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New additions to the UTC Interstage Filter family are now available in the type 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 respectively, 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 11/2" x 21/2" x 21/2". Filters of 
the HP! and LPI type can be supplied for any cutoff frequency from ZOO 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 ? 

1S0 VARICK STREET  NE W YORK 13,  N. Y. 
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I R E Winter Technica 
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 

meeting. 

Women's 
Program 

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

He reserved his room 

Exhibits 
The Radio Engineers' Show 
has been resumed as a part of 
the I.R.E. Annual Meeting. 
31 Manufacturers will show 
equipment and component 
parts on a scale in keeping 
with War-time conditions. 

Meeting 

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

Service Men's 
Program 

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

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

Park benches are 
cold 
beds! 
Use this 
Coupon 
NOW! 

The hotel situation in New York is 
acute and there is a definite limit to 
accommodations.  Please  tear  off 
coupon and send in your requirements 
promptly to insure reservations. 

Institute of Radio Engineers 
330 West 42nd St., New York 18 

Cocktail Party—Sections Meeting 

The Institute of Radio Engineers 
Winter Technical Meeting—Hotel Commodore, New York City 

GENTLEMEN: 
PLEASE MAKE RESERVATIONS FOR PERSON(S) 

NAMED FOR ARRIVAL ON: 
A.M. 

DATE  AT  P.M.  DEPARTING 
SELF (AND WIFE)  TYPE  ROOM, RATE $ 
 TYPE  ROOM, RATE $ 9 

4 
5 

NAME   
ADDRESS 
ORGANIZATION   

The following are Hotel Commodore Rates 

TYPE A ROOM TYPE B ROOM TYPE C ROOM TYPE D SUITE 

SINGLE 
$3.50—$3.85-54.40 
$4.95—$5.50 

2 Persons—Double Bed 
$5.50—$6.05—$6.60 

$7.15 

2 Persons—Twin Beds 
$6.60—$7.15—$7.70 

$8.80 

2 Persons 
$12.00 to $16.0( 

ALL ROOMS HAVE PRIVATE BATH AND CIRCULATING ICE WATER 
Clip and mail to Convention Dept., Hotel Commodore, New York City 
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STANDARDS FOR  - 
AMERICA. . . . . 

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 enemies-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 
,struggle, 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 matters of vital importance to every Amoricano 
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 • NE W YORK II, N.Y. WATKINS 9-1870 
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BASIC SPECIFICATIONS 
FOR 

TRANSFORMERS AND INDUCTORS 

( A1.10,0 ANC, PO WER) 

HUMIDITY  VIBRATION 

IMMERSION  RATIO 

INSULATION RESISTANCE 

;':48'7" 
f̀P 

CONFOR MANCE TO SPECIFICATIONS 
TO THE LETTER 

At AmerTron, 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, torque gauging 

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

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 to 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 Emmet St., Newark 5,N.J. 

Pioneer Manufacturers of Transformers, Reactors and 

Rectifiers for Electronics and Power Transmission 



SIDE- MOLDED IRON CORES 

END 

M OLDED 

41 SIDE 
MOLDED 

This diagrammatic illustration shows how 
conventional cores, molded by applying 
pressure to the ends, results in a dense 
grouping of iron particles at these 
points. In side-molded cores, however, 
any  density  resulting  from  molding 
pressure  extends  evenly  along  the 
entire length of the core, assuring uni-
form permeability with respect to length. 

Uniform Permeability 
with Respect to Linearity 
Use in many applications has shown Stackpole side. 
molded iron cores outstandingly superior to conventional 
end-molded cores for permeability tuning in the broad-
cast bands. Similar side-molded units are now available 
for short wave frequencies including television and 
frequency modulation. 
As the name implies, cores of this type are molded by 

\\ applying pressure from the sides rather than from the 
ends. The resulting units show very little variation in 

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

......,.  ,.......„ 
WRITE FOR CATALOG I Other Stackpole Iron Core 
types include both standard and high-frequency types; 
insulated types; iron cores for choke coils, etc. Our new 
Catalog RC6 describes these as well as fixed and variable 
resistors, and our complete line of inexpensive line, slide, 
and rotary-action switches. 

STACKPOLE CARBON COMPANY, ST. MARYS, PA. 

IRON CORE HEADQUARTERS 
6A Proceedings of the I.R.E. December, 1944 



NOW AVAILABLE 
NEW CATALOG, DESCRIBING THE COMPLETE LINE OF 
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ELECTRO-VOICE CORPORATION • 1239 SOUTH BEND AVENUE • SOUTH BEND 24, INDIANA 
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T HE uniform characteristics, long life and 
-1- outstanding performance of NORELCO 
Cathode Ray Tubes 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, base-to-shell alignment, uniformity of 
cathode surface, astigmatism, presence of gas, 
and screen condition. A total of 90 exacting 
tests of raw materials, parts, sub-assemblies, 
assemblies and performance guard cathode ray 
tube quality. 
This is typical of the great lenFths to which 

North American Philips goes in producing 
high performance NORELCO electronic tubes. 
Behind this company is an organization with 
world-wide expenence resulting from over fifty 
years of electrical research and development. 
Although all the tubes we produce 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. 

Pattern used for measuring light 
output by means of photoelectric 
cell.Frequeney-60x 2940 cycles. 

race s owing a  ce 
of astigmatism.  Fre-
quency-60x 420 cycles. 

Uniformly bright spot on 
of 5 CP1 cathode ray tube • 
indicates perfectly f 

Write today for interesting 
booklet, describing the  back-

ground of North American Philips 
in the science of electronics. 

NORELCO PRODUCTS: Quartz Oscillator Plates; Amplifier, Transmitting, Rectifier and Cathode 
Ray Tubes; Searchray (X-ray) Apparatus; X-ray Diffraction Apparatus; Medical X.ray Equipment, 
Tubes and Accessories; Electronic Measuring Instruments; High Frequency Heating Equipment: 

Aloreko _.ectronic Products by NORTH AMERICAN PHILIPS COMPANY, INC. 

Communications Equipment; Tungsten and Molybdenum produc ts; Fine  Wire;  Diamond  Dies.  
When in New York, be sure to visit our Industrial Elec tron ics  Showroom.  

less. u.s. Poi. Off. 
Dept. F•12, 100 East 42nd Street. New York 17. N. Y. 

Factor,. In Dobbs Ferry, N. Y.; Mount Vernon. N.Y. (Metallx Dir.); Lewiston, Me. (Elmot Dlr.) 

SRI 
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COLONEL JOHN CASEY, Manager, 

Chicago Municipal Airport . . . 

Colonel Casey said, "The growing complexities of airport trance make it ever more important 
that private planes and regular operating passenger aircraft be equipped with up-to-date, reliable 
t4.-way radio, if high standards of safety are to be maintained. One important factor is . . ." 

"A FOOLPROOF PO WER 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. 

• 

STANDARD PO WER SUPPLY 
MODEL SC-1096 

Model SC-1096 is a typical E-L Vibrator Power 
Supply which meets the 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. Output 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 

•••••••••••••.,, 

W ile LAB ORAT ORIES  INC. 
IN DI A N A P O LI S 

1,IBRA1OP POWER SUPPLIES FOR LIGHTING, COMMUNIEATIONS, AND ELECTRIC MOTOR OPERATION  • ELECTRIC, ELECTRONIC AND OTHER EQUIPMENT 



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. 

halliodafters 
THE  HALLIC R AFTE RS  CO M PANY  • MA NU• 

FACTU RE RS  OF  RADI O  AND  ELECTR ONIC 
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,0 11K-.Jrcim 
(loaders of the / arnovt SCR-299 
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Federal klepholle 

SPtikVe  
GI ROSCOE. COMP  , 1sc 
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atta' Radio 

W EBSTER rl ELECTRIC 

RA ""EoN 
MANUFACTURING COMPANY 

0  l *Taa Cols, 

tvegreril 

Cotporatiori 

Electri 

Ipm mor 

AIERESTAIVOW410 fiffES  ligf, PA WM WAY 
TA WTREAWR ai/Z-SIORRACSAY49tfl/TP 

ghout the t . a encompassed by 3 wars . . . and in all the intervening 

years of peace since 1895 . . . Thordarson leadership has been accentuated by its associ-

ation with the most outstanding concerns in America. 

Especially on the present world-wide war fronts.. where the marvels of research lab-

oratories and the handiwork of production geniuses may be seen in action ... there also 

will be found the results of Thordarson experience and 'Thordarson engineering ability. 

Thordarson Transformers and Amplifiers are "good right hands" to a host of America's 

leading organizations who are concentrating on winning the war as quickly as possible. 

Thordarson products are helping to do everything from making communications easier 

and more accurate to conducting 

fatigue tests which insure more de-

pendable airplane propellors. 

of these services and experiences, 

now devoted to war, will enable 
us to serve you better when peace-  TRANSFORMER DiVISION 

HORDARSON ELECTRIC PAM. CO, 
time needs are again paramount.  soo west HURON STR UT, CHICAGO. ILL 
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welding with a paint brush? 

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 behind the science 
of electronics." The extent to which Eimac Engineers 
went to solve this relatively small problem reveals two 
important facts :—(1.) The thoroughness 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 

reflection of the performance of its vacuum 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 is unbiased and can be of great value. 
A note outlining your problem will bring such assist-
ance without cost or obligation. 

ilTEL-McCULLOUGH. INC., 870 Son Mateo Ave., San Bro m, Calif.  A-
Plants located at Son Sruno, Col,forn.a ond Solt take Cite, Utak 

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

Write for your copy of Elec-
tronic Telesis a64 Page book-

let folly illustrated —covering 
Inndarnentah of Electronics 
and many of its important 

• applications. Written in lap 
man's language. 

870 

Follow the leader, 

. 
Alloy flows easily and weld is quickly completed under arc. 

The Science Behind the Science of Electronics 
it the focusing of all branches of science upon the development and improvement of electron vacuum tubes. 

SPECTROGRAPH... Analysis determines exact 
characteristics of metals to be joined. 

OPTICS. ..For studying the effects o (processing. 

METALLURGY... Compounding special alloys 
of metals. 

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

10A Proceedings of the I.R.E.  December., 1944 



Here's an ESSENTIAL TOOL for Radio-Electronic Engineers, Designers, 

Equipment Builders, Manufacturers... 

r. 

N)\ 
• talk% 

WNINI :raw. 
Ark 

.  S 

'c ‘N..  

11111 
cps  405P 

kA \  41111 
N Nat  

e t) 

xs2-PAII GE 

CAI NClion 
CATALOG 

Contains A 

Datapp/ication Engin-
eering   and Seiparate Sec-

tions on MICA, PAPER, and 

ELECTROLYTIC CAPACZTOIIS 

• Why essential? That's a big statement. Let us qualify: 
This new Aerovox Catalog contains that information which is 

essential to 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-

tions, each with its tab-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. 

• Write for Your Copy... 

If you are engaged in designing-or 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. 

fri 

INDIVIDUALLY TESTED 

AEROVOX CORPORATION, NEW BEDFORD, MASS., U. S. A. 
Export: 13 E. 40 Si., NEW YORK 16, N. Y. • Cable: 'ARLAB' • In Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 

SALES OFFICES IN ALL PRINCIPAL CITIES 

Proceedings of the I.R.E. December, 1944 
11A 



'40 

calibraDeel for (splits; 

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. 

12A 

Oscillators to test Wide range television channels, new high 
frequency signal generators, special signal generators for F. M. 
use, new vacuum tube voltmeters ... all providing split-hair 
accuracy for more exacting measurements and ruggedly con-
structed to perform 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, 
there is no cost or obligation. Direct 
Canadian inquiries to Atlas Radio 
Corporation, 560 King Street West, 
Toronto 2, Canada. 

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

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



IDIRON.Aasfirade dem & 

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, BANTA M 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 

„ 

experience must supplement the formulae 

of science. 

With an eye to present and future. Hytron 

is concentrating its production of receiving 

tubes on preferred BANTA M 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. 

v z o k 'frAileab mi 

M A  5 • . 

N E W B U R  

BUY AN OTHER W AR BO ND 
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N A TI O N A L RE C EI V E R S  A R E 

'these National Receivers at  n 
a 

Ak  b  clear  orders ior su tican  ase  pplies 

being  usan 

rushed to the Italian \Nat FrOnt. 

Ihey are typical ok tho ds oi Na-

tional Receivers in key spots throughout 

the world, serving the Arme 

d Forces 

with superb dependability and per-

i-orr nance. 

NATIONAL COMPANY 
40*mAss, U.  S. A. MALDEN 

IN SE R VI C E  T H R O U G H O U T  T H E  W O R L D 
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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 Raytheon 
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. 

R A V I t O W 
Raytheon Manufacturing Company 

ELE CTRI C AL  EQ UIP ME NT  DI VISI O N 

Waltham and Newton, Massachusetts 

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

Proceedings of the I.R.E. 1 7 \ 



The recognized quality and dependability 
of AAC quartz crystals is the result of :AC's 
yy de experience as one of America's largest 
producers of transmitters and other precision 
radio equipment. AAC quartz, crystals and 
crystal units have proved SO outstanding in 
meeting intricate specifications and eyacting 
requirements that they are today demanded 
by many of Ow ‘orld's greatest airlines, radio 
manufacturers, ‘arious branches of the armed 
services and other go%ernment agencies. 

This practical achievement background — 
phi% A C's staff of skilled engineers and 
motlern-to•the•minute manufacturing 

is ready to meet your crs•tal needs ad-
vantageously.  Rapid delivery of standard 
types—also special IN pc... ground and mon ni. 
d to Now. specification,. 

ELECTRONICS DIVISION 
Kansas City, Kansas 

W RIT! nun Int t tbut 
Iiuq t tort  the ne 
A AC t  l stab.% 
gs%tng &lolled la. it 
atn.ut A M putts tett 
tali •nJ  umt• 

14a 

RADI O  and 
K rises City, KOfl 

Pftraidindw  ay 1 RI  Apieffshow. 194. 



PRECISIOURD-E-F 
PRECISE PERFORMAN 

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 millioI dollars yearly for U.S. 
government and leading airlines demonstrates the wide 
scope and high rating of AAC manufacturing ability. 

ELECTRONICS  •  ENGINEERED  PO WER  CONTROLS 
New York, N.Y.  Burbank, Calif.  Cable Address: AAC PRO 

f-134 

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

2- Watt Fixed Resistor 

BRADI_EYONIETER 
The World's Finest 

Continuously Adjustable Resistor 

The only Co ' '  adjustable composition 

type resistor (only 1 inch diameter) having 

a rating of 2 watts with substantial safety 

factor. Has solid molded resistor unit  

O film, spray, or paint type. Any resistance 

rotation curve available. 

Type IS Bradleyometer. 
h built-in line  switch, 

wbl'tot off ected by hea , 
cold, or moisture. 

iype  erac neyome. 

ay be used 

Iseinigs1,7 d ssem ble or a   

into multiple controls. 

• 441111.-

Low resistance 

carbon brush 

makes  contact 

will, surface of 

molded resistor. 

ALLE 

ONLY N-inch long., and As-inch diameter., those are the remarkably small 

dimensions of the NE W Type HB Bradleyunit. It is the smallest 2-watt insulated 

fixed resistor ever produced, but you can use it safely right up to its listed 

rating. You don't have to derate it for even the toughest application. 

The Type HB 2-watt Bradleyunit will pass all American War Standard tests: 

It is outstanding in its humidity and temperature characteristics. It matches in 

dependability and fine appearance the Allen-Bradley '..-watt and 1-watt 

Bradleyvnits (see below) which are recognized as "tops" by all radio and 

radar men. 

Available in R. M. A. standard values from 10 ohms to 0.47 megohms In 

tolerances of 5, 10, and 20 per cent. Specify the Type HB 2-watt Bradleyunit 

and be safe in your engineering. 

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

1a -WATT 

1-WATT 

2- WATT 

-BRADLEY 
FIXED & AWINSTABLE RADIt0 RESISTORS 
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For special_ requirements 

Write 

for 

the 
NEW 

DeJur 

Catalog 

Buy and Hold More WAR BONDS 

50  V4 
11113.1GES-10 1010,000 010"‘ 

AtIS 

titECIA• V.01 01014-300° 
ELEC. i101 A11014-210° 

WE1GV11--7 01. 

S 
0 0 1 ' *id  A1 A duo\ unit modek,  , both units movnted together. 

"She Model '1,41 0 is typicoi ok the many tYpes deve\oped 
by Delo. engineers kor specio1 requirements. V./e ore 

equipped  too• 
to serve yoor needs,   

SVEC if %C. Al t hi S 1.S 

0 

O. 

00. 505:0 N1/4(3%1E4411 0 

93".4GE "4 O. 501.000 

O. 5,000  241 0 

0. 10,000 

341 0 

1.41 0 

241 0 

01 

Ileh Awotolporation 
GENERAL OFFICE: NORTHERN BLVD. AT 45th ST., LONG ISLAND CITY 1, N. Y. 
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cowerio-qe Botestk: 
about having your CAPACITOR 
SPECIFICATIONS MATCHED 

SPRAGUE 

CAPACITOR TYPES 

Dry Electrolytic 

Paper Dielectric 

Mica Dielectric 

Power Factor Correction 

Motor Ste, ,ng 

High Voltage Networks 

Radio Noise Suppression 

Filters, ittc., etc. 

In designing or producing a radio 
or electrical product, there are plenty 
of things to think of besides capaci-
tors. Moreover, unless you've special-
ized, it's difficult to keep fully abreast 
of modern capacitor developments. 
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 

Capacitor types, plus hundreds of 
adaptations and special units. 
Such a request places you under no 

obligation to buy the recommended 
type. It simply assures you of special-
ized attention in the selection of an 
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 Specialties Co.) 

A typical group of Sprague Dry 
Electrolytic Capacitors designed 
to match special specifications. 

CAPACITORS •KTOKORM RESISTORS 
Proceedings of the I.R.E .  December, 1944 



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. 

111 
TRANSMITTING 

TUBES 

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, de gn 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. 

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. 

Order direct or from your electronic parts jobber. 

UNITED ELECTRONICS COMPANY 
NE WARK, 2  N• w J•rsey 

Transmitting Tubes EXCLUSIVELY Since 1934 
!  r I. P. E.  December, 1214 21A 



RUGGED 

COMPACT 

• .i.o* 

Way//iik 

,\  MAXIMUM 
SELF-  LIFE 
SHIELDING 

PREFERRED 
BY 

MAJORITY SET 
MANUFACTURERS 

PRODUCTION 

HIGH 
PERFORMANCE 

SIMPLE 
AND 

ECONOMICAL 

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 matter of record 

TRANSMITTING TUBES 

CATHODE RAY TUBES 

SPECIAL PURPOSE TUBES 

RECEIVI N G TUBES 

INCANDESCENT LAMPS 

FLUORESCENT LA MPS 

KEN•RAD 
E X E C U TI V E  O T TI C E S 

O W E N S B O R O • K E N T U C K Y 
E X P O R T S  I!  M O O  RE ST R E E T  N E W  Y O R K 

22A 
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Aiodicr buj not 
0,, fon5R5t-ance, 6e5 
thI ClirC5t-mas,.,, 

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. 

BE L L  TE L E P H O N E  SY S T E M 



An Important Statement 
BY MYCALEX CORPORATION OF AMERICA 
Issued in an Effort to Clear up and to Avoid Continued Confusion in the Trade. 

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" 

. . . ..Le "put out by the same people". . . and "come from the same plant." 

These are the FACTS: 

24A 

I. 

3. 

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. 

4. 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 

5. 

6. 

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. (c) 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." 

MYCALEX CORPORATION of AMERICA 
'Owners of 'MYCALEX' Patents" 

Plant and General Offices  Executive Offices: 30 
• CLIFTON, N.J. 

ROCKEFELLER PLAZA 
NE W YORK 20, N.Y. 
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Gentlemen: 

In the development of special apparatus, 
to be supplied on a Nary contra ct by liak ltine 
Electronics Corporation, it was found neceessary of 
to  utilize a material with a dielectric constant 

..... ......I.. . ..................... ... ..m o teh o.h.relr.--

. We put our problem in the hands of your 

The cooperation which we received from 
your drgEulization la to be very highly commended. 
The  special material, 'which was developed after 
much experimentation and research on your part, 
producti on.  

h 

has maintained a constant dielectric al l thro ug  

We have delivered a quantity of these 
uni ts to th e Nary, and we wish to again thank 
fo r the larg e part  you Play  in maki ng the  you 
delivery of these vita/ equipments possible. 

Very truly Yours, 

. . . How MYCALEX Solved a 
Tough Insulating Problem for 
HAZELTINE ELECTRONICS 
r and the NAVY . . . 

INAZiaLTRA,41 .ettiCVT/R ON3Clit; C OR POIRATN O 

Orr,' se 1775 1114 04 9 W AY rec.. "'• '''''' •  NIV W VORR 19. 

Mycalex Corporation of America 
30 Rockefeller Plaza 
New York, Ar. Y. 

Attention:  Mr. 

co , fts 1. 070. 

SePteMber 15, 1944 

Jerome Taishoff, President 

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 detailed specifi-

cations and samples. 

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

MYCALEX CORPORATION 
OF AMERICA 

"O WNERS OF 'MYCALEX' PATENTS" 

CLIFTON, 

NEW JERSEY 

Executive Offices: 30 ROCKEFELLER PLAZA 
NEW YORK 20, N. Y. 
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r WATTS 
77 

OUTPUT 
FROM A PAIR 

AT 200 
MEGACYCLES 

H & K developed this featherweight 
to pack a wallop in the VHF region 
The only thing that's small about this 4%-inch, 1%-ounce Gammatron 
is its size. Heintz and Kaufman engineers originated and perfected this 
powerful little 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 
peak frequency, 300 Mc., a pair of HK -24G Gammatrons develop a 
remarkable 44 watts. 

The high efficiency of the HK-24G in the VHF region results from 
(1) the long, capped tantalum plate, typical ofGammatrons,which con-
fines the entire electron stream for useful output, and (2) the fact that 
this grid is closely spaced to the filament for short electron time41ight. 

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 
HK-24G as an r. f. power amplifier, audio amplifier, crystal oscillator, 
doubler, or tripler, write today for data. 

HEINTZ AND KAUFMAN LTD. 
SO UT H  SA N  FR A NCISC O  • CALIF OR NI A 

9euitotatirog 74e.s. 

HK-24G MAXIMUM RATINGS 
Pow•r Output 

Class "C" R. F. . . . 90 Watts 

Plate Dissipation . . . 25 Watts 

Amplification Factor   25 

Plate Voltage. . . . 2000 Volts 

Plate Current   75 MA 

Grid Current   25 MA 

Frequency   300 MC 

INTER-ELECTRODE CAPACITIES 

C Grid-Plate   1.6 UUF 

C Grid-Filament . . .   1.8 UUF 

C Plate-Filament . .   0.2 UUF 

FILAMENT 

Volts. 6.3  Amperes, 3 

LOAN YOUR DOLLARS 

DONATE YOUR BLOOD 

FOR EARLY VICTORY 
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locked 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. 

*  *  * 

Itto  
Every product made for the trade, by 

Utah, is thoroughly tested and approved 

Keyed to "tomorrow's" demands: Utah transformers, 

speakers, vibrators, vitreous enamel resistors, wirewound controls, 

plugs, jacks, switches and small electric motors. 

iirmft 
Utah Radio Products Company, 842  Orleans Street, Chicago 10, III. 
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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. 

11‘:ILILIJALIJJ 
THE HAMMARLUND MFG. CO., INC., 460 W. 34" ST., N. Y. C. 

M ANUFACTURERS OF PRECISION CO M MUNICATIONS EQUIP MENT 

Proceedings of the I.R.E. 



QUARTZ CRYSTA the most significant advancements 
ye been introduced 

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 crys-
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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 

1BLILEY ELECTRIC CO MPANY UNION STATION BUILDING • ERIE, PENN-

29A 



VARIABLE CONDENSE 

• Perfect electrical design 
symmetry. 

• Built-in neutralization. 

• Unexcelled mechanical con-
struction. 

• Built-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 . 
A B & W heavy. 
duty Condenser 

with IA" plates. 

Write for new Catalog 75-C on B & W 

Type CX heavy duty variable condensers 

30A 

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

A 
Typical standard Type 
CX Condenser with Vie" 
plates. 

AIR INDUCTORS•VARIABLE CONDENSERS 

ELECTRONIC EQUIPMENT ASSEMBLIES 

BARKER & WILLIAMSON 
Dept. IR-114, 235 Fairfield Ave., Upper Darby, Pa. 

Export: UNDETEVES, INC., 10 Rockefeller Plaza, New York, N. Y., U. S. A. 
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THE ROLA CO MPANY, INC. 

2530 SUPERI OR AVENUE  • CLEVELAND 14, OHIO 

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. 

POLA 
MAKERS  OF  THE  FINEST  IN 
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U costs based on some tube types 

November 1939 January 1940 November 1940 '. 

AVERAGE COST PER PREFERRED TYPE 
yemb 

WHY YOU'RE SURE OF BETTER TUBE PERFORMAN ED TYPE TUBES  

CE AT LOWER COST 

IF YO U BASE POSTWAR DESIGNS ON BUY 

RCA PREFERR 

7. 

:• .   

411, Pdv14:'  .•/ BONDS 
WAR 

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 RADIO 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 

in Radio 

and Electronics 

RADIO CORPORATION OF AMERICA 
RCA VICTOR DIVISION • CAMDEN, N. J. 

Proceedings of the I.R H.  December, 1944 



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 I.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 rriethod 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 I.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 
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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 communication 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-

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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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 
OF THE I.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 all 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 

vessel. Ten years later a reunion luncheon wai 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 
he has been 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 I3etter Planning 

C. M . ASHLEYt, 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 hini. 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. 

THIS THING CALLED PERFECTION 

T
HE perfectionist is never happy as a development 
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: R004. 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. 

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 belaken? 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 ilsk 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-

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 
be 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 tc! 
his unfinished task. 
Time for design is one of the most important factors in A 

the success of an industrial organ izat ion . There  is no  
substitute for it. Both management  an d des ign  eng ineers  

must give it due consideration in laying plans. 

DEVELOPMENT PLANNING 

Planning is the lubricant that keeps a development 
organization running smoothly. Where 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, 
each 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. 

1 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. 

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 submit 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 competea, 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 hirdly 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 Elm:: 

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. More 
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 

coarsen, Rafe Goldberg 

—AVII/CH PL/LLS 
SWITCH 0,V 

AIA6/C LAA/TERW (E), 
PlaajECT/N6 

Picrac w  WHALE-IF) 
0 1/ g'L/6 

MiDGET 
sA/LOQ (s) 
7NRO WS 

AlAIPPOO•V 
AT AwALE, 
SECLOPELY 
dVAildAl6 
Rile 
TO 

irlooR 

Iteister us! T•dwire S 



1944  Ashley: Philosophy of Design  729 

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 all 

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 

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? Most 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. He 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: 

Fab = (F.-FF0-1/Go•  (15) 

The corrected formula is 
Fob =  -F(Fb-1)/G.•  (15) 



A Frequency-Dividing Locked-In Oscillator Frequency-

Modulation Receiver* 
G. L. BEERSt, SENIOR MEMBER, I.R.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 folloiving 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 frequency, 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. 

F
REQUENCY-modulation broadcasting is still in 
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 

• Decimal classification: R361 X R414. Original manuscript re-
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of the National Electronics Conference); Washington Section, Wash-
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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-thodulation 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 
the 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. 

SPRAIlla 

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 

TRAMS 

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 

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. 

Fig. 3—Discriminator. 

WHY THE OSCILLATOR 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 E9—.1, 
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 2co, 3co, 4ca, • • • where co 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 co. 
Suppose now that the signal voltage of frequency 5co 

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

the frequency 5co, to give the frequency co. 
• 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. 

• • 

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 thpn 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 it 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 OA 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 OA and another component AD, 90 de-
grees out of phase with respect. to OA. 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 ia-Fib. 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. 

Fig. 5—Effect on circuit. 

Now consider the condition at a later instant as shown 
by Fig. 6. Since the vector AB is rotating with respect 
to OA it has now rotated to the new position as shown. 
The injected current AB now has an in-phase component 
A C 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 

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 Fig. 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 AB now makes a constant 
angle CAB with OA. 
If the incoming signal is exactly five times the fre-

quency of the tuned-plate circuit, the vector AB will 
be in phase with OA. As the incoming signal frequency 
is decreased, 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 

Fig. 6—Vector diagram. 

of phase with respect to OA. 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 
than five times the plate-circuit frequency, the condi-
tions will be similar except that the vector AB will be 
lagging 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 
simultaneously, it can be shown that the result is a 
single injected current of variable amplitude and phase. 
This causes the frequency of the tuned circuit to swing 
back and 'forth in accordance with these variations; the 
process is 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 

As previously stated by restricting the lock-in range 
of the oscillator to frequency variations in the desired 
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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 

c as. OUT 

1.1 
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 -lock-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, 34/7, 
• • • 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. 

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 

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 

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. 

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 

z 
Fig. 1I—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. 

COMPUMATUI 

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

For small appli 1 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 Constants 

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-

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-
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Fig. 13— Tuned-feedback coil. 

nents with wide frequency variations are converted into 
amplitude variations. Fig. 14 shows a typical discrimina-
tor characteristic in which AB is the linear region within 
which the frequency variations of received signals are 
converted into amplitude variations. The sections of the 
characteristic designated CA and BD are the portions 
which are not useful in the reception of desired signals 
because of the curvature, but which are effective in con-
verting .frequency-modulation noise components into 
amplitude variations. The upper figures, indicating 
deviation, correspond to the discriminator character-
istic 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.. 

MODIFIED-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 

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-

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 

Fig. 15—Modified-circuit arrangement. 

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 useful 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-

quencies. 
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 repeated 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 mdre 
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-
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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 

DISCRIMINATOR 
860 KC 

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 ±25 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 
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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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Fig. 17—Selectivity curves. 

arrangement was used, they did indicate that themodi-
fied circuit possessed superior noise reducing and adja-
cent-channel selectivity characteristics. 
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CONCLUSIONS 

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

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

1. 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 . ROGERSt, NONMEMBER, I.R.E., AND HORACE 0. PARRACICt, NONMEMBER, I.R.E. 

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

I. 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 ' to 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 signals 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.  • 

ACTIVITY of the nervous system and of muscles 
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, Adrian2 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. 

3. 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. 
I Formerly, Department of Physiology, Columbia University; 

now, Captain, Army of the United States. 
1 J. Erlanger and H. Gasser, *Electrical Signs of Nervous Activ-

ity," University of Pennsylvania Press, Philadelphia, Pennsylvania, 
1937. 

2 E. D. Adrian, "The Mechanism of Nervous Action," University 
of Pennsylvania Press, Philadelphia, Pennsylvania, 1935. 

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 6J7 tube ( T2) which 

amplifies the voltage resulting from the condenser dis-
charge. 7'2, serving as a buffer amplifier, is followed by 
one or more independent output units. Each output 
stage is a pentode (T3) operated as class C. 
A potentiometer (P1) in the grid circuit of T3 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 

( Tr2) 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. 

THE 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 6J7 tube (T1), 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. 

) 
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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 5 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.4-7  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," Electronics, 
vol. 16, p. 132; August, 1943. 
'J. F. Toennies, "Differential amplifier," Rev. Sci. Instr., vol. 9, 

pp. 95-97; March, 1938. 
° Franklin Offner, "Push-pull resistance coupled amplifiers," 

Rev. Sci. Instr., vol. 8, pp. 20-21; January, 1937. 
Otto H. Schmitt, "A simple differential amplifier," Rev. Sci. 

Instr., vol. 8, pp. 126-127; April, 1937. 

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 Matthews8 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 

**a 
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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. I.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-phase and 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. Schmitt7 built another simple differential ampli-
fier requiring only two tubes, two rheostats, and a re-
sistor, which also gave satisfactory results. 
More recently Toennies8 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 modu4tion of these points. This 
amplifier may also be followed by single-ended stages. 
Recently, Traugott4 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 

Offnere 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 elec-
tromagnetic shielding. As a result, a resistance-capaci-
tance coupling is used in most amplifiers for biological 
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 

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 
second stages. In studying spontaneous, 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. Degeneration following nerve injury.0 
4. Influence of vitamin E deficiency on neuromuscu-

lar function. 
5. Action of drugs on peripheral nervous system and 

on muscles. 

Fig. 3—Circuit diagram of amplifier. 

J1 are input jacks used when moderately high-level signals are 
being observed. 

J4 and  are output jacks. 
.12, 4 -19, and .1.2 are plate-current jacks into which a microammeter 
may be plugged when adjustments are to be made. 

PI, P2 and Pg are 0.5-megohm carbon potentiometers for regulating 
the screen voltage. A screw adjustment is on the front panel. 

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

RI is a 2500-ohm resistor 
R2, Rg, Rg, Rg, R7, R1It Rig, RIg, and RIs are 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 design. 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 

9 F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 
Book Company, New York, N. Y., 1943, p. 477. 

Rg, RI2, R14, and Rg are 0.1-megohm resistors. 
R,, is 1.0 megohm. 
Rs is 0.25 megohm. 
Ris, /213, and R17 are 10,000-ohm resistors. 
CI is a 50-microfarad condenser. 
C, is 8 microfarads. 
Cg and Cg are 0.1 microfarad. 
Ce, C7, C9, and Cu are 1.0 microfarad. 
Cs, Cg, and Clo 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 Theory. According to 
this view, .a resting nerve is enclosed in a semipermeable 
polarized membrane. When excited, the local area 
around 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. 
"W. M. Rogers and H. 0. Parrack, "Anatomico-physiological 

studies on degenerating peripheral nerves," A nat. Rec., vol. 73, sup. 2, 
p. 44; April, 1939. 
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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. 41. Stimuli falling within this refractory 

period are ineffective. 
Strong support for the "membrane theory" was given 

experiments. Ile 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 

rl̀  was said to be in a passive state, comparable 
to .1 resting nerve. The coated wire could be "stimu-
lated" to activity by scratching the surface film or by 
applying an electric current. This initiates an electro-
chemical reduction which sweeps down the wire. It is 

•I,. _  Orkia  .1111'..111 
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Fig. 4 

A—Schematic representation 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's 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 

12  R. S. Lillie, "Transmission of physiological influences in proto-
plasmic systems, especially nerves," Physiol. Rev., vol. 2, pp. 1-33; 
January, 1922. 

13 K. S. Cole and H. J. Curtis, "Electrical impedance of nerve 
during activity," /galore, vol. 142, pp. 209-210; July, 1938. 

change of the membrane electromotive 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 each of a pair of grid electrodes in push-pull 
arrangement. These two deflections are spoken of in 
electrophysiology as a diphasic action potential which is 
bidirectional and whose alternate phases cross the zero 
line (Figs. 5A and 6). A steady current called the current 

O r401. 

f el; 

Fig. 5—Simplified diagram of current (left side) and potential (right) 
changes as recorded on a galvanometer and on a cathode-ray 
oscilloscope (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 
may 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 afinvaches 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 L1 is in contact with the nerve 

"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 L2. The diphasic wave recorded 
by L1 is nearer the shock effect than is the wave recorded 
by L2 (Fig. 6). A time recording superimposed on the 
same figure permits us to compute the conduction rate 
when the distances between S, L1, and L2 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 (18µ) 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 a 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 (14µ) fibers were activated. The poten-

16 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. 

tial from this group, designated as (3, appears as a sec-
ond, smaller elevation which follows the a 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. 

TRANSMISSION 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. 

16  W . M. Rogers and H. 0. Parrack, 'Influence of age on func-
tional survival of severed mammalian nerves," Proc. Amer. Physiol. 
Soc., p. 61IP, listed in Amer. Jour. Physiol., vol. 126, no. 3, July, 
1939. 



Electrical Glass* 
ED WIN 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 

li
-1 ROM a practical engineering viewpoint, glass is 
silica 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 foroptimum performance in a wide variety 
of electrical applications. It serves the radio engineer in 
four distinctly different ways: 

(1) As an 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. 

Corning Glass Works, Corning, New York. 

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 II 
will deal with glass behavior in alternating-current 
fields, and in Part III 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 I 

BEHAVIOR OF GLASS 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 

December, 1944 Proceedings of the I.R.E.  743 
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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 borosilicate 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 RESI§TIVITY 

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.2 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-
ied since that time by an imposing list of famous 
scientists.3.4 

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. 

4 J. 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. 

Dielectric absorption appears as a superposed tran-
sient current many times greater in magnitude than the 
final true electric 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 160X10—'3 
ampere flowed through the glass at room temperature 
(20 degrees centigrade) one minute after application of 
voltage, the current has dropped to 41.5 X10—" 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 
ordinates 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 108 ohm centimeters in resistivity to glasses as high as 
10'9 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 

Id 
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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 electrical glasses 
over lime glass is evident. 

SPECIFIC INDUCTIVE CAPACITANCE OR DIELECTRIC 
CONSTANT 

1$00 

Dielectric 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 dielectric constant measure-
ments giving values which vary with the time of applied 
potential or charging time. Curie and Compan° ob-
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 time and temperature," 
Jour. Amer. Ceram. Soc., vol. 19, pp. 243-245; September, 1936. 

Curie and Compan, Comptes Rendus, vol. 134, p. 1295; 1902. 

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'Ithese 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 thi? 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 dielectrics for high-voltage service. 
Because the dielectric strength of glass is much 

7 J. T. Littleton and G. W. Morey, "The Electrical Properties of 
Glass," John Wiley and Sons, Inc., New York, N. Y., 1933, 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 Norcross8 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. 

TABLEI 

Kindcd Glass 
Disruptive kilovolts 
per centimeter 

Thermal kilovolts 
per centimeter 

Fused-quartz glass 
Borosilicate glass 
Lead glass 
Lime glass 

5000 
4800 
3100 
4500 

560 
200 
102 
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. 

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 funct'on of temperature for direct 
current and for 435-kilocycle alternating current. 

PART II 

BEHAVIOR OF GLASS IN PERIODIC ELECTRIC 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 

Energy 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.9 
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 

2 
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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  E92 (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 

E. T. Hoch, "Power losses in insulating materials," Bell Sys. 
Tech. Jour., vol. 1, pp. 110-117; November, 1922. 

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. 

POWER 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 
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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." 

DIELECTRIC CONSTANT IN ALTERNATING-CURRENT 
FIELDS 

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. 5 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 

1° 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 increasingly 
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 

u W. A. Yager and S. 0. Morgan, "Surface leakage of pyrex 
glass," Jour. Phys. Chem., vol. 35, pp. 2026-2042; 1931. 

electrical characteristics of the glass and the dielectric 
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 III 

SPECIAL FORMS OF ELECTRICAL GLASS 

Certain special forms of electrical 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, generators, 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 ELECTRICAL 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 

12 E. B. Shand, "The dielectric strength of glass—An engineering 
viewpoint," Elec. Eng., vol. 60, pp. 41-91; March, 1941. 
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TABLE II 

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

Process Glass No. Unit 
Multi- 
form 
790 

Multi- 
form 
7761 

Multi- 
form 
707 

Conven-
tional 
774 

Linear coefficient expansion 
(0-300 degrees centigrade) 

Maximum service tempera- 
ture 

Log Rat 250 degrees centi- 
grade 

Log R at 350 degrees centi- 
grade 

Power factor at 1 megacycle 
20 degrees centigrade 

Dielectric constant at 20 de- 
grees centigrade 1 mega-
cycle 

perdegrees 
centigrade 
X10-7 
degrees 
centigrade 
ohm centi- 
meters 
ohm centi- 
meters 
per cent 

7.5 

800 

9.8 

8.1 

0.10 
to 
0.18 
4.0 

33 

460 

12.0 

10.0 

0.11 

4.0 

32 
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11.2 

9.1 

.08 

4.0 
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510 
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0.42 

4.7 

Fig. 9—Power factors of various varnished fiberglas cloths. 

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. 

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 III 

.CHARACTERISTICS OF GLASS No. 790 COMPARED TO OTHER MATERIALS 

Physical Property 
96 Per Cent 
Silica Glass 
No. 790 

Pyrex Brand 
Glass 
No. 774 

Fused 
Silica 

Softening point, degrees centigrade 
Annealing point, degrees centigrade 
Strain point, degrees centigrade 
Maximum operating temperature, de- 
grees centigrade 

Linear coefficient expansion per de- 
gree centigrade (From 0 to 300 de-
grees centigrade) 

Specific gravity 
Index of refraction 

1500 
910 
820 
900 

7.5X10' 

2.18 
1.458 

819 
553 
510 
510 

33 X10' 

2.23 
1.474 

*1667 
*1140 
*1070 
1000 

*5.5X10? 

*2.20 
*1.458 

* General Electric Company. 

N E W 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 elearically 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 :"-" 
(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.  • 
(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 X10-7 centimeter per de-
gree centigrade, per unit length to tungsten at 45 X10-7 . 
Details of proper procedure for making glass-to-metal 
seals have been published."-2° 
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. 
IT  J. T. Littleton, "The effect of temperature treatment on glass-

to-metal seals," Jour. Amer. Ceramic Soc., vol. 18, pp. 239-245; 
August, 1935. 
" 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° J. Strong and Collaborators, "Procedures in Experimental 
Physics," Prentice-Hall, Inc., New York, N. Y., 1938, chapter I. 

metals has been developed which permits the attach-
ment of metal parts or fittings to glass electrical bush-
ings, by soldering to metallized glass.2' 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's 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 ohms 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 

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 applkcation 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 
and terminal connections, and permanently fixed coil 
windings and electrodes. 

20 Corning Glass Works Publication, "Laboratory Glass Blowing 
with Pyrex Brand Glass," pp. 17-18; 1938. 

21  D. E. Newton, "Methods of hermetic sealing," Part I, FM 
Radio Electronics, vol. 3, pp. 22-25; June, 1943; Part II, vol. 3, pp. 
14-16; July, 1943. 



The Design of an Intermediate-Frequency System 
for Frequency-Modulated Receivers* 
•  WILLIAM H. PARKER, JR.t, ASSOCIATE, I.R.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 performance. 

INTRODUCTION 

DIO receivers designed for the reception of fre-
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 

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 5 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-

CONVERTER  I. F. AMP.  I.F. AM P. LIMITER DISCRIMINATOR 

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 
the Institute, July 25, 1944; revised manuscript received, September 
25, 1944. 
t Stromberg-Carlson Company, Rochester, New York. 

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 gm, and inversely 
proportional to C„. Three types of tubes have been 
proposed for amplifier service. A comparison of their 

J. 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 properties of 
the type 6SG7 tubes are obvious and this type was 
accordingly selected for use in the amplifier. 

TABLE 1 

Tube Type gni C „ Gain Factor 

6SK7 2000 0.003 667 
6SG7 4000 0.003 1334 
6AC7 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 value2 

stage gain =g„,(20/LIL2VQ1Q2)/2 

= mutual conductance of the amplifying tube 
w = angular value of the intermediate frequency 
= inductance of the primary circuit 

L2 = inductance of the secondary circuit 
Qi= figure of merit of primary circuit 
Ql= figure of merit of secondary circuit 

By design considerations L1 is made equal to L2, and Q1 
is made equal to Q2, 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 found3.4 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," McGraw-Hill 
Book Company, New York 18, N. Y., 1943, section 5, paragraph 19. 

See section 3, paragraph 5, of footnote reference 2. 
' alladiotron Designer's Handbook" (third edition) edited by 

F. Langford Smith, published by Wireless Press for Amalgamated 
Wireless Valve Company, Sydney, Australia, 1942, p. 128. 

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 expression 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 nearly 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 enumerated. The data are tabulated as 
follows: 
Coil form diameter  ifig- inch 
Wire size    no. 36 B&S gauge enamel 
Type of winding  solenoid, single layer 
Number of turns (primary)  32 
Number of turns (secondary)  32 
Distance between inside turns of windings. . 23/64 inch 
Shield container   1-g- inches square on sides 
Q of windings, in air  75 
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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 



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 

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 to a 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  I inch 
Wire size (primary and secondary)   
 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)  35 
Number of turns (secondary)  58 
Shield container  11 inches square on sides 
Q of primary in air  35 
Q of secondary in air  65 
The voltage-input versus output-frequency change 

is shown in Fig. 4. These data were obtained by intro-
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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, I.R.E. 

Summary—It 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 
4/4 characteristics, notably the positive-grid region where the 
Epllp characteristic is a straight line of slope R=E9/4. 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. 

127 Argyle Pl., Seattle 3, Washington. 

M
ANY diverse methods are used for the genera-
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 efficiency 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 T. Farns-
worth,' modifications being made later by other workers 
in the field, notably G. R. Tingley and A. H. Gilbert. 

'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 CIRCUIT 

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 Vecchiacci2 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. 

(a)  Current In Lg. 

lb/  Currant In Lp. 

I.)  Volta o at old of Ti. 

• 

(d)  Voltage at plat. of Ti. 

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 
I (421 =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. 1.R.E., vol. 19, pp. 856-873; May, 1931. 

manner in which the vacuum tube acting as a switch 
changes from the heavily damped period /1 to the short 
oscillatory period I. 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 4 and increases. 4 starts as some high 

ea 

$2 82 closed for nos nnImg porton t2 

111 82 open for retro., porton  t2 

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

value and decreases. The period Li 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 e, will 
be induced across L, given by 

e, = — L,(di,/dt).  (1) 

The bias is set so that this voltage drives the tube into 
the positive-grid region for the whole of the scanning 
period Li. The 1.9/E9 characteristics of a typical triode 
operating in the positive-grid region are shown in Fig. 4 

12 
Is 

sti 

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 1?etween zero plate voltage and the voltage 
indicated by the dotted line E91 representing a scanning-
time excursion Li. 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  ra =  (2) 

changes markedly over the working region defined, so 
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that as 1, rises r„ rises and thus accelerates the falling 
off of the grid current. By suitable choice of circuit 
parameters t he current in L,,, can be made to decrease 
linearly. The effect of grid loading on 1, is shown in Fig. 5. 

Too hien 
grid loading 
@hangs 

Imswf  al grid 
leading ehange 

W ilma 

SO  • 

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

APPLICATION OF TRIODE OSCILLATolt 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. 6c. A typical triode-oscillator circuit designed for 
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Fig oc. Use of Separate Scanning Coils. 

Fig. 6—Types of m3gnetic circuit for use with c3thode-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 oscillation and separate scanning coils are used. The 
capacitance C of Fig. I 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 energy relation is given by 

II  1 2 CF..' joules 
where  F,. = — 1..(dijdt)  (4) 

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

VI 

Cy 

Fig. 7—Schematic diagram of 'typical scan oscillator 
designed for high scan frequency. 

(3) 

Cg added capacitor to balance C.  C. C. by-pass capacitors 
C. coil coupling  L. scanning coils 
Cs. C4 stray capacitance  R. scan-frequency control 

R. scan-amplitude control 

triode is supplied by the direct-current drop in the 
variable resistor R, which is by-passed for scanning 
currents. The resistor RI is used for control of scan am-
plitude. Fine control of scanning frequency is obtained 
by adjustment of RI. 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 11. 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. Synchronization 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 m ei'  Carrent .51111.1by tot  e  by triode 

Turyllod by &lads 

4.1  Without M oto  lb)  glen dlaio 

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 
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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 r, will be delivered 
by the generator of Fig. 9 when r, =r,, XL. and Xc 
being assumed high. However, the leakage inductance 
L. modifies this relationship so that maximum power 
would be delivered when r, = XL.. 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 

7, 

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. 
The ratio of the current in the load without matching 

to the load current with perfect matching is given by 

k
[4rp/(r0 jXL.)] 1/2 

—   (5) 
1+ [rp/(r,  jXL,)] 

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/ 0.102C henries  (6) 

where coo is given by 
fo = 1/2/2 (7) 

and t2 is in seconds. 
The field intensity required to deflect the beam 

through half the total scanning angle is given by 

H = 3.36V' 12 sin 13/l, gauss  (8) 

where (3 is the half-scan angle, V the second anode po-
tential, and 1, the coil length. 
The ampere-turns required in the scanning coils to 

produce this field 

NI, = (1/0.470/3/g.  (9) 

B= H for this particular case where the field is in air. 
The mean length of the gap 

= rd/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 

= I,/n.  (11) 

The positive-grid potential to give a linear relation 
ESI, over this plate-current range can be found from 
the tube characteristics. 

and the grid loss 

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,./.2 (12) 

where I, =root-mean-square saw-tooth current and 
The power used for creating the mag-

netic field at a frequency f. is given by 

P. = f.W. watts.  (13) 

The input power to the system is of course given by the 
product El,/, 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 Wc= W.+ WA 

=Khf.+K.P where Kh and K. are hysteresis and eddy-
current factors dependent on the iron used. The eddy 
current losses We = (T2/6p)b2PB„,..210—" watts per cubic 
centimeter and the hysteresis losses W A = nf, B...' 610-7  
watt per cubic centimeter where t= thickness of lami-
nations meters, B..x 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  P  (1 018Z 2 3) Rp  (14) 

W. = IavRg.  (15) 
The mismatch losses are given by (5). 

PRACTICAL 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 I 

Scanning frequency 
Cathode-ray tube 
Triode oscillator tube 
Second anode potential 
Length of trace 
Scanning-coil length 
Scan transformer 

15,000 cycles per second, 10 per cent retrace time 
7 CP1 
6L6 triode-connected 
7000 volts 
6 inches 
2 inches 
1.4-to-1 ratio. cross-section area 1 square inch, core 
length Si inches 

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 and the root-mean-square saw-
tooth current flowing in the coils must be evaluated. 
The frequency of the free oscillation period fo = 75 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). 

0 29 40 60 

Volt.. 

so 

Fig. 10—Characteristics of 6L6. 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 
Ec= 860 volts so that the energy stored Wa =37 micro-
joules or 30 per cent of the total scanning-power re-
quirements. 
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 191E, relationship up to this current for 
the 6L6 is of the order of 17 volts, and Fig. 10 shows an 
E911, curve for the 6L6 with these conditions. Corre-

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 Ho = 5 gilberts per centimeter (1=14 centi-
meters) giving an incremental permeability of 400 for 
standard audio A laminations. The flux density B . 
=(Ercce 108)/(4.44f,N,AKA). Now E,..„ = Erna:(ti/ti+12)1/2 
= 380 volts. Emo. = 1.4 X860, the grid voltage times the 
transformer ratio. So that B .= 125 gauss. The plate 
inductance calculates out to be close to the required 
figure of 0.9 henry with this flux density. Using suitable 
formulas3 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) k =0.55 giving a loss 
of 5 decibels or a power loss ratio of 3.16. The power 
loss at the grid E2/R„ is 1 watt, where E is the positive 
grid voltage developed at the grid during the scanning 
time. The plate power loss is hou,2r, 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 and 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. 

Harold Fender and Knox Mcilwain, "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 SABAROFFt, ASSOCIATE, I.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(02--coi)/2 
where S =impulse strength, G =network gain at the resonant fre-
quency to, and (WI — wi) 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 <a < Q/2 where n ...number of 
tuned circuits and Q =wL/R. 

irHE elementary noise is that resulting from a 
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(d2vi/d12) ± RC(dvi/dt) + vi = V  (1) 

where V= applied voltage. 
Assuming an initial condition of equilibrium,'-e the 

Laplacian solution of (1) is 

= 7 / (LC p2 + RC p ± 1)  (2) 

where the bar indicates the operation of multiplying by 
e—P  4 and taking the infinite integral with respect to 1. 
For example 

* Decimal classification: R142. Original manuscript received by 
the Institute, February 11, 1944; revised manuscript received, 
September 18, 1944. 
t WCAU Broadcasting Company, Philadelphia, Pennsylvania. 

This work was done for Lucian Laboratories, Lansdowne, Pennsyl-
vania, for whom the author was consultant. 

C. M. Burrill, "Progress in the development of instruments for 
measuring radio noise," PROC. I.R.E., vol. 29, pp. 433-441; August, 
1941. 

'John R. Morecrof t, "Principles of Radio Communication," John 
Wiley and Sons. Inc., New York, N. Y., 1927, chapter 3. 

V. D. Landon, "A study of the characteristics of noise," PROC. 
I.R.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. 

I Murray F. Gardner and John L. Barnes, "Transients in Linear 
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. 

= f e-P‘x(t)dt  (3) 

where I p 1 > 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 

= -17/(LCp2 + RC p  1)̂.  (4) 

Equation (4) may be written 
17/ (Lon [(p  $2]n} 

where a= R/ (2L) and it3 = -01/LC) — R2/(4L2). 

Equation (5) is a formal solution with no restrictions 
other than those required by Laplacian theory. 

Fig. 1—Cascaded series-resonant circuits. 

(5) 

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 

V=s  (6) 

where S is the impulse strength. 
Equation (5) now can be written 

(LC)ntn/S = [(p + cf)2 + 132]-".  (7) 

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, 

(LC) n[eaivn(t)]/S = (p2 $)".  (8) 

The right:hand side of (8) and its inverse have been 
tabulated.' They are 

v; 
r(n)(20)n-1/ 2 [in—i12 Jn-1/2 030] =  (P 2 ±  132 )—n  (9) 

where n>0, and ../„_1/2 (0t) is a Bessel function of the 
first kind. 

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

7 See transform 57 on page 298 of footnote reference 6. 
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NO) =  Sr-'e--' d  it T43t 
— J.-u2(01)•  (10) 

(LC13)*2"-T(n)  2 

may be real, zero, or imaginary, depending on 
whether the circuits are oscillatory, critically damped, 
or aperiodic. We will here consider real values of /3 only. 
The Bessel function in (10) may be written in terms 

of circular functions' thus lending itself to more evident 
analysis; 

Or,It/2 J.-112(191) = P.(01) cos (fit - (n7/2)) 
- Q(t) sin (lit - (nir/2))  (11) 

where n is an integer and 

(- 1)• I  n - 1 + 2r 

I 2r  n - 1 - 2;(2131)2• 

( -fl  n + 2r 

P.(00 = E 
r—O 

ao 

Q1% (Pt) =  E ,...o I  2r + 1 I n - 2r - 2 (2002'+' 

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 3t>n2, it will 

be sufficient to consider only the leading terms in (12). 
Making these substitutions in (10) gives 

St"-'e-°' 
v.(t) =  [cos (St - —nr  ) 

2 

n(n - 1) 
  sin  2fte  —2  • (St - nr  )]  (13) 

Let us now assume the circuits sufficiently osellatory 
as to make a<0. The value of ft then approaches the 
fundamental resonant frequency of the circuits, which 
we shall call co. Thus 

(14) 

Equation (13) may now be written, approximately 

.Scont "e-at [  n'(1-1)2] 
  1+   cos [cot - r - --] (15) 

n-1 8(04)2 2 

(12) 

where 
sin (r)  - n(n - 1)/(20.4) 
cos (r)  1 _ n2(n _ 02/(8012). 

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 cot>n2 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., 

n2(n _ 1)2/(8,0212) < 1/100.  (16) 

We may, therefore, omit this term in (15) without sub-

s S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Company, Inc., New York, N. Y., 1943, pp. 51-52. 

stantial error, provided the conditions for the peak value 
satisfy the above inequality. 
Differentiating the remaining time functions in the 

amplitude and then equating to zero gives 

d(1̂ -1e-a9/(dt) = 0 when S = (n - 1)/a.  (17) 

Substituting the condition of (17) into (16) results in 
the inequality 

nal(2 0 to) < 1/10.  (18) 

Putting R/(2L) for a, and Q for Lu/R in (18) gives 
finally n <0.566Q, or rounding off 

n < Q/2  (19) 

as the relation to be satisfied for the quadrature compo-
nent to be negligible in the region of the peak value and 
for times thereafter. This condition exists in most prac-
tical circuits. For these circumstances (15) becomes 

Scont"-te-ca 
o(t) =   cos (cot - —UT  ).  (20) 

2" I  n - 1 2/ 

Recourse must be had to (10) or (11) if accurate 
values of v(t) 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 
Sco"(n - 1)11-1e-(11-0  

E -   (21) 
(2a)a-L I  n - 1  

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

n - 1  = (n - 1)"(-(e-').V27r(n - I)  (22) 

becoming thereby 

• E = .Scon/[(2a)n-1 V'2ir(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 = SRGI[LV2r(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 -in terms of easily measurable 

quantities. The response of the network to a sine wave 
of frequency co will determine the value of G. R/L can 
be determined by measuring the Q of one circuit. In 
this case (24) is 

E = coSGAQN/27.(n - 1)J.  (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 a<<co, 

9 E. Jahnke and F. Emde, 'Tables of Functions," B. G. Teubner, 
Leipzig and Berlin, Germany, 1933, pp. 222-227. 



R/L = (co2— 0.12)/N/A'in — 1  (26) 

where (w2—w,) is the bandwidth at a point on the volt-
age characteristic that has a relative attenuation of A, 
with the minimum attenuation taken as unity. 
Incorporation of (26) in (24) gives 

E = SG(co2— wi)/V2r(n — 1)(11 21n  —  1).  (27) 

It is interesting to note that the denominator of (27) 
approaches a limit as n increases without limit. By ordi-
nary methods it can be shown that 

lam (n — 1)(44 2/n — 1) = 2 log (A)  (28) 
ft -O . 

then  E = SG(co2— wi)/[2-Vir log (A)].  (29) 

When, as is usual, A is made equal to  (29) is 

E = 0.48SG(co2 — we).  (30) 

The numerical factor of 0.48 in (30) applies when 
n--4 00 . 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(co2 — 04)12  (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. ROUNTREEt, 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 

protracto!, and a set of mathematical tables. 

INTRODUCTION 

AS 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.2-4  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. 
'Patent rights reserved. 
2 R. M. Foster, "Directive diagrams of antenna arrays," Bell 

Sys. Tech. Jour., vol. 5, pp. 292-307; April, 1926. 
3 A. James Ebel, "Directional radiation patterns." Electronics, 

vol. 9, pp. 29-30; April, 1936. 
'G. H. Brown, "Directional antennas," PROC. I.R.E., vol. 25, pp. 

78-145; January, 1937. 

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 

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 T2 leads the current in T1 by La 
degrees. Then, since the signal from T1 must travel the 
added distahce kd cos 41, expressed as an angular portion 
of a wavelength, the voltage vector of T2 at point P will 
lead the voltage vector of T1 by a+kd cos 4. degrees. 
(Fig. 2.) Regardless of the signs of La and of kd cos ck, 
the angle between the voltage vectors will be the alge-
braic sum. Positive values are used here merely for il-
lustration. 
As angle  is varied from 0 to 360 degrees, that is, as 

point P is shifted around the antenna system, vector 
ET2 may be conceived of as describing an oscillation 
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about the end of vector EZ. The center position of this 
oscillation, occurring at 4=9O degrees and at 4,=270 
degrees (i.e., kd cos 4=0) is determined by the phasing 
of the towers, while the magnitude of oscillation is de-
termined by the spacing of the towers.6 (Fig. 3). With 
vector ETI as reference, the length of ET2 is determined 
by the ratio of the field of T2 to the field of T1.6 Where the 
towers are of differing heights, the length of vector ET2 
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 (ET1= 1). 
The calculator provides a mechanical means of evalu-

ating ER, the resultant vector, at any value of 4, for dif-
fering values of phasing (La), spacing (kd), and field 
ratios (ET2/ET1). 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 ETI, and a rotary 

E77 

Fig. 2—Vector combination at point P. 

vector, corresponding to ET2, may be used to solve for 
ER if scales are provided to measure the following: 

1. Ratio of ET2 to ETi 
2. Center position of ET2 (i.e., the phasing angle of 
the current in T2 with respect to the current in T1) 

3. Rotation of ET2 from the center position as .4, 
varies, for various values of spacing (kd), and 

4. Values of ER. 

These are provided in the calculator. Angle 4, is meas-
ured from the T2 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 ER for values of ci) 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 4, 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. 

F. Alton Everest and Wilson S. Pritchett, "Horizontal-polar-
pattern tracer for directional broadcast antennas," PROC. I.R.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. 

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 4) 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. Spangenberg7 
has indicated that arrays with these spacings have cer-

Fig. 3—Oscillation of vector ET, as angle ce5 is varied. 

tam n 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 4, 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 4.. 
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 I. Positive angles are meas-
ured counterclockwise from the reference line, and nega-
tive angles in a clockwise direction. Values for 0 = 90 
degrees fall along the reference line, and isometric lines 
are drawn through all other values of 0. These lines, 
when used in connection with the scale on the calibrated 
runner, allow the runner to be set to these values of 46 
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 0 to 180 degrees in both 
a negative direction (clockwise from 0 degrees) and a 
positive direction (counterclockwise from 0 degrees). 
This constitutes the phasing (La) scale, which gives 
the phasing of T2 with respect to T1. In operation of this 
device, the phasing angle on this scale is set to the 90-
degree line of the 4) 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 ER 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. I.R.E., vol. 30, pp. 237-240; May, 
1942. 
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obtained, for ratios of ET2/ET2 ranging from 0.2 to 1.0 
in steps of 0.1. Isometric lines are drawn through equal 
points on the ER scales, so that by means of the cali-
brated runner, values of ET2/ET, determined to 0.02 
may be used. 

This equation is placed in form (3) so that the results 
obtained may be most useful in plotting points along the 
ER scales, for in this form, the values of ad-kd cos ct) may 
be determined for desired decimal values of ER. Where 
ET2/ET2 =1, (ET2= ETI= 1) , equation (3) becomes 

5i -r psHAS 
9 cAi rT0oFTTzt1 t Ai 

97   

_.01 frs,44 r AME N 411\41 ;  

0 000 1.11MENNI mm..ti*  N  • 
000 00 ,  14 s \  ,c  

.o.ce 
((1)1 

(1 5, 141 /7 "H  LI N E  OF TO— vvE 

1/RED FROM Tz 

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

The ER scales are computed trigonometrically, as il-
lustrated in Fig. 6. Here, by the law of cosines: 

ER2 = ET12 ET22 
— 2ET1ET2 cos (180 degrees — a  kd cos cP) (1) 

ER2 = ET22 ET22 2ET1ET2 cos (a  kd cos ct.) (2) 
cos (a ± kd cos 0) 

= (ER2 — ET22 — ET22)/(2ETIET2).  (3) 

cos (a  kd cos q5/2) = ER/2.  (4) 

The results obtained for the values selected are listed 
in Tables II to XI. As in the case of the fixed base, each 
calibration mark is determined by measuring the central 
angle and projecting to the point of inter§ection on the 
circle being scaled. (Fig. 7.) This angle may be measured 
directly on the protractor scale along the edge of the 
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TABLE I 

CENTRAL ANGLES FOR CALIBRATION OP  SCALES 

kd cos , 

# 
kd-45 
degrees 

kd-6.0 
degrees 

kd-75 
degrees 

kd-90 
degrees 

kd-10S 
degrees 

kd-120 
degrees 

Degrees Degrees Degrees Degrees Degrees Degrees Degrees 

0 45.0000 60.0000 75.0000 90.0000 105.0000 120.0000 

5 44.8286 59.7714 74.7143 89.6571 104.6000 119.5428 

10 44.3165 59.0886 73.8608 88.6329 103.4051 118.1772 

15 43.4669 57.9558 72.4448 86.9337 101.4227 115.9116 

20 42.2861 56.3814 70.4768 84.5721 98.6675 112.7628 

25 40.7840 54.3786 67.9533 81.5679 95.1626 108.7572 

30 38.9714 51.9618 64.9523 77.9427 90.9332 103.9236 

35 36.8618 49.1490 61.4363 73.7235 86.1108 98.2980 

40 34.4718 45.9624 57.4530 68.9436 80.4342 91.9248 

45 31.8200 42.4266 53.0333 63.6399 74.2466 84.8532 

SO 28.9256 38.5674 48.2093 57.8511 67.4930 77.1348 

55 25.8110 34.4148 43.0185 51.6220 60.2259 68.8296 

60 22.5000 30.0000 37.5000 45.0000 52.5000 60.0000 

65 19.0179 25.3572 31.6965 38.0358 44.3751 50.7144 
70 15.3909 20.5212 25.6515 30.7818 35.9121 41.0424 

75 11.6469 15.5292 19.4115 23.2938 27.1761 31.0548 

80 7.8143 10.4190 13.0238 15.6285 18.2333 20.8380 

ss 3.9222 5.2296 6.5370 7.8444 9.1518 10.4592 

90 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

95 -  3.9222 -  5.2296 -  6.5370 -  7.8444 -  9.1518 - 10.4592 

100 -  7.8143 - 10.4190 - 13.0238 - 15.6285 - 18.2333 - 20.8380 
105 - 11.6469 - 15.5292 - 19.4115 - 23.2938 - 27.1761 - 31.0584 

110 - 15.3909 - 20.5212 - 25.6515 - 30.7818 - 35.9121 - 41.0424 
115 - 19.0179 - 25.3572 - 31.6965 - 38.0358 - 44.3751 - 50.7144 

120 - 22.5000 - 30.0000 - 37.5000 - 45.0000 - 52.5000 - 60.0000 

125 - 25.8110 - 34.414 - 43.0185 - 51.6220 - 60.2259 - 68.8296 
130 - 28.9256 - 38.567 - 48.2093 - 57.8511 - 67.4930 - 77.1348 
135 - 31.8200 - 42.426 - 53.0333 - 63.6399 - 74.2466 - 84.8532 

140 - 34.4718 - 45.9624 - 57.4530 - 68.9436 - 80.4342 - 91.9248 
145 - 36.8618 - 49.1490 - 61.4363 - 73.7235 - 86.110 - 98.2980 

150 - 38.9714 - 51.9618 - 64.9523 - 77.9427 - 90.933 -103.9236 
155 - 40.7840 - 54.3786 - 67.9533 - 81.5679 - 95.1626 -108.7572 

160 - 42.2861 - 56.3814 - 70.4768 - 84.5721 - 98.6675 -112.7628 
165 - 43.4669 - 57.9558 - 72.4448 - 86.9337 -101.4227 -115.9116 
170 - 44.3165 - 59.0886 - 73.8608 - 88.632 -103.4051 -118.1772 
175 - 44.828 - 59.7714 - 74.7143 - 89.657 -104.6000 -119.5428 
180 - 45.0000 - 60.0000 - 75.0000 - 90.0000 -105.0000 -120.0000 

kd cos # 

kd -138 
degrees 

kd  150  kd  165 
degrees  degrees 

kd  180 
degrees 

kd  195 
degrees 

kd..210 
degrees 

Degrees 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
SO 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
ISO 
155 
160 
165 
170 
175 
180 

Degrees  Degrees 
138.0000  150.0000 
137.4742  149.4285 
135.9038  147.7215 
133.2983  144.8895 
129.6772  140.9535 
125.0708  135.9465 
119.5121  129.9045 
113.0427  122.8725 
105.7135  114.9060 
97.5812  106.0665 
88.7050  96.4185 
79.1540  86.0370 
69.0000  75.0000 
58.3216  63.3930 
47.1988  51.3030 
35.7172  38.8230 
23.9637  26.0475 
12.0281  13.0740 
0.0000  0.0000 

- 12.0281 - 13.0740 
- 23.9637 - 26.0475 
- 35.7172 - 38.8230 
- 47.1988 - 51.3030 
- 58.3216 - 63.3930 
- 69.0000 - 75.0000 
- 79.1540 - 86.0370 
- 88.7050 - 96.4185 
- 97.5812 -406.0665 
--105.7135 -414.9060 
--I13.0427 --I22.8725 
-419.5121 -429.9045 
-425.0708 --135.9465 
-429.6772 -140.9535 
-433.2983 -444.8895 
-435.9038 --147.7215 
-137.4742 -449.4285 
--138.0000 --150.0000 

Degrees  Degrees 
165.0000  180.0000 
164.3714  179.3142 
162.4937  177.2658 
159.3785  173.8674 
155.0489  169.1442 
149.5412  163.1358 
142.8949  155.8854 
135.1598  147.4470 
126.3966  137.8872 
116.6707  127.2798 
106.0604  115.7022 
94.6407  103.2444 
82.5000  90.0000 
69.7323  76.0716 
56.4333  61.5636 
42.7053  46.5876 
28.6523  31.2570 
14.3814  15.6888 
0.0000  0.0000 

- 14.381  - 15.6888 
- 28.6523 - 31.2570 
- 42.7053 - 46.5876 
- 56.4333 - 61.5636 
- 69.7323 - 76.0716 
- 82.5000 - 90.0000 
- 94.6407 -103.2444 
-106.0604 -115.7022 
-.116.6707 -127.2798 
-126.3966 -137.8872 
-135.1598 -147.4470 
-142.8949 -155.8854 
-149.5412 -163.1358 
--155.0489 -169.1442 
-159.3785 -173.8674 
-162.4937 -177.265 
-164.371  -179.314 
--165.0000 -180.000 

Degrees 
195.0000 
194.2571 
192.0380 
188.3564 
183.2396 
176.7305 
168.8759 
159.7343 
149.3778 
137.8865 
125.3441 
111.8481 
97.5000 
82.4109 
66.6939 
50.4699 
33.8618 
16.9962 
0.0000 

- 16.9962 
- 33.8618 
- 50.4699 
- 66.6939 
- 82.4109 
- 97.5000 
-111.8481 
-125.3441 
-137.8865 
-149.3778 
-159.7343 
-168.8759 
-176.7305 
-183.239 
-188.356 
-192.038 
-194.2571 
--195.0000 

Degrees 
210.0000 
209.1999 
206.8101 
202.8453 
197.3349 
190.3251 
181.8663 
172.0215 
160.8684 
148.4931 
134.9859 
120.4518 
105.0000 
88.7502 
71.8242 
54.3522 
36.4665 
18.3036 
0.0000 

- 18.3036 
- 36.4665 
- 54.3522 
- 71.8242 
- 88.7502 
--105.0000 
-420.4518 
-134.9859 
-448.4931 
-460.8684 
-172.0215 
-481.8663 
--190.325I 
-497.3349 
--202.8453 
--206.8101 
--209.1999 
--210.0000 

kd cos '8 

# kd=225 
degrees 

kd-240 
degrees 

kd=.255 
degrees 

kd-270 
degrees 

kd-285 
degrees 

Degrees Degrees Degrees Degrees Degrees Degrees 

0 225.0000 240.0000 255.0000 270.0000 285.0000 

5 224.1428 239.0856 254.0285 268.9713 283.9142 

10 221.5823 236.3544 251.1266 265.8987 280.6709 

15 217.3343 231.8232 246.3122 260.7011 275.2901 

20 211.4303 225.5256 239.6210 253.7163 267.8117 

25 203.9198 217.5144 231.1091 244.7037 258.2982 

30 194.8568 207.8472 220.8377 233.8281 246.8186 

35 184.3088 196.5960 208.8833 221.1705 233.4578 

40 172.3590 183.8496 195.3402 206.8308 218.3214 

45 159.0998 169.7064 180.3131 190.9197 201.5264 

50 144.6278 154.2696 163.9115 173.5533 183.1952 

SS 129.0555 137.6592 146.2629 154.8666 163.4703 

60 112.5000 120.0000 127.5000 135.0000 142.5000 

65 95.0895 101.4288 107.7681 114.1074 120.4467 

70 76.9545 82.0848 87.2151 92.3454 97.4757 

75 58.2345 62.1168 65.9991 69.8814 73.7637 

80 39.0713 41.6760 44.2808 46.8855 49.4903 

85 19.6110 20.9184 22.2258 23.5332 24.8406 

90 0.0000 0.0000 0.0000 0.0000 0.0000 

95 - 19.6110 - 20.9184 - 22.2258 - 23.5332 - 24.8406 

100 - 39.0713 - 41.6760 - 44.2808 - 46.8855 - 49.4903 

105 - 58.2345 - 62.1168 - 65.9991 - 69.8814 - 73.7637 

110 - 76.9545 - 82.0848 - 87.2151 - 92.3454 - 97.4757 

115 - 95.0895 -101.4288 -107.7681 -114.1074 -120.4467 

120 -112.5000 -120.0000 -127.5000 -135.0000 -142.5000 

125 -129.0555 -137.6592 -146.2629 -154.8666 -163.4703 

130 -144.6278 -154.2696 --163.9115 -173.5533 -183.1952 

135 -159.0998 -169.7064 --180.3131 -190.9197 -201.5264 

140 -172.3590 -183.8496 --195.3402 -206.8308 -218.3214 

145 -184.3088 -196.5960 --208.8833 -221.1705 -233.4578 

150 -194.8568 -207.8472 -220.8377 -233.8281 -246.8186 

155 -203.9198 -217.5144 -231.1091 -244.7037 -258.2982 

160 -211.4303 -225.5256 -239.6210 --253.7163 -267.8117 

165 --217.3343 -231.8232 -246.3122 --260.7011 --275.2901 

170 -221.5823 -236.3544 -251.1266 -265.8987 --280.6709 

175 -224.1428 -239.0856 -254.0285 -268.9713 -283.9142 

180 -225.0000 -240.0000 -255.0000 -270.0000 -285.0000 

U cos 

kd =300 
degrees 

kd  316.5 
degrees 

kd =330  kd  345 
degrees  degrees 

kd =360 
degrees 

Degrees 
0 
5 
10 
15 
20 
25 
30 
35 
40 
4s 
50 
SS 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 

Degrees 
300.0000 
298.8570 
295.4430 
289.7790 
281.9070 
271.8930 
259.8090 
245.7450 
229.8120 
212.1330 
192.8370 
172.0740 
150.0000 
126.7860 
102.6060 
77.6460 
52.0950 
26.1480 
0.0000 

- 26.1480 
- 52.0950 
- 77.6460 
-402.6060 
-126.7860 
-450.0000 
-172.0740 
-492.8370 
-212.1330 
--229.8120 
--245.7450 
--259.8090 
--271.8930 
--281.9070 
--289.7790 
--295.4430 
--298.8570 
-300.0000 

Degrees 
316.5000 
315.2941 
311.6924 
305.7168 
297.4119 
286.8471 
274.0985 
259.2610 
242.4517 
223.8003 
203.4430 
181.5381 
158.2500 
133.7592 
108.2493 
81.9165 
54.9602 
27.5861 
0.0000 

- 27.5861 
- 54.9602 
- 81.9165 
-108.2493 
-133.7592 
-158.2500 
--181.5381 
-203.4430 
-223.8003 
-242.4517 
-259.2610 
-274.0985 
-286.8471 
-297.4119 
-305.716ON 
--311.6924 
-315.2941 
--316.5000 

Degrees 
330.0000 
328.7427 
324.9873 
318.7569 
310.0977 
299.0823 
285.7899 
270.3195 
252.7932 
233.3463 
212.1207 
189.2814 
163.0000 
139.4646 
112.8666 
85.4106 
57.304S 
28.7628 
0.0000 

- 28.7628 
- 57.3045 
- 85.4106 
--112.8666 
-139.4646 
-165.0000 
-189.2814 
-212.1207 
-233.3463 
--252.7932 
-270.3195 
-285.7899 
--299.0823 
--310.0977 
-318.7569 
-324.9873 
--328.7427 
--330.0000 

Degrees 
345.0000 
343.6856 
339.7595 
333.2459 
324.1931 
312.6770 
298.7804 
282.6068 
264.2838 
243.9530 
221.7626 
197.8851 
172.5000 
145.8039 
117.9969 
89.2929 
59.9093 
30.0702 
0.0000 

- 30.0702 
- 59.9093 
- 89.2929 
--117.9969 
-145.8039 
-172.5000 
-197.8851 
-221.7626 
-243.9530 
-264.2838 
-282.6068 
-298.7804 
--312.6770 
-324.1931 
-333.2459 
--339.7595 
-343.6856 
-345.0000 

Degrees 
360.0000 
358.6284 
354.5316 
347.7348 
338.3884 
326.2716 
311.7708 
294.8940 
275.7744 
254.5596 
231.4044 
206.4888 
180.0000 
152.1432 
123.1272 
93.1752 
62.5140 
31.3776 
0.0000 

- 31.3776 
- 62.5140 
- 93.1752 
-123.1272 
-152.1432 
-180.0000 
-206.4888 
-231.4044 
-254.5596 
-275.7744 
-294.8940 
-311.7708 
-326.2716 
-338.3884 
-347.7348 
--354.5316 
-358.6284 
-360.0000 

element (La scale). For this purpose, the term kd cos cl) 
and the sign of La 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 ET2/ETI= 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 ER may be drawn as arcs having the point 

ER =- 0 as their center and having radii equal to the value 
of ER, measured in the same units as ET2/ET1. The ro-

tary element of Fig. 4 illustrates this construction. 
The rotary runner, in the section covering the ck 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 E2/ET1 between 0.2 and 1.0. Referring to 
Figs. 3 and 4, vector ET1 may be visualized as being 
located on the rotary element, with its origin at the 
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value ER=0 and its head at the pivot point of the ele-
ment. Likewise, vector ET2 may be visualized as having 
its origin at the pivot point of the rotary runner and as 

Scale for At / .360. 

F.-- Reference 
line 

Itc/ cos 0 
=360°. cos 85' 
-..3/3776• 

Pivot point 

Fig. 5-Method of calibrating 4) scales. Illustrated is the determina-
tion of the calibration point for 4)=85 degrees on the scale for 
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 

array, it is necessary to plot only one 41 scale. If a chpnge 
in frequency were contemplated, and it were desired 
that the existing tower arrangement be used, a new cp 
scale would have to be plotted for the changed value of 
electrical spacing (kd). Likewise, only that range of 
ET2/ET1 of interest to the station concerned need be 
plotted. 

OPERATION 

In operating this device to determine the horizontal 
field pattern of an array having known parameters, the 

ER 

E T 

Fig. 6-Trigonometry of resultant vector-scale calculation. 

towers are designated 7'1 and T2, with T1 designating the 
tower producing the larger field-strength component, if 
they are unequal. The line of towers, T1- T2, is marked 
on polar graph paper, and angles of 4, are measured from 
the T2 end of this line. The phasing of T2 on the La 
scale is set to the reference line, and the calibrated 
runner is moved to successive values of 4, for the particu-
lar electrical spacing involved. At each value of 4,, the 
value of ER will be found on the vector scales under the 
calibration point on the runner corresponding to the 
ratio of ET2/ETI being used. Plotting these values on 
the polar graph paper will give the horizontal pattern of 
the array. 
In the determination of parameters for an array to 

.fit a particular allocation problem, a value of kd may be 

.35 
1-.30 
.25 
.20 
.15 
.10 

selected and the runner set to the value of ci) representing 
the direction in which the minimum signal is to be radi-
ated. Move the rotary element to the point where 
En =0 is under the marker on the runner. Then the 

La scale 

/ 
pp  r)tre•e 

l 
ang • 

\  .5.678*  for E VET = / 
ER scale 

Section of 
rotary ele ment 

a 

Fig. 7-Method of calibrating ER scales. Illustrated is the determina-
tion of the calibration point for ER= 1.95 on the scale for 
ET2/ET1=1. The calibration mark designates the end of the arc 
which subtends the central angle determined from Table II. This 
angle may be measured on the La scale. 

TAB U: 11 

CENTRAL ANGLES FOR CALIBRATION OF ER SCALE WHEN E n/Era-1.00 

Eg 4-kd cos 4.  Es a +kd cos • 

2.00 
1.99 
1.98 
1.97 
1.96 
1.95 
1.90 
1.85 
1.80 
1.75 
1.70 
1.65 
1.60 
1.55 
1.50 
1.45 
1.40 
1.35 
1.30 
1.25 
1.20 
1.15 
1.10 

Degrees 
0.000 
11.466 
16.265 
19.872 
22.955 
25.678 
36.388 
44.667 
51.683 
57.908 
63.578 
68.823 
73.738 
78.388 
82.819 
87.062 
91.147 
95.093 
98.916 
102.635 
106.261 
109.801 
113.266 

1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 
0.55 
0.50 
0.45 
0.40 
0.35 
0.30 
0.25 
0.20 
0.15 
0.10 
0.05 
0.00 

Degrees 
116.668 
120.000 
123.281 
126.512 
129.699 
132.843 
135.952 
139.024 
142.069 
145.083 
148.077 
151.044 
153.995 
156.925 
159.842 
162.747 
165.638 
168.521 
171.340 
174.266 
177.145 
180.000 

TABLE III 

CENTRAL ANGLES FOR CALIBRATION OF ER SCALE W HEN ET,/ET, 
(5 PER CENT UNBALANCE OF ETIIETI-1) 

a i-kd cos  ER a +kd cos 

Degrees 
.95  0.000  1.05 
.94  11.616  1.00 
.93  16.156  0.95 
.92  0.90 20.133  0.85 .91  23.258 
.90  26.015  0.80 
.85  36.870  0.75 
.80  45.255  0.70 
.75  52.373  0.65 
.70  58.686  0.60 

64.432 .65  0.55 
.60  69752  0.50 . 
.55  74.743  0.45 
.50  79.456  0.40 
.45  83.957  0.35 
.40  0.30 88.266 

92.412  0.25 
96.443  0.20 
100.308  0.15 
104.089  0.10 
107.774  0.05 
111.375 

Degrees 
114.906 
118.359 
121.755 
125.099 
128.392 
131.641 
134.851 
138.085 
141.164 
144.276 
147.418 
150.428 
153.492 
156.506 
159.527 
162.539 
165.562 
168.598 
171.680 
174.905 
180.000 
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TABLE IV  TABLE VIII  TABLE IX 

CENTRAL ANGLES FOR CALIBRATION OF ER SCALE W HEN ET,/ET. =0.9  CENTRAL ANGLES FOR CALIBRATION OF ER SCALES W HEN ET,/ET. =0.5 
AND 0.4, RESPECTIVELY 

Es a +kd cos 0  I  ER a +kd cos4. 

1.90 
1.89 
1.88 
1.87 
1.86 
1.85 
1.80 
1.75 
1.70 
1.65 
1.60 
1.55 
1.50 
1.45 
1.40 
1.35 
1.30 
1.25 
1.20 
1.15 
1.10 

Degrees 
0.000 
11.780 
16.665 
20.419 
23.589 
26.389 
37.398 
45.906 
53.130 
59.540 
65.376 
70.782 
75.863 
80.647 
85.220 
89.603 
93.822 
97.903 
101.862 
105.714 
109.471 

1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 
0.55 
0.50 
0.45 
0.40 
0.35 
0.30 
0.25 
0.20 
0.15 
0.10. 

Degrees 
113.144 
116.745 
120.276 
123.749 
127.169 
130.542 
133.872 
137.167 
140.429 
143.669 
146.877 
150.073 
153.260 
156.444 
159.634 
162.854 
166.126 
169.523 
173.242 
180.000 

TABLE V 

CENTRAL ANGLES FOR CALIBRATION OF ER SCALE W HEN ET,/ET. =0.8 

ER  A-kd cos 4, r  Es  a +lid cos 4. 

Degrees 
.ao  0.000 
.79  12.167 
.78  17.200 
.77  21.083 
.76  24.355 
.75  27.250 
.70  38.550 
.65  47.383 
.60  -54.933 
.55  61.566 
.50  67.600 
.45  73.200 
.40  78.466 
.35  83.450 
.30  88.150 
.25  92.775 
.20  97.183 
.15  101.433 
.10  105.575 

1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 
0.55 
0.50 
0.45 
0.40 
0.35 
0.30 
0.25 
0.20 

Degrees 
109.487 
113.584 
117.450 
121.200 
124.990 
128.683 
132.300 
135.952 
139.550 
143.133 
146.667 
150.233 
153.833 
157.667 
161.458 
165.466 
170.584 
180.000 

TABLE VI 

CENTRAL ANGLES FOR CALIBRATION OF ER SCALE W HEN ETIIETI=.0.7 

Es  a -I-kd cos 0 ER  a +kd cos 0 

1.50 
1.49 
1.48 
1.47 
1.46 
1.45 
1.40 
1.35 
1.30 
1.25 
1.20 
1.15 
1.10 
1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 
0.55 
0.50 

Degrees 
0.000 
14.045 
19.882 
24.369 
28.164 
31.483 
44.766 
55.075 
63.900 
71.790 
79.050 
85.843 
92.293 
98.483 
104.478 
110.333 
116.100 
121.833 
127.587 
133.434 
139.466 
145.850 
152.873 
161.350 
180.000 

1.40 
1.39 
1.38 
1.37 
1.36 
1.35 
1.30 
1.25 
1.20 
1.15 
1.10 
1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 

Degrees 
0.000 
15.176 
21.487 
26.342 
30.458 
34.110 
48.508 
59.783 
69.512 
78.283 
86.417 
94.121 
101.537 
108.772 
115.944 
123.150 
130.542 
138.317 
146.883 
157.203 
180.000 

TABLE X  TABLE XI 

CENTRAL ANGLES FOR CALIBRATION OF ER SCALES W HEN ET,/ET, =0.3 
AND 0.2, RESPECTIVELY 

ER  o+kdcos4. Ea  a -Fkd cos qs 

1.30 
1.29 
1.28 
1.27 
1.26 
1.25 
1.20 
1.15 
1.10 
1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 

Degrees 
0.000 
16.896 
23.936 
29.366 
33.970 
38.047 
54.314 
67.201 
78.463 
88.806 
98.627 
108.210 
117.819 
127.770 
138.590 
151.543 
180.000 

1.20 
1.19 
1.18 
1.17 
1.16 
1.15 
1.10 
1.05 
1.00 
0.95 
0.90 
0.85 
0.80 

765 

Degrees 
0.000 
19.906 
28.237 
34.689 
40.182 
45.069 
64.849 
81.011 
95.740 
110.105 
125.099 
142.520 
180.000 

  kd will enable one to obtain a group of patterns, with the 
 Degrees  Degrees 

ER  a-Fkd cos 0 

1.70  0.000  1.05  106.068  para meters in each case, all producing a minimum signal 
1.69  12.634  1.00  110 .487  
1.68  17.871  0.95  114.814  in the desired direction in the horizontal plane. From 
1.67  21.910  0.90  119.059 
1.66  25.311  0.85  123.244  these, the pattern to be used may be selected. Other 
1.65  28.316  0.80  127.384 
1.60  40.157  0.75  131.491  procedures will suggest themselves to the experienced 
1.55  49.324  0.70  135.585 

1.45  64.056  0.60  143 .818  engineer.  
1.50  57.120  0.65  139 .685  

1.40  70.384  0.55  148.018  It is, of course, important that the field radiated in 
1.35  76.261  0.50  152.336 
1.30  81.787  0.45  156.873  the vertical plane also be considered in any allocation 
1.25  87.032  0.40  161.805 
1.20  92.047  0.35  167.630  problem, and this must be taken into account with de-
1.15  96.872  0.30  180.000 
1.10  101.537  terminations obtained by the use of the calculator. 

Addition of scales necessary to accomplish this would 

unduly complicate the ingtrument; however,  it is usuall y 
TABLE VII 

CENTRAL ANGLES FOR CALIBRATION OF ER SCALE W IIEN ET,/ET, =0.6  desired to determine the vertical pattern in only certain 

ER  a +84 cos 0  Es a +kd  cos  4.   specific directions, and formulas for calculating the 
Degrees  radiation are available from several sources.4.8  

.60  0.000  1.00  107 .458  For values of kd  between  180  and  360  degrees,  two  
Degrees 

.58  18.736  0.90  nulls may be obtained on each side of the line of towers.  .59  13.242  0.95  112.411  
117.279  

.56  26.533  0.80  126 .870  (Fig. 8.) The an gles  at  which  these  nulls  are  obtained  

.57  22.964  0.85  122 .090  

.50  42.126  0.70  136 .497  are labeled 4'i and 02, with 01 the larger. In addition to .55  29.686  0.75  131 .650  

.40  60.000  0.60  146 .443  being determined  from  the  calculator,  the  parameters  

.45  51.760  0.65  141 .392  

.30  74.038  0.50  157 .667  for an array havin g nulls  at  the  desired  values  of cih and 

.35  67.330  0.55  151 .793  

.20  86.177  0.40 180 .000  4,2 may be determined from the formulas:  .25  80.285  0.45  164 .705  

.15  91.790 

.10  97.181 
  Book Company, New York 18, N. Y., 1943, p. 803. 

desired phasing of T2 m ay be read from the La scale at the 
reference line. Repeating the process for other values of 

ER  a -I-kd cos 0 
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kd = 360 degrees/(cos 42 —  cos 01)  (5) 

La = 180 degrees — kd cos 02 
= — 180 degrees — kd cos (h.  (6) 

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 

Fig. 8—Double nulls obtainable when 360 degrees> kd> 180 degrees, 
and E./YETI =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 T1, is the one producing the largest field 
component vector (ET1). With a resultant scale cali-
brated to give the resultant vector ER in rectangular 
co-ordinate form, ER cos 3 ±jER sin # (where 3 is the 
angle between vectors ETI and ER), a number of vectors 
occurring at any point in the field may readily be added. 
Because the reference vector ETV =1 +j0) 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 

strength at any point in the field of an array consisting 
of a total of N elements, (N — 2)ET1(= N —2 +j0) must 
be subtracted from the sum of the resultant vectors at 

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, 02=01+360 degrees—t'. However, be-
cause a Iwo-element array is symmetrical about the line 
of towers, 02 may also be taken equal to 

E 

ERr E.77 "fr 5.7; * E .7; 

Li. 

ER1  E 7; 

E 

-E 

Er, 

iffr =E  +  E 

Fig. 10—Vector combination at point P of Fig. 9. a. Combination of 
three vectors directly; b. Combination of vectors when array is 
considered to consist of two two-element arrays, with T1 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 ET2/ETI. In the 
supplementary rotary element illustrated in Fig. 11, 
only the values for ET2/ET1= 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.) 

ETI= ER cos # 

+ ET2 cos (180 degrees—a+ kti cos ck)  (7) 
cos (a+ kd cos ct.)= (ER cos 0— ET2)/ET2  (8) 

and ET2/sin /3= ER/ [sin (180 degrees—a+ kd cos (P) I (9) 

sin (a+ kd cos (6)= (ER sin i3)/ ET2.  (10) 
When  ET2= ETI= 1, 

cos (a+ kd cos 4.)= (ER cos 13)-1  (11) 
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and  sin (a+ kd cos 0) = ER sin 0.  (12) 

These formulas are most useful in the forms shown in 
(8) and (10), for in these forms, central angles (a+kd 
cos 0) may readily be determined for desired decimal 
values of ER cos # and ER sin 13. Scales on this supple-
mentary rotary element are calibrated in a manner 
similar to that described 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 
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Fig. 11 --- Supplennentary 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 
(La scale) are negative. 

ACCURACY AND LIMITATIONS 

The accuracy of this instrument will depend largely 
upon the care taken in its construction and operation. 
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. 

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 TERNS FOR E TI/ E T,  I. 

Escos0 a-Fledcosit, E./cos/3 a-Pcdcos0 E4rcos# 0-14u:cos4 

Degrees Degrees Degrees 

.00 0.000 1.55 56.633 0.35 130.541 

.995 5.734 1.50 60.000 0.30 134.427 

.99 8.108 1.45 63.256 0.28 136.054 

.98 11.478 1.40 66.422 0.26 137.732 

.97 14.069 1.35 69.509 0.24 139.464 

.96 16.260 1.30 72.542 0.22 141.261 

.95 18.194 1.25 75.523 0.20 143.130 

.94 19.948 1.20 78.463 0.18 145.084 

.93 21.565 1.15 81.373 0.16 147.140 

.92 23.074 1.10 84.261 0.14 149.316 

.91 24.495 1.05 87.135 0.12 151.642 

.90 25.842 1.00 90.000 0.10 154.158 

.88 28.358 0.95 92.865 0.09 155.505 

.86 30.684 0.90 95.739 0.08 156.926 

.84 32.860 0.85 98.627 0.07 158.435 

.82 34.916 0.80 101.537 0.06 160.052 

.80 36.870 0.75 104.477 0.05 161.806 

.78 38.739 0.70 107.458 0.04 163.740 

.76 40.536 0.65 110.491 0.03 165.931 

.74 42.268 0.60 113.378 0.02 168.522 

.72 43.946 0.55 116.744 0.01 171.892 

.70 45.573 0.50 120.000 0.005 174.266 

.65 49.459 0.45 123.367 0.000 180.000 

.60 53.130 0.40 126.870 

TABLE XIII 
CENTRAL ANGLES FOR CALIBRATION OF RESULTANT VECTOR SCALE IN 

RECTANGULAR CO-ORDINATE FORM. I TERMS FOR E TI/ E T, =I. 

E  ein  a +kd cos En sin 0  a i-kd cos 4. 

0. m 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.72 
0.74 
0.76 

Degrees 
0.000 
2.865 
5.739 
8.627 
11.537 
14.477 
17.458 
20.491 
23.578 
26.744 
30.000 
33.367 
36.870 
40.541 
44.427 
46.054 
47.732 
49.464 

Degrees 
180.000 
177.135 
174.261 
171.373 
168.463 
165.523 
162.542 
159.509 
156.422 
153.256 
150.000 
146.633 
143.130 
139.459 
135.573 
133.946 
132.268 
130.536 

Degrees 
0.78  ! 51.261 
0.80  g;"  53.130 
0.82  55.084 
0.84  '  57.140 
0.86  7 '59.316 
0.88  - 161.642 
0.90  3F  64.158 
0.91  65.505 
0.92  66.926 
0.93  68.435 
0.94  70.052 
0.95  71.806 
0.96 1  73.740 
0.97  4  75.931 
0.98  '  78.522 
0.99 0  81.892 
.995   84.266 
1.000  90.000 

Degrees 
128.739 
126.870 
124.916 
122.860 
120.684 
118.158 
115.842 
114.495 
113.074 
111.565 
109.948 
108 194 
106.260 
104.069 
101.478 
98.108 
95.734 
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 reasonable expectation 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 electronic 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-

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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FIG. 1—The variation in paid membership is shown by the 
solid graph. The dotted line is for the number of pages of 
technical and editorial material in the PROCEEDINGS. Start-
ing in 1939, a larger format was used and the scale of pages 
should be divided by 2.2. 

counsel, in professional and labor circles. The future 
communication 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 
obtain in the near future a building, suited to the func-
tional 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 Home 
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 

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 Committees 
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 ad 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: 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 I.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 I.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 

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. I. 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. 
Radio Technical Planning Board: In 

behalf of Secretary Pratt, the Institute's 
Representative on the RTPB, Dr. Barrow, 
as Alternate, reviewed briefly the meetings 

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. Llewellyn, 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. \V. Wright; for admission to Senior 
Member grade, V. W. Sherman, and 0. 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, 0. C. Hirsch, H. S. 
McCartney, W. 0. 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 FeIdt, 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 IV. 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-amendmeat ballot to be pub-
lished in the December issue of the 
PROCEEDINGS. 
The  ballot  on  the  petitioned (3) 
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amendment to include a 
from H. P. kVestman, Iron 
petition had been receive 
other statement signed by I  ;42n t 
Turner. 

National Electronics Conference: The 
plan-  ' is conference, scheduled to be 
held  at Chicata..  ,re considered 

:ing favorably and it was 
stated ti  many Institute members are 
planning  mend. 
The suggestion was made to Mr. Wheeler 

that steps be taken to encourage the con-
tinuation ,,f this conference, of which the 
Insti.  icaart Section is one of the 
spon 

u of Circulations: The cir-
culati,at std  ,ents for the PROCEEDINGS 
covering the  rst six months of 1944, re-
cently pirepanal and submitted by the In-
stitute office. has been officially released by 
the AT'  ation was called to monthly-
aver,  indicated below: 

January- Jul y- January-
Decem-June  June 
ber 

1944  1943  1943 

I 1 DI- I 1-
tions 13,348  11,754  10,427 

Paid  Mem11( -- 9,640  8,276  7,443 
ship= (excludin Students) 
P.,  ••,'  2,259  2,101  1,543 

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 belo-v • 

ario: Lennox and Adding-
ton.  lark, Frontenac, Leeds, 
Carl.  ,eniIle, Dundas, Stormont, 
Glenedry , 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 r' •  "va, including proposals of the 
thrr  involved, had been corn-

k. Ottawa Section, and that 
the reply of the latter Section is expected in 
the near future. 
Technical Committees: Dr. Llewellyn 

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 
Institoft 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 

mo‘ed to refer Dr. Baker's letter to Chair-
man C. R. Burrows of the Radio Wave 
Propagation Committee, with the ,411Kge", 

.an thpose adtal 
pro 
havirw gni tah 
cation in  t I 
Subscilp 

the sub,( 

should be i 

should 
those inter.. 
their remit t 
that journal 
It was f 

scription cl,t 

icized  
car, that 

the regular tatesti 
should be di 
!s to the 

icr decid 
a the PROCER 
Journal of the 

I he Ass. nt Secretary was 
to send the l' CEEDINGS data to 
Brasher, Sect ar-y of the LEE. 
quest similar ta on their journa 
the PROCEED: ;S. 

Coast., Jtional-
Amencnent Sectio 
By the t this issue of the PR 
a.  membership, the ballots 

ii,.  nal Amendments sent out in 
Septead,  have been counted. The re-
sult of the b., at will appear in the January 
issue. 
In the m time, plans are under way to 

submit to a , • the proposed Constitutional 
omitted by petition in Au-

gust by ?.ir. estman and other members. 
The voting r mbership may expect to re-
ceive their ha ts on this amendment a short 
time after th, ppearance of this notice. 
As stated a earlier issues of the PRO-

CEEDINGS the m of these amendments is to 
establish a SV an of dues that will facilitate 
the cid  m of members into grades 
commensurdt with  their qualifications 
without imf. ing a financial obligation 
which at pre it is regarded by some as a 
serious detet nt to proper classification. 
Discussions o he proposed amendment will 
be transmitt to the voting membership 
alon r i  "  allot. In the meantime, those 
interested a I find the subject presented in 
the following sues of the PROCEEDINGS: 
Septet-ill& 1944, p. 567, letter from Mr. 
Westin. ; also p. 562 paragraph No. 
10; 

October, 14, p. 639; November, 1944, 
p. 71 ider Board of Directors. 

R. A. HEISING, Chairman 
tution and Laws Committee 

1945 lf inter 
Techn:al Meeting 
Early res rise from the radio engineers 

and industr confirms the belief of the 
general corm tee in charge of the coming 
Winter Tech cal Meeting that attendance 
at the ((away sessions, January 24-27, 
will reach a iw high in IRE history. 
Many prilems must be met and solved 

I,y the van's subcommittees because of 
wartime con( ions but none is more critical 
than that ofiotel reservations for out-of-
'a  Vith the opening date only a 

1934 to 19r 
television 7 

Compan 

firs 
soug 
it is h 
war ml 
permit th 
mu t. 
As exp 

CEEDINGS t 
nized the d 
social meet in 
tail party" on 
only one of the 
arrangements will 
ladies who come to 
ing. Details of th 
completed in time 
the January issue. 

National El 
Conference 

ir. /galling was en-
Ii with the Baird 
England. In 1938 
television research 

Attracted by a program 
standing technical papers on all 
of technical developments in 
2191 engineers, scientists, and 
workers were officially registered and 
part in the technical meeting, banquet, 
luncheons of the first National Electro 
Conference at the Medinah Club of 
cago on October 5, 6, and 7. While 
majority of those attending the Confere 
were from the United States, representati 
from government or commercial agencies 
Argentina, Canada, China, England. Fran 
Mexico, and Russia were also present. The 
most prominent Canadian representative 
was Ralph A. Ilackbusch, vice-president of 
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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. 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: 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  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 I.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 

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. I. 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. 
Radio Technical Planning Board: In 

behalf of Secretary Pratt, the Institute's 
Representative on the RTPB, Dr. Barrow, 
as Alternate, reviewed briefly the meetings 

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. Llewellyn, 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 0. 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, 0. C. Hirsch, H. S. 
McCartney. W. 0. 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 IV. 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 
PROCEEDINGS. 

(3) The  ballot  on  the  petitioned 
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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: 

-1 Tu January- July- January - 
Decem-June  June 
ber 

1944  1943  1943 

Total Distribu-
tions  13,348  11,754  10,427 

Paid  Member-  9,640  8,276 
ships (excluding Students) 
Paid Students  2,259  2,101 
Paid  Subscrip-
tions  1,076  1,039 

7,443 

1,543 

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. Llewellyn 

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-

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.E.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 this amendment 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 I.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 

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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The!  Institute of Radio Engineers. Other 
members of the I.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 0. 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 5, • 

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. 0. 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.I.E.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 I.R.E. members prominent 
in the activities of the Chicago Section. 
Those at this dinner included W. 0. 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, I. 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, 

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 I.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.R.E. as a means of promoting common 
interests. It was pointed out by Mr. Swin-
yard that the Chicago Section of the I.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 I.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 I.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 Conference. 
It also indicates the comparative interest in 
various topics as judged by attendance at 
the technical sessions. 

Technical Session 

1. Television   
2. Electronic Power Applications  
3. Electronic Aids to Medical Sci-

ence   
4. Survey of Industrial Elec-

tronics   
5. Radio   
6. Electronic Measurements and 

Controls   
7. Recent Developments in Theo-

retical Electronics   
8. Electron-Tube Developments  
9. Industrial Applications; Elec-

tronic Devices   
10. Radio and Telephone Applica-

tions   
11. Ultra-High Frequencies   
12. High-Frequency Heating   
13. Industrial Radiography   
14. Aeronautical Applications   
15. Recent Developments in Elec-

tron Theory   
16. Industrial Applications   

Approxi-
mate 
Attend-
ance 
1000 
200 

100 

350 
550 

950 

350 
700 

600 

300 
600 
700 
200 
110 

800 
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 DUDLEY 

Correspondence 

Correspondence on both technical and 
nontechnical subjects from readers of 
the PROCEEDINGS OF THE I.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 I.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 
for all illustrations. 

Sources of Mica 

To the Editor: 
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 Intlian origin was greater 
than the supply. Hence, many felt that In-
dian imports were disappearing, although, in 
fact, they were increasing. It 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. We, 
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 
order to clear up any erroneous impression 
unintentionally created by the original state-
ment."  , Very truly yours, 

E. L. Hall, Radio Engineer 
National Bureau of Standards 

Washington, D. C. 

September 6, 1944 
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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-Gain: 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:  2386, 
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 
Analysis, Spectrographic: 2278 
Analyzer, Network: 2310, 2311, 2327 
Element Losses: 2310 
Elements: 2327 

Angle, Crab: 2350 
(in Flying): 2350 

Annual Review: 2277 
Wartime Radio Activities: 2277 

Antennas: (See also Antennas, Aircraft): 
2260, 2261, 2275, 2277, 2297, 2311, 
2315, 2350, 2365, 2366, 2383, 2385, 
2395, 2414 

Antennas (Cont'd.) 
Aircraft: 2277 
Airplane-Guidance: 2350 
Annual Review: 2277 
Array: (See Antennas, Directional) 2350, 

2385 
Base-Loaded: 2260 
Center-Driven, Symmetrical: 2277 
Center-Loaded: 2260, 2261 
Current Distribution: 2383 
Cylindrical: 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: 7277 
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-Frequency,  Ultra-High-Fre-

quency, Super-High-Frequency: 2315 
Z-Marker: 2350 

Army, United States: 2339 
Arrays: (See Antennas, Directional) 
Audience, Broadcasting: 2331 
Measurement of: 2331 

Aviation: 2350 
Radio Ranges: 2350 
Service: 2317 

Avigation: 2350 

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 
Radio Technical Planning: 2315, 2317, 
2318 

of War Communications: 2315, 2318 
War Production: 2315, 2332 

Book Reviews: 
I3asic Radio, by C. L. Boltz (Reviewed by 
Albert Preisman): 2341 

Basic Radio Principles, by Maurice Gravle 
Suffern (Reviewed by 0. L. Updike): 
2276 

Bibliography and Abstracts on Electrical 
Contacts, published by American So-
ciety for Testing Materials (Reviewed 
by F. X. Rettenmeyer): 2329 

Communication Circuits, by L. A. Ware 
and H. R. Reed (Reviewed by F. W. 
Grover): 2302 

Communication Circuits (Second Edi-
tion), by L. A. Ware and H. R. Reed 
(Reviewed by William Wilson): 2265 

Direct-Current Circuits, by Earle M. 
Morecock (Reviewed by Frederick W. 
Grover): 2404 

Ein Rohrengerat zur Messung von Leis-
tung, Spannung und Strom, by Alfred 
Spalti (Reviewed by E. E. Spitzer): 
2376 

Electrical Essentials of Radio, by Morris 
Slurzberg and William Osterheld (Re-
viewed by \V. 0. Swinvard): 2374 

Electric Circuits, by Massachusetts In-
stitute of Technology (Reviewed by 
F. W. Grover): 2289 

Electronic Physics, by L. Grant Hector, 
Herbert S. Lein, and Clifford E. Scouten 
(Reviewed by W. H. Pickering): 2266 

Electron-Optics,  by  Paul  Hatschek 
(Translated by Arthur Palme) (Re-
viewed by James Hillier): 2301 

Erzwungene elektrische Schwingungen 
an rotationssymmetrischen Leitern bei 
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 0. 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, by 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 I. Sarbacher and 
William A. Edson (Reviewed by E. D. 
McArthur): 2357 

Illustrated Technical Dictionary, Maxim 
Newmark (Reviewed by Ralph R. 
Batcher): 2346 

Industrial Electronic Control, by W. D. 
Cockrell (Reviewed by W. G. Dow): 
2356 

Book Reviews (Cont'd.) 
Klystron Technical Manual, published by 
Sperry Gyroscope Co., Inc. (Reviewed 
by 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. 0. 
Swinyard): 2330 

Moderne Mehrgitter—Elektronenrohren, 
by M. J. 0. Strutt (Reviewed by E. W. 
Herold): 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 

PhYsik und Technik der Ultrakurzen 
Wellen, by H. E. Hollmann (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. J. 
Markley (Reviewed by H. A. Wheeler): 
2359 

Practical Radio and Electronics Course, 
prepared by M. N. Beitman (Reviewed 
by Ralph R. Batcher): 2343 

Practical Radio Communication, by Ar-
thur R. Nilson and J. L. Hornung (Re-
viewed by L. M. Clement): 2262 

Principles of Electronics, by Royce G. 
Kloefiler (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 Relay League (Re-
viewed by Harold P. Westman): 2344 

Radio Audience Measurement, by Mat-
thew N. Chappell and C. E. Hooper, 
(Reviewed by Alfred N. Goldsmith): 
2340 

Radio Data Charts, by R. T. Beatty (Re-
vised by J. McG. Sowerby) (Reviewed 
by P. S. Carter): 2358 

Radio Direction Finders, by Donald 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. 
Almstead (Reviewed by R. R. Batcher): 
2290 

Radio Receiver Design, Part I by K. R. 
Sturley (Reviewed by F. X. Retten-
meyer): 2314 

Radio Waves and the Ionosphere, 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 1— 
Fundamentals, by Robert Neil Auble 
(Reviewed by F. X. Rettenmeyer): 
2375 

Shop Job Sheets in Radio, Book II, 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 0. 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 
International: (See also Transmitters) 
2316 

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 

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 
Faildre: 
versus Temperature: 2280 
versus Voltage: 2280 

Paper: 2280 
Rolled-Paper: 2280 
Temperature: 
Coefficient: 2351 
Range: 2280 

Vacuum: 2351 
Voltage Rating: 2351 
Wax-Type: 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 
Spectrographic Analysis of Materials: 
2278 

Channels: 
Adjacent: 2408 
Radio: 2318 
Selectivity: 2408 

Characteristics, Chemical: 2410 
Glass: 2410 

Charge, Space: 2296 
Magnetrons: 7296 
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, 2389, 
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 

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, Dielectric: 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 

de Forest, Lee: 2347 
Degeneration: 2324 
Demodulation: 2397 
Dentistry: 
pH Measurements: 2349 

Design: 2269, 2379, 2384, 2385, 2386T 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 

Eddy.Current: 2311 
Edison, Thomas Alva: 2347 
Education, Engineering: 2362, 2379 
Effect, 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 Analysis: 2281 
Welding Control: 2277 

Electrophysiology: 2409 
Emission, Electronic: 2278 
Spectrographic Analysis of Materials: 
2278 

Engineering: 
Curricula: 2362, 2379 
Design: 2379 
Education: 2362, 2379 



Engineering (Cont'd.) 
Ethics: 2362, 2379 
Organization: 2407 
Societies: 2362, 2379 

Equations: 
Equivalent-Plate-Circuit: 2328 
Field: 2311, 2327 
Equivalent Circuit: 2311 

Integral (for Equivalent Circuits): 2311 
Kirchhoff: 2326 
Maxwell: 2311 

Equipment, Airplane: 2351 
Excitation, Impulse: 2413 
Experimental Service: 2317 
Exploration, Seismographic: 2380 

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 
Feedback: 2324, 2334, 2388, 2363, 2365, 
. 2408 
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 

Intensity: (See also Broadcasting) 2365, 
2366 
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 
Spectrographic Analysis of Materials: 
2278 

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,  Ultra-High-Fre-

quency, Super-High-FrequencY: 2315 

Gang, Condenser: 2308 
Gain: 2334, 2385 
Feedback-Amplifier: 2334 
Field-Strength: 2385 
in Ultra-High-Frequency 

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 

Amplifiers: 2309 

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 

Institute of Radio Engineers: 2292, 2339, 
2347 

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 

Kelvin, Lord: 2347 
Kirchhoff Equations: 2326 

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) 

Machine, Calculating, 2277, 2296, 2312 
Magnetism: 2394 
B-H Measurements: 2394 



Magnetism: (Coned.) 
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 
Split-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, 236/5, 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 

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 

0 
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 
Frequency-Dividing: 2408 

Magnetron: 2312 
Regulation: 2336 

Microwave: 2312 

Oscillators (Cont'd.) 
Mode: 2279 
Resistance-Capacitance: 2335 
Frequency-Modulation: 2335 

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 

Panels, Sound-Absorbent: 2270 
Pattern, Field: 2414 
Calculator: 2414 

Periodic System: 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 Ch'iracteristics: 
Chemical 2305 
Color 2305 
Crystal in Structure: 2305 
Inorganic: 2305 
Purification: 2305 

Power Factor: 2410 
Glass: 2410 

Precession, Larmor: 2257 
PROCEEDINGS OF THE I.R.E.: 2347 
Processes, Manufacturing: 2269 
Production: 2407 
Mass: 2407 
Scheduling: 2407 

Progress in Radio: (See Annual Review) 
Propagation of Waves: (See also Iono-

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 
Ultra-High-Frequency: 2316 
Vertical Directivity: 2395 

Proximity Factor: 2399 



Pulse: 
Generator: 2409 
Synchronizing: 2412 
Transmission: 2395 
Pump, Vacuum: 2393 

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 Commission for Aeronautici: 

2317 
Technical Planning Board: 2315, 2317, 

2318 
Range, Radio: 2350, 2385 
Antennas: 2385 

Ratio, Signal-to-Noise: 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: Ionosphere: Propagation of 
Waves, 2320, 2394, 2409 

Acoustic: 2394 
Magnetic: 2394 
Supersonic-Frequency: 2394 
“Memnoscope": 2320 
Potential: 2409 
Muscular: 2409 
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 
a 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 

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 
Interme diate-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 
Society 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 

Theorem, Equivalent-Plate-Circuit: 2328 
Telegraph, Telegraphy: 2317, 2318, 2347 
Centennial: 2347 

Television: (See also Facsimile: Propagation 
of Waves: Vacuum Tubes) 2258, 2277, 
2293, 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  Transmissions: 
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 Types: 2293 

Transmitters: 2293 
Video Amplifier: 2367, 2384 
Wide-Band: 2258 

Test, Steady-State: 2322 
Theorem: 
Foster's Reactance: 2272 
Mittag-Leffler: 

Thyratton: 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: 2411 
Oscillator: 2412 
Step-up: 2369 
Quarter-Wave: 2369 



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 

1:1 
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: 
2318 

"Unitized" Components: 2364 
"Uphole Break": 2380 

V 
Vacuum Capacitor: 2351 
Vacuum Tubes: 2268, 2277, 

2281, 2294, 2296, 2304, 
2319, 2320, 2328, 2336, 
2352, 2353, 2354, 2380, 
2408, 2409, 2412 

Air-Cooled: 2348 
Amplifiers: 2306, 2338 
Triode: 2338 
Multigrid Tubes: 2338 

Balanced-Control: 2335 
Bombarders: 2348 

2278, 2279, 
2305, 2312, 
2338, 2348, 
2393, 2397, 

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 
M odulated-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 

Output Measurement: 2279 
Plane: 296 
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:  2277.  2304, 

2393 
Very-High-Power: 2277 

Triode: 2281, 2304, 2306 
Noise: 2309 
Regulation: 2336 

Tubing, Stem: 2278 
Spectrographic Analysis: 2278 

Velocity-Modulation: 2353 
Voltmeter: 2321 
Water-Cooled: 2348 

Variometers: 2387 
Velocity Modulation: 2353 
Voltage Amplifiers: 2338 
Voltmeter, Vacuum-Tubes: 2321 
VYCOR (Glass): 2410 

War Communications, Board of: 2318 
War Information, Office of: 2318 
War Production Board: 2315 
Waves: (see also Propagation of ‘Vaves) 

2274, 2312, 2322, 2395, 2401, 2409, 2412 
Action-Potential: 2409 
Diphasic: 2409 
Monophasic: 2409 
Guided: 2274 
Saw-Tooth: 2322, 2412 
Linear: 2412  - 
Oscillator: 2412 

Steady-State Testing: 23.22 
Sky: 2395 
Square: 2322, 2401 
Standing: 2312 
Triangular: 2401 

Western Electric, Altimeter: 2282 
Wire, Copper-Covered Steel: 2333 
Radio-Frequency Use: 2333 

Zones: 2350 
Airplane-guidance: 2350 
Signal-Height: 2350 



NONTECHNICAL INDEX 

Awards 

FELLOW DIPLOMAS-1944 (Recipients) 
Bailey, S. L. 
February, p. 118 
March, p. 180 

Burrows, C. R. 
February, p. 118 
March, p. 180 

Crosby, M. G. 
February, p. 118 
March, p. 180 

Diamond, Harry 
February, p. 118 
March, p. 180 

Feldman, C. B. 
February, p. 118 
March, p. 180 

Henney, Keith 
February, p. 118 
March, p. 180 

North, D. 0. 
February, p. 118 
March, p. 180 

Norton, K. A. 
February, p. 118 
March, p. 180 

Seeley, S. W. 
February, p. 118 
March, p. 181 

Sinclair, D. B.  - 
February, p. 118 
March, p. 181 

Young, Leo 
February, p. 118 
March, p. 181 

MEDAL OF HoNoR-1944 (Recipient) 
Pratt, Haraden 
February, p. 118 
March, p. 180 

MORRIS LIEBMANN MEMORIAL PRIZE-1943 
(Recipient) 
Barrow, W. L. 
February, p. 118 
March, p. 180 

Biographical Notes 

Armstrong, E. H. 
August, p. 494 

Bailey, Austin 
November, p. 652 

Ballantine, Stuart 
July, p. 380 

Beverage, H. H. 
September, p. 570 

Carter, E. F. 
August, p. 444 

Connor, G. C. 
March, p. 176 

David, W. R. 
March, p. 176 

Deloraine, E. M. 
March, p. 124 

Du Mont, A. B. 
October, p. 643 

Everitt, W. L. 
October, p. 580 

Farrell, J. J. 
September, p. 569 

Hackbusch, R. A. 
February, p. 60 

Hazeltine, Alan 
June, p. 373 

Heising, R. A. 
September, p. 508 

Henry, Maxwell 
June, p. 374 

Horle, L. C. F. 
May, p. 252 

Ingles, H. C. 
August, p. 494 
December, p. 722 

Jolliffe, C. B. 
June, p. 316 

Keogh, R. J. 
September, p. 570 

Knox, J. B. 
October, p. 644 

Lack, F. R. 
September, p. 570 

Lamb, F. X. 
November, p. 716 

Llewellyn, F. B. 
December, p. 724 

Laport, E. A. 
October, p. 644 

Lattin, J. D. B. 
September, p. 570 

Mabry, F. S. 
October, p. 644 

Marvin, H. B. 
November, p. 715 

Miller, J. M. 
November, p. 716 

Mountjoy, Garrard 
November, p. 715 

Muniz, Ricardo 
June, p. 374 

Pratt, Haraden 
April, p. 188 

Reed, Pickney 
November, p. 716 

Ruckelshaus, J. G. 
September, p. 570 

Siling, P. F. 
October, p. 644 

Town, G. R. 
June, p. 374 

Turner, H. M. 
January, p. 2 

Winterbottom, W. A. 
September, p. 571 
November, p. 716 

Woods, L. J. 
November, p. 716 

Committee Personnel 

April, p. 245 
June, p. 3-72 
October, pp. 645-646 

Constitution and Bylaws 

CONSTITUTION 
Adopted September 8, 1943, andt not 

October 8, 1943 
August, p. 498 

Proposed Revision 
Article II, Secs. 2 and 3 
April, p. 242 

Article II, Secs. 1 and 5 
May, p. 310 

Article IV, Sec. 1 
August, p. 498 
November, p. 713 

Article II, Sec. lA 
Article I, Sec. 2 
Article II, Sec. in 
Article VII, Sec. 1 
Article IX, Sec. 1 
Article X, Sec. 2 
August, p. 498 

BYLAWS—AMENDMENTS 
Adopted 
Sec. 45, February, p. 118 
Secs. 44 and 45, April, p. 242 
Sec. 16, May, p. 310 
Sec. 40, June, p. 371 
Secs. 37, 40, and 45, July, p. 437 

Proposed Revision 
Secs. 5, 6, 12, 51, 35B, 36B, and A under 

"Publications" 
November, p. 713 

Constitutional Amendments 
June, pp. 369-370 
July, p. 436 
August, p. 496 
September, pp. 560-562 
October, p. 639 
November, p. 714 
December, p. 771 

Montreal Letter 
May, p. 311 

Montreal Petition 
April, p. 243 

Petition 
August, pp. 498-499 
September, pp. 562-566 
October, pp. 639-640 
November, p. 714 
December, p. 770 

Correspondence: 
Bird, L. T. 
August, p. 497 

Graham, Virgil M. 
September, p. 564 

Heising, R. A. 
September, pp. 560-562 

Minter, Jerry 
September, p. 565 

Pratt, Haraden 
September, p. 565-566 

Turner, H. M. 
August, pp. 496-497 

Van Dyck, Arthur 
July, p. 436 

Westman, H. P. 
September, pp. 567-568 

Zeamans, H. R. 
September, p. 564 

Conventions and Meetings 

American Standards Association Conference 
April, p. 242 

Broadcasting Engineering Conference 
December, p. 770 

National Electronics Conference 
July, p. 437 
August, p. 499 
September, pp. 570-571 
December, pp. 770-771 

National Wartime Conference 
June, p. 371 

Rochester Fall Meeting-1943 
January, p. 54 

Rochester Fall Meeting-1944 
October, p. 640 

Special Conference on Planning 
August, p. 499 

Winter Technical Meeting-1944 
Ja aary, p. 51 
March, pp. 178-181 

Winter Technical Meeting-1945 
May, p. 310 
November, p. 712 
December, p. 770 and 771 

Editorials 
Broadcast-Engineering Prospects 
Woods, Mark 
October, p. 579 

Creative Radio Research Workers—Their 
Opportunities and Obligations 

Nicholas, E. A. 
April, p. 187 

Electronic Papers 
The Editor 
December, p. 721 



Foundations for Industrial Success 
Galvin, P. V. 
June, P. 315 

Importance of Radio in War 
Turner, H. M. 
January, p. 1 

Of the Engineer and His Works 
Trammel, Niles 
September, p. 507 

Postwar Applications of Wartime Engineer-
ing 

Evans, Walter 
March, p. 123 

Radio-and-Electronic Engineers in War and 
Peace 

Ingles, H. C. 
December, : 723 

Radio Engineer's Stake in Our Future 
McClintock, Miller 
August, p.443 

Radio Looks to the Future 
Ballantyne, John 
May, p. 251 

Radio—Past and Present 
Angle, W. M. 
July, p. 379 

Wartime Methods and Peacetime Applica-
tions 

Wells, A. S. 
November, p. 651 

Yesterday—Today—Tomorrow 
Hackbusch, R. A. 
February, p. 59 

Election of Officers 

January, p. 53 
August, p. 408 

Miscellaneous 

American Standards Association:Committee 
on Radio Noise 

December, p. 770 
Audit Bureau of Circulations 

December, p. 771 
Ballantine, Stuart 

August, p. 497 
Canadian Membership 

July, p. 437 
November, p. 713 
Representation 
June, p. 371 

Engineers' Council 
November, p. 713 
December, p. 770 

National Councils 
November, p. 714 

Clark Collection 
April, p. 242 
May, 310 
June, p. 371 

Collective Bargaining 
August, pp. 497-498 

Canadian 
August, p. 498 
November, p. 713 

Committee on Professional:Recognition 
May, p. 310 

Correspondence 
Father-and-Son Night for Sections 
Stote, Helen M. 
August, p.500 

Postwar Civilian-Aircraft Radio Field 
Silver, McMurdo 
February, p. 120 

Dunne, Agnes I. 
August, p. 497 

Illinois Radio Engineers 
July, p. 438 

Institute of Radio Engineers: 
Act to Secure a New Home 
December, pp. 668-669 

Annual Meeting 
December, p. 770 

Certificate of Incorporation 
January, p. 53 
February, p. 118 
May, p. 310 
August, p. 497 and p. 499 

I.R.E.-I.E.E. Co-operation 
June, p. 371 
November, p. 714 
December, p. 771 

Membership Dues' Increase 
• May, p. 310 

Inventive Problems of Military Interest 
July, p. 438 
November, p. 714 

Navy Honors RCA Laboratories 
October, p.637  

Petititons 
Clement, L. M. 
Nominated for Director 
October, p.640 

Hackbusch, R. A. 
Nominated for President 
September, p. 569 
October, p. 640 

Postwar Publications 
November, p. 714 

Postwar Radio and Electronic Prospects 
December, p. 770 

President Turner: 
Remarks by 
June, p.370  

To visit sections 
June, p.370  

Visit of the President 
September, p.568  

Propagation Data 
December, p. 771 

Radio and Instrument Hookup Wire 
November, p. 715 

Radio Markets after the War 
June, p. 372 

Radio Technical Plannin4Board 
November, p. 713 
December, p. 770 

Sections: 
Indianapolis 
December, p. 770 

Ottawa 
November, p. 714 
December, p. 771 

Sections Established: 
Dayton: 
March, p. 177 

Ottawa: 
October, p. 640 

Williamsport: 
July, p. 436 

Technical Committees 
September, p. 568 
December, p. 771 

Photographs 

FRONT COVER 
Simulated Dive-Bombing Test: 
Controlled Cycling of Pressure, Tem-

perature, and Humidity. Enables 
Radio-Component Test 

January 
Lip Microphone: Clear Speech Transmis-

sion Despite Battle Conditions' 
February 

Radiomen in Action: Operations During a 
Mock Flight 

March 
Musa: Phase Shifters for Multiple-Unit 

Steerable Rhombic Antennas used for 
Controllably Directional Short-Wave 
Transatlantic Telephony 

April 
Condenser-Can-Base Soldering Speeded 

up 2500 Per Cent Electronically 
May 

"Buy More War Bonds" 
June 

Test of Paper Capicators in Vacuum (at 
—300° F to +250° F) 

July 
Radio-and-Electronic Engineers: I.R.E. 

Members Checking Operation of 
Their Electron Microscope 

August 
Nature's Crystals Become Radio's Con-

trols: Brazilian Quartz Sawed Into 
Piezoelectric Wafers 

September 
Seventh Canadian Victory Loan 
October 

Modern Army Communications: A Head-
quarters Room in Hawaii 

November 
Wedding Radio and Conductive Tech-

nique: Ultra-High-Frequency Line 
December 

Report of the Secretary -1943 

August, p. 502-504 

Representatives in Colleges 

April, p. 247 
October, p. 646 

Representatives on Other Bodies 

April, p. 246 
October, p. 647 

Resolution 

Radio Technical Planning Board 
August, p. 499 
November, p. 713 

Tutorial Papers 
December, p. 770 

Standards 

ASA—Methods of Measuring Radio Noise 
October, p. 640 

I.R.E.—Definitions of Guided Waves 
July, p. 438 

I.R.E.—Piezoelectric Crystals 
July, p. 438 



"Captain Dag" 

3 8 14 13  6 

11 0 THIS FIGHTER'S RECORD 

BY HIS MEDALS! 
If there were decorations for industrial heroes, 
Mr. Dag would be a much be-ribboned gentle-
man. Perhaps we should call him 'Captain' 
Dag, because he commands so versatile a 
company of physical and chemical properties. 

Captain Dag (a campaigner who will never 

1 
Slippery—A 

Good Lubricant. 
Softer than 

Talc 

2 

Conducts 

Electricity 

3 
Withstands 
Temperature 
Extremes 

Absorbs, 
Radiates and 
Conducts 

1, 3, 8. 14, 13, 6 
CITATION: "We have been enthusiastic 
users of Dag colloidal graphite for more 
than ten years. We find it the only mate-
rial which will prevent bolts, nuts and 
flanges from seizing under the high 
temperature and pressure conditions in 
our boilers and steam systems." 

1  3  13  14 

1, 3. 13. 14 
CITATION: "Dry 
films  formed  from 
Dag colloidal graph-
ite supply durable 
lubrication on parts 
which could not be 
effectively  lubri-
cated otherwise. 
Such films are func-
tioning at tempera. 
lures from (-60° F. 
to +1200° F.) and 
higher." 

PHYSICAL 

AND 

CHEMICAL 

PROPERTIES 

5 
Maximum 
Purity 

Low 
°efficient o 

ansion 

be mustered out) represents Dag brand col-

loidal graphite, the smooth, black liquid con-

centrate which serves so many different war 

industries. Capt. Dag may take the form of a 
dry film, a fluid film, a surface coating, an 

impregnation, etc. 

7 
Particles Bear 
Like Electric 
Charges 

Insoluble in 
Acids and 
Alkalies 

9 
Black 
and 

Opaque 

10 
Gas 

Adsorbent 

11 
Little 

Photoelectric 
Effect 

12 

Miscible with 
Most Fluids 

Films Adhere 
Tenaciously and Dry 

ith Shar Ed 

Microscopically 
Fine Particles. 
Penetrates 

15 
An 

Excellent 

Dag, Oildag, Aguadag, Castordag, Glydag and Prodag are registered trad• marks 
of Acheson Colloids Corporation. Copt. 1944 by Acheson Colloids Corp. 

2 4 13  10  11  3 

2, 4, 13, 10, 11. 3 
CITATION: "Graphite films when applied 
to the grids (and frequently the plates) 
of radio tubes for receiving and transmit-
ting, are useful for minimizing secondary 
emission, ' back ' emission and photo-
electric effects." 

For easy reference 
we've given colors 
to Captain Dag's 
most valuable prop-
erties. Match these 
colors with the per-
formance  "cita-
tions" above. Then 
pin a medal on 
yourself for putting Captain Dag to work 
in your plant. He's one campaigner who 
won't be mustered out. 

AC HES O N  COLL OI DS  CO R P O R ATI O N 
P O R T  H U R O N,  MI C HI G A N 



The National Union Laboratories are 

now available to complete your 

established engineering facilities 

There is no need to postpone your electronic 

research program, awaiting the day when com-

petent engineers, costly equipment and scarce 

materials can be obtained. You can start right 

now and be far ahead by having National 

Union Laboratories take over this highly spe-

cialized part of your work, thus rounding out 

the development activities of your existing 

engineering group. 

Whether .you are interested in a single proj-

ect or a complete service—we invite you to 

investigate National Union Electronic Research. 

Let's talk it over. There is no obligation what-

ever. Please address inquiries to Department D. 

NATIONAL UNION RESEARCH LABORATORIES 
National Union Radio Corporation  Newark 2, New Jersey 



1 1 / 1 1  FOR VICTORY! 

ntly the Army-Navy "E" for 
prod iction excellence was awarded 
to Allen B. DuMont Laboratories, Inc. 
In accepting this high honor, Allen B. 
DuMont said in part: 
"Originally the Navy 'E' went to that 
ship scoring outstanding marksman-
ship. Today that 'E' again reverts to its 
original meaning. We of the DuMont 
organization make electronic guns. 
Each cathode-ray tube contains an 
electronic gun. We make those guns 
as accurately as our skill, ingenuity 
and conscientious inspection can 

make them. Thus I hope that our  
is the direct result of good electronic 
marksmanship, as reflected by the re-
ports from various battlefronts." 
Electronic guns for victory! Such is 
the DuMont contribution to the war 
effort, made possible qualitatively by 
years of pioneering experience, and 
now quantitatively as well by a 400% 
growth in personnel. In four large 
DuMont plants and in several DuMont 
laboratories, continuing electronic vic-
tories are assured for winning today's 
war and tom6I-row's peace. 

SUBMIT YOUR CATHODE-RAY PROBLEMS . . . 
0  ALLII N U  DU M O NT LAD ONATOn.I. , ..C. 

ALLEN B. DU M ONT LABORATORIES , INC., PASSAIC, NE W JERSEY • CABLE ADDRESS: WESPEXLIN, NE W YORK 
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eancieimed pouleA bpi 
'1/ea4 oj swum:ex 

VERSATILITY and dependability were paramount when 
Alliance designed these efficient motors — Mu/turn in Parvo! 
. . . They are ideal for operating fans, movie projectors, light 
home appliances, toys, switches, motion displays, control systems 
and many other applications . . . providing 
economical condensed power for years of 
service. 

xuadtee Necaiait 
Our long established standards of precision manu-
facturing from highest grade materials are strictly 
adhered to in these models to insure long life without 
breakdowns. 

EFFICIE NT 
Both the new Model "K" Motor and the Model "MS" 
are the shaded pole induction type — the last word in 
efficient small motor design. They can be produced 
in all standard voltages and frequencies with actual 
measured power outputs ranging upwards to 1/100 
H. P. . . Alliance motors also can be furnished, in 
quantity, with variations to adapt them to specific 
applications. 

DEPENDABLE 
Both these models uphold the Alliance reputation for all 
'round dependability. In the busy post-war period, 

there will be many "spots" 
where these Miniature Power 
Plants will fit requirements.  
Write now for further infor-
mation. 

Model "MS —Full Size 
Motor Measures 

x 2 x 3W 

New Model "K"—Full Size 
Motor Measures 

2-" x 2,s" x 31}" 

Remember Alliance! 
—YOUR ALLY IN WAR AS IN PEACE 

IICI• I ALO-NIAGAR A 

'Meters for Electronic Measurements,' by 
W Bergerson, Electrical Instrument Laboratories; 

October 18. 1944. 
CHICAGO 

"Scientific Approach to Problems in Industrial 

Electronics," by J. C. Frommer, Bell and Howell 
Company; October 20. 1944. 

"Unusual Tube Circuit.." by E. C. Kent. C. G. 
Conn, Ltd.; October 20, 1944. 

CINCINNATI 

'Becoming a Registered Professional Engineer.' 
by Alfred LeFeber, Ohio Society of Professional 

Engineers; September 19, 1944. 

D ALLAS-FORT W ORTH 

"Measurement Scales Used in Communication 
Engineering." by N. B. Fowler. American Tele-

phone and Telegraph Company; October 6. 1944. 

DAYTON 

"Industrial Electronics." by E. F. W. Alexan-
derson, General Electric Company; October 26. 

1944. 
Movies, 'Frequency Modulation," and 'Televi-

sion,' General Electric Company; October 26.1944. 

EMPORIUM 

'Multiform Process Glass.' by George Bair. 
Corning Glass Works; October 17, 1944. 

INDIANAPOLIS 

"Development and Operation of the Signal 
Corps Radio Equipment Type SCR 284." by H. V. 
Noble, Crosley Radio Corporation; September 22, 

1944. 
M ONTREAL 

"What Frequency-Modulation Radio Can Do 
For Canada." by W. G. Broughton, General Elec-

tric Company; October 11. 1944. 

NE W YORK 

"Program-Transmission Circuits for Frequency-
Modulation Broadcast Stations." by E. W. Baker, 

American Telephone and Telegraph Company; Oc-
tober 4. 1944. 

OTTA WA 

"What's New in Science and Engineering." by 
E. S. Lee. General Electric Company; September 

21, 1944. 
"Frequency Modulation." by W. G. Broughton. 

General Electric Company; October 10. 1944. 

PHILADELPHIA 

'Coupled Circuits," by H. M. Turner, President. 
Institute of Radio Engineers, October 3. 1944. 

PORTLAND 

"Voltage Regulators," by W. R. Hill. University 
of Washington, October 13, 1944. 

Sr. LOUIS 

'Wave Guides and Coaxial Transmission Lines.' 
by Hamer Selvidge. Fournier Institute, September 
21, 1944. 

TWIN CITIES 

"Frequency Modulation in Practice," by J. D. 
1: lug. KSTP; October 10, 1944. 

W ASHINGTON 

"A Frequency-Dividing Locked-In Oscillator 
Frequency-Modulation Receiver" by G. L. Beers. 
Radio Corporation of America; October 9, 1944. 

WILLIAMSPORT 

"Standardization of Radio Tubes." by Jerry 
Steen, Sylvania Electric Products. Inc.; October 6. 
1944. 
"Klystron Operation.' by A. E. Harrison, Sperry 

Research Laboratories; October 20. 1944. 
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Producers of Variable Re-

sistors • Selector Switches 
• Ceramic Capacitors, 

Fixed and Variable • 
Steatite Insulators. 

'"ceedin s ofg  1114 LICE. 
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US 

The following admissions and transfers 
(November) were approved on October 31, 
1944. 

There's a Lot in a Transformer 

That You Can't See . . . 

Of course we are proud of the appearance of 

ADC Transformers. One of our greatest satis-

factions however, is in the way they are 

designed and built—for it is upon these quali-

ties that ADC performance has been achieved 

and maintained. 

It might be easier to make transformers some 

other way, but we enjoy doing our work the 

right way —and that means a lot to all of 

here at ADC. 

SEND FOR LATEST CATALOG! 

Transfer to Senior Member 

Ball. I. D., 419 Marshall St.. Allegan, Mich. 
Bennett. H. S.. Ha. SC IA, 19 W. Fourth St.. Day-

ton 2, Ohio 
Biskner, L. J., Newark Athletic Club, 16 Park Pl.. 

Newark. N. J. 
Bond, M. E.. 301 Addison St., Elmhurst. III. 
Buckthal, E. P.. 5959 S. Cicero Ave., Chicago. Ill. 
Clapp, R. G.. 215 W. Montgomery Ave.. Haverford. 

Pa. 
Dunlap, 0. E.. Jr.. 19 Barstow Rd.. Great Neck. 

L. I.. N. Y. 
Duttera. W. S., 35 Hampton Rd.. Lynbrook, L. I.. 

N.Y. 
Eichel, J. H., Federal Communications Commission. 

641 Washington St.. New York 14, N. V. 

Glover. R. P., 1024 Superior St., Oak Park, Ill. 
Graham, B., c/o Sparton of Canada. Ltd.. London, 

Out.. Canada 
Hallman. L. B., Jr., 3 Crescent Blvd.. Dayton. Ohio 
Harries, J. H. 0.. 11 Waterloo Pl.. Pall Mall, Lon-

don. S. W. 1, England 
Hutcheson. G. C., Columbia Broadcasting System. 

485 Madison Ave., New York 22. N.Y. 
Levy. G. F.. 8051 S. St. Lawrence Ave.. Chicago 19, 

Lyman. H. J., 400 W. Hudson Ave.. Royal Oak, 
Mich. 

Lytle, C. W., 4 Erie St., Oak Park. III. 
Marble. F. G.. 63 Greenhurst Rd., West Hartford 7. 

Conn. 
Martin. V. G., 75 Mildorf St., Rochester 9, N. Y. 

Mesa. J. 0., 1826 Diversey Pkwy.. Chicago 14. Ill. 
Myer. D. A.. Westinghouse Radio Stations. 1619 

Walnut St., Philadelphia. Pa. 

Ouimet. J. A.. 1440 St. Catherine St. W.. Montreal. 
Quebec. Canada 

Passow. E. B.. 822 S. Hamlin. Park Ridge. III. 
Petry, C. A., Superintendent of Communications. 

United Air Lines. Chicago 38. III. 
Rankin. J. A., 5921 W. Dickens Ave.. Chicago. Ill. 
Reber. G., 212 W. Seminary Ave.. Wheaton. Ill. 
Roberts, H. C.. 108 Talbot Laboratory. Urbana. 

Schnell. W. J., 2001 Highland Ave.. .Wilmette. III. 
Sherwood, E. T., Globe Union. Inc., 900 E. Keefe 

Ave., Milwaukle I, Wis. 
Tregidga. A. C., 4545 Augusta Blvd.. Chicago 51. 

Waidelich. D. L., Department of Electrical Engi-
neering, University of Missouri. Columbia. 

Mo. 
Wallace. J. D.. 111 Eighth St.. SE.. Washington 3. 

D. C. 
Whinnery. J. R., 2047 Coolidge Pl.. Schenectady. 

N. Y. 
Willson, A. R., 8055 -14 Ave., N.E.. Seattle S. 

Wash. 

Admission to Senior Member 

Bennett, R. D., Naval Ordnance Laboratory, Navy 
Yard, Washington. D. C. 

Dickieson. A. C., Bell Telephone Laboratories. 180 
Varick St., New York, N. Y. 

Short, W. P., 230 Albany St.. Cambridge. Mass. 
Stedman, C. K.. 2416 Rosemont Pl.. Seattle, Wash. 
Thompson, B. V., 179 Walnut St.. Montclair. N. J. 

Transfer to Member 

Alberts. W. S., 6430 McHugh Pl.. Cincinnati 13, 
Ohio 

Alexander. M. S.. 2289 Memorial Drive, SE., At-
lanta, Ga. 

Atwood, H.. Jr.. 254 Joralemon St., Belleville 9. 
N. J. 

Barnes, P. C., WFAA- WBAP. Grapevine, Texas 

(Continued on page 384) 
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R . F COILS 

CHOKE COILS 

CRUCIAL MOMENT 
The indispensable attribute of a component destined for an 

. assembly line is absolute uniformity. 

The "Crucial Moment" in the manufacture of a coil is the 

measurement and adjustment point, at which this uniformity is achieved. 

Our years of experience assure the best in production testing 

apparatus. Our Engineering is equipped for the most elaborate basic 

type testing . . . at high and low temperatures . . . extremes of humid-

ity . . . under vibration and impacts and electrical characteristics at 

low or high frequencies. 

For your requirements . . . whether coils or trimmers, depend 

on AUTOMATIC for uniformity and reliability at no greater cost. 

WINOING CO., INC 

K EEP  BACKIN G 

THE  ATT ACK! 

BUY  M ORE 

W AR  BO N DS 

COMPLETE  ELECTRONIC  ASSEMBLIES & COMPONENT  PARTS 

9 0 0  P A S S A I C  A V E. 
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MOTOR DATA 
No. 126 

2300 FRAME MOTOR 
1/5 HP at 3800 RPM 

520 

_ 
0 0 20 s° 0.0°"' 

cis 

The basic design of the 

2300 Frame Motor 

has been used in scores 

of individual modifica-

tions. Many of these 

designs are complete and 

available—others for 

new equipment can 

readily be developed. 

M EE MY 
ELECTFPICAL  MECHANICAL 

Series or shunt wound 

High starting torque 

Low starting current 

High efficiency 

Low RF interference 

Unidirectional or reversible 

Armature and field windings 

voinish impregnated and baked 

Low weight factor 

Unusual compactness 

Completely enclosed 

Base or flange mounting 

Laminated field poles 

Precision ball hearings 

Segment-built commutator 
Permanent end play adjustment 

2300 FRAME MOTORS 
2318 
Series 

2310 
Shun: 

W atts Output, Int. 

Torque at 6000 RPM 

Torque at 3800 RPM 

Lock Torque 

Volts Input 

Volts Input 

Temperature Rise 

Diameter 

Length less shaft 

Shaft Dia. 

Weight 

(max.)  160  50 

(in. oz.)  40  10 

(in. oz.)  57 

(in. oz.)  120  14 

(min.)  5  5 

(max.)  110  28 

(int.)  50°C  50°C 

2 "  2 'IC 
23/4" 

(max.)  .3120 .312" 

(lbs.)  2.4  1.5 

Eacont  1501 W. Congress St., Chicago, U.S.A. 
DY NA M OTORS • D. C. M OTORS • PO WER PLANTS • CO NVERTERS 

Export. lid Auriema, 89 Broad Sl., New York, U. S. A. Coble: Aur,emo, New York 
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Baylor. A. D.. 4623 Mayhew Ave., Cincinnati, Ohio 

Bereskin, A. B.. 452 Riddle Rd.. Cincinnati. Ohio 
Broding. R. A.. 2921 Kingston. Dallas IL Texas 
Brouse, H. L.. Crosley Corporation, Cincinnati 25. 

Ohio 
Butts, R. S., Box 1403. Cincinnati I, Ohio 
Byer, E. D., 8340-16 St.. N. W.. Seattle. Wash. 
Campbell. J. S., 1543 -19 St.. N.. Arlington. Va. 
Carlson, R. F.. 108 E. Sixth St., Emporium. Pa. 
Chaffee, R. E., 4 Hartford St., Dorchester, Mass. 
Charp, S., 6228 Pine St., Philadelphia 43. Pa. 
Christensen, A., 791 Western Ave., Glyn Ellyn. Ill. 
Currier, S. E., 479 Baldwin Rd., Maplewood, N.J. 
Day, C. E., 6 Bachman St., Cincinnati 18. Ohio 

Day, G.. 697 Sterling Pl., Brooklyn 16. N.Y. 
Dempster. B., c/o Crosley Corporation, Cincinnati. 

Ohio 
Edwards, W. E., Radio Materiel Office. Navy Yard 

128, c/o F.P.O., San Francisco. Calif. 
Eldridge. H. C.. Jr., 227 Oxford Rd., Franklin, 

Ohio 
Erickson, P. W., Sylvania Electric Products Inc., 

Williamsport I, Pa. 
Freitag, W. 0., Rt. 1, Box 713, La Canada, Calif. 
Fromm, W. E., 150 Old Country Rd., Mineola, L. I.. 

N. Y. 
Frost, F. N., 7727 -34 Ave.. N.E., Seattle, Wash, 
Furst, U. IS., 4727 N. Malden St.. Chicago 40. 
Hall. W. M., 1357 Massachusetts Ave.. Lexington 

73, Mass. 
Hauber, E. N.. 1028 N. Edgewood St., Arlington. 

Va. 
Helt, S.. Radio Building, Short and Walnut Sta.. 

Lexington, Ky. 
Herbert, C., U. S. Coast Guard District Office. 

Alaska Bldg., Seattle 4, Wash. 

Hertzler, E. A.. Pratt Institute. Ryerson St.. 
Brooklyn 5, N. Y. 

Hesse, H. R., 46 Hilbert St., Hempstead. L. 
N. Y. 

Hilker, IS., KSTP, Hotel St. Paul, St. Paul, Minn. 
Himoe, C. E., 234 Lafayette Ave. S.. Bremerton. 

Wash. 
Hollis. J. L.. 7317 Harding Ave., Cincinnati. Ohio 
Horrell. M. W., 3042 Hull Ave., Cincinnati 11, Ohio 
Hughes. E. J.. Prevost 14209. Detroit 27. Mich.  • 
Jensen, M. C., 128 Stevens Ave., West Hempstead. 

L. I., N. Y. 
Kahl, E., 103 E. Fifth St., Emporium. Pa. 
King, F. W., Jr., R.R. 9, Box 26.3.B. Cincinnati. 

Ohio 
Knoblaugh, A. F., c/o The Baldwin Co.. Gilbert 

Ave. and Eden Park Entrance. Cincinnati, 
Ohio 

Krueger, R. M., 3402 W. Dickens Ave.. Chicago, 

Lantser, F. N., R.R. I. Mason, Ohio 
Lepple, H., 4432 Raceview Ave.. Cincinnati, Ohio 
McDonald, J. M., 3379 Morrison Ave., Cincinnati. 

Ohio 
McNeely. J. S.. 802 Telephone Building. Dallas 1. 

Texas 
Meissner. E. R., 203 S.W. Ninth Ave., Portland. 

Ore. 
Mieher, W. W., 192 Jackson Ave.. Mineola. L.I.,N.Y. 
Moore, K. A., 5102 Findlay St.. Seattle, Wash. 
Morgan, J. M., 698 Main St., Cranbury. N. J. 
Nason, D. B., 1504 Hollywood Ave., Cincinnati. 

Ohio 
Newberry. D. A.. 746 Chesterfield Rd., Columbus. 

Ohio 
Oker, W. A., 3306 Renfro Ave., Cincinnati. Ohio 
Partridge, P. N., 16 Sherwood Rd., Silver Spring, 

Md. 
Peterman. R. S., 714 Crozier Ave.. Clearfield, Pa. 
Phillips, L. B., 1620 Melvin Cir.. Mt. Healthy. 

Ohio 
Pierce, C. G., 225 Lockwood Rd.. Syracuse 3. 

N. Y. 
Quitter, J. P.. 3557 Vine St., Cincinnati 20. Ohio 

(Continued on page 40A) 
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GIVE ACCURATE, TROUBLE-FREE SERVICE 

Designed and Built 

to Withstand 

• 
• 

SH OCK 

VIBRATI ON 

TE MPERATURE EXTRE MES 

HU MIDITY 

ALTITUDE 

For helpful data and infor-
mation, write on company 
letterhead  for  Industrial 
Catalog and Engineering 
Manual No. 40. Address 
Ohrnite Manufacturing Co., 
4862 Flournoy Street 
Chicago 44, Ill. 

• 

• Because they are so consistently reliable in actual 

service ... Ohmite Rheostats, Resistors, Chokes and 

Tap Switches have become "the control engineer's 

control units." 

Shown here are a few of the many types extensively 

used in military and industrial equipment. The wide 

variety of types and sizes in stock or special units pro-

vides a ready and exact answer to most applications. 

In designing for war or postwar, let Ohmite ex-

perience help you. 

OH MITE  MA N UF ACTU RI N G  CO M P A N Y 
4862 Flournoy Street  Chicago 44, U . S . A . 

e g / 6 71 X i W i d4-

RH E O S T A TS  • RE SI S T O R S  • TA P  SWI T C H E S 

041 ,M, 11 IT IE 
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Model 645 A.C.-D.C. 
Electronic Multimeter 

(Vacuum Tube Voltmeter) 

Both A.C. and D.C. volt ranges are 
electronic. This provides the maximum of 
sensitivity and overload protection for all 
A.C. ranges as well as D.C. and ohms 
ranges. 
Measures resistance up to one thousand 
megohms and as low as 2/10 ohm. 

Constant Input resistance 12 megohms on 
all D.C. volts ranges. 
Input resistance 4.4 megohms on all A.C. 
ranges. Flat frequency response between 
50 cycles and 10,000 cycles. 
Meter cannot be damaged by accidental 

overload on any electronic range. Elec-
tronic overload protection on all A.C. and 

D.C. volts, and ohms ranges. 
Variations in line voltage do not affect 

accuracy within the range of 100 to 125 
volts. The instrument is equipped with 
ballast control tube and self-compensat-
ing circuits. 

Meter Ranges — 

A.C. Volts: 0-1/4/1040/100/400/1000 

D.C. volts: 0-4/104 010 040 01000 

Ohms: 0-1000/ 10,000 100,000/  meg/ 
10 meg/100 meg/1000 meg 

M.A.: 0-1/4/10/40/100/400/1000 

Decibels: Minus 30 to minus 5/minus 
10 to plus 15/10 to 35/30 to 35 

Either positive or negative D.C. voltmeter indications instantly 
by means of reversal switch. Signal tracing type test lead with 
isolation resistor in probe. Model 645 is an ultra-modern high 
sensitivity instrument, with all of the famous Jackson features, 
including exceptional accuracy and simplicity of use. 
MODEL 645  Net Price  $56.50 

Available now on rated orders . .. after war a new regular in the Jackson line 
... a line that shall always live up to a long reputation for INTEGRITY OF DESIGN. 

BUY W AR BONDS AND STA MPS TODAY 

JAC k S 0 INI 
gi'ne Mehical i1 r di aerrineas 
JAC KS ON  ELECTRICAL  INSTRU ME NT  CO MPA NY,  DAYT ON,  OHI O 
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(Continued from page 384) 

Schenck. R. L., 3313 Hildreth Ave., Cincinnati, 

Ohio 
Schlegelmilch, R. 0., 45 Lorindale Ave., Toronto. 

Ont.. Canada 
Schuck, 0. H., 20 Hammond Rd., Belmont, Mass. 

Sloan, C. B., 5565 Raceview Ave., Cincinnati, Ohio 
Storck. H. C., 3723 E. Third St., Dayton 3. Ohio 
Sumerlin, W. T., 5469 Village Green, Los Angeles 

16, Calif. 
Warriner, B.. IV, 4012 Frankford Ave., Baltimore 

6. Md. 
Wedig. F. L.. 1769 Dale Rd.. Cincinnati 29, Ohio 
Wissel. F. A., 3444 Oakview Pl., Cincinnati. Ohio 
‘Vright. R. R., Box 65. Blacksburg, Va. 
Young. P. A., 6202 Cortelyou St., Cincinnati. Ohio 

Admission to Member 

Ackard. W. C., let Radio Squadron, Patterson 
Field, Dayton. Ohio 

Ayres, J. J., RD I. Haddonfield, N. J. 
Baker. Halsted W., Jr., 158 Watchung Ave., Chat-

ham, N. J. 
Becker. R. A.. Applied Physics Laboratory. Uni-

versity of Washington, Seattle. Wash. 
Bissonette, A. J., 28 Merzen Ct., Cincinnati, Ohio 
Boeckerman, L. F., 728 Hodapp Ave., Dayton. 

Ohio 
Boghosian, W. H., 463 West St.. New York, N. V. 
Cherpeski, R. P., 1215 Weng Ave.. Dayton. Ohio 
Clarke. F. C., 1608 Arlington Ridge Rd. S., Arling-
,  ton. Va. 
Collins, F. E.. 58 Sydney St., St. John, New Bruns-

wick 
Crapuchettes, P. W., 1507 Albany St.. Schenec-

tady, N. Y. 
Curley, D. C.. 502 New St.. Clearfield. Pa. 
Dietrich. D. J., 1809 E. Mound St., Springfield. Ohio 
Evans, G. E., 148 Parmenter Rd.. W. Newton. 

Mass. 
Featherstone. S. J.. 935 N. Limestone St., Spring-

field, Ohio 
Freedman, S., Engineering and Repair Department. 

Submarine Base, New London, Conn. 
Frihart, H. Neil. 2246 N. Springfield Ave.. Chicago 

47, Ill. 
Goebel. E. S., 934 Pleasant, Oak Park, Ill. 
Holmes, L. C., 37 West St., Fairport; N. Y. 
Katz, L., 40 Brighton St.. Dayton, Ohio 
Lenkerd. J. P., 1154 Hancock Dr., N.E.. Atlanta. 

Ga. 
LeVelle, A. S., Rm. 810, Telephone Bldg.. 308 S. 

Akard St., Dallas. Texas 
Litchford, G. B., Apt. 9B, 35 Elk St., Hempstead, 

L.1.. N. Y. 
Loper, G. B., 421 E. Kolstad. Palestine. Texas 
Lovett, W. S.. 1855 Lincoln Dr., Williamsport. Pa. 

Marchant. I. G., 7919 S. 112. Seattle, Wash. 
Marmont, G. H., 4855 Fourth Ave., Detroit, Mich. 
Marshall, R. W., 25 Wilmer St.. Madison, N. 3. 
Mayfield, R. G., 1201 W. Lancaster. Fort Worth. 

Texas 
Meltvedt. H.. Pentagon Bldg.. Rm. 2D316. Signal 

Corps Facilities  Branch.  Washington. 
D.C. 

Miles, K. G., 8023 Eastern Ave.. Silver Spring. Md. 
Most. N., 612 Westbourne St., La Jolla. Calif. 
Ostrander, G. D., 240 Randall Cir.. Williamsport, 

Pa. 
Pelton. R. G.. Wilson C-12, Presidential Gdns.. 

Alexandria, Va. 
Peterson, E. F.. 1971 Nott St., Schenectady, N. Y. 
Popp, F. G., 270 Culver Rd.. Rochester 7. N. Y. 
Ringer. R. L., Jr.. 2745 Hudson Blvd., Jersey City. 

N. J. 
Saxon. M., P.O. Box 5238, Dallas 2, Texas 
Schenck. A. K., Bell Telebhone Laboratories, 180 

Varick St.. New York 14. N. Y. 
Schock, J. 0.. 365 Stewart Ave., Garden City, L. 

N. Y. 
(Continued on page 424) 
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Rauland 

ISITRON 
  Phototubes 

O R EVERY 
01 00 011 ffigi1lai 

To say "Visitron Phototubes," is to 

say "finest in the field of light-

sensitive devices." Their uniformity, 

dependability and high sensitivity 

through the years have brought 

recognized leadership to these 

quality products. • Most 

Visitron Phototubes are avail-

able in the vacuum type 

where a high degree of 

constancy and exact pro-

portionality between 

light and current are 

required. 

To be sure. . . 
specify VISITRON! 

[ -RADIO • RADAR • SOUND • 

51A 

5 9TA 

79A . . . designed for 

use in standard theatre 

projection equipment. 

SlA . . . universally used  in 

portable 16 m. m. sound-on-film 

prolection equipment. 

59A . . . a popular model used in 

many makes of projectors. The 59TA is a 

special application of this tube, having 

a high dark resistance. 

COMMUNICATIONS • TELEVISION 

Electroneering is our business 

THE RAULAND CORPORATION • CHICAGO 41, ILLINOIS 

Buy War Bonds and Stamps! Rauland employees are still investing 10 ,,',; of their salaries in War Bon ds 
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CONSTANT VOLTAGE 

TRANSFORMERS 

PRODUCTION 

DRILLS 

INDUSTRIAL X-RAY MACHINES 

We're Prepared to 
Ship in a HURRY! 
Radio Group's National Emergency 
Service extends far beyond the usual 
items of Radio and Electronic Sup-
plies.  Our  first  consideration  is 
SPEEDY DELIVERY. Vital war re-
search or production lines must con-
tinue unchecked by sluggish procure-
ment and deliveries. 

The few products pictured here merely sug-
gest the "unusual" items found in OUR huge 
well diversified stocks. So, if the things you 
need in a hurry don't appear in our Refer-
ence Book, include them in your order anyway. 
Our specially trained technicians know all 
the procurement short-cuts. National Indus-
trial Emergency Service lends valuable aid to 
thousands of satisfied buyers from coast to 
coast. Mail or phone your orders to the near-
est distributor listed. Or write today for big 
free reference book and buyers guide. You'll 
get a degree of delivery-speed unapproached 
in the history of Radio Supplies distribution. 

Ra.iiticv a:we ggivi d,e4. 

WRITE OR PHONE YOUR NEAREST DISTRIBUTOR 

TERMINAL RADIO CORP. 
85 Cortlandt St., Phone WOrth 2-4416  NE W YORK 7 

W ALKER-JIMIESON, INC. 
311 S. Western Ave., Phone Canal 2525  CHICAG O 1 2 

RADIO SPECIALTIES CO. 
20th & Figueroa, Phone Prospect 7271 LOS ANGELES 7 

NATIONAL INDUSTRIAL EMERGENCY SERVICE 

(Continued from page 404) 

Shaw, M. R., Jr., 215 Watauga Ave.. Corning. 
N. Y. 

Shearer. R. L., 1815 -17th St., N. W., Washington. 
D. C. 

Shirk. W. B., 5759 Kenneth Ave.. Cincinnati, Ohio 
Simmons. J. C., 22 Taft St., Lakeview, Hampstead. 

I., N. Y. 
Smith, Archibald D., Jr., 72 Bennett Pl., Amity-

ville, L. I., N. Y. 
Smith, G. 0., 2934 Feltz Ave.. Cincinnati. Ohio 
Smith. 0. J. M.. Electrical Engineering Depart-

ment, University of Denver. Denver, Colo. 
Stone, B. C.. Westland Flans, Smith's Parrish. 

Bermuda 
Sunstein, D. E., 10 Spring Ave., Elkins Park 17, 

Pa. 
Talley, T. J., III, 195 Broadway, Rm. 1735. New 

York, N. Y. 
Van Winkle, E. W., 439 Edgewood PI., Rutherford, 

N. J. 
Voelker, W. D., Leeds and Northrup Co.. 4901 

Stenton Ave., Philadelphia, Pa. 

Admission to Associate 

Abramson, P., 2714 Wallace Ave.. New York 67, 
N. Y. 

Agnew, W. R., 153 Edgewood Ct., Dayton 7, Ohio 
Beach. E. R., 1010 Lincoln Ave., Troy, Ohio 
Beasley, R. R., 1306 W. Monroe St,. Phoenix. Ariz. 
Beckhardt, T. G.. 2228 E. 29 St.. Brooklyn 29. 

N. Y. 
Berk, R. B., 229 Yonge St.. Rm. 417, Toronto. 

Ont., Canada 
.Best, C. A.. Jr., 608 N. Pleasant, Jackson, Midi. 
Blackett, L. G., 230 Keele St.. Toronto, Ont., 

Canada 
Blakely. K. H.. 604 E. 12 St., Apt. 8, Indianapolis 2. 

Ind. 
Blue, C. L., 3006 E. 78 St., Chicago 49. Ill. 
Boote, E., Northern Electric Company. Box 369 

Montreal, Que., Canada 
Brainerd, H. B., 255 Marlborough St., Boston 6. 

Mass. 
Bramley. N. V., 16 Lyndon Ave., Los Gatos, Calif. 
Brazelton, M. W., 138 N. Hanover Ave.. Lexington. 

11. Ky. 
Brent, L. L.. 1330 N. Newstead Ave., St. Louis 13. 

Mo. 
Britnell, P. R., 148 S. Mu m Ave.. East Orange. 

N. J. 
Buie, J. G.. Rt. 1, Bor.„7, Mertens. Texas 
Bullis, E. E.. Valparaiso Technical Institute, Val-

paraiso, Ind. 
Bullock, J. M.. Co. 1518 0.G.U.. U.S.N.T.C.. Great 

Lakes, Ill. 
Butts, J. H., 215 W. 23 St., New York II. N. Y. 
Calderon, M. M.. 333 Fifth St.. West Des Moines, 

Iowa 
Caranchini, S. A., 4325 Whitsett Ave.. North Holly-

wood. Calif. 
Can, G. W., 1238 Susquehanna Ave.. Sunbury, Pa. 
Cary, C. A.. Box 5, Cincinnati 24. Ohio 
Chasm, L., Belvoir Rd.. RD 4. Norristown, Pa. 
Church, G. H., 5032 Nicollet Ave.. Minneapolis. 

Minn. 
Clardy. L., Research Laboratories, Swift and Com-

pany, U.S. Yards. Chicago 9. III. 
Clayton. C. J., The Langham Hotel, Meyrick Rd., 

Bournemouth. England 
Colodny. S. H., 390 E. Cliveden St., Philadelphia 

19, Pa. 
Cordeiro, A. A.. Casa de Portugal, 630 Fifth Ave.. 

New York, N. Y. 
Crawford, W. C., 15 Wallace St., Whangarei, N. Z. 
Crosfield, J. F.. Witheridge, Beaconsfield. Bucks. 

England 
Capps, H. T., 1209 Edwards Ave., Lakewood 7. 

Ohio 
Daugherty. R. H.. Jr.. American Telephone and 

Telegraph Company. 195 Broadway. New 
York 7, N. Y. 

Davenport, F. S.. BOQ 50A NATTC, Ward Island. 
Corpus Christi. Texas 

(Continued on page 44A) 
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GREATER EFFICIENCY 

FOR YOUR 1945 DESIGNS. 
M ASTER of power and heat, ALS1 MAG is the ideal insulation for tomorrow's 

Electronic devices. 
ACCURATE—manufactured to close tolerances. 

ECONOMICAL—because of high speed production methods. 

ALS1MAG Steatite Ceramic Insulators are permanent materials. They are strong, hard 
and rigid—do not distort by loading, nor do they shrink with time. Impervious to heat 
up to 10000 C. Non-corrodible. Do not absorb moisture. 
No matter what insulation you have been using, investigate ALSIMAG. Send us a 
sample or design drawing. Let us prove that ALS1MAG will meet your requirements 
for improved efficiency and performance. 
Write for Property Chart containing complete data on physical characteristics. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

ND YEAR OF CERAMIC LEADERSHIP 
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CHARACTERISTICS OF 

AL SI MAG INSULATORS 

High Mechanical Strength 

Permanent Rigidity 

Low-Loss Factor 

High Dielectric Strength 

Will Not Absorb Moisture 

Chemically Inert 

Heat Resistant 

Precision Made of Purest 
Raw Materials 

ALCO has been awarded for the 
fourth time the Army-Navy "E" 
Award for "continued excellence 
in quantity and quality of 
essential war production.'' 

S 

41. 

•I• 

1 



No. 845 
Popular Three Decade Type 

Input constant; 1,000 ohms. 

Voltage Increments: 0.001 to 1.0 In 
steps of 0.001 

Shallcross 
DECADE 

POTENTIOMETERS 
(Accurate Voltage Dividers) 
Shallcross Decade Potentiometers or Voltage 
Dividers are designed to provide accurate incre-
ments of input voltages. Actually, the instruments 

consist of two accurately calibrated resistance 
boxes operated simultaneously by a single set of 
controls. As the dials are rotated, the resistance 

in one circuit increases while the resistance in 
the other circuit decreases by the same amount. 
Thus the total resistance remains constant across 

the input terminals. 
These accurate Voltage Dividers are available 

in a wide range of total resistances and voltage 

increments. Two of the popular standard types 
are listed here. For complete details, or for special 
units for specialized applications write, giving 
full particulars of your application. 

(Where required, all nal'cross Instruments 
can be supplied with overall FUNGICIDAL 
MOISTURE-RESISTANT protection) 

....  ... WRITE FOR 

COMPLETE SHALLCROSS 

INSTRUMENT CATALOG! 

No. 835 
Four Decade Voltage 
Divider 

Input constant:  10,000 
ohms. 

Voltage increments: 
0.0001 to 1.0 in steps 
of 0.0001 

OTHER SHALLCROSS PRODUCTS 

Akra•ohm Accurate Resistors 
Rotary Selector Switches 
Multi-Resistance Standards 

Telephone Transmission Test Eqpt. 
Wheatstone Bridges 
Fault-Location Bridges 
Low-Resistance Test Sets  • 

(Bond Testers) 
Kilovoltmeters 

Kilovoltmeter Multipliers 
Portable Galvanometers, etc., etc. 

SPECIALISTS IN ACCURATE RESISTORS 
The reliability of all Shallcross Test and Electrical Measur-
ing equipment is doubly assured by use of Shallcross Akra-
ohm wire-wound resistors throughout. Made in the widest 
variety of shapes, types, and ranges, Akra-ohms are 
available to tolerances as exact as 0.05 of 1%. Write for 
Catalog No. 825. 

SHALLCROSS MFG. CO. 
DEPT. IR-124 , COLLINGDALE, PA. 

EN GI NEERI N G  • DESI G NI N G  • M A NUFACTURI N G 
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Dean, J. P.. 1523 N. McCadden Pl., Hollywood 28. 
Calif. 

Doidge, E. E., 5 Pepler Ave., Toronto, Ont., Canada 
Eastlack. E. D., 1304 Virginia Ave., Manoa, Dela-

wkaiare.County. Pa. 
Edwards. C. V.. 1025 Tabor St.. Oklahoma City 

o   

English, W. C., 2878 N. Clark St., Chicago 14, III. 
Feeney. C. J., 105 Surrey Lane, Hempstead, L. I., 

N. Y. 
Fine, C. B., 805 E. Hamilton Ave.. Ft. Wayne 5, 

Ind. 
Fisher, L. C., 4476 Osprey St., San Diego 7, Calif. 
Flansberg, S.. 2903 W. Belmont Ave., Chicago 18, 

Frampton, M. W., 1500 Fourth St., Santa Monica. 
Calif. 

Fraser, J. S., Apt. 8. 550 McLaren St.. Ottawa, 
Ont., Canada 

Freed. A., 200 Hudson St., New York, N. Y. 
French. H. A.. 1043 Bergen St., Brooklyn. N. Y. 
Garoff, K., 607 Bond St., Asbury Park, N. J. 
Glovitsky, S. V.. 832 W. 102 St., Los Angeles. 44, 

Calif. 

Gould, H. J.,  200 Caledonia Rd., Toronto, Ont., 
Canada 

Granberry, H. W., 1050 University Pl.. Schenec-
tady 8. N. Y. 

Grant, J. A.. 3581 Benny Ave., Montreal, Que., 
Canada 

Hachemeister, C. A., 2722 Newkirk Ave., Brooklyn 
26, N. Y. 

Hammond, A. L., 211 Third Ave., Asbury Park. 
N. J. 

Harris, T. E.. Jr.. 1709 S. Court St.. Montgomery 6. 
Ala. 

Handley, E. E., 6184 Notre Dame de Grace Ave., 
Montreal, Que., Canada 

Hawkins, J. E., 1612 South Evanston. Tulsa, Okla. 
Haylocli, F.. 150-22 Third Ave., Whitestone, L. I.. 

N. Y. 
Hemphill, W. B., 4419 Southwestern Blvd.. Dal-

las 5. Texas 
Henderson, A. L.. University of California, U.S.N. 

Radio and Sound Laboratory. San Diego. 
52, Calif. 

Heydenrych. J. C. R.. c/o South Africa House, 
London. England 

Hill, E. B.. 541 VV. 180 St.. New York 33, N. Y. 
Honea, L. VV., 6205 Sligo Pkwy.. Hyattsville. Md. 
Jack, M. C., 324 Ponsenby Rd.. Auckland. N. Z. 
Jeffcott, F. B., 164 Rectory St.. London, Ont., 

Canada 
Kenny, H. J.. R.C.A.F. Station. Rocicliffe, Ont.. 

Canada 
King, F. H., Hotel Broadmoor. 3601 Connecticut 

Ave., N. W., Washington. D. C. 
Koch. H. W., 23 Brooklyn Ave., West Hempstead. 

L. I., N. Y. 
Koenig. G.. RT 2, Box 551-A, Des Plaines, Ill. 
La Via, J., 1473 Greene Ave.. Ridgewood 27, N. Y. 
Lawrance. R. T., 26 Waverly Ave.. Dayton 5, Ohio 
Lederer, E. H., 2021 Neil St., Schenectady 6. N. Y. 
Lee. W. M.. 1207 W. 47 St., Richmond 24, Va. 
Lewis. G. W., 16 Lyndon Ave., Los Gatos, Calif. 
Liebig, W. D.. 211 E. Court St., Doylestown. Pa. 
Lindemann. H. B., 14 S. Beechwood Ave.. Catons-

ville, Baltimore 28. Md. 
Linton, T. B.. 5732 Duarte St.. Los Angeles, 11. 

Calif. 
Lomas, J. P.. Radio Section, Wellington East Post. 

Office. Wellington. N. Z. 
Macdonald, G. E., 1950 St. Luke, Montreal, Que.. 

Canada 
Manship, J. F., Box 394. c/o Mabel Manship. 

Wagoner, Okla. 
Morris C. A.. Sun Valley Rifle Range. Davisville, 

R. I. 
Mohaupt. A. G., 6641 N. Fairfield Ave., Chicago 

45. III. 
(Continued on page 464) 
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AN3155 
POWER RHEOSTAT 

Here's a power rheostat with a short past but a long 

future. Rugged in construction, light in weight and 

neat in appearance, it conforms in every respect to 

Army-Navy AN3155 specifications. It embraces all 

the features of IRC's well-known PR25 and PR50 

rheostats. 

Both the winding core and housing, of this com-
pletely sealed unit, are of aluminum to effect greater 

heat dissipation. To still further aid this important 

characteristic the housing is coated with a special 

heat-radiating finish developed by the IRC Research 

Staff. As a result the AN3155 generates a maximum 

temperature rise of only 170 as against an allow-

able 300 . Another feature of interest is the fact 

that the AN3155 can be operated at full power load 

in as low as 25% rotation. 

Available in 25 or 50 watt models with either 

linear or tapered windings, the IRC AN3155 should 

find many useful post-war applications. 

Technical data and further information will be 

sent on request. 

AN3155 
25 -watt; 
showing terminal 
positions 

INTERNATIONAL RESISTANCE CO. 
401 N. Broad St., Philadelphia 8, Pa. 

IRC makes more types of resistance units, in more shapes, for more applications than any other manufacturer in the world. 

'1744541 
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Membership 
(Continued from page 44/1) 

Moates, 0. E., 1301 Lamar. Wichita Falls. Texas 
Mitchell, D. H., 1030 S. Highland St., Arlington. 

Va. 
Melton, G. H.. 1226 Wisconsin Ave., N. W., Wash-

ington 7. D. C. 

Melloh, C. I.. Mitchellville, Iowa 
McNicol, R. W. E., Physics Department, University 

of Queensland,  Brisbane. Queensland, 

Australia 
Marshall, G. K., 4253 Beaconsfield Ave., Montreal, 

Que., Canada 
Marshall, E. E., 4745 Nevada Ave., Fresno 2, 

Calif. 
Munson, L. A., 1315 Stromeyer Way, Baltimore 24, 

Md. 
Murdock, C. D., 2136 Vendome Ave.. Apt. 11, 

Montreal. Que.. Canada 
Neil. C. L., 47 Moore Ter., West Orange, N. J. 

Norde, L., 43 Maple Ave., East Hempstead, L. I., 
N.Y. 

O'Hare, E. F., 1411 Greenleaf Ave.. Chicago 26, 

Ostrom, C. W.. 6003 Corliss Ave., Seattle 3, Wash. 
Palmer, J. R. B., c/o Iraq Petroleum Company, 

Haifa. Palestine 
Peters, R., 387 State St., North Adams, Mass. 
Petrides, T., St. Helena Detail, Receiving Station, 

South Annex. Norfolk 11. Va. 
Plass, H. J., 221 Woodlawn Ter.. Collingswood, 

N. J. 
Polk, L. 0., A and R Department. Naval Air Sta-

tion, Alameda, Calif. 
Porter, V. J., 6166 N. 17 St., Philadelphia 41, Pa. 
Prakash. C., c/o Lloyds Bank. Ltd.. Tottenham 

Ct. Rd.. London. W.C.1.. England 
Praschan. V. E.. Fairhaven Apts., 1727 S. Vermont 

Ave.. Los Angeles 6, Calif. 
Reed, J. R., Jr., 10 Kendall Ave.. Pittsburgh 2. Pa. 
Richards, E. W., 143 Lexington Ave., New York 16, 

N.Y. 
Romney, E.. Research Construction Company, 230 

Albany St.. Cambridge 39, Mass. 
Ronning, H., 2623 N. Kimball Ave., Chicago 47, 

Ill. 
Rosenthal, M. L.. 1117 N. Dearborn Pkwy., Chi-

cago 10. Ill. 
Royall, N.. 3200 Main. Dallas 1. Texas 
Rudy. E. W., 5666 N. Ridge. Chicago. Ill. 
Seamon, B., Middle St.. Wiscasset. Me. 
Skolnik, B. J.. 5400 Harper Ave.. Chicago, Ill. 
Slack. S. J., 175 Voorhis Ave.. River Edge. N. J. 
Slattery, E. A., 253 S. Second Ave., Hughesville. 

Pa. 
Snadyc, A. M., 214 Ackerman Ave., Clifton, N. J. 
Steel, G., FM No. 353, c/o BNLO Navy Yard. 

Philadelphia, Pa. 
Stephens, T. C., 209 N. Dodge St., Iowa City. Iowa 
Stinson. J. F., 6028 -31 N. E., Seattle 5. Wash. 
Story, T. H., 2831 Cove Rd.. Merchantville. N. J. 
Streb, R. J., 701 Elmwood Rd., Baltimore 6, Md. 
Strohlein. E. M., 5327 Large St., Philadelphia 24, 

Pa. 
Stuart, R. M., 5 Brandon Rd., Webster. Mass. 
Tidball, F. E., 5806 -63 Ave., Eastpines, East 

Riverdale, Md. 
Trees, A. E., 543 Fourth Ave., Brooklyn, 15. N. Y. 
Tucker, W., 393 Elizabeth Ave., Newark 8, N. J. 
Vanular, R. N.. 3868 City Hall Ave., Montreal. 

Que., Canada 
Warnick. G. H., 635 W. 170 St., New York 32, 

N. Y. 
Washburn, C. A., 103 Wildwood Dr., Westwood. 

Mass. 
Wells, M. T., A-V (RS) Staff, NAOTC. Naval Air 

Station, Jacksonville. Fla. 
Weidner, R. T., 2339 Liberty St.. Allentown. Pa. 
White, C. E.. c/o Sherron Metallic Corporation. 

1201 flushing Ave., Brooklyn. N. Y. 
Williams. C. R., The Parker Pen Company, Janes-

ville, Wis. 
Williams. R. E., 2004 Elm Ave., Portsmouth, Va. 
Wintle, M. F., 28 College Ave., Grays, Essei, Eng-

land 
Woodley. C. B., 1210 Pine Ave.. Montreal, Que.. 

Canada 
Wolin. S., 333 Harvard St., Cambridge. Mass. 
Yasinsac. A.. 335 S. Main St., Chincoteague, Va. 
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COLLINS AUTOTUNE* 
The Key to Precision Control 

TiE Autotune was conceived and engineered by 

Collins many years ago. It was the result of a 
growing dissatisfaction with slow, haphazard 

methods of tuning radio equipment and a per-

sistent effort to improve them. 

What is it? How does it work? 

The Collins Autotune head shown above is a 

mechanical device for turning a control shaft 
and stopping it precisely at any one of several 

pre-determined positions. 

The Collins Autotune system consists of a 

number of Autotune heads, all driven by a sin-
gle electric motor, each quickly and simultane-
ously repositioning a separate and non-interre-
lated tuning shaft to new settings chosen in 

advance by the operator. At the touch of a but-
ton or flip of a dial, the Collins transmitter or 
receiver is thus completely and exactly tuned to 

the wanted channel in a matter of seconds. 

Collins communications equipment, Autotune 
controlled, was adopted by American Airlines, 

Braniff Airways, Tropical Radio Telegraph Co. 

and others long before the war. Reliability has 
been demonstrated through the years under all 

service conditions. 

The Collins transmitter design and the Auto-
tune have proved so advantageous to the Armed 

Services that military authorities have requested 
other large companies, in addition to Collins, to 

build them. The Collins Radio Company, Cedar 

Rapids, Iowa. 

COLLINS 
•U. S. Patents  n.d p,noino. 
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26,4,44,1.44.d 
QUALITY 
• The Industrial Condenser 

Corporation manufactures a 

complete line of Oil-filled, 
Electrolytic, Wax and Special 

Mica Capacitors for all in-
dustrial, communications 

and signalling applications 

up to 250,000 volts working. 
Complete laboratory and 

engineering facilities avail-
able for solution and design 

of capacitor problems for 

special applications. 

An Industrial Condenser for 
every industrial application. 

.5 MFD. 50,000 VOLTS 

DC WORKING 

(Illustrated above) ... 28 inches 

high, weight 175 pounds, built by 

Industrial Condenser Corpora-

tion to meet .Navy specifications. 

Oii-filled, oil impregnated. Built 

for 24 hour continuous operation 

and total submersion in salt 

Wafer. 

PAPER, OIL AND ELECTR OLYTIC CAPACITORS 

INDUSTRIAL 
CONDENSER 

C O R P O R ATI O N 
3243-65 NORTH CALIFORNIA AVE., CHICAG O 18, U.S.A. 

DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 

CMI 
•P' .,/ 

SERVES 
THE 

ELECTRONIC 
INDUSTRY 

Designed to meet the most rigorous 
specifications  for  precision,  every 
CML unit is equipment of accredited 
performance. 

ROTOBRIDGE . .. This automatic 
inspector checks for proper wIrInn 
correct resistance, capacity and In-
ductance values in all types of elec-
tronic equipment. 

MODEL 1100. MODEL 1110 . . . 
Voltage  regulated  power  supply 
units: with extremely low noise level 
and excellent regulation. 

MODEL 1420 GENERATOR . . . 
Furnishes test power over a wide 
frequency ran v: may also be em-
ployed in 3-phase circuits. 

MODEL 1200 STROBOSCOPE . . . 
Stops motion within range of 600 to 
600.000 R.P.M. 

WRITE FOR DESCRIPTIVE 
BULLETINS 

COMMUNICATION 
MEASUREMENTS 
LABORATORY 
120 GREEN WICH ST., NEW YORK 6, N.Y. 

Im mediate Delivery! 

WIDE RANGE 
VACUU M TUBE 
VOLT METERS 

• Nish input impedance for both AC and 
DC measurements. 

• Convenient, low capacity "Probe" especial-
ly adapted to high frequency radio use -
100 megacycles and over. 

• Self-regulating operation from power lino; 
no batteries. 

• Multiple voltage ranges — accurate and 
stable. 

BULLETIN ON REQUEST 

ALFRED W. BARBER 
LABORATORIES 

34-04 Francis Lewis Blvd.  Flushing, N.Y. 
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YOU are probably voting now for these and other  
candidates ... because yours is the big job of know-

ing the properties of many new materials and the new 

applications of others. 

In designs for tomorrow's radio parts and cabinets, in 
electronic equipment now winning the war, in pre-war 
radios, Masonite* Presdwoods appear in astonishing 

versatility. 

Presdwoods by Masonite are ligno-cellulose hard-

boards made from exploded wood. This grainless mate-
rial has been used for chassis plates and parts for•speak-
ers, baffles, aerial supports, turn tables, copper clad 
shield panels for field transmitters and for cabinets. 

Specific new uses naturally get no publicity. But 
when you realize that the Presdwoods are a basic com-
modity—awaiting your orders for future uses, then you 

may wish to join those who arc making Masonite 
Presdwoods do industrial jobs better. 

These are some of the properties and characteristics 
of Masonite Presdwoods: 

high structural strength 
moisture resistant 
non-corroding 
smooth, light, thin, hard 
an excellent base for laminated finishes 
provides good bond and surface for all 
forms of decoration 

may be punched, die-cut or machined 
can be bent into many shapes 
economical 

For samples and further information, regarding 
Masonite Presdwood, write Masonite Corporation, 
Dept. PI-10, Ill W. Washington St., Chicago 2, Illinois. 

*"Masonite" is a trade-mark registered in the U. S. Pat. Off., and 
signifies that Masonite Corporation is the source of the product. 

MASONITE* CORPORATION 
Copyright, 1944, Motonite Corporation 

Rog. U. S. Pot. Off. 
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VACUUM TUBE 

DESIGNER 
An Eastern manufacturer 

has an attractive opportunity 

for a graduate physicist or 

electrical engineer with sev-

eral years of practical ex-

perience in vacuum tube de-

sign. It is necessary that ap-

plicants have sufficient pro-

duction experience to de-

velop designs which will im-

prove quality and reduce cost 

through lowered shrinkage. 

Furnish full details regard-

ing experience,  education, 

age. and salary requirements. 

Write to: BOX NO. 361 

THE INSTITUTE OF 
RADIO ENGINEERS 

330 West 42nd St.  New York 18, N.Y. 

EXPERIENCED 

ELECTRICAL 

ENGINEERS 

Graduate or non-graduate 
Electrical Engineers with at 
least three years of recent ra-
dio circuit or laboratory ex-
perience are needed for the 
development and design of 
pocket size radio and audio 
frequency equipment. The 
company is well established 
in the electronics field and of-
fers the right man a salary 
dependent on his experience 
and also the opportunity to 
grow in a relatively new field. 
The company is located in 
the suburbs of a large New 
England City. 

Write to— 

Box no. 358 

THE INSTITUTE OF RADIO 
ENGINEERS 

330 West 42nd Street 

New York 18, N.Y. 

The following positions of interest to I.R.E. 
members have been reported as open. Apply 
in writing, addressing reply to company men-
tioned or to Box No.   

The Institute reserves the right to refuse any an-
nouncement without giving • reason for the refusal. 

PROCEEDINGS of the I.R.E. 
330 West 42nd Street, New York le, N.Y. 

ELECTRONIC ENGINEER 

Electronic engineer or physicist for develop-
mental work. 
Also, electronic technician for construction 

work on radio test equipment. 
Post-war future in both positions. Write to 

Premier Crystal Laboratories, 63 Park Row, New 
York 7, N.Y. 

ASSISTANT PROFESSORS 

Assistant professors or instructors in electrical 
engineering to specialize in electronics. com-
munications, and illumination. Strong eastern 
engineering college. Submit professional record 
and photograph with application. Positions per-
manent. Address Box 362. 

ELECTRONIC ENGINEERS AND 
DRAFTSMEN 

The services are required of several elec-
tronic equipment design engineers capable of 
supervising ths system layout of electronic and 
electro-mechanical devices. 
Also, several draftsmen are needed with ex-

perience in electronic schematics, circuit lay-
outs, and wiring diagrams, or with considerable 
experience in other related electrical fields. 
Write giving full qualifications to the Person-

nel Department, Curtiss-Wright Corp., Develop-
ment Division, 88 Llewellyn Ave., Bloomfield, 
N.J. 

CONSULTING ENGINEERS 

For laboratory with adequate facilities to take 
on the design of R.F. precision measuring in-
struments on a contract basis. Send reply to Box 
359. 

ELECTRONICS ENGINEERS 

Development engineers on television and ultra-
high-frequency tubes. Technician on tubes. Radio 
engineers on special applications. 
Write full details to Box 363. 

ELECTRONIC EXPERT 

Needed in management of large New York 
plant. Capable of supervising manufacture of 
transmitting and receiving radio assemblies, 
transformers and other electronic equipment. Ex-
cellent opportunity. Write personal and profes-
sional qualifications, salary expected, to Box 210, 
Suite 1024, 122 E. 42 St., New York 17, N.Y. 

ELECTRONIC ENGINEER 
Radio or electronic engineer for design and 

development of Army and Navy electronic equip-
ment. Position offers excellent opportunity with 
well established and expanding company in Con-
necticut, employing over one hundred person-
nel. The company's big post-war program in 
the industrial electronics, radio, and aircraft 
communications fields assures engineering per-
sonnel a continued opportunity for advancement. 
Address reply to Box 364. 

RADIO ENGINEERS, SUPERVISORS 
AND TECHNICIANS 

Chief  Radio  Engineers,  Transmitter, and 
Studio Supervisors and Technicians between 
thirty and forty•five years of age are needed at 
once in important war work in the Pacific to 
construct and operate radio stations.  These 
positions are with the United States Govern-
ment, with good salaries and subsistence, and 
for the duration plus six months. Interested 
persons with actual broadcast experience should 
write, giving details of radio work, to Box 356. 

RADIO, ELECTRICAL AND MECHANICAL 
ENGINEERS 

In the development and production of all 
types of radio•receiving and low-power trans-
=twig tubes. Excellent post-war opportunities 
with an established company in a field of op-
portunities. Apply in person, or write to Per-
sonnel Manager of Raytheon Manufacturing 
Company. 55 Chapel Street, Newton. Mass. 

(Continued on page 52A) 

ENGINEERS 
JUNI ORS 

and 
SENIORS 

For research and 

Development work 

in Electronics 

EE DEGREE 

• 

3 to 5 years experience de-

sirable. Excellent opportunity 

with one of America's Fore-

most Electronic Laboratories. 

• 

HAZELTINE CORPORATION 
58-25 LITTLE NECK 

PARK WAY 

Little Neck, Long Island, N.Y. 

CHIEF 

BROADCAST 

RECEIVER 

ENGI NEER 

Large eastern radio manu-
facturer has an opening for a 
Chief Engineer in its Broad-
cast Receiver Section. Excel-
lent opportunity for the right 
person. Must have adequate 
experience and background. 
Salary $8,000 to $12,000 per 
year depending upon ability 
and experience of applicant. 

War Manpower Commission 
Regulations Apply. 

Address all replies to: 

B O X N O. 360 

THE INSTITUTE OF 
B M HO ENGINEERS 

330 West 42nd Si, 

New York 18, N.Y. 
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THE BRO WNING FREQUENCY METER, used 
by police and other emergency radio facilities 
for the past five years, is still the best meter for 
such services — because it was specifically de-
signed for them. The design, which permits de-
termination of any five frequencies from 1.5 to 
120 Mc., makes for simplicity of operation 
which requires less than one minute to check 
one frequency. All Browning development work 
aims at specific, rather than broad, uses. Thus, 
all Browning equipment is best for its particular 
job. Furthermore, Browning Laboratory facili-
ties are available for study and solution of your 
own, specific electronic engineering problems. 

Write for data. 

BROWNING 
LABORATORIES,  INCORPORATED 
WINCHESTER,  MASSACHUSETTS 
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cut uppedunitik 
awaiLL  ENGINEERS 

DESIGNERS 
TECHNICIANS 

at !NUE 
Instrument 
Division 

Bendix Aviation Corporation 

Through 69 years of Peace and War, the name 
FRIEZ has been synonymous with precision instru-
ments throughout the world. AS a division of Bendix 

Aviation, FRIEZ has pioneered in Electronic, Me-

chanical and Control fields. 

To carry forward this essential war work, as well as 
to project our war facilities into peacetime fields, calls 

for a high order of engineering skill . . . an opportu-

nity and a challenge to 

ENGINEERS, DESIGNERS, TECHNICIANS 

We have openings in these groups that should in-
terest both graduate engineers of long experience as 

well as recent graduates. 

Tell us in which of these fields you have specialized. 
Or if a recent graduate, for which of these fields you 

would be best adapted. 

Your letter of inquiry will be assured strict confi-
dence. Tell us as much as possible about yourself, 

and we will in turn send you complete details of a 
FRIEZ job in which your professional abilities will 

be profitably employed. 

Write Today to: CHIEF ENGINEER 

FRIEZ  . 
INSTRUMENT DIVISION 

BENDIX AVIATION CORP. 

1231 E. LAFAYETTE AVE., BALTO, MD. 

HIRING SUBJECT TO WAR MANPOWER REGULATIONS 

(Continued from page 50A) 

RADIO ENGINEERS 
Need radio engineers with experience  in 

Frequency-Modulation transmitting and receiv-
ing equipment. Familiarity with F.C.C. rules 
and field operation of equipment desirable. Send 
complete experience and education in letter of 
application,  and  state salary  desired.  Com-
pany located in the Midwest where living con-
ditions are good, and expenses below  g e 
Address to Box 351. 

RADIO ENGINEER 
Unusual opportunity for experienced radio 

engineer. Well established medium-6w Midwest 
radio manufacturer. Large post-war program. 
Nationally advertised radio line. Write quali• 
fications and experience to the Agency Service 
Corporation, 66 East South Water Street, Chi-
cago 1, III. 

VACUUM-TUBE DESIGNERS 
Engineers and physicists for research and de-

velopment work on small vacuum tubes. 
An opportunity for post-war employment with 

a growing organization doing both war and essen-
tial civilian production. Recent graduates with 
adequate training and experienced personnel will 
be considered for these positions. 
Certificate of availability required. Write to 

Director of Research, Sonotone Corporation, 
Elmsford, N.Y. 

ELECTRICAL ENGINEERS 
Needed in connection with the manufacture of 

a wide variety of new and advanced types of 
communications equipment and special electronic 
products. Openings available in St. Paul, Minn.,  
Eau Claire, Wis., and Chicago. Apply or write, 
giving full qualifications and furnish snapshot, 
to D. L. R., Employment Department, Western 
Electric Company, Hawthorne Station, Chicago 
23. Illinois. 

(Continued on page cf1) 

Electronic Engineers 
Mechanical Designers 

• 
Manufacturer  of Electronic 

equipment seeks the services of 

qualified Electronic Engineers 

and Mechanical Designers for 

development and research work 

on high quality AM-FM Radio-

phonographs. Extensive experi-

ence required in Design Engi-

neering of Electronic equipment, 

including receiver, radio chassis 

and dial mechanisms. Engineer-

ing degree desirable but not 

essential. Excellent opportuni-

ties. Please submit resume. 

• 
l'1111.IIARMONIC RADIO 

CORPORATION 
528 East 72nd Street 
New York 21, N.Y. 
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TRANSMITTING TUBES 

VACUUM CONDENSERS 

HIGH VACUUM CONDENSERS 

VC 50 TO 250 give higher efficiency 
Photograph shows Jennings Condensers passing through induction heating 
coils on the automatic rotary high vacuum pumps where the present large 
production is meeting the exacting requirements of the U. S. Signal Corps 

Transmitters and the advanced standards of 

MODERN ELECTRONIC HEATING EQUIP MENT 

Jennings Vacuum Condensers and Transmit-
ting Tubes are used in many critical communi-

cation operations in all theatres of war. In the 

South Pacific where dampness and tropical heat 

cause corrosion and deterioration, Jennings 

Vacuum Condensers are helping the Signal Corps 

TROPICALIZE* their Transmitting Equipment. Elec-

tronic Engineers realize the importance of this pro-

tection in choosing Jennings Condensers for their 

transmitters now in development. 
" Prevents corrosion and deterioration 

TROPICALIZE YOUR EQUIP MENT WITH JENNINGS UNITS 

Literature will be sent on request 

JENNINGS RADIO MANUFACTURING COMPANY, Dept. P 

1 0 9 $ E A S T  W I L L I A M  S T R E E T 

Proceedings of the I.R.E. 
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Design and Development 

RADIO ENGINEERS 

WANTED 
This laboratory plans to add a 

number of experienced radio engi-

neers to its staff. Particularly de-

sired are men with advanced radio 

and television circuit development 

background. 

Openings for recent graduates as 

student or junior engineers are also 

available. 

Salaries will be commensurate 
with training and experience. All 

positions are permanent. 

W MC regulations apply. 

Make application by letter giving 

complete details of your qualifica-

tions or in person to — 

Industry Service Division of 

RCA Laboratories 
(License Laboratory) 

711 Fifth Ave., New York 22, N.Y. 

(Continued porn page 52A) 

ELECTRONIC SALES ENGINEERS 
Established electronic tube manufacturer, Ls-

cated in Midwest, requires sales engineers to 
cover Midwest or East Coast. Applicants should 
have electrical-engineering degree, knowledge of 
electronic circuits and applications. and ability 
to contact customers. Excellent wartime and 
postwar opportunity for the right men. Salary 
and bonus. Send complete information to Box 
346. 

ELECTRICAL ENGINEER 
Electrical engineer wanted for position of 

chief of research and development section of 
a Metropolitan New York division of nation-
wide manufacturer. Must have a sound educa-
tional background and outstanding design ex-
perience on light equipment. Salary open. Re-
ply in confidence giving complete personal data, 
experience resume, availability for release, etc. 
to Box 348. 

FIELD SERVICE ENGINEERS 
For domestic and foreign service. Must possess 

good knowledge of radio. Essential workers need 
release. Write to Hazeltine Electronics Corpora-
tion 58-25 Little Neck Pkwy., Little Neck, L.I., 

AUTO-RADIO-SET DESIGNER 
An auto-radio-set design engineer with pre-

war experience needed immediately for post-
war development. Write fully, outlining experi-
ence, salary expected, etc. Address your letter 
to Box 341, 

OESIGNER 
A central New England manufacturer em-

ploying over 1000 people needs draftsman-design-
er on telephone and signaling (mechanical) ap-
paratus. 
Knowledge of die-casting and plastic applica-

tions desirable. W MC regulations prevail. Write 
to Box 339. 

(Continued on page 58A) 

EXCEPTIONAL OPPORTUNITY 

for 

Experienced Radio Engineers 
and 

Technical Writers 
One of America's largest transmitter manufacturers located 
in the Middle-west has openings on its engineering staff 
for experienced radio engineers and technical writers. The 
engineers will be offered an opportunity to work on the most 
advanced type of military equipment and will participate 
in extensive post-war development plans. We will be par-
ticularly receptive to applications from men experienced in 

airline radio and railroad communications work. 

The technical writers should be experienced in preparing 
instruction manuscripts to Army and Navy specifications. 
They will also be required in the post-war period to write 
similar material for commercial applications and technical 

copy for trade publications. 

Ideal working conditions. Salary rate commensurable with 
ability. State age. experience, education, and references. 

Address replies to 

Chief Radio Engineer 

AIRCRAFT ACCESSORIES CORPORATION, ELECTRONICS DIVISION 
Fairfax and Funston Roads, Kansas City, Kansas 

CHIEF 

LOUD SPEAKER 

ENGINEER 

The Rola Company, Inc. re-
quires the services of an En-
gineer who has had several 
years experience and capable 
of heading this division. 

Present work is on 100% 
urgent war products. 

Excellent post-war oppor-
tunity with an outstanding, 
financially sound, long-estab-
lished manufacturer of radio 
loudspeakers and transform-
ers. 

This Company now has defi-
nite plans for an extensive 
expansion in its Engineering 
and  Manufacturing  Divis-
ions. 

Salary open. 

W rite to 
The Rota Co mpany, 

Inc. 
2530 Superior Avenue 

Cleveland 14, Ohio 

ENGINEERS 
For Design & 

Development 

Radio-Television 

Degree in communica-
tions  engineering  or 
equivalent in radio de-
sign essential. Post war 
permanence assured 
right men. 

Write full qualifications 
—education, experience 
and status of availabil-
ity. 

Box No. 353 

Proceedings of the I.R.E. 

330 West 42nd Street, 

New York 18, N.Y. 
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P.REQUENCY ISIODULATE0 

SIGNAL GENERATOR 

SEAT' FREQUENCY' 
CJCIVERA TOR 

in development, research, design and 

production of radio and allied equipment 

TYPE 160-A 

Frequency Range: 50kc. to 75mc. may be extended 
with external oscillator down to 1 kc. 

Range of Q Measurements, Coils: 50 to 625. 

Accuracy. In general  5% 

Range of Q Tuning Condenser: 30-450 mmf. 
(Vernier Condenser:  3 mmf.) 

TYPE 170-A 

Frequency Range: 30mc. to 200 mc. 

Range of 0 Measurements, Coils: 100-1200 

Accuracy: In general  10% 

Range of 0 Tuning Condenser: 10-60 mmf. 

TYPE 110-A 

The factory counterpart of the 0-Meter. Compares 

fundamental characteristics of inductance or capa-

citance and Q under production line conditions 

with a higt. degree of accuracy, yet quickly and 

simply. Insures uniform parts held within close 

tolerances. Frequency range 100 kc. to 25 mc. 

TYPE 150 SERIES 

Type 150 A—Frequency 41-50 mc. and 1-10 mc. 

Type 151 A—Frequency 30-40 mc. and 1-9 mc. 

Type 152 A—Frequency 20-28 mc. and 0.5-5 mc. 

Type 154 A—Frequency 27-39 mc. and 1-7 mc. 

Developed specifically for use in desigr: of F.M. 
equipment. Frequency and Amplitude Modulation 
available separately or simultaneously. 

TYPE 140-A 

A single compact instrument which provides wide Q-
quency and voltage coverage of generated signals. 

Frequency Range: 20 cycles to 5 mc. in two frequency 
ranges. 

Output Voltage Range: 1 millivolt to 32 volts. 

Accuracy:  3%. 

Output Power: One watt into external load. 

BO O NTO N,  NE W  JERSE Y, 
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Maintenance 
and Servicing of 
Electrical 
Instruments 

(Appeared serially in Instruments 

from August 1941 to June 1943) 

By 

JAMES. SPENCER 

In charge of Instrument and Relay 
Department, Meter Division, West-
inghouse Electric & Manufacturing 

Co., Newark, N.J. 

Reprints Available 

This reprint should be of great 
value to all those whose problem 
it is to keep in operation the elec-
trical instruments on vital war pro-
duction as well as those on planes, 
signal equipment, tanks, ships, 
guns and other armament. 

The electrical instrument indus-
try has expanded more than 30 
times its normal production, but its 
service facilities in general have 
not kept up with this pace. Some 
electrical instrument manufactur-
ers do practically no servicing and 
cannot promise early return of the 
few instruments they accept for re-
pairs. 

This reprint should be useful to 
all instrument users, switchboard 
attendants, testing engineers, and 
instrument service men, as the ac-
curacy and efficient life of instru-
ments depend to a large extent on 
competent handling. 

Durable fabrikoid binding, 256 pages, 

5X84 inches, 274 illustrations. 

Price $2.00 postpaid. 

INSTRUMENTS PUBLISHING 
CO., PITTSBURGH 12, PA. 

CHECK, MONEY ORDER OR CASH 
MUST ACCOMPANY ORDER. 

INSTRUMENTS PUBLISHING COMPANY 
1127 Wolfendale St., Pittsburgh 12, Pa. 

Enclosed is $   to cover the cost 

($2.00 each) of   copies of SPENCER 
—MAINTENANCE AND SERVICING OF 
ELECTRICAL INSTRUMENTS. 

Name   

Address 

City   

A GIRL . • . A "  BOARD" 
...AHD A CHALLEHGE 

Breadboards are nothing new to housewives...or to radio. 
But to teach one about the other has been one of the 

Asnple proof that the housewives have learned their minor problems created by the war. 

lesson well is to be found in the volume production of 

To these girls also must go credit for the important radio assemblies at Pacific 'Division. 

' part they play in maintaining thee.celle  of work-
manship which has always been asso ated with 'Pac c 

so Pacific Division continues to offer this friendly challenge—in manufacture and as-Division products. 
serably, as well as in d engineering, 
there is no finer pro uct than the 
one Pacific Division produces. 
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Made in One Piece. . . 
by STUPAKOFF 

TO overcome the weaknesses in coil 
forms with cemented bases, Stupakoff manu-
facturing ingenuity has produced single unit 
construction. The illustrated result — coil 
forms of optimum mechanical and insulating 
properties that assure permanence and sta-
bility in operation. Vibration and humidity 
tests prove the superiority of this design. 

Backed by two generations of experi-

"TOR GREAT 
ACHIEVEMENT** 

ence in the manufacture of precision ceramics, 
Stupakoff engineers will give dependable 
assistance in developing insulators for your 
electronic apparatus. An inquiry will put our 
technical knowledge and manufacturing fa-
cilities at your disposal. 

Do More Than Before —Buy EXTRA War Bonds 

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 
CeA427mie/i ice>2  71oteci  gee-atonic/J. 
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Maintenance 
and Servicing of 
Electrical 
Instruments 

(Appeared serially in Instruments 

from August 1941 to June 1943) 

By 

JAMES SPENCER 

In charge of Instrument and Relay 
Department, Meter Division, West-
inghouse Electric & Manufacturing 

Co., Newark, N.J. 

Reprints Available 

This reprint should be of great 
value to all those whose problem 
it is to keep in operation the elec-
trical instruments on vital war pro-
duction as well as those on planes, 
signal equipment, tanks, ships, 
guns and other armament. 

The electrical instrument indus-
try has expanded more than 30 
times its normal production, but its 
service facilities in general have 
not kept up with this pace. Some 
electrical instrument manufactur-
ers do practically no servicing and 
cannot promise early return of the 
few instruments they accept for re-
pairs. 

This reprint should be useful to 
all instrument users, switchboard 
attendants, testing engineers, and 
instrument service men, as the ac-
curacy and efficient life of instru-
ments depend to a large extent on 
competent handling. 

Durable fabrikoid binding, 256 pages, 
5x84 inches, 274 illustrations. 

Price $2.00 Postpaid. 

INSTRUMENTS PUBLISHING 
CO., PITTSBURGH 12, PA. 

CHECK, MONEY ORDER OR CASH 
MUST ACCOMPANY ORDER. 

INSTRUMENTS PUBLISHING COMPANY 
1127 Wolfendale St., Pittsburgh 12, Pa. 

Enclosed is $   to cover the cost 

($2.00 each) of   copies of SPENCER 
—MAINTENANCE AND SERVICING OF 
ELECTRICAL INSTRUMENTS. 

Name 

Addrett 

City   

Breadboards are nothing new to housewives...or to radio. 
But to teach one about the other has been one of the 

Asaple proof that the housewives have learned their 
minor that 

created by the war. 

lesson well is to be found in the volume production of 

'to these girls alSo must go credit for the important radio assemblies at Pacific Division. 

-part they play in maintaining the excellence of work-
manship which has always been associated with Pacific 

so Pacific Division continues to offer this friendly challenge—in manufacture and as-Division products. 
sembly, as well as in engineering, 
there is no finer product than the 
one Pacific Division produces. 

A GIRL... " A BOAR 
...AND A CHALLENGE 
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Made in One Piece . . . 
by STUPAKOFF 

TO overcome the weaknesses in coil 
forms with cemented bases, Stupakoff manu-
facturing ingenuity has produced single unit 
construction. The illustrated result — coil 
forms of optimum mechanical and insulating 
properties that assure permanence and sta-
bility in operation. Vibration and humidity 
tests prove the superiority of this design. 

Backed by two generations of experi-

-FOR GREAT 
ACHIEVEMENT" 

ence in the manufacture of precision ceramics, 
Stupakoff engineers will give dependable 
assistance in developing insulators for your 
electronic apparatus. An inquiry will put our 
technical knowledge and manufacturing fa-
cilities at your disposal. 

Do More Than Before —Buy EXTRA War Bonds 

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 
etita/mie.i iot iite 7/1ot a of c(j&c/zoitiC.1_ 

Proceedings of the I.R.E.  December, 1944 57A 



Magnetos 
Tachometers 
Compasses 

Ammeters 
Voltmeters 
Galvanometers 
Seismographs 

Magnetic Separators 
Magnetic Chucks 
Magnetic Conveyors 
Magnetic Clutches 
Magnetic Damping 
Devices 

Loud Speakers 
Headsets 
Microphones 
Hearing Aids 
Electrical Musical 
Instruments 

DO YOU MAKE: 
RADIO, SOUND AND COMMUNICATIONS EQUIPMENT? 

Sound-powered  Vibration Pick-ups 
Telephones  Polarized Relays 

Generators Telephone Ringers 
Voltage Regulators 
Phonograph Cutting Heads 
Phonograph Pick-ups 

AUTOMOTIVE AND AVIATION 

Voltage Regulators 
Motors 
Speedometers 

INSTRUMENTS? 

Oscillographs 
Flux Meters 
Watt-hour Meters 
Flow Meters 

Meters 
Magnetron Fields 

EQUIPMENT? 

Generators 
Magnetic Oil 
Filters 

Light Meters 
Cardiograph 
Recorders 

Vibration Pick-ups 

MISCELLANEOUS PRODUCTS? 

Arc Blow-out Magnets 
Temperature and Pressure 

Control Equipment 
Circuit Breakers 
Limit Switches 
Holding Magnets 

IF YOU make any of the above products, it 

will pay you to find out how better perma-

nent magnets can improve efficiency and reduce 

costs. Put your 'design, development or pro-

duction problems up to The Arnold Engineer-

ing Company. Arnold engineers have been of 

great assistance to many manufacturers and are 

at your service to advise exactly what Alnico 

permanent magnet will solve 

your particular problem. 

Clocks 
Toys and Novelties 
Coin Separators 
for Vending 
Equipment 

ir 

ii  t '' A "?: 
tiro 

' ' J.t  

- Nilt 

NEW! 

• 

Get your 
copy of this valuable, 
up-to-the-minute man-
ual on the design, pro-
duction and application 
of modern Alnico per-
manent magnets. Wriie 
us, on your company 
letterhead, today. 

THE ARNOLD ENGINEERING COMPANY 
141 EAST ONTARIO STREET, CHICAGO II. ILLINOIS 

Specialists in the manufacture of ALNICO PERMANENT MAGNETS 

SENIOR 

ELECTRONIC 

ENGINEERS 

Preferably graduates of com-
munication engineering courses 
are required for designing, re-
ceiving-type  electronic equip-
ment  covering  all  frequency 
ranges, and other specialized 
electronic apparatus. Design ex-
perience necessary and knowl-
edge of production is desirable. 
Excellent post-war opportunities. 
Salary open. Requirements ur-
gent. Proof of citizenship and 
certificate of availability are 

necessary. 

Write giving detailed qualifica-
tions and if satisfactory, inter-
view will be arranged at our ex-
pense. 

SUB MARINE SIGNAL CO. 
Dept. 420 

175 State St.  Boston, Mass. 

INTRODUCTION 

TO 

PRACTICAL 

RADIO 
By Durward J. Tucker 

Chief Radio Engineer of Stations 

IVRR, KVP, arid KVPA in Texas 

Written by a man who is 
widely experienced in practi-
cal radio work, this book pre-
sents a complete course in ra-
dio  fundamentals  suitable 
either for self study or for class 
work. The treatment of basic 
principles is more extensive 
than is usual in elementary 
books, and is entirely up to 
date. A review of mathematics 
needed is included with each 
topic. There is also much prac-
tical material on the applica-
tion of principles to the vari-
ous elements in radio equip-
ment. Ready in January. ;3.00 
(probable) 

THE MACMILLAN COMPANY 
60 FIFTH AVENUE, NE W YORK 11 
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PRECISION AT 

2,000,000 

VVE ARE not going to tell you 

here why this tube was made, 

what it does, -or what it is for. The 

important thing about it to you as a 

user of radio oscillator, amplifier and 

rectifier tubes for communications or induction heating 

is that it represents the tc ughest assignment ever handed 

the electronic tube industry, and that of all tube makers 

only Machlett perfected the techniques that made the 

tube possible. 

The tube is sealed-off, vacuum-tight, and operates at 

2,000,000 volts, direct current. These and other difficult 

conditions were essential to assure high and constant 

power, reduction of heat, and precise focusing of the 

electron beam. 

Electrical and mechanical problems presented by the 

tube were so severe that some scientists doubted they 

could be solved, but Machlett, drawing upon its long 

experience, met every requirement in a little over two 

years. 

This is significant to you because every electronic tube, 

whether it produces X-rays, or radio waves, or is a 

rectifier, depends for its success in your service upon 

correct design, proper vacuum, adequate insulation, and 

precision-made parts, to assure precise control of the 

electrons that make any such tube function. 

The perfection of this 2,000,000-volt direct-current tube 

is the best proof we can offer of the value of the Machlett 

skills that go into the design and manufacture of every 

tube bearing our name ... Machlett Laboratories, Inc., 

Springdale, Connecticut. 

MACH LEIT 
APPL O RADIO ITS 46 YEARS 

OF  RAY TUBE  EXPERIENCE 
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THE TUBES YOU CAN 
DEPEND UPON 

C EI L.)!IN 
Rectifiers - Phototubes - Electronic Tubes 

Prompt deliveries on most types 
SEND FOR CATALOG 

CONTINENTAL ELECTRIC COMPANY 
GENEVA, ILL.  sts TOOK IMICI 

I he  inlirrrot sta lll i l ta of Cimoolograph 

Speakers is due to experience in design and 

manufacturing plus highest inspection stun. 
lards. In all types of Cinaudagraph Speakers, 

from small watch-like Ilandie-Talkie units 
to large auditorium speakers, you'll find the 

..ame precision, the same painstaking work-

manship and the same long-Used faithful 

reproduction. 

Watch Cinmulagraph Speakers after Victory! 

Cinaudagraph Speakers, Inc. 
3911 S. Michigan Ave., Chicago 

Export Div., 13 E. 40th St., New York 16, N. Y. 

THE MODEL 5-A DECADE BOX 
RANGE: 

\  1 1 1,1 10 OHMS 
In Steps of 

ONE OHM 
SPECIFICATIONS • All re-
siston non-inductively wound 
with wire having a temperature 
co-efficient of .00002  between 
20• and toe centigrade. • 
New type Oak Decade Switches 

used throughout • Heavy:duty binding posts will accommodate up to #10 • Panel of Bakelite 
engraved bz new "cut-in• process • Housed in hand-rubbed. Oak cabinet • 'Sire 181/2 " 
61/2 " x3Y2 • 
NOW AVAILABLE FOR PROMPT DELIVERY ON PRIORITY  $59 50 
AA-3 OR BETTER—Price   • 

Superior Instruments Co., Dept. H, 227 Fulton Street, New York 7, New York 

If your product is destined 

for South Pacific fronts .. 
USE 

‘ r  

Q-MAX 
A-27 H.F. LACQUER 

.04 

If your communication or electrical 

equipment is destined for the tropics, 

then you will send delicate, precision-

built apparatus into steaming, humid 

atmospheres where fungus, mold 

and harmful moisture, are waiting 

to impair its performance and its 

consequent usefulness to our fight-

ing forces. 

The problem is vitally important 

and calls for a safe, dependable 

remedy to be applied right in your 

factory, when the product is being 

assembled. And it's a problem that 

has now been solved, thanks to our 

chemists who long searched for an 

ideal fungicide that would combine 

well with Q-Max A-27 H.F. Lacquer, 

without interference with its good 

electrical characteristics or its fine 

corrosion resistance. 

Tropicalized Q- Max A-27 H.F. 

Lacquer LI a factory-mixed fungicide-

and-high dielectric coating lacquer 

combination so efficient that it not 

only provides a surface of coated 

protection, but provides a zone of 

inhibition around the coated area 

besides. For insurance against fungi-

cidal damage for your product, spec-

ify Tropicalized Q- Max A-27 H.F. 

Lacquer... and be sure to look for 

the word T ROPICALIZED on the 

Q-Max label. 

Coaxial Transmission Line & Fittings • Ster-
ling Switches • Auto Dryaire • Antenna & 
Radiating Systems • 0-Max A-27 Radio 

Frequency Lacquer. 
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How many Klystrons are there? 

COMPARED with the early Klystrons 
which Sperry first developed some 

years ago, the more recent forms repre-
sent dramatic improvements in both 
size and performance. 

And this is only the beginning! 

Information on the newer types is 
presently restricted to those qualified 
under Military regulations. 

But Sperry Klystrons are in use on 
many battle fronts, and in many ap-
plications... 

There are small Klystrons, and large 
ones ... low-powered ones and high-
powered ones. There are Klystrons 
which generate, amplify, and multi-
ply. Where required, frequency sta-
bility (better than that required for 

broadcast purposes) is readily applied 
by convational means. 
Klystrons are easily modulated for 

new and all conventional purposes. 
And, by means of a single knob, they 
can be tuned continuously over a wide 
band, or the operator can snap-tune 
them to previously selected bands. 

Write us for further information. 

Sperry Gyroscope Com my 
GREAT NECK., N. Y. • DIVISION OF THE SPERRY CORPORATION 

GYROSCOPICS  • ELECTRONICS  • RA DAR  • AUT O MATIC  CO MPUTATION  • SE RVO. MEC HANIS MS 
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PRO,DUCTS 
b • to - 
MERIT 

SHARE IN THIS 
'RECOGNITION 

S‘hie 

A • 
• 

Merit Coil and Transformer Corporation is proud of this U.S. 
Navy Certificate of Achievement, awarded to us as part of 
Radar-Radio Industries of Chicago, Inc. 
With highly skilled workers and the most modern equipment 
for manufacturing in accordance with the latest trends in 
radar-radio production and assembly, Merit has specialized 
in specific tranclormer applications for widely varying fields, 
climates and altitudes. 
These same facilities and broad experience are available now 
for development of your post-war products. 

- M ERIT -  Your inquiriou will hove 
.a AND Tn. _  prompt attention. 

rr LT 2' rT E 

-MERIT COIL & TRANSFORMER CORP. 
4427 North Clark St.  CHICAGO 40, ILL. 

FIRST OFFICIAL PICTURE 

Of the New 

HARVEY REGULATED 

PO WER SUPPLY 

206 PA 

Look It Over! You'll see the quality crafts-
manship and compact construction of this new 
HARVEY 206 PA —its sound design, precision 
assembly and easy accessibility. Notice the gray, 
crackle-finish panel and the copper plated chassis. 

The new Harvey 206 PA is equipped with 
spare fusee, • generous 6 ft. heavy duty Types 
cord, two interlocks for safety, overload and time 
delay relays —everything to make it • thoroughly 
dependable, easy-to-operate source of 1.boratory 
D.C. power. 

RANGE 500 to 1000 VOLTS 

Although the picture gives you an indication 
of why the HARVEY 206 PA operates smoothly 
and efficiently, it can't show you how this pre-
cision instrument operates in two ranges -500 to 
700 volts at 1/4  of an ampere; 700 to 1000 volts 
at .2 of an ampere —with both ranges accurately 
regulated within one per cent. That's up to the 
instrument and us. We'd like nothing better than 
the chance to show you just what this important 
new development can do. Get in touch with 

HARVEY RADIO LABORATORIES, INC. 
447 CONCORD AVENUE  CAMBRIDGE 38, MASSACHUSETTS 

RADIO PARTS OF 

"TAYLOR 

LA MINATED 

PLASTICS" 

Many of the problems encountered 

•  *  * 

DAILY by radio engineers can best 

•  • 

be solved by Phenol Fibre, 

•  •  • 

or Vulcanized Fibre, in rods, sheets, 

• 

tubes or Fabricated Parts. 

• 

Problems of high dielectric strength, 

* 

light weight, or MASS production at 

*  •  • 

econo lll ( !al cost are "duck soup" 

*  * 

to us. Send us your blueprints, tell 

•  •  • 

us what physical properties are 

•  *  • 

required, and we'll quickly tell you 

•  *  * 

whether Laminated Plastics can 

•  • 

serve you economically and well. 

If you think of Phenol Fibre as a plastic that can be 
used only for the simpler types of insulation, look a 
this high-finished radio slider that is drilled, slotted 
and beveled Into just about as complicated a piece 
of equipment as you'll find in any electrical device. 
Taylor ingenuity and Taylor equipment turn out such 
pieces by the thousands at remarkably low cost. 
Before you decide "it can't be done," Take it to Taylor. 

TAYLOR  FIB RE 
CO MPANY 

LAMINATED PLASTICS: PHENOL FIBRE • VULCANIZED FIBRE 
Sheets, Rods, Tubes, and Fabricated Parts 
NO R RIS TO W N,  PE N NS YLVA NI A 

OFFI CES IN PRI NCIPAL CI TIES 

Pacific Coast floadquartiors: 
544 S. SAN PEDRO STREET, LOS ANGELES 
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r... the high perfor mance 

tube 

AMPEREX 

to 

ft PEREX 
WATER and AIR COOLED 

TRANSMITTING and RECTIFYING TUBES 

mperex engineers have made many important contri-

butions to the refinement of electron tubes. One "Amper-

extra" of note is the development of a means of assuring 

positive contact between the plate and wire support. Vary-
ing and unreliable high resistance contacts have been 

eliminated by clinching and riveting. And it is this 
method of joining the plate and its supports that makes 

for a steady, constant flow of plate current. 
The sum total of all "Amperextras" adds up to cost 

efficiency in broadcasting, industrial, electro-medical and 

amateur radio applications. An Amperex engineer is avail-

able for consultation on your present or postwar problems. 

11111PEREX ELECTRONIC CORPORATION 

79 WASHINGTON STREET. BROOKLYN 1. NEW YORK 

Export Division: 13 E. 40th St.. New York 16. N. Y. Cables: "ARLAB" 

IN THIS WAR, YOU GIVE WHAT YOU'VE GOT...DONATE A PINT OF BLOOD TO THE RED (ROSS TODAY 
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Sherion 
Electronics 

A manufacturer's engineering service or-
ganization offering complete Laboratory 
and Manufacturing facilities. Electronic 
Test Equipment and Production Devices 
developed or built to specifications. 

In more and more electronic plants— 
where the ideal is the standard, Sherron 
Test Units are standard equipment. 

Pit. 174.  SHERR O N  METALLIC  CORP. 
L.14E2Wiiitift 1201 FLUSHING AVENUE  BROOKLYN 6, N. Y. 

BROADCAST ENGINEERS 
POLICE RADIOMEN • 

Ware No w 
—on your phasing and 
tuning gear problems 

• Let us know now your requirements 
and specifications for phasing and tun-
ing gear for your directional antenna. 
Andrew custom built equipment will 
again become available as soon as Uncle 
Sam releases our engineering and man-
ufacturing facilities from production 

for war. 

This release may come at any moment. 
Be sure that your needs are listed at the 
top of our peace-time back-log. The 
planning you do now will speed yout 
own reconversion to the new high 

standards of the future. 

Andrew engineers will gladly apply 
their years of skilled experience to the 

a 

solution of your special problems in the 
field of directional antenna equipment: 

• Phasing networks and equipment 
• Antenna tuning units 
• Remote reading antenna ammeters 
• Phase monitors 
• Coaxial transmission lines and 
accessories 

ANDREW CO. 
Aivo'" 

363 East 75th Street 

Chicago 19, Illinois 

G-E Safety Door 
Interlock Switch 

OPEN the door and the power's 
off! Prevents accidents, pro-
tects equipment. Will not fail 

mechanically. For complete 

details, write: 

GENERAL  ELECTRIC 
ELECTRONICS DEPARTMENT SCHENECTADY, N 

KEY TO 

Lilhoratoril 
Standards 

Standard Signal 

Generators 

Square Wave 

Generators 

Vacuum Tube 

Voltmeters 

U. H. F. 

Noisemeters 
• 

Pulse 

Generators 

Moisture 

Meters 
• 

MEASUREMENTS 
CORPORATION 
BOONTON,NEW JERSEY 
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O tV S ° 8 4  

4 14  a.)5 h1D  
ATTENUATORS 

BY TECH LAB • 

• StoiNess Sifuet 
1.11oy contods ond wiper otms. 

Rotor hub  pinned to  
•   shoft pre-

vents unoutholl%ed tomperinq 

ond keeps wiper cols in per-

fect orhustment. 

• on b furnished innocirvi 
C  e 

cibpr.oc-

tico1 impedonce o  loss 

per step upon request. 

A31. 

• Viiite fo r our W ein No.   

Wee On uP 
d 5nisionlortmelocrov.rm20:,,t1cdo 

1,000,000 10111;40. As142:11° %no s 60.10  coon, 

z I.AB OR AT ORIES 

LI NC O LN  STREET 
JERSEY  CITY  7,  N. J. / 

GREENOH S 

"THE HOUSE OF RESISTORS" 
Standard 10 and 20 
watt  fixed  resistors. 
1-50,000 and 1-100,000 
ohms. 

Standard adjustable re-
sistors. 25 to 200 watts. 
1-100,000 ohms. Brack-
ets  furnished.  Addi-
tional sliders available. 

Greenohms feature the 
exclusive  Clarostat 
cold-setting  inorganic 
cement coating. Won't 
flake, peel, crack, even 
under  serious  over-
load. 

Greenohms can take 
an  awful  beating. 
Handle  heavy  over-
loads without flinch-
ing. 

Available  in  widest 
range of windings, ter-
minals,mountings,taps, 
etc., on special order. 

• 11\ ,A 
- .... ir tuolosT . ,Navis/i) 

* GREENOHMS—those green-colored ce-
ment-coated Clarostat power resistors—definite-
ly "stay put." You can positively bank on their 
resistance value. Proof? The fact that they are 
now found in the finest assemblies—quality in-
struments, radio transmitters, electronic equip-
ment. The resistance is right to start with. And it 
stays right even after years of use and abuse. 

Recently we had occasion to check a batch of 
Greenohms that had been lying around in a 
warehouse for years—part of one of our radio 
show displays. Each and every Greenohm 
checked "right on the nose." And they make out 
even better in use aqd under real abuse. 

* Submit Your Problem ... 
Tell us about your resistance or control prob-
lem. Let us provide engineering collaboration, 
specifications, quotations. 

& rid wea/ ofe of-
CLAROSTAT MFG. CO., Inc. • 285-1 N. 6th St., Brooklyn, N.Y. 
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Catalog will be sent 
to  engineers  and 
executives writing on 
their business letter. 
head. 

Address Dept. AG 

HARCO 
STEEL 

CONSTRUCTION CO. 

Elizabeth 4, N. 1. 

MAKES IT  -I 

A to oy's fter the fl O W 0 htohs...e 
SpeeelJ .   1;:b.tuTe aoio  oail.;,:c1„ cvs:co.y. oto r 

tns tbc  fe'as r:to  aloe motors.to 

•i" r ater baste m 

asn'tesIttac  : Urr 

rn  , :asO'rkin‘glo'Sp°reclWay SpeciPa-

a0 119. 
05 

o nee. to SpeedlOsy. Motor outputs range trona 1/3 

1/3 bp.• 

to  Dainattca gear ratios ovitaobto from 

stock itc80 •  problem. Iwo, 

e for SPee  c... D. bovilt tott stantlaraa n. otoo. 
al Motets *D 

CO. 

SPEEDWAY M  111. 
ANUFACTURING 

18 78 S. 
5'2nd Ave., Cicero 50,   

Section Meetings 
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42A 
9A 
73A 

2IA 

 Cover II 
73A 

VA 

Walker-Jimieson, Inc.   
Western Electric Co.    
Western Lithograph Co.   

42A 
SIA 

66A 

M. F. M. Osborne Associates 
Consulting Physicists 

Mathematical  Analysis of  Physical  Prob-
lems, Higher Mathematics, Approximations. 
Electronic  Design.  Fluid  Dynamics,  Me-
chanics, Electromagnetic and Acoustic 1Vave 
Propagation. Literature Surveys, Reports. 

703 Albee Bldg., Washington 5, D.C. 
Telephone District 2415 
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IN THE FIRST SIX POST-WAR MONTHS 

' 

SIGNAL GENERATORS PANEL INSTRUMENTS 
, .... 

.78 , 
„, . . _ 

_ 
. 

POCKET TESTERS T ,  . '   

VCHECK THE TYPES AND QUANTITY 
Estimate your future equipment needs and place a tentative post-war order for 
them with your jobber now. This foresight will enable him to stock the Triplett 
instruments you will need, and will assure you quicker resumption of civilian 
business. Give best priority you can obtain to facilitate deliveries as production 
is available. 

Get the co mplete list of Triplett instru ments and radio test equip ment. 

Triplett 
ELECTRICAL INSTRUMENT CO. BLUFFTON, OHIO 

Concentric Transmission Line 

;4 Sta.:de:net Pzoduct 
Sioce 1934 

• Ten years of experience in build-
ing concentric transmission line 
and associated impedance match-
ing equipment assures you highest 
quality and workmanship. 

Doolittle lines are made in sev-
en standard sizes. Each line uses 
seamless copper tubing for the 
outer and inner conductor, except 
Types C-1 and C-6 which use solid 
inner conductors. The insulating 
heads are made of low loss cera-
mic—impervious to moisture— 
spaced and fastened securely for 
maintaining proper electrical and 
mechanical characteristics. 

QUICK DELIVERY 
On All Standard 

Sizes Upon 

Suitable Priority 

Carefully designed fittings and 
accessories for any requirements 
are also available. 

Special sizes are made to order. 
For engineering information con-
cerning installation and use, feel 
free to consult ourengincering staff. 

W RITE 

FOR 

CATALOG 

AND 

PRICES 

RADIO, INC. 
Ifililders of Precision Communications Equip m 

7421  SOUTH LOO MIS BLVD., CHICAGO 36, ILLINOIS 

Platinum metals scrap and 

residues refined and re-

worked on toll charges; or 

purchased outright by us... 

Write for list of Products. 

Discussion of technical 

problems invited . . . . 

SIGMUND COHN &CO. 
44 GOLD ST.  ;‘, NEW YORK 

SINCE k.,1 1901 

MeRS 
FOR THE 

.1'1°1  • \/:\\115:1111:14:41/V6  

orste:„.„. 
ost 

0‘, 

Available from 
local dealers or 
by writing fac-
tory direct. 

• 

, 

/, 4/411111 
I \ 

UNIVERSAL 
STROBOSCOPE 
This handy phonograph turntable speed Indicator, 
complete with instructive folder. Is now available 
gratis to all phonograph and recorder owners 
through their local dealers and jobbers.  As a 
recorder aid the Universal Stroboscope will assist 
in maintaining pre-war quality of recording and 
reproducing equipment In true pitch and tempo. 

Universal Microphone Co , pioneer manufacturers 
of microphones and home recording components 
as well as Professional Recording Studio Equip-
ment, takes this means of rrindering a service to 
the owners of phonograph and recording equip-
ment.  After victory is ours —dealer shelves will 
again stock the many new Universal recording 
components you have been waiting for. 

1-1 uR"LitiNit  ̀mic  co. 
INGLE WOOD, CALIFORNIA 
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Powered by RCA 
• RCA aviation radio engineering has long been international. All over 
the world airport control towers and ground stations powered with 
RCA Transmitters are directing plane traffic, operating radio ranges, 
communicating with other airports—even in some cases providing 
shore-to-ship service, or furnishing inter-city telephone facilities— 
and carrying on other routine and emergency services. 

Experience gained in world-wide service and constant research are 
reflected in the six new RCA Transmitter designs illustrated here. 

Covering a wide range of frequencies and power, these transmitters 
will provide reliable operation for your service—whether you need 
low or high power, low or high frequency, there is an RCA Transmitter 
to fit your requirements. Check the features against your needs and 
write us for descriptive data. 

TR ANS MITTER TYPE 

ET-4336-C 

Frequency Range   

 2000 to 20,000 kc. 

Oscillator Circuit .Crystal 
Power Output   
....250 watts Telephone 

350 watts Telegraph 

No. of RF Channels One 
No. of Frequencies.. One 

Vertical chassis construc-
tion. Built-in modulation 

indicator, Separate speech 

amplifier. 

TRANS MITTER TYPE 

ET-4331 

Frequency Range... 

  3000 to 20,000 kc. 
Oscillator Circuit .Crystal 

No. of RF Channels One 
No. of Frequencies.. Six 
Power Output. 1 kilowatt 

Type of Emission   
 Telephone 

High fidelity with audio 

substantially flat between 

50 and 10,000 cycles. 
Speech inverter for secur-

ity of messages available 
as accessory equipment. 

1 9 1 9 

1 9 4 4 

25 Years 

of Progress 

in Radio 

and Electronics 

RCA VICT OR DIVISI ON  • CA MDEN, N. J. 

In Canada 

RCA VICT OR CO MP ANY LI MITED, Montreal 

TR ANS MITTER TYPE 

AVT-228 

Frequency Range   

 2650 to 19,000 hr. 
Oscillator Circuit   

 Crystal or M.O. 

No. of Channels   
 (Two pictured) May 

be added as desired 

No. of Frequencies   
 One per channel 
Power Output. 5 kilowatts 

Type of Emission   
..Telephone or Telegraph 

Additional channels may 
be added as required. 

Master oscillator available 
as accessory equipment. 

TRANS MITTER TYPE 

ET-4 335-IF 

Frequency Range   
  150 to 600 kr 

Oscillator  Crystal 
Power Output   

.250 watts Telephone 
350 watts Telegraph 

No. of RF Channels .0ne 

Flo. of Frequencies  One 

Modulation indicator and 

tuning controls on front 
panel. Built•in speech 

amplifier, modulator and 

power supply. 

Frequency Range   
  1700 to 20,000 hr. 

Oscillator Circuit .Crystal 

Power Output .200 watts 
Type of Emission   
Telephone and Telegraph 

No. of RF Channels . Two 
No. of Frequencies.. Four 

Single unit construction. 

Remote control available 
as accessory equipment. 

Frequency Range   

 2200 to 20,000 hr. 

Oscillator Circuit .Crystal 
Power Output   

....250 watts Telephone 

350 watts Telegraph 
No of RF Channels One 
No. of Frequencies ..One 

Vertical chassis construc-
tion. Separate speech 
amplifier. 



Pride is something that comes from the heart. 
It cannot be seen — except as a symbol. Such as these 
service pins worn by our skilled craftsmen. 

C-D's men and women are outstanding technicians in their special 
field — capacitors. Many of our men have been working on C-D capacitors 
almost as long as modern capacitors have been in existence . . for C-D pioneered 
in capacitors and has manufactured them exclusively for 34 years. 

Some of our men designed and made capacitors for wireless equipment used 
in World War I. They proudly wear their symbols of long service. Others 
wear their 5-year pins, their 10-year pins, their 20-year pins as a mark 
of their skill, accumulated knowledge and experience in capacitors. 

Our men and women are constantly striving for 
improvements . and out of their inquiring minds 
come new developments to meet the changing needs of 
capacitor users. These are the people who build 
dependability into C-D capacitors — that make them top 
quality always. Cornell-Dubilier Electric Corporation, 

South Plainfield, N. J. 

CORNELL-DUBILIER 
CAPACITORS wo 
LARGEST MANUFACTURER OF CAPACITORS 

MI C A  • DY K A N OL  • PA PE R  • WET  AN D  DRY  ELECTR OLYTiCS 

1910.1944 



FREQUENCY 
METER 
and 

MONITOR 

for HIGH FREQUENCY 
SERVICES -1500 kc 

to 200 Mc 

For measuring and monitoring the carrier frequency of a-m transmitters, these two 
new G-R instruments offer many operating advantages over equipment formerly 
available. 
With the Frequency Meter, readings are substantially independent of amplitude 

of modulation, input waveform and input voltage. Over very wide ranges, changes 
in any of these do not affect the meter indications. The instrument requires no di-
rect connection to the transmitter. ... a foot or two of wire provides ample coupling. 
The indicating meter has six ranges with full-scale values of 200 cycles, 600 cycles, 
2 kc, 6 kc, 20 kc and 60 kc. 

One of the most useful features of the Frequency Monitor is its great sensitivity. 
It can be used to monitor mobile stations. The numerous operating conveniences 
include: a panel switch to select any one of four temperature-controlled quartz 
plates; a "stand-by" control to maintain operating temperature continuously with 
the tube circuits disconnected; positive indication of the direction of frequency de-
viation; panel terminals for the audio output and for the output of the crystal buffer 
stage for calibrating or adjusting transmitters or receivers. 

You'll find that this combination of instruments is one of the best G-R has de-
veloped for high-frequency communications monitoring. 

Because we are in full-time production of war orders, none of these instruments 
are available for shipment, and probably will not be until after the war. We ARE 
accepting reservation orders, however, and will fill them in rotation as soon as pro-
duction starts. 

GENERAL RADIO COMPANY 

FREQUENCY METER 
RANGE: 0 to 60.000 cycles in six ranges 

ACCURACY: .2% of full scale 
INPUT VOLTAGE: Any between 0.25 
and 150 volts 

MOUNTING: Relay-rack panel: walnut 
end-frames  (illustrated) for table 
mounting, extra 

TYPE 1176•A FREQUENCY METEP 
6185.00 

• 

FREQUENCY MONITOR 
CARRIER R A N GE: 1500 ke to 200 Mc 
ACCURACY. 0.003% with our quartz 
plates 

QUARTZ PLATES: Up to four,notin-
eluded in price; ground to channel 
frequency 

MOUNTING:  Same  as  Frequency 
Meter 

TYPE 1115-A  FREQUENCY MON• 
ITOR  2250.00 

CAMBRIDGE 39, MASSACHUSETTS 
New York 6 
Chicago 5 

Los Angeles 38 


