86.0370| — 94.6407 —103.2444 --111.8481|—120.4518 125 —172.0740 | —181.5381 —189.2814 | —197.8351 | —206.4888
130 — 88.7050, — 96.4185| —106.0604| —115.7022| —125.3441| ~134.9859 130 —192 8370 | —203.4430 | —212.1207 | —221.7626 | —231.4044
135 — 97.5812| —106.0665 —116.6707| —127.2798 —137.8865| —~148.4931 135 —212.1330 | —223.8003 | —233.3463 | —243.9530 | —254.5596
140 —105.7135 —114.9060 —126.3966| —137.8872| —149.3778| —160.8684 140 —229.8120 | —242.4517 —252.7932 —264.2838 -275.7744
145 —113.0427i—-122.8725 —135.1598| —147.4470| —159.7343| —172.0215 145 —245.7450 | —259.2610 | —270.3195 | —282.6068 | —294.8940
150 —119.5121| —129.9045| —142.8949 —155.8854| ~168.8759| —181.8663 150 —259.8090 | —274.0985 —285.7899 | —298.7804 | —311.7708
155 —125.0708| —135.9465 —149.5412| —163.1358 —176.7305| —190.3251 155 —271.8930 | —286.8471 —299.0823 | —312.6770 | —326.2716
160 —129.6772| —140.9535, —155.0489 —169.1442 —183.2396{—-197.3349 160 —281.9070 | —297.4119 —310.0977 ~324.1931 —~338.3884
165 —133.2983| —144,8895| —159.3785| ~173.8674| —188.3564' —202.8453 165 —289.7790 | —305.7168,| —318.7569 | —333.2459 | —347.7348
170 —135.9038 | —147.7215| —162.4937 —177.2658| —192.0380| —206.8101 170 —295.4430 | —311.6924 —324.9873 | —339.7595 | —354.5316
175 —-137.4742| —149.4285| —164.3714| —179.3142| —194.2571| —209.1999 175 ~298.8570 | —315.2941 —328.7427 | —343.6856 1 —358.6284
180 —-138.0000;—150.00()0'—165.0000!—180.0000;-195.0000;—210.0000 180 —300.0000 | —316.5000 —330.0000 | —345.0000 i —360.0000

element (Za scale). For this purpose, the term kd cos ¢
and the sign of Za have no significance and may be
ignored.

This construction may be simplified if the circular
resultant vector scales are drawn so that the inner scale,
representing ET,/ET,=0.2, has a radius two units in
length, and the succeeding scales, representing incre-
ments of 0.1, are drawn with radii successively one unit
longer. Then the isometric lines representing equal
values of Ezx may be drawn as arcs having the point

Ex =0 as their center and having radii equal to the value
of Eg, measured in the same units as ET./ET,. The ro-
tary element of Fig. 4 illustrates this construction.

The rotary runner, in the section covering the ¢ scales,
is calibrated in steps of 3 degrees for values of kd be-
tween 45 and 360 degrees, and in the section covering
the vector scales, it is calibrated in steps of 0.02 for
values of E:/ET, between 0.2 and 1.0. Referring to
Figs. 3 and 4, vector ET) may be visualized as being
located on the rotary element, with its origin at the
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value Ep =0 and its head at the pivot point of the ele- selected and the runner set to the value of ¢ representing
ment. Likewise, vector ET; may be visualized as having the direction in which the minimum signal is to be radi-
its origin at the pivot point of the rotary runner and as ated. Move the rotary element to the point where

e Er=0 is under the marker on the runner. Then the
La scole
- ‘. 57’ —
Scale for kd =360° 17O . —_—
¢ e 7 b
T s ey
\\ — Refererce \* Cengle £, Scale - ?
\ | line 625,6 78t for ETET =/ Y
\\ P kd cos @
1 1 =360° cos 85° 4 a
NS/ 720 \ Section of )
\ ’ \ rotary efement /
| Pivor point J \
|
Fig. 5—Method of calibrating ¢ scales. Illustrated is the determina- 2 \Pivot
tion of the calibration point for ¢ =85 degrees on the scale for point

kd =360 degrees.

lying along the calibrated scale of the runner, with its
head at a point determined by its relative magnitude.
In the construction of a calculator for an existing Fig._7 Method of calibrating Eg scales. Illustrated is the determina
§ tion of the calibration point for Ez=1.95 on the scale for
array, it is necessary to plot only one ¢ scale. If a change ET,/ET,=1. The calibration mark designates the end of the arc
in frequency were contemplated, and it were desired which subtends the central angle determined from Table II. This
el L angle may be measured on the Za scale.
that the existing tower arrangement be used, a new ¢
scale would have to be plotted for the changed value of
electrical spacing (kd). Likewise, only that range of

TABLE 11
CENTRAL ANGLES FOR CALIBRATION OF Eg SCALE WHEN ET,/ET, =1.00

ET,/ET,; of interest to the station concerned need be Ex  athkdeoss Ex a+kd cos ¢
: Degrees D B
plotted 2.00 0.000 1.05 116,668
OPERATION 1.99 11.466 1.00 120.000
1.8 16265 0.95 123.281
In operating this device to determine the horizontal 1.9 22.955 Ols 120.699
; 1.9 25.678 0.80 .
field pattern of an array having known parameters, the 1.90 36.388 0.75 135.99
1.85 44.667 0.70 139.024
1.80 51.683 0.65 142.069
1.75 57.908 0.60 145.083
Er 1.70 63.578 0.55 148.077
X 1.65 68.823 0.50 151.044
D 1.60 73.738 0.45 153.995
¢ 1.55 78.388 0. 156.925
1.50 82.819 0.35 1590.842
1.45 87.062 0.30 162,747
1.40 91.147 ‘ 0.25 165.638
1.35 95.093 0.20 168.521
a4+ deOS¢ 1.30 98.916 0.15 171.340
r 1.25 102.635 0.10 174.266
1.20 106. 261 0.05 177.145
1.15 109801 0.00 180.000
ET 1.10 113.266 ’
Fig. 6—Trigonometry of resultant vector-scale calculation.
TABLE 111
o : 0 : CENTRAL ANGLES FOR CALIBRATION OF E, -
towers are designated T and T, with T designating thf? (5 Par CanT UNnatance or e apt a1y HETI=CEs
tower producing the larger field-strength component, if — — %
they are unequal. The line of towers, Ty — T, is marked B¢~ otkdcoss | = Ex el SR ¢

on polar graph paper, and angles of ¢ are measured from 1.95 D s Degrees
the T, end of this line. The phasing of T: on the Za 193 16156 & :;HS?
scale is set to the reference line, and the calibrated 1ot ’ 231% o }gglggg
runner is moved to successive values of ¢ for the particu- 18 36.870 i 131641
lar electrical spacing involved. At each value of ¢, the 178 5.3 i ;izl;.'tl)gi
value of Eg will be found on the vector scales under the Las 64.935 852‘5’ }g;ﬂg
calibration point on the runner corresponding to the 15 R 0.39 }nggg
ratio of ET,/ET, being used. Plotting these values on L& 85955 0.3% :izzggg
the polar graph paper will give the horizontal pattern of 135 92413 0.2 :ggﬁggg
the array. 38 100348 8.2 122 220
In the determination of parameters for an array to L 101.5 0.5 174.905
1.10 111.375 ) 180.000

fit a particular allocation problem, a value of kd may be
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CENTRAL ANGLES FOR CALIBRATION OF Ep SCALE WHEN ETy/

F R Ll

TABLE IV

a +kd cos ¢ ERr

Degrees
0.000 1.05
11.780 1.00
16 .665 0.95
20.419 | 0.90
23.589 0.85
26.389 0.80
37.398 0.75
45.906 0.70
53.130 0.65
59.540 0.60
65.376 0.55
70.782 ' 0.50
75.863 0.45
80.647 0.40
85.220 0.35
89.603 0.30
93.822 0.25
97.903 0.20
101.862 0.15
105.714 0.10
109.471 '

TABLE V
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ET,=0.9

a+kd cos ¢

Degrees

113,

CENTRAL ANGLES FOR CALIBRATION OF Ep SCALE WHEN ET:/E T:=0.8

- Pt b o S s Pt b h D S b ok Dt B b Bt Bt

a +kd cos ¢ [ Er
Degrees
0.000 1.05
12.167 1.00
17.200 0.95
21.083 0.90
24.355 0.85
27.250 0.80
38.550 0.75
47.383 0.70
54.933 | 0.65
61.566 | 0.60
67.600 0.55
73.200 0.50
78.466 | 0.45
83.450 0.40
88.150 0.35
92.775 | 0.30
97.183 0.25
101.433 ‘ 0.20
105.575 |
TABLE VI

Degrees

.487
.584
. 450
.200

a+kd cos ¢

CENTRAL ANGLES FOR CALIBRATION OF Eg SCALE WHEN ET)/ET,=0.7

- bt bt bt S P b Db Pt S et Dt Dt S s

a+kd cos ¢ Ep
Degrees
0.000 1.05
12.634 1.00
17.871 0.95
21.910 0.90
25.311 0.85
28.316 0.80
40.157 0.75
49.324 0.70
5§7.120 0.65
64.056 0.60
70.384 0.55
76.261 0.50
81.787 0.45
87.032 0.40
92.047 0.35
96.872 0.30
101.537
TABLE VII

Degrees

106

.068
.487
.814

.059

.244
.384
.491
.585
.685
.818
.018
.336
.873
. 805

.630

000

a+kd cos ¢

CENTKAL ANGLES FOR CALIBRATION OF Ep SCALE WHEN ET,/ET\=0.6

Er

- e bt n b b s bt s Dt b B s S i

a+kd cos ¢

Degrees
0.000

Ep

cCOo0000SO0O~
s nter RO
w

o0
- o
Suwn

a +kd cos ¢
Degreces
107.458

411
.279
1090

TABLE VIII TABLE IX

CENTRAL ANGLES FOR CALIBRATION OF Ep SCALES WHEN ETy/E T,=0.5
AND 0.4, RESPECTIVELY

Er a+kd cos ¢ | Ep a+kd cos ¢
Degrees Degrees
1.50 0.000 1.40 0.000
1.49 14.045 1.39 15.176
1.48 19.882 | 1.38 21.487
1.47 24.369 1.37 26.342
1.46 28.164 ‘ 1.36 30.458
1.45 31.483 19985 34.110
1.40 44.766 1.30 48.508
1.35 5§5.075 1.25 59.783
1.30 63.900 1.20 69.512
IR25) 71.790 b 1153 78.283
1.20 79.050 ' 1.10 86.417
1.15 85.843 1.05 94.121
1.10 92.293 1.00 101.537
1.05 98.483 | 0.95 108.772
1.00 104.478 0.90 115.944
0.95 110.333 0.85 123.150
0.90 116.100 0.80 130.542
0.85 121.833 0.75 138.317
0.80 127.587 | 0.70 146 .883
0.75 133.434 0.65 157.203
0.70 139. 466 0.60 180.000
0.65 145.850
0.60 152.873
0.55 161.350
0.50 180.000 |
TabLE X TABLE XI

CENTRAL ANGLES FOR CALIBRATION OF Ep SCALES WHEN ET,/ET:=0.3
AND 0.2, RESPECTIVELY

Egp a+kd cos ¢ Ep a+kd cos ¢
Degrees Degrees
1.30 0.000 1.20 0.000
1.29 16 .896 | 1.19 19.906
1.28 23.936 1.18 28.237
1.27 29.366 | 1917 34.689
1.26 33.970 1.16 40.182
1.25 38.047 101S} 45.069
1.20 54.314 1.10 64.849
1.15 67.201 1.05 81.011
1.10 78.463 1.00 95.740
1.05 88.806 0.95 110.105
1.00 98.627 0.90 125.099
0.95 108.210 | 0.85 142.520
0.90 117.819 [ 0.80 180.000
0.85 127.770 H
0.80 138.590
0.75 151.543
0.70 180.000 |

desired phasing of T, may be read from the Zascale at the
reference line. Repeating the process for other values of
kd will enable one to obtain a group of patterns, with the
parameters in each case, all producing a minimum signal
in the desired direction in the horizontal plane. From
these, the pattern to be used may be selected. Other
procedures will suggest themselves to the experienced
engineer.

It is, of course, important that the field radiated in
the vertical plane also be considered in any allocation
problem, and this must be taken into account with de-
terminations obtainecd by the use of the calculator.
Addition of scales necessary to accomplish this would
unduly complicate the instrument; however, it is usually
desired to determine the vertical pattern in only certain
specific directions, and formulas for calculating the
radiation are available from several sources.”*

For values of kd between 180 and 360 degrees, two
nulls may be obtained on cach side of the line of towers.
(Fig. 8.) The angles at which these nulls are obtained
are labeled ¢; and ¢, with ¢, the larger. In addition to
being determined from the calculator, the parameters
for an array having nulls at the desired values of ¢, and
é2 may be determined from the formulas:

s |, . Terman, “Radio Engincers’ Handbook,” McGraw-Hill
Book Company, New York 18, N. Y., 1943, p. 803.
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kd = 360 degrees/(cos ¢» — cos ¢:) (5) strength at any point in the field of an array cqnsisting
Za = 180 degrees — kd cos ¢, of a total of N elements, (N—2)ET,(= N —2+;0) must
= — 180 degrees — kd cos ¢,. (6) be subtracted from the sum of the resultant vectors at

APPLICATION TO MORE THAN Two ELEMENTS

With the use of a different type of resultant vector
scale, the calculator may assist in determining the hori-
zonal field pattern of an array consisting of more than
two elements. An array of this type may be thought of

Line of towers

Fig. 8—Double nulls obtainable when 360 degrees > kd > 180 degrees,
and ET:/ET] =1,

e

Fig. 9—Plan view of three-element array.

as a group of two-element arrays, with one element com-
mon to all such arrays. This common, or reference, ele-
ment, labeled T, is the one producing the largest field
component vector (ET;). With a resultant scale cali-
brated to give the resultant vector Er in rectangular
co-ordinate form, Eg cos 8+ jEr sin B (where 8 is the
angle between vectors ET; and Er), a number of vectors
occurring at any point in the field may readily be added.

Because the reference vector ET (= 1-350) is common
to all two-element arrays considered, it appears in the
sum once too often for each such two-element array con-
sidered after the first. Hence, in determining the field

that point. :
Fig. 9 indicates a three-element array with the ele-

ments not in line, and Fig. 10 indicates the vector com-
binations resulting at point P. In using the calculator in
this way, care must be taken that the lines of direction
to point P coincide for the different two-element arrays.
Thus, in Fig. 9, ¢.=¢1+360 degrees —y. However, be-
cause a fwo-element array is symmetrical about the line
of towers, ¢; may also be taken equal to Y —¢,.

Erir ANET
£% E% i
ET ET
Bl =ET, t ER+ET
b.
En ET
~-E7T
&, £,
E?,- AT 2
28 \E%
ERI
ET,

éﬁrtéﬂ: "'éﬁz ~ET

Fig. 10—Vector combination at point P of Fig. 9. a. Combination of
three vectors directly; b. Combination of vectors when array is
conts)ld(;‘red to consist of two two-element arrays, with 7} common
to both.

The necessity for providing two resultant scales in-
stead of one would tend to make this portion of the cal-
culator somewhat difficult to read, if resultants were
scaled for a large number of values of ET,/ET,. In the
supplementary rotary element illustrated in Fig. 11,
only the values for ET,/ET, =1 are scaled. In a calcula-
tor designed for an existing array, it would be necessary
to provide scales for only existing field ratios and the
corresponding 5 per cent unbalance.

The scales may be calculated as follows: (Refer to
Fig. 6.)

ET,=Epg cos 8
+ET: cos (180 degrees— a+ kd cos ¢) @)
cos (a+ kd cos ¢) = (Ex cos f— ET,)/ET, (8)
and ETQ(/sin 8= Er/|sin (180 degrees—hmc_os-d:)—] (9)
sin (a+ kd cos ¢) = (Er sin 8)/ET..
When ET,=ET,=1, 3 L, &
cos (a+kd cos ¢) = (Eg cos B)—1 (11)

: el W
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and sin (a+ kd cos ¢) = Eg sin 8. (12)

These formulas are most useful in the forms shown in
(8) and (10), for in these forms, central angles (a+kd
cos ¢) may readily be determined for desired decimal
values of Er cos B and Eg sin 8. Scales on this supple-
mentary rotary element are calibrated in a manner
similar to that descrited for the calibration of scales
on the regular rotary element. Tables XII and XIII give
the central angles used in calibrating the resultant scales
illustrated in Fig. 11. The negative “j” terms are those

I 1 ratiaes
£ 1o 2 ey
J 199 2 %
L.——L\L

138 199 P
Ved

Fig. 11—Supplementary rotary element for use in calculating hori-
zontal patterns of arrays consisting of more than two elements.

scaled in the two quadrants in which the phasing angles
(£ a scale) are negative.

ACCURACY AND LIMITATIONS

The accuracy of this instrument will depend largely

upon the care taken in its construction and operation.

I Generally, the larger the instrument, the greater will be

the accuracy and ease of operation obtained. With a

carefully constructed instrument of convenient size, an

accuracy to three significant figures or better should be
) obtained.

Rountree: Directive-Array Calculator
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As indicated, this calculator, in the form described,
is limited to determination of the horizontal pattern and

TABLE XII

CENTRAL ANGLES FOR CALIBRATION OF RESULTANT VECTOR SCALE IN
RECTANGULAR CO-ORDINATE ForM. REAL TERMS FOR ETH/ET 1 =1.

Encosf |a+kdcos ¢ | ErcosB | a+kdcos¢ | ErcosB | atkdcosd

Degrees | Degrees | Degrees
2.00 0.000 1.55 56.633 0.35 130541
1.995 5.734 1.50 60.000 0.30 134.427
1.99 8.108 1.45 63.256 0.28 136.054
1.98 | 11,478 1.40 66.422 0.26 137.732
1.97 14.069 1.35 69.509 0.24 139.464
1.96 16.260 1.30 72.542 0.22 141.261
1.95 18.194 1.25 75.523 0.20 143,130
1.94 19.948 1.20 78.463 0.18 145.084
1.93 21.565 1.15 81.373 0.16 147.140
1.92 23.074 1.10 84.261 0.14 149.316
1.91 24.495 1.05 87.135 0.12 151.642
1.90 25.842 1.00 90.000 0.10 154.158
1.88 28.358 0.95 92.865 0.09 155.505
1.86 30.684 0.90 95.739 0.08 156.926
1.84 32.860 0.85 98.627 | 0.07 158.435
1.82 34.916 0.80 101.537 0.06 160.052
1.80 36.870 0.75 104.477 0.05 161.806
1.78 38.739 0.70 107.458 0.04 163.740
1.76 40.536 0.65 110.491 0.03 165.931
1.74 42.268 0.60 113.578 0.02 168.522
1.72 43.946 0.55 116.744 0.01 171.892
1.70 45.573 0.50 120.000 0.005 174.266
1.65 49.459 0.45 123.367 0.000 180.000
1.60 53,130 0.40 126.870 [

TABLE XIII

CENTRAL ANGLES FOR CALIBRATION OF RESULTANT VECTOR SCALE IN
RECTANGULAR CO-ORDINATE FormM. J TERMs FOR ETH/ETy =1.

a+kd cos ¢

Egsin B 6 +kd cos ¢ | ErsinB

Degrees Degrees Degrees Degrees
0.00 0.000 180.000 0.78 I 51,261 128.739
0.05 2.865 177.135 0.80 % 53.130 126.870
0.10 5.739 174.261 0.82 55.084 124.916
0.15 8.627 171.373 0.84 §7.140 122.860
0.20 11.537 168.463 0.86 7 159.316 120.684
0.25 14.477 165.523 0.88 161.642 118.358
0.30 17.458 162.542 0.90 T 64.158 115.842
0.3% 20.491 159.509 0.91 65.50S 114495
0.40 23.578 156.422 0.92 77 66.926 113.074
0.45 26.744 153.256 0.598 "N 68.435 111.565
0.50 30.000 150.000 0.94 70.052 109.948
0.55 33.367 146.633 0.95 T 71.806 108.194
0.60 36.870 143.130 0.96 Y 73.740 106.260
0.65 40.541 139.459 0.97 ‘4 175.931 104.069
0.70 44.427 135.573 0.98 78.522 101.478
0.72 46.054 133.946 0.99 81.892 98.108
0.74 47.732 132.268 0.995 84.266 95.734
0.76 49.464 130.536 1.000 90.000 90.000

gives no information regarding the vertical pattern.
The instrument is not used by the Federal Communica-
tions Commission for allocation problems.
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Institute of Radio Engineers to

The Board of Directors of the Institute has appointed
a Building Fund Committee and will soon inaugurate a
campaign to raise, among the members of the Institute,
their well-wishers, and corporate friends, a sum of
money “to be used in connection with the establishment
of a suitable headquarters building, whether alone or in
association with other engineering societies, as the op-
portunity presents.” Further particulars will appear in
subsequent issues of the PROCEEDINGS, and otherwise be
brought to the attention of the membership.

The growth of membership, scope, and influence of
the Institute warrants such a step at this time. From
small beginnings, ours has become one of the major in-
ternational engineering societies. It is in keeping with
our present activities and attainments and our prospec-
tive needs and usefulness to the radio-and-electronic in-
dustries that we should be permanently housed.

The present membership of the Institute is over 12,-
000, representing almost 100%, increase over that of 1940.
From Fig. 1 which is reproduced with this article' from
the Report of the Secretary for 1943 and from a consider-
ation of the history of the radio-and-electronic industries
may bededuced the reasonableexpectation that there will
be rapid expansion with the advent of peace. There is rea-
son to believe that electronics applications to industry
after this war will reach something of the avalanche pro-
portions of radio applications after World War I. The
surrounding circumstances are the same: war-stimu-
lated research, undercover infiltration of advanced
technology waiting to burst its bonds, unsatisfied con-
sumer demand, pent-up buying power, and a new gener-
ation of youthful enthusiasm and experience to be re-
leased from the Armed Services. The expansion of elec-
tronic controls and clectronic power to industry can be
clearly discerned; so can the expansion of television, fre-
quency modulation, radar, wide-band coaxial cable and
radio relay communication systems and other as yet un-
disclosed devices and fields. Hidden from all our plans,
as the enormous radio broadcasting development of the
'20’s was hidden from the research engineers of the first
World War, is the precise form that a parallel develop-
ment may take in the late '40’s and early '50’s. That the
development will come we may argue by analogy. That
the activities of the Institute will be fundamentally
necessary to it, this time as it was last, is no less certain.

If the Institute is to grow with the industry and the
civilization it serves, it must promptly take on and meet
the increased responsibilities which go with growth.
With removal of paper restrictions and the release of
military inhibitions on certain types of publication, the
PROCEEDINGS will become more voluminous. As the
field of electronic applications mushrooms out, our pub-
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lication scope must and will widen to match it, for only
by comprehensive publication service may the Institute
expect to serve the whole radio-and-electronic field and
remain a cohesive force in tying the myriad applications
to fundamental scientific research and measurement.
The Institute must also continue to serve the profes-
sional interests of its engineering members, to make its
voice heard in standardization work, in government
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technical and editorial material in the PROCEEDINGS. Start-
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counsel, in professional and labor circles. The future
con7munication engineers and electronic engineers need
their Institute.

All this, as a practical matter, translates in part into
more staff and more office space. In the opinion of the
Board of Directors, the half-way measure of hiring
larger quarters is not the answer. The Institute should
qbtain in the near future a building, suited to the func-
tu‘)nal‘ needs of the Institute, of a dignity in keeping
with-its prestige, and large enough for its prospective
needs over a long period of years.
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Act to Secure a Permanent

During the past year the Board has been active in
visiting sites and investigating the possibilities, and is
continuing its explorations. Although recognizing the
tremendous advantage of being able to go before the
membership and other prospective donors with a photo-
graph or architectural drawing of the building which it
might intend to purchase or erect, final determination
of the course to be pursued has had to be left open for
the unfolding of events. The present is considered a
favorable time to secure funds, so.much so that if the
opportunity is allowed to pass, it may not occur again.
In these circumstances, when the campaign is launched,
it will have as an objective a sum which will afford lee-
way for making one of several different possible moves,
including immediate occupancy of a permanent build-
ing; purchase of temporary quarters or rental looking
forward to postwar ownership or erection of a perma-
nent building; joining with the Founder Societies or
with other engineering or scientific organizations in co-
operative home ownership. Appropriate additional con-
ditions will surround and safeguard the funds which are
secured.

The following brief history of Institute quarters, cul-
minating in the present crowded conditions, will give
point to the needs:

When The Institute of Radio Engineers was founded
on May 13, 1912, by the amalgamation of the Wireless
Institute in New York City and the Society of Wireless
Telegraph Engineers in Boston, its membership was less
than fifty. It had no real office headquarters for many
years, for its business was conducted from private of-
fices at 71 Broadway and 111 Broadway, New York,
until 1918, when Dr. Alfred N. Goldsmith, who carried
the dual burden of Secretary and Editor, discharged
these duties from his offices at the College of the City
of New York.

In the spring of 1924 a small suite of offices was leased
at 37 West 39th Street in New York City, and the In-
stitute had its first real headquarters. The organization
was growing in such a healthy manner that in January,
1927, it was necessary to employ a full-time Assistant
Secretary and a small clerical staff to handle the volume
of work. In the early winter of 1928, that space was out-
grown, so larger and more spacious quarters were rented
in the Engineering Societies Building at 33 West 39th
Street. The staff again was enlarged and included a full-
time Secretary, Assistant Secretary, Assistant Editor,
Circulation Manager, Advertising Manager, and Head
Bookkeeper. The space in the Engineering Societies
Building was adequate for a few years, but in the spring
of 1934 it was necessary to move again, this time to the
McGraw-Hill Building at 330 West 42nd Street. In
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Home

the winter of 1942, that suite proved to be too small and
the Institute was moved, in the same building, to the
larger but now inadequate quarters which it occupies at
the present time.

Due to rapid growth of Institute activities, and even
before expiration of the present favorable lease, we are
faced with the problem of once more finding enough
space to do our work. The Directors formerly had a
crowded Board Room which it shared with Comnittees
for their activities, including frequent meetings of the
important Executive Committee, but that has been
sacrificed to take care of the bookkeeping department,
whose increase in work is roughly proportional to expand-
ing membership. The Board and all the standing and
technical committees now are forced to meet in rooms
rented by the day, except when a small table in the Assist-
ant Secretary’s office will accommodate a few persons, to
the detriment of our principal paid officer’s work. The
President has no office, nor has the Editor, the Secre-
tary, or the Treasurer, even on a shared basis, in spite of
their frequent and necessary visits to the office. The
Advertising Manager, his office and staff, moved out of
the suite some months ago to release needed space to
others. The addressograph room is overcrowded. The
files are split between the Institute office and other
space some distance away. The Associate Editor and
Office Manager have tiny cubicles, but the stenographic
and clerical force are so badly cramped that carrying on

. special jobs like Radio Technical Planning Board co-

operation, preparation of Yearbooks, and detail work
of conventions severely cramps the staff. It must be
borne in mind that when the several moves were made,
prudent allowance was made for expansion, but the
combination of numerical growth and broadening of
scope of activity has far outrun all reasonable estimates.

The prospect of moving as often as in the past is un-
attractive. To acquire a really adequate floor area, such
as there is in a building made to suit our functions, is
so expensive as to indicate the advisability of pur-
chasing.

The American Institute of Physics bought its own
home about a year ago and has found it most satisfac-
tory. The four Founder engineering societies, The
American Institute of Electrical Engineers, American
Society of Civil Engineers, American Society of Me-
chanical Engineers, and The American Society of
Mining and Metallurgical Engineers have had their own
home for about thirty years in the Engineering Societies
Building and have found the co-operative arrangement
well suited to their purposes. One or the other of these
plans is within I.R.E.’s capacity to undertake, and, in the
opinion of our Board, should be undertaken forthwith.
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Institute News and Radio Notes

Board of Directors

October 4 Meeting: At the regular meet-
ing of the Board of Directors, which was
held on October 4, 1944, the following were
present: H. M. Turner, president; R. A.
Hackbusch, vice-president; S. L. Bailey,
W. L. Barrow, E. F. Carter, I. S. Cogge-
shall, W. L. Everitt, Alfred N. Goldsmith,
editor; R. A. Heising, treasurer; H. ]J.
Reich, H. A. Wheeler, and W. B. Cowilich,
assistant secretary.

Constitutional Amendments: The first
ballot on Constitutional Amendments was
mailed, in accordance with the recommenda-
tion of the Executive Committee, on Sep-
tember 15, 1944, to the entire voting mem-
bership. It is planned to mail another ballot,
to be on the petitioned amendment of
Article IV, after the results of the first ballot
indicated become known.

The second ballot will contain a state-
ment of H. P. Westman, from whom the
petition had been received, and another
statement signed by President Turner. A
notice of the second ballot is also scheduled
to appear in the December issue of the
PROCEEDINGS.

Conferences

National Electronics Conference: A report
on this conference was given by President
Turner and followed by the discussion and
actions indicated below:

Editor Goldsmith recommended that the
Institute increase its support of this con-
ference and pointed out that there is no
duplication of interest or effort between the
Institute's Electronics Conference, which is
devoted primarily to theory, and the NEC.
It was also suggested that the NEC could
be expanded to be international in scope.

Broadcast Engineering Conference: 1t was
the general opinion that a policy, similar to
that outlined for the National Electronics
Conference, would be desirable in case of
the Broadcast Engineering Conference, of
which the Afth and last meeting was held on
February 23-27, 1942.

Canadian L.R.E. Council: These matters,
concerning the Canadian membership of
the Institute, were reported by Vice-Presi-
dent Hackbusch, and discussed and acted
upon as shown below:

Canadian Radio Technical Planning
Board: The progress of the CRTPB was
described and it was proposed that the
Institute consider making a contribution to
the Canadian I.R.E. Council for the ex-
pense involved in carrying on the named
Board's activities.

After discussing the Proposal, a suitable
contribution was unanimously authorized,
to be made through the Canadian L.R.E.
Council, for the Canadian Radio Technical
Planning Board work during the year begin-
ning October, 1944.

Canadian Engineers’ Council: It was
stated that the Canadian Engineers’ Council
is in process of formation and would serve
to represent the Canadian engineering and
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scientific bodies on matters relating to legis-
lation, postwar planning, collective bargain-
ing, and the Wartime Bureau of Technical
Personnel in the Dominion.

Proceedings

Papers Procurement: Editor Goldsmith
was authorized to send a double postal card
to all members including Students, for the
purpose of determining the papers that
could be submitted now or in the near
future, and those soon after the end of the
war.

Papers Procurement Committee: The ap-
pointment of V. J. Young to the Timers
and Technical Controls Group was unan-
imously approved.

Postwar Publication Fund: On recom-
mendation of the Executive Committee,
unanimous approval was given to increasing
the reserve fund for postwar publications
from $14,000 to $20,000 and to depositing
the fund in a separate account as suggested
by theauditor.

Tutorial Papers: The resumption of tu-
torial papers’ was suggested and it was
noted that a number of members are in
favor of having the PROCEEDINGs publish
good papers of this type. The following
motion resulted from the discussion:

“The Board is sympathetic to having
the PROCEEDINGs publish outstand-
ing tutorial papers whose presenta-
tion quality exceeds that of the
average original papers.”

1945 Winter Technical Meeting: In be-
half of the Executive Committee, Mr.
Wheeler reviewed the budget, program, and
personnel of the General Committee for this
meeting, which is scheduled to be held on
January 24-27, 1945, at the Hotel Commo-
dore, in New York.

The WTM activities, recommended in
the September 28, 1944, letter from Austin
Bailey, chairman of the WTM General
Committee, were approved.

Annual Meeting: Upon the recommenda-
tion of the Executive Committee, it was
decided to hold the Annual Meeting of the
Institute during the half-hour interval be-
tween 10:00-10:30 a.M. on January 25,
1945, and as part of the 1945 Winter Tech-
nical activities at the Hotel Commodore,
New York City.

Indianapolis Section: Mr. Wheeler re-
ported on the request of the Indianapolis
Section, made in the September 25, 1944,
letter from Section Chairman H. 1. Metz,
for permission to affiliate with the Indian-
apolis Technical Societies Council. The con-
stitution of the Council was discussed and it
was noted that no dues are required of the
member societies.

The motion, granting permission to the
Indianapolis Section to become affiliated
with the named Council, was approved by an
unanimous vote. L

Radio Technical Planning Board: In
behalf of Secretary Pratt, the Institute’s
Representative on the RTPB, Dr. Barrow,
as Alternate, reviewed briefly the meetings
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of the RTPB and its Administrative Com-
mittee which were held in September. These
matters were discussed and it was decided
that the Institute continue its support of
the RTPB.

ASA Committee on Radio Noise: Mr.
Wheeler, chairman of the Standards Com-
mittee, reported on the proposed ASA War
Standards Committee on Methods of Meas-
uring Radio Noise, which is in the process
of organization.

After a discussion, the following members
were appointed to the committee in the
capacities indicated:

H. B. Fischer, Representative
C. J. Franks, Alternate
Garrard Mountjoy, Alternate

Executive Committee

October 3 Meeting: The following mem-
bers were present at the October 3, 1944,
meeting of the Executive Committee: H. M.
Turner, president; E. F. Carter, Alfred N.
Goldsmith, editor; R. A. Heising, treasurer,
F. B. Llewellvn, H. A. Wheeler, and W. B.
Cowilich, assistant secretary.

Membership: The following applications
for membership were approved: for transfer
to Senior Member grade, N. G. Anton,
R. E. Beam, P. S. Christaldi, C. W. Corbett,
L. T. DeVore, W. E. Donovan, F. A.
Everest, D. G. Grieg, Samuel Gubin, K. G.
MacLean, D. E. Noble, E. M. Ostlund,
Simon Ramo, G. H. Scheer, Jr., ]J. F. Wentz,
and J. W. Wright; for admission to Senior
Member grade, V. W. Sherman, and O. S.
Duffendack: for transfer to Member grade,
M. E. Campbell, F. M. Deerhake, H. H.
Edwards, H. E. Ellithorn, W. D. Espy,
Manuel Fernandes, Leroy Fiedler, D. P.
Gorman, A. W. Graf, O. C. Hirsch, H. S.
McCartney, W. O. Sharp, P. W. Sokoloff,
E. G. Squires, Hafry Stockman, H. P.
Thomas, T. S. Wang, and R. H. William-
son; for admission to Member grade, R. C.
Curtis, F. M. Davis, Rudolf Feldt, A. H.
Hackett, W. A. Laning, S. W. Norman,
A. W. Warner, Jr., A. C. Weid, and Saul
Weissman; Associate grade, 111; and Stu-
dent grade, 30.

Petitioned Constitutional Amendment:
Chairman Heising, as Constitution and
Laws Committee Chairman, called attention
to several matters relating to the petitioned
amendment of Article IV, mentioned below:

Petition to Amend Article 1V. These
matters have been scheduled with reference
to a separate ballot on the petitioned con-
stitutional amendment:

(1) A separate ballot to be sent after
the returns from the first constitu-
tional-amendment ballot, mailed on
September 14, 1944, have become
known.

(2) A notice of the additional constitu-
tional-amendment ballot to be pub-
lished in the December issue of the
PRrROCEEDINGS.

(3) The ballot on the petitioned

December, 1944
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Board of Directors

October 4 Meeting: At the regular meet-
ing of the Board of Directors, which was
held on October 4, 1944, the following were
present: H. M. Turner, president; R. A.
Hackbusch, vice-president; S. L. Bailey,
W. L. Barrow, E. F. Carter, 1. S. Cogge-
shall, W. L. Everitt, Alfred N. Goldsmith,
editor; R. A. Heising, treasurer; H. ].
Reich, H. A. Wheeler, and W. B. Cowilich,
assistant secretary.

Constitutional Amendments: The first
ballot on Constitutional Amendments was
mailed, in accordance with the recommenda-
tion of the Executive Committee, on Sep-
tember 15, 1944, to the entire voting mem-
bership. It is planned to mail another ballot,
to be on the petitioned amendment of
Article IV, after the results of the first ballot
indicated become known.

The second ballot will contain a state-
ment of H. P. Westman, from whom the
petition nad been received, and another
statement signed by President Turner. A
notice of the second ballot is also scheduled
to appear in the December issue of the
PROCEEDINGS.

Conferences

National Electronics Conference: A report
on this conference was given by President
Turner and followed by the discussion and
actions indicated below:

Editor Goldsmith recommended that the
Institute increase its support of this con-
ference and pointed out that there is no
duplication of interest or effort between the
Institute's Electronics Conference, which is
devoted primarily to theory, and the NEC.
It was also suggested that the NEC could
be expanded to be international in scope.

Broadcast Engineering Conference: It was
the general opinion that a policy, similar to
that outlined for the National Electronics
Conference, would be desirable in case of
the Broadcast Engineering Conference, of
which the fifth and last meeting was held on
February 23-27, 1942.

Canadian L.R.E. Council: These matters,
concerning the Canadian membership of
the Institute, were reported by Vice-Presi-
dent Hackbusch, and discussed and acted
upon as shown below:

Canadian Radio Technical Planning
Board: The progress of the CRTPB was
described and it was proposed that the
Institute consider making a contribution to
the Canadian I.R.E. Council for the ex-
pense involved in carrying on the named
Board's activities.

After discussing the Proposal, a suitable
contribution was unanimously authorized,
to be made through the Canadian 1.R.E.
Council, for the Canadian Radio Technical
Planning Board work during the year begin-
ning October, 1944.

Canadian Engineers’ Council: It was
stated that the Canadian Engineers’ Council
is in process of formation and would serve
to represent the Canadian engineering and
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scientific bodies on matters relating to legis-
lation, postwar planning, collective bargain-
ing, and the Wartime Bureau of Technical
Personnel in the Dominion.

Proceedings

Papers Procurement: Editor Goldsmith
was authorized to send a double postal card
to all members including Students, for the
purpose of determining the papers that
could be submitted now or in the near
future, and those soon after the end of the
war,

Papers Procurement Committee: The ap-
pointment of V. J. Young to the Timers
and Technical Controls Group was unan-
imously approved.

Postwar Publication Fund: On recom-
mendation of the Executive Committee,
unanimous approval was given to increasing
the reserve fund for postwar publications
from $14,000 to $20,000 and to depositing
the fund in a separate account as suggested
by the auditor.

Tutorial Papers: The resumption of tu-
torial papers’ was suggested and it was
noted that a number of members are in
favor of having the PROCEEDINGS publish
good papers of this type. The following
motion resulted from the discussion:

“The Board is sympathetic to having
the PROCEEDINGS publish outstand-
ing tutorial papers whose presenta-
tion quality exceeds that of the
average original papers.”

1945 Winter Technical Meeting: In be-
half of the Executive Committee, Mr.
Wheeler reviewed the budget, program. and
personnel of the General Committee for this
meeting, which is scheduled to be held on
January 24-27, 1945, at the Hotel Commo-
dore, in New York.

The WTM activities, recommended in
the September 28, 1944, letter from Austin
Bailey, chairman of the WTM General
Committee, were approved.

Annual Meeting: Upon the recommenda-
tion of the Executive Committee, it was
decided to hold the Annual Meeting of the
Institute during the half-hour interval be-
tween 10:00-10:30 A.M. on January 25,
1945, and as part of the 1945 Winter Tech-
nical activities at the Hotel Commodore,
New York City.

Indianapolis Section: Mr. Wheeler re-
ported on the request of the Indianapolis
Section, made in the September 25, 1944,
letter from Section Chairman H. 1. Metz,
for permission to affiliate with the Indian-
apolis Technical Societies Council. The con-
stitution of the Council was discussed and it
was noted that no dues are required of the
member societies.

The motion, granting permission to the
Indianapolis Section to become affiliated
with the named Council, was approved by an
unanimous vote. 2

Radio Technical Planning Board: In
behalf of Secretary Pratt, the Institute's
Representative on the RTPB, Dr. Barrow,
as Alternate, reviewed briefly the meetings

Proceedings of the I.R.E.

of the RTPB and its Administrative Com-
mittee which were held in September. These
matters were discussed and it was decided
that the Institute continue its support of
the RTPB.

ASA Committee on Radio Noise: Mr.
Wheeler, chairman of the Standards Com-
mittee, reported on the proposed ASA War
Standards Committee on Methods of Meas-
uring Radio Noise, which is in the process
of organization.

After a discussion, the following members
were appointed to the committee in the
capacities indicated:

H. B. Fischer, Representative
C. J. Franks, Alternate
Garrard Mountjoy, Alternate

Executive Committee

October 3 Meeting: The following mem-
bers were present at the October 3, 1944,
meeting of the Executive Committee: H. M.
Turner, president; E. F. Carter, Alfred N.
Goldsmith, editor; R. A. Heising, treasurer;
F. B. Llewellvn, H. A. Wheeler, and W. B.
Cowilich, assistant secretary.

Membership: The following applications
for membership were approved: for transfer
to Senior Member grade, N. G. Anton,
R. E. Beam, P. S. Christaldi, C. W. Corbett,
L. T. DeVore, W. E. Donovan, F. A.
Everest, D. G. Grieg, Samuel Gubin, K. G.
MacLean, D. E. Noble, E. M. Ostlund,
Simon Ramo, G. H. Scheer, Jr., J. F. Wentz,
and J. W. Wright; for admission to Senior
Member grade, V. W. Sherman, and O. S.
Duffendack; for transfer to Member grade,
M. E. Campbell, F. M. Deerhake, H. H.
Edwards, H. E. Ellithorn, W. D. Espy,
Manuel Fernandes, Leroy Fiedler, D. P.
Gorman, A. W. Graf, O. C. Hirsch, H. S.
McCartney, W. O. Sharp, P. W. Sokoloff,
E. G. Squires, Harry Stockman, H. P.
Thomas, T. S. Wang, and R. H. William-
son; for admission to Member grade, R. C.
Curtis, F. M. Davis, Rudolf Feldt, A. H.
Hackett, W. A. Laning, S. W. Norman,
A. W Warner, Jr., A. C. Weid, and Saul
Weissman; Associate grade, 111; and Stu-
dent grade, 30.

Petitioned Constitutional Amendment:
Chairman Heising, as Constitution and
Laws Committee Chairman, called attention
to several matters relating to the petitioned
amendment of Article IV, mentioned below:

Petition to Amend Article 1V. These
matters have been scheduled with reference
to a separate ballot on the petitioned con-
stitutional amendment:

(1) A separate ballot to be sent after
t!:e returns from the first constitu-
tional-amendment ballot, mailed on
September 14, 1944, have become
known.

(2) A notice of the additional constitu-
tional-amendment ballot to be pub-
lished in the December issue of the
PROCEEDINGS.

(3) The ballot on the petitioned

December, 1944




amendment to include a statement
from H. P. Westman, from whom the
petition had been received, and an-
other statement signed by President
Turner.

National Electronics Conference: The
plans for this conference, scheduled to be
held this month at Chicago, were considered
to be progressing favorably and it was
stated that many Institute members are
planning to attend.

The suggestion was made to Mr. Wheeler
that steps be taken to encourage the con-
tinuation of this conference, of which the
Institute's Chicago Section is one of the
Sponsors.

Audit Bureau of Circulations: The cir-

culation statements for the PROCEEDINGS .

covering the first six months of 1944, re-
cently prepared and submitted by the In-
stitute office, has been officially released by
the A.B.C. Attention was called to monthly-
average increases, indicated below:

e
January- July January-
Decem-
June e June
1944 1943 1943
Total Distribu-
tions 13,348 11,754 10,427
Paid Member- 9,640 8,276 7,443
ships (excluding Students)
Paid Students 2,259 2,101 1,543
Paid Subscrip-
tions 1,076 1,039 900

Ottawa Section: Mr. Wheeler reported
that the Montreal Sections had agreed on
the territory of the Ottawa Section, out-
lined below:

Counties in Ontario: Lennox and Adding-
ton, Renfrew, Lanark, Frontenac, Leeds,
Carleton, Grenville, Dundas, Stormont,
Glengary, Prescott, and Russell.

Electoral Districts in Province of Que-
bec: Pontiac, Hull, and Laval (Labelle).

It was further stated that the decision
of the Montreal and Toronto Sections on
the defined area, including proposals of the
three Sections involved, had been com-
municated to the Ottawa Section, and that
the reply of the latter Section is expected in
the near future.

Technical Committees: Dr. Llewellvn
pointed out that the technical committees
are becoming more active and that conse-
quently the need now exists for a full-time
technical secretary to co-ordinate the work
of these groups as had been done previ-
ously.

After a favorable discussion, it was de-
cided to defer further consideration of the
matter to the next meeting.

Propagation Data: In his capacity on the
Executive Committee, Dr. Llewellyn called
attention to a September 26, 1944, letter
from W. R. G. Baker suggesting that the
Institute co-ordinate available propagation
data above 300 megacycles and release the
information to the profession and to in-
dustry.

As a result of the discussion, it was
moved to refer Dr. Baker's letter to Chair-
man C. R. Burrows of the Radio Wave
Propagation Committee, with the sugges-
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tion that the committee take the action
proposed by preparing a report and/or by
having suitable papers submitted for publi-
cation in the PROCEEDINGS.

Subscriptions: It was the opinion that
the subscription data on the Journal of the
Institution of Electrical Engineers (England)
should be publicized in the PROCEEDINGS
each month for a year, that such information
should include the regular rates, and that
those interested should be directed to make
their remittances to the London address of
that journal.

It was further decided to submit sub-
scription data on the PROCEEDINGS for pub-
lication in the Journal of the I.E.E. on a
similar basis.

The Assistant Secretary was instructed
to send the PROCEEDINGs data to Mr. W. K.
Brasher, Secretary of the I.LE.E. and to re-
quest similar data on their journal for use in
the PROCEEDINGS.

Constitutional-
Amendment Section

By the time this issue of the PROCEED-
INGs reaches the membership, the ballots on
the Constitutional Amendments sent out in
September will have been counted. The re-
sult of the ballot will appear in the January
issue.

In the meantime, plans are under way to
submit to a vote the proposed Constitutional
Amendment submitted by petition in Au-
gust by Mr. Westman and other members.
The voting membership may expect to re-
ceive their ballots on thisamendment a short
time after the appearance of this notice.

As stated in earlier issues of the Pro-
CEEDINGS the aim of these amendments is to
establish a system of dues that will facilitate
the classification of members into grades
commensurate with their qualifications
without imposing a financial obligation
which at present is regarded by some as a
serious deterrent to proper classification.
Discussions of the proposed amendment will
be transmitted to the voting membership
along with the ballot. In the meantime, those
interested will find the subject presented in
the following issues of the PROCEEDINGS:

September, 1944, p. 567, letter from Mr.

Westman; also p. 562 paragraph No.
10;
October, 1944, p. 639; November, 1944,
p. 713 under Board of Directors.
R. A. HEIsING, Chairman
Constitution and Laws Committee

1945 Winter
Technical Meeting

Early response from the radio engineers
and industry confirms the belief of the
general committee in charge of the coming
Winter Technical Meeting that attendance
at the four-day sessions, January 24-27,
will reach a new high in [.R.E history.

Many problems must be met and solved
by the various subcommittees because of
wartime conditions but none is more critical
than that of hotel reservations for out-of-
town guests. With the opening date only a
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few weeks away, it is essential that members
who will be present reserve their rooms at
once. The hotel situation in New York has
been complicated during the last month by
a set-aside order to care for military per-
sonnel and their families but I.R.E. visitors
can be accommodated if reservations are
made at once.

The papers committee has announced
that papers already in hand insure an in-
teresting program. It is believed that a
fairly complete agenda of the sessions will
be available for the January issue of the
PROCEEDINGS.

The Papers Committee has made a de-
termined attempt to obtain papers that will
be expressive of postwar problems and de-
velopments as well as of wartime technical
activities. In hopes that the favorable prog-
ress of the war will relax present restrictions
on certain electronic devices now playing a
vital role in military maneuvers, the com-
mittee will hold -open a certain amount of
time for last-minute manuscripts.

It has already been planned to devote
special sessions to the radio aspects of the
industrial-electronics field, to recent ad-
vances in vacuum-tube theory and develop-
ment, and to radio links and relays. The lat-
ter subject is a particularly live one now
with television and frequency modulation
occupying the thoughts of postwar planners
on mass communications.

From all indications the exhibits will be
one of the most important features of the
Winter Technical Meeting. The number of
firms that already have requested display
space is so much greater than the committee
first estimated that additional room is being
sought on the convention floor. Here, also,
it is hoped that secrecy surrounding many
war devices will be dropped sufficiently to
permit the exhibition of some war equip-
ment.

As explained in the November Pro-
CEEDINGS the general committee has recog-
nized the desire of convention guests for
social meetings between sessions. The “cock-
tail party” on the evening of January 26 is
only one of the social high spots. Special
arrangements will be made to entertain the
ladies who come to New York for the meet-
ing. Details of these attractions should be
completed in time for an announcement in
the January issue.

National Electronics

Conference

=

Attracted by a program of fifty out-
standing technical papers on all branches
of technical developments in electronics,
2191 engineers, scientists, and technical
workers were officially registered and took
part in the technical meeting, banquet, and
luncheons of the first National Electronics
Conference at the Medinah Club of Chi-
cago on October 5, 6, and 7. While the
majority of those attending the Conference
were from the United States, representatives
from government or commercial agencies of
Argentina, Canada, China, England, France,
Mexico, and Russia were also present. The
most prominent Canadian representative
was Ralph A. Hackbusch, vice-president of
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TheInstitute of Radio Engineers. Other
members of the [.R.E. Board of Direc-
tors who attended the conference were H.
M. Turner, president; F. B. Llewellyn, A.
B. Chamberlain, I. S. Coggeshall, H. ]J.
Reich, E. F. Carter, and H. A. Wheeler.

After an address of welcome by O. W.
Eshbach, dean of the Technological Insti-
tute, Northwestern University, the Con-
ference was opened by Ralph R. Beal, as-
sistant to the vice-president in charge of
RCA Laboratories, who spoke on “Elec-
tronic Research Opens New Frontiers.”
In this address, the many possibilities for
future developments in the field of elec-
tronics were ably outlined.

At the luncheon on Thursday, October S,

W. C. White, director of the electronics
laboratory, General Electric Company,
spoke on “Electronics in Industry.” The
many industrial applications of electron
tubes, first extensively developed by com-
munications engineers, were high-lighted in
Mr. White's address. This luncheon was
arranged by the Chicago Section of the
American Institute of Electrical Engineers
and R. C. Ericson, chairman of the Chicago
Section, presided.

At the banquet on Thursday evening at
which H. T. Heald, president of the Illinois
Institute of Technology presided, there were
1185 guests. Electronic-wire recordings of
five-minute talks by Rear Admiral Joseph
R. Redman, Director of Naval Communica-
tions, and Major General H. C. Ingles,
Chief Signal Officer, were heard. The topic
of both talks was “What Electronics Has
Meant to the Armed Forces.”

The banquet address, “Triggers to Mass
Actions” was given by Major Lenox Lohr,
president of the Museum of Science and
Industry. In this address, Major Lohr dis-
cussed certain factors which are responsible
for concerted action of large groups of per-
sons. This address was followed by a pro-
gram of entertainment.

At the Friday luncheon, arranged by the
Chicago Section of the I.R.E., at which
W. O. Swinyard, chairman of the Chicago
Section presided, all members of the Board
of Directors who attended the Conference
were honored guests. Professor Turner com-
mented on the excellent program of techni-
cal papers, the evident interest in non-
communication topics, and the large
attendance which exceeded that of any
I.R.E. or A.LE.E. technical meeting. Pro-
fessor Turner also expresed the desire of the
Institute to co-operate more fully with the
Conference in its future meetings.

Friday evening an informal dinner-
meeting was held to enable members of the
Board of Directors to become better ac-
quainted with [.R.E. members prominent
in the activities of the Chicago Section.
Those at this dinner included W. O. Swin-
yard, chairman of the Chicago Section,
presiding; H. M. Turner, president of the
Institute; Ralph A. Hackbusch, vice-
president; F. B. Llewellyn, Kenneth Jarvis,
A. B. Chamberlain, Alfred Crossley, A. B.
Bronwell, H. C. Luttgens, L. E. Packard,
D. E. Foster, V. J. Andrew, 1. S. Cogge-
shall, A. W. Graf, secretary of the Chicago
Section; Cullen Moore, vice-chairman of the
Chicago Section; A. H. Brolly, Paul Smith,
H. J. Reich, R. H. Herrick, E. F. Carter,
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H. A. Wheeler, and Beverly Dudley. B. E.
Shackelford was present for a few moments,
but a previous engagement prevented him
from taking part in the discussion.

At the 1.R.E. dinner-meeting, Mr.
Wheeler reported that he had been com-
missioned by the Board of Directors to
extend the whole-hearted co-operation of
the national body of the Institute in fur-
thering the activities of the National Elec-
tronics Conference. He expressed the hope
that the Conference would call on the
I.LR.E. as a means of promoting common
interests. It was pointed out by Mr. Swin
yard that the Chicago Section of the .R.E.
had only a minority voice in the Executive
Committee of the Conference, but that a
sufficient number of Committee members
was present to convey the Board's thoughts
accurately. The meeting was then opened for
discussion of methods of co-operation and
general Institute matters. The principal
topic of discussion was the need for expand-
ing the field of interest of the . R.E. in a
definite and concrete way that would be
immediately apparent to all members.

Perhaps the outstanding significance of
the Conference, so far as the [.R.E. is con-
cerned, is the unusually large attendance for
a first meeting, indicative of the interest
in all phases, of electronics, and the ap-
preciable interest in noncommunication
topics. The following tabulation gives some
indication of the topics covered by the six-
teen technical sessions of the Conterence.
It also indicates the comparative interest in
various topics as judged by attendance at
the technical sessions.

Approxi-
h ] mate
Technical Session Attend
ance
1. Television.................. 1000
2. Electronic Power Applications. 200
3. Electronic Aids to Medical Sci-
enCer Nl s e . 100
4. Survey of Industrial Elec-
LEONICSERrR . ey~ .. 350
5. Radio..... e N4 2y Zhviowaw 550
6. Electronic Measurements and
Controls. ......... ... 950
7. Recent Developments in Theo-
retical Electronics. . . . . 350

8. Electron-Tube Developmeﬁfs: 700
9. Industrial Applications; Elec-

tronic Devices. . .......... 600
10. Radio and Telephone Applica-

tions. ...... e i " 2300
11. Ultra-High Frequencies. ..... 600
12. High-Frequency Heating..... 700
13. Industrial Radiography... .. 200
14. Aeronautical Applications. ... 110
15. Recent Developments in Elec-

tron Theory. . . .. b o 800
16. Industrial Applications....... 300

Several hundred persons also attended
educational motion pictures illustrating the
principles of electronic devices or dealing
with the manufacture of equipment.

The numerous expressions of interest for
continuing the Conference and the success
of the first meeting makes -it possible to
announce the holding of the second National
Electronics Conference in Chicago in Octo-
ber, 1945.

BEVERLY DupLEY

Correspondence

Correspondence on both technical and
nontechnical subjects from readers of
the PROCEEDINGS OF THE [.R.E. is in-
vited, subject to the following condi-
tions: All rights are reserved by the
| Institute. Statements in letters are ex-
| pressly understood to be the individual
opinion of the writer, and endorsement
or recognition by the [.R.E. is not im-
plied by publication. All letters are to
be submitted as typewritten, double-
spaced, original copies. Any illustra-
tions are to be submitted as inked
drawings. Captions are to be supplied

I for all illustrations.

Sources of Mica

To the Editor: September 6, 1944

Dear Sir:
I have received a letter from Mr. H. W.
Eckweiler, Industrial Specialist, Mica-

Graphite Division, War Production Board,
in which he calls attention to a misstatement
regarding the mica for radio condensers from
India, appearing in the second sentence of
my paper “Equipment and method for meas-
urement of power factor of mica,” published
in the July, 1944, issue of the PROCEEDINGS
on pages 393-397. The objection is to the
last clause in the following sentence as pub-
lished, “A very large part of the mica used
in this country for radio condensers has been
obtained abroad in the past, from India in
particular, but this supply has been practi-
cally eliminated.” Mr. Eckweiler says that
this clause is incorrect and thinks that a cor-
rection should be published.

Quoting from Mr. Eckweiler's letter of
August 29:

“Prior to the war, our main sources of
mica were India and Brazil, but due to in-
creased use for war purposes, it became nec-
essary to develop other sources and expand
the existing sources of supply. Due to vari-
ous factors, such as reluctance .of the trade
to use mica from untried sources, the de-
mand for mica of Indian origin was greater
than the supply. Hence, many felt that In-
dian imports were disappearing, although, in
fact, they were increasing. [t became neces-
sary for consumers to use mica from other
sources, domestic and foreign, where classi-
fication and grading was not up to the In-
dian standards in many instances. This has
been corrected to a great degree, and today,
mica from other sources is being used with
complete satisfaction for most critical appli-
cations.

“We realize that much misinformation
regarding mica has been circulated. This is
probably due, in part, to the secrecy which
has surrounded our mica programs. e,
therefore, feel it desirable to correct the
statement regarding the ‘practical elimina-
tion of Indian imports.’

| “I trust that you may be able to publish
this in an early issue of the PROCEEDINGS in
orQer to clear up any erroneous imnpression
umnte;?tionally created by the original state-
ment. Very truly yours,
E. L. Hall, Radio Engineer

National Bureau of Standards

Washington, D. C.
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Aberrations, Electron Lens: 2257
Aperture Effects: 2257
Chromatic: 2257
Diffraction Defect: 2257
Spherical: 2257
Absorption, Dielectric: 2410
Glass: 2410 ¢
Acousti7cs: (See also Microphones) 2270,
221
Directional Characteristics, Microphone:
2271
Materials: 2270
Pickup: 2271
Reverberation: 2270
Studio: 2270
Act, Communications: 2315
Action Potential: 2319
Activators, for Phosphors: 2305
|Admittance, Discontinuity: 2397, 2399, 2401
Agreements, International: 2318
|Atrcraft Radio: 2269, 2277
i Components: 2269
Receiver, ‘“Unitized"': 2364
lAirplane Equipment: 2351
Alexanderson Altimeter: 2282
Allocation, Frequency: 2315, 2318
Altimeter: 2282
Absolute: 2282
Alexanderson: 2282
Capacitance: 2282
Gunn: 2282
Radio: 2282
Sonic: 2282
Western Electric: 2282
Amateur Service: 2317
American Institute of Electrical Engineers:
2284, 2347
American Society for Testing Materials:
2332
Amplidyne: 2363
Amplifiers, Amplification: (See also Vacuum
Tubes): 2258, 2281, 2304, 2306, 2307,
2309, 2319, 2322, 2324, 2328, 2334,
2336, 2338, 2363, 2364, 2365, 2367,
2381, 2384, 2386, 2389, 2396, 2409,
2411
Amplidyne: 2363
Auxfio-Frequenc_v: 2401, 2409
Cathode-Follower: 2306
Cathode-Input: 2309
Cathode-OQutput: 2306
Cathode-Ray: 2384
Current: 2363
Degenerative: 2319, 2324
Design: 2384, 2386
Differential : 2409
Direct-Current: 2319, 2336
Distortion: 2328, 2401
Factor, Stability: 2324

Amplifiers, Amplification (Cont’d.)
Feedback: (see Feedback)
For Bioelectric Research: 2319
Frequency Characteristic: 2319
Frequency-Conversion: 2397
Gain: 2309, 2324
Graphical Design: 2306
Grounded-Grid: 2309, 2338, 2389
High-Gaim: 2258
Intermediate-Frequency: 2396, 2411
Design: 2396
Frequency-Modulation: 2411
Receiver: 2411
Multigrid-Tube: 2338
Multistage: 2258
Negative-Feedback: 2324
Phase-Characteristic: 2307
Power-Supply Regulation: 2336
Pulse: 2409
Radio-Frequency: 2338, 2381
Regenerative: 2304
Resistance-Capacitance-Coupled:
2409
Resistance-Capacitance Type: 2258
Resistance-Coupled: 2386
Saw-Tooth-Wave Testing: 2322
Shielding: 2319
Signal-to-Noise Ratio: 2309
Speed: 2363
Stability Factor: 2324
Superregeneration: 2381
Testing: 2322, 2401
Square-Wave: 2401
Triangular-Wave: 2401
Transformer-Coupled: 2322
Triode: 2338
Ultimate Bandwidth: 2258
Ultra-High-Frequency: 2304, 2309
“Unitized”: 2364
Design, 2364
Velocity-Variation: 2281
Video: 2367
Coupling Units: 2367
Frequency: 2258
Voltage: 2338, 2363
Wide-Band: 2384 )
High-Frequency Compensation: 2384
Amplitude Modulation: 2277, 2284
Analvsis, Spectrographic: 2278
Analyzer, Network: 2310, 2311, 2327
Element I.osses: 2310
Elements: 2327
Angle, Crab: 2350
(in Flying): 2350
Annual Review: 2277
Wartime Radio Activities: 2277
Antennas: (See also Antennas, Aircraft):
2260, 2261, 2275, 2271, 2297, 2311,
2315, 2350, 2365, 2366, 2383, 2385,

2386,

2395, 2414
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Antennas (Cont'd.)

Aircraft: 2277
Airplane-Guidance: 2350
Annual Review: 2277
Arrav: (See Antennas, Directional) 2350,
2385
Base-Loaded: 2260
Center-Driven, Svmmetrical: 2277
Center-Loaded: 2260, 2261
Current Distribution: 2383
Cvlindrical: 2277
Design: 2385
Dipole: 2275, 2350
Directional, Directive: (See also Antennas,
Loop) 2350, 2395, 2414
Arrays: 2350
Avigation-Guidance: 2350
Sky-Wave Radiation: 2395
Two-Element: 2414
Dummy: 2275
Effective Length: 2261, 2277
Equivalent Circuit: 2260
Field-Strength Gain: 2384
Finite-Thickness: 2260, 2261
Gain: 2277
Loop: 2277, 2297, 2366, 2383
Bearing Error: 2297
Circular: 2366
Iron-Core: 2277
Sensitivity: 2297
Shielding: 2277
Uniform-Current: 2383
Optimum-Current Distribution: 2277
Polar-Diagram Machine Calculation: 2277
Radiation: 2277, 2311
Resistance: 2277
Receiving: 2260, 2261
Rhombic, 2277
Shielded-Loop: 2365
Station-Location: 2350
Untuned Parasitic Elements: 2277
Vertical Linear: 2385
Very-High-Féequency. Ultra-High-zFre-
quency, Super-High-Frequency: 2315
Z-Marker: 2350p i 1 .

Army, United States: 2339
Arra_ys: (See Antennas, Directional)
Audience, Broadcasting: 2331

Measurement of : 2331

Aviation: 2350

Radio Ranges: 2350
Service: 2317

[Avigation: 2350

B

Bandwidth, Radio: 2318
Baudot Code: 2347
Beacon: 2277

Marine (Buoys): 2277




Beacon (Cont'd.)
Transmitters: 2277
Beam, Modulated: 2307
Phase Meter: 2307, 2308
Bell, Alexander Graham: 2347
Bias, High-Frequency in Recording: 2394
Bioelectric Research: 2319
Bioelectricity: 2319
Board
of Economic Warfare: 2332
RazcgiosTechnical Planning: 2315, 2317,
1
of War Communications: 2315, 2318
War Production: 2315, 2332
Book Reviews:
Basic Radio, by C. L. Boltz (Reviewed by
Albert Preisman): 2341
Basic Radio Principles, by Maurice Grayle
%J;Tgrn (Reviewed by O. L. Updike):
Bibliography and Abstracts on Electrical
Conh1cts.1published by American So-
ciety for Testing Materials (Reviewed
bv F. X. Rettenmever): 2329
Communication Circuits, by L. A. Ware
and H. R. Reed (Reviewed by F. W.
Grover): 2302
Communication Circuits (Second Edi-
tion), bv L. A. Ware and H. R. Reed
(Reviewed by William Wilson): 2265
Direct-Current Circuits, by Earle M.
Morecock (Reviewed by Frederick W.
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6
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(Reviewed by W. H. Pickering): 2266
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(Translated by Arthur Palme) (Re-
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Erzwungene elektrische Schwingungen
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zonaler Anregung, by Ernst Metzler
(Reviewed by Marion C. Gray): 2361
Experiments in Electronics and Commu-
nication Engineering, by E. H. Schulz
and L. T. Anderson (Reviewed by O. L.
Updike): 2342
Fields and Waves in Modern Radio, by
Simon Ramo and John R. Whinnery
(Reviewed by S. A. Schelkunoff); 2378
Foundations of Wireless, by M. G. Scrog-
gie (Reviewed by J. E. Smith): 2371
Fundamental Radio Experiments, by
Robert C. Higgy (Reviewed by George
Pihl): 2291
Fundamentals of Radio Communications,
by Austin R. Frey (Reviewed by George
F. Maedel): 2345
Fundamental of Telephony, by Arthur L.
Albert (Reviewed by H. A. Affel): 2303
Graphical Constructions for Vacuum
Tube Circuits, bv Albert Preisman (Re-
viewed by E. E. Spitzer): 2288
How to Pass Radio License Examinations,
by Charles E. Drew (Reviewed by Al-
bert Preisman): 2372
Hyper and Ultra-High Frequency Engi-
neering by Robert [. Sarbacher and
William A. Edson (Reviewed by E. D.
McArthur): 2357
[1lustrated Technical Dictionary, Maxim
Newmark (Reviewed by Ralph R.
Batcher): 2346
Industrial Electronic Control, by W. D.

2356

Cockrell (Reviewed by W. G. Dow):

Book Reviews (Cont'd.)

Klystron Technical Manual, published by
Sperry Gyroscope Co., Inc. (Reviewed
bv F. B. Llewellyn): 2360

Maintenance and Servicing of Electrical
Instruments, by James Spencer .(Re-
viewed by Ralph R. Batcher): 2403

Mathematical and Physical Principles of
Engineering Analysis, by Walter B.
Johnson (Reviewed by F. Hamburger,
Jr.): 2373

Mathematics Essential to Electricity and
Radio, by Nelson M. Cooke and Joseph
G. Orleans (Reviewed by F. W.
Grover): 2267

Mathematics of Radio Communications,
by T. J. Wang (Reviewed by W. O.
Swinyard): 2330

Moderne Mehrgitter—Elektronenrshren,
by M. J. O. Strutt (Reviewed by E. W.
l‘f;rold): 2285

Modern Operational Mathematics in En-
gineering, by Ruel V. Churchill (Re-
viewed by H. A. Wheeler): 2391

Patent Law, by Chester H. Biesterfeld
(Reviewed by David B. Smith): 2405

Phvsik und Technik der Ultrakurzen
Wellen, by H. E. Hollmanfi (Reviewed
by W. D. Hershberger): 2264

Practical Analysis of Ultra-High-Fre-
quency Transmission Lines, Resonant
Sections, Resonant Cavities, Wave
Guides, by J. R. Meagher and H. ].
%’lgrkley (Reviewed by H. A. Whecler):

359

Practica! Radio and Electronics Course,
prepared by M. N. Beitman (Reviewed
by Ralph R. Batcher): 2343

Practica!l Radio Communication, by Ar-
thur R. Nilson and J. L. Hornung (Re-
viewed by L. M. Clement): 2262

Principles of Electronics, by Royce G.
Kloeffler (Reviewed by I. E. Mouromt-
seff): 2377

Principles of Aeronautical Radio Engi-
neering, by P. C. Sandretto (Reviewed
by B. E. Shackelford): 2287

Radio Amateur’s Handbook, published by
American Radio Relav League (Re-
viewed by Harold P. Westman): 2344

Radio Audience Measurement, by Mat-
thew N. Chappell and C. E. Hooper,
gl}:(\)/iewed by Alfred N. Goldsmith):

Radio Data Charts, by R. T. Beatty (Re-
vised by J. McG. Sowerby) (Reviewed
by P. S. Carter): 2358

Radio Direction Finders, by Donaid S.
Bond (Reviewed by H. A. Wheeler):
2299 (preview)

Radio Direction Finders, by Donald S.
Bond (Reviewed by Karl G. Jansky):
2402

Radio Materiel Guide, by Francis E.
;\zl%stead (Reviewed by R. R. Batcher):

Radio Receiver Design, Part 1 by K. R.
Sturley (Reviewed by F. X. Retten-
meyer): 2314

Radio Waves and the lonosphere, by
T. W. Bennington (Reviewed by New-
bern Smith): 2392

Reference Data for Radio Engineers,
compiled and published by Federal
Telephone and Radio Corporation (Re-
viewed by R. R. Batcher): 2263

Shop Job Sheets in Radio, Book [—
Fundamentals, by Robert Neil Auble
(Reviewed by F. X. Rettenmeyer):
2375

Shop Job Sheets in Radio, Book I1, Serv-
ice Problems, by Robert Neil Auble

(Reviewed by F. X. Rettenmeyer):
2390

Short Wave Wireless Communication In-

cluding Ultra-Short Waves, by A. W.

Book Reviews (Cont'd.)
Ladner and C. R. Stoner (Reviewed by
C. E. Scholz): 2286

Thermionic Valve Circuits, (Second Edi-
tion) by Emrys Williams (Reviewed
by E. E. Spitzer): 2406

The Technique of Radio Design, by E. E.
Zepler (Reviewed by Dorman D.
Israel): 2313

Time Bases, by O. S. Puckle (Reviewed
by A. V. Bedford): 2300

Booster: 2365

Remote-Controlled: 2365

Radio-Frequency: 2365

Brazing, Electronic: 2348

Bridges: 2332

Radio-Frequency: 2332

Broadcasting: 2270, 2277, 2283, 2315, 2316,
2318, 2331, 2355, 2365, 2382, 2395

Acoustics, Studio: 2270

Annual Review: 2277

Antenna: 2395
Directional: 2395
Radiation Sky-Wave: 2395

Booster: 2365

Coverage: 2331
Commercial: 2331

Facsimile: 2316

Field-Intensity: 2331

Frequency-Modulation: 2277, 2316

In;ernational: (See also Transmitters)

316

Measurements: 2331
Field-Intensity: 2331

Relay: 2316

Service Area: 2331

Standard-Band: 2277
Annual Review: 2277

Standard-Frequency: 2283, 2355

Studio-Control: 2382

Studios: 2270

Television: 2316

Bureau

of Mines: 2332

of Standards, United States of America:
National: 2332

C

Calculating Machine: 2277
Calculators: 2414
Directional-Antenna Arrays: 2414
Two-Element: 2414
Canadian Armed Services: 2339
Capacitance, Capacity: 2282, 2351
Altimeter: 2282
Gang Condensers: 2308
Humidity Effect: 2351
Rotating Condenser: 2320
Temperature Effect: 2351
Vibration Effect: 2351 )
Capacitors: (See Condensers, Capacitance)
2280, 2351
Asphalt-Sealed: 2280
Breakdown: 2351
Direct-Current, 2280
Energy Losses: 2351
for Airplanes: 2351
Failire:
versus Temperature: 2280
versus Voltage: 2280
Paper: 2280
Rolled-Paper: 2280
Temperature:
Coefficient: 2351
Range: 2280
Vacuum: 2351
Voltage Rating: 2351
Wax-1'ype: Impregnant: 2280
Weight: 2351
Cardiograms: 2319, 2409
Electro: 2319
Myocardiograms: 2409
Carnegie, Andrew: 2347
Cascode Connection: 2336

Cathode, Niobium (Columbium): 2393




Cathodes:

Oxide-Coated:

Spectrographic Analysis: 2278

Cavity Resonance, Resonator: 2279, 2327
Cavity, Resonant: 2353
Centennial, Telegraph: 2347
Ceramics: 2278

Sp2e(2:;r80graphic Analysis of Materials:

Channels:
Adjacent: 2408
Radio: 2318
Selectivity: 2408
Characteristics, Chemical: 2410
Glass: 2410
Charge, Space: 2296
Magnetrons: 2296
Vibration Mode: 2296
Chassis Design: 2364
Circuit Analysis: (See also Transmission
Lines) 2275, 2281, 2307, 2334, 2335,
2336, 2338, 2352, 2353, 2367, 2380,
2381, 2384, 2386, 2387, 2388, 23389,
2395, 2397, 2400, 2412, 2413
Antenna-Input: 2338
Buncher: 2353
Catcher: 2353
| “Clipper”: 2307
Current-Follower: 2338
Current Regulation: 2336
Demodulation: 2397
Detection: 2397
Equivalent:
for Field Equations: 2311
for High-Frequency Fields: 2311
Feedback: 2334, 2388
Circuits: 2334
Series-Type: 2388
Frequency-Conversion: 2397
Grounded-Grid Amplifiers: 2389
Junction: 2386
Mutual Inductance: 2387
Circular Filament: 2387
Networks: 2275, 2281, 2334, 2338, 2367,
2400
Corrective: 2334
Dummy Dipole: 2275
Impulsive: 2388
Linear: 2388
Reactance: 2367
Vacuum-Tube: 2281
Noise: 2338
Oscillator: 2335
Frequency-Modulation: 2335
Saw-Tooth: 2412
Series-Tuned: 2413
Impulse Excitation: 2413
Velocity-Modulation: 2353
Pi-Section Tandem: 2338
Pulse-Generating: 2395
Rectification: 2397
Rectifier Operation: 2352
Squelch: 2380
Superregeneration: 2381
Frequency-Modulation: 2381
Sweep: 2319
Tensor: 2311
Theorem, Equivalent-Plate: 2328
Trigger: 2409
Vacuum-Tube Circuits: 2386
Velocity- Modulation Oscillator: 2353
Voltage-Doubling-Rectifier: 2352
Full-Wave: 2352
Half-Wave: 2352
Voltage Follower: 2338
Voltage-Multiplying Rectifiers: 2352
Wide-Band Amplifier: 2384
High-Frequency Compensation: 2384
Civil Aeronautics Administration: 2350
Coaxial Lines: 2399
Components, Circuit: 2396
Q Values: 2396
Conductance:
Conversion: 2397
Frequency: 2397
Coastal Stations: 2317
Coating Metal: 2268

Code, Alphabetic: 2347
Baudot: 2347
Continental-Morse: 2347
Morse:2347
Coils: 2268, 2384
Design: 2384
Inductor: 2268
Layer-Wound: 2384
Self-Resonant Frequency: 2384
Commission:
Engineering Work: 2315, 2316, 2317, 2318
Federal Communications: 2315, 2316,
2317,2318
Radio Technical, for Aeronautics: 2317
Committee, Interdepartment Radio Ad-
visory:2315,2318
Components:
Aircraft Radio: 2269
Radio: 2269
“Unitized”: 2364 X
Communications: 2315, 2380
Act: 2315
Board of War: 2315
for Seismographic Exploration: 2380
International: 2315
Condensers: (See Capacitors, Capacitance)
2280
Capacitors, Interelectrode: 2273
Interelectrode Capacitance: 2273
Mica Capacitors: 2269
Conduction, Nerve: 2409
Conductors: 2333
at Radio Frequency: 2333
Copper-Covered Steel: 2333
Mechanical Strength: 2333
Constant, Ditlectric: 2410
Glass: 2410
Control: 2363, 2365, 2382
Amplidyne: 2363
Booster: 2365
Positioning: 2363
Remote: 2365
Studio: 2382
Console: 2382
“Unitized” Constructions: 2364
Volume: 2382
Conventions, International: 2318
Converters: 2304
Ultra-High-Frequency: 2304
Copper, Steel-Wire Covering: 2333
Council: 2332
National Defense: 2332
National Research:2332
Coverage: 2331
Broadcasting: 2331
Night Classification: 2331
Primary: 2331
Secondary: 2331
Crystals: (See Piezoelectric Crystals) 2295
Currents, Eddy: 2311
Current Stabilizers: 2336
Curricula, Engineering: 2362, 2379
Cutoff: 2334
Network Characteristic: 2334

D

de Forest, Lee: 2347
Degeneration: 2324
Demodulation: 2397
Dentistry:
pH Measurements: 2349
Design: 2269, 2379, 2384, 2385, 2386; 2396
2407, 2409, 2411, 2412
Amplifier: 2384, 2386
Resistance-Coupled: 2386
Resistance-Capacitance-Coupled: 2386
Antenna: 2385
Chassis: 2364
Circuit: 2409
Coil: 2384
Engineering: 2379
Inductor: 2387
Intermediate-Frequency:
System: 2396
Transformer: 2411

Oscillator: 2412

[Design (Cont'd.)

| Saw-Tooth: 2412

| Receivers: 2269, 2381
Transmitters: 2269

|Detectors, Detection: 2364, 2381, 2397
Crystal: 2397

‘ Silicon-Constant: 2397

Superregenerative: 2381

Ultra-High-Frequency: 2397

“Unitized”: 2364

| Design: 2364
|Development Equipment: 2407
| Planning: 2407
[Diagram, Nyquist: 2334
[Dielectric Spacers: 2399
\Dielectrics: 2410
Glass: 2410
|Dipole: 2275, 2350, 2385
Dummy: 2275
Directional Reception: 2297
Loop Errors: 2297
|Directional Transmission: 2366, 2383, 2385
| Circular Loop: 2366
Directive Antennas: (See Antennas)
Discontinuities:

Coaxial Line: 2399
Dielectric: 2399
Double-Step: 2399
Geometrical: 2399
Re-entrant: 2399
Single Step: 2399

Transmission Line: 2274

\Discriminator: 2380, 2408, 2411

Transformer: 2411

|Distortion: 2335
Amplitude: 2335
Frequency-Modulation: 2335
Harmonic: 2335
Distribution:
Current: 2398
Transmission-Line: 2398
Voltage: 2398
Transmission-Line: 2398
Divider, Voltage: 2336

E

Eddy Current: 2311

Edison, Thomas Alva: 2347

|Education, Engineering: 2362, 2379

,’Eﬂ'ect. Skin: 2333

E-Layer: 2395

Electrocardiogram: 2319

Electron, Electronic: (See also Vacuum
Tubes) 2257, 2268, 2269, 2277, 2281,
2282, 2348, 2351, 2354, 2368, 2380, 2409

Annual Review: 2277 .

Apparatus: 2269

Cathode-Ray Tubes: 2277

Design: 2269

Distance Indicator: 2282

! Education: 2379

Gun: 2354
Heaters: 2348, 2351

' Capacitors: 2351

Image Formation: 2354
Induction Heating: 2448
Microscope: 2257, 2277, 2368
Optics: 2354, 2368
Photo-Electron Multiplier: 2277
Inspectroscopy: 2277
Radio-Frequency Heating: 2348
Recording 2409
Potential:
Muscular: 2409
Neural: 2409
Seismograph: 2380
Tin Fusion: 2268
Vacuum-Tube Analvsis: 2281
Welding Control: 2277
Electrophysiology: 2409
Emission, Electronic: 2278
Sp2e(2:t7r80graphic Analysis of Materials:

Engincering:
Curricula: 2362, 2379
Design: 2379
Education: 2362, 2379

|




Engineering (Cont'd.)
Ethics: 2362, 2379
Organization: 2407
Societies: 2362, 2379
Equations:
quivalent-Plate-Circuit: 2328
Field: 2311, 2327
Equivalent Circuit: 2311
Integral (for Equivalent Circuits): 2311
Kirchhoft: 2326
Maxwell: 2311
Equipment, Airplane: 2351
Excitation, Impulse: 2413
Experimental Service: 2317
Exploration, Seismographic: 2380

F

Facsimile: 2277
Annual Review, 2277
| Frequency-Modulated Oscillator: 2335
I.R.E. Test Standards: 2277
Train-Order Transmission: 2277
Factor:
Conversion Amplification: 2397
Noise: 2309
Power: 2332, 2410
Glass: 2410
Proximity: 2399
Shape: 2396
Fatigue, Muscular: 2409
Feedba(c):tl;: 2324, 2334, 2388, 2363, 2365,
24
Amplidyne: 2363
Control of : 2365
Negative: 2324, 2334
Networks, Corrective: 2334
Oscillation Prevention: 2334
Fidelity: 2270, 2271
High: 2270
Microphone: 2271
Field: 2297, 2310, 2327, 2331, 2347, 2365,
2366, 2385
Abnormally Polarized: 2297
Field, Cyrus: 2347
High-Frequency: 2310
Equivalent Circuit: 2310
In;e%%ity: (See also Broadcasting) 2365,
3
Measurements: 2331, 2365
Pattern: 2414
Calculator: 2414
Strength: 2385
Gain: 2385
Surveys: 2293
Filters: 2367
Characteristic Impedance: 2367
High-Pass: 2367
High Pi Section: 2367
Image Impedance: 2367
Low-Pass: 2367
T Section: 2367
Flasher, Timing: 2319
Flashovers, Vacuum-Tube: 2393
Transmitting:
Semidemountable: 2393
F-Layer
Fluorescence: (See Phosphors): 2278
Sp;(z:?g)graphic Analysis of Materials:

Forestry Service: 2317
Foster Reactance Theorem 2272
Franklin Institute: 2347
Frequency: 2270, 2318, 2335, 2355
Acoustic Characteristic: 2270
Allocation: 2315, 2318
Circuit Tracking: 2308
Conversion: 2397
Dividing: 2408
Doppler-Effect Variation: 2355
Intermediate: 2408, 2411
Amplification: 2411
Divided: 2408
Modulation: 2277, 2284, 2323, 2335, 2370,
2380, 2381, 2408
Annual Review: 2277
by Reactance Tube: 2277

Frequency (Cont'd.)
Emergency Service: 2277
Negative-Feedback: 2277
Push-pull Circuit: 2277
Receiver: 2408
Resistance-Capacitance Oscillator: 2335
Superregenerative Receiver: 2381
Terminology: 2284
Transmitters: 2277
Quench: 2381
Resonant: 2272, 2275
Self-Resonant: 2384
Layer-Wound Coils: 2384
Spectrum: 2318, 2381
Superregeneration: 2381
Standards: 2355
Superregenerative Frequency Modula-
tion: 2381
Very-High-Frequency, Uttra-High-Fre-
quency, Super-High-Frequency: 2315

G

Gang, Condenser: 2308
Gain: 2334, 2385
Feedback-Amplifier: 2334
Field-Strength: 2385
in Ultra-High-Frequency Amplifiers: 2309
Generator: 2363 .
Amplidyne: 2363
Pulse: 2409
Geophone: 2380
Geophysical Service: 2317
“Ghosts”: 2293
Glass: 2410
Characteristics:
Chemical: 2410
Electrical: 2410
Mechanical: 2410
Thermal: 2410
Dielectric: 2410
Envelopes: 2410
Fiber: 2410
Multiform: 2410
Seals: 2410
Glass-Metal: 2410
Silica: 2410
VYCOR: 2410
Guides, Wave: 2274, 2310, 2311
Circular: 2310
Equivalent Circuit: 2310
Gunn Altimeter: 2282

H

Hahn Functions: 2274
Hardening, Electronic: 2348
Heater, Electronic: 2348, 2351
Induction: 2348, 2351
Capacitors for: 2351
Heating: 2268, 2348
Induction:
Circuit Design: 2348
Frequencies: 2348
Theory: 2348
Hunting: 2363
Amplidyne: 2363
Suppression: 2363

Image: 2293, 2354
Electronic: 2354
Secondary: 2293
“Ghost”: 2293
Impedance: 2272, 2367
Characteristic: 2367
Filter: 2367
Matching: 2267
Function: 2272
High-Frequency: 2325
Matching: 2325
Measurements: 2325
Radio-Frequency: 2325
Transfer: 2272
Transmission-Line: 2398
Impulse Excitation: 2413
Impulses, Nerve: 2409

Indicators Distance: 2282
Inductance, Mutual: 2387
Circular Filaments: 2387
Induction Heating? 2348
Inductances, Inductors: 2269, 2387
Aircraft Radio: 2269
Design: 2387
InSti%‘t?l of Radio Engineers: 2292, 2339,
4
Committee on Education: 2362, 2379
Co-operation with Government: 2292
Educational Activities: 2292
Extension of Publications: 2292
Scope: 2292
Specialized Groups: 2292
Standards: 2284
Topical Conferences: 2292
Institution of Electrical Engineers (Great
Britain): 2347
Instruction, Magnetron for: 2312
Instrument, pH-Measuring: 2349
Insulators, Insulation: 2269, 2410
Antenna: 2269
Glass: 2269, 2347, 2410
Mycalex: 2269
Plastic: 2269
Porcelain: 2269
Intensity, Field: 2365, 2366
Interdepartment Radio Advisory Commit-
tee: 2315, 2318
Interference: 2365, 2395, 2396
Adjacent-Channel, 2396
Signal: 2365
Sky-Wave: 2396
International:
Agreements: 2318
Conventions: 2318
Service: 2317, 2318
Telecommunications Union: 2318
Ionosphere, Ionization: 2395
Reflection: 2395

K

Kelvin, Lord: 2347
Kirchhoff Equations: 2326

L

Labyrinth, Acoustic: 2271
Law:
Ampere: 2311
Faraday: 2311
Lens:
Aberrations, 2257, 2368
Aperture: 2368
Electromagnetic: 2257
Electron: 2257, 2354, 2368
Electrostatic: 2257, 2354
Magnetic: 2354, 2368
Magnification: 2354
Ray Paths: 2368
Thick: 2354
Thin: 2354
Limiter: 2380
Line: (See also Transmission Line) 2259,
| 2298, 2367
Transmission: 2274
Coaxial: 2274
Discontinuities: 2274
Lineafity: 2335
Frequency-Modulation: 2335
{Location: 2277, 2380
Electronic: 2380
Seismographic: 2380
Petroleum-Reservoir: 2380
Radio: 2277
Loop Antennas: 2383
Uniform-Current: 2383
Loss, Dielectric: 2410
Glass: 2410
Luminescence, Cathodoluminescence: (See
Phosphors)

M

Machine, Calculating, 2277, 2296, 2312
Magnetism: 2394
B-H Measurements: 2394




Magnetism: (Cont'd.)
Cycles: 2394
Supersonic 2394
Magnetrons: 2279
Centimeter-Band: 2279
Characteristics: 2312
Choke Stubs: 2312
Construction: 2312
Demountable: 2279
Exhaust: 2312
Four-Cavity: 2279
High-Power: 2279
Internal-Loop Radiator: 2312
Magnet Construction: 2312
Operation: 2312
Oscillation Mode: 2279
Output Measurement: 2279
Single-Cavity: 2279
Sphit-Anode: 2312
Two-Cavity: 2279
Water-Cooled: 2279
Manufacturing: 2269, 2364
Method: 2364
“Unitized” Components: 2364
Processes: 2269
Marconi, Guglielmo: 2347
Maritime Service: 2317
Markers, Aviation: 2350
Z:2350
Materials, Construction: 2269
Maxwell Equations: 2311
Measurements: (For specific measurements
see limiting terms such as field-in-
tensity, impedance, stability) 2331,
2332, 2349, 2350, 2365, 2397, 2399, 2401,
2409
Amplifier: 2401
Coaxial Line: 2399
Network: 2397
Dental: 2349
Flight-Test: 2350
pH:2349
Potentials:
Muscular: 2409
Neural: 2409
Power Factor, Mica: 2332
Radio-Range: 2350
“Memnoscope”: 2320
Metal Coating: 2268
Metallurgy: 2278
Spectrographic Analysis of
Materials: 2278
Metals, Radio Usage: 2269
Meter: 2307
Phase: 2307
Cathode-Ray: 2307
Mica: 2269, 2332
Capacitors: 2269
Defects of : 2332
Inclusions: 2332
Power Factor: 2332
X-Ray Examination: 2332
Microphones:
Condenser: 2323
Polar Characteristics: 2271
Polydirectional: 2271
Ribbon: 2271
Studio Placement: 2270
Varacoustic: 2271
Microscope, Electron: 2257, 2368
Depth of Focus: 2257
Magnetic-Type: 2368
Magnification: 2257
Power-Supply Stability: 2368
Resolving Power: 2257, 2368
Transmission-Type: 2257
Mittag-Leffler: 2272
Mixers:
Broadcast-Station: 2382
Single-Mesh: 2397
Mobile Press: 2317
Modulator, Modulation: 2277, 2353, 2370
Amplitude: 2380
Coupled-Circuit: 2323
Frequency: 2323, 2370, 2380
Linearity: 2335

{Modulator (Con'td)
Frequency Modulation: (See Frequency)
Phase: 2370
Velocity: 2353
|Monitors: 2277
| Station: 2277
| Frequency-Modulation: 2277
|Motion-Picture Service: 2317
Morse Code: 2347
Morse, S. F. B,: 2347
Mouth, pH Measurements in: 2349
Multiplex: 2318
Multiplier: 2325
Voltmeter: 2325
Muscular Fatigue: 2409
Muscle Potentials: 2409

N

National Bureau of Standards: 2283, 2355
Standard-Frequency Broadcasting: 2283
Navigation, Aerial: 2350
Navy, United States: 2339
Nerve Impulses: 2409
Mechanism of : 2409
“Membrane Theory”: 2409
Nerve Potentials: 2409
Network:
Analyzer: 2310, 2311, 2327
Equations: 2326
Three-Dimensional: 2311
' Two-Dimensional: 2311
Networks: (See Circuit Analysis) 2275,
2281, 2334, 2335, 2337, 2367, 2400
Broadcasting: 2315
Communication: 2315
Ladder: 2335
Mismatch Relation: 2337
Noise Figure: 2337
Reactance: 2272
Steady-State Testing: 2322
Two-Dimensional: 2310
Two-Terminal: 2400
Zero-Shift: 2335
Node, Equations for: 2326
Noise: (See also Interference) 2316, 2337,
2338, 2381, 2408
Amplifier: 2338
Factor: 2338
Figure: 2337
Four-Terminal Network: 2337
Impulse: 2381, 2408
Suppression: 2381
Johnson: 2337
Level: 2316
Radio-Receiver: 2337
Reduction in Reception: 2408
Shot-Effect: 2338
Thermal-Agitation: 2337, 2338
Nyquist Diagram: 2334

(o]

Office of War Information: 2318
Optical:
Characteristics of Electron Lenses: 2257
Optics, Electron: 2257, 2354, 2368
Lens Magnification: 2354
Organization, Engineering: 2407
Oscillators, Oscillations: (See Vacuum
Tubes, Magnetrons) 2268, 2279, 2295,
2304, 2312, 2323, 2335, 2336, 2348,
2353, 2363, 2364, 2381, 2408, 2412
Amplidyne: 2363
Centimeter-Wave: 2304
Colpitts: 2348
Coupled-Grid: 2348
Crystal-Controlled: 2295
Electronic-Heating: 2348
Frequency-Modulation: 2323, 2335
High-Power: 2268
Induction-Heating: 2348
Klystron: 2353
Ladder-Network: 2335
Locked in: 2408 3
Frequency-Dividing: 240
Magnetron: 2312
Regulation: 2336
Microwave: 2312

Oscillators (Cont'd.)
Mode: 2279
Resistance-Capacitance: 2335
Frequency-Modulation: 2335
l Saw-Tooth: 2412
Linear: 2412
| Scanning: 2412
Triode: 2412
Tank Circuit: 2323
| Tin Fusion: 2268
| Transit-Time: 2353
. Ultra-High-Frequency: 2304, 2312
|
!
|

)

“Unitized”: 2364
Design: 2364
Velocity-Modulation: 2353
Oscillograph: 2294, 2320, 2395, 2401, 2409
Action-Potential: 2409
Cathode-Ray: 2294, 2320, 2395
Pulse-Indicating: 2395
Circular-Trace Circuit: 2294
' “Memnoscope”: 2320
Superflicker Switching: 2294

P

Panels, Sound-Absorbent: 2270
|Pattern, Field: 2414
| Calculator: 2414
|Periodic Svstem: 2305
Phase:
Modulation: 2277, 2284, 2370
Measurement: 2307
Phasor: 2284
Physiology, Electrical Studies: 2409
Piezoelectric Crystals, Piezoelectricity: 2277
Annual Review: 2277, 2295
Detection: 2397
Filters: 2295
Holders: 2295
Low-Frequency: 2295
Low-Temperature Coefficient: 2295
Mineral Testing: 2277
MT and NT Cuts: 2295
Quartz: 2295
Quartz-Crystal Utilization: 2277
Rochelle-Salt Crystal Utilization: 2277
Terminology: 2277
[Plastics, Insulation: 2269
|Point-to-Point Service: 2318
|Police Service: 2317
Potential:
Action: 2319, 2409
Physiological: 2409
Power Factor: 2332
}Phosphors, Phosphorescence Characteristics:
Chemical 2305
Color 2305
Crystal in Structure: 2305
Inorganic: 2305
Purification: 2305
|Power Factor: 2410
| Glass: 2410
|Precession, Larmor: 2257
ProceEDINGs OF THE |.R.E.: 2347
|Processes, Manufacturing: 2269
|Production: 2407
Mass: 2407
| Scheduling: 2407
Progress in Radio: (See Annual Review)
\Propagation of Waves: (See also Iono-
N sphere: Radiation) 2293, 2316, 2395
Abnormal Polarization: 2297
Echoes: 2293
Linearly Polarized: 2261
Multipath Reception: 2277
Nighttime: 2316
Plane-Polarized: 2260, 2261
Reflection: 2298
Multiple: 2298
Normal-Incidence: 2298
[ Oblique-Incidence: 2298
[ Plane-Wave: 2298
Television: 2293 .
| Ultr:;-High-Frequency: 2316
Vertical Directivity: 2395
IProximity Factor: 2399




Pulse:
Generator: 2409
Synchronizing: 2412
Transmission: 2395
Pump, Vacuum: 2393

R

|Radiation, Antenna: 2311
|Radiators, Radiation: (See also Antennas)
[ 2350, 2385, 2395, 2414
| Arrays: 2385
{ Collinear-Dipole-Array: 2350
Directional: 2395
| Horizontal Distribution: 2350, 2414
| Calculator: 2414
| Parasitic: 2318
Sky-Wave: 2395
| Vertical Distribution: 2350, 2395
Radio:
|  Manufacturers Association: 2339
Range: 2350
Technical Cemmission for Aeronautics:
2317
Technical Planning Board: 2315, 2317,

2318
|Range, Radio: 2350, 2385
Antennas: 2385
Ratio, Signal-tovN_oise: 2309

Receivers, Reception: (See also Amplifiers)

2308, 2337, 2338, 2364, 2380, 2381,
2396, 2397, 2408, 2411
Absolute Sensitivity: 2337
Aircraft, “Unitized”: 2364
Amplitude-Modulation: 2380
Antennas: 2260, 2261
Broadcasting: 2316
Demodulation: 2397
Design: 2381
Detection: 2397
Direction-Finder, “Unitized”: 2364
Discriminator: 2380
Frequency-Modulation: 2380, 2408, 2411
Locked-in Oscillator: 2408
Frequency-Dividing: 2408
| Limiter: 2380
Noise: 2337,2338
| Selectivity: 2396, 2411
‘ Adjacent-Channel: 2396
| Intermediate-Frequency: 2396, 2411
| Stability: 2408
Superheterodyne: 2308, 2411
Gang Condensers: 2308
Superregenerative: 2381
| Frequency-Modulation: 2381
“Unitized”: 2364
Design: 2364
Very-High-Frequency, Ultra-High-Fre-
quency, Super-High-Frequency: 2315
Recorders, Recording: (See also Field In-
| tensity: lonosphere: Propagation of
Waves, 2320, 2394, 2409
Acoustic: 2394
| Magnetic: 2394
| Supersonic-Frequency: 2394
‘ “Memnoscope”: 2320
Potential: 2409
' Muscular: 2409
I Neural: 2409
| Signal Strength: 2316
| Sound-Level: 2270
‘Rectiﬁers, Rectification: 2352, 2397
Crystal: 2397
| Diode: 2352, 2397
| Full-Wave: 2352
Half-Wave: 2352
{ Peak Voltage: 2352
| Silicon-Constant: 2397
| Voltage-Multiplying: 2352
Reflections:
Ionospheric: 2395
E-Layer: 2395
F-Layer: 2395
Transmission-Line: 2398
{Regulation: 2336
|Relay: 2316, 2317
{7 Press Service: 2317
Studio-to-Transmitter: 2316

Research, Bioelectric: 2319
Resistivity Surface: 2410
Glass: 2410
Resistors, Resistance:
Aircraft Radio: 2269
Nonlinear: 2336
Resonators, Resonance: 2397, 2413
Cavity: 2272, 2304, 2311, 2327
Cylindrical: 2272, 2327, 2397
Parallelopipedal: 2272
Rectangular: 2327
Two-Dimensional: 2327
Coaxial-Line: 2304
Frequency: 2272
Series-Tuned Circuits: 2413
Reverberation:
Eyring Formula: 2270
Measurement: 2270
Sabine Formula: 2270
Studio: 2270
Time, Optimum: 2270
Ribbon Microphone: 2271

S

Saw-Tooth Waves: 2322
Scheduling, Production: 2407
Seals: 2351, 2393
Glass-to-Metal: 2351, 2393
Kovar: 2393
Vacuum-Tube: 2393
Seismogram: 2380
Seismograph: 2380
Selectivity: (See also Receivers, Selectivity)
2381, 2396, 2408
Adjacent-Channel: 2408
Intermediate-Frequency: 2396, 2408
Superregenerative-Receiver: 2381
Semaphore: 2347
Sensitivity: 2381
Superregenerative-Receivers: 2381
Service:
Amateur: 2317
Aviation: 2317
Broadcast: 2331
Experimental: 2317
Forestry: 2317
Geophysical: 2317
International: 2317, 2318
Maritime: 2317
Mobile Press: 2317
Motion-Picture: 2317
Point-to-Point: 2318
Police: 2317
Relay Press: 2317
Television: 2318
Time Broadcasting: 2316
Shape Factor: 2396
Shielding: 2273, 2411
Electrostatic: 2411
Shift, Phase: 2367
Signal Recorder: 2316
Signal-to-Noise Ratio: 2309
‘Skin Effect: 2333
\Societies, Engineering: 2362, 2379
lSociety of Telegraph Engineers (Great
| Britain): 2347
Sockets, Tube: 2269
Spacers, Dielectric: 2399
{Spectrographic Analysis: 2278
|Spectrum, Frequency: 2318
Stability:
Linear-Network: 2388
Nyquist’s Criterion: 2388
of Amplifiers: 2324
Stabilizers, Current: 2336
Cascode-Connected: 2336
Degenerative: 2336
Pentode: 2336
Triode: 2336
'Standards: 2339 ’
Wartime: 2339
Joint-Army-Navy: 2339
Tube: 2339
Stations, Coastal: 2317
Steatite: 2369
Steel, Wire, at Radio Frequency: 2333
| Copper-Covered,at Radio Frequency :2333

Stimulator, Physiological :2409
Muscular: 2409
Neural: 2409
Studios: 2270, 2277, 2382
Acoustics:
Broadcast: 2270
Control Console: 2382
Music-versus-Speech: 2270
Relay System: 2277
Reverberation: 2270
Superregeneration: 2381
Coherent: 2381
Frequency-Modulation: 2381
Surveys:
Broadcasting Coverage: 2331
Coincidental: 2331
Field: 2293
Sweep Circuit: 2319

T

Theorem, Equivalent-Plate-Circuit: 2328
Telegraph, Telegraphy: 2317, 2318, 2347
Centennial: 2347
Television: (See also Facsimile: Propagation
of Waves: Vacuum Tubes) 2258, 2277,
2203, 2315, 2316, 2318, 2347, 2354,
2367, 2384, 2412
Allocation: 2315
Amplifier Bandwidth: 2258
Amplifiers: 2258
Annual Review: 2277
Broadcasting: 2277, 2293
Coverage: 2293
Television: 2293
Wartime Applications: 2277
Color:2277
Multipath Effects: 2293
Diathermy Interference: 2293
Electron Optics: 2354
Facsimile: Propagation of Field:
Tests: 2277
Variation: 2293
Frequency-Modulation
2293
“Ghosts”: 2293
Image Formation: 2354
{Interference:
Atmospherics: 2293
Automobile-Ignition: 2293
Light Valves: 2277
Multipath:
Effects: 2277
Reflections: 2293
Oscillator, Saw-Tooth: 2412
Oscillographv: 2401
Receivers: 2293
Scanning: 2412
Coils: 2412
Service: 2318
Synchronization: 2293
“Ghosts”: 2293
Pattern Tvpes: 2293
Transmitters: 2293
Video Amplifier: 2367, 2384
Wide-Band: 2258
Test, Steady-State: 2322
Theorem:
Foster's Reactance: 2272
Mittag-Leffler:
Thyratron: 2277
Time:
“Break”: 2380
Transit: 2353, 2354
Timing Flasher: 2319
Tinning: 2268
Towers: 2365
[Transconductance Conversion: 2397
|Transformers: (See also Inductors) 2311,
2338, 2369, 2386, 2411, 2412
| Coupling: 2338
Design: 2338
Discriminator: 2411
Intermediate-Frequency: 241!
Oscillator: 2412
Step-up: 2369
Quarter-Wave: 2369

Transmissions:




Transients: 2294
Oscillographic Study: 2294
Transit Time: 2353, 2354
Transite: 2270
Transmitters, Transmission: (See also Iono-
sphere: Oscillators: Propagation of
Waves) 2268, 2277, 2316, 2355, 2364,
2367, 2380
Abnormal Polarization: 2297
Amplitude-Modulation: 2380
Annual Review: 2277
Beacon: 2277
Marine (Buoys): 2277
Buoys: 2277
Frequency-Modulated: 2295
Crystal-Controlled: 2295
Frequency-Modulation: 2277, 2380
High-Fidelity: 2277
Lines: 2259, 2268, 2272, 2274, 2298, 2304,
2367, 2369
Analogies: 2298
Antenna-Matching: 2367
Characteristics: 2399
Coaxial: 2274, 2304, 2399
Discontinuities: 2399
Equivalent Pi Section: 2259
Equivalent T Section: 2259
Impedance of : 2398
Infinitely Long: 2298
Inverting T Section: 2259
Inverting Pi Section: 2259
Metal-Fusion Power: 2268
Parallel-Plane: 2274
Quarter-Wavelength: 2259, 2369
Loop-Antenna: 2383
Uniform-Current: 2383
Multiplex: 2318
Pulse: 2395
Seismograph: 2380
Signal-Sideband: 2318
Tubes: 2393
“Unitized”: 2364
Design: 2364
Vestigial-Sideband: 2318
Trigger Circuit: 2409

U
Ultra-High Frequencies: (See also Propaga-
tion of Waves) 2304
Amplifiers: 2304
Generation: 2304
Oscillators: 2304
Regenerative Amplifiers: 2034
Transmission Lines: 2259
Union, International Telecommunications:

2
“Unitized” Components: 2364
“Uphole Break”: 2380

v

Vacuum Capacitor: 2351
Vacuum Tubes: 2268, 2277, 2278, 2279,
2281, 2294, 2296, 2304, 2305, 2312,
2319, 2320, 2328, 2336, 2338, 2348,
2352, 2353, 2354, 2380, 2393, 2397,
2408, 2409, 2412
Air-Cooled: 2348
Amplifiers: 2306, 2338
riode: 2338
Multigrid Tubes: 2338
Balanced-Control: 2335

Bombarders: 2348

Vacuum Tubes (Cont’d.)

Capacitance, Interelectrode: 2273
Cascode-Connected: 2336
Cathode, Oxide-Coated:
Spectrographic Analysis: 2278
Cathode-Ray: 2277, 2294, 2305, 2307,
2319, 2320, 2354, 2412
Bioelectric Indicator: 2319
Magnetic-Deflection: 2277
Modulated-Beam: 2307
Oscillograph: 2294
Phosphors: 2305
Screen Spectral Characteristic: 2277
Circuit Analysis: 2386
Circuit, Plate: 2328
Circuits: 2386
Contamination:
Spectrographic Analysis: 2278
Demountable: 2393
Diode: 2281, 2352, 2397
Detection: 2397
Rectifier: 2352
Ultra-High-Frequency: 2397
Envelopes, Glass: 2410
Equivalent-Plate-Circuit Theorem: 2328
Feedback Amplifier: 2334
Corrective Networks: 2334
Flashovers: 2393
Gain: 2309
Gas: 2277
High-Power: 2277
Ignitron: 2320
Image: 2354
Induction Heating: 2348
Interelectrode Capacitance: 2273
Magnetrons: 2279, 2296, 2312
Centimeter-Band: 2279
Characteristics: 2312
Choke Stubs: 2312
Construction: 2312
Demountable: 2279
Exhaust: 2312
Four-Cavity: 2279
High-Power: 2279
Internal-Loop Radiator: 2312
Magnet Construction: 2312
Multianode: 2296
Operation: 2312
Oscillation: 2279
Mode: 2279
Qutput Measurement: 2279
Plane: 2296
Single-Anode: 2296
Single-Cavity: 2279
Space-Charge Vibration Modes: 2296
Three-Phase: 2296
Two-Cavity: 2279
Water-Cooled: 2279
Manufacture: 2278
Spectrographic Analysis: 2278
Metal: 2304
Negative Control Grid: 2281
Networks: 2281
Oscillator: 2268, 2408, 2412
Locked-in: 2408
Saw-Tooth: 2412
Pentode: 2281, 2306, 2336
Amplifier: 2306
Noise: 2309
Regulation: 2336
Photocell: 2277
Photo-Electron Multiplier: 2277

Vacuum Tubes (Cont'd.)

Plate-Circuit: 2328

Power: 2393

Rectifier: 2268, 2277, 2320, 2348, 2352
Diode: 2352
Full-Wave: 2352
Half-Wave: 2352
Voltage-Doubler: 2352
Voltage-Multiplying: 2352

Screen: 2281

Shielding: 2273

Signal-to-Noise Ratio: 2309

Small: 2277

Sockets: 2269

Space-Charge Effects: 2281

Squelch: 2380

Standards: 2339
Joint Army-Navy: 2339

Tetrode: 2281

Triode: 2412

Thyratron: 2277, 2409
Direct-Current Motor-Controlled: 2277

Transit Time: 2281
Effects: 2353

Transmitting: 2277, 2393
Demountable: 2393
Sealed-off : 2393
Ultra-High-Frequency:

2393

Very-High-Power: 2277

Triode: 2281, 2304, 2306
Noise: 2309
Regulation: 2336

Tubing, Stem: 2278
Spectrographic 