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A heavy responsibility rests on all men in war industries . . . especially 

upon executives and engineers. 

Their knowledge of confidential operations should not be the subject of 

discussions beyond the confines of the plant . . . nor should their natural 

pride in accomplishments cause them to speak unthinkingly. Discretion is 

an essential pare of war production. 

AMPEREX ELECTRONIC PRODUCTS 
79 WASHINGTON STREET  BROOKLYN, NE W YORK 
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Continuous Service Rating 
TYPES 1 550-1 560-1 570-1 580-1590 

Maximum Current in Amperes - Maximum Ambient Temperature 600 C 

Catalog  10.000  3000 
Number  kc.  kc. 

590-200 
590-201 
1590-202 
1590-203 

1590-204 

1590-205 

1590-206 
1590-207 
1590-208 
1590-209 

1590-210 

7. 
8.5 
6. 
10. 
8. 

11. 
9. 
12. 
9. 
12. 

Aerovox  mica  transmitting  capacitors 

are available in the widest range of 
types, capacities, working voltages. Type 

here shown is the bakelite-cased 1590 

series for medium-duty high-frequency 

current-handling functions. 

4 

a 

Type 1590 

TYPE 1590 
1000  300  100 
he.  kc.  Ice. 

4.5 
6. 
4. 
8.5 
7. 

11. 
8. 
14. 
10. 
14. 

1.5 
3. 
2. 
4.5 
3.5 

Cap.  Test Volts  Catalog 
Mids.  EN.  Number 

10.000  3000  1000  300  100 
kc.  kc.  kc.  kc.  Ac. 

.5  .01 

1. 
.7 
1.5 
1.2 

7.5  2.5 
6.  2. 

5. 
3. 
6. 

.01 

.02 

.03 

.04 

8000 
6000 

5000 
4000 
4000 

.05  4000 

.05  2000 
2000 
1000 

.2  600 

.1 

.1 

.25 • 

.3 

.4 

.5 

600 
600 
600 
600 
600 

1590-217 
1590-218 
1590-219 
1590-220 
1590-221 

1590-222 
1590-223 
1590-224 
1590-225 
1590-226 

1590-227 
1590-228 
1590-229 
1590-230 
1590-231 

16. 
16. 
18. 
18. 
18. 

18. 
18. 
18. 
18. 
18. 

18. 
18. 
18. 
18. 
18. 

20. 
20. 
20. 
20. 
23. 

25. 
25. 
25. 
25. 
25. 

25. 
25. 
25. 
25. 
25. 

15. 
15. 
17. 
18. 
20. 

22. 
22. 
22. 
22. 
22. 

22. 
22. 
22. 
22. 
22. 

600  1590-232    8  25.  22. 

ackod 

8. 
10. 
12. 
12. 

12. 
12. 
12. 
12 
12. 

12. 
12 
12. 
12 
1 

the most complete 
CONTINUOUS SERVICE 

RATING DATA 
• Those Aerovox mica transmitting 

capacitors are backed by exception-
ally complete data on maximum current-
carrying ratings at five different frequen-
cies, in addition to capacity and test-volt-
age ratings. The unit best suited for given 
current at given voltage and frequency 
may thus be selected quickly and pre-
cisely. This data, the accumulation of 
years of research and experience based 
on extensive tests conducted with special 
test equipment, was determined in connec-

Af ROVOX  CORPORATION  NE W  BEDF ORD  MASS 

tion with standard circuits in which such 
units are extensively used. 

Good capacitors, plus good application 
data, account for the tremendous popular-
ity which Aerovox transmitting capacitors 

enjo> today. 

Be sure to reserve your copy of the Aero-
vox Transmitting Capacitor Catalog, now 
in preparation, for your working library, 
if you are engaged in professional radio 
or electronic work. 

INDIVIDUALLY TESTED 

U  S  A  •  SALES  OFFICES  IN All  PRINCIPAL  CITIE S 

u pon  t 100  VAAicK  Si N Y  C Cable  'ARLAB'  •  In  Canada  AEROVOX CANADA LTD , HA MI LTO N, 0111 

Proceedinuf of the I.R.E.  May, 1943 



Photograph, courtesy Transcontinental and Western Air, Inc. 

NAIZW\ WeAlifmNaNnw\‘ ni6.%\k.%% 
The reliability of Wilcox commun-

ications and other radio equipment 

has made them invaluable servants 

of leading commercial airlines. 

Now, the entire output of Wilcox 

factories is going to wartime uses, 

and the experience gained during 

Communication Receivers 

Aircraft Radio 

peacetime is standing in good 

stead for military operations.  , 

Thus, Wilcox is keeping pace with 

the miracles of flight... and, after 

Victory, new Wilcox developments 

will be available for the better-to-

live-in, sane, sensible world ahead. 

kfi!  
WILCOX ELECTR 

Airline Radio Equipment 

Transmitting Equipment 

C COMPANY 

iv 

Quality Manufacturing of Radio Equipmen. 

14TH Si CHESTNUT  KANSAS CITY, MISSOURI 

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



Neither were planned for war 

Were not raising new generations to die on battlefields; were not design-
ing implements for future wars. We Americans are a peace and freedom-
loving lot, with an economy that is geared to the home.. . washing machines, 

automobiles, radio... 
But we first must finish an unpleasant job of blasting the daylights out of 

those who deliberately attacked our way of life. For that purpose, we've given 
our men. And our men are getting the very best tools for that piece of grim 

business. 
We thank heaven that change, progress and mass production are an 

integral part of a system that enabled us to redesign our products for military 
applications. True, our new designs were speeded by war necessity—but we 

like to think of these latest Electro-Voice microphones as no different from the 

others in our evolutionary scale. 
For, as eagerly as any soldier on a fighting front, we retain a vision of 

returning again to our natural mode of living. We plan to build better micro-
phones for civilian communication . . . for music . . . for laughter . . . 

ae ilit,0-kiCe MICRODHONES 
ELECTRO-VOICE MANUFACTURING CO.. INC. 

Proceedings of the I R F  May, 1941 

1239 SOUTH BEND AVENUE, SOUTH BEND, INDIANA 



FILTERS 
Designed for war 

Unique characteristics o many UTC filters are 
the result of years of research on core materials 
and filter structures. We arie proud of our part in 
the development of filters for wartime electronics. 
Here are a few typical elements, based on UTC 
design, which have led to UTC leadership in this 
field. 

May we design a "Victory', 

unit to your application? 

Nor 

. . . For medium fre-

quencies, the Q of this 

coil is 210 at 1,000 cycles. 

This UTC development 

is a tunable inductance, 

adjusted  in  the  same 

manner as an I.F. trim-

mer. 

150  VA RI CK  ST REET 
EX P O RT  DI VI SI O N:  I 0 0 VA R IC K  S 

The now well known radio 

range titter weighed 36 pounds 

when it originally was sub-

mitted to us. 

Continuous refinement by UTC 

has resulted in the modern ra-

dio range titter weighing only 

1.6 pounds — a weight reduc-

tion ot 95%. 

Cr, 

. For low frequencies, 

the Q of this coil is 80 

at 100 cycles. 

Designed for high fre-

quencies, the Q of this 

coil is 300 at 20,000 cycles. 

NE W  Y O R K,  N. 
RK, CA1LES: "ARL AI" 



Communications from Westinghouse 
Capacity is available to produce the following products for early delivery to 
communications equipment manufacturers. Watch this board for latest lists 

of manufacturing capacities. 

PRESTITE—CERAMICS 
"Solder-Seal" hermetically tight 
bushings and terminal boards. Me-
chanical bushings, standoff insu-
lators, coil forms. Grade "E" charac-

teristics. 

HIPERSIL TYPE "C" CORES 
Three grades of two-piece, lami-
nated steel cores for power, audio, 
intermediate radio and higher fre-
quencies. Space factors 95%, 92% 

and 89%. Windows down to 1/2"x V I". These cores do not require 
dies or nickel. 

MICARTA— PLASTICS 

Phenol-formaldehyde,  includi 
thermoset-

ting. 11-NEMA GradeS  ng 
XXX, X, P, and LE. Plates, shapes, 

punchiogs, moldings. 

- 
-°,  4 

4 
- .11 

• • • -  wf 

For further information on products or 

deliveries, write to Westinghouse Electric 

and Manufacturing Company, Dept. 7N, 

East Pittsburgh, Pennsylvania. 

BI-MET AL THER MOSTATS 

lloth strip emperature and disc type. Over- 
heating or T  Control for 
cooling systems, crystal ov ens, etc. 

RECTOX — RECTIFIERS 

de rectifiers for  power  Copper  oxi   
packs, instruments, etc. 

INERTEEN  CAPACITORS 
Noninflammable, hermetically-
sealed, very compact. Ratings from 
10,000 to 100,000 volts. 

Westin house 
PLANTS IN 25 CITIES... OFFICES EVERY WHERE 

Prot eedings of the JR.!!.  May, 1943 



THE. MACHINE GUN IS •• 

Ma AMERICAN INVEATION 

John NV Browning, 1.1tor,-born gunsmith, 

invented th e machine gun in 1916, thus 

giving the tl• S. P OI,/ and our allies an 

important weapon for victory. 

HEINTZ AND KAUFMAN ORIGINATED 
THE TANTALUM ELECTRON TUBE 
GA MMATRON tubes exemplify the ability of Heintz and 

Kaufman engineers to meet difficult design problems with 

exceptional skill and ingenuity. 

Faced with the need for tubes which can endure great physi-

cal and electrical punishment without faltering, our engineers 

were the first to appreciate the unique advantages of tantalum 

as a plate and grid material. In addition they pioneered new 

principles of construction which discarded all internal insula-

tors. As a result, GAMMATRONS are inherently gas-free. 

Heintz and Kaufman brought this same pioneering spirit to 

the UHF band. Some of the accomplishments of GAMMA-

TRONS at high frequencies are well known, but many devel-

opments are today classed as restricted information. Until 

the full story can be told, keep GAMMATRONS in mind for 

postwar applications ... for then as now they will help open 

new frontiers for electronics. 

HEINTZ AND KAUFMAN, LTD. 
SOUTH SAN FRANCISCO • CALIFORNIA • U. S. A. 

C u  intil uit T aves 

' 

.40fismatii 

HK-1054 TRIODE 
OPERATING DATA 

a n RI: Power Amplifier, 

Class C, UP:modulated. 

Typlcol 

Power Output   3000 Watts 

Driving Power  140 Watts 

5000 Volts  6000 

750 M A.  1000 

-950 Volts  -2000 

105 M A  150 

1475 Volts 

3750 Volts  3750 

Plate Dissipation  750 Watts  750 

DC Plate Voltage 

DC Plate Current 

DC Grid Voltage 

DC Grid Current 

Peak RF Grid Volts 

Plate Input   

SIP! 



PO WER TRANSMISSION 

Electronics,  science  of 
the future, is used to op-
erate electric sub-stations 

by remote control. 

PROCESSING STEEL 

Electronic heating for 

more efficient tin plating 
of steel -- another elec-

tronics application. 

DIRECTION FINDING 

Even small ships at sea 

may be guided in future 
by electronics, nbwest 
miracle of sci•nce. 

1,000,000 

100,000 MC 

10,000 MC 

100 PIC 

AGIC IN 

AND  RS! 
With electronics man can noill p through stone and steel... 

detect smoke, dust an lfpg invisible to the eye. He can match 

colors and finishes ... manipulate doors, furnaces, traffic— 

even make meat tcnder by means of the science of electronics. 

The industrial uses for the magic of electronics appear 

almost endless. In the 100-1000 kilocycle range of the fre-

quency spectrum, for example, the applications of electronics 

include operation of electric substations by remote control, 

more efficient tin plating of steel, maritime direction finding 

applied even to small pleasure craft. 

And almost every day astounding new uses are being 

recorded—in transportation, food, medicine. With the dawn 

of peace, the range of useful electronic applications is expected 

to embrace almost every phase of modern living. 

For the electronically-minded, there will be no limit to the 

opportunities when the war is won. Fascinating new careers, 

undreamed-of a few years ago, will be waiting—in the service 

of those who will produce the many electronic devices, as 

well as in the fields where this new science will be applied 

in the coming "Era of Electronics." 

Isolantite has followed closely the development of science's 

newest miracle, aware of the possibilities for its commercial 

application at war's end. Aware, too, of the role insulation 

must play in adapting the electronic principle to new products 

and uses for peacetime living. The electronic world will 

not be delayed for want of high-grade insulating materials. 

CE R A MI C  IN S U L A T O R S 

ISOLAN1 I IE INC., BELLEVILLE, N. J. 



TWO YEARS AT THE FRONT!...IN TEN MINUTES 

Three thousand times a minute the 

aircraft radio equipment atop this 

machine lives through an accelera-

tion that would cause the toughest 

young airplane pilot to "black out" 

in dive bombing. In a few minutes it 

lives through the jars and vibrations 

it would receive on ten round trips 

from Washington to Chungking. If 

there is a structural weakness in its 

design it shows up instantly; before 

it goes into service. 

This is the largest and most power-

ful of the various types of vibration 

machines used by RCA in the devel-

opment and production testing of 

aviation radios. It can duplicate the 

vibration of the smallest plane or 

the mightiest bomber. It can re-cre-

ate the tremendous vibration strain 

caused by one motor being shot from 

a bomber, or by the diving of a plane 

with 250 pounds of radio at ten 

times the force of gravity! —In fact, 

within three minutes the RCA vibra-

tor can shake into'pieces any radio 
set made — and it would probably 

shake down the building if its 6-ton 

concrete and steel base weren't 

mounted on those giant springs. 

Thus, RCA research helps to 

make RCA's aviation radio equip-

ment become more pow-

erful, more effective, and 

more dependable, in 

performing its vital tasks. 

RCA AVIATION RADIO 

'Br...,,Y1CTORN 

BUY 

WAR 
DO M'S 

S1A 41, 

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



ffl,eile/hf iiTOUGHEST 
09iffilAil ALS I MA6 

The decisive factor in many important battles is the shock 
action and mobile fire power of a tank charge. Success is 
dependent upon perfect timing, perfect coordination through 
instant and sure communication by voice radio between 
the various units. 

Tank radios must be compact. Above all else they must be 
dependable -- able to withstand terrific vibration, jolts and 
jars. They must operate under extremes of heat and cold. 
They must not fail. 

That is why you find more and more tank radios of the 
Allied Nations equipped with AlSiMag steatite ceramic 
insulators . . . . compact, tough, dependable. 

AWARDED JULY 27. 1942 

kl  MA@ 
Proceedings of the IRE.  May, 1943 



He can smile through it all 

So let's keep a smile a-going 

back here, too. 

Even though war is crowding 

the wires, telephone people still 

want to give you pleasant, 

friendly service. Materials for 

new telephone facilities are 

not to be had. But there's no 

shortage of patience and 

understanding. 

Takes a lot of pulling together 

to do this and we appreciate the 

help from your end of the line. 

BELL  TELEPH O NE  SYSTE M 

SKI R CALLS CO ME FIRST 

• Your continued help in making only vital 

calls to war-busy centers is more and more 

essential every day. 



ABOUT STEATITE 
Let's get this straight . . . 

General Ceramics Steatite Insulators are 
available NO W . . . 

There are adequate raw materials to meet 
the demand . . . 

Our production facilities are greater than 
ever. ... our backlog of Steatite orders has 
been melted down . . . there's no basis for 
the belief that there is a current shortage 
of General Ceramics Steatite Insulators. 

SULATORS 
Sure, there was a shortage . . . a serious 
one, but we at General Ceramics met the 
problem with the "do-it" spirit which 
typifies American War Production . . . by 
the location of new sources of supply, 
rapid plant expansion, procurement of 
necessary equipment and the training of 
new employees—all in record time. 

As a result, delivery time on General 
Ceramics' Steatite Insulators has been cut 
in half. Here is our record on that: 

June 1942—delivery time—four months. 

April 1943—delivery time—two months on stand-
ard parts from stock. 

General Ceramics Steatite Insulators 

are available for you NOW 

If you have any insulator problem—whether specialized or standard—we'd 
like a shot at it. Your request will be given prompt, individual action. 

a,eaotteol. 
AN D STEATITE CORP. 
KE ASBEY  NE W  JERSEY 

Proceedings of the I.R.E.  M . 194? 
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Dependable, Low Loss 

Steatite Insulators 

"CTEATITE" has become a magic word. It is 
not a copyrighted trade name, but is the geo-

logic name for massive talc, a magnesium silicate, 
used in the production of "radio grade" ceramic 
insulators. However, Stupakoff Steatite Insulators, 
for low loss at high frequency, are superior in 
quality and dependability. 

The dependability of Stupakoff Steatite Insu-
lators is the result of a combination of important 
factors. They include the absolute control over raw 
materials, modern manufacturing facilities equipped 
with precision tools, correct engineering, and most 
important of all, the invaluable experience and 
knowledge gained through years of producing 
ceramic insulators. 

Our ceramic manufacturing facilities are 
devoted entirely to the production of Stupakoff 
insulators for equipment used by the Signal Corps, 
Army and Navy. Never before has it been so im-
portant to have radio and electronic equipment 
perform with such a high degree of dependability. 
With this thought in mind, extra precaution is taken 
throughout our entire manufacturing process, so that 
Stupakoff Steatite Insulators will function under the 
most severe conditions. 

STUPAKOFF CERAMIC AND MANUFACTURING CO. 

LATROBE, PA. 

fil 
44.1 
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WAR 
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The electron tube is the dynamic force of the 
future. Today, National Union engineers are doing 
their part in tube research to harness the "dynamite" 
that will usher in the Age of Electronics. Their labo-
ratories are in the thick of the battle of production. 
In their achievements for war, National Union engi-
neers are creating new applications of the electronic 
tube, gaining new knowledge and experience for its 
role in the industrial life of the future. When Victory 
is won, they will be ready to create electronic appli-
cations for your production processes. 

Transmitting Tubes • Cathode Ray Tubes • Receiving Tubes • 

Special Purpose Tubes •Condensers • Volume Controls • Photo 
Electric Cells • Exciter Lamps • Panel Lamps • Flashlight Bulbs 

NATIONAL UNION RADIO CORPORATION 
Newark, N. J.  Lansdale, Pa. 

SPOT WELDING 
Infinite care and precision in delicate assem-
blies are a tradition of National Union manu-

facture. It takes rigid and expert training as 
well as skilled and nimble fingers to perform 
this Spot Welding operation...and to enable it 
to pass tha "eagle-eye" test that makes it fit 

for use in Notional Union Electronic Tubes. 

• NATIONAL UNION  'k 
LECTRONIC TUBES 
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Recently a new type cathode-ray tube was called 
for by our armed forces. Just an idea—something 

arising out of new conditions—not yet reduced to actual 
practice—and of course far from production. 

Opinion generally was that this new tube might require 
months to develop, design, produce. Yet DuMont, with 
its exceptionally close coordination of experimental 
tube work and actual production, was actually ship-

ping that very tube in quantities within 10 days. 

It is performance such as this that has made the name 
DUMONT the accepted abbreviation for "Cathode-Ray 
Tube Headquarters." 

I Write for latest listing of cathode-ray tube types. 
Also bulletins on latest cathode-ray equipment. Sub-
mit your problems. 

ALLEN B. DU MONT 
LABORATORIES, Inc. 
Passaic • New Jersey 

Coble Address  Wespert/m, New York 
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IT WILL SAVE A LIFE 

11‘ 
RAYTHEON 

if 

0-e---d/ 

... but it will 
not work 
without tubes! 
ONE of the greatest developments in mod-

ern fire fighting is the pack communications 

unit. enabling firemen to keep in constant com-
munications with their chief. ... not only does this 
unit provide the means of instant direction of men 

and equipment but it saves time and lives! 

New tube applications are almost a daily occurrence 
as RAYTHEON'S vast wartime effort progresses . . . 

RAYTHEON'S engineering skill and 
manufacturing facilities are 

'  responsible for RAYTHEON 
tubes being in the van-

guard of tomorrow's 
march of progress. 

Raytheon Manufacturing Company 
WAlTHAM AND NEWTON. MASSACHUSETTS 

A-C.? - OEYOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EOUIPMENT FOR THE NEW ERA Of ELECTRONICS 
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BUY U. S. WAR BONDS AND STAMPS 

Your local Re TUBE and 
EQUIPMENT P/STR/BUT 

TECHNICAL  KN O WLEDGE 

of things Electronic. 

4 TRADE KN O WLEDGE of what 

electronic materials are available, where they 

are available, and how they may be obtained 

as fast as circumstances permit. 

NORMALLY LARGE STOCKS of 

RCA Tubes and countless other Radio and 

Electronic items—for prompt deliveries upon 

receipt of the necessary priorities. 

J AN EFFICIENT ORGANIZATION 
that is used to handling small orders — and 

equally well equipped to handle large ones, too. 

Apir> 
offers You THESE SERWCES 

'Round the corner from your plant is a man whose 
chief stock in trade these days is his ability to help busy 
war industries get needed Radio and Electronic 
materials faster and use them to better advantage. 

That man is your local RCA Tube and Equipment 
Distributor. Behind him is an organization which has 
been dealing with things Electronic since the 
"knee pants" days of Radio. 

They know how to get the materials you 
need. They know how to use these properly 

once they've been obtained. You'll find their technical 
advice and recommendations as big a help as their 

personalized expediting service which assures fast. 
accurate deliveries. 

Whether it's one RCA Tube or a hundred—they're 
ready and geared to help you. They'll help you, too, in 

obtaining condensers, resistors, rheostats, con-
trols, potentiometers, coils, transformers, wire, 

and numerous other Radio and Electronic 
components produced by many manufacturers. 

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



Book Previews and Monographs 

The Editorial Division of the Institute is in-
augurating a new service to authors and pub-
lishers in an attempt to expedite the publication 
of book reviews so they will be more useful to 
those engineers who may have long awaited the 
appearance of a book on a particular subject. 
Instead of waiting for the book to appear on the 
open market, the Division will try to secure an 
advance copy or page proof as a basis for the re-
view. This will enable the reviewer to prepare 

his text so the office will have to fill in only the 
missing details about the volume at the time 
the review is sent to the printer. Usually these 
details will be available from the publisher so 
that the review can be set in type and perhaps 
even published in advance of public sale of the 

volume. 

Reviews which are prepared on this basis will 
be captioned "Book Previews" to inform the 
reader of the special co-operation which has 
made the review possible and of the fact that 
the book may still not be available for immedi-
ate purchase. The preview will be published as 
soon as possible after the publisher is willing to 
accept orders for the book and can furnish the 
requisite information. If it is likely that the pre-
view will be published in advance of public sale, 
the probable date at which the book will be 
available for delivery will be stated. 

In addition to the above service for the book 
review column, it is suggested that some sec-
tions of books scheduled for future publication 
might be preprinted as monographs in the 

PROCEEDINGS. 

By this means the value of the contribution to 
the radio-engineering profession would be in-
creased to the extent of its earlier publication. 
The interest excited by the preprinted mono-
graphs will benefit the author and publisher 
also in creating more interest in advance of 
publication and a more receptive market for 
subsequent sale of the entire volume. This pro-
cedure is especially appropriate during the war 
period when so much useful material is being 
expedited to publication in book form and when 
the engineering war work benefits in proportion 
to the promptitude with which new material is 

made available. 

Suggestions from readers of the PROCEED-
INGS and authors and publishers will be wel-
comed in our effort to make this new "Book 
Preview" service fit the needs and desires of all 
persons involved and thereby to render still 
greater service to the members of the I.R.E. 
and other readers of the PROCEEDINGS. The 
first "Book Preview" to be published in the 
PROCEEDINGS will be found on page 245 of this 

issue. 
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Radio engineers can benefit greatly from the thoughtful and 
stimulating opinions of leading members in the radio industry. 
Accordingly the Institute is from time to time inviting such ex-
pressions of opinion from men who have contributed to the up-
building of the radio industry. In pursuance of this plan, there 
is here presented a "guest editorial" from the President of the 
Zenith Radio Corporation of Chicago, Illinois. As appears suit-
able in such presentations, they are laid before our readers in 
the form in which they are received from their authors. 

The Editor 

Design for Blitz 
E. F. McDonald, Jr. 

A Jew years ago I gave a party on my yacht Mizpah (since turned over to the Navy for sterner 
duty) for the astronomers who had gathered from all over the world for a meeting in Chicago. 
After dinner in the even ing , I was  on  the hurricane  deck  with  a group  of  these  distinguished 

astronomers, when a newspaper cameraman accompanying the group asked for a picture. 
The astronomers gathered around me, as host, to pose for the shot. The newspaper man then 

asked me to assume the position of pointing out a new star to these "sky engineers." 
The feeling I had when the newspaper man asked me to do this is about the same as I, a com-

mercialist, now have in being asked to express some thoughts for the readers of the PROCEED-
INGS of the I.R.E. 

I told the newspaper photographer that if he could project Hollywood on the heavens, I'd be 
better qualified for selecting a star from that celestial display! 

But, seriously speaking, we are in a fast-moving war. When Hitler turned loose his blitzkrieg 
on Poland and then on the Low Countries and France, it seemed to many that nothing could stop 
him. But he was stopped, stopped cold, in the Battle of Britain, stopped by the handful of RAF 
pilots who earned the priceless tribute, "Never have so many owed so much to sd few." He was 
stopped because the RAF had gone him one better on the new weapon which had paced his early 
victories, the only new weapon this war has produced: Radionics. 

We have heard much of new weapons, of secret weapons, in this total war of machines, and the 
public in general seems to believe that we have many new implements of destruction and defense. 
But have we? Are not the ships, submarines, guns, planes, tanks, and ammunition used in this war 
the same as those we used in the last great war, except for improvements in design and effective-
ness? I repeat, our only new weapon is radionics! 

The RAF's defense of Britain is a saga of gallant courage that will live throughout history. Day 
after day, combat pilots flew and fought long after the supposed limits of human endurance, de-
stroying Nazi bombers by the hundreds until Hitler finally gave up. But it took more than even 
such superhuman courage and the superb British fighting aircraft to win that battle; it took Radar, 
which gave the British advance notice of every raid, which warned the RAF of impending raids 
while Hitler's bombers were still many miles away. The British have said that without this new 
radionic weapon the RAF would have lost the battle. 

In communications we have come a long way from the original visual systems. Our own war 
between the states was run by courier and telegraph. The last war was run by telephone. This one, 
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at the front, is run by radio and radionic devices, which hurdle terrestrial obstacles, which tie an 
Army or a Navy with invisible strands to the will of its commanders. 
The Axis has not been asleep in the field of radionics. Prodigal use of radio in tank and plane 

gave the Nazi blitz units the marvelous teamwork and concentrated striking power that scored 
their early victories. Radionic devices used by the Bismarck are credited with giving its batteries 
the phenomenal accuracy that blasted the Hood to oblivion in one salvo. There can be no doubt 
that Axis industries are leaning heavily on radionics, as are our own. 
But in this field the Axis has more than met its match. The American radionic world, as repre-

sented by the thousands of radio engineers in service and in wartime laboratories, has "counter-
blitzed" the Nazis, the Fascists, and the Japs with radionic miracle devices in a fashion never used 

before. in any war. 
That this is so is a tribute to our present-day radio engineers; young, energetic, curious, coura-

geous, experimentative men of research for whom no task seems quite impossible. Cradled in the 
hard school of "ham" experimentation where no idea is rejected merely because it is not listed in 
the books, fortified by replacements from our progressive universities, these young explorers in the 
realm of radionics are never finished. They go on and on to new discoveries, pioneering in these 
new fields just as they pioneered a score of years ago in the development of short-wave, long-

distance communication. 
Our industry is famed for its ability to meet change. To keep out in front of the radio parade 

has taken all of the fast thinking and all of the ability for rapid change we can muster. Our engi-
neers have mustered it. They have mastered their many problems with distinguished achievement. 
A high-ranking officer connected with the Communications Branch of the Navy recently said 

to me: 
"One of the marvels of the radio business is the way you fellows can turn on a dime and make 

rapid changes to keep up with ever-recurring military demands." 
This officer pointed out to me that these repeated demands for change and improvement are 

necessary if we are to keep ahead of our enemy. 
The answer to that one was easy. I replied: 
"That's nothing new. Radio has always been a fast-moving business. It started from scratch 

within the memories of most of us, and has been snowballing ever since into a half-billion-dollar-a-
year peacetime giant." True, we have a new set of unfriendly competitors in the Axis powers, but 
thanks to its engineers it is well trained to meet the wartime demands for its expansion. 
A truth I have observed over the years is again at work. This truth will have a tremendous 

bearing on all of us once the peace is won. It is most simply stated by Alexander de Seversky, the 
great airplane pilot and designer, who said: "Because the instinct of self-preservation is greater 
than the profit motive or any other human urge, science, generally speaking, makes more progress 
in a year of war than in a decade of peace." 
Our industry has concentrated its thinking on victory, and now we are directing every effort 

toward meeting and beating the challenge presented by the Axis nations. 
And after victory, what? The time will come when the tremendous advances of science and in-

vention, now aimed at the destruction of our enemies, will be turned again to the pleasant paths 
of peace. 
In this peacetime to come, I now make the prediction that radio's future will be much more im-

portant to our world economy than has been its past. Aviation, chemistry, automotive industry, 
and radionics, I believe, will be the four great industries to lead us back to normalcy. Radionics 
will revolutionize and speed the great new form of transportation, aviation! 
Radio has never been universally necessary in transportation before. In automobiles, on trains, 

it has been entertainment. In ships it has been a great aid, but not absolutely essential. But today, 
and for the future, in that great new universal transportation that is forming itself, preening its 
wings for what will be known as the era of aviation, radio is as essential as the airplane engine itself. 
And so again, our radionic engineers have not finished. For them, in this coming era of air 

transportation, there are new heights to reach. 
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Atlas Photos 

An engineering career of unique and 
unconventional nature was brought to an 
end by the death of Nikola Tesla in New 
York on January 7, 1943, at the age of 86. 
Some men pursue the even tenor of accus-
tomed ways. Others of greater originality 
or enterprise live more intensely and often 
invade the world of imagination. These are 
the accepted types of research workers, in-
ventors, and advanced development engi-
neers. But Tesla was not found among 
either of these types of men. He was an 
example of a still rarer genus—those who 
consistently live in a land of brilliant con-
cepts, idealized dreams, and aspirations so 
lofty as to be almost foredoomed. 
The earlier stages of his career were in-

deed of a more recognizable and usual 
type. In 1888 he invented the induction 
motor. This basic step in utilization of 
alternating-current power would, in itself, 
have been a solid foundation of his engi-
neering fame. Within a few years later he 
had devised the specialized high-frequency 
high-voltage transformer which bears his 
name. This ingenious application of elec-
trical laws which were far from generally 
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Nikola Tesla 
1857-1943 

understood in those days would as well 
have been a claim to highly favorable 
recognition. 

At this stage of his career, Tesla cast 
off from the safe harbors of engineering 
thought and embarked bravely on an 
ocean of which each wave was a novel con-
cept and each horizon a startling dream. 
In the generation starting in 1890, he 
tackled, among many other problems, that 
of the transmission of power without the 
use of the usual conductors. For such con-
ductors, Tesla with characteristic audacity 
dared to plan to use nothing less than our 
terrestrial globe. He aimed to start at one 
point on this sphere electrical oscillations 
of superpotency and by means of them to 
create standing-wave patterns all over the 
surface of the earth, withdrawing energy 
as desired at the antinodes of potential. 
This theory of the transmission of radio.. 
frequency energy is at variance with that 
now accepted—and Tesla was never able 
to bring his plans to fruition. But if he 
failed in practice in these attempts, none 
can deny that he aimed spaciously and 
nobly. 

Two of his boolc;were published shortly 
before and after 1900. These dealt with 
"The Inventions, Researches, and Writings 
of Nikola Tesla" and "Experiments with 
Alternating Currents of High Potential 
and High Frequency." They were indeed 
remarkable revelations of the mental 
processes and intuitive scope of their 
writer. In them he accurately described 
complex phenomena which in some in-
stances were not fully understood for 
many years. And in one of them he en-
visioned that day when radio communica-
tion would truly make all the world one 
neighborhood. He foresaw the time when 
a man might selectively summon his friend 
by a personal radio transmitter-receiver. 
And from the depths of a mine, the top of 
a mountain, or the vast reaches of an 
ocean, he would hear the voice of him 
whom he called. And, added Tesla if he 
did not hear an answer, he would know 
well that his friend was dead! 
Thus Tesla was a catalyst in the realm 

of technology, a daring originator, and a 
dreamer on the grand scale. His passing 
seems ,J a sense the end of an epoch. 

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

A 



Cathode-Ray Control of Television Light Valves* 
J. S. DONAL, P O', MEMBER I.R.E. 

Summary—When a light valve is employed for the reproduction 
of television pictures, it is desirable to make use of a cathode-ray 
beam to control the light valve in order to preserve the all-electronic 
character of the television system. A number of procedures of 
cathode-ray control are described, the majority of which are appli-
cable particularly to the control of the suspension light valve. 
The general method employed is shown to be the production of 

an electric field through the light valve by bombarding one side of 
the valve with electrons of very high velocity, causing the valve 
areas to be charged in a negative direction toward the limiting po-
tential of the bombarded surface. Removal of the electric field is 
then accomplished by charging these areas back toward their origi-
nal potential by the use of electrons of substantially reduced veloc-
ity. 
The most elementary procedure described is one in which a sin-

gle beam of electrons of constant velocity is employed, discharge 
being accomplished by secondary electrons generated by the action 
of the beam of primary electrons. 
The effects of polarization of the light valve, resulting from the 

comparatively low resistivity of the suspension, are described and 
explained. It is shown that a suspension of such low resistivity as to 
be uncontrollable by the other procedures may be made operative 
when the valve is used in combination with a spatially modulated 
electron spray and when, in addition, the potential of one wall of the 
valve is increased and decreased at a moderate frequency. 
Of the procedures described, the most effective from the prac-

tical standpoint is shown to be one in which the light-valve field is 
developed by a scanning beam, and in which the field is later re-
moved by rescanning with the same beam at a reduced electron 
velocity. A photograph is shown of a picture reproduced by the light 
valve when controlled by this method. 

I. INTRODUCTION 

THE desirability of what may be termed the ideal 
television light valve is discussed in a separate 
paper.' This device may be thought of as a thin 

sheet of opaque material, the light transparency of 
which can be varied from point to point by means of 
the action of a cathode-ray beam. Light passing 
through the thin sheet could then be focused, as in the 
case of a lantern slide, upon the viewing screen. The 
cathode-ray beam would not have to generate the 
power to be converted into light, but would merely 
control the light from a constant source of high in-
tensity. Furthermore, if the transparency of any valve 
area remained the same until the beam returned to 
alter it, each area of the valve would permit light from 
the source to contribute to the picture all of the time; 
hence, the maximum picture brightness would be 
limited only by the source, the lens system, and the 
maximum transparency of the light valve material. 
The suspension light valve described' satisfies these 

criteria to a considerable degree. It can yield a large 
change of transparency and, hence, a high contrast 
• Decimal classification: R583 X R388. Original manuscript re-

ceived by the Institute, October 19, 1942. This paper reports work 
carried on, prior to 1940, as part of the television-development pro-
gram of the RCA Manufacturing Company, Inc., Harrison, N. J. 
t RCA Laboratories, Princeton, New jersey. 
9. S. Donal, Jr., and D. B. Langmuir, "A type of light valve for 

television reproduction," PROC. I.R.E., this issue, pp. 208-214. 

between light and dark areas of the picture with a cor-
responding maximum transparency which is reason-
ably satisfactory. The time of response of the suspen-
sion appears to be adequate for television purposes if 
a sufficiently high potential difference is developed 
across the thin fluid layer. 
The objective of the work reported here was to de-

velop means of controlling a light valve of this nature 
by the use of an electron beam so that the device might 
serve for the reproduction of television pictures. Al-
though the discussion will be limited to methods ap-

GLASS OR 
MICA WALLS 

SEMITRANSPARENT 
ELECTROOE 

VIE WING 
LIGHT  SCREEN 
SOURCE 

- - - 

- LENS 

POINTED 
WIRE 

SUSPENSION 

Fig. 1—Schematic representation of an elementary light valve. 
A thin cell, with the walls which are perpendicular to the 

direction of the light made of thin mica or glass, contains the 
light-valve suspension. One wall has a semitransparent electrode 
on its inner surface, connected through a battery to a pointed 
wire. The wire may be used to hold areas of the other cell wall 
at potentials differing from that of the semitransparent electrode 
and thus orient the suspension. Light is passed through the cell 
and the suspension is focused upon a viewing screen. 

plicable in particular to the control of the suspension 
light valve, the procedures developed should find ap-
plication in the control of any light valve in the form 
of a thin sheet, the transparency of which can be varied 
by the action of an electric field. 

II. ELEMENTARY LIGHT VALVE 

In order to present the various problems which 
must be solved if a suspension light valve is to be con-
trolled by means of a cathode-ray beam, it is assumed 
that an elementary picture is to be produced by the 
most simple form of valve of the suspension type. 
A thin cell containing the suspension, as shown in 
Fig. 1, may be chosen for descriptive purposes. One 
side of the cell is illuminated and the suspension is 
focused upon the viewing screen. 
The walls of the cell must be transparent and may 

be constructed of mica or glass. One surface of the sus-
pension layer is held at a fixed potential, ground po-
tential if desired, by means of a semitransparent con-
ducting coating on the inside of one wall of the cell, 
and the desired electric field through the suspension is 
produced by impressing other potentials on areas of 
the outside of the opposite wall of the cell. It is desir-
able to accomplish the charging of quite small areas 
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of the other wall of the valve to potentials differing 
from the potentials of neighboring areas in order to 
afford some degree of detail in the picture. Both the 
layer of suspension and the wall to be charged should 
be thin, of the order of the diameter of a desired picture 
element, if spreading of the lines of force from a small 
charged area is not to result in a large area of the valve 
being actuated with consequent overlapping of picture 
elements and loss of detail. 
The cell of Fig. 1 with thin mica or glass walls en-

closing a thin layer of suspension satisfies these criteria. 
Perhaps the most elementary manner in which the 

potentials of areas of the insulating wall of the cell can 
be varied is to connect one terminal of a source of ad-
justable direct-current potential difference to the semi-
transparent electrode and the other terminal to a piece 
of thin wire the free end of which may be touched to 
the outside of the other wall of the cell. Alternatively, 
the charged wire may merely be brought close to the 
outside of this other wall. In either case, an electric 
field is produced between the tip of the wire and the 
semitransparent electrode. The portion of this field 
within the suspension acts upon the platelike particles 
to orient them and change the light transmission of 
the layer at that point. 
Having produced a picture element, we next carry 

the charged wire along a straight line on the surface of 
the wall. If, as this is done, the potential of the wire 
with respect to the semitransparent electrode is varied, 
the suspension will respond along this line to a degree 
proportional to the square of this potential difference 
as already described.' The scanning of the line on the 
valve surface thus produces a line of the desired ele-
mentary picture if the square of the potential difference 
between the wire and the common electrode is made 
proportional to the brightness of the picture at each 
point along the line chosen for scanning. 
It is now found that if the wire is not quite touching 

the surface of the wall the suspension will not respond 
if the wire is moved rapidly, whereas the suspension 
responds if the wire touches the surface as it moves. 
This arises from the fact that time is necessary for the 
orientation of the particles and only when areas behind 
the wire remain charged from having been touched by 
the wire is there sufficient time for the electric field to 
actuate the valve. 
In the same manner in which a single line of the 

picture was produced, the wire may now scan other 
lines to orient the suspension from point to point and 
thereby reproduce the lights and shades of the com-
plete picture. We may call the time of scanning of the 
whole picture the frame time, as is usual in television 
practice. Even in the elementary procedure under con-
sideration, alternate lines of the picture might be 
scanned, and then the remainder, to simulate one of 
the types of interlacing which might be used if the 
valve in a more practical form were employed for the 
reproduction of a television picture. 

Having scanned the picture once to produce a single 
frame of the picture, we next proceed to the production 
of the second frame. Assuming that the lights and 
shades of the second frame are to be different from 
those of the first, and in particular that some of the 
previously bright areas are to be darkened, the sus-
pended particles must first be deoriented. This can be 
done by some form of mechanical stirring. 
Deorientation of the suspension might be expected 

to be followed by its immediate reorientation to form 
the original picture since the original charge pattern 
will still be present to some degree on the insulating 
wall. Actually this will not be the case, for leakage 
through the suspension will have reduced the field 
across the fluid layer to zero. Furthermore, as will be 
explained in greater detail below, rescanning of the 
surface with the wire chargOd to the same potentials 
as during the first scanning would produce only a much 
fainter version of the original picture, while further 
scanning in an effort to reproduce the original picture 
would soon have no effect whatever on the suspension. 
Also, pictures of altered content would not be repro-
duced faithfully. It will be found that the only satis-
factory manner in which consecutive pictures can be 
reproduced is to remove completely the pattern of 
charge corresponding to each picture so that all polar-
ization effects may disappear and the cell may return 
to its original uncharged condition before the scanning 
of the next picture. 
The removal of the pattern of surface charges must 

not be done in the period between the scanning of two 
frames which follow each other with only a short time 
interval intervening. If this were done the valve areas 
scanned in the latter part of the frame would have been 
charged only a short time and would not be as bright 
as areas scanned earlier in the frame. The charge re-
moval must be accomplished in suck a manner that all 
areas of the valve are charged for substantially the 
same length of time. 
In the case of the valve under consideration, one 

method of discharge would be to cause a second wire, 
held at the potential of the semitransparent electrode, 
to scan the surface at the same rate of travel but at a 
time intermediate between successive scannings by the 
wire used to produce orientation. If interlacing is em-
ployed, the discharging wire should scan in between 
each field scanning by the charging wire, and should 
remove the charges from only the set of lines to be 
charged next. Another procedure might be to accom-
plish discharge by holding the wire at the potential of 
the semitransparent electrode during the scanning in 
alternate frames (assuming no interlacing, for sim-
plicity of description). This would mean, of course, 
that during the frames used for discharging no new 
information could be conveyed to the picture. A third 
procedure in the case of the valve under consideration 
would be to brush the whole surface rapidly and re-
peatedly with a fine wire brush all during the scanning. 
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It is assumed that the circuit would be so arranged 
that each brushing carried the potential of the surface 
only part way toward the potential of the semitrans-
parent electrode. This last method will find its ana-
logue in one of the electron-beam procedures to be 

discussed later. 
It will now be seen that with the cell described a 

television picture of low resolution and low frame fre-
quency might be reproduced if the difference of poten-
tial between the wire and semitransparent electrode 
were modulated in accordance with the lights and 
shades of the picture. By use of a strong source of 
light, the surface of the valve could then be focused on 
the viewing screen to produce a very bright image 
From the standpoint of an acceptable television repro-
duction system, however, the moving wire would be 
somewhat inconvenient. For this reason methods of 
improving the device by the employment of a cathode-
ray beam will now be discussed. Means mutt be found 
to produce the desired electric fields during each scan-
tling by changing the potentials of surface areas of the 
valve, these potential changes preferably being pro-
portional to some easily controllable feature of the 
beam such as its current as governed by the potential 
of a control grid in the beam. The potentials of the 
surface must be returned to their original values, pre-
paratory to the next scanning, by means of the action, 
directly or indirectly, of an electron beam. Finally, 
the effects of polarization must be overcome. 

III. TUBES FOR CATHODE-RAY CONTROL OF 
SUSPENSION LIGHT VALVES 

Before discussing the methods developed to accom-
plish light-valve control, the type of cathode-ray tube 
employed will be described. In the interests of sim-
plicity and flexibility, an elementary cell similar to 
that of Fig. 1 was attached directly to the end of a 
glass bulb, the tube face forming the scanned wall of 

the light-valve cell. 
A photograph of one of the tubes employed is shown 

in Fig. 2, and a schematic diagram of the experimental 
arrangement is shown in Fig. 3. 

Fig. 2—Cathode-ray tube with a suspension light valve 
mounted on the outside of the mica tube face. 

The face of the tube consists of a sheet of mica 0.010 
to 0.020 inch thick, sealed directly to the glass bulb by 
a procedure described elsewhere.2 A conventional elec-

J. S. Donal, Jr., "Sealing mica to glass or metal to form a vac-
uum-tight joint," Rev. Sci. Instr., vol. 13, 6, pp. 266-267; June, 
1942. 

tron gun is used to produce the electron beam focused 
upon the mica tube face. A metallic coating on the 
wall of the glass bulb serves as a second anode and 

electron collector. 
A suspension of the type separately described' is 

mounted, under atmospheric pressure, in a chamber 
on the outside of the tube face. The suspension is 
stirred as desired to return the suspended particles to 
the deoriented state. The tube face forms one wall of 
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Fig. 3—Schematic arrangement for cathode-ray 
control of suspension light valve. 

the suspension chamber, and the other wall consists of 
a second sheet of mica separated from the tube face by 
a spacing of 0.020 to 0.050 inch. The semitransparent 
electrode of Fig. 3 is a layer of metal sputtered on 
either surface of the mica outer wall of the suspension 
chamber. A small projector is used as a light source 
behind the suspension (Fig. 3). The changes in sus-
pension transmission are usually observed directly by 

eye. 
The electron beam, directed as shown in Fig. 3, 

charges the surface of the mica tube face to potentials 
differing from that of the semitransparent electrode on 
the other wall of the suspension chamber. The resulting 
electric fields, in the direction of the light, produce the 
desired changes in light transmission of the suspension. 
Fig. 3 shows the advantage, from the standpoint of 

geometry, of the electric field being parallel to the 
light, for this avoids the necessity for tiny electrodes 
extending through the valve for the application of the 
field in a direction perpendicular to that of the light. 

IV. .GENERAL PROBLEM OF LIGHT-
VALVE CONTROL 

Since the transparency of the thin sheet of suspen-
sion is a function of the electric field perpendicular to 
the sheet, the problem is then to scan the mica tube 
face with an electron beam, modulated by a picture 
signal, and so to develop on the scanned surface poten-
tials corresponding to the light and shade of the tele-
vision picture. 
The principles of field development by a cathode-

ray beam, which have already been discussed by von 
Ardenne,2 derive from the fact that the potential of a 
bombarded insulator depends upon the secondary-
emission ratio of the surface. This ratio may be greater 
or less than 1, depending upon the electron energy, 
as shown for a typical surface in Fig. 4. It is assumed 

3 M. von Ardenne, “Methoden und Anordnungen zur Speicher-
ung beim Fernsehempfang, Zeit. Telefraphen-, Fernsprech-, Funk-
und Fernseh-Technik, Bd. 27, Sonderheft, pp. 518-524; 1938. 
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that this curve is that of the mica tube face and that 
the semitransparent electrode and second anode of 
Fig. 3 are held at potential a, 5000 volts above the 
cathode of the electron gun. If the tube face is con-
sidered to have attained anode potential by leakage, 
a beam scanning the surface produces less secondary 
electrons than there are primary electrons arriving and 
the surface is charged in a negative direction, produc-
ing a field across the valve. In this example the highest 
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Fig. 4— Secondary-emission ratio of mica tube face. 

field which may be developed corresponds to the charg-
ing of the surface to the limiting potential b where the 
secondary-emission ratio becomes unity and the sur-
face potential reaches its equilibrium value. As the 
potential a from which charging occurs is raised, it 
will be seen that the intensity of the electric field which 
may be developed is almost unlimited. 

Similarly the semitransparent electrode and the 
tube face might be held by leakage at potential c with 
the second anode being at some potential above b. In 
this case the electrons bombarding the mica surface 
would produce more secondary electrons than would be 
primary electrons arriving, and the surface would then 
be charged in the opposite direction toward b, produc-
ing a field in a direction the reverse of that considered 
above. Since the energy range from d to b is about 
2000 to 3000 volts for most insulators, the difference 
in potential which may be developed across the valve 
is limited to this value if the surface is charged in the 
positive direction. 

Obviously the mica surface might be charged in the 
same manner from potential d down to cathode poten-
tial, over the range of electron energies in which the 
secondary-emission ratio is again less than 1, but 
since this range is usually 200 volts or less the field so 
developed would be weak. 
During the frame time, between one bombardment 

of a valve area and the next bombardment, it is desir-
able to have the electric field and, hence, the valve 
actuation persist as long as possible, in order to obtain 
high optical efficiency. With present methods of modu-
lation of the beam, however, the field must be reduced 
to zero before the return of the beam if the light or 
shade desired during the next frame is to be repro-
duced. In the case of the suspension light valve it is 
not convenient to use leakage for the removal of fields 
produced by scanning since the resistance of the neces-
sary valve wall (in this case the mica tube face) is 

generally too high. Therefore it is advantageous to 
employ electrons for the discharge of the surface as 
well as for its charging. This discharge may be accom-
plished by a spray of electrons, by a beam from the 
charging gun at a later time, or by a beam from a 
second gun, the principle being the same in each case. 
Advantage is taken of the change in direction of charg-
ing of the surface with change in electron energy, which 
was described in the discussion of Fig. 4. The field is 
developed by means of a modulated beam, as already 
explained, and this field is removed by bombarding the 
surface, for the purpose of discharge, with electrons of 
substantially different velocity. It will be assumed for 
simplicity that these electrons, also, come from the 
cathode producing the modulated beam. During the 
period of discharge the cathode potential or the bom-
barded surface potential may be altered, either pro-
cedure resulting in a changed velocity of arrival of the 
electrons at the bombarded surface. 

An example of this proct.dure is given in Fig. 5. As 
in Fig. 4 the second anode and the semitransparent 
electrode are held at potential a and the modulated 
charging beam carries the potential of the scanned 
surface to b in the high lights. The cathode potential 
is then raised to c, 2 kilovolts above its original value, 
and the valve is rescanned with an unmodulated beam. 
This beam now strikes the surface with an electron 
energy of arrival of only 1 kilovolt, as shown, and 
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Fig. 5— Discharge by electron beam at reduced velocity. 

charges the surface in a positive direction until the 
potential is reached at which the secondary-emission 
ratio is unity for these electrons. However, the cathode 
is raised to such a potential that this unity secondary 
emission is reached at potential a and, as a result, the 
surface potential returns to its initial value and the 
field is removed from the light valve. 
It is not always necessary that the cathode potential 

be raised precisely to c. A somewhat higher potential 
would still result in discharge to second-anode poten-
tial at a since the surface potential cannot rise sub-
stantially above the potential of the collector for the 
secondary electrons. A cathode potential somewhat 
below c would discharge the surface to a potential 
below a and result in incomplete removal of the field 
in certain types of light valves, such as those employ-
ing zinc sulfide and, therefore, having high resistance. 
Incomplete field removal, analogous to a direct-current 
bias across the valve, would make no significant 
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difference, as will be made clear later, in suspension 
valves which polarize more rapidly. 
For any type of light valve, the maximum field use-

ful for valve control is that which can both be produced, 
and removed before the end of a frame time, prepara-
tory to a change in picture content. In the representa-
tive procedure just described, removal of the field de-
pends upon the secondary-emission ratio being greater 
than unity, so that the surface may be charged in a 
positive direction. Hence, the maximum useful repeti-
tive field is limited by the energy range over which the 
secondary-emission ratio is greater than unity. If this 
range is insufficient, it may be increased, for example, 
by the evaporation of a material upon the surface 
which will raise the secondary-emission ratio of the 
scanned areas. 

V. POLARIZATION 

Since the suspensions employed in this investigation 
polarized in a few hundredths of a second, any change 
in potential of a bombarded area resulted in a single 
flash of light, after which leakage reduced the field 
across the suspension to zero. A circuit analogy has 
been used' to describe the effects of suspension leakage. 
Particular attention is paid to the case now under 
consideration; i.e., that in which the area of the valve 
wall is charged and discharged by a beam, but is al-
lowed to float between the times of charge and dis-
charge. It was shown that the reversed potential across 
the suspension at discharge was not in this case equal 
to that developed at charging, and that the first dis-
charge was not complete in that subsequent operation 
of the discharge mechanism resulted in additional, 
although decreasing, application of field to the sus-
pension. Now that the general procedure of charge and 
discharge by the beam has been described, the effects 
of polarization upon the fields developed across the 
suspension will be covered in greater detail by means 
of an example. 
It will be assumed in what is to follow that the re-

sistivity of the suspension is such as to reduce the field 
across the suspension produced by scanning to sub-
stantially zero by leakage before the valve is dis-
charged by a beam of different velocity. If this is the 
case the charge-and-discharge process of Fig. 5 would 
result in the potential distributions of Fig. 6 for one 
elemental area of the valve. All walls are assumed to 
be initially at 5000 volts above the cathode before 
scanning (line a). For simplicity, and since it will affect 
only the numerical values of the conclusions to be 
drawn, the dielectric constants and the thicknesses of 
the mica wall and the suspension layer are assumed to 
be equal, respectively, and the beam current is as-
sumed to be sufficiently strong to carry the surface to 
its limiting potential. Charging of the scanned surface 
to 3000 volts (the surface limiting potential) then im-
presses a linear potential distribution across the wall 
and suspension (line b). Polarization, due to leakage 

through the suspension, causes the field across the 
suspension to fall to zero (line c). As already described' 
the drop across the mica tube face may be considered 
to be unchanged when the drop across the valve fluid 
falls to zero. Hence, when the interface potential rises 
from 4000 to 5000 volts (line c) due to polarization, 
the potential of the recently scanned area rises from 
3000 to 4000 volts as shown. 
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Fig. 6—Potential distributions through light valve during one cycle 
of operation. 
a Before chargin. 
b Immediately after charging. 
c After polarization following charging. 
d Immediately after discharging. 
e After polarization following discharging. 

Later the discharge beam returns the potential of 
the mica surface from 4000 to 5000 volts, and a portion 
of this change of potential (one half, since the capaci-
tance of the wall and suspension were assumed equal) 
is impressed on the interface, raising its potential to 
5500 volts (line d). This reversed field reorients the 
suspension proportionately. Finally, the reversed field 
is reduced to zero by leakage and the recently scanned 
area falls in potential to 4500 volts (line e). 
During the first cycle just described a potential 

difference of 1000 volts was impressed across the sus-
pension at charging, and only a difference of 500 volts 
at discharging. This is not the final equilibrium state, 
however. Thus, the next charging changes the mica 
potential from 4500 volts (line e, Fig. 6) to 3000 volts, 
or by 1500 volts instead of 2000 volts as did the first 
charging. Half of this difference, or 750 volts, is im-
pressed across the valve. Hence, during the second 
cycle, line c will strike the scanned mica surface at 
3750 volts and line d will rise 625 volts above 5000 
volts, or to 5625 volts at the interface. Thus, during 
the second cycle 750 volts are impressed on the sus-
pension at charging and 625 volts at discharging. 
Carrying out this process for the third cycle the 

charging beam is found to develop 687 volts across the 
suspension and the discharge beam 656 volts. It can 

SEMiTRANSPARENT 
ELECTRODE 
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be shown that after a total of four or five cycles for 
our example both potential differences have ap-
proached 666 volts. 
The procedure of charging and discharging will be 

considered at greater length in Section IX. At this 
point it is sufficient to conclude that several cycles are 
necessary in order to attain equilibrium in the process 
and that after equilibrium is attained the suspension 
is reoriented at the time of discharge to a degree sub-
stantially equal to the orientation at the time of 
charging. 

VI. DISCHARGE BY SECONDARY ELECTRONS 
GENERATED BY CHARGING BEAM 

In Section IV, a process was presented in which a 
beam of velocity differing from the charging-beam 
velocity is used to accomplish discharge of the light 
valve. In the course of experiments with a tube of the 
type shown in Fig. 2 it was found that secondary elec-
trons generated by the electron beam may be employed 
to discharge the valve surface without the necessity for 
changes in cathode potential and rescanning to accom-
plish this end. 
If the second anode and semitransparent electrode 

of the tube (Fig. 3) are held at 5 kilovolts, and a strong 
beam strikes the surface at one point, the surface bom-
barded is taken to the limiting potential and a flash of 
light through the valve results. If the beam is left on, 
no further change in potentials results, of course. Re-
moving the beam and then allowing it to strike again 
a few seconds later produces no new valve actuation 
because the high-resistance mica permits no leakage 
in that time and the return of the beam can effect no 
further change in wall potential in the absence of a 
discharge mechanism. 
However, if the beam is not removed but merely 

moved to a new valve area, its return to the original 
spot within even a very short time results in reactua-
tion of the valve there. This shows that the presence 
of the beam on near-by areas results in discharge of 
the original spot. (Leakage from the collector was 
ruled out by a guard ring held at a potential below the 
limiting potential.) 
The rate of discharge increases rapidly with the 

beam current. Thus, a line on the valve resulting from 
scanning in one direction only can be reactuated only 
once a second with a 3- or 4-microampere beam cur-
rent, but 60 times a second at 50 to 100 microamperes. 
For the higher beam currents, when a single spot is 
bombarded for a few seconds and the valve has polar-
ized, the sudden shifting of the beam to a new valve 
area results in a flash at the original area. This is 
caused by the discharge there being sufficiently rapid 
to develop the reversed field shown in Fig. 6 and, 
therefore, to reactuate the valve. 
When a fixed spot on the valve is bombarded at low 

beam current and the potential of the semitransparent 
electrode is changed suddenly, the bombarded area of 

the valve is actuated since it is held at the limiting 
potential by the beam. At high beam currents, how-
ever, the whole valve surface is actuated, showing that 
areas adjacent to the bombarded spot are held at 
collector potential. In contradistinction to this, when 
the semitransparent electrode is held at a fixed poten-
tial but the second-anode potential is changed sud-
denly to a few hundred volts above or below its usual 
value of 5 kilovolts, no portion of the valve is actuated 
at low beam currents but all areas except the bombarded 
spot are actuated at high beam currents. Changes in 
the collector potential can in neither case affect the 
potential of the bombarded spot, since it is held at the 
surface limiting potential and the bombarded spot is 
not actuated. However, the potential of adjacent areas 
must vary with collector potential when the beam cur-
rent is high, since a change ir collector potential actu-
ates the valve in the areas not bombarded by the 
primary beam. 
All of the above effects can be accounted for if a 

mechanism is found whereby secondary electrons reach 
a recently bombarded spot with such velocity as to 
charge this spot in a positive direction toward collector 
potential. This may happen in a number of ways. 
Thus, primary electrons reflected from the tube face 
may strike the tube walls and generate there secondary 
electrons of such velocity that they will arrive at the 
recently bombarded spot with velocities of several 
hundred volts. These would, from Fig. 4, tend to 
charge the mica in a positive direction and although 
their number would be small they might well serve to 
carry out the discharge in an appreciable fraction of a 
second. In addition, secondary electrons of such high 
velocity might proceed directly to a recently scanned 
area from an area being scanned and accomplish dis-
charge in the same manner. 

The above phenomena require the.production at the 
mica or at the tube wall of secondary electrons of 
several hundred volts velocity in order that recently 
scanned areas may be carried above the first second-
ary-emission unity value of Fig. 4. In view of the  . 
considerations of Section V (Fig. 6), however, polar-
ization may be seen to co-operate in this first stage of 
the discharge process, after which the discharge is 
completed by secondary electrons produced at the 
mica surface or at the tube wall. As was explained in 
Section V (Fig. 6), polarization, after charging, carries 
a recently scanned area in a positive direction. The 
beam when moved to a new area carries this in turn to 
the surface limiting potential. If the previous area is 
carried in a positive direction by more than about 100 
volts by polarization, the large number of low-velocity 
secondary electrons being produced at new areas are 
accelerated to the previously scanned area and offer a 
powerful means of charging it still further in the posi-
tive direction by additional secondary emission. Also, 
the limiting potential of exposed glass areas of the 
tube walls has been found to be about the same as the 
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mica limiting potential and, thus, primary electrons 
reflected to the walls would generate a supply of 
secondary electrons which would likewise be acceler-
ated to the recently scanned areas after these are 
carried somewhat above their limiting potential by 
polarization. Either of these mechanisms would explain 
the discharge effects described, particularly since they 
are much more noticeable as the beam current is 

increased. 
It is interesting to note that secondary electrons 

arising with zero velocity at areas at the limiting potential 
may in turn charge areas to which they are accelerated 
to a potential above cathode equal to twice the surface 
limiting potential. Thus, in using this discharge mech-
anism there would be no object in employing a collector 
potential greater than twice the limiting potential of 

the mica tube face. 
Considerable success has been had in the use of the 

secondary-electron discharge for the reproduction of 
black-and-white patterns with the light valve. How-
ever, it was found that sufficient secondary electrons 
for discharge necessitate an average beam current 
higher than that providing a half-tone range of charg-
ing of the low-capacitance valve. Thus, only that por-
tion of the picture signal corresponding to almost 
black gives less than complete valve actuation. 
Meshes in the path of the beam and held at suitable 

potentials increase the yield of secondary electrons for 
discharge purposes and permit the use of lower primary 
beam currents. Another procedure that could be em-
ployed is to bias the beam to very high currents at the 
picture borders, maintaining the beam current in the 
half-tone range in the useful portion of the raster. 

VII. OVERCOMING OF EXCESSIVE 
VALVE POLARIZATION 

In the following sections of this report it will be 
assumed that polarization of the suspension layer is 
substantially complete at the time when the surface 
is to be discharged in order to prepare it for another 
scanning. This was the case for the majority of the 
suspensions employed in this investigation. However, 
it might be desirable to use a suspension which polar-
izes in a considerably shorter time. If this is the case 
the flash of light through the valve at the time of 
charging by the beam will last so short a time as to 
give very low optical efficiency. If discharge is carried 
out by a beam there will be another flash at the time 
of discharge and, hence, an improvement in efficiency, 
but the efficiency will still be low. If the resistivity of 
the suspension is below about 10-0 ohm-centimeter, 
polarization may be so rapid that orientation of the 
suspension may not take place to any appreciable de-
gree. This section will be devoted to a method for con-
trolling such a low-resistance suspension, since the 
procedures to be described in succeeding sections will 
in this case yield inadequate optical efficiency. 
If the surface of the valve were scanned directly a 

field could be maintained across even a low-resistance 
material, as long as a beam of sufficient current density 
remained on the area in question. With the high-
resistance mica wall used in this investigation, how-
ever, keeping the beam on the area has no effect after 
the initial polarization. Nevertheless, since the orien-
tation of the suspension is independent of field direc-
tion, a low-resistance suspension could be actuated and 
kept actuated, as long as the beam remained on the mica 
wall, if the potential of one valve wall were raised and 
lowered cyclically. This would develop a field across 
the suspension alternating in direction at a rate which 
could be made high enough such that polarization 
would not be completed in a half cycle. Since the pro-
cedure is effective only while the beam remains on the 
valve area, it does not lend itself to the use of a scan-
ning beam, but is ideally suited to a device such as the 
image intensifier described by lams.' In this reproduc-
tion tube a flood of electrons is caused to pass through 
a mesh electrode and strike the viewing screen. The 
degree to which the mesh will permit passage of the 
flood electrons is controlled by scanning the mesh with 
a picture-modulated electron beam to regulate, by 
means of secondary emission, the potentials of the 
mesh areas. In this case the flood electrons strike an 
area of the raster throughout a large fraction of the 
frame time and, thus, might be made to hold portions 
of the wall of a light valve at a fixed potential while 
the potential of the other wall is varied cyclically. 
In this investigation of a preliminary nature, a 

modulated flood was not employed, but the strength 
of the beam bombarding a single spot was varied to 
simulate the point-by-point variation of the flood and 
to explore the problem of valve action. 
The potential of the collector and the average po-

tential of the semitransparent electrode of a tube such 
as shown in Fig. 2 were made 5000 volts. In addition, 
a 60-cycle alternating potential of 500 to 1000 volts 
(peak to peak) was superimposed on the average po-
tential of the semitransparent electrode. A small spot 
on the valve was bombarded and so held at the surface 
limiting potential with respect to cathode. The result-
ing alternating field across the valve oriented the sus-
pension at the bombarded spot. For zero beam current 
the whole valve was caused to swing capacitatively with 
the outside electrode and, therefore, no field was de-
veloped across the valve. As the beam current was 
increased, areas adjacent to the bombarded spot still 
were free to swing, but the spot itself was pinned to 
the limiting potential to an increasing degree as the 
beam current rose, giving a half-tone range. 
The surface potentials of the bombarded spot and 

adjacent areas, resulting from the use of several differ-
ent beam currents under the conditions just described, 
are indicated in Fig. 7. These were determined from 
the response of the light valve and verified by observa-
tions of the potential changes of a probe of platinum 

4 H. A. lams, United States Patent 2,259,507. 
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deposited on the inside of the mica tube face and con-
nected by a lead through the tube wall to a low-
capacitance oscilloscope. When the beam was directed 
to the probe the latter took up the potential of a bom-
barded area. When the beam was directed to a mica 
area, the probe potentials represented those of areas 
adjacent to that being bombarded. 
In Fig. 7, the beam currents are shown at the heads 

of the columns. Variation of electrode or surface poten-
tial is represented by a sine wave, as in the case of the 
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Fig. 7—Electrode and surface potentials (above cathode) for vari-
ous beam currents. 
The sine waves indicate a variation in time, between the lim-

its indicated, when a sine-wave potential variation is impressed 
on the semitransparent electrode. The horizontal lines indicate 
a potential constant in time. In column 6 the variation is im-
pressed on a mesh within the tube as well. 

potential variations in:pressed on the outside (semi-
transparent) electrode for all beam currents. When the 
same variation is impressed on a portion of the inner 
surface, the valve is not actuated there. When the 
variation is reduced, some valve actuation results. 
When the variation is reduced to zero (horizontal line) 
the valve is fully actuated at that point. The collector 
was held fixed at 5000 volts for all beam currents 
(horizontal line). 

Thus, for zero beam current all valve areas are 
swung capacitatively with the outside, the mean po-
tential of 5 kilovolts being determined by leakage 
from the collector. The valve remains deoriented. 
For a beam current of 2 microamperes the potential 

variation of the adjacent areas is still equal to that 
impressed on the outside electrode and the adjacent 
areas are unactuated. Their maximum potential falls 
to collector potential, however, since if it rose above 
that value the areas would be the principal collector 
for the tube and would be charged down. The average 
potential of the bombarded area falls approximately 
to the sticking potential but the beam current is so 
low that the capacitative swing is not entirely sup-
pressed; hence the valve is partially actuated and the 
response is in the half-tone range. 

At 5 microamperes the adjacent areas are still un-
actuated but the beam current is sufficient to pin the 
bombarded area to the sticking potential and maxi-
mum actuation of the valve is obtained at the bom-
barded spot. 

The bombarded area in these experiments was of 2 
or 3 millimeters in diameter. For a smaller spot, a 
lower beam current would suffice to actuate the single 
bombarded spot. If the whole raster were bombarded 
with a spray beam, currents of the order of 50 to 100 
microamperes would be needed. This current, how-
ever, would produce many more secondary electrons 
tending to bombard all raster areas and pin them to 
collector potential, causing indiscriminate lighting of 
the raster as explained in Section V. 

This effect was simulated by further increase of 
beam current at the bombtrded spot. Thus, at 50 
microamperes and 100 microamperes, the bombarded 
spot was of course still fully actuated, but even at 50 
microamperes the adjacent areas were partially actu-
ated as well. Fall in their potential was impeded by 
secondary electrons from the bombarded spot striking 
them with such velocity (1000 to 2000 volts) as to 
charge them toward collector potential; therefore their 
potential swing was reduced as shown in column 4. At 
100 microamperes the adjacent areas were kept charged 
to collector potential at all times, their potential swing 
was reduced to zero and all valve areas were fully ac-
tuated, completely destroying the ability of the focused 
spot to actuate chosen areas. 

This spreading of the lighted valve areas at highei 
beam currents was overcome in a very simple manner. 
A mesh was placed in the tube, close to the bombarded 
mica wall, and connected to the outside semitranspar-
ent electrode (potential change shown dotted in col-
umn 6, Fig. 7). The beam still held the areas bom-
barded at the limiting potential, kince even at the 
lowest potential impressed on the mesh (considered as 
a collector), the secondary-emission ratio was still less 
than unity and the sticking potential was thus inde-
pendent of the collector potential. The situation was 
entirely different, however, for secondary electrons  • 
arising at the bombarded spot (or at the wall after 
reflection from the bombarded spot). These secondary 
electrons produced tertiary electrons on striking ad-
jacent valve areas. The mesh collected these tertiary 
electrons. At the potentials impressed on the mesh 
(1500 to 2500 volts above the mica sticking potential), 
the tertiary-emission ratio was greater than unity and, 
hence, the adjacent  areas  were  forced  to  follow  mesh  

potential. This forced the adjacent areas to swing with 
the outside electrode and, hence, no field could be developed 
across the valve due to the action of the secondary elec-
trons; thus the spreading of the light on the valve at 
high beam currents was completely eliminated. 
Since the introduction of the mesh tended to cause 

defocusing and changes in deflection sensitivity, it was 
found helpful to introduce a second mesh, nearer the 
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gun, and held at fixed second-anode potential in order 
to act as an electrostatic screen for the anode region. 
It should be pointed out that in the spray method 

of control discussed in this section, the question of 
discharge does not arise. This procedure is of value for 
the overcoming of rapid polarization. Valve response 
is had only so long as a portion of the spray is striking 
an area. Darkness at that area is produced by remov-
ing the spray striking it; any potential difference across 
that portion of the valve after the removal of the spray 
is reduced to zero very quickly by polarization. 

It would be expected that an area bombarded by a 
defocused spot would be less susceptible to the grid 
effect. This prediction was borne out by the results of 
column 3. In this case the larger bombarded area was 
actuated since the field from the adjacent areas, nega-
tive a portion of the time, could not act on the inner 
areas of the larger spot to inhibit loss of secondary elec-
trons there. At the higher beam currents (column 4) 

VIII. GRID EFFECTS 

As described in the preceding section, no difficulty 
was experienced in actuating a small valve area bom-
barded with a beam kept on the area, as long as the out-
side electrode was varied in potential. For beam currents 
of 5 microamperes or less this could be accomplished 
without the mesh inside the tube (column 4, Fig. 7). 
With such a tube, containing no mesh, the actuated 

spot faded out, however, as soon as the collector po-
tential was reduced to values equal to or less than the 
surface limiting potential. (In a tube with the mesh 
varying in potential no actuation would be expected, 
of course, at collector potentials below the limiting 
potential, since even the bombarded areas would be 
forced to swing in potential with the outside electrode.) 
The reason for this fading out of the focused spot at 

low collector potentials is made clear in Fig. 8, the 
data for which were obtained with a probe and oscillo-
scope as already described in Section VII. It was found 
(column 1) that, when the collector potential was made 
2000 volts and the outside electrode potential was 
varied by 500 volts above and below this value, the 
adjacent areas varied in potential (by coupling to the 
outside electrode) with their maximum potential equal 
to collector potential (as in column 3, Fig. 7), giving 
no valve actuation in adjacent areas. The potential of 
the bombarded area varied in the same way, however, and 
hence there was no valve actuation there either. 
It is believed that this effect is due to the grid effect 

of the adjacent areas, in that when these areas swing 
in a negative direction, secondary emission from the 
bombarded area is inhibited and, hence, the latter de-
creases in potential also. As soon as the adjacent areas 
start to return in potential toward the collector poten-
tial, secondary electrons can escape from the bom-
barded area and this is carried up to the collector as 
well. The resulting variation in potential of the bom-
barded area results in the loss of valve actuation. 
In support of this theory, it was found that at larger 

beam currents the adjacent areas were kept charged to 
the collector potential by the action of secondary elec-
trons from the bombarded spot (column 2, Fig. 8). 
Since this action removed the grid effect of the adja-
cent areas, the bombarded area was kept charged to 
the collector potential also. Therefore, the whole valve 
surface was actuated. 
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Fig. 8—Electrode and surface potentials with the collector poten-
tial below the surface limiting potential. 
The sine-wave potential variation is impressed on the semi-

transparent electrode as in Fig. 7. Due to the coplanar grid ef-
fect, the bombarded spot can be actuated (without actuation of 
adjacent areas as well) only when the beam is defocused. 

the adjacent areas were, of course, also kept charged 
to collector potential, and the whole valve surface was 
again actuated. 
This grid effect is worth study because of its bearing 

upon the general problem of light-valve control. 
Analogous irregular charging effects would be ex-
pected even in the case of a scanning beam used to 
charge successive areas of a raster toward more posi-
tive potentials. Thus, in the course of the work to be 
described in the next section, in which a scanning beam 
is employed to return the raster from the surface limit-
ing potential to a higher collector potential to accom-
plish discharge, it was found that discharge was imper-
fect unless the beam was defocused. In general, then, 
it will be found better to apply the field to the light 
valve by making the surface potential more negative 
with a focused modulated beam, and to discharge the 
surface back to the original positive potential by means 
of a defocused beam in order to overcome the grid ef-
fects. 
It would be possible, of course, to use a focused beam 

to discharge the surface if the grid effect were overcome 
by an increase in collecting field. This might be done, 
as an example, by the use of a mesh held at collector 
potential to increase the collecting field at the bom-
barded surface. 
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IX. PICTURE REPRODUCTION BY ALTERNATE 
CHARGE AND DISCHARGE WITH ONE BEAM 

Both of the procedures of light-valve control treated 
in the two preceding sections are limited in application. 
The method employing secondary-electron discharge 
Mill not yield an adequate half-tone response at normal 
beam current unless special means are employed for 
producing a more dense rain of secondary electrons 
upon the scanned mica. Furthermore, the use of alter-
nating potentials impressed upon the semitransparent 
electrcde requires the use of a device such as the image 
intensifier described in Section VI which produces a 
spatially modulated rain of electrons upon the tube 
face throughout the greater portion of the frame time. 

Fig. 9—Unretouched photograph of picture reproduced by the 
suspension light valve employing a single beam of alternately 
high and low velocity. 

In Section IV it was pointed out that, after a field 
had been applied to the valve by reducing the surface 
potential approximately to the limiting potential with 
the scanning beam, the field might be removed by mak-
ing the cathode more positive and rescanning with a t 
beam from the same gun. The more positive cathode  t 
Mould result in a reduced electron velocity and, hence,  t 
in a secondary-emission ratio greater than unity, with  t 
the consequent removal of the light-valve field by the  a 
return of the surface to its original high potential. 
The procedure described in this section differs  in 

merely in that the potent ial of the outside  semitrans-  a 
parent electrode is made more  negative,  making  the  m 
surface potential more  negat ive  by capacitance  effect,  c 
before the discharge  scann ing.  Th is likewise  reduces  fr 
the electron velocity dur ing  the discharge  scanning  in w 
the same manner  as  wou ld a more  positive cathode  d 
potential. The tubes are  ident ica l with  those  already  ni 

described, having  a semitransparent electrode on the pe  
outer wall of a thin ce ll conta ining  the  suspension  light  al 
valve, this cell in turn  being  mounted  on  the  mica  tube  de  
face. Scanning at the rate  of 60  frames  per  second,  with  of  
single interlacing , was  emp loyed.  

tw 
Fig. 4 shows the secondary-emission ratio of the or  

mica tube face. The outside electrode and collec tor  are  w 
held at potential a, usua lly 5000 volts.  Scanning  of  the  pi 

May 

mica with the focused modulated beam carries its po -
tential in the high lights to b, the lim iting  potent ial of  
the surface, thus imposing a field across  the va lve  and  
actuating it. At the end of the firs t field of the inter-
laced scanning, the poten tials of the co llector  and  that  
of the outside electrode are change d from  a to  some-
where near b by a simple mec han ica l commutator.  
Those areas of the valve which have  been  reduced  in 
potential to b by scanning are  thus  change d in poten-
tial to c by capacitative  coup ling  to  the outside  elec-
trode. This approxima tely equa l change  in potential  
of both walls of the va lve  of course  develops  no  appre-
ciable new field. Dur ing  the next  field  of  the  interlaced  
scanning the mica wall is scanne d with the  beam  de-
focused and at full beam  current,  to  discharge  the  sur-
face. Now, however , the secon dary-emission  ratio  is 
above unity and the potent ial of the  whole  surface  is 
raised to b (collec tor  potent ial and  limiting  potential).  
Finally, the commutator  returns  the  potentials  of  the  
collector, outside electro de, and  valve  wall  (capacita-
tively) to a to comp lete  the cycle.  
Fig. 9 shows a picture  reproduced  by  means  of  the  

procedure just descr ibed. The  picture  was  photo-
graphed from the face  of a tube  incorporating  a sus-
pension light va lve  as  prev iously  described.'  The  pic-
ture signal was obtaine d from  a "monoscope. " 
The use of the unmo dulated  beam  during  alternate  

scans removes difficu lties  of focus  and  registry  at  the  
changed anode vo ltage.  The  beam  is defocused  during  
the cycle in which the screen  potential  is made  more  
positive by the beam,  in order  to  remove  the  grid  ef-
fects described in Sect ion  VIII.  When  the  beam  was  
refocused dur ing  its low-velocity  phase,  by  an  addi-
tional commutator  segment,  the  response  of  the  valve  
became very nonun iform  over  its  surface.  
The absence of mo dulation  during  alternate  fields  of  
he interlaced scann ing,  of  course, teduces the reso l u-
ion obtainable with a given  television  signal  by  a fac-
or of 2. Since  the modulated  picture  is reproduced  by  
he reorientation  of the  suspension  at  discharge  during  

lternate fields, the flicker  frequency  is 60 per second •assuming the use of 30 f rames  per  second  with  single  

terlacing) although  new  information  is imparted  to  
ny element on ly 30  times  per  second,  i.e.,  during  the  

odulated alternate-field scann ings.  If the  capacitative  
hange in screen  potential  were  made  at  the  end  of  a 
ame (30 times per  second  instead  of  60)  full  resolution  

ould be possible, since  the  beam  would  be modulated 
uring alternate  pairs  of  fields  of  the  interlaced  scan-

ng. The flicker frequency would again approach 60 
r second although the situation would be somewhat 
tered during discharge since the strong unmodulated 
focused discharge beam would discharge most areas 
the valve at its first passage (during the first of the 
o successive fields devoted to discharge) and the re-
ientation during the second passage would be 
eaker. New information would again be given any 
cture element only 30 times a second. 
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An interesting result was obtained when the latter 
procedure was tried with the same tube used above, 
which had no meshes. The picture was doubled, in that 
one field of the interlaced scanning was not registered 
with the other. This resulted from the fact that, during 
the first field scanning, areas already scanned had been 
left at a potential nearer the surface limiting potential 
while areas as yet unscanned were still at collector po-
tential, whereas, during the second field scanning up to 
50 per cent of all screen areas (a higher percentage if 
the spot size was too large to produce the resolution 
available in the signal) were near limiting potential at 
the start of the scanning. This situation resulted in a 
different electrostatic-field distribution and, hence, in 
a difference in the deflection sensitivity, in the two field 

scannings. 

(a) Half Tones and Response to Changing Pictures 

Before describing the performance of the light valve 

as regards half tones and response to a changing pic-
ture, some consideration must be given to the setting 
up of the charging and discharging equilibrium. A sim-
ple case, which is directly applicable to the procedure 
of this section, was treated at length in Section V. 
There the charge beam was assumed to be strong 
enough to charge the surface from collector potential 
(5000 volts) to the limiting potential (3000 volts), and 
an unmodulated strong discharge beam was assumed 
to return the scanned surface to collector potential. 
The procedure of this section is substantially the same, 
since only the difference in potential across the valve 
is important in equilibrium considerations. The semi-
transparent electrode and the collector and, therefore, 
both valve walls are carried to the limiting potential 
by a commutator; the surface, swung capacitatively 
below the limiting potential, is carried in a positive 
direction to the new collector potential by discharge; 
then the collector and the semitransparent electrode 
are returned by the commutator to their original po-
tentials. 
The equilibrium of Section V was of course a special 

case in that (a) the capacitative swing was equal to the 
higher collector potential minus the limiting potential; 
(b) the lower collector potential was equal to the sur-
face limiting potential; (c) the beam current was more 
than sufficient to charge the surface to the limiting 
potential after equilibrium was established (hence, no 
consideration of change in charging efficiency with 

change in the region of the secondary-emission curve 
employed was necessary); and, finally, in that (d) the 
discharge beam was assumed to be focused and, hence, 
to discharge the surface on its first passage. Changing 
any of these factors would alter the manner in which 
the equilibrium is reached and such changes must be 
taken into account. 
Consideration has been given to the equilibrium 

reached under various operating conditions. In gen-
eral, such analyses are lengthy; accordingly, only the 

conclusions reached will be presented here. These are: 
1) It is not necessary that the capacitative swing be 

equal to the higher collector potential minus the limit-

ing potential. 
2) When the charge-beam current directed to any 

valve element is zero the potential of this element be-
comes the limiting potential plus the capacitative 
swing during the charging scans. 
3) When, during several successive frames, the same 

signal is impressed on the beam charging any valve 
element, substantially the full desired valve potential 
difference is applied repetitively at each scanning by 
the charging beam beginning with the first, but 3 or 4 
cycles are necessary before the discharge beam applies 
the desired equilibrium potential difference across the 
valve during the discharge scannings. 
4) After equilibrium the potential difference devel-

oped by a focused discharge beam is always equal to 
that developed by the charging beam as was the case 
in Section V. (The defocused discharge beam will be 

considered later.) 
5) After equilibrium, charging of the valve takes 

place from the surface limiting potential plus the 
capacitative swing, minus the potential difference de-
veloped repetitively across the suspension layer. (In 
Section V, analogously, charging took place from 
3000+2000-666 or 4334 volts, after equilibrium.) 
6) Equilibrium is approached more slowly as the po-

tential drop across the suspension layer is increased 
relative to that across the mica tube face. (In Fig. 6 
they were assumed to be of equal capacitance per unit 

area.) 
As regards the reproduction of half tones, the follow-

ing conclusions may be reached: 
7) From (5) above, when the beam current is near 

that corresponding to its high-light value, charging 
starts in a region of the secondary-emission curve (Fig. 
4) nearer the limiting potential than is the case for 
lower beam currents. Hence, the difference of second-
ary-emission ratio from unity is reduced and the 
charging applies less potential difference to the valve, 
per unit of beam current, than does the charging for 

the darker areas of the picture. 
8) Since charging with higher beam currents carries 

the surface over a wider voltage range of Fig. 4, the 
limiting potential will be much more closely approached 
than it will for lower beam currents. Hence, there is an 
additional loss of charging efficiency at the higher cur-

rents. 
9) Both (7) and (8) would be expected to reduce the 

valve response at the higher beam currents but this is 
partially compensated, as has been shown,' by the fact 
that the response of the valve is proportional to the 
square of the voltage across it. (In these tests a gamma 
control on the video amplifier was provided, but it has 
not been found necessary to use it up to the present.) 
10) The half tones are preserved during the reorien-

tation of the suspension at the time of discharge. 
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As regards the response to a changing or moving pic-
ture, the following may be concluded: 
11) When the beam directed to a valve area is in-

creased or decreased in strength, the impulse to the 
valve during charging changes to its new value at once, 
but the discharge beam requires several frames to 
reach equilibrium. The greatest adjustment of the im-
pulse due to discharge takes place at the first discharge 
and the final value is approached asymptotically. 
12) When the distribution of beam current to an ex-

tended valve area is suddenly changed, as when a pic-
ture area is moved to a new location, the various 
picture lights and shades in the area all approach 
equilibrium at the same rate, so that the proper picture 
gradations in the area are maintained. Thus, if the 
features of a face were to be produced suddenly on a 
previously dark picture area, the features would ap-
pear in their proper tonal relation at once, but would 
brighten slightly as a whole during the first few frames. 
An effect will now be described which may improve 

the valve performance in that it may cause the above-
mentioned equilibria to be approached more rapidly. 
In the equilibrium of Fig. 6 it was assumed that a 
focused discharge beam discharged the surface on a 
single passage and that polarization then caused the 
recently scanned surface to become more negative (line 
e of Fig. 6). It is precisely this drift in the negative 
direction which causes the delay in reaching equilib-
rium. In the procedure of this section, however, a de-
focused discharge beam is employed in order to 
minimize coplanar grid effects as already explained. 
This beam is usually defocused to about one quarter of 
the screen height. It will be seen that during this period 
of one quarter of a field scanning, portions of the de-
focused beam are crossing the valve element under 
consideration repeatedly, with only the time between 
scanning lines intervening. Since very little polariza-
tion takes place during these short intervals, the valve 
area may be considered to be pinned to the collector 
potential (or to the limiting potential, during the low-
voltage cycle, which does not change these conclusions) 
for one quarter of a field time. During this time, how-
ever, a substantial portion of the polarization is over 
and, hence, after the discharge beam no longer pins the 
area to collector potential the surface will go much less  its 
negative due to polarization than would be the case if rea 
a focused discharge beam were used. Therefore, all  uni 
equilibria are set up more rapidly. If the polarization  pot 
is substantially over in a shorter time than a field-  val 
scanning time (that is, if the resistivity of the fluid is the 
somewhat reduced) the polarization may be nearly  val 
over while the defocused discharge beam is still .re-  eva 
crossing the valve element, and the delays in establish-  be 
ing changes of picture tone may become negligible.  Thi 
It should be pointed out that while a valve area is the 

pinned to collector potential or to the limiting poten-  the 
tial by the defocused discharge beam, the capacitance  plo 
of the mica is effectively in parallel with the suspension  cat 

capacitance and the polarization decay curve  is less  
steep. This aspect of polarization has been  discusse d.' 
Nevertheless, the pinning of the surface dur ing  po lar i-
zation results in a net increase in the ra te at  which 
equilibrium is approached. 
It is also true that the diffuse leading  edge  of the de-

focused discharge beam will not com plete ly disc harge  
the valve element on its first passage , which will in 
general result in a slightly lower potential difference 
being applied to the valve dur ing  disc harge  than  is de-
veloped at the charging scann ing . The potent ial dif-
ferences developed during  disc harge  have  their proper  
relative values, however , an d the proper  half-tone  re-
sponse of the valve, integra ted over  eac h complete  
frame, is maintaine d. 

b)Limitations upon FieldDevelopedA cross theSus pension  

It was stated above  that , after  equ ilibrium  is estab-
lished, the scanne d m ica  potent ial just  before  charging  
is the surface lim iting  potent ial plus  the  capacitative  
swing minus the difference  of potential  developed  
repetitively across the suspens ion.  Therefore,  the  ca-
pacitative swing shou ld be set  at  a value  greater  than  
the maximum potent ial difference  it is desired  to  de-
velop aross the m ica  an d suspens ion,  plus  the  maxi-
mum desired poten tial difference  across  the  suspen-
sion. Otherwise, charg ing  even  to  the  limiting  poten-
tial will not deve lop  the des ired  field.  
As the beam current  employed  to  bombard  a picture  

area approaches zero , charg ing  takes  place  from  a mica  
potential which approac hes  the limiting  potential  plus  
the capacitative  sw ing.  The  mica  potential  can  never  
be above collector  potent ial,  for  it would  then  become  
the collector  of electrons  and  be  charged  negatively  to 
near collector potent ial. Therefore,  the  collector  poten-
tial (in the charg ing  phase)  should  always  be  main-

tained at a potent ial above  the limiting potential plus  
the capacitative  sw ing.  
There is, however,  a lim itation  upon  the  capacitative  

swing and, hence , upon  the  field  which  may  be  devel-
oped. The highest  beam  current  used  charges  the  mica  
surface , to the most  negative  value  it attains  during  the  
charging scann ing.  If the  capacitative  swing  in the  

g ive direction carries  this most  negative  area,  after  
potential has been  altered  by  polarization,  as  al-
dy explained, below the first  secondary-emission  
ty value of Fig. 4, the  area  will  be  carried  to  cathode  
ential by the disc harge  beam  and  this  portion  of  the  
ve will become  inoperative.  If this  limitation  upon  
capacitative swing  does  not  permit  sufficient  light-
ye field to be developed,  a procedure,  such  as  the  

poration of a mater ial upon  the  mica  surface,  may  
employed to ra ise the mica  secondary  emission.  
s will raise the mica  limiting  potential  and,  hence,  
potentials at which charging  begins  and  ends,  and,  
refore, a larger  capacitative  swing  may  be  em-

yed without  danger  of  the  surface being carried to 
ode potential by the discharge beam. 
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(c) Independence of Variations in Surface Limiting Po-

tential 

At first sight it seems that variations in the limiting 
potential over the surface might adversely affect the 
valve performance. Fortunately, this is not the case. 
Variations of limiting potential of 1 to 2 kilovolts from 
one area of the screen to another have been found to 
have no significant effect upon the picture when the 
electrode potentials are properly chosen. 
The reason for this result lies in the fact that both 

charge and discharge take place from potentials bear-
ing a fixed relation to the limiting potential. Hence, if 
the secondary-emission curves have approximately the 
same shape, over a reasonable range above and below 
the respective limiting potentials for the two areas of 
even widely different limiting potentials, the same 
beam current will have the same charging efficiency 
and, hence, produce the same valve response at the two 

areas. 
It is necessary only that the collector potential and 

lowest limiting potential be high enough that the re-
quired light-valve field strength is permitted by the 

limitations described under (b) above. 

(d) Picture Distortions 

When the charge beam is modulated during two suc-
cessive fields of interlaced scanning (instead of the 
modulation during alternate fields as just discussed) a 
lack of registry of the two pictures is found, as de-
scribed earlier in this section. A shift of picture posi-
tion, similar to that caused by a difference in the elec-
trostatic-field distributions during the two scans, 
would also be expected to occur to some degree when 
a change is made in the picture content. Thus, a large 
high light in the top of the picture would mean a screen 
area of lower potential and might result in the beam 
being bent toward the bottom of the picture as it scans 
the lower lines. The removal of this high light in a sub-
sequent picture might then result in a raising of the 
lower portion of the raster. This effect has not been so 
pronounced as was expected even in the tubes without 
meshes near the screen, and it, therefore, has not 
seemed worth while to apply corrective measures. 

(e) Modulation of the Beam during Both Charge and Dis-
charge Phases 

If, in addition to the charging beam, the discharging 
beam (i.e., the beam during the scanning at reduced 
electron velocity) were modulated, a resolution cor-
responding to the full signal content would be possible 
with the full picture-repetition rate of 60 fields per 
second employed in this investigation. The electrode-
potential change (yielding a capacitative swing of the 
scanned surface) may be applied between either fields 
or frames of the interlaced scanning. 
The mannet in which the charging and discharging 

equilibrium is reached would be somewhat more corn-

plicated in that the surface is no longer discharged to 
the limiting potential by the strong unmodulated dis-
charge beam. Instead, the discharge beam current also 
is adjusted to a value designed to give the desired valve 
response. To consider a simple example, let it be as-
sumed that both charge and discharge beam currents 
have just been adjusted to a new value to give a change 
in the picture, at the area in question, which is to per-
sist for several frames. If the charging beam initially 
varies the mica potential over a range of Fig. 4 which is 
farther from the limiting potential than the range of 
Fig. 4 over which the discharge beam varies the sur-
face potential, the charging beam will produce the 
greater potential variation since the secondary-emis-
sion ratio differs more from unity. Hence, the charging 
beam will impart a greater negative impulse to the 
mica than the positive impulse imparted by the dis-
charge beam, and the average mica potential will fall. 
Thus, after equilibrium, the charging process no longer 
starts from a potential equal to the limiting potential 
plus the capacitative swing, minus the difference in po-
tential across the suspension, but from a potential such 
that the charging and discharging efficiencies are equal; 
the two modulated beams again develop the same dif-
ference in potential across the valve (the two beam 
currents having been assumed to be equal). 
Whenever there is a change of beam current during 

either the charging or discharging scanning, the equi-
librium just described will be re-established, while the 
equilibrium described earlier in this section is being 
established. In general, no longer time will be required 
for the double equilibrium and the only difference lies 
in the final potentials from which charging and dis-

charging take place. 
In the equilibrium described earlier the higher beam 

currents resulted in charging starting from lower screen 
potentials, relatively decreasing the valve response to 
the higher beam currents. The new equilibrium consid-
ered alone obviously requires that both charging and 
discharging start at potentials which arc more removed 
from the limiting potentials for the highet beam cur-
rents. In the final equilibrium, which is a combination 
of the two, the effects are compensating and charging 
will start more closely from the same point on the curve 
of Fig. 4 for all beam currents. Referring to the conclu-
sions concerning half tones in (a) of this section, we 
find this situation would leave only the effect men-
tioned there under conclusion (8) to be compensated 
by the square law of response of the suspension. 

X. CONCLUSIONS 

The cathode-ray control of suspension light valves 
appears to be a procedure of practical utility for the 
reproduction of television pictures. The removal of 
fields produced by electron bombardment may be ac-
complished by means of secondary electrons produced 
by the electron bombardment. Considerable latitude is 
afforded in the choice of suspension characteristics 



since the polarization of low-resistance suspensions 
may be overcome by the use of alternating potentials 
superimposed on the collector potential. 
Of the several modes of operation reported here, al-

ternate charge and discharge by one beam is the most 
useful, although in the method described the resolution 
is limited by the discarding of alternate fields of the 
interlaced scanning. The results obtained with this 
procedure are substantially independent of variations 
in secondary emission of the bombarded surface. 

Although it is obvious that further work of a devel-
opmental nature must be done, the suspension light 
valve controlled by a cathode-ray beam is a promising 
approach to the problem of producing large, bright 
television pictures. 
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A Type of Light Valve for Television Reproduction* 
J. S. DONAL, JR.t, MEMBER, I.R.E., AND D. B. LANGMUIR t,6 MEMBER, I.R.E. 

Summary—The desirability of a light valve for the reproduction 
of television pictures is discussed, and the use of a suspension of 
opaque platelike particles for this purpose is shown to offer the 
particular advantages that the electron beam would be only a con-
trol mechanism and the picture brightness would be limited only 
by the light source and lens system. 

The theory of operation of such a suspension is described and it 
is demonstrated that inertial effects may be neglected and that the 
rate of orientation of the particles is independent of particle size 
and is a function of the viscosity and dielectric constant of the sus-
pending medium and of the square of the applied voltage. The con-

trast ratio obtained may be made very high, although the optical 
efficiency will decline as the contrast ratio rises. 

It is found that suspension resistivity must be considered in 
practical application of the light valve, for if the field is applied 

through an insulating wall the valve will respond only to changes in 
potential of the outside of this wall, since leakage will prevent a 
constant wall potential from maintaining a field across the suspen-
sion. 

From the results of tests, the conclusions are drawn that the 
fundamental optical behavior of the suspensions considered is in 
accordance with the predictions of a theory based on simple as-
sumptions, and that the suspensions fulfill the basic requirements of 
a television light valve. 

INTRODUCTION 

TrHE development of television has seen progress 
in the the reproduction of images, from the early 
scanning disks to the modern kinescopes, or cath-

ode-ray tubes. Because of the limitations of kinescopes 
in the production of very large images, alternative re-
production devices have been studied.' This paper pre-
sents a description of a type of cathode-ray-controlled 
light valve which appears to offer promise in this field. 

Decimal classification: R583 X R388. Original manuscript re-
ceived by the Institute, October 19, 1942. Presented, Fifteenth An-
nual Convention, Boston, Massachusetts, June 29, 1940. This paper 
reports work carried on, prior to 1940, as part of the television-de-
velopment program of the RCA Manufacturing Company, Inc. 

t RCA Laboratories, Princeton, New Jersey. 
Formerly, Research Laboratories, RCA Manufacturing Com-

pany, Inc., Harrison, New Jersey; now the Office of Scientific Re-
search and Development, Washington, D. C. 

1 Dr. Rosenthal has described an alternative system, "the Skia-
tron," which depends upon the development of opaque areas in 
microcrystalline layers of ionic crystals under the action of electron 
bombardment. See A. H. Rosenthal, "A system of large-screen 
television reception based on certain electron phenomena in crys-
tals," PROC. I.R.E., vol. 28, pp. 203-213; May, 1940. 
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Since a new type of television reproduction device 
is described, it may be helpful to compare its principles 
with those of other reproduction systems. Three exam-
ples will be considered: the combination of a scanning 
disk with a single light source modulated by a video 
signal; a nitrobenzene Kerr cell combined with a scan-
ning disk; and a kinescope. 

The system using the scanning disk has two major 
disadvantages. The light which produces the picture 
must be generated by power modulated at video fre-
quencies. Also, light can be delivered to only one pic-
ture element at a time and the resulting picture must 
suffer in respect to brightness by a factor of many 
thousands relative to the limiting brightness which can 
be obtained with a lantern slide where, for example, 
light from every element reaches the observer's eye 
continuously. 

The conventional Kerr cell has the theoretical ad-
vantage that the video signal is used as a control rather 
than as a generator of light. However, it suffers from 
the same unfavorable efficiency factor as does the scan-
ning disk in that light reaches the observer's eye from 
only one picture element at a time. 

In the kinescope, the light must be generated by, 
modulated power, and it can be generated at only one 
picture element at a time, so that both of the disad-
vantages of the scanning disk are present. The success 
of the kinescope in television reproduction is due 
chiefly to certain special features of the device. Cath-
ode-ray beams make it possible to concentrate power 
into small areas very effectively. The combination of 
such large power densities with phosphors which can 
efficiently transform the power into light produces a 
satisfactory result in spite of the theoretical . disad-
vantages. 

It is worth while to consider systems of television 
reproduction which are free from both of the stated 
handicaps. An idea l dev ice,  which  may  be  called  a 
television light valve , can  be conceived  as  a lantern  

slide which at every point has an opacity that can be 
controlled instantaneously. Such a slide might be 

• 
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scanned so that the transparency varies from point to 
point in accordance with the picture signal. If the 
transparency remained constant at the value set by the 
signal until the return of the beam during the next 
scan, light would reach the observer's eye continuously 
from all of the desired elements of the picture. The 
brightness of the picture would be limited only by the 
light source, the lens system, and the maximum trans-
parency of the light valve; the electron beam would be 
only a control mechanism. 
In exploring the groundwork for such a hypothetical 

system the vat iety of possibilities is large and it is dif-
ficult to limit them in any preconceived manner. How-
ever, confining the scanning systems to electron beams, 
and the controlling effects to voltages developed by the 
beams, certain almost inescapable features of a prac-
tical light valve can be defined in advance. First, the 
layer of optically controllable material must be thin, of 
the order of a few thousandths of the width or length. 
Second, the light-control effect must result from an 
electric field which is parallel to the direction of light 
transmission. While neither of these requirements is 
absolute or final, the complexities introduced by de-
viating from either of them militate against the prac-
ticability of a light valve which fails to meet them. 
It is illustrative to consider the conventional type 

of nitrobenzene Kerr cell in the light of these condi-
tions. Since such a cell must be at least several milli-
meters thick in the direction of light propagation in 
order to obtain useful transmission with the maximum 
electric field permitted by the dielectric strength of 
nitrobenzene, and since the lines of force must run per-
pendicular to this direction, neither basic requirement 
is fulfilled. The classical Kerr effect seems unsuited to 
the television light-valve problem. 
In respect to frequency response the requirements 

for the optical medium in the present problem are 
much less stringent than those for a light valve used in 
conjunction with a scanning disk. Since any given pic-
ture element need respond only once during each frame 
period, the time of response of the light valve may be 
1/100 second or even longer. The system may be con-
sidered to consist of a large number (one for each pic-
ture element) of parallel communication channels of 
very narrow bandwidth. Taken all together these 
transmit the same amount of intelligence as a single 
wide-band channel. 
An optically sensitive medium which satisfies the 

basic requirements outlined and which has been found 
to possess many advantageous qualities consists of a 
suspension of small, flat, opaque particles in an insulat-
ing fluid. If the suspended platelike particles have a 
dielectric constant greater than that of the liquid, an 
electric field will cause them to align themselves paral-
lel to the field. The shadow cast by the particles and, 
hence, also the light transmission of the suspension will 
therefore be subject to control by the field. 
Theoretical and experimental investigations of such 

suspensions are described in this paper. A separate pa-
per2 treats the methods by which cathode-ray beams 
can be made to control a light valve and describes a 
cathode-ray-controlled suspension light valve with 
which a high-definition television picture has been pro-
jected on a screen. 

THEORY 

Consider a suspension in which there are n absorbing 
particles per cubic centimeter, each particle having a 
projected area a on a plane perpendicular to the x di-
rection. Light traveling in the x direction will vary in 
intensity L according to the familiar exponential ab-

sorption law 
dL 

= 
dx 

Integrating, we have 

— = 
Lo 

— naL. (1) 

e-naz.  (2) 

Here L is the light intensity after traversing the dis-
tance x in the suspension, while Lo is the incident light 
intensity at x equals zero. 
The quantity nax is equal to the sum of the pro-

jected areas of all particles in a suspension thickness x. 
Letting this total area equal A, we have 

— = e-A. 
Lo 

Now let A1 be the total projected area of the par-
ticles in the unoriented condition and let A 2 be their 
projected area after having been aligned by the field, 
with L1 and L2 representing the corresponding light 
intensities after transmission through a suspension 
thickness x. Then, from (3), 

-  = 

(3) 

L1 

The ratio L2/L1 is equal to the maximum contrast 
ratio obtainable while L2/Lo, the ratio of emergent to 
incident light when all particles are lined up, may be 
called the high-light transmission or optical efficiency 
of the suspension. Designating these by C and E, re-
spectively, and substituting, we obtain 

c =e -A2(1-(A0A2)) 

= 

(4) 

(5) 

This relationship between contrast, optical efficiency 
(or high-light transmission L2/Lo), and the shape fac-
tor A1/A 2 of the individual particles is presented 
graphically in Fig. 1. It is seen that the contrast ratio 
is by no means limited to a value equal to the shape 
factor, and that a contrast ratio of any desired magni-
tude can be obtained simply by increasing the total 
area of the suspended particles per unit area of the 

2 J. S. Donal, Jr., "Cathode-ray control of television light 
valves," PROC. I.R.E., this issue, pp. 195-208. 



210 Proceedings of the I.R.E. May 

valve. This can be done, for example, by increasing the 
thickness of the fluid layer, or by increasing the con-
centration of the particles. The optical efficiency will 
decline as the contrast ratio rises at a rate depending 
upon the shape factor of the particles. 
The rate at which the particles are oriented by an 

applied field will depend upon their size, shape, and 
moment of inertia; and upon the fluid viscosity, dielec-
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Fig. 1—Curves showing the contrast ratio obtainable from a sus-
pension as a function of its light transmission in the completely 
oriented state for various values of the shape factor of the par-
ticles. The lines are theoretical. Experimental points for a sus-
pension of graphite in castor oil are also shown. 

tric constant, and density. An exact theory would be 
complicated. It can be shown, however, that inertial 
forces in the motion are very small compared to viscous 
ones, and need be considered only when the Reynolds 
number' R has a value of the order of magnitude of 
unity. The Reynolds number appropriate to this prob-
lem is 

R= 
pwr2 

where (in the centimeter-gram-second system of units) 
p= fluid density 
r =equivalent particle radius 
co =angular velocity of particle 
,u= coefficient of viscosity 

For the range of values of the four variables which 
might be practicable in a television light valve R is 
much less than 1, so that viscous effects predominate 
overwhelmingly. 
Since inertial effects may be neglected, the rate of 

orientation of the particles can be calculated quite 
simply if conducting plates, such as those of graphite, 
are considered. Such a particle is shown in an electric 
field in Fig. 2. The plane of the flat body is shown per-
pendicular to the page and its periphery may have any 
shape whatever. 

3 The significance of the Reynolds number in problems of this 
nature is stated at length by Sir Horace Lamb in his "Hydro-
dynamics," sixth edition, Cambridge University Press, Cambridge, 
England, 1932. 

Consider the field E resolved into components E cos 4) 
along OX and E sin 4) along 0 Y. The former may be 
considered to build up polarization charges on the 
plate so as to give it a double moment of strength M. 
The latter may be regarded as exerting a torque upon 
this dipole without affecting the value of M. If the size 
of the plate (proportional to r) is varied, keeping the 
particle shape factor and the electric field E constant, 
the surface charge density at corresponding points will 
remain constant. The total polarization charges will 
therefore be proportional to the area of the plate and, 
of course, to e, the dielectric constant of the medium. 
Since the separation of positive and negative charges 
will be proportional to r, it is clear that 

M = Kier3E cos 4) 

where IC1 is a constant deperiding upon the shape of the 
periphery of the plate. 

The torque exerted on the plate by the field will be 

LE = ME sin 4) 

= KiE2er3 sin cp cos ct, 

= K2E2er3 sin 20. 

This torque will be opposed by a torque due to vis-
cous drag, for if the same plate as is shown in Fig. 2 is 
considered to be rotating in a viscous fluid, a torque 
will be exerted on it by the drag of the fluid. Since the 

Fig. 2—A platelike particle is viewed edge on in an electric field. 
The field component parallel to the surface induces charges on 
the particle and the field component perpendicular to the sur-
face acts upon these induced charges to produce a torque which 
tends to rotate the particle so as to place its long axis parallel to 
the electric field. 

inertial forces may again be neglected, it can be shown 
from dimensional reasoning that 

Ic=  3p — r3 
dt 

where la is the coefficient of viscosity. 
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The reason for the third-power variation with r can 
be summarized qualitatively as follows: As r increases 
with constant µ and c140/d1, the area upon which shearing 
or pressure forces are exerted increases as r2, while the 
lever arms by which the forces must be multiplied to 
give the torque increase as r. With constant d4)/dt the 
rate of shear at corresponding points in the fluid re-
mains constant as r increases since the increased veloc-
ity of parts of the system is counterbalanced by the in-
creased scale of size of the system. Therefore, the net 
result is a torque increasing as r3. 
Equating these torques and rearranging, we obtain 

dcb e 
— = K — E2 sin 24). 
dl 

This equation can be integrated, yielding 

tan 4) = tan 40_2c (7) 

where c= K (/A) E2, 1 is the time, and (kis the value of 

4) when t =o. 
Since both the torques involved increase as the cube 

of the particle size, the rate of orientation is independ-
ent of the particle size. The time response of the sus-
pension light valve depends therefore upon the square 
of the applied vpltage and upon the viscosity and di-
electric constant of the suspending medium. 
The projected area of the suspended particles is equal 

to A0 sin 4), where A0 is the total area presented by the 

act 

Fig. 3—Theoretical curves of light transmission as a function of 
time I for a suspension of particles of infinite shape factor, under 
a constant orienting field. The constant c =E2(e/µ). At ci =0 all 
particles lie at 45 degrees to the field. 

deoriented particles in 1 square centimeter of valve 
area. It is assumed that this projected area equals zero 
when alignment is complete. Therefore, the transmis-
sion coefficient T of the suspension as a function of 
time will be given by 

T = CAliin.  (8) 

where tan 41= tan 44 e-2" from (7). 

The curves of Fig. 3 show the relations, derived from 
(8), between the transmission coefficient and the time 
for various initial values of light transmission in the 
deoriented condition. 
For comparing theory with observed data, it is con-

venient to eliminate 4) from (7) and (8). When this is 
done the equations may be put into the form 

1 
lnln — — lnA o = 4 ln(1  et). 

0 
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Fig. 4—Comparison between test and theory of light-transmission-
versus-time curves. The two adjustable constants used in fitting 
the experimental points to the curve are discussed in the text. 

The constant 410 is arbitrary and has been set equal to 
rr/4 in this case. 
This equation is shown plotted in Fig. 4, together 

with observed points from two suspensions. The con-
stant c, which is indeterminate because of its depend-
ence upon the shape factor of the particles, has been 
adjusted to give the best fit. In addition the points 
have been shifted horizontally by means of the con-
stant a so as to make the curves coincide. The latter 
procedure is necessary since the time scale for the 
theoretical curve is essentially a relative one. An abso-
lute origin for the time is indeterminate because we 
have no way of measuring the value of 4) when the 
electric field is first applied. The theory is at best ap-
proximate because of the adjustable constants and 
because of the assumption (not consistent with actual 
suspension characteristics) that the transmission co-
efficient approaches unity with complete orientation. 
The general behavior of the suspensions is seen, how-
ever, to be in conformity with that predicted by simple 
calculations. 

TESTS 

Observations of suspension characteristics were 
made using cells with glass walls. The thickness of the 
fluid layer was varied from a few millimeters down to 
about 0.1 millimeter. Potentials were applied by means 
of semitransparent sputtered metal coatings in direct 
contact with the suspension. Light intensities were 
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measured with a phototube. When transient effects 
were studied this tube was connected to the input of a 
direct-current amplifier which controlled an oscillo-
scope having a long-persistence screen on which single 
traces could be studied. 
In one series of tests the light transmission in the de-

oriented and completely oriented states was measured 
for several diflerent•values of opacity controlled by the 
concentration of particles or the thickness of the cell. 
The results for a suspension of graphite in castor oil are 
shown as the crosses in Fig. 1. The theoretical relation-
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Fig. 5—Time required for light transmission to rise to half of its 
final value as a function of the parameter EN/Till. This curve 
checks the square-law response to field strength, the effect of 
dielectric constant and viscosity, and the independence of par-
ticle size upon rate of orientation. 

ship between contrast and optical efficiency is seen to 
be verified. The effective shape factor of the particles 
is apparently between 3 and 4. A contrast ratio of 25 
with an efficiency of 0.2 is seen to be obtainable. 
Fig. 5 is a plot of the time required for the transmis-

sion of the suspension to reach half of its final value 
against the parameter E-Ve/m. The parameter was 
varied not only by applying different field strengths to 
the suspension, but by using fluids of different viscosity 
and dielectric constant. Suspended particles of differ-
ing sizes were also used. The time of orientation is seen 
to be proportional to the inverse square of EVe/A and 
to be independent of the particle size, as predicted by 
theory. 
Fig. 4 showed a check of the detailed form of the 

transmission-versus-time curves. The theoretical curve 
as represented by (9) is shown by the solid line. Points 
measured experimentally with two different suspen-
sions are also shown, and the agreement with theory is 
satisfactory. 

POLARIZATION EFFECTS 

In the experiments just described the potential dif-
ference was applied to the suspension from electrodes 
in contact with the fluid. The behavior observed was 
not a function of the conductivity of the suspension, 
the various values of fluid conductivity resulting 
merely in the passage of a greater or smaller conduc-
tion current. However, in important practical cases, as 
already described,' the potential differences may not be 

-1 

1 2 

applied directly to the fluid. One wall of the light valve 
might consist, for example, of mica or of thin glass 
which is charged on its outer face by an electron beam. 
In that case the conductivity of the suspension will 
have a marked effect upon the performance; therefore, 
it seems worth while to discuss the broader aspects of 
this phenomenon at this point. 
Consider the behavior of a cell of which one electrode 

is in direct contact with the suspension and is grounded 
while the other electrode is the charged outer surface 
of a perfectly insulating wall. Two cases will be dis-
cussed. In the first, the potential difference between 
the two electrodes is held constant for a time long com-
pared to the relaxation period of the suspension, while 
in the second case the charged electrode is allowed to 
float after bringing its potential to a certain value. In 
both cases the general behavior of the suspension will 
be the same; that is, when the charge is first applied a 
field will be established across the valve causing it to 
light up, but the potential drop across the leaky fluid 
will decline with time. If the particles are now deori-
ented the valve will remain dark until the charge is 
removed from the electrodes, at which time another 
flash will occur due to the depolarization field set up 
when the charge on the inner wall of the valve leaks off. 
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Fig. 6—Analogue to the behavior of a leaky suspension. 
(a) and (b) show the potential changes (assumed to be. with 

respect to ground) when a constant potential difference is ap-
plied through an insulating wall and then removed; (c) and (d) 
show the potential changes when the suspension is actuated by 
charging the outside of an insulating wall which is then allowed 
to float until the charge is removed. The numerals on the abscis-
sas indicate the positions of the switch in the diagram above. 

The differences in detail, depending upon whether 
the outside of the insulating wall is held at a constant 
potential during the relaxation period, may be analyzed 
quantitatively in terms of the circuit of Fig. 6. The 
condenser CI corresponds to the insulating wall, while 
the leaky condenser C2 represents the valve fluid. 



1943  Donal and Langmuir: Light Valve for Television Reproduction  213 

Suppose a voltage is applied suddenly to the circuit 
(switch in position 1), held constant for a time long 
compared to the relaxation period, which in this case 
is R(C1-1- C2), and is then removed suddenly by chang-
ing the switch to position 3. The resulting changes of 
the potential of the point P, with respect to ground, 
are represented in Fig. 6(a). The potential differences 
across C2 may be represented by the variations of the 
potential of the point Q with respect to ground shown 
in Fig. 6(b). 
After the initial potential difference across C2 has 

fallen to zero, the full applied voltage will be sup-
ported by the insulating wall. At the removal of the 
applied potential the voltage across C2 due to depolari-
zation will be equal and opposite to that resulting from 
the initial voltage application. This reversed voltage 
falls to zero by leakage and the valve returns to its 
original potential distribution. The single removal of 
the applied potential by grounding point P completely 
discharges the valve provided P is kept grounded until 
the reversed potential across the suspension is reduced 
substantially to zero by leakage. Regrounding of point 
P at a later time would have no additional effect if 
there is no recharging in the meantime. Also, a subse-
quent application of a potential difference across CI 
and C2 of a value equal to that applied initially (as 
shown in the second cycles of Fig. 6(a) and Fig. 6(b)), 
or of a different value, would produce proportionate 
potential differences across the valve suspension, unin-
fluenced by the potential differences of any preceding 

cycle. 
The second of the cases mentioned above will now be 

considered. If instead of holding the voltage across the 
cell constant, we place the switch in position 2 after 
bringing the voltage to a steady value, the potential 
differences across the suspension will differ, as shown 
in Fig. 6(c) and Fig. 6(d), from those considered above. 
This case may be realized in practice if an area of the 
light valve is charged by an electron beam which then 
goes on to scan other valve areas. If an amount of 
charge sufficient to cause an initial potential differ-
ence Vo between P and ground is put on condenser 
CI at P, the initial potential across C2 is of course 
VoCt/(Ci+ C2) as before. However, this will decay ex-
ponentially at a rate more rapid (Fig. 6(d)) than in the 
case considered above since CI and C2 are no longer 
effectively in parallel between point Q and ground and 
the time constant will now be reduced to RC2.  In-
stead of the entire initial potential difference being 
impressed across CI as a result of leakage through the 
suspension, the potential difference across CI will re-
main unchanged by the leakage through R, and, there-
fore, the potential of P above ground will fall from Vo 
to the asymptotic value VoC2/(Ci+ C2) as indicated 
in Fig. 6(c). If now the valve is discharged by bringing 
the point P to ground potential suddenly and then 
allowing it to float again, a reversed potential differ-
ence will appear across C2, (Fig. 6(d)), but of a magni-

tude smaller than that which occurred in the first di-
rection, since the change in potential of P by grounding 
it is now only VoC2/(C1-1- C2) instead of Vo, and the 
fraction Ci/(C1-1- C2) of this appears across C2. This 
potential difference is then reduced to zero by suspen-

sion leakage. 
It will be remembered that in the first case consid-

ered, the changes in potential produced by subsequent 
charging or discharging of the point P were independ-
ent of the first cycle just considered because the point 
P was kept grounded until the reversed potential dif-
ference across C2 had disappeared. Now, however, the 
situation is different, for the potential of P drifts away 
from ground (Fig. 6(c)) as the charge on C2 associated 
with the reversed potential difference leaks off. Thus, if 
the point P is again carried to ground potential (Fig. 
6(c)) without an intermediate recharging, a second 
although still smaller reversed potential difference ap-
pears across C2 (Fig. 6(d)). On repeated discharge of P 
to ground, these reversed potential differences across 
C2 would approach zero asymptotically. Furthermore, 
if before this has occurred and before the potential of P 
is in equilibrium at ground potential, a new potential 
difference V1 (not shown in the figure) is applied be-
tween P and ground, the change in potential of P will 
be less than V1 and, hence, the new potential difference 
developed across C2 will be less than VICIACi+ C2). 
From the practical standpoint, this phenomenon re-

sults in a delay in the response of the light valve com-
ing into equilibrium with the impulses applied. This 
subject is discussed at greater length elsewhere.' 

DISCUSSION 

From the foregoing it will be seen that the suspension 
of opaque platelike particles fulfills to a considerable 
degree the requirements of the ideal light valve in 
which the opacity of a thin sheet may be varied from 
point to point to reproduce the lights and shades of a 

picture. 
The change in opacity of the suspension under the 

action of an applied potential difference, which limits 
the contrast obtainable, may be made as high as de-
sired by increasing the concentration of the suspended 
particles. Although the optical efficiency declines with 
increasing contrast, the results show that with particles 
of easily obtainable shape factor and with sheets of 
suspension thin enough to afford the possibility of rea-
sonable resolutions, high contrast can be obtained with 
an optical efficiency which is not unreasonably low. 
Since any given point of the layer of suspension must 

respond only once in each frame time, the rate of re-
sponse of the suspensions investigated appears to be 
fully adequate for television purposes. This is particu-
larly true since the sheet of suspension must be thin, 
of the order of a line width in thickness, if adequate 
resolution is to be obtained. This requirement means 
that high fields will result from relatively moderate 
potential differences across the suspension layer. 



Since the rate of orientation was found to be inde-
pendent of the particle size, the principal limitation on 
particle size is that the individual particles shall not be 
evident in the reproduced picture. In general this con-
dition will be satisfied if the particles are small com-
pared to the size of a picture element. 
Although polarization effects have been shown to 

result in a delay in the attaining of an equilibrium be-
tween the response of the valve and the potential dif-
ferences applied, the effects of these residual potential 
differences may be expected to be reduced in impor-
tance by the fact that the suspension responds to the 
square of the applied difference in potential. 

Optimum Current Distributions on Vertical Antennas* 
LINCOLN LA PAZt, NONMEMBER, I.R.E., AND GEOFFREY A. MILLERT, ASSOCIATE, I.R.E. 

Summary—The theoretical optimum current distribution on a 
vertical antenna of given length is defined as that current distribu-
tion giving the maximum possible field strength on the horizon for a 

given power output. The problem of determining such distributions 
is set up as a problem in the calculus of variations, and solution 

functions are derived for antennas varying in length from one 
eighth of a wavelength up to a full wavelength. 
It is shown that the apparent antenna performance obtained 

with the theoretical optimum distribution is as good as or better 

than that obtained with any practical distribution, and thus serves 
to bound the improvement in antenna performance which may be 

expected as a result of changes in current distribution. A curve of 
maximum possible field strength on the horizon for fixed power out-
put versus antenna height is given. 

Finally, these theoretical optimum current distributions are 
used to indicate the general class of distributions most likely to 
yield worth-while results in a search for practical optimum distribu-
tions. Several such practical distributions are considered in detail. 

I. INTRODUCTION 

SOON AFTER vertical antennas made their ap-
pearance in practice in 1930, it was discovered 
that their radiating characteristics were consid-

erably poorer than the characteristics predicted by the 
elementary theory in which a sinusoidal current dis-
tribution was assumed. However, it was shown almost 
immediately by Gehring and Brown' that the dis-
crepancies between theoretical and actual performance 
were due very largely to the nonsinusoidal current 
distributions which actually existed on these early 
antennas as a result of their nonuniform cross sections. 
This discovery brought the entire question of current 
distributions on vertical antennas to the front, and 
numerous investigations were undertaken in the next 
five years in an attempt to discover distributions even 
more desirable than the sinusoidal. 
However, these investigations were all made by 

"irial-and-error" methods. That is, each investigator 

• Decimal classification: R120. Original manuscript received by 
the Institute, September 23, 1942. Presented, Summer Convention, 
Detroit, Michigan, June 23, 1941. The problem considered in this 
paper was first treated in a doctoral dissertation, bearing the same 
title, completed by Geoffrey A. Miller at The Ohio State University 
in 1940. 
t Department of Mathematics, The Ohio State University, 

Columbus, Ohio. 
National Research Council, Ottawa, Ontario, Canada. 
H. E. Gehring and G. H. Brown, "General considerations of 

tower antennas for broadcast use," PROC. I.R.E., vol. 23, pp. 311-
356; April, 1935.  • 

In order to clarify the purposes of this paper the 
two following types of optimum current distributions 
are now defined: 

I. The theoretical optimum current distribution on a 
vertical antenna of given length may be defined as that 
distribution giving the maximum possible field strength 
on the horizon for a fixed power output. 
2. The practical optimum curreni distribution on a 

vertical antenna of given length may be defined simply 
as that distribution most desirable for a fixed power out-
put, in any particular case. 

In determining the theoretical optimum current dis-
tribution one is forced to consider the family of all 
continuous distributions giving a preassigned output, 
while in determining the practical optimum distribu-
tion one is forced to restrict attention to a subfamily 
of this general family. That is, many of the distribu-
tions considered in the former case are rejected at the 
outset in the latter case for various reasons; for exam-
ple, because they may not be economically realizable. 
Thus, the theoretical optimum distribution will always 
give an apparent antenna performance equal to or 
better than that given by the practical optimum dis-
tribution. Therefore the apparent antenna performance 
obtained with the theoretical optimum distribution 

2 Se!, for example, G. H. Brown, "A critical study of the char-
acteristics of broadcast antennas as affected by antenna current 
distribution," PROC. I.R.E., vol. 24, pp. 48-81; January, 1936. 
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serves as an upper bound on the improvement in an-
tenna performance which may be expected in the fu-
ture as a result of changes in current distribution. 
The practical problem, which of course is the prob-

lem of interest to engineers, is clearly intractable be-
cause of many complicating factors such as those 
introduced through economic considerations. Never-
theless, the practical problem is readily bounded, as 
pointed out above, once a solution of the theoretical 
problem, which is free from all such complicating fac-
tors, has been obtained. The purpose of this paper is 
to solve the theoretical problem and use the results 
obtained to bound the practical problem. 

III. THE THEORETICAL OPTIMUM CURRENT 
DISTRIBUTION PROBLEM IN 
MATHEMATICAL FORM 

parent in the sequel, and consequently the latter form 
will be used exclusively in what follows. 
The integrals H(f) and P(f) are readily set up by a 

well-known method presented in standard radio-en-
gineering textbooks.' Using Gaussian units, these in-

tegrals are (see Fig. 1) 

As a general rule the current distribution on a ver-
tical antenna is assumed to be a variable-amplitude 
constant-phase distribution. That is, the amplitude of 
the current is assumed to vary from point to point 
along the antenna, while the phase of the current is 
assumed to be the same at every point, a change in 
the sign of the amplitude taking care of phase rever-
sals. Nevertheless, it is quite possible to construct an-
tennas such that the phase varies from point to point 
as well as the amplitude. Therefore it would seem that 
perfectly general variable-amplitude variable-phase 
current distributions must be considered in this paper. 
However, it will be shown in the Appendix, that the 
theoretical optimum current distribution on a vertical 
antenna is necessarily a variable-amplitude constant-
phase distribution, assuming only that the solution is 
unique. Thus the phase of the current along the an-
tenna is considered constant in the following work. 
Let the electrical length of the given antenna be L 

radians, and let the amplitude of the current at dis-
tance x radians from the antenna base be given by the 
function f(x). Let H(f) be an integral giving the field 
strength at any point on the horizon due to radiation 
from the antenna, and let P(f) be an integral giving 
the total radiated power. Then, it is seen from the 
very definition of theoretical optimum current distri-
bution, that the solution of the following problem is 
required. 
Problem: To determine that current distribution 

f(x) on a vertical antenna of given length L, which 
maximizes the integral H(f) while satisfying the side 
condition P(f)= constant. 
By a device familiar in the calculus of variations the 

problem just formulated may be restated in the follow-
ing equivalent form: 
Equivalent Problem: To determine that current dis-

tribution f(x) on a vertical antenna of given length L 
which minimizes the integral P(f) while satisfying the 
side condition H(f)= constant. 
It happens that the problem is more tractable in 

the second form than in the first, as will become ap-

2 
ll(f) = H(f) . = Toe fo f(x)dx  (1) 

and 
1 f */' 

P(.0  sin' 0 [ f f(x) cos (x cos 0)dx] dO. (2) 
c  0 

The squared integral occurring in P(f) as given 
above, appears to render the problem intractable, and 
so the following transformations are made. 
In the first place the squared integral in P(f) is con-

verted into a double integral by use of the following 

well-known relation 4 

[ foLF(x)dx 2 =  Jr f LF( x) . F( y) dxdy. 

o Jo 

Thus, the power integral takes the form 

1 ri2 L  L 

P(f) =  — f  sin' f  f(x)- f(y) cos (x cos 0) 
c o  o  0 

• cos (y cos 0)dxdyd0. 

Since the integrand function, 

4)(x, y, 0) = f(x)• f(y) cos (x cos 0) cos (y cos 0) sin' 0, 

is continuous for 0  and 0  the 
order of integration may be changed to give 

1 f L ,.L 7/ 2 

P(f) =  f(x)- ft)) f  sin' cos (x cos 0) 
C o   

cos 

ANTENNA 

Aa 

IMAGE 

Fig. 1—The basic diagram for setting up the field equations 
for a vertical antenna. 

(y cos 0)d0dxdy. 

In the second place a trigonometric transformation 
is made using the following identity: 

3 See, for example, W. 1. Everitt, "Communication Engineer-
ing," Second Edition, McGraw-Hill Book Company, New York, 
N. Y., 1937, pp. 633-640. 
' E. Goursat and E. R. Hedrick, "A Course in Mathematical 

Analysis," Ginn and Company, Boston, Mass., 1904, vol. 1, p. 257. 
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cos A cos B = i[cos (A — B) + cos (A  B) 

Application of this relation to the last expression ob-
tained for P(f) gives 

P W  =----  

1  i L r L  r.12 sin'  0 
  [cos 1 (x — y) cos 01 c..1  f(X)f(Y) 0  Jo  Jo 2 

+cos 1 (x+ y) cos 01 jdOdxdy. 

It is now possible to.carry out explicitly the integration 
with respect to 0 by use of the formula 

P" 2 2 
sin' 0 cos (q cos 0)d0 = — (sin q — q cos q) 

J 0  q3 

due to Poisson,' and easily verified by two successive 
integrations by parts. By use of Poisson's formula, 
P(f) takes the final form 

P(f)  =-

f Lf f(x).f o i Sitl (x-- y)— (x— y)cos(x—y) 
(x— .)3 

sin (x±Y) — (x-Fy) cos (x±Y)1 
(x+y  dxdy. r 

Consequently, the problem of determining the theo-
retical optimum current distribution on a vertical an-
tenna of given length L, is mathematically equivalent 
to the following isoperimetric problem of the calculus 
of variations. 

Problem: To find in the class of (current distribution) 

functions f(x), defined, continuous, real, and single 
valued on the interval 0 x L, and such that 

2 
II(f) = — f f(x)dx = constant, 

roc o (1') 

but otherwise arbitrary, that particular function which 
minimizes the integral 

L [sin (x— y)— (x—y) cos (x— y) ff  

c o  o  (x— y)3 

sin (x+ y) — (x+ y) cos (x+ y)] 
  dxdy. (2') 

(x+ y)3 

Admissible Functions: The class of functions f(x), de-
fined, continuous, real, and single-valued on the in-
terval O x L, and such that II(f) =constant, but 
otherwise arbitrary, will hereafter be referred to as the 
class of admissible functions. 

IV. RELEVANT REMARKS ON THE CALCULUS 
OF VARIATIONS 

In a typical function problem of the calculus of va-
riations one is given an integral I of the form 

ts 
I=  

and a class of so-called admissible functions Ifl on 
each of which I is well defined (that is, for which I(f) 

D. Bierens de Haan, "Tables d,Int6grales Definies," M. 
Drabbe, Amsterdam, Holland, 1867, p. 133. 

is real, finite, and single-valued); and the question is 
to determine the admissible function f for which / 
takes on the smallest value. The class of admissible 
functions fj] may, on the one hand, be restricted to 
consist of all analytic functions which take on as-
signed values for x =x1 and x =x2; or, at the other ex-
treme, as in the problem formulated in Section III, 
this class may be the very general class of merely con-
tinuous functions f(x), satisfying an isoperimetric side 
condition //(f) =constant. In any case the set of values 
I(f) forms a linear point set possessing a greatest lower 

bound, finite or infinite. Only in case this greatest 
lower bound is finite and is actually attained, does the 
problem of minimizing I in the class of functions taken 
as admissible admit of a solution. 
It is easy to verify that the power integral P(f) 

occurring in the isoperimetric problem under consid-
eration has a finite nonnegative greatest lower bound 

B. In spite of this fact, one can no longer naively as-
sume, as has been done up to this point, that there 
exists an admissible' current distribution function f(x) 
such that P(f) =B. Conceivably, the problem formu-
lated above does not admit of an exact solution, al-
though of course, the very existence of B guarantees 
the existence of a sequence of admissible functions 

such that for every positive b there exists an no(0) 
such that for n no(b) it is true that P(f) — B <ö. 

From the electrical-engineering viewpoint it seems 
highly improbable that the well-set theoretical opti-
mum-current-distribution problem does not admit of 
an exact solution; but whether it does or not, the 
existence of a sequence of admissible functions f(x) 
with the property just alluded to, shows that it is 
possible to solve the following: 

Approximate 0 ptim u in- Current-Distribution Problem: 
To find an admissible function f(x) such that P(f) ap-

proximates the greatest lower bound B to a preassigned 
degree of accuracy. 

One would naturally expect that an explicit solution 
to the theoretical optimum-current-distribution prob-
lem could be obtained by reference to the vast body 
of theory already developed and known as the classical 
calculus of variations. Unfortunately, the problem for-
mulated in Section III differs in several important 
respects from any problem solved by the indirect 
methods of the classical theory, and therefore a direct 
attack is necessary. 

The direct solution of a problem in the calculus of 
variations is essentially a solution by successive ap-

proximations. A law is set up by which one is able to 
proceed from one function to the next through a se-
quence offunctionsf i  „(x), approac hing  a so lut ion  func-
tion f(x) n the limit. Such a sequence of functions is 

6 For an example of a problem in which the integral I possesses 
a finite greatest lower bound but does not actually attain it in any 
admissible function, see Oskar Bolza, "Vorlesungen Ober Varia-
tionsrechnung," B. G. Teubner, Leipzig, Germany, 1909, p. 419. 
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called a minimizing sequence. The work required actu-
ally to solve a problem by this method is often pro-
hibitive; but on the other hand, the limit function of 
the sequence is sometimes discovered directly, once 
the law determining the sequence is set up. The work 
required to solve the problem considered in this paper 
proves to lie in between these two extremes. As soon 
as the first step is taken in setting up a minimizing 
sequence, a condition is discovered both necessary and 
sufficient for a solution. This condition proves to be 
very useful in setting up minimizing sequences 
1.f.(x)1 such that the integral P(f„) converges very 
rapidly towards its greatest lower bound B, and in de-
termining the order of approximation of P(f„) to B. 

V. A NECESSARY AND SUFFICIENT CONDITION 
FOR AN ABSOLUTE MINIMUM 

Under the assumption that an exact solution of the 
theoretical optimum-current-distribution problem ac-
tually exists, a condition, which an admissible function 
f(x) must necessarily satisfy if f(x) is to minimize 
P(f), will now be derived. Conversely it will be shown 
that in case an exact solution exists, satisfaction of this 
necessary condition by an admissible function f(x) is 
sufficient to insure that f(x) minimize P(f). Analogous 
results concerning the approximate optimum current 
distribution problem are obtained in Section VI. 
The first step in the direct attack on the theoretical 

optimum-current-distribution problem is to discover a 
law by which a minimizing sequence of admissible 

functions 

fi(x), f2(x), f3(x), • • • , f„(x), • • • 

can be set up such that 

P(f1) > P(f2) > P(f3) > • • • > P(f„) > • • • 

and such that P(f„) approaches the greatest lower 
bound B of P(f) as n becomes infinite. In the present 
case, this law is set up on the basis of a clue discovered 

in the following manner: 
Suppose fm(x) a typical element of a sequence of ad-

missible functions {f(x) 1. Let J(y,f„,) be defined as 

the functional 

1  [sin (x— y)— (x— y) cos (x— y) 
J(y,  f fm(x) 

C o (x—y) 

sin (x+y)—(x+y) cos (x+y)] 
  dx • • • . (3) 

(x+y)3 

Then the power integral (2) may be written 

P(f.) = f 

under the product curve z =1(y) • J(y, f„,) between 0 
and L, and the integral to be held constant according 
to the isoperimetric side condition (1') is proportional 
to the area under the curve z =fm(y) between 0 and L. 
Thus, the immediate problem is to discover another 

continuous function f„,+1 (y) such that the area under the 

Suppose that z =f(y) and z = J(y, fm) have the graphs 
shown in Fig. 2, and that 7m is the average value of 

f,,,) on (0, L); J(y, fm)*7„, on (0, L). Then the 
integral P(f„,) to be minimized is equal to the area 

z • J(y,f.) 

Fig. 2—A diagram showing the relation between two successive 
functions in the minimizing sequence of Section V. 

product curve z =fm+I(y) • J(y, f.,4-1) between 0 and L 
is less than the area under z =fm(y) • J(y, fm) between 
0 and L, while at the same time the areas under 
Z =fm(y) and z =f,„+1(y) between 0 and L are equal. 
Suppose f 1(y) is defined as follows: 

./...+1(Y) = fm(y) —  WY, fm)  7m}  (4) 

where an, is a positive constant. It is easily shown that 
the areas under z =fm(y) and z =fm+i(y) are equal as 
required. Furthermore, if a >0 is chosen sufficiently 
small, one would conjecture that J(y, f,,,-1-1) would lie 
very close to J(y, fm) so that the two functionals would 
be relatively large or relatively small in almost exactly 
the same regions. One would also expect that the area 

under f„,+1(y) • J(y, f,,,+i) would be less than the area 
under fm(y) • J(y, f„,) since fm+i (y) <f„,(y) in regions 
where the two functionals are relatively large, and 
fm+i (y)>f„,(y) in regions where the two functionals are 
relatively small (see Fig. 2). 
A rigorous proof of the above conjectures will be 

given in lemma II below, using the following property 

of the functional J(y, 

Lemma I: For every positive p 

I J(y, fm) — J(y, f„,+i)1 < p  (0  y  L) 

provided 

10 fm(x) — f,„,i(x)idx < p. 

Proof: Let the functional J(y, f) be written in the form 

where 

J(y, f) = f f(x)• K[x, y]dx 
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K[x, 
[sin (x — y) — (x — y) cos (x — y) 

yi —   
(x — y)3 

+ sin (x + y) — (x + y) cos (a: + y)] 

(x + y)3 

Then 

I J(Y, fm) — J(Y, fm+i) I 

10 If,,,(x) — f„,4_1(x)1K[x, y]dx 

Therefore, 

J(y, fm) — J(Y•fm+i) I 

5. f I  — fm+I(x)11 .1 IC [x, y] I dx. 

But it is easy to show that the maximum value of 
K(x, y) for (21.x  0_y_•5I, is equal to 1. Hence the 
lemma follows. 
The conjectures preceding lemma I may now be 

stated in the following concise form. 

Lemma II: If fm(X) is an admissible function, then 
unless 

fm)  constant,  (0 <y  L) 

there always exists another admissible function f.+I (x) 
such that P(f.+1)<P(f.). 

Proof: Let the totality of the subintervals of (0, L) on 
which J(y, f.)>7. be denoted by A, and let the to-
tality of the subintervals on which J(y, f„,) -7,n be 
denoted by B (see Fig. 2). Write 

• f fm) — 7m1dY = A > 0. 
A 

(5) 

Then from the very definition of 7., it is true that 

lB {J(y, f„,) — .7.1dy = — A.  (5') 

Again suppose that f„,.4_1(y) is defined as in (4). Then 
fm+i(y) is surely continuous for 0 y L since fm(y) is 
admissible by hypothesis. Furthermore, since 

fo  L 

fm+I(Y)dY = f fm(Y)dY  am1.1 — J 

= f fm(Y)dY, 

it follows that fm+i (y) satisfies the isoperimetric side 
condition (1'), since fm(y) satisfies it. Thus fm+I(y) as 
defined in (4) is an admissible function. 
Introduce the quantities 

L 
= j M AIO% PdY, j = m, tn + 1, 

noting that Pm.m evidently represents the power output 
for the current distribution f(y), and P,,,+1,4.1 the 

power output for the distribution fm+I (y), while 
Pm,,,.+1 and Pm+1,,,, are auxiliary double integrals which 
in view of symmetry (see (2')) have a common value. 
Now consider the difference 

P.. — P.+ ion = f  Lim(y)  fm+i(y)-1(y, („)dy 

= fa1iv f.) — 7.1J(Y, Im)dY 
A 

+ f amlf(Y, fm)  im)f(Y, fm)dY• 

But everywhere on A, J(y, f„,) >7., and everywhere 
on B, J(y, f„,)  7m. Hence. 

— P„,+1 ,.> f a.1.1(y, f  .7.) — .1.1,0dy  
A 

f 1 J(V, fm) — 7 .17 mdy. 

In view of (5) and (5') the above relation reduces to 

P m rn —  P m +1, m  >  [01  ni A 7 m —  a m an,  =  0. 

Next consider the difference 

.. 4 1 =  P m+1. m+1 

(6) 

r L 
— Imi-1091-1(y, f„,+,)dy 

= f  I J(y,  fm) - 74.1(y,f. Ady. 

Evidently 

P m+1,  P m+1,m+1 

a. - fJ(Y, fm) .J(y, fm+i)dY 0 

— f J(Y, fm-vi)dY• 

Now by lemma I, J(y, fm-1-1) lies everywhere on 
(0, L) within a p neighborhood of J(y, f.) where 

fL 
P  fm(Y)  fm-tiC01  dy. 

0 

Since p approaches zero as a„, approaches zero, it 
follows that as a„, approaches zero, J(y, f.+1) ap-
proaches J(y, fm). Hence 

lim f J(y, f„,)•J(y, f„,+i)dy = 
0   am—o   

0 
and 

1  r L 
linl 7. f  fm+i)dY = —L [ j .100dY]2 • am--o 

But in view of the integral inequality of Tcheby-
cheff7 which asserts that 

See p. 257 of footnote reference 4. 
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(b — a) f b  [cb(x)Pdx ?4,[ f 4)(x)dx]2 
a  a 

for any continuous function 4)(x) defined on a 
the sign of equality holding only if cb(x) is a constant 

on (a, b), it is true that 

fo [J(y, f.)12dy >  0 L 2 -1(Y1 fm)d d 

since 1(y, f„,) is not a constant on (0,L). Hence 

L 
P m-r 1,m —  Pat+1.m+ 1 

li M    o  WY, .f.) Pd Y 
a -.0 

2 

[ f  f„,)dy]. 
L  0 

= a > 0. 

Hence for am >0 but chosen sufficiently small it is 

true that 

P m+1,m —  P m + 1. m +1 >  0. 

But by (6) 

P mm  P m+1,m >  0. 

Thus for a„,> 0 but sufficiently small 

P m+1.m-4-1 <  /PI 

and the lemma has been proved. 
A necessary condition which an admissible function 

f must satisfy if it is to minimize P(f) now follows di-
rectly from lemma II. 

Necessary Condition 

If the admissible function f(y) is a solution function 
of the proposed problem, then necessarily f(y) satisfies 

the condition 

J(y, fl  constant,  (0  y  L). 

That this necessary condition is also sufficient 
readily shown as follows: 
Suppose there exists a pair of admissible functions, 

fi(y) and 12(y), both satisfying the above necessary 

condition. Then 

and 

But 

and 

-1(y, JO  Ki  (0  y 5_ I.), 

.1(y, f2)  K2  (0  y  L). 

P11=  fi(Y)4(Y, PdY =CKI  (7) 
0 

P22 = .12(y)4(3.,12)dy = CK2  (7') 
0 

where C is the constant appearing in the isoperimetric 
side condition (1'). Furthermore 

P21 

and 

= J2(y)J(y, fi)dy = C1(1 
0 

(8) 

P12 = fi(Y).1(Y, f2)dy = CK2.  (8') 
0 

Now, from the symmetry of (2) 

P12 =  P21. 

Hence, by (8) and (8') 

CKI = CK2. 

Thus, K1 is necessarily K 2, and therefore by (7) 

(7') 

and 

Pll  P22. 

Thus all admissible functions satisfying the necessary 
condition reduce the integral P(f) to the same con-
stant value. Therefore the integral P(f) realizes an 
absolute minimum on every admissible function f(x) 
satisfying the condition 

J(y, f)  constant  (0  y  L). 

The conclusions reached up to this point may now 
be summarized in the following theorem. 

Theorem: If the proposed problem actually has a solution 
in the class of admissible functions f(x), then a necessary 
and sufficient condition that an admissible function f(x) 
furnish a minimum for P(f) is that f(x) be a solution 
of the integral equation 

10 f(x)K[x, y[clx = constant  (0  y  L). 

VI. A NECESSARY AND SUFFICIENT CONDITION 
FOR AN APPROXIMATE ABSOLUTE MINIMUM 

It was pointed out in Section IV that the mere fact 
is that the integral P(f) actually has a finite greatest 

s•J 

2•3. 

I.r, 

•Lp 1.- 6 

re" 

Fig. 3—A diagram showing the relation between the func-
tion f.,(y) and the auxiliary function  f,..(Y). 

lower bound does not necessarily imply that an exact 

solution exists for the problem under consideration. 
However, the existence of a finite greatest lower bound 
for P(f) does guarantee that functions f always exist 
such that P(f) approximates its greatest lower bound 
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to any assigned degree of accuracy. In this sense it 
may be stated that the problem under consideration 
certainly possesses an approximate solution whether it 
possesses an exact solution or not. On the basis of the 
necessary and sufficient condition for an exact solu-
tion, derived in Section V, a necessary and sufficient 
condition for f(x) to furnish an approximate solution 
will now be derived. 
In what follows the order of the approximation of 

the integral P(f) to its greatest lower bound B will 
be defined as e, where 

e = P(/) — B.  (9) 

Similarly, the order of the approximation to which the 
condition 

constant  (0  y  L)  (3') 

is satisfied will be defined as A, where 

A = f f) —7 dy = — f 1./(y,  -714 (10) 
A 

and where 7 is the average value of ..1(y, f) on the in-
terval (0, L). (Compare (10) with (5) and (5').) In 
view of these definitions and the necessary and suf-
ficient condition stated above for an exact solution. 
one would naturally expect that the condition for an 
approximate solution would be as follows: 
A necessary and sufficient condition that an ad-

missible function f(x) furnish an approximate mini-
mum for P of order e less than or equal to a preas-
signed positive quantity E, is that f satisfy the relation 
(3') to an approximation of sufficiently small order A. 
It will now be shown that this is actually so. 
Let f„,(y) be an admissible function giving P(f) the 

value 

P(f„,) = B  e. 

Then it will be demonstrated that the condition stated 
above is necessary by proving that unless f,,,(y) satis-
fies the relation (3') to an approximation of suffi-
ciently small order A, the order A approaching zero 
as e approaches zero, it is always possible to define a 
second admissible function f(y) such that P(f „) <B, 
which is ridiculous. Unfortunately, this time f„ (y) can-
not be taken in the simple form 

=.f.(Y)  J(Y, f,,,) — 

(Compare Section V, equation (4) and later sections 
where numerical solutions are actually derived.) In-
stead, for the purposes of this proof, f(y) must be 
taken in the following much less elegant form: 
An auxiliary function f„,„(y) is first introduced, in 

terms of which the admissible function f(y)  is defined. 
This auxiliary function is 

f..(Y) =  — 6 

on A, and  on (0, L). It remains to be shown that f„(y) also 

a 
fmn(y) = 

on B, where a and b are the length sums of the sub-
intervals in A and B, respectively, and where 6 is a 
positive number (see Fig. 3). 
Now f„,(y) satisfies the isoperimetric side condition 

(1') so that 

10 
and thus 

I. 

f„,(y)dy = C 

f  L  i.  a 

fm.(Y)d Y = f  f„,(y)dy — f Ody + f — fkly = C. 
o  0  A  B b 

Therefore f„,„(y) also satisfies the isoperimetric side 
condition (1'). Now, f„(y) as defined above, contains 

z 

0 

14. 

z•tjt..1$ 

s/ 
/ 

CY- gn  Y  er g) 

Fig. 4—A diagram showing the method of deriving a continuous 
function b(y). to follow the function f„,(y) in the minimizing se-
quence of Section VI, from the discontinuous auxiliary function 
f..(y). 

points of discontinuity and is therefore inadmissible. 
Nevertheless, the definition of .f„,„(y) can be modified 
so as to give a second function f„(y) which will not only 
satisfy the isoperimetric side condition, but will be 
continuous as well. In fact, let yi be a typical point of 
discontinuity of the auxiliary function f(y) (see Fig. 

4), and let a new function f„(y) be defined in terms of 
as follows: 

in()) = f,„„(y) 

except on the intervals (yi—ay/b,  where -y is 
a positive number which may be chosen as small as 
desired. Furthermore, let 

= .f.(Y) —  
a-y 

and 

fn(Y) = fm(Y) — 
b-y 

a 
(yi — —  yi) 

Now it is clear that the function f„(y) is continuous 
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f  u.+7 

satisfies the isoperimetric side condition (1'). Since 
fin,.(y) certainly satisfies the condition, this will be so, 

if 

10 
r L 

fn(Y)dY = f(.(,(Y)dY• 
0 

Or, since f „(y)=-=-f „(y), except on  the intervals 
(y —ay/b, y,+7), this will be so, if 

f  f  Vi+7 

fn(Y)dY =  fmn(y)dy 

for all values of i. The left-hand side of this relation has 

the value 

vi+ 

v,—(.16)-rfn(Y)dY 
li,—(a/b)7 [M Y) b(Yi —  Si a7  d y 

[M Y) a(Yi — 

.1.(y)dy. 

b-y 
S]dy 

Hence, since 

f. vi+-,  f' Vi 

i 
1..(Y)dY = i  lf.(Y) — 614 

v•—(0/b)7  V.--(a/b)7 

+ f ' Il +7 [  a 
f.(Y) -I-  

b oi 

= j• Yi+7 f„,(y)dy, 
Ili--(a/b)7 

the left- and right-hand sides of the relation in question 
actually are equal, and therefore, the function f(y) 
is not only continuous but satisfies the isoperimetric 
side condition as well. Therefore f(y)  is an admissible 
function. 
Consider now the difference 

P„„. — 
r L 

Pa. =  [M Y) - fo(Y)]-1(Y, f.)dY 

=  
A 

a 
— — f J(y, fm)dy  01+ 132 
b  g 

I where 

ib(yi —  
= E  6 611(y, f„,)dy, 

L 

and 

132 = E  — y)  a L try  6 — b]J(y, I)dy. 

It is noted that the function in the square brackets 
in 01 has a minimum value of —5 and a maximum 

value of zero. Similarly, the function in the square 
brackets in 02 has a minimum value of zero and a 
maximum value of (a/b)6. These maximum and mini-
mum values are all independent of the choice of 7, and 
hence gi and 02 approach zero as 7 approaches zero, 
since J(y, f„,) is surely bounded. 
Substituting from (5) and (5') 

P. —  = (5[ f 7„,dy  ,1] 
A 

—  
b  B 

a 
= SA -F[— SA +  fid• 

Hence 

P. — P.m > SA > 0 

if only 7 is chosen sufficiently small to make 

+ 131 + 132] > o. 

Next consider the difference 

P ans  P nn =  P mn  Pnn 

r L 
=  — fo(Y)]-1(Y, fo)dy 

= 6 f J(y, fn)dy 
A 

a 
J(y, f„)dy  Oa + )34 (11) 

b 

where (33 and 134 are equal to f31 and 02, respectively, 
with J(y, f.) simply replaced by J(y, fn). Evidently 

133 and 134 also approach zero as 7 approaches zero, for 
J(y, fn) is also bounded. 
Now it was shown in lemma I, Section VI, that 

J(y, f.) lies everywhere on the interval (0, L) within a 
p neighborhood of J(y, f„,) where 

Hence 

and 

P = r I ffm(Y)  fri(Y)) I dY• 

IA 

In 

J(y, f„)dy> f [J(y, fm) — ddy A 

J(y,  < f [1(Y, f.)  P]dY• 

Substituting again from (5) and (5') these inequalities 
become 

IA J(y,  dy> van + A — apl 
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111 fft)dy < [0„ — A -I- bpj. 

Substituting these last inequalities back in (11), it is 
seen that 

But 

P = 10 

a 

I I fm(y) — f „(y)I I dy = 2a(3 + 04 — 06 

where (36 and )36 are equal to 13i and )32, respectively, 
with J(y, _An) simply replaced by unity. Hence 06 and 
136 also approach zero as  approaches zero. Thus 

P.., — P„„ > OA — 4a262 

{a• — OA — 2a6(go — go) + (/33  go)} • 

Let 7 be chosen sufficiently small to make 

{—ab — 2a6(/3o — 06) + (Oa -I- 00} > o. 

Then 

P„„, — P„„ > &X — 4a2o2. 

It is now seen that 

if only 

P„„, — P„„ > 0, 

-- • 
4a2 

Consequently, it is surely true that 

if only 

since L>a. 
Now from (10) 

Hence, if only 

Pnm  Pnp > 0 

••• — 
— 41,2 

PM P .  > OA• 

A 
5  

4L2 

P„,„, — P„„ > SA 

and in particular, if (3 is taken equal to A/4L2 

Pnam  Pnn > — • 
4L2 

Thus, unless  is sufficiently small and in fact actu-
ally approaches zero as e approaches zero, it is possible 

to define a second admissible function f„(y) such that 

Pm. — P„,, > 11„,„, — B = E, 

which is ridiculous. 
Thus a necessary condition that the proposed prob-

lem realize an approximate solution of order  E in 
the admissible function f(y) is that f(y) satisfy the 
relation 

J(y, D  constant,  (0  y  L) 

to an approximation of sufficiently small order A, 
where A actually approaches zero as the positive con-
stant E is chosen smaller and smaller. 
That this condition is sufficient as well as necessary 

can be shown as follows: 

Suppose fl(y) and f2(y) are two admissible functions 
such that the relations 

J(y, fi)  71 
and 

J(y, f2) 

are satisfied to approximations of order Ai and 
respectively. Then 

P11 = f fi(y)AY, .1.1)(1Y 
0 

c.71 

to an approximation of order  fj Imaxi, where C is 
the isoperimetric constant, and where 'filmax  is the 
maximum absolute value of b. Similarly 

P22  Cg2 

to an approximation of order  I f I—  21 Enaz A2. 
On the other hand the auxiliary integrals P12 and 

P2I can be approximated as follows: 

P12 = f fiCy)-1(y, f2)dy 

c72 

to an approximation of order  f 1,11 maxAs, and 

P2I  c71 

to an approximation of order f 1j 2 I maxAl. Now 

Hence 

P12 -= p21. 

C72 = 

to an approximation of order 
Whence finally 

P11 = P22 

to an approximation of order 

[ I ft Inmx 1 ± I ft !max A2 ± I f2 !max AI + 112 I  21• 
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Evidently, by suitable choice of Ai and As, this approxi-
mation can be made as small as desired. 
Thus, all functions f(y) satisfying the necessary con-

dition stated above to an approximation of sufficiently 
small order reduce the integral P(f) to approximately 

the same value. 
Therefore the integral P(f) realizes an approximate 

absolute minimum in every admissible function f(y) 
satisfying the condition 

f)  constant  (0  y  L) 

to an approximation of sufficiently small order. Thus 
it has been proved: 

Theorem: A necessary and sufficient condition that an 
admissible function f(x) furnish an approximate absolute 
minimum for P(f), is that f(x) satisfy the relation 

In I ( x) [sin  (x  (x — y) 
(x — y)3 

sin (x + y) — (x  y) cos (x-F y) 
  dx  constant 

(x + y)' 

r. 

for 0 y L, to an approximation of sufficiently small 

order A. 

VII. THEORETICAL OPTIMUM CURRENT DIS-
TRIBUTION ON VERTICAL ANTENNAS 

It was pointed out in Section IV that the problem 
proposed in this paper cannot be solved by classical 
or indirect methods, and a direct attack is therefore 
necessary. The first step in setting up minimizing se-
quences, such as are essential in all direct attacks on 
variation problems was then taken, and a necessary 
and sufficient condition for a solution was immedi-
ately derived. Attempts to utilize this condition in re-
ducing the labor involved in deriving actual solution 
functions lead at once to a study of the integral equa-

tion 

fL  [sin (x — y) — (x — y) cos (x — y) 
f (x)  J0  (x — y)3 

sin (x  y) — (x + y) cos (x 

(x + y)3 

= constant (0  y  L). (12) 

The question as to whether or not this equation actu-
ally possesses a solution arises immediately, for this is 
clearly equivalent to the question as to whether or not 
the proposed minimum problem possesses an exact 
solution. Next in order comes up the question as to 
the best methods of solving such equations, either 
exactly or approximately. 
Equation (12) is recognized as a linear integral equa-

tion of the first kind and is, therefore, a member of a 
class of equations that has received considerable atten-
tion from mathematicians in the past hundred years. 

It is known that an equation of this class may have 
either an infinity of solutions, a unique solution, or 
no solution at all; and various existence and unique-
ness theorems for integral equations of the form 

r b 

f(X) = f K(x, y)4)(x)dy 
4 

in which the kernel K(x, y) fulfills suitable conditions, 
have already been developed by numerous investi-
gators. 8-16  

However, it has not been found possible to apply 
any of the existence criteria deduced by these writers 
to the particular equation (12). Consequently, it has 
not been possible actually to prove the existence of 
exact solutions for the proposed optimum-current-dis-
tribution problem. As a result it has been found 
necessary to limit attention to the derivation of ap-
proximate solutions. But this limitation is not a cause 
for concern, since, as has already been pointed out, 
approximate solutions are all that are required for en-
gineering purposes. That such approximate solutions 
actually exist for the problem under consideration 
follows at once from the fact that the power integral 
P(f) is bounded below by zero. 
Approximate solutions of the theoretical optimum-

current-distribution problem may be obtained in two 
ways, both of which make use of the necessary and 
sufficient condition for an approximate solution de-
rived in Section VII. 
The first method of solution consists simply in de-

riving approximate numerical solutions to equation 
(12) by any one of a number of well-known procedures." 
In each case the procedure is essentially to set up and 
solve n linear equations in n unknowns, where the n 

Emile Picard, "Quelques remarques sur les equations integrales 
de premiere espece et sur certains problemes de physique math& 
matique," Comptes Rendus Hebdomadaires des Seances de l'Aca-
dernie des Sciences, vol. 148, pp. 1563-1568,1707-1708; June, 1909-
° Emile Picard, "Sur un theoreme giSneral relatif aux equations 

integrales de premiere espece," Rendiconti del Circolo Matemalico di 
Palermo, vol. 29, pp. 79-97; July, 1910. 
" G. Lauricella, "Suit' equatione integrale di Is specie," MN 

della Reale Accademia dei Lincei, serie quinta, Rendiconti, vol. 18, 
part II, pp. 71-75; 1909. 
" G. Lauricella, "Sulla risoluzione dell' equazione integrale di 

1 specie," Mil della Reale A ccademia dei Lincei, seric quinta, Ren-
diconti, vol. 20, part I, pp. 528-536; 1911. 

12 Attilio Vergerio, aSull' equazione integralcs di 1a specie," An: 
della Reek Accademia dei Lincei, serie quinta, Rendiconti, vol. 23, 
part II, pp. 385-389; 1914. 

13 Attilio Vergerio, "Una condizione necessaria c sufficient; per 
l'esistenza di soluzioni nell' equazione integrale di 18 specie," Mil 
della Reek Accademia dei Lincei, serie quinta, Rendiconti, vol. 24, 
part I, pp. 1199-1205; 1915. 

14 Carlo Severini, "Sulle equazioni integrali di prima specie del 
tipo Fredholm," Atti della Reale A ccademia dei Lincei, serie quinta, 
Rendiconti, vol. 23, part I, pp. 219-225,315-321; 1910. 
'4 Luigi Amoroso, "Sulla risolubilità della equazione integrale 

lineare di prima specie," Atli della Reale A ccademsa dei Lincei, serie 
quinta, Rendiconti, vol. 19, part I, pp. 68-75; 1910. 

15 Luigi Amoroso, "Intorno alla equazione integrale di prima spe-
cie," Bolletino della Unione Malematsca Ialiana, serie II, vol. 1, pp. 
193-197; 1939. 
" See, for example, Prescott D. Crout, "An application of 

polynomial approximations to the solution of integral equations 
arising in physical problems," Jour. Math. and Phys., vol. 19, pp. 
34-92; January, 1940. 
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unknowns are ordinates of the desired solution func-
tion, and where the coefficients are determined from 
the values of the kernel by one rule or another. For 
(12), the desired solution function is f(x), and the 
kernel is the function 

KIx yj = [sin (x — y) — (x — y) cos (x — 

(x — 

sin (x  — (x  y) cos 

(x 
(x  1 . (13) 

It can easily be shown that as the length of the in-
terval of integration (0, L) decreases the kernel values 
all tend toward a common value 4. Hence, as L ap-
proaches zero, the coefficients appearing in the n linear 
equations for the n unknown ordinates, which are con-
structed out of the kernel values by specified rules, 
tend toward a common value. Consequently, when the 
range of integration (0, L) is relatively small, accurate 
solutions for the n unknowns are very difficult. In 
fact, for (12), it was found that when L is less than r 
(i.e., the height less than 4 wavelength) it was impossi-
ble to determine approximate solutions with any ac-
curacy because of the prohibitive amount of labor 
involved. Use of the special method devised by Moul-
ton" did not remove this difficulty although it did 
make possible rough estimates of the nature of the 
approximate solution. 
The physical significance of the mathematical diffi-

culty just alluded to can be made clearer to engineers 
in the following manner. It is readily seen that on an 
antenna of height very small relative to a wavelength 
any particular admissible distribution is quite as good 
as any other, for in this case it is as though all radiation 
were coming from a point source. Thus, the optimum-
current-distribution problem becomes indeterminate 
as the antenna height approaches zero. 
The second method of obtaining approximate solu-

tions of the proposed problem will now be described 
in detail, for it is the method that was actually used 
in obtaining the solution functions presented in this 
section. The procedure is simply to set up a minimiz-
ing sequence of admissible functions fi(y), f2(y), 
f3(y), • • • ,f„(y) in the manner initiated in Section V, 
terminating the sequence in the first function f(y) 
for which the power integral P(f„) is sufficiently close 
to its greatest lower bound B (that is, for which 
P(f„)—B<E, where E is an assigned positive quan-
tity). 
It was pointed out in Section VI that if fm(y) is an 

admissible function which does not satisfy the integral 
equation (12), then it is always possible to define a 
second admissible function 

fin+I(Y) = 1..(y)  amri. —  fm)]  (14) 

18  F. R. Moulton, "On the solution of linear equations having 
small determinants," Amer. Math. Monthly, vol. 20, pp. 242-249; 
October, 1913. 

such that P(f,,,-1-1) <P(J,,,), provided only that a„,> 0 
and is chosen sufficiently small. Thus, starting with 
any admissible function fl(y) a sequence of admissible 
functions 

h(Y), h(Y), • • • , in(Y),  (15) 

can be derived by applying this rule, such that 

Ivo > Puo > Pu3) > • • • > P(f„).  (16) 

If it so happens that the nth function in this sequence 
satisfies the integral equation 

.1(y, f„) = constant (0  y 5_ L) 

then all functions beyond f„ coincide with f„ and the 
sequence may be thought of as a finite sequence. It 
has already been shown that such a function f„ would 
constitute an exact solution to the problem. 
However, admissible functions satisfying the above 

integral equation are not likely to occur in practice, 
so that the sequence of functions (15) is usually non-
terminating. Nevertheless, it does not follow that the 
sequence of values 

P(fi), P(f2), P(fs), • • • , P(f„),  (17) 

necessarily converges to the greatest lower bound B 
itself, even though am is always small enough so that 
(16) is true. In fact it is easy to so select the a's that 
the sequence (17) converges to B-Fr where r is greater 
than zero. It is in making a suitable choice of the factor 
am that the necessary and sufficient condition derived 
in Section VI for an approximate absolute minimum 
is used. This factor must be chosen so that the sequence 
(17) not only converges to B itself, but moreover con-
verges to it as rapidly as possible. 

Now it is clear from the necessary and sufficient 
condition just referred to that am should be chosen to 
make J(y, f„,+1) as flat as possible. The requisite pro-
cedure for achieving this end is illustrated in Fig. 5. 
An admissible function f(y) for the full-wave antenna 
(L = 2r) is plotted together with the corresponding 
J function J(y, fl). Next, two possible derived func-
tions, f21(Y) for al =0.6 and f22(Y) for al= I are plotted 
together with their J functions. In view of lemma I, 
it is seen at once that the J function corresponding to 
aj =0.6 is almost as flat as can be obtained in a single 
step and so 

(2(y)  Al(y) = My) ± 0.6171 — J(y, 

is used as the second function in the sequence (15). 
The amount of labor involved in obtaining a suitable 
choice of the factor a„, is not nearly as great as might 
at first be expected. This will become apparent in the 
sequel. 

The procedure used in the derivation of the actual 
solution functions presented in this section was as 
follows: 

1. An initial admissible function fi(y) was selected; 
usually it was taken simply as unity. 
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2. The corresponding J function 

J(y, 1') = f fi(x)K(x, y)dx 

where K(x, y) is given in (13), was computed for nine 
values of y taken uniformly over the interval (0, L), 
the integration being affected by Simpson's rule. 

30 

25 

05 

I 35 

My 

2  3  5  6  7 

POSITION IN  EIGHTHS OF TOTAL LENGTH 

130 

.02 
'25 

I1 20 

115 

110 

4.41 

0-T 0 2  3  4  5  6  7 

POSITION  IN  EIGHTHS  OF TOTAL LENGTH 

Fig. 5—A diagram showing the functions f21(y) and f22(y) above, 
derived from fl(y) for two possible choices of a, and showing the 
relative flatness of the corresponding I functions below. 

3. The average value 71 was next determined. 
4. The nine corresponding ordinates of the function 
1J1  fi)) were next computed. 
5. The second function in the sequence, viz., 

.f2(Y) = MY) + «1171 — J(y, I.) , 

can be computed for the nine points in question once 
ai has been suitably chosen (See 7 below). 
6. Evidently 

I. 

J(y, /2) = 10 ifi(x) + al .71 — J(x,  I PC(x, y)dx 

= ffl(x)K(x, y)dx 
o 

+  f  — f(x,  y)dx. 

Now the first term on the right-hand side has already 
been determined for nine different values of y, and the 
coefficient of al is next determined for each of these 
same nine values. 
7. In any particular case, it was then a simple 

matter to select a value for al such that the nine values 
of J(y, 12) lie as nearly as possible on a horizontal 
straight line. For example, in the case of the quarter-
wave antenna the choice of al was made by simply 
equating the two end values of J(y, f2). 
8. The same procedure was repeated in order to de-

termine the third function in the sequence (15), viz., 

fa(y), and so forth. 
The functions of the minimizing sequence actually 

obtained in this manner for the full-wave antenna, are 
shown in Fig. 6, together with the corresponding J 
functions. The J functions flatten off progressively to-
wards a horizontal straight line, as was to be expected, 
while the functions of the minimizing sequence are 
apparently approaching a limit function. This suggests 
that the specific theoretical optimum-current-distri-
bution problem under consideration actually possesses 
an exact solution. 

5 

2  3  6  7 

POSITION  IN EIGHTHS OF TOTAL LENGTHS 

a  3  4  5 

POSITION IN EIGHTHS CC TOTAL LENGTHS 

Fig. 6—A diagram showing a sequence of minimizing functions 
above, for a full-wave antenna, together with their correspond-
ing J functions below. 

The power integral P(f) has been computed for each 
of the six functions in the minimizing sequence, and 
plotted as shown in Fig. 7. It is seen that P(f) drops 
rapidly for the first four functions in the sequence, but 
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remains practically constant in value for the last three 
functions. Thush,f6, andf. may all be taken as reason-
ably satisfactory approximate solution functions. 
The order of approximation 

A(f) = f [J(y, D — 71dy 
A 

to which the integral equation 

J(y, f) = constant (0  y  L) 

is satisfied is also calculated for each function in the 
sequence and plotted in Fig. 7. 

I' 

12 

2 

P(I) 

6(1) 

3 
MINIMIZING  SEOuENCE 

Fig. 7—A diagram showing how the power integral P(f) asymptot-
ically approaches a minimum as the order of approximation 
Li(f) in the necessary and sufficient condition approaches zero. 

Approximate solution functions were also found in a 
similar manner for I-,  and i-wave antennas. 
These distributions are all shown in Fig. 8. They are 
not plotted either for the same power output for each 
antenna, or for the same field strength on the horizon 
for each antenna, because in either case it would be 
impossible to plot them all on the same sheet of paper. 
They are simply plotted in such a manner as to make it 
easy to obtain approximate optimum distributions at 
intermediate heights by interpolation. 
It was pointed out in Section I that the theoretical 

optimum current distribution on an antenna of given 
height would be of considerable importance because it 
could be used to bound the improvement in the per-
formance of the antenna which could be expected to 
result from changes in current distribution. This bound 
on antenna performance for various antenna heights is 
shown graphically in Fig. 9. Relative field strength on 
the horizon for the theoretical optimum current dis-
tribution on the antenna and for constant power out-
put is plotted as a function of antenna height. The 
same curve for the usual sinusoidal current distribu-

tion on the antenna is plotted on the same diagram and 
may be used for purposes of comparison. Thus the 
greatest possible increase in field strength that can be 
hoped for with a }-wave antenna is about 35 per cent, 
while the greatest possible increase that can be hoped 
for on the f-wave antenna is only about 16 per cent. 

VIII. PRACTICAL OPTIMUM CURRENT DIS-
TRIBUTIONS ON VERTICAL ANTENNAS 

The practical optimum current distribution on a 
vertical antenna of given length was defined in an 
earlier section as simply that distribution most de-
sirable for a fixed power output, in any particular case. 
It is immediately clear that such a distribution cannot 
be determined, once and for all, by any exact mathe-
matical process, because such distributions depend on 
a large number of factors, economic and otherwise, in 
a very complicated manner. Furthermore, the impor-
tance of most of these factors varies greatly from one 
antenna setup to another. For example, the fading due 
to the reflection of high-angle radiation from the iono-
sphere may greatly reduce the primary coverage of a 
high-power transmitter (say 50,000 watts), and yet 
have no effect on the coverage of a low-power trans-
mitter (say 100 watts), because the direct signal from 
the low-power transmitter is too weak in the fading 
area to be of any value anyway. Then too, some of these 
factors actually vary with time. For example, the ef-
ficiency of antenna systems has been greatly increased 
in the past six years due to improved ground systems. 
Therefore, it is only desired in this section to indicate 
that certain improvements in antenna performance 
due to changes in current distribution can be expected 
while others definitely cannot, now that the theoretical 
optimum current distributions have been approxi-
mately determined. 

The theoretical optimum current distributions for 
antennas ranging in height from a  wave to a full 
wave are shown in Fig. 8 of Section VII. But before 
attempts are made to find ways of approximately 
realizing these distributions in practice, the corre-
sponding vertical-radiation patterns should be plotted 
and studied. These are shown in Figs. 10 to 13 inclu-
sive for the I-wave, 1-wave, I-wave, and full-wave an-
tennas. It is seen that there is considerable high-angle 
radiation in each case, and this is usually undesirable. 
Therefore in seeking practical optimum distributions, 
the theoretical optimum distributions may be used as 
a guide, but special care must be taken to minimize 
the high-angle radiation. 

The first antenna considered will be the I-wave, as 
this antenna has received a great deal of attention 
from earlier investigators, and as the results obtained 
in Section VII indicate that a 35 per cent increase in 
field strength on the horizon over that obtainable with 
the usual sinusoidal distribution is theoretically pos-
sible. 

It should be recalled at this point that the integral 
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equation (12) was extremely difficult to solve by the 
usual numerical methods in the case of the I-wave 
antenna, because such short antennas are relatively 

H • X/8 

Fig. 8—Theoretical optimum current distributions on vertical antennas for heights varying from  wave-
length to a full wave-length. 

modified form gives a field strength on the horizon 
about 15 per cent less than that obtainable with the 
optimum distribution, but this is still somewhat 

H = X/4  H • 3X/8  H • X/2  H• 3X/4  H • X 

insensitive to changes in current distribution. This 
would lead one to expect the existence of distributions 
on the I-wave antenna varying considerably from that 
found in Section VII, and yet giving practically as good 
results. Two examples of such distributions are actu-
ally given in Fig. 14. The decrease in the field strength 
on the horizon from that obtainable with the optimum 
distribution and the same power output is, in both 
cases, quite negligible. Still another very approximate 
optimum distribution for the I-wave antenna was ob-
tained by solving (12), using one of the usual numerical 
methods. This distribution was given to Jordan," for-
merly at The Ohio State University, who set it up on an 
acoustic model of a }-wave antenna and checked its 
vertical pattern experimentally. The pattern was found 
to be almost as good as that obtained with a sinusoidal 
distribution on a i-wave antenna. 
However, all these distributions give vertical-radia-

tion patterns with large high-angle lobes similar to the 
lobe in the pattern for the optimum distribution on a 
}-wave antenna, and are therefore, unsatisfactory for 
most practical applications. Nevertheless, distribution 
(b) can be modified by taking d =0.088X instead of 0.a 
to obtain a distribution giving a vertical pattern with 
little or no high-angle radiation. Such a pattern is 
shown in Fig. 15 together with the pattern for the 
optimum current distribution. Distribution (b) in this 

" E. C. Jordan and W. I,. Everitt, "Acoustic models of radio 
antennas," PROC. I. R. E., vol. 29, pp. 186-194; April, 1941. 

greater than that obtained with the usual sinusoidal 
distribution on a 4-wave antenna. Furthermore, dis-
tribution (b) in its modified form is quite readily 
realized in practice through a system of top-loading 
studied by Nickle, Dome, and Brown." Thus distribu-
tion (b) in its modified form on a I-wave antenna has 
a very desirable radiation pattern, gives a field strength 

2.0 
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12 
a 

5 

10 

v. 

0 

2_ 

OPTIMUM 

oo  I 2  3  4  9  6 

ANTENNA  HEIGHT IN EIGHTH-WAVE LENGTHS 

Fig. 9—Field strengths on the horizon for optimum current distri-
butions and for sinusoidal current distributions plotted as func-
tions of antenna height, all for constant power output. 
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ARBITRARY UNITS 

Fig. 10—Vertical radiation pattern for the theoretical optimum 
current distribution on a }-wave antenna. 

on the horizon somewhat better than that obtainable 
for the same power output with the usual sinusoidal 
distribution on the very common i-wave antenna, and 
is physically realizable. 

ARBITRARY UNITS 

Fig. 11—Vertical radiation pattern for the theoretical optimum 
current distribution on a 1-wave antenna. 

Whether this distribution is economically realizable 
or not depends chiefly on two things: first, the cost 
of coupling into the antenna system, and second, the 
efficiency of the antenna system. Now, unfortunately, 

•  N  4 
ARBITRARY  UNITS 

Fig. 12—Vertical radiation pattern for the theoretical optimum 
current distribution on a 1-wave antenna. 

the radiation resistance of a /-wave antenna with the 
modified form of distribution (b) upon it is extremely 
low, being only about 2 or 3 ohms referred to the 
base. Such a radiation resistance is not only too low 
to couple into at reasonable cost, but it is of the same 
order as the ohmic resistance of the antenna system. 

Thus the efficiency of the system is unreasonably low 
as the power radiated and the power lost are of the 
same order of magnitude. The first of these difficulties 
might possibly be overcome by driving the antenna at 
the point of zero current where the radiation resistance 

4 

ARBITRARY UF OS 

Fig. 13—Vertical radiation pattern for the theoretical optimum 
current distribution on a full-wave antenna. 

is relatively high. But it is clear that the second diffi-
culty would still remain, since the ratio of power radi-
ated to power lost is entirely independent of the driving 
point. 

simeurioN (0)  DISTRIBUTION (b) 

Fig. 14-1 wo quite arbitrary current distributions on a 1-wave an-
tenna giving vertical radiation patterns almost identical with 
that given by the optimum current distribution. 

If the distance d (Fig. 14) of the point of zero cur-
rent above the ground is allowed to vary from —0.25X 
to 0.25X, a special family of .1-wave current distribu-
tions is obtained. The radiation resistance referred to 

ARM TRARY UNITS 

Fig. 15—Vertical radiation pattern for the optimum current dis-
tribution on a 1-wave antenna together with that for a modified 
form of the distribution (b) shown in Fig. 14. 
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the antenna base and the relative field strength on the 
horizon for constant power output are shown for such 
a family in Fig. 16. It is seen that the radiation re-
sistance rises rapidly as the distance d decreases from 
0.1X while the field strength on the horizon drops off 
relatively slowly. Thus by operating with the zero at 

some point less than 0.088X it is possible to obtain a 
quite satisfactory radiation resistance and still produce 
a field strength on the horizon well above that obtained 
with the usual sinusoidal distribution for which 
d = —0.25X. Nickle, Dome, and Brown" recommended 
in 1934 that such antennas be operated with d =0, so 
as to reduce ground currents and thus ground losses 
to a minimum. However ground systems have been 
improved so greatly since 1934 that ground losses are 
now of the same small order as the losses in the an-
tenna itself and may be neglected whenever the radi-
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Fig. 16—Radiation resistance and re ative field strength on the 
horizon for a sinusoidal current distribution on a top-loaded 
I-wave antenna, both plotted as functions of the position of the 
null in the current loop. 

ation resistance is at all reasonable (say 20 ohms or 
greater). Thus, with modern ground systems, it would 
probably be best to operate such antennas with d 

somewhere between 0 and 0.088X. 
Another distribution on the I-wave antennas giving 

an antenna performance very nearly equal to that ob-
tained by the optimum distribution itself, was con-
sidered by Smith" but he found that this distribution 
also gave a very low radiation resistance. It will now 
be shown that extremely low radiation resistance is 
characteristic of all distributions on a }-wave antenna 
giving an antenna performance approaching the opti-
mum performance. 
It is observed that all possible distributions on a 

I-wave antenna can be approximated by a set of cur-
rent elements such as the element shown in Fig. 17, 
where the amplitude and position of each element on 
the antenna is properly chosen. Now it is easily shown 
that the phase of the magnetic field in both time and 
space at any distant point, due to radiation both direct 

" C. A. Nickle, R. B. Dome, and W. W. Brown, "Control of 
radiating properties of antennas," Pkoc. I.R.E., vol. 22, pp. 1362-
1373; December, 1934. 
n Carl E. Smith, "A critical study of two broadcast antennas," 

Pitoc. I.R.E., vol. 24, pp. 1329-1341; October, 1936. 

and indirect from such an element, is quite independ-
ent of the height h of the element above the base. 
Thus the vertical-radiation pattern for a distribution 
made up of such elements is given by a simple alge-

Fig. I7—A current element on a wave antenna. 

braic summation of the radiation patterns correspond-
ing to the component elements. The vertical-radiation 
patterns for the current element of Fig. 17 in various 
positions on a .1-wave antenna are shown in Fig. 18. 
It is seen from this figure that the current element 
radiates the same amount of power in the horizontal 
direction, where the maximum radiation is desired, for 
all positions on the antenna, but radiates less power in 
all other directions the higher its position on the an-
tenna. Therefore, if attention is restricted to elements 
of the same sign, it is seen that the distribution f(h) 
giving the maximum possible radiation in the hori-
zontal plane while satisfying the isoperimetric side 

condition 
rN/4 

f(h)dh = constant 
Jo 

is simply that distribution concentrating all current 
elements at the top of the antenna. 

qi,c. 18—Vertical radiation patterns for a current element at 
various heights on a I-wave antenna. 

But the antenna performance obtained with such a 
distribution is still considerably poorer than that ob-
tained with the optimum distribution on a I-wave 
antenna. Therefore, it is seen that the optimum per-
formance on a }-wave antenna can be approached 
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only when current elements of opposite sign are ad-
mitted. But current elements of opposite sign on a 
}-wave antenna tend to cancel the radiation of the other 
elements at a// angles. Thus, as optimum performance 
is approached, the amplitude of the standing wave of 

Fig. 19—A current distribution on a top-loaded g-wave antenna 
giving a performance comparable with that obtained with the 
usual i-wave antenna. 

current on the antenna must go up very rapidly for 
a constant field strength on the horizon. Thus it is 

seen that a low-radiation resistance is characteristic 
of every current distribution on a 1-wave antenna 
giving an antenna performance approaching the op-
timum performance. 

OPTIMUM 

FRANKLIN 

Fig. 20—Optimum current distribution together with the 
Franklin distribution on a full-wave antenna. 

The next antenna to be considered here is the f-
wave. Referring again to Fig. 9 it is seen that the opti-
mum distribution gives a field strength about 30 per 
cent greater than the sinusoidal so that there is con-
siderable room for improvement here. Furthermore, an 

increase in field strength of only 12 per cent would 
give an antenna performance for the I-wave antenna 
equal to t hat for the very common 1-wave antenna op-
erated with the usual sinusoidal distribution. The 
distribution indicated in Fig. 19 actually gives such an 
increase in field strength with little or no high-angle 
radiation, and is physically realizable in the manner 
described by Nickle, Dome, and Brown." Also, it is 
probably economically realizable, as it has a radiation 
resistance referred to the base of the order of 100 ohms. 
Antennas greater than  wavelength in height are 

too costly to be considered for broadcast purposes. 
Nevertheless, it is of interest to point out here in clos-
ing, the similarity between the well-known Franklin 

distribution and the optimum distribution on a full-
wave antenna. These are both shown in Fig. 20. The 
corresponding vertical-radiation patterns are shown in 
Fig. 21. 

4 

ARBITRARY UNITS 

Fig. 21—Vertical radiation pattern for the optimum current dis-
tribution on a full-wave antenna together with that for t la 
Franklin distribution. 

IX. CONCLUSIONS 

1. The apparent antenna performance obtained 
with the theoretical optimum current distribution on 
a vertical antenna serves  as  an upper bound on the 
improvement in antenna performance which may be 
expected in the future as a result of changes in current 
distribution. Approximate theoretical optimum cur-
rent distributions may be obtained by extracting ap-
proximate solutions from the integral equation 

f(A) sin (x — y) — (x  y) cos (x — y) 

sin (x  — (x  y) cos (x  y)] 
-   constant. 

(.1 ±  y) 3 

Such solutions are shown in Fig. 8 for vertical antennas 
varying in height from 1. of a wavelength up to a full 
wavelength. 

2. Extremely low radiation resistance is character-
istic of all distributions on a 1-wave antenna giving an 
antenna performance approaching the optimum per-
formance. 

3. With modern ground systems it would probably 
be best to operate top-loaded 1-wave antennas with 
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the null in the current loop somewhere between the 
ground and a point 0.088X above the ground. 
4. A top-loaded 1-wave antenna operated with the 

null in the current loop 0.075X above the ground gives 
an antenna performance approximately equivalent to 
that obtained with the usual 4-wave antenna, has little 
or no high-angle radiation, and is probably economi-
cally realizable as it has a radiation resistance referred 
to the base of the order of 100 ohms. 

APPENDIX 

Reduction of the Variable-Phase Problem to the Con-
stant-Phase Problem 

It was pointed out in Section III that the optimum 
current distribution on a vertical antenna might con-
ceivably be a variable-phase distribution rather than 
the constant-phase distribution assumed in this paper. 
It can be pointed out immediately, that at least in 
special cases," the variable-phase current distribution 
must reduce to a constant-phase distribution if it is 
to be an optimum distribution. Furthermore, under 
the customary fundamental assumption that the well-
set theoretical variable-amplitude, variable-phase, op-
timum-current-distribution problem has a unique solu-
tion, it will now be shown that "the theoretical 
optimum current distribution on a vertical antenna is 
necessarily a variable-amplitude, constant-phase dis-
tribution." (Compare Section III, paragraph 1.) 
Consider a vertical antenna on which both the am-

plitude and phase of the current are functions of the 
distance x from the base. Let the phase of the current 
at the base of the antenna be taken as a reference. Then 
the current at distance x from the base can be divided 
into two components, one in phase with the reference, 
and the other 90 degrees out of phase. Hence, at any 
point on the antenna 

/ =  j/2 

were / is of variable phase, and where Ii and 12 are 
of constant phase but separated 90 degrees in time. 
Thus it is seen that a variable-phase vertical an-

tenna is equivalent to two superimposed constant-
phase antennas driven 90 degrees out of phase. In this 
manner the most general theoretical optimum-current-
distribution problem is reduced to the determination 
of that pair of amplitude distributions II =fi(x) and 
/2=f2(x), on the two equivalent constant-phase an-
tennas, which maximize the field strength on the 
horizon while holding constant the power output. 
Consider the vertical antenna shown in Fig. I. The 

field at a point in space due to radiation from the 
element Alx has two components, one due to direct 
radiation and the other due to reflected radiation. The 
components are equal in magnitude and have the same 
direction, but one is retarded (27r/X)(ro—x cos 0) ra-
dians in time, and the other is retarded (2/r/X)(ro+x 
cos 0) radians. Thus the retardation of the resultant 
field at S is (27r/X)ro, and is independent of x. Conse-

quently the time phase of the field due to radiation 
from a constant-phase antenna is everywhere the same 
on the surface of the hemisphere of radius ro, taken 
about the base of the antenna, and this is true regard-
less of the current-amplitude distribution. 
Suppose HI is the magnetic field at S due to a cur-

rent-amplitude distribution fi(x) on the first of the 
two equivalent antennas, and 112 the corresponding 
field due to a distribution f2(x) on the second. Then, 
since fi(x) and f2(x) are superimposed but 90 degrees 
out of phase, it follows from the above considerations 
that the resultant field at S is simply 

// =  :///2. 

Now the total power flowing outwards through an 
element of surface on the hemisphere at S is propor-
tional to 

112 = H 12 ± 1122. 

Hence the total power radiated is 

where PI and P2 are the power radiated from the two 
equivalent antennas, each one considered separately. 
Thus the problem is to determine those two current-

amplitude distributions fi(x) and f2(x), on the two an-
tennas of the equivalent constant-phase system for 

which 

H(f) = 0 4102 + 11(12)2 

is a maximum while 

P(f) = P(f1) P(.1.2) 

is a constant. It is understood that 11(f) is evaluated 
for Son the horizon. 
In view of the fundamental assumption made in the 

first paragraph of this Appendix there exists a unique 
pair of current-amplitude-distribution functions (b*, 
12*) which maximize 11(f) while holding P(f) constant. 
But then fi* is obviously that distribution which 
maximizes 

11(f) =  1 l(f1) 2+H(f2*)2 (0 = 90 degrees) 

while holding constant 

P(f) = P(f1) P(f2*). 

Or, since //(f2*) and P(f2*) are both fixed, fl* is that 
distribution which maximizes 

11(f) = 11(fl)  (0 = 90 degrees) 

while holding constant 

P(/) = P(.b). 

Similarly12* is that distribution which maximizes 

= 11(12)  (0 = 90 degrees) 
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while holding constant 

P(f) = P(f2). 

But these two isoperimetric problems are identical. 
Therefore, fl* and f2* are identically equal. But two 
identical amplitude distributions on the two super-

imposed constant-phase antennas driven 90 degrees 
out of phase are equivalent to a constant-phase dis-
tribution on the actual antenna. 
Hence the theoretical optimum current distribution 

on a vertical antenna is necessarily a constant-phase 
current distribution. 

Corrections 

T. R. W. Bushby has brought to the attention of the Editors certain errors 
in his paper, "Thermal-Frequency-Drift Compensation," which appeared in the 
December, 1942, issue of the PROCEEDINGS, on pages 546-554. 

The I.R.E. affiliation of the author should be "Member" and not "Associate." 

Page 546—Summary—Line 16—"capacitive coefficients" should be "capaci-
tance coefficients." 

Page 551 —Equation (15), right-hand side, numerator, alpha (a) should be 
"a." 

Equation (15c), right-hand side, first term, denominator alpha 
(a) should be "a." 

Page 552—Equation (16a), right-hand side, first term, denominator "k." 
should be "kn." 
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Network Theory, Filters, and Equalizers* 
FREDERICK E. TERNIANt, FELLOW I.R.E. 

PART II 

Summary—Resistance attenuators of the T, L, ladder, and 
bridged-T types are considered, and design formulas are given. 

Decimal attenuators are described. 
The relation existing between attenuation and phase shift in a 

four-terminal network is stated in several forms, including the 
phase-area theorem, and a formula which gives phase shift directly 
as a function of the rate of change of attenuation. The latter shows 

that the phase shift that exists at a particular frequency is deter-
mined primarily by the way in which the slope of the attentuation 
characteristic varies in the vicinity of this frequency. Consideration 
is also given to the case where the desired attenuation is constant 

over a portion of the frequency spectrum, while the phase shift is 
to be kept constant over the remainder of the spectrum. It is shown 
that a complete phase and attenuation characteristic is specified 
when such attenuation and phase fragments are given. This case 
corresponds to the transmission characteristics desired in the feed-
back loop of an ideal feedback amplifier. 
The application of these principles to the design of practical 

feedback amplifier circuits is considered in detail. It is shown that 
nonoscillating feedback amplifiers can be designed by considering 
only the transmission characteristics of the feedback loop, since the 
transmission characteristics control the phase shift. Feedback am-
plifier circuits which give trouble from oscillation do so because 
there is some frequency, usually far outside of the useful range of 
frequencies, at which the transmission around the feedback loop 
falls off with excessive rapidity, corresponding to excessive phase 
shift. Methods for determining the optimum transmission charac-
teristic of the feedback loop are given which enable any desired 
amount of feedback to be obtained with any number of amplifier 
stages, without any trouble from oscillations. The principles in-
volved in such design are illustrated by two examples: one, a three-
stage audio-frequency amplifier, the other, a broadcast transmitter 
having a measured frequency characteristic, to which it is desired 
to add feedback. 

IX. ATTENUATORS I6-18  

ATTENUATORS are resistance networks used 
for the purpose of reducing voltage, current, or 
power in controllable and known amounts. The 

most commonly used types of attenuators are the 
T, L, ladder, and bridged-T types. 

• Decimal classification: R142 X R390. Original manuscript re-
ceived by the Institute, February 17, 1943. Prepublished by permis-
sion from 'Radio Engineers Handbook" by Frederick E. Terman 
and the McGraw-Hill Book Company, New York, N. Y. 

T Attenuators 

The T attenuator consists of three resistances ar-
ranged in a T, as shown in Fig. 23(a). Such an attenua-
tor is usually designed with the two series impedances 
of the T identical, thereby making the two image 
impedances the same. 

Rs  RI  R, 

(a) T attenuator 

Rs R, 

2 

(b) I. at fenuafor 

4 

(c) L attenuator 

R6 

Known 
curren/ 

(e) Lodder ottenuotor with adjacent 
shun+ corms merged, showing 
numerical values For Ri=100 and 
a voltage reduction factor a of 10 
per section 

Ri4RL 

(f) Continuously variable ladder 
attenuator 

5, 

PC PI 

Roil! 

(d) Ladder attenuator  (g) Bridged - T of tenuator 

Fig. 23 —Common attenuator networks. 

For such a symmetrical T network composed of re-
sistance elements, the relations expressed by (28) can 
be rewritten as 

t Director, Radio Research Laboratory, Harvard University, 
Cambridge, Massachusetts. 

IS For further information on attenuators, and in particular for 
design information including tables giving the resistance values 
required in the arms for different values of attenuation, see refer-
ences given in footnotes 16, 17, and 18. 

N P. K. McElroy, "Designing resistive attenuating networks," 
Pam. I.R.E., vol. 23, pp. 213-234; March, 1935. 

17 Guy C. Omer, Jr., "Lattice attenuating networks—Complete 
design tables," Wireless Eng., vol. 17, p. 206; May, 1940. 

IS R. E. Blakey, 'Network resistances for balanced attenua-
atom" Electronics, vol. 8, p. 446; November, 1935. 
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R2 = 

= Rita — 1\ 

RI \ 

\a + 1 
( 2a / 

ka2 + 

(38) 

where R1 and R2 are the attenuator resistances, as 
shown in Fig. 23(a), /2/ is the image impedance of the 
section, and a is the number whose natural logarithm 
is the image transfer constant (i.e., a =0). Thus when 
the generator and load impedances both equal the 
image impedance R/, the insertion loss of the attenu-
ator is a, i.e., with image operation 

load current without attenuator 
a =    

load current with attenuator 
(39) 

T attenuators are used where it is important that the 
presence of the attenuator in the circuit, and the 
amount of attenuation, have no effect upon the im-
pedance relations existing in the circuit. This is 
achieved by making the image impedance of the T 
attenuator equal either the generator or load resist-
ance. 

L Attenuators 

The L attenuator consists of two resistance arms ar-
ranged as shown in Fig. 23(b) or 23(c). The arms are 
so proportioned that one of the iterative impedances 
of the attenuator is constant irrespective of the attenu-
ation introduced. The corresponding design formulas 
are 
For Zk, constant (Fig. 23(b) or c): 

a ' 

=  Zki t  1\  
k a' / 

Zki 

R2 =   

a' — 1 

For Zk, constant (Fig. 23(b) or c): 

R1 = Zr,(a' — 1) 

a' \  (41) 

ka' — 11 
Here a' = tP, where P is the iterative transfer constant. 
When the impedance connected between the pair of 
terminals opposite from the terminals having constant 
iterative impedance is equal to this design value of 
iterative impedance, then 

R2 =  Zki 

(40) 

current in load without attenuator 
a' =   (42) 

current in load with attenuator 

L attenuators are less expensive than the T type, 
because only two instead of three variable resistances 
are required to control the attenuation. At the same 
time the L attenuator maintains impedance independ-
ent of attenuation at only one pair of terminals as the 
attenuation is varied, whereas the T attenuator main-

tains constant impedance at both terminals. L at 
are commonly used where a number of loads are 

associated with a common generator and it is necessary 
to control the power delivered to each load without 
altering the impedance offered to the source of power. 

Ladder A llenualors 

Ladder at tenuators consist of a series of symmetrical 
r sections designed so that the required ratio of voltage 
loss per section is obtained with image-impedance op-
eration. A typical arrangement is shown in Fig. 23(d), 
where there is shown a chain of three r sections ter-
minated at both ends with a resistance equal to the 
image impedance, and designed to produce the re-
quired attenuation when operated on an image-
impedance basis. The appropriate design formulas for 
the individual sections are 

(a + 
RA = 

RI, — RI 

a — I 

2a 

Here RA and R il have the meanings shown in Fig. 23(d), 
R1 is the image impedance, and a is the factor by 
which each section reduces the current with image-
impedance conditions (i.e., if a =10, then each section 
reduces the current in the load to one tenth of the load 
current that would be obtained with the section re-
moved). 

The impedance between any junction point in the 
ladder attenuator and the common ground side of the 
system is one half the image impedance. 
Ladder attenuators such as are illustrated in Fig. 

23(d) are used in signal generators and in other devices 
requiring that voltages and currents be reduced in 
known ratios. A typical arrangement for producing 
known voltages of small magnitude is illustrated in 
Fig. 23(e). Here a known current is supplied to the 
switch and directed so that it flows from one of the 
junction points to the common side of the system. This 
produces a known voltage across that particular 
branch of the shunt attenuator. The voltage appearing 

across the output terminals of the attenuator is then 
this voltage reduced in accordance with the number of 
attenuator sections between the input point and the 
load. 

A continuously adjustable ladder attenuator is 
shown in Fig. 23(f), and is the same as the step at-
tenuutor of Fig. 23(e), except that the switch has been 
replaced by a slider that permits continuous variation 
of the input point. As actually constructed, the re-
sistance shown horizontally along the top is an ordi-
nary slide-wire potentiometer, to which suitable shunt 
resistances have been connected at regular intervals to 
form a series of r sections. Such an attenuator is in-
expensive to construct, and maintains its input and 
output resistances constant within reasonably narrow 
limits for all attenuations except extreme values. 

(43) 
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Bridged-T Attenuators 

A bridged-T attenuator consists of four resistance 
arms arranged as shown in Fig. 23(g). When propor-
tioned so that R3 = R4 = RI, and RiR2= R12, the image 
impedance will be a constant value RI, irrespective of 
attenuation. With image-impedance operation 

load current with attenuator  R1 
(44) 

load current without attenuator  R, -I- RI 

The bridged-T attenuator is equivalent to a simple T 
attenuator but requires only two instead of three 
variable resistances. 

Decimal Attenuators'9 

A decimal attenuator is a system of attenuators so 
arranged that a voltage or current can be reduced in 
decimal fractions. Such an attenuator is shown in 
Fig. 24, where any voltage from 0.001 to 1.0 times the 
input voltage can be obtained in steps of 0.001 volt. 
This decimal attenuator includes three similar L-type 
attenuators designed to operate between  equal 
generator and load resistances and to have a con-
stant output resistance equal to the generator 
resistance R.. Each attenuator is adjustable in 
steps such that 1/a can be made 0, 0.1, 0.2, 0.3, etc., 
up to 1.0. The second of these L attenuators feeds into 
a single T attenuator having an input and output re-
sistance equal to the output resistance of the L section 
and having a =10. The third of these attenuators de-
livers its output to two such T sections in tandem. 
These three systems hence give output voltages in 
steps of 0.1, 0.01, and 0.001, respectively. The outputs 
of all three attenuating systems are connected in par-
allel, so that when the output terminals are open-
circuited, the load resistance for any one attenuator 
system consists of the output resistances of the other 
two systems in parallel. The output voltages of the 
three attenuators are thus superimposed upon each 
other, and add up directly without being affected by 
the fact that the load resistance for any one attenuator 
is supplied by the other two attenuators, which, at the 
same time, produce their own output voltages. The 
fact that there is a mismatch of resistance at the out-
put need not be corrected for, since this changes all 
output voltages by the same percentage and so does 
not disturb the relative outputs. The output resistance 
to any load connected across the output terminals is 
the output resistances of the three attenuator systems 
in parallel. The addition of such a load merely increases 
the mismatch on the output side of the attenuator, and 
changes all output voltages by the same percentage 
without altering the relative values at the different 
attenuator settings. 

Decimal attenuators as described here were developed by the 
General Radio Company. 

X. RELATION BETWEEN ATTENUATION AND PHASE 
SHIFT IN FOUR-TERMINAL NETWORKS" 

For any four-terminal network connected between 
resistive terminal impedances, there is always a mini-
mum possible phase change that can be associated with 
a given transmission characteristic. In such a mini-
mum-phase-shift network, the phase characteristics can 
be calculated if the transmission characteristic is 
known, and vice versa. 
Any actual four-terminal network will be a mini-

mum-phase-shift network unless (1) the network con-
tains a transmission line or an equivalent circuit with 

Fig. 24—Circuit diagram of decimal attenuator. 

distributed constants, or (2) the circuit includes an 
all-pass section, either as an individual structure or in 
a combination that can be replaced by an all-pass 
filter section plus some other physical structure. It is 
to be noted particularly that all ladder networks are 
automatically of the minimum-phase-shift type, since 
it is impossible to form an all-pass filter section from 
alternate series and shunt impedances. 

Phase-Area Theorem 

One of the simplest relations existing between at-
tenuation and phase shift is 

Beim = 
17.37 . 

(.1,e —  (45) 

where B= phase shift, radians 
= log, (f/fo), where f is the actual frequency 
and Jo  is any convenient reference frequency 

A.=attenuation, decibels, at infinite frequency 
A 0= attenuation, decibels, at zero frequency (not 

at frequency Jo) 
The relation described by (45), expressed in words, 
is to the effect that the total area under the phase 
characteristics, when plotted on a logarithmic fre-
quency scale, depends only upon the difference be-
tween the transmission (or attenuation) at zero and 
infinite frequency, and does not depend in any way 
upon the way in which the transmission varies between 
these limits; nor does it depend upon the physical con-
figuration of the network, provided a minimum-phase-
shift structure is employed. The equality of the phase 
areas under different conditions is illustrated in Fig. 25. 

" H. W. Bode, "Relations between attenuation and phase in 
feedback amplifier design," Bell Sys. Tech Jour., vol. 19, p. 421; 
July, 1940; also, U. S. Patent No. 2,123,178. 
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Fig. 25 —Diagram to illustrate relation between area under 
phase-shift curve and the change in attenuation. 

The relation expressed by (45) can be termed the 
phase-area theorem, and has several very important 
practical consequences. It means, for example, that if 
a network is employed to change the transmission 
from one fixed value to another fixed value and if, at 
the same time, the maximum phase shift that can be 
permitted at any frequency is limited to some rela-
tively low value, then the region where the attenuation 
is changing must be spread out over a sufficiently wide 
frequency range so that the necessary area can be ob-
tained under the phase curve without this curve having 
a maximum exceeding the allowable value. This fact is 
of considerable significance in connection with the de-
sign of feedback amplifier systems, since here the 
transmission around the feedback loop must have asso-
ciated with it a phase ,shift that is always less than 180 
degrees, even when the transmission is varying. 

Phase Shift as a Function of Attenuation Slope 

The minimum phase change associated with a given 
attenuation characteristic can be expressed as2' 

= 7 OA \ + 1 r+ortdA\ 
12 k ), 67r J.... Lk dis 

log, coth  g I  4  (46) 
2 

where Bc= phase shift, radians, at the frequency fc. 
dA Ida = slope of attenuation curve, decibels per oc-

tave. 
µ =log, (f/f,), where f is frequency and f, the 
frequency at which Be is desired. 

coth x = hyperbolic cotangent of x(= litanh x). 
subscript c denotes evaluated at f =f,.. 

21  The r in the denominator in front of the integral represents 
the correction of an error in equation (10) of Bode's U. S. Patent 
No. 2,123,178, upon which the equation given here is based. 

log coth 1p/2i denotes the real part of log coth µ/2 
(which is complex when µ is negative). 

Equation (46) shows that the minimum phase change 
can be expressed as the sum of two components. The 
first of these is proportional to the slope of the attenu-
ation characteristic when plotted on a logarithmic 
frequency scale, and amounts to 180 degrees when the 
attenuation is varying at the rate of 12 decibels per 
octave at the reference frequency. The second term is 
determined by an integral, the integrand of which is 
proportional to the weighting function log. coth (1µ1/2), 
which is plotted in Fig. 26, and the difference between 
the slope of the attenuation characteristic at the de-
sired frequency f, and the slope elsewhere. Because of 
the symmetrical character of the weighting function, 
this second contribution to the phase shift is deter-
mined by the extent that tHe attenuation-slope char-
acteristic fails to have negative symmetry (i.e., 
odd-function symmetry) about the reference fre-
quency. Also, the shape of the weighting function is 
such that changes in the slope of the attenuation char-
acteristic at frequencies close to the reference fre-
quency have far more effect upon phase shift than do 
changes in the slope of the characteristic at more re-
mote frequencies. 
Examples of the relationship between attenuation 

characteristics and phase shift are given in Fig. 27 for 
several idealized cases. 

Specification of Complete Phase and Attenuation Char-
acteristics fronz Attenuation and Phase Fragments 

Relations have been worked out from which the 
complete attenuation and phase characteristics of a 
minimum-phase-shift network can be determined by 
prescribing the attenuation characteristic over a por-
tion of the frequency range and prescribing the phase-
shift characteristic for the remainder of the frequency 
range. 

Certain special cases of this character that are of 
particular importance are illustrated in Fig. 28. Here, 
the attenuation is specified as a constant value in the 
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Fig. 26—Weighting function log, coth — appearing in (46). 
2 
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useful range of the circuit, while the phase shift is 
specified as having a constant value (normally slightly 
less than 180 degrees), outside the useful frequency 
range. The remainder of the characteristics are shown 
dotted. The essential formulas for the cases illustrated 
in Fig. 28 are 
High-frequency cutoff (Fig. 28(a)) : 

B =k  — 
f2 

f<12 

A= K+8.69k log, [4/(1-)2 — 1 -1-1-1} f >J2. 
1.2 

o0.1  03 05 

fo 

2 345 to 

2 345 03 05  1 

fo 

(b) Discontinuity in slope of 
attenuation characteristic 

(47a) 

(47b) 

(o) Constant-slope attenuation 
choroc teristic 

e4  20k 
10k 

<tc 

c 
a 
0..-  IT 

k 
10  0.1 

0 
It 

03 05 2 345 10 

fo 
(c) Discontinuous slope in 
attenuation character-
istic formed by addition 
of three characteristics 
of Type (b) 

Fig. 27—Examples of the relationship between phase and 
attenuation characteristic in several idealized examples. 

Low-frequency cutoff: 

B = —k sin-1  f> ft (48a) 

A= K +8.69k log, [ VC12 — 1 -F—fi }<i.  (48b) 

The notation either is as illustrated in Fig. 28 or is as 
previously used, with the addition that B is in radians, 
A in decibels, and K is the attenuation in the region 
where the attenuation is constant. These expressions 
can be considered as representing the fundamental 
formulas for the high- and low-frequency cutoff char-
acteristics of the feedbaCk loop of the ideal feedback 
amplifier. 

Application of Minimum-Phase-shift Principles to the 
Design of Feedback-Amplifier Circuits 

A schematic diagram of an amplifier provided with 
negative feedback is shown in Fig. 29. In this diagram, 
the portion CDE transmits a fraction of the output of 
the amplifier back to the input circuit, and superim-
poses this upon the applied signal. In the normal 
frequency range, the phase relations are so adjusted 

8 

•F. 

Frequency ( logarithmic scale)  Frequency (17gorifhmic scale) --. 

/ I 
/ I 

12 
Frequency (logarithm)c scale)--• 

(a) High-frequency cutoff  (b) Low-frequency cutoff 

Fig. 28—Ideal low-frequency and high-frequency cutoff 
characteristics. 

If' 

Frequency (logarithmic scale) --••• 

that this feedback action opposes the applied signal, 
thereby reducing the amplification and giving negative 
feedback. In order that such a system will not oscillate 
under any conditions, it is necessary that the trans-
mission and phase characteristics of the "feedback 
loop" ABCDE be such that the transmission around 
this loop is less than unity when the phase shift reaches 
180 degrees. The transmission around this loop is ob-
tained by breaking the circuit at X, applying a signal 
voltage at point A, and comparing this signal voltage 
with the voltage that it produces at the point E. 
In an ideal feedback-amplifier system, the transmis-

sion around the feedback loop would be constant 
throughout the useful band of frequencies, thereby 
giving constant negative feedback in the useful range. 
At the same time, the transmission around this loop 
should drop off as rapidly as possible outside the useful 
range of frequencies in order that the frequency range 
over which the transmission characteristics must be 
controlled accurately be no greater than absolutely 
necessary. Because of the phase-area theorem, this 
maximum rate of falling off in transmission outside the 
useful band will be obtained when the phase shift has 
a constant value that approaches as close to 180 de-
grees as is practical throughout the attenuhting range. 
The ideal characteristic for a feedback loop is accord-
ingly that shown in Fig. 28, with k given a value that 
is slightly less than 2 to provide a margin of safety. 

E 
XA Amplifier 

Fig. 29—Schematic feedback-amplifier diagram. 

Limitations Introduced by the Asymptotic Transmission 
Characteristics of the Feedback Loop at Extreme Fre-
quencies 

The ideal feedback-loop characteristics cannot in 
many cases be realized at extremely high and ex-
tremely low frequencies, because at these extreme 



238 Proceedings of the 1.R./. May 

I 111111 

_ 
\\A \Asymplot 
\ 

A 

‘ 

I 

1 

c slope 

, 

, 
/Qin ) ' 

Actual 

Frequency — .-
Fig. 30—Typical amplifier cutoff characteristic and ideal cutoff 

characteristic for feedback loop. 

frequencies such factors as stray shunting capaci-
tances, grid-leak-condenser combinations, etc., take 
over control of the characteristics and may cause the 
transmission to fall off more rapidly than permissible 
for an ideal feedback loop. This is illustrated in Fig. 30, 
where ABC is the ideal characteristic, but because of 
the asymptotic falling off in transmission of the ampli-
fier at high frequencies, the actual characteristic is 
A B'C'. There is then an additional phase shift at high 
frequencies. The excess phase shift in the region where 
the feedback-loop transmission changes over from the 
ideal to the asymptotic characteristic (region C in 
Fig. 30), can be eliminated by the expedient shown in 
Fig. 31. Here a step of zero slope is introduced in the 
transmission characteristic just before the asymptotic 
characteristic is allowed to take control. The length of 
this step should be such that 

as a tube or Intr. Transformers with resonated pri-
maries can con ti ilmtt• 12 decibels per octave at low 
frequencies. 
The as\i ii p hit it  1.11.11 .h 1 i!..1  k  of importance only 

when it has a Air appioaching oi (Acceding 12 deci-
per °eta\ t I Iui,with many two-stage amplifiers, 

the asymptut It characterist ic is not a design limitation, 
and one can theoretically hope to realize the ideal 
feedback loop characteristics shown in Fig. 28 instead 
of being forced to the step transition of Fig. 31. 

Design Procedures and Considerations 

The design of a feedback amplifier under conditions 
where the asymptotic characterist it must be consid-
ered can be hest understood by considering several 
specific cases. 

EXA MPLE 1 

Assume that a three-stage amplifier has a useful 
frequency range of 100 to 10,000 cycles and that 
30-decibel feedback is desired with an amplitude 
margin of safety of 9 decibels, a phase margin of 
safety of 30 degrees, and that the asymptotic slove 
is 18 decibels per octave for both high- and low-
frequency cutoffs. The ideal transmission character-
istic of the feedback loop can be calculated front 
(47) and  (48) for high and  low frequencies, 
rest net ivel y. These characteristics are plotted in 
Fig. 32(a), in which the transmission around the 
feedback loop in the useful frequency range is shown 
as being 30 decibels above zero level. The ideal char-
acteristic is continued to 9 decibels below zero level 
loft,' and fb in order to provide the necessary ampli-
tude margin, after which there is introduced a step 
having a length such that the frequencies at the two 
ends of the step are in the ratio 1 II: 18 (or 18:10 as 

fo  slope of ideal asymptotic characteristic in decibels per 0( lave 
— 

IV  slope of actual asymptotic characteristic in decibels per octave 

The type of phase-shift characteristic that results is 
shown in Fig. 31, and the total attenuation between 
f„' and fi (and f, and fb) is very close to the largest 
that can possibly be obtained in this frequency interval 
without the maximum phase shift exceeding a fixed 
maximum value. 
The slope of the actual asymptotic characteristic 

can be estimated by inspecting the circuits. Each re-
sistance- or impedance-coupled amplifier stage will 
contribute 6 decibels per octave to the asymptotic 
slope at high frequencies, as will each output trans-
former fed from a tube and having a resistance load. 
An interstage coupling transformer will add 12 decibels 
per octave to the slope unless a resistance is shunted 
across the secondary. Similarly, at low frequencies, 
each grid-leak-condenser combination will cause 6 deci-
bels per octave slope, as will each transformer (output, 
input, or interstage) excited from a resistance source 

(49) 

the case may be), which is the slope ratio of the 
ideal and asymptotic characteristics (slope of the 
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Fig. 31—Step transition to attenuation characteristic of 
high slope. 
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ideal characteristic with 30 degrees phase mar-
gin = 12x44g) Beyond the step, i.e., below f. ' 

and above fb, the asymptotic characteristic is per-
mitted to take control, as shown. The actual ampli-
fier would then be built so that in the absence of 
feedback the amplification would fall to 30+9=39 
decibels below the amplification in the useful range 
at the frequencies fa' and lb. The frequencies fa' and 
fb for this case, when calculated as above on the basis 
of the ideal step characteristic, are 7 and 150,000 
cycles, respectively. In order to obtain the trans-
mission actually required in order to avoid oscilla-
tion, i.e., the characteristics indicated by the heavy 
line in Fig. 32(a), additional circuit elements 
must be added either to the amplifier or to the 
feedback loop in order to cause added loss in the 
regions marked B and C in Fig. 32. It will be noted 
that the amplifier must be made much broader than 
the actual amplification characteristic needed. 
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Fig. 32 —Example of requirements imposed on amplifier designed 
to provide 30-decibel feedback with 9-decibel margin of safety. 

E XA MPLE 2 

Consider a broadcast transmitter in which it is 
desired to employ 20-decibel feedback, with 10 
decibels of safety margin in amplitude and a 30-de-
gree phase margin of safety (k = 1.67), and is to 
maintain uniform response up to 10 kilocycles. Also, 
assume that the transmission characteristic around 
the feedback loop, as observed experimentally, when 
no special circuit elements are introduced to control 
feedback characteristics, is as shown by AIIIJ in 
Fig. 33(a), with 24 decibels per octave asymptotic 
slope. The optimum transmission characteristic, as 
calculated by (47), is the curve ABCDG, but because 
of the asymptotic slope near G, the practical curve 
required to give the required amplitude margin of 
10 decibels is the step curve ABCDEF. When this is 
compared with the actual curve AIIIJ, it is seen 
that in order to obtain the required characteristic, 
one must add circuit elements somewhere in the 
feedback loop that will add to the curve A111.1 a 
characteristic such as illustrated by the curve 
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Fig. 33 —Example a involving application of negative 
feedback to broadcast transmitter. 

120 

ABCDE of Fig. 33(b). This can be done by suitable 
design of circuit elements in the feedback loop, or 
it may be achieved by adding further stages of am-
plification either in the feedback path or in the 
audio-frequency part of the system. These addi-
tional stages need contribute little or nothing to the 
gain of the system in the useful range of frequencies, 
but must have a rising amplification in the frequency 
range DE. Beyond the point E, the amplification of 
the extra stages can fall off in any convenient man-
ner. If additional stages of amplification are em-
ployed to give this required supplementary rising 
characteristic, these additional stages must be de-
signed so that their asymptotic characteristic does 
not take control until a frequency is reached that is 
very much higher than the frequency correspond-

ing to E in Fig. 33. 

Control of the way in which the transmission around 
the feedback loop falls off outside the useful range of 
frequencies can be obtained in a variety of ways. Some 
of the simpler and more important expedients that can 
be employed, together with the corresponding trans-
mission characteristics, are illustrated in Fig. 34. The 
number of such networks that can be devised is of 
course without limit, and under some circumstances 
the networks involved may become very complicated. 
The frequency range over which the transmission 

characteristics of the feedback loop must be controlled 
is surprisingly high, and represents the price that is 
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attenuation  k) Transmission characteristics 

Fig. 34—Simple methods of modifying amplifier characteristics 
at high and low frequencies. 
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paid in order to obtain the benefits of negative feed-
back. The cost is approximately 1 octave for each 
10 decibels of useful feedback plus about 1 or 2 
octaves extra as a margin of safety and to take care of 
failure to realize exactly the optimum characteristic. 
Thus, if an amplifier with a useful frequency range of 

60 to 15,000 cycles is to have 30 decibels of feedback, 
the characteristics of the feedback loop must be care-
fully controlled for at least 4 octaves beyond this 
range, or from about 4 to 240,000 cycles (compare with 
Fig. 32). 

(To be concluded) 



Institute News and Radio No tes 

Future of Television  

Greatly improved by the research now 
going on in connection with war produc-
tions, television promises to have a greater 
impact on American life in the post-war 
years than any of the countless other ap-
plications of electronics, according to 
David Grimes, vice president in charge of 
engineering for PhiIco Corporation, who 
spoke on March 5, 1943, to the New York 
Society of Security Analysts on the out-
look for electronics. 
"While our all-out war-production pro-

gram has focused popular attention re-
cently on some of the striking industrial 
uses of electronics, it appears likely that 
the development of television broadcasting 
stations and the availability of home re-
ceivers in the postwar period will have. 
much greater effect on people's lives," Mr. 
Grimes said. 
"Even before the war, television had 

been advanced to such a stage that it was 
possible to provide pictures of the same 
sharpness of detail as home movies. 
Through the development of successful 
radio links from New York to Philadelphia 
and Schenectady, the basis was laid for 
network television programs to bring out-
standing entertainment and news events 
into people's homes over a wide area. All 
that will be necessary to extend the cover-
age to the entire nation is the erection of 
a large number of relay stations. 
"Radio broadcasting, it will be re-

membered, did not reach maturity until 
network hookups were developed during 
the late '20s. It is significant, therefore, 
that unknown to most people, television 
has already reached this stage." 
Scientific developments being rushed to 

completion because of the needs of the war 
emergency will insure the public of better 
television broadcasting and reception when 
the radio industry returns to peace-time 
production after helping to win the war, 
according to Mr. Grimes. 
Referring to other important uses of 

electronics and the electron tube, including 
especially the long-distance telephone and 
talking movies, Mr. Grimes ventured the 
opinion that television in coming years 
would have an even more far-reaching 
effect than any of these on our customs 
and ways of life. 
Mr. Grimes joined the Institute of 

Radio Engineers as an Associate in 1920 
and transferred to Member grade in 1928. 

Board of Directors 

The regular meeting of the Board of 
Directors, held on March 3, 1943, was at-
tended by L. P. Wheeler, president; F. S. 
Barton, vice president; S. L. Bailey, W. L. 
Barrow, E. F. Carter, I. S. Coggeshall, 
W. L. Everitt, H. T. Friis, Alfred N. Gold-
smith, editor; G. E. Gustafson, 0. B. Han-
son, R. A. Heising, treasurer; F. B. Llew-

ellyn, B. J. Thompson, H. M. Turner, A. F. 
Van Dyck, H. A. Wheeler, W. C. White, 
and W. B. Cowilich, assistant secretary. 
There were 120 Associates, 81 Students, 

and 5 Juniors elected to the named grades 
of membership. 
President Wheeler reported that the 

Institute had taken out a blanket bond ap-
plying to all its officers and employees, and 
had issued a revised contract including the 
previously approved change in rate of 
compensation being paid to W. C. Copp, 
advertising manager of the PROCEEDINGS. 
The other actions of the Executive 

Committee at its meeting of February 3, 
1943 were ratified. 
The subject of postwar problems of the 

radio industry was discussed at length. 
Provision was made for the formation of a 
committee to make the preliminary study 
and recommendations relative to the na-
ture, degree, and method of the Institute's 
participation in an attempted solution of 
the subject problems. 
A reserve fund for a major postwar pol-

icy of expanded publication of then availa-
ble technical material, as recommended by 
the Executive Committee, was authorized. 
Approval was also granted to a special 
method of publishing certain papers. 
The following amended Sections 12 and 

45 of the Institute's Bylaws were adopted: 

Bylaw Section 12: "Admission or transfer 
to any grade except Fellow may be pro-
posed by any member acting as sponsor, or 
by the Membership Committee, by sup-
plying to the Admissions Committee suf-
ficient information and testimonials from 
the required number of sponsors to sat-
isfy the Admissions Committee as to 
qualifications. Such proposals shall be 
acted upon by the Admissions Com-
mittee, and, if approved, transmitted to 
the Board of Directors for their action. 
If approved by the Board of Directors, 
an invitation blank shall be sent to the 
proposed member inviting him to accept 
the grade of membership proposed, 
which membership grade shall become 
effective automatically and immediately 
upon his supplying the biographical and 
professional information required, pay-
ing the necessary dues and fees, and hav-
ing satisfied the posting Bylaw. The 
name of an invitee shall be placed on the 
mailing list for the PROCEEDINGS imme-
diately upon receipt of dues and fees. The 
proposal and invitation blanks shall be 
drawn up by the Membership Commit-
tee so as to avoid unconstitutional action 
due to the sponsor supplying incorrect 
information." 

Bylaw Section 45: "The terms of appoint-
ments of the Admissions, Awards, Board 
of Editors, Constitution and Laws, 
Membership, Nominations, Papers, Pub-
lic Relations, Sections, and Tellers Com-
mittees shall start with the first day of 
the month following appointment and 
continue until the date the succeeding 

terms of appointments take effect. The 
Board may specifically advance or delay 
the terminating date of any committee 
and the starting date of a succeeding 
Committee." 

B. J. Thompson, chairman of the Mem-
bership Committee, reported briefly on the 
planned activities of the committee. 
The editorial, "Your Institute," from 

the Board of Directors, was approved for 
publication in the PROCEEDINGS. 
The additional proposed Constitutional 

Amendments, to be submitted to legal 
counsel and in due course to the member-
ship in accordance with the Constitution, 
are named below: 

ARTICLE V 

Section 4. "Each year of a term of office es-
tablished in Article V shall begin with 
the assembly of the Board of Directors 
at its annual meeting and terminate 
with the assembly of the Board of Direc-
tors at its following annual meeting." 

ARTICLE VI 

Section 6. "Funds from this account may 
be deposited in other accounts authorized 
and limited in size by the Board of Di-
rectors. Funds from these accounts shall 
be withdrawable on the signatures of 
authorized bonded individuals for cur-
rent disbursements. Before additional 
funds are transferred from the first-men-
tioned account to another account, the 
individuals responsible for such other 
accounts shall submit a statement of the 
disposition of the previously expended 
funds to the Treasurer." 

ARTICLE VII 

Section 2. "The five appointed Directors, 
Secretary, Treasurer, and Editor shall be 
appointed by the Board of Directors at 
its annual meeting." 

Sections 3 and 4. The intent of Section 3 
was incorporated in the foregoing 
amended Section 2 and thus the wording 
of Section 3 in its present form was elimi-
nated. With this omission, the present 
Section 4 was changed to Section 3 and, 
as a result, the existence of Section 4 was 
removed. 

Executive Corn m ttee  

The Executive Committee meeting of 
March 2, 1943, was attended by L. P. 
Wheeler, chairman; Alfred N. Goldsmith, 
editor; R. A. Heising, treasurer; F. B. 
Llewellyn, A. F. Van Dyck, H. A. Wheeler, 
Haraden Pratt, secretary; and W. B. Cowi-
lich, assistant secretary. 
The report of the Assistant Secretary 

on the overtime work of office employees 
during January and February, was ap-
proved. The overtime work of the office 
executive staff was given consideration. 
Decisions were made relative to a number 
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of office matters, including the holidays to 
be observed by the Institute office. 
The revised edition of the Code of Ad-

ministrative Practice was accepted. 
The Secretary drew attention to the 

blanket bond which had been taken out 
and which applies to all Institute officers 
and employees. 
It was announced by the Assistant Sec-

retary that the Audit Bureau of Circula-
tion's statement for the PROCEEDINGS, cov-
ering the last six months of 1942, was com-
pleted in January, ,as required by that 
organization. 
H. A. Wheeler reported on a special 

meeting, held earlier in the day, concerning 
certain possible effects of a paper shortage 
on the publication policy of the PROCEED-
INGS. 
Consideration was given to 120 appli-

cations for Associate, 81 for Student, and 5 
for Junior grades, and they were approved 
for submission to the Board of Director... 
F. B. Llewellyn stated that letters were 

written to the chairmen of Technical Com-
mittees relating to the continuation in of-
fice of the present personnel until May 1, 
1943, and the selection of the personnel for 
the next term of these committees. 
1 he PROCEEDINGS editorial, "Your In-

stitute," was accepted and recommended 
for confirming action by the Board of Di-
rectors. 
Editor Goldsmith indicated that the 

preparation of the June issue of the PRO-
CEEDINGS was well under way, and that 
sufficient papers were on hand for three ad-
ditional issues. 
At the suggestion of Editor Goldsmith, 

it was recommended to the Board of Di-
rectors that a reserve fund be established 
for the publication of wartime papers, ex-
pected to be available near the close of the 
war, in the form of added or special PRO-
CEEDINGS volumes or supplements, the 
exact procedure to be determined later. 
Approval was given to establishing a 

reserve fund for postwar advertising pro-
motion, to consist of an unused portion of 
the current allowance for this purpose. 
A suggestion for obtaining new Insti-

tute members was made by Editor Gold-
smith. 
The term, "radionics," was discussed 

and referred to the appropriate technical 
committee for consideration. 
Several cover designs for the PROCEED-

INGS, presented by Editor Goldsmith, were 
discussed. 
Secretary Pratt reported on office mat-

ters, including the revised contract with 
W. C. Copp, advertising manager of the 
PROCEEDINGS, which had been drawn up 
and signed. 
Approval was granted to reprinting a 

limited supply of copies of the Institute's 
"Standards on Electronics, 1938." 

Correspondence 
Concerning Proposed 
Constitutional 
Amendments 
In the April, 1943, issue of the PRo-

CEEDINGS, on pages 182 and 183, there are 

recorded certain proposed constitutional 
amendments dealing with modification of 
the membership structure of the Institute. 
Mr. A. F. Van Dyck has prepared com-
munications explaining the need for the 
proposed changes and Mr. H. P. Westman 
has sent in a communication questioning 
the advisability of the proposed changes. 
The letters follow, and their careful con-
sideration by the membership is suggested. 

From: A. F. VAN DYCK 

The voting membership will shortly 
receive a copy of proposed amendments to 
the Institute Constitution and a ballot 
with which to vote upon them. The most 
important and larger part of the proposed 
amendments is concerned with the mem-
bership structure. It is to the interest of 
the membership to give this part consider-
able thought. Of the remaining amend-
ments, some are to clarify uncertainties in 
terms of office and to surmount certain 
difficulties that have been encountered in 
managing the Institute, while one amend-
ment concerns details in handling funds 
that properly belong to management. 
Explanation of reasons for the proposed 

Constitutional change in the membership 
structure of the Institute is undoubtedly 
desirable, particularly for new members of 
the Institute, who may not be familiar 
with conditions of the early days of radio 
which led to the membership structure 
then adopted and which is still in force. 
The present major grades are those of 

Fellow, Member, and Associate. The Fellow 
grade is honorary, with the highest require-
ments. The Member grade has very high 
requirements, which cannot be met by the 
majority of radio engineers, who, although 
in the profession as a lifetime career, have 
not been in it long enough to rate Member 
grade. The Associate grade is not restricted 
to the profession and is open to anyone in-
terested in radio. 
In the early days of radio, the structure 

as above outlined was satisfactory because 
few individuals were interested in radio ex-
cept radio engineers, and the Associate 
grade was composed largely of men ac-
tually doing technical work of some kind 
in radio. With the expansion of radio which 
resulted from sound broadcasting, sound 
motion pictures, etc., many others than 
radio engineers became "interested" in 
radio. 

Many Associate members who are radio 
engineers by training and profession, but 
who have not been eligible to Member 
grade with its stringent requirements, have 
expressed a desire for an arrangement 
which would segregate those trained engi-
neers actively in the profession from those 
who were not actually engineers but merely 
interested in radio in some other way than 
engineering. 
The Admissions Committee of the In-

stitute has had increased difficulty in re-
cent years as the number of border-line 
cases has increased. There are now thou-
sands of radio engineers who should be 
Members of the Institute because they are 
trained engineers actually making a life 
career in radio engineering, but who are 
actually only Associates because the re-
quirements for Member grade are so high. 

These considerations make it appear 
logical that there should be two grades of 
Member (in addition to the purely honor-
ary Fellow grade) to accommodate radio 
engineers of a few years' experience and 
those of longer experience. Some of the 
societies faced with the same diversity of 
membership that radio science has, like 
that in aeronautics, have as many as six 
or seven grades of membership in order to 
meet this problem with maximum preci-
sion, but this extreme should not be neces-
sary in the radio engineering field. 
The Board of Directors has had much 

spirited discussion over the matter of 
names for the new grades. There are objec-
tions to any names which have been pro-
posed, and no one is satisfied completely by 
any proposal so far made. However, since 
the principle is obviously sound and unob-
jectionable, it is in the general interest not 
to quibble abput names, which actually are 
not vitally important, and the Board has 
selected a certain set of names as given in 
the proposed Constitutional amendment, 
as being the best compromise of the many 
factors. It is hoped that the amendment 
will both alleviate some management diffi-
culties and better satisfy the needs of many 
members. 

From: H. P WESTAIAN 

The proposal to add a new grade of 
membership appears to be based on a de-
sire to bestow professional-grade recogni-
tion on young members after only three 
years of engineering work in radio or an 
allied field. The present Constitution re-
quires four years of responsible radio en-
gineering work and is considered as being 
too severe. 
To test the severity of the present con-

stitution, reference was made to the 1942 
YEARBOOK which shows the following dis-
tribution of the membership. 

Per Cent 
Fellows  174  2.7 
Members  770  12.0 
Associates  -5437  84.6 
Juniors  48  0.7 

Total  6429  100.0 

This would appear to bear out the assump-
tion that the requirements for Member are 
such as to prevent a suitable proportion of 
the membership from being advanced to 
that grade. 
To estimate to what degree technical 

qualifications enter into this situation, a 
check was made of the first 200 Associates 
whose titles and business connections are 
given. Rejecting all those who have not 
been in the Institute for at least 4 years (7 
years in allied fields) and estimating, on the 
basis of a dozen years' experience with the 
Admissions Committee, the probable qual-
ifications of the others, it appears that 
about 60 would have a good chance of being 
approved for Member under the present 
constitution. This indicates that about 30 
per cent of our Associates, or more than 
1500, are logical candidates for transfer 
right now. Perhaps there are some other 
factors which should be considered. 
Transfer from Associate to Member re-

quires an increase in dues from $6 to $10 a 
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year and a transfer fee of $2. This looks like 
a double payment the first year and two 
thirds more each year thereafter for the 
rest of your life. The direct services re-
ceived by a Member are not increased. 
While an engineer with strong professional 
feelings will readily make this additional 
contribution to his society on the assump-
tion that his personal advancement is in no 
small part the result of what he has ab-
sorbed from the society's services to him, 
that view is not shared by all who are 
qualified by their work for advancement in 
grade. 
This financial factor has not affected 

the radio engineer alone. The American 
Institute of Electrical Engineers assesses 
an Associate for Member dues after 6 years 
even though he is not qualified for trans-
fer. The American Society of Civil Engi-
neers requires its members to transfer from 
the lowest grade within a few years or have 
their memberships canceled. Thus the his-
tory of these much older societies, which 
now operate in relatively stabilized fields, 
shows not a need for a short cut to their 
higher grades but rather a stimulus in the 
form of penalties for failure to transfer 
within a reasonable time. 
Further recourse to our first 200 Asso-

ciates indicates the following: 

Probably qualified for 
Member now 

Probably qualified for 
new Member 

Not actually engineers 
Others 

Per Cent 

1631  30 

1468  27 
598  11 

1740  32 

5437  100 

Thus to "protect" about 57 per cent of the 
Associates from continuing in the company 
of some 11 per cent of questionable engi-
neering attainments, it is proposed to move 
them into a new grade in spite of the fact 
that more than half of these can probably 
transfer into the present Member grade at 
any time they desire. 
If the new grade is set up, it is almost 

certain that in the minds of most people no 
distinction will be made between Senior 
Member and Member. This will automat-
ically place the Senior Member on a lower 
standing than is now enjoyed—a substan-
tial disservice to 12 per cent of the mem-
bership. 
The present grade structure has been 

established by 30 years of operation and is 
comparable to that of the American Insti-
tute of Electrical Engineers which is the 
only other large society of interest to elec-
trical and radio engineers in this country. 
Any change, particularly in the Fellow and 
Member grades, will be confusing and 
damaging to both societies. 
It is not intended to give the impression 

that there is nothing wrong with the mem-
bership structure of the Institute but only 
that an attempt is being made to solve an 
insignificant problem, each case of which 
may be cured in not over four years with-
out action on the part of anyone, while a 
much more basic and extensive difficulty 
which has existed for many years, which 
has been faced by other societies, and 

NEW YORK SECTION 

B. E. SHACKELFORD 

Meetings and Papers Committee 

H. M. LEWIS 

Chairman 

which has hampered the Institute in its 
activities, is being completely ignored. 
It might be considered reasonable to 

settle this little problem which is now un-
der consideration and attack the larger one 
later. There is danger in such a proposal 
for once we set up a new grade and make 
the necessary changes in the others, it will 
be impossible to change back without sub-
stantial penalty to the Institute and its 
membership. 
The Institute faces a major problem 

which the present proposal does not solve. 
If the new grade structure is adopted, it 
will make even more difficult the obtaining 
of a real solution to that problem. Many 
possible solutions are conceivable and 
should be discussed among the member-
ship after this proposal has been rejected. 

From: A. F. VAN DYCK 

Mr. Westman's letter on the proposed 
amendments has come before me and I 
wish to make the following comments. 

The matter of grade structure should 
be disassociated from the question of dues. 
The suggestion that dues be increased 
automatically with time in the Institute 
has been made before, and will in due 
course come up again for consideration by 
the Board. It is a good suggestion, but is a 
totally separate one. If it were to be 
adopted there would be still more need to 
have the proposed grade structure, because 
it would be unfair to increase dues to per-
sons not in the profession, and merely in-
terested in radio, as many of our Associates 
are. This condition (of merely "interested" 
members) does not exist in other engineer-
ing societies, where practically every mem-
ber of every grade is actually in the profes-
sion. The proposed new grade structure is 
needed in the I.R.E. to separate engineers 
in the profession from persons interested in 
radio but not in the profession. 

J. E. SHEPHERD 

Membership Committee 

New York Section 

On October 30, 1942, the Board of Di-
rectors approved a petition for the estab-
lishment of a New York Section. The first 
meeting was held on December 2, 1942, 
and a joint meeting was held with the New 
York Section of the American Institute of 
Electrical Engineers on February 10, 1943. 
Regular meetings, preceded by a dinner, 
are held on the first Wednesday of each 
month, with the exception of July and 
August, when no meetings are scheduled. 
Out-of-town members of the I.R.E. are 
cordially invited to attend any of the din-
ners and technical sessions. 
An attempt is being made to reach the 

large membership of the Section to deter-
mine programs and to learn the require-
ments needed to be of real value. The offi-
cers of the Section welcome suggestions 
from the membership as to the best way to 
accomplish doing this. 

The officers are as follows: 

Chairman, H. M. Lewis, Hazeltine Elec-
tronics Corp. 

Vice Chairman, M. G. Crosby, R.C.A. 
Communications, Inc. 

Secretary-Treasurer, H. F. Dart, Westing-
house Electric and Manufacturing Co. 

Other members of the Executive Com-
mittee are: 

Keith Henney, Electronics 

T. R. Kennedy, Jr. (Publicity), New York 
Times 

Knox McIlwain (Inter-Societies Affairs), 
Hazeltine Electronics Corp. 

J. E. Shepherd (Membership), Sperry Gy-
roscope Co. 

B. E. Shackelford (Meetings and Papers 
Committee), Radio Corporation of 
America 



244 Proceedings of the I.R.E. May 

Consultative Committee on 
Engineering of the Profes-
sional and Technical Division, 
War Manpower Commission  

This committee is advisory to Dr. 
Edward C. Elliott, Chief of Professional 
and Technical Training, War Manpower 
Commission. Its chairman is Dr. R. E. 
Doherty, president, Carnegie Institute of 
Technology.  Its  membership includes 
representatives of major war industries 
and the engineering societies, the repre-
sentative of the Institute of Radio Engi-
neers being Mr. Arthur F. Van Dyck. 
At a meeting on February 10, 1943, the 

Committee discussed various phases of the 
technical manpower problem, and adopted 
certain recommendations to the War Man-
power Commission. These are as follows: 
1. That the War Manpower Commis-

sion obtain through the Office of War In-
formation assistance in the education of 
the public to the necessity of maintaining 
a continuing supply of professional per-
sonnel in certain critical fields. 
2. That the W.M.C. survey of pro-

fessional engineering manpower be carried 
forward as rapidly as practicable, placing 
emphasis upon (a) including only engineers 
at professional level, as generally repre-
sented by engineering graduates, and (b) 
including only absolutely essential needs. 
3. That  recommendations  to  the 

W.M.C., or such expressions as may be 
prepared for public use, be limited to brief 
categorical statements of requirements for 
professional men. 
4. That a plan be set up to remove 

from the individual, the draft board, and 
the employer or college, the decision as to 
whether the individual is to go into the 
Armed Forces or remain where he is; and 
the most promising means of accomplish-
ing this end would be to require that in-
dividuals be inducted into the Armed 
Forces only with the special permission of 
the W.M.C. 
5. That there be created, as part of the 

regional or area organization of W.M.C. 
special committees, similar to the existing 
committee for physicists, to assist and ad-
vise the selective service boards, in in-
dividual cases, as to the necessity of retain-
ing in civilian occupation for essential war 
purposes professional engineering and 
scientific personnel, such special com-
mittees to be constituted of professional 
personnel primarily of judicial mind and 
secondarily of engineering and scientific 
background appropriate to the major in-
dustrial activities of the particular region. 
The representative of the Institute sug-

gested that further time and effort not be 
expended in surveys to determine the exact 
quantitative degree of the shortage of 
engineers, since it is well known in the pro-
fession that the shortage is great enough 
to be damaging, and that instead efforts be 
directed toward education of draft boards, 
government officials, and the public as to 
the kind of war work performed by engi-
neers, and to an explanation of the ne-
cessity and importance of that work. It is 
not necessary to prove to anyone that 
there is a shortage of engineers, but it is 

necessary to prove that a shortage of engi-
neers is serious. Everyone knows what a 
farm worker does, but the public in gen-
eral, and draft boards in particular, are 
not clear on what the engineer does, and 
do not know its basic importance, or that 
competent engineers cannot be trained in 
six months. Some of the recommendations, 
particularly Nos. I, 3, 5, are intended to 
meet this situation. 
The Committee's recommendations are 

purely advisory, and it is not known 
whether the War Manpower Commission 
will adopt any of them. 

Radio Club of America Re-
elects 1942 Slate of Officers 

The Radio Club of America announces 
the re-election of the entire 1942 slate of 
officers for the 1943 term, as a result of the 
annual election just held. The slate is 
headed by Paul Ware, well-known radio 
pioneer and now general manager of 
Allen B. Du Mont Laboratories, Inc. 
Other officers are C. E. Dean, vice presi-
dent; J. J. Stantley, treasurer; 0. J. More. 
lock, corresponding secretary; and L. E. 
Packard, recording secretary. Austin C. 
Lescarboura, widely known writer and ad-
vertising man in the radio field, has been 
reappointed chairman of the Publicity 
Committee for 1942. 
Mr. Ware joined the Institute of Radio 

Engineers as an Associate in 1917; Mr. 
Dean became an Associate in 1926, trans-
ferring to Member grade in 1936; Mr. 
Morelock has been an Associate since 
1935; and Mr. Packard, a Member since 
1941. 

L. GRANT HECTOR 

Dr. L. Grant Hector has joined the 
National Union Radio Corporation, radio-
and-electronic-tube manufacturers, as di-
rector of engineering, as announced by 
S. W. Muldowny, president of the corpora-
tion. In his new position Dr. Hector will 
direct all electronic-tube research and en-
gineering activities for the company's 
laboratories and manufacturing plants lo-
cated in Newark, N. J., and Lansdale, Pa. 
Dr. Hector has had a varied background 
of electronic scientific-research experience. 
He is a graduate of Oberlin College and 
Columbia University, has served as physics 
instructor at Oberlin, professor of physics 
at the University of Buffalo and at the 
time he joined National Union was engaged 
in electronic-development work for the 
Office of Scientific Research and Develop-
ment of the United States Government. 
He has been an Associate member of the 
Institute of Radio Engineers for many 
years. His memberships in scientific soci-
eties also include Fellow, American Physi-
cal Society; Fellow, American Association 
for Advancement of Science; Member, 
Acoustical Society of America; and Sigma 
Xi. Long-term assignments in which Dr. 
Hector has been engaged as an applied 
physicist and radio engineer included radio 
editorship of the Buffalo Evening News, 
consulting radio engineer of WBEN, and 
research director of the MacKenzie Muf-

fler Company and Buffalo Pressed Steel 
Company of Youngstown, Ohio. 
Dr. Hector has gained recognition 

through his writings which include papers, 
articles, and books dealing with magnetic, 
dielectric, and acoustical measurements by 
electronic techniques. Text books by Dr 
Hector include Modern Radio Receiving 
(1927), Introductory Physics (1933), and 
Electronic Physics now on the press. His 
papers and articles have been delivered be-
fore the American Physical Society and 
the International Scientific Radio Union, 
and have been printed in the PROCEEDINGS 
of the 1.R.E., Physical Review, and the 
Review of Scientific Instruments. 

K. C. DE WALT 

K. C. DeWalt (A'29) has been named 
designing engineer in the tube division of 
the General ,Electric electronics depart-
ment, at Schenectady, N. Y. 
Mr. DeWalt, born in Vinton, Iowa, is 

a graduate of the University of Iowa where 
he received his B.S. in E.E. degree in 1927. 
Upon graduation, he immediately was em-
ployed by General Electric and went to 
work in the testing department. In May, 
1928, he transferred to the research labora-
tory where he was engaged in power-tube 
circuit work. When the vacuum-tube engi-
neering department was formed in Janu-
ary, 1930, Mr. DeWalt was transferred to 
that department, becoming section leader 
on high-vacuum tubes in 1933. When the 
department became a division of the elec-
tronics department in 1942, he continued 
in high-vacuum-tube engineering work 
until his new appointment. 

T. R. ROSEBRUGH 

The death was announced on January 
24, 1943, of Thomas Reeve Rosebrugh, 
M.A., D.Sc., F.R.S.C., professor emeritus 
of electrical engineering at the University 
of Toronto. 
Professor Rosebrugh received the B.A. 

degree in mathematics from the University 
of Toronto in 1887 and the M.A. degree in 
1893. He was graduated from the School 
of Practical Science in 1889 in engineering. 
When he retired from active teaching in 
1936 the University conferred on him the 
degree of Doctor of Science, honoris cause. 
He was an excellent teacher, specializing in 
the application of mathematics to electri-
cal engineering, in which field he made 
important contributions. 
In 1893 he submitted for his Master's 

degree a thesis entitled "On the Use of 
Coplanar Quaternions in Alternating-
Current Calculations." Unfortunately both 
copies of this paper have been lost, but it 
seems to have anticipated the present ana-
lytical methods by about four years. In 
1894 he collaborated with his father, Dr. 
A. M. Rosebrugh, who was a pioneer in the 
telephone industry as well as an eye and 
ear specialist, in the invention of the 
"phantom circuit" used so extensively in 
communications. 
In 1919, Professor Rosebrugh pub-

lished "The Calculation of Transmission 
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Networks" in Bulletin No. 1, School of 
Engineering Research, University of To-
ronto. In this paper the first application of 
matrixes to electrical engineering appears 
to have been made. As far as is known he 
was the originator of the A, B, C, D nota-
tion for the auxiliary circuit constants.I In 
1930, he presented "The Analytics of 
Transmission Calculations" at the Summer 
Convention of the American Institute of 
Electrical Engineers. This paper is a com-
plete analysis of the basis of all circle dia-
grams and real-quantity calculations of 
transmission circuits. 
Professor Rosebrugh was head of the 

department of electrical engineering from 
its inception until his retirement in 1936. 
He was not a prolific writer for publication, 
but he did much work which was never 
published. Sometimes this unpublished 
work found its way into his lectures with-
out special mention, to the later astonish-
ment of his pupils, when they discovered 
that some fact or method was unknown to 
the outside world. 
He was a life member of the American 

Institute of Electrical Engineers (A'91) 
and was one of the organizers of the 
Toronto Section. He joined the Institute 
of Radio Engineers in 1915, resigning in 
1934, and was a charter member of the 
Toronto Section of the I.R.E. 
Trans. A.I .E.E., vol. 28, p. 687; 1909. 

Book Preview 
Electromagnetic Waves, by 
S. A. Schelkunoff 
Published by D. Van Nostrand Co.. 

Inc., 250 Fourth Avenue, New York, 
N. Y. 512 pages +preface +index. 320 
figures. 6X9 inches. Price, $7.50. 
In this advanced treatment of the sub-

ject which is the basis of radio, Dr. Schel-
kunoff has gone far toward unifying the 
space concepts of waves and the network 
concepts of circuits. With this viewpoint, 
he has given a most thorough analysis of 
wave transmission with emphasis on wave 
guides, cavity resonators and antennas. 
In the process, he has introduced novel 
concepts and terminology which are stimu-
lating to a better understanding of the 
subject. 
As a textbook, this work requires a 

mathematical background as far as hyper-
bolic functions and the theory of functions 
of the complex variable. The book supplies 
its own introduction to vectors, cylindrical 
and spherical harmonics (Bessel and Le-
gendre functions), and the Laplace trans-
form (Fourier integral). While the intro-
duction to alternating currents and elec-

tric circuits is complete, it is so brief that 
a prior course in alternating-current cir-
cuits is required and one in communication 
networks is advised. There is no reference 
to vacuum tubes because generators and 
indicators are assumed rather than de-
scribed. 
As a reference, this volume is useful be-

cause the results are expressed in simple 
form backed up by concise derivations. In 
many cases, the derivation is too intricate 
for reference purposes but the fact that it 
gives the underlying conditions makes it a 
valuable adjunct to the conclusions. Ra-
tionalized meter-kilogram-second (m.k.s.) 
units are used. 
The first half of the book is mainly de-

voted to introductory material which pre-
sents the viewpoints of the author as well 
as his terminology. The mathematical 
introductions are followed by the theory of 
oscillations and one-dimensional waves, 
the fundamental electromagnetic equa-
tions, impedance networks, wave filters, 
transmission lines, and simple cases of 
radiation in space. Special attention is 
given to the peculiar properties of trans-
mission lines and their practical utility. 
The second half is devoted to waves, 

wave guides, and resonators, with special 
attention to antennas. The wave guides 
range from the simple coaxial line and 
parallel wires to metal pipes and dielectric 
wires. Sections of wave guides become 
resonators, with selectivity factors (Q) 
analogous to those of tuned circuits. Re-
flection from surfaces and diffraction at 
boundaries is described to the extent re-
quired for wave guides and antennas. 
A completely absorbing surface is de-
scribed which is to plane waves what the 
ideal resistance termination is to waves in 
a transmission line. 
Antennas are described which range 

from the common wires and arrays to the 
more recent conical antennas and horns. 
By the theory of nonuniform lines and 
wave guides, the impedance of practical 
antennas is derived over a wide range of 
frequency. 
The volume concludes with a short dis-

cussion of the impedance concept and its 
significance at discontinuities in wave 
guides. This section is really an introduc-
tion to the wider application of wave 
guides and resonators which is now in the 
course of development. 
"Electromagnetic Waves" is a master-

ful treatment of an elusive subject. It is 
recommended as a textbook for advanced 
students in communication courses or as a 
reference volume for radio engineers who 
have been initiated in the theory of waves 
and antennas. 
•  H. A. WHEELER 

Hazeltine Electronics Corporation 
Little Neck, L. I., N. Y. 

Books 
A Practical Course in Mag-
netism,  Electricity,  and 
Radio, by W. T. Perkins 
and A. Charlesby 

Published by the Chemical Publishing 
Company, Inc., Brooklyn, N. Y. 310 
pp.+vii pp. +2-page index. 291 figures. 
51X8 inches. Price $4.00. 

This appears to be an American edition 
of a British text, originally intended as a 
coaching manual for certain standard Eng-
lish civil-service examinations, with chief 
emphasis on elementary electricity and 
magnetism. The nomenclature and the il-
lustrations are drawn exclusively from 
British sources, but since the material is 
elementary and basic, this feature will not 
be disadvantageous to non-British readers. 
The book includes sections on Magne-

tism, Direct Current, Alternating Current, 
and Radio, the direct-current section re 
ceiving the greatest attention. Each of 
these sections includes a very compact 
summary of definitions and formulas fol-
lowed by a number of complete experi-
ments. In addition there are six experi-
ments on motors. 
Doubtless the book adheres strictly to 

the syllabus of the examinations men-
tioned above. This fact gives the book a 
certain "dateless" character, since nearly 
all of the text, including the brief radio sec-
tion, could have been written in almost the 
same words at least 25 years ago. The old 
familiar experiments are compactly mar-
shaled and marched in review with no con-
cessions toward numerous "modern" in-
novations such as the Selsyn motor and the 
cathode-ray oscilloscope. For general pur-
poses this emphasis on old and well-tried 
experiments, to the exclusion of all else, 
may be regarded either as an advantage or 
as a limitation. 
Under present emergency conditions in 

America this book might be suggested as a 
handy "refresher" text, useful to many per-
sons who were once familiar with all basic 
electrical-engineering concepts, and who 
now find it necessary to recall these half-
forgotten ideas in preparation for further 
training. The text may be considered too 
concentrated for private study by persons 
who have had no previous training in the 
field. The numerous experiments on tan-
gent galvanometers and on electrolysis are 
presumably superfluous for the majority of 
the highly specialized war courses now in 
progress. 

HARRY ROWE M1MNO 
Cruft Laboratory 

Harvard University 
Cambridge, Massachusetts 



Contributors 

T. R. W. BUSHBY 

Thomas R. W. Bushby" (A'33-M'40) 
was born on June 14, 1900, at I.ittlehamp-
ton, England. He entered the British Civil 
Service in 1916 and has been interested in 
radio since that date. He served as an 
operator in the Royal Engineers (Signal 
Service) during 1918-1919, and on de-
mobilization was assigned to the Depart-
ment of Scientific and Industrial Research, 
being posted to clerical duties with the 
Radio Research Board on its inception. In 
1920 he went to Australia, and engaged in 
various activities until 1929, when he again 
became interested in radio as a profession, 
holding various positions in the industry. 
In 1936 he took up a post as design en-
gineer with Amalgamated Wireless (Aus-
tralasia), Ltd., and has served in the 
special products, aviation, special devel-
opment, and mobile departments. Mr. 
Bushby is now with the standardization 
department at the Radio-Electric Works 
at Ashfield. He has held an amateur op-
erator's license since 1927, and a broad-
cast operator's license since 1930. He is a 
foundation member of the Institution of 
Radio Engineers of Australia (1932), and 
was previously a member of the Wireless 
Institute of Australia. He was president of 
the New South Wales Division of the latter 
body in 1930-1931. 

• Paper published in the. December, 1942, issue 
of the PROCEEDINGS. 

J. S. DONAL, JR. 

J. S. Donal, Jr. (NI '40) was born on 
June 19, 1905, at Philadelphia, Pennsyl-
vania. He received the A.B. degree from 
Swarthmore College in 1926 and the 
Ph.D. degree in physics from the Univer-
sity of Michigan in 1930. From 1930 to 
1936, Dr. Donal was associated with the 
Johnson Foundation for Research in Medi-
cal Physics and with the department of 
pharmacology of the University of Penn-
sylvania. In 1936, he joined the research 
laboratories of the RCA Manufacturing 
Company, Inc., and is now located in the 
R.C.A. Laboratories at Princeton, New 
Jersey. He is a member of Sigma Xi and of 
the American Physical Society. 

40. 

D. B. Langmuir (A'38-M'40) was born 
on December 14, 1908, at Los Angeles, 
California. He received the B.S. degree 
from Yale University in 1931 and the 
Ph.D. degree in physics from the Massa-
chusetts Institute of Technology in 1935. 
Dr. Langmuir was associated with the 
research laboratories of the RCA Man-

D. B. LANGMUIR 

ufacturing Company, Inc., Harrison, New 
Jersey, from 1936 until 1941. Since 1941, 
he has been with the Office of Scientific 
Research and Development, Washington, 
D. C. Dr. Langmuir is a member of Sigma 
Xi and of the American Physical Society. 

Geoffrey A. Miller (S'33-A'42) was 
born in Edmonton, Alberta, Canada, 
February 22, 1910. He received the B.Sc. 
degree in electrical engineering in 1934, 
and the M.Sc. degree in radio engineering 
in 1936, both from the University of Al-
berta. In 1940 he received the Ph.D. degree 
in communication engineering from the 
Ohio State University. From 1940 to date 
he has been employed as a junior research 
engineer at the National Research Coun-
cil, Ottawa, Ontario, Canada. 

Lincoln La Paz was born at Wichita, 
Kansas, on February 12, 1897. He re-
ceived the A.B. degree from Fairmont Col-
lege, Wichita, in 1920: the A.M. degree 
from Harvard in 1922; and the Ph.D. de-

‘44 

GEOFFREY A. MILLER 

gree from the University of Chicago in 
1928. He was an instructor in mathe-
matics at Fairmont College from 1917 to 
1920, university scholar during 1920-1921, 
and instructor in mathematics during 
1921-1922 at Harvard, and an instructor in 
mathematics at Dartmount College from 
1922 to 1925. Mr. La Paz was a National 
Research Council Fellow at the University 
of Chicago during 1928-1929; instructor in 
mathematics, 1929-1930; assistant pro-
fessor of mathematics, Ohio State Univer-
sity, 1930 to 1936, associate professor of 
mathematics,  1936-1942,  professor  of 
mathematics, 1942 to date, and investi-
gator, Office of Scientific Research and 
Development, 1943. He is a Fellow, Amer-
ican Association for the Advancement of 
Science; president, Society of Research on 
tl eteorites; member, American Mathe-
matical Societ y, American Meteorological 
Society,  Mathematical  Association  of 
America, Ohio Academy Science, Sigma 
Xi, and Pi Mu Epsilon. 
Mr. La Paz, R. D. Carmichael, and 

J. H. Weaver are the authors of "The Cal-
culus" published  1937. 

For a biographical sketch of F. E. 
Terman, see the PROCEEDINGS for April, 
1943. 

LINCOLN LA PAZ 
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for credit where credit is due 
With a brief departure from our customary advertising message, we salute 

the men and women of our laboratory and our factory. Work clothes are their 

uniforms. 

Their diligent efforts have enabled us to produce the most complete line of 

precision attenuators in the world . . . in sufficient quantities. They know. and 

we of the management know, there's only one lob that really is important .. . 

production! 

Ordering standard co mponents and equip ment may facilitate deliveries 

THE DAVEN COMPANY 
158 SUMMIT STREET  NE WARK. NE W JERSEY 
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STACKPOLE MOLDED CONTACTS 

SILVER-GRAPHITE 

SILVER-COPPER-GRAPHITE 

GOLD-GRAPHITE 

SILVER-NICKEL 

SILVER-MOLYBDENUM 

SILVER-TUNGSTEN 

SILVER-NICKEL-MOLYBDENUM 

SILVER-NICK EL-TUNGSTEN 

and dozens of special alloys 

HOW TO GET 
THE RIGHT 
CONTACTS 
FOR YOUR JOB! 
The fact that Stackpole makes prac-
tically all types of copper-graphite, 
silver-graphite, and rare metal com-
position contacts is important. Even 
more so, however, is the proved 
ability of Stackpole engineers to help 
customers select exactly the right con-
tact for their job—then to use it to 
best possible advantage. 

This calls for a careful study of all 
operating conditions involved. Some-
times it calls for helping customers 
design breaker and relay assemblies for 
the specific contacts indicated—but, 
whatever the need, Stackpole is well 
equipped to meet it. 

The first molded silver-graphite 
contact which revolutionized circuit 
breaker and circuit control equipment 
design over fifteen years ago was a 
Stackpole development—and Stack-
pole contact engineering has con-
tinued to lead the way ever since. 

Our engineers will welcome the 
opportunity to cooperate in solving 
your contact problems. We are equipped 
to run actual acceptance tests on a wide 
variety of circuit breakers and control 
equipment for Aviation, Automotive, 
transport and domestic service. 

POLE 
CA R B O N  C O M P A N Y 

S T. MARYS,  PA. 
of th, , 1.1,, • 
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"Cruiser and transport ahead . . . LE 
Messages like these "must go through," and 
to make certain they do, the communication 
systems in our Army and Navy aircraft are as 
sensitive, as rugged, and as trouble-defying 
as advanced design and precision manufac-
turing methods can make them. 

Producing transformers, headsets and other 
communications equipment for the Army and 
Navy Air Forces is ROLA's present responsi-
bility to the war program. To keep abreast ... 
and ahead ... of demands, new machines have 
been designed, new methods devised, new tests 
and inspections applied. Facilities have been 

T'S TAKE 'EM 
expanded, and production vastly increased. 

All this is important to peacetime users of 
ROLA equipment, for it is only logical to 
believe that the research and the skill and the 
equipment inspired by wartime necessity will 
find important application in the Electronic 
World of Tomorrow. 

I  f  f 

The "know how," gained through twenty years of leadership 
in the radio field, has enabled ROLA to meet . . . and exceed 
... every war demand made upon it, both as prime and as sub-
contractor. Ire have facilities available for additional con-
tracts. If you are interested, we suggest you write us . . . or ask 
our representative to call. THE ROLA COMPANY, Inc.. 
2530 Superior Avenue, Cleveland, Ohio. 

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT 
Ptocredings of the I.R.E.  Malt, 1%43  xix 



Ile basic srubol.... 

. . . . wilesevet the familiar  symbe  e co 

ol tor transformers 

appear---Stancor Engineers hav th rrect ara.swer 
waiting tot you—or they will find it. lio matter whether 

the job is easy ot tough.-- sim ple or complex -- their 

broad experience an facilities may  save you precious 
days ot e and worr y on rush work. Ikrid, when.To o 

ky 

and Berlin. ate tinally blasted off the map these same 

brains --plus new  help yo 

knowledge gained in vital war de-

velopments-- will be ready to  u swing back 

into protitable peacetime production. 

Iklitilt 
STANDARD TRANSFORMER  CORPORATION • 1500 N. NAlSTE D STREET • CHICAGO 
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Pioneers in the development of Portable and Mo-
bile F-M and A-M Radiotelephone Equipment, 
Motorola engineers are today applying their ac-
cumulated skills and scientific knowledge to solv-
ing problems which confront our country, its 
states, counties, cities and towns. Housed in a new 

Engineering Building, with expanded facilities for 
research and engineering, the Motorola capacity 
for vital service is greater than ever. Electronic 
knowledge thus gained will one day soon be ap-
plied to the normal peacetime demands of a nation 
eager for better things in all phases of its living. 

THE ARMY-NAVY "E"—Awarded for excellence in the produc-

tion of Communications Equipment for America's Armed Forces 

Pt-

Motorola Radio Communication ysten 
Designed and Engineered to Fit Special Needs 

igallaiN MFG. CORPORATION • CHICAGO 
Proceedin2s of the IR E 
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The advancement of electronics has meant wider use of Ohmite Rheostats and Re-
sistors ... in science and industry, in laboratories, products and production. Engi-
neers, scientists and manufacturers have come to know and rely on them for 
accurate, dependable control of electronic tubes and devices ... from x-ray 
to radio and television, from instruments and machines to airplanes. These 
time-proved resistance units insure permanent performance. 

Today, of course, Ohmite Rheostats and Resistors serve the Armed Forces and 
Industry in combat, production and research in an all-out effort to speed Victory. 
The electronic world of tomorrow will find Ohmite units ready to meet new 
requirements and Ohmite Engineers ready to help you on any problem. 

Write on company letterhead for helpful 96-page Catalog and Engineering 
Manual No. 40—an invaluable guide in the selection and application of 
Rheostats, Resistors and Tap Switches. 

OHMITE MANUFACTURING CO., 4861 Flournoy St., Chicago, U. S. A. 
Foremost Manufacturer of Power Rheostats, Resistors, Tap Switches. 

Proceedings of the JR.!?.  May. 1943 
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HIGH VOLTAGE PAPER CAPACITORS 
to Stand 5,000 to 15,000 Volts at 110° C. 

Sprague has the answer to the problem of 
finding paper capacitors that will handle 
high voltages at high temperatures. 

Typical of many other Sprague develop-
ments, these Type PX-25 units, with their 
exclusive "Vitamin Q" impregnant, have 
proved their dependability under the most 
rigorous war conditions. Voltages now avail-
able run from 5,000 to 15,000 volts and 
ambient temperatures are on the order of 
110°C. Used at low and ordinary tempera-
tures, these capacitors give a tremendously 
increased safety margin 
over the ordinary com-
mercial types. 

Sprague engineers welcome the oppor-
tunity to cooperate in solving your capacitor 
problems. An exceptionally broad back-
ground of engineering experience in de-
signing and producing dozens of highly 
specialized capacitor types for ultra-exact-
ing war uses is freely at your disposal. 

SPRAGUE SPECIALTIES COMPANY 
North Adams, Mass. 

SUB-CONTRACTORS, ATTENTION! 

Sprague Specialties Company 'will be glad to  
hear from reliable firms having screw rnachi e 

n 

and metal stamping facilities availa  also  from 

ble for sub- 

contract work on high-priority orders; 
concerns equipped to make up jigs and fixtures, 

an d hav  female ing help available. 

F• Vd• McI4 A PA Alt A, Purchasing Ageet 

Telephone: HOItItt ADAMS (MASS.) 04 

I Proceedings of the I.R.E. A1av, , 1943 

MANUFACTURERS OF A COMPLETE LINE OF RADIO and INDUSTRIAL CAPACITORS and KOOLOHM RESISTORS 
X 1,11, 



SENTINEL OF W AR TODAY... 

GUIDE POST TO A NE W W ORLD TOMORRO W 

Today, the research and experience of 
the North American Philips Company 
in electronics are devoted to the single 
aim of aiding the United Nations war 
effort. Tomorrow, this knowledge will 
aid industry in creating a new world 
for free men. 

Products for Victory include: 
Cathode Ray Tubes; Amplifier 

Tubes; Rectifier Tubes; Transmit-
ting Tubes; Electronic Test Equip-
ment; Oscillator Plates; Tungsten and 
Molybdenum in powder, rod, wire 
and sheet form; Tungsten Alloys; Fine 
Wire of all drawable metals: bare. 
plated and enameled; Diamond Dies. 

X-Ray Apparatus for industrial, 
research and medical applications. 
(Philips Metalix Corporation.) 

NORTH AMERICAN PHILIPS COMPANY, INC. 
ekcimnic Reeseatch and gere /eh  ni 

Factories III Dobbs Ferry, N. Y.; Mount Vernon. N. Y. (Philips Melnik Corp.); Lewiston, Maine  Division) 

Proceedings of the I.R.E. Var.  3 
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BENDIX RADIO 

AIR-DESIGNED for Today and Tomorrow! 
INCE long before Pearl Harbor, 
the name BENDIX RADIO has 

stood for one thing: the finest pre-
cision-built aircraft radio equipment 
available. Proof of the superiority 
of this highly specialized equipment 
is its operation at extreme ranges 
of temperature, humidity, altitude... 
and its use in virtually all military 
aircraft of the United Nations. 
In recent years, production of 

"BENDIX" Radio Equipment has been 

many times multiplied. And impor-
tant advances in BENDIX RADIO 
engineering have  paralleled  this 
progress in production. 
Out of them have come many new 

electronic developments in communi-
cation, navigation and detection to 
help speed Victory. From the vast 
store of experience thus being con-
stantly gathered will come equally 
great accomplishments to smooth 
the paths of Peace. 

BENDIX RADI O DIVISION 
"BENDIX" Radio Equipment is a vital 
member of "The Invisible Crew" — pre-
cision equipment which 25 Bendix plants 
from coast to coost ore speeding to our 
fighting crews on world bottle fronts. 

Proceedings of the I.R.E.  May, 1943 
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TA 
TUBES 

e rans in Freedom's Cause! 

... WHEN YOU'RE IN THE THICK OF IT 

You Realize the Value of Superior Equipment 
Long before America herself was at war, Taylor Transmitting Tubes 
proved they could stand up under the gruelling stress of actual 
combat on many Allied Battlefronts. 

Today, thousands of Uncle Sam's fighting communications men know 

the assurance of Taylor dependability — know that Taylor Tubes de-
liver maximum power and extra hours of performance far beyond the 
needs of normal service. 

With each passing day, the growing production of Taylor Tubes 
becomes an increasingly decisive contribution toward Victory. With 
this goal attained, Taylor will again supply many advanced types of 
"More Watts Per Dollar" tubes to peacetime America. 

CUSTOM 
BUILT 

TAYLOR TUBES INC., 2312-18 WABANSIA AVE., CHICAGO, ILLINOIS 

xxvi 
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"S N ORT O R DE R S" IN 

If it's a "Rush" phone us, and your order for special 
crystals will go into work immediately under a com-

petent crystal engineer personally charged with the 
responsibility for your project. 

Our full facilities, including latest electrical and 

optical equipment, X-ray orientation, etc. —are at your 
service. John Meck Crystals are "Good Will Ambassa-
dors of the Future" to acquaint you with our Family of 
Activities in the field of Sound and its Projection. That's 
why "Short Orders in a Hurry" are welcome. 

CRYSTAL SERVICE DIVISI ON 

PLY M O UTH T H REE TH REE 

c-

713  

11. 01,111  J AI) 

LS 

A  H U R R Y 
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No RF Circuits 
and plenty of output 

in this stable, accurate  
audio frequency oscillator 

Here's an A.F. oscillator that gets down 
to fundamentals: sound in electrical and 
mechanical design—convenient to use— 
reliable in service. Entirely different from 
beat frequency oscillators, it develops out-
put voltage directly at the desired funda-
mental frequency, free of any spurious 
signals or beats. There's no zero adjust-
ment. Original calibration is permanently 
"locked." 
Range: from 20 to 20,000 cycles. Wave-

form: excellent through entire frequency 
range, even with large changes in line 

voltage. Accuracy: within 3% or 1. cycle. 
Output impedance: five convenient values 
— 10,250,500,5000 ohms and high (con-
trolled by selector switch). Output con-
trol: continuously variable from zero to 
maximum. Output power: approximately 
.5 watts, ample for all ordinary purposes. 
This truly fine instrument may be the 

answer to many of your problems in audio 
frequency measurements. It, and many 
others from the Jackson line, are "in the 
service" now. They'll again be widely 
available when victory has been won. 

JAC V SON 
nine ekekteirtei gediny ,iiedtreinen6 

Section Meetings 

ATLANTA 

"Electronic Switching," by Professor B. J. 
Dasher, Georgia School of Technology, 
November 20, 1942. 

Business Meeting of the Section, January 
28, 1943. 

BALTIMORE 

"Conserving Tin with Electronics," by 
C. J. Madsen, Westinghouse Electric 
and Manufacturing Company, March 
18, 1943. 

BOSTON 

"Signal  Corps,"  by  Captain  E.  B. 
Baker, Army-Navy Electronics Produc-
tion Agency, February 26, 1943. 

Sound Movies, "Signal Corps in Action," 
February 26, 1943. 

CHICAGO 

"Application of Radio in the Handling of 
Emergencies on the Chicago Surface 
Lines System," by J. B. O'Connell, Chi-
cago Surface Lines, February 19, 1943. 

"Four-Terminal-Network Design," by Pro-
fessor R. P. Siskind, Purdue University, 
February 19, 1943. 

CINCINNATI 

"Planning for Peace While Producing for 
Victory," by D. C. Prince, General 
Electric Company, February 23, 1943. 

CLEVELAND 

"The Cyclotron and Its Uses or Why an 
Atom Ought to Be Smashed," by J. A. 
Victoreen, The Victoreen Instrument 
Company, March 2, 1943. 

CONNECTICUT VALLEY 

"Designing a Plastic Product," by F. J. 
Fleming, Foxboro Company, January 
21, 1943. 

"Obtaining Magnesium from Dolomite," 
by A. F. Stockwell, New England Lime 
Co., February 25, 12,43. 

DALLAS-FORT W ORTH 

"Aircraft Communication Equipment," by 
C. H. Fox, Southwest Airmotive Com-
pany, March 10, 1943. 

DETROIT 

"Radio Sonde," by Glenn Stallard, U. S. 
Weather Bureau, February 19, 1943. 

"Controlled Rectifiers," by Dr. W. H. 
Bixby, Wayne University, March 19, 
1943. 

Los ANGELES 

"Design of Direct-Current Amplifiers," by 
H. H. Cary, National Technical Labora-
tories, February 16, 1943. 

"Microwave Electronics," by Dr. E. U. 
Condon, Westinghouse Research Labo-
ratories, March 11, 1943. 

NE W YORK 

"Functions, Organizations, and Activities 
of the Signal Corps," by Brigadier Gen-
eral F. E. Stoner, Signal Corps, U. S. 
Army, February 10, 1943. 

JACKS O N  ELE CTRI C AL  INSTRU ME NT  C O MPANY,  DAYT O N,  O HI O (Continued on page xxx) 
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On this list of tubes which 

have recently joined the grow-

ing legions of Hytron types 

already marching on to Vic-

tory, you may find just the 

ones you want for your War 

equipments. Whether you 

choose the tiny "acorns" or 

the husky 1616 rectifier, you 

will discover the same high 

quality and design refine-

ments which have made other 

Hytron tubes famous. If you 

place your orders well in 

advance, you will also be 

pleased by Hytron's on-sched-

ule deliveries. Not too infre-

quently, deliveries are made 

from stock. 

Sinee 1921 Mrsnultietterers tbl M u th) Tribes 



"TELL 'EM WE COULDN'T DO WITHOUT 

THE PARTS THEY'RE GIVING UP" 

"Yeah, the folks back home are help-

ing us plenty by giving up those radio 

and communication parts. See—over 

those hills! There's a bridge there. 

lie just bombed hell out of it—cutting 

off an enemy tank column. With 

inadequate communications, we 

couldn't have done it!" 

C OMMUNICATIONS are vital in 

ka this war of rapid movement— 

where success demands "co-ordi-

nation" of widely dispersed units. 

When a swift PT boat gets its 

radio orders to torpedo an enemy 

transport . . . when a bomber 

drops its eggs over a submarine 

base ... when an allied tank col-

umn, keeping in contact by radio, 

speeds over Sahara's sands...Utah 

Parts are playing their role in this 
war of communications. 

Soldiers of production build de-
pendability into those parts at 

the Utah factory. Utah engineers 

plan it in the laboratories ... as 

they pore over blueprints far into 

the night. 

Constantly, research is going on 

at Utah... new and better methods 

of production are being developed 

...to help keep the ears of the armed 

forces open. Tomorrow—when 

peace comes—this research and 

experience will be reflected in the 
many civilian products being 
planned at the Utah Laboratories. 

Utah Radio Products Company, 

842 Orleans Street, Chicago, Ill. 
Canadian Office: 560 King Street 

West, Toronto. In Argentine: 

UCOA Radio Products Co., SRL, 
Buenos Aires. Cable Address: 
UTARADIO, Chicago. 

PARTS FOR RADIO, ELECTRICAL AND 

ELECTRONIC  DEVICES,  INCLUDING 

SPEAKERS, TRANSFORMERS, VIBRATORS, 

UTAH-CARTER PARTS, ELECTRIC MOTORS 

XXX 

Section Meetings 
(Continued from page xxviii) 

PHILADELPHIA 

"Television Video Relay System," by J. E. 
Keister, General Electric Company, 
March 4, 1943. 

ROCHESTER 

"Ceramic Insulators—with Special Refer-
ence to Radio Applications," by G. W. 
Lapp, Lapp Insulator Company, Inc., 
February 11, 1943. 

War Production Conference, M. H. Gregg 
and H. P. Ingels, War Production Board, 
February 25, 1943. 

Panel Discussion on Production Inspection, by Lt. R. G. Wyld, U.S.N.R.; 

C. C. Phelps, Captain H. R. Couch, 
Captain W. R. Scholtzhauer, all of 
Rochester Ordnance District; and C. ( 
Newton, Pratt and Whitney, Februar 
25, 1943. 

ST. LOUIS 

"Graphical Analysis of Current Distribu-
tion in Vertical Radiators," by V. J. 
Andrew, Consulting and Manufacturin 
Engineer, February 15, 1943. 

TORONTO 

"Velocity-Modulated Tubes," by J. K 
Hunton, Student, University of Toronto 
January 28, 1943. 

"Wide-Band Intermediate-Frequency Am-
plifiers," by R. W. Naylor, Student, Uni-
versity of Toronto, January 28, 1943. 

"The Telephone in Wartime," by G. L. 
Long, Bell Telephone Company, Febru-
ary 5, 1943. 

WASHINGTON 

"Absolute Measurement of Aircraft Speed 
and Course," by Lt. Col. D. K. Lippin-
cott, Signal Corps, U. S. Army, Feb-
ruary 8, 1943. 

"War Production and Materials Control," 
J. A. Krug, War Production Board, 
March 9, 1943. 

Mem bership 

The following indicated admissions and 
transfers of membership have been ap-
proved by the Admissions Committee. 
Objections to any of these should reach 
the Institute office by not later than May 
31, 1943. 

Transfer to Member 

Bennett, R., Radio Division, Bureau of 
Ships, Navy Dept., Washington, 
D. C. 

Eilenberger, S. D., 6309-13-27 Ave., 
Kenosha, Wis. 

Jutson, R. P., Bell Telephone Labora-
tories, 463 West St., New York, 
N. Y. 

Long, F. V., Box 1925, Delray Beach, Fla. 
Richey, J. L., Oaklynne, Princeton Junc-

tion, N. J. 
Smith, A. H. R., College of Engineering, 

Rutgers University, New Bruns-
wick, N. J. 

(Continued on page xxxii) 
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. . . for Better 

Peace-Time Reception 

The rigors of modern warfare are the world's 

finest proving grounds for communications equip-

ment . . . constant usage and unusual operating 

conditions in every climate are a severe test of 

the communications receiver. Hallicrafters equip-

ment is proving its high quality performance 

capabilities with our armed forces. 

Hallicrafters communications receiver Model 

SX-28 (illustrated) 15 tubes, 6 bands, delivers 

outstanding reception . . . your peace-time model 

will be worth waiting for. 

hallicrafiers 
CHICAGO, U. S. A. 

The World's Largest Exclusive 
Manufacturer of Short Wave Radio 

Communications Equipment 

Pro( erditells of the I.R.E.  May, 1943 



This is the non-shorting type. 

As the arm is rotated from one 

position to another, the arm 

lifts up, and only one contact 

is touched at a time. 

OTHER SHALLCROSS 
Switches are designed for 
use in your particular 
field. 
Let  Shal!cross  answer 

your problems. 
Address Dept. C.  

This is the shorting type. As the 

arm is rotated from one position 

to another the adjacent contact 

points are"shorted" (bridged). 

THE No. 4605 

is one of many Shal!cross 

Switches extensively used 

in instru ments  and  in 

many other applications. 

SHALLCROSS ROTARY SELECTOR 

SWITCHES USE SOLID SILVER CONTACTS, 

BECAUSE SOLID SILVER . . . 

Has the highest conductivity of materials 
available. 

2. Is superior to silver-plating which wears off, 
resulting in high resistance contacts. 

3. Should it corrode the sulphide formed does 
appreciably increase the contact resistance. 

1. 

not 

dud 71fAlleeta 
Accurate Resistors—Switches—Special Equipment and 
Special Measuring Apparatus for Production and Rou-
tine Testing of Electrical Equipment on Military Aircraft 
. . . Ships .. . Vehicles ... Armament... and Weapons 
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BE 
849 
R-F and A-F POWER 

AMPLIFIER, OSCILLATOR, 

MODULATOR 

$120 

HOW TO MAKE TUBES LAST 

LONGER ON THE JOB . . . 

RCA advertising, for months past, has 

been devoted to operating tips on mak-

ing tubes last longer. This valuable 

material has now been 

collated into a hook-  , 
let, copy of which will  ---••••4.0"'. • ) 

Nt; tkj9 be sent upon request 

to Radio Corporation 

of America, Commer-

cial Engineering Sec- 4111:7 * 
lion, Harrison, N. J. 

RCA T 

Ordinarily, when a Transmitting Tube has been improved, its ratings are 
raised—bmt not in these extraordinary times! 
Today, it is long life that counts—not spectacular "peak" performance. 
That is why, when the RCA-849 was materially improved over a year ago 

by use of the famous RCA zirconium-coated anode, you heard nothing 
about it—even after months of actual use had shown that the improvement 
as such as to warrant a substantial rating increase in normal times. /  
• Instead of reflecting such an improvement in terms of higher tube ratings 
e utilized it to make conservative RCA tube ratings still more conservative. 
his program, we felt, was far more in keeping with the war effort because it 
. sures longer life for tubes that are difficult to replace. This has been done, 
not only with the RCA-849, but with other RCA tubes as well. 

oh. The war has not stopped RCA engineering progress. It has only intensi-ed it—a fact to which the thousands of hours of additional potential life now 
built in to many RCA Transmitting Tubes offer the most convincing proof. 

ATI NGS• 
ILAMENT VOLTAGE, 11 VOLTS 

PILAMENT CURRENT, 3 AMPERES 

PLATE VOLTAGE, 2500 VOLTS, MAX. 

PLATE DISSIPATION, 400 WATTS, MAX. 

•Fef aloes C lelegroph serv.“. 

NS MITTING TUBES 
ROVED IN COMMUNICATION'S MOST EXACTING APPLICATIONS 
Auto COR Pt./RA-H ON OF AMERICA, RCA Victor Division, Camden, N.J. 
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Don't speak Russian? Then let us translate the 
words of a Russian General to an American 
War Correspondent: 

"THEY'RE GOOD . . . 

THEY'RE EXCELLENT!" 

You see, the Correspondent had just remarked 
upon the number of "Connecticut" field tele-
phones in use by the famed Cossack Cavalry. ,ii 
Like many an American industry, our reputation 
for know-how rests today on the performance of 
our products in the service of the United Nations, 
all around the world. , , When we can again 
freely solicit your patronage, there will be no tes-
timonial to which we shall point with greater pride 
than the commendation of the fighting Russians. 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION 

AFRICAN 

NOUSTRIES 

MERIDEN, CONNECTICUT 

1943 (;reor .4merirrin  In., lloridrn r,,nn. 
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Serving the Electronic Industry since 1922 ... and now 

producing the following vital parts: 

• CENTRALAB Steatite Insulators 

• CENTRALAB Ceramic Trimmers 

• CENTRALAB High Frequency 

Circuit Switches 

• CENTRALAB Ceramic Capacitors 

• CENTRALAB Wire Wound 

Controls 

• CENTRALAB Sound Projection 

• CENTRALAB Volume Controls  Controls 

May, 1943 

Division of GLOBE-UNION INC., Milwaukee 



LITTLE BUT SO IMPORTANT 
ta Neu Wait 2euelopments 
Ships, planes, tanks and the forces in the field depend on the 

constant performance of Electronic Instruments for coordina-

tion by communication, detection, controls and other war 

winning developments. 

Transformers that are little and tough —designed and 

constructed to meet the most unusual requirements and con-

ditions—are a vital part of these devices. 

There is never an hour, day or night, around this war-torn 

world that Transformers are not helping to win this war by 

being an important part of the Electronic Units that are 

doing so much to aid the Armed Forces. 

CHICAGO TRANSFORMER 
CO R P O R ATI O N 

35 01  WEST  A D DIS O N  STREET • CHI C A G O 
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WILL IT HELP THE WAR EFFORT 

... WILL IT SPEED VICTORY? 

(--s  The application of this inflexible test to 

every management or production action and 

problem is bearing us fruit in the form of an 

unprecedented output of special alloys used in 

their entirety for vital war applications ... 

special alloys that are helping the war effort 

and speeding VICTORY! 

• RIB BO N. 

0 

wiLBure B. DRIVER CO. 
NE W A R K  • NE W  JE RSE Y 
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ordarson's progress through the  years. 
Th   '-41.._  • 

Whenever, and wherever transformers  ore 

discus sed, the Teputation for quality leader-

ship enjoyed by lhordarson is invariably 

on important part of the conversation. 

ELECTRIC MFG. COMPANY 
$00 WEST HURON STREET. CHICAGO. ILL 
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In the highly sOeCialized field of 

electronics, the question "Who made the tubes?" 

will always be a matter of vital importance. 

Power tubes bearing the name "United" are 
products of original pioneers in the miracle 

known today as electronics.  Step by step 

these seasoned engineers helped evolve the 

principles and advance the science of fab-

ricating transmitting tubes which hold a 

superb record of performance. The early 

pioneers at United are still actively pio-

neering! The wealth of experience which 

they have been privileged to accumu-

late under the demands of war will 

be available to you when "United" 

electronic tubes are available again 

on a peace - time scale for radio 

and industrial applications. 

111 
ELECTRONICS COMPANY 

NE W JERSEY  t9LiThinsom m,_---NEWARK 
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Industrial's high standardf 

of quality parallels that o 
the famous Hallicrafters 
HT-413 transmitter in. the 
field of communications. 

INDUSTRIAL 
CONDENSERS 
ARE ON EVERY 
BATTLEFRONT 
WITH THE 

WORLD-FAMOUS 

hallirrafters 
COMMUNICATIONS 
EQUIPMENT 

PAPER, OIL AND ELECTR OLYTIC CAPACIT ORS 

INDUSTRIAL 
CONDENSER 

C O R P O R ATI O N 
1725 W. NORTH AVE., CHICAGO, U. S. A. 

DISTRICT OFFICES IN PRINCIPAL CITIES 
QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS 

xl 
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New Equipment Notes 
Allied Control Company Intro-
duces New Small Power Relays 
The Allied Control Company an-

nounces that their Models BO and BJ 
Power Relays 'for flight, firing and com-
munication control have been redesigned 
to require minimum mounting space and to 
permit variations in their mounting bases 
to make them widely interchangeable. 
BO and BJ Relays have been available 

for two years and with their present variety 
of mounting bases meet the individual re-
quirements for tanks, planes, and ships. 
The design and construction of Allied 
Models BO and BJ power relays include 
easily accessible terminal connections and 
a semi-balanced armature to withstand 
vibratory motion with minimum coil 
power. 
The specifications of BO are: contact 

ratings, non-inductive, 15 amperes for 12 

and 24 volts DC and 110 volts AC; single 
or double pole, double throw; weights, 4 
ounces with screw or shake-proof nut 
mounting or 7 ounces with Bakelite mount-
ing (model #130B in Bakelite); withstands 
vibratory motion to I2G with 24 watt op-
erating power; operates at temperatures of 
+70° C. or —50° C.; resists corrosion 
beyond any present specifications; di-
mensions, (screw or shake-proof nut) 

X I 4 inches—(Bakelite mounting, 
model BOB) 2001)0 fig inches. 
The specifications for BJ are: contact 

ratings, non-inductive, 5 amperes for 12 
and 24 volts DC and 110 volts AC; single 
or double pole, double throw; weights, 2} 
ounces with screw stud mounting or 5} 
ounces with Bakelite mounting (model 
#BJB in Bakelite); withstands vibratory 
motion to 12G with 2 watts operating 
power; operates at temperatures of +70° 
C. or —50° C. and resists corrosion beyond 
any present specifications; dimensions, 
(screw  stud  mounting)  2AX fi X I Ar 
inches (Bakelite mounting, model BJB) 

(Continued on page xlii) 
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FOR 

CAPACITORS! 

There's an inside story of capacitors, too. 

The genius of Roentgen is helping select the A-1's, not 
only in the field of medicine but also for quality inspection of 

molded capacitors. 

Today, fluoroscopic inspection is an established procedure 
at Solar, assuring accurate centering of windings in Domino 

Molded Paper Capacitors. This "ounce of prevention" guaran-

tees capacitors which truly reflect "Quality Above All"! 

Solar Manufacturing Corporation, Bayonne, New Jersey. 

I-C-APACITOR-S-11----
CAPACITORS: ELECTROLYTIC • MICA • PAPER • TRI M MER • TRANS MITTI N G 



TUBULAR METAL 
ANTENNAS 
Premax  Metal  Antennas  are 

meeting the rigid requirements of the 

fighting forces of the Allied Nations. 

Send for Bulletin of Standard de-

signs, or submit your specifications 

for special 

Mountings. 

type of Antennas and 

Bo do u 
DIVISION OF 

CHISHOLM-RYDER CO., INC. 
4301 Highland Ave. Niagara Falls. N.Y. 

NewEquipment Notes 
((Tontinued from page .r1) 

New Littelfuse Indicator Op-
erates by Reflected Light 

A new signal indicator for use in air-
craft wherever a signal light is used prom-
ises improved indicating service in other 
fields as well, is announced by Littelfuse 
Incorporated, 4757 Ravenswood Avenue, 
Chicago, Illinois, and El Monte, California. 
It is the Littelfuse No. 1534 Signalette. 
Indication by this unit is entirely by 

reflected light and radio activity. The Sig-
nalette operates by fluorescence under 
"black light" from the usual sources within 
aircraft. A radium-active fluorescent paint 
used on the indicator shows signals in total 
darkness. A saving in current is effected as 
it uses only 1.5 watts as against the ap-
proximate 4i watts used by present lamps. 
It does away with the blur occasioned 

by transmitted light, as from lamps in pres-
ent use. Clear visibility of signals is de-
pendably effected. The pilot's eyes do not 
have to adjust to the reflected light, which 
makes for better vision in night flying. In-
dication is free from glare in daylight as 
well as night-time use. One of the principal 
objections to light-transmitted indicators 
is that they dim out in bright sunlight. The 
Signalette makes the signals correspond-
ingly brighter in the strongest light. 
Another important improvement over 

glass signal lamps in use, is the Signalette's 
non-shatterable protection. Signalette car-
ries a transparent plastic cap, which with-
stands the most severe tests of shock or ex-
plosion; and permits free penetration by 
ultra-violet rays. 
The body of the Signalette indicator 

houses a solenoid, the armature of which is 
connected with the "butterfly" indication 
vanes by a simple lever hookup. The 
fluorescent "butterfly" opens instantly to 
show signals, reflecting the proper indicat-
ing light. "Butterflies" are furnished in 
red, amber and green. When not indicating 
Signalette is black. Original clarity and de-
pendability were shown by Signalette after 
life-test operation in excess of 450,000. 

Scrap Salvage Manual 

the proper handling of obsolete ma-
chinery or other factory material, as well as 
useful machinery which is not currently 
active can be learned from the 'Scrap 
Manual' which will be sent to those desir-
ing to tackle salvage questions by the 
Business Press Industrial Scrap Commit-
tee, Room 3303, Empire State Building, 
New York, N. Y. 
"The Committee suggests the following 

rule relative to equipment: 
'If it has not been used in three 

months, and if someone cannot prove 
that it is going to be used in the next 
three—sell it—or scrap it!' 
"It is pointed out that scrap and used 

equipment dealers pay well for usable ma-
chinery and materials. It is suggested 
further that attention should be directed 
to 

'Obsolete machinery, tools, equip-
ment, dies, jigs, fixtures, etc., which 
are incapable of current or immediate 

(Continued on page xlviii) 
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* Quietly, modestly, quite unannounced 
Clarostat Series 37 controls have for many 
months past been coming through with 
the new Stabilized Element. We wanted 
this outstanding development to prove its 
worth out in the field, by users, in cor-
roboration of our own critical tests. 

Results have spoken for themselves. 
Users have promptly spotted something 
radically better in non-wire potentio-
meters and rheostats. Remarkably accurate 
resistance values first and last; extreme 
immunity to humidity; temperature and 
other climatic conditions; minimized wear 
and noise; smoother rotation—these fea-
tures have been widely noticed in connec-
tion with the new Clarostat Stabilized 
Element—stabilized  by  heat-treatment, 
chemical-treatment, lubrication-treatment, 
for truly outstanding performance. 

Coluadtitts . 

CLAROSTAT 

CiAROSTAT MFG. CO., Inc. • 285-7 N.60 St., Brooklyn, N.Y. 
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iteination a I small- talic_. • 
a!sn't actually win the battle, but hobnobbing with a foreign buddy_ _ 

storm of wartime communication that builds international morale. 
iue picture two Americans and a French soldier tell it with gestures 

English Tommy. 

ra Electronics . • • International communication is doing 
ale than any other single thing to win this war. Here the talk between soldiers 
e.es to be "small talk," for global strategy depends upon instantaneous com-
rmication of big ideas. Thus the radio transmitting tube becomes the greatest 

!sting tool ever placed at the disposal of armies. 
he same inherent characteristics ... high performance, stamina, dependability • . . 
Ii - made Eimac Tubes first choice during peacetime have set them apart as the 

n•eminent leader during this global war. Just how important and how many 
Id; they are doing today is a story that will be told  Follow the leaders to 

Du victory is ours. In the meantime rest assured that 
Eitac still remains a step ahead ... is still first choice 
aong the leading engineers throughout the world. 

EIEL•McCULLOUGH, INC., SAN BRUNO, CALIF. 
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Standards for Home Radio 
Replacement Parts 

According to an announcement made 
recently by the American Standards Asso-
ciation, the first of a series of standards for 
"War Model" replacement parts designed 
to keep home radio sets running in spite of 
wartime shortages, have just been com-
pleted. This work, which is being done at 
the request of the Office of Price Adminis-
tration after consultation with the War 
Production Board, indicates Washington's 
interest in keeping civilian radio sets op-
erating at a good level of efficiency. Work 
includes a simplified line of parts sufficient 
to service an estimated 90 per cent of mod-
ern home receivers in use today. 
As an additional piece of good news for 

the radio owner, production of parts to 
these standards will, it is expected, be 
scheduled by manufacturers to start in 
April; and the parts will be covered by 
price ceilings, which, with the performance 
requirements written into the standards 
will assure the radio owner of continuing 
quality at a fair price. 
The first standards promulgated in-

clude a simplified list of the most critical 
replacement parts at present—capacitors 
(condensers), volume controls, power and 
audio transformers and reactors (chokes) 
and performance and constructional stand-
ards for both electrolytic and paper capaci-
tors (condensers). 
The list of replacement parts which is 

deemed adequate for servicing the great 
majority of home receivers shows a radical 

reduction from the thousands of different 
types of each item available in the "Pre-
Pearl Harbor" replacement parts field. The 
ASA list shows but nine paper condensers, 
nine electrolytic condensers, eleven values 
of volume controls, six power transformers, 
two chokes, two interstage audio trans-
formers, one driver audio transformer, and 
three output audio transformers. 
The performance and design standards 

for condensers provide for tubular card-
board-encased units using the very mini-
mum of strategic materials. The required 
minimum performance characteristics have 
been chosen to be satisfactory from an 
electrical and service life standpoint, and 
so that there will be no need, it is hoped, 
for replacing replacement parts. 
These standards provide for new "War 

Model" part numbers and a special symbol 
consisting of a V with the Morse Code "V" 
—three dots and a dash—enclosed in a cir-
cle to appear on all parts made in accord-
ance with them. Likewise, it is expected 
that a manufacturer's identification sym-
bol assigned by the WPB will appear on all 
parts so that responsibility for the quality 
of unbranded and private brand parts can 
be definitely ascribed to the original manu-
facturer. 
The ASA War Committee on Replace-

ment Parts for Civilian Radio has in these 
new standards reconciled the oft-times di-
verging viewpoints of the various bran( 

(Continued on page lx) 
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RE MLER 
Plugs 0: -o.,?#?...ct 
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ARMY 

SIGNAL CORPS 

SPECIFICATIONS 
• Also PL —PLP —PLQ 

and PLS Plugs 
• M Type Connectors 
• M Type Caps 
• FT Type Fittings 

Quantity Prices Quoted 
on receipt of Delivery 

Schedules 

Manufacturers of Communication Equipment 

SINCE 1918 

REMLER COMPANY, Ltd. • 2101 Bryant St. • San Francisco, Calif. 

YOUR 

MICROPHONE 

You'll Get 

More Out 

of It! 

Like a bottle 
of Seltzer 
water, a mike 
deteriorates 
once it's been 
opened! 

How TURNER 
Microphones Can 
Live to an Active 
Old Age . . - 
Turner Microphones are pre-

cision engineered to give you 
long and faithful service. How-
ever, all Microphones are deli-
cate and sensitive instruments, 
and will serve longer and better 
when treated with respect. 

DO: Use good judgment in 
handling your mike. Read the 
instructions and follow them. If 
it gives trouble, send it to the 
factory or its dealer for repair. 

poN'T:open the microphone 
case. To do so exposes the sen-
sitive parts to mechanical and 
chemical damages which can and 
will ruin the microphone 

Write today for your 
free copy of the new 
Turner Microphone 
Catalog. 

The 
TURNER CO. 

Cedar Rapids, Iowa, U.S.A. 
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THERE IS ONLY ONE MYCALEX 

nearly perfect 
electrical insulator known today' 

— an opinion subscribed to by leading 

111 . 1 011 .11111111111111111111 11 

MYCALEX is not the name of a class of materials. MYCALEX is the registered trade-
name for low-loss insulation manufactured only by the Mycalex Corporation of America in the 
Western Hemisphere. MYCALEX is specified by engineers because MYCALEX is required. 

More than a quarter century of extensive application here and abroad has made the 
name MYCALEX a familiar one in the electrical and communications industries, and we are 
proud of the important part this versatile insulation is playing today in the military and civil 
life of the United Nations. The snows of Russia, the sands of Africa, the sweating jungles of 
New Guinea, the mountains of China—MYCALEX is no stranger to these backgrounds. 

Unsolicited testimonials to the vital role being performed in the war program by MYCALEX 

have been given us generously by the Army and the Navy. 
If your present insulation fails because of deformation at room temperature or because of 

failure to withstand elevated temperatures MYCALEX will solve your problem. If you must 

have hole diameters, hole spacings, or other dimensions with close tolerances, slots, grooves, 
or accurately tapped holes, combined with low loss at all frequencies, you should bear in 
mind that MYCALEX has been meeting these requirements for many years. If, on the other 
hand, dimensions and tolerances are not too critical but ability to withstand high voltages 
is paramount. MYCALEX is the ideal material for your purpose. The greater machinability of 
MYCALEX, which is leadless, gives it advantages over any other type of insulation. Our 
engineering service is available in all cases where the choice of the most reliable insulation 

is in doubt. 
MYCALEX is not available, except in experimental quantities, for other than war appli-

cations. 

I S U L ., 

Trade Mark Reg. U. S. Pat. Off 

M YCALEX CORPORATION OF AMERICA 
Exclusive Licensee under all patents of MYCALEX (PARENT) CO. Ltd. 

60 CLIFTON BOULEVARD  CLIFTON, NEW JERSEY 
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The Arnold Engineering Company is 
proud to receive the Army-Navy "E" 
award for great accomplishment in 

the production of war equipment. 
We realize that this award carries 

with it not only honor, but a respon-
sibility. The management and per-
sonnel of The Arnold Engineering 

Company will continue with the same 
high devotion, energy and skill to 

turn out products for the war effort. 

-173— 
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THE ARNOLD 
di 

ENGINEERING COMPANY 
147 EAST ONTARIO ST. • CHICAGO, ILLINOIS 

Specialists in the Manufacture of 

ALNICO PERMANENT MAGNETS 
CAST ARMOR *SPECIAL ALLOYS 

xlvi 

Army-Navy "E" Honor Roll 

Electronic Laboratories Wins "E" 

Electronics Laboratories, Inc., Indiana-
polis, manufacturer of electrical products, 
has been awarded the Army-Navy "E" for 
excellence in war production. The cere-
mony was held in Indianapolis on Febru-
ary 2. The "E.' pennant was presented by 
Lt. Colonel R. L. Finkenstaedt, Super-
visor of the Indianapolis Area, U. S. Army 
Air Forces, to W. W. Garstang, Vice-Presi-
dent and General Manager of the Com-
pany. Norman R. Kevers, Electronic's 
President had charge of the arrangements. 
Lt. Commander Ralph Brengle, of the Bu-
reau of Ships, Navy Department, Wash-
ington, D. C., presented the "E" pins to 
the representatives of Electronic's Em-
ployees, Miss Osra Brandenburg and W. 
Reed Smoot. 
The Company engineered and manu-

factures the "Black Light" which is used 
to illuminate the instrument panels of our 
warplanes, as well as vibrator power sup-
plies for the "Walkie Talkie" two-way ra-
dio and for communications equipment in 
tanks, peeps, jeeps, PT boats, planes. 
The ceremony was held at the Murat 

l'heatre in Indianapolis with all employees 
of Electronic Laboratories, Inc., present. 
The band and the Color Guard were pro-
vided by Fort Benjamin Harrison. 

Western Electric Wins 
White Star 

For the second tinie, all three major 
Works of the Western Electric Company 
have received the Army-Navy Production 
Award for meritorious services, on the pro-
duction front. 
In notifying the workers of the honor, 

Under Secretary of War Robert P. Patter-
son said in part, "You have continued to 
maintain the high standard that you set 
for yourselves and which won you distinc-
tion more than six months ago. You may 
well be proud of your achievement. 
"The White Star, which the renewal 

adds to your Army-Navy Production 
Award flag, is the symbol of appreciation 
from our Armed Forces for your continued 
and determined effort and patriotism." 
Western Electric, which in peace time 

manufactures telephone equipment for the 
Bell System and today supplies large quan-
tities of communications apparatus to the 
Armed Forces, was one of the first manu-
facturers to receive the Army-Navy "E" 
citation when that honor became available 
last year. All manufacturing employees of 
the Company then on the payroll received 
"E" pins in recognition of their individual 
production efficiency. With the present 
star" award, the thousands of new work-
ers, employed by Western Electric during 
the intervening six months, now receive 
the coveted "E" pins. 

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



In the production 
Of war equipment." 

Said the Army and the Navy: 

"This symbolizes you 
Country's appreciation . 

There it flies 
The coveted 
Army-Navy "E" . . 

We can't tell you 
Very much about 
The electronics research 
That won it . . . 

Such matters are 
Wartime secrets ... 

But this we can say 
In the words of 
The Army and Navy 
This pennant 
Represents 
"Great accomplishment 

THE LABORATORIES DIVISION OF 

Federal klipholle and Radio 
67 Broad Street, New York, N. Y. 

71 

Today 
Modern radio equipment 
Designed and developed 
By the Laboratories Division of 
Federal Telephone and Radio Corporation 
An I.T.&T. Associate 
Is helping Uncle Sam's fighting forces 
Work together 
On land, sea and in the air... 

Tomorrow 
It will help build 
A better world 
For every man. 

AN 1UI IUAssoomi 
Coiporatioa 
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WE TOO, FIGHT  * >x  

...FOR PEACA•11 -. 
I MTEL.  

Lafayette is doing its part to win the war.., and the 
peace that must surely follow. We play the important part of speeding 

the war effort by supplying emergency requirements of radio, sound 

and electronic parts to all branches of the armed forces as well as to 

manufacturers and sub-contractors. Lafayette is in there fighting to 

save you time by supplying all of your needs in one order —quickly! 

Now it is no longer necessary to comb the field to find the 

various parts you need. Due to Lafayette's extensive buying facilities 
and large, diversified stocks, one order (no matter how large or how 

small) will bring quick deliveries on all of your requirements. 

Free catalog —Radio, Sou"4 
and Electronic Parts —Dept. 5113 

3 6 S . V 6 ‘N C C : C  

I MIZ V N C I 
9x4l. 46 • \AC.2!,SVIk Ns\ 14.0 V..1,\C.24,4% 1.6%  VN\  C2,R21/..4\70. 

A 

"Quick Delireries on Radio, Sound and Electronic Parts" 

/BOOKS 

$7.50 
160 sin. 

(9's x 12 in.) 

EVERY "WAR-TORN" 
ENGINEER NEEDS! 

AC CALCULATION CHARTS 
By R. LORENZEN 

This new Rider Book greatly reduces the time required 
for alternating current engineering calculations — speeds 
up the design of apparatus and the progress of engineer-
ing students. Two to five times as fast as using a slide rule! 
Thousands of enthusiastic users. 

A-C CALCULATION CHARTS are designed for use by 
civilian engineers and engineers of the armed forces who 
operate in the electrical—communication—power—radio 
—vacuum tube—telephone—and in general, the electronic 
field. Invaluable for instructors as well as students, and 
also administrative officers who check engineering calcu-
lations. 

CATHODE RAY TUBE AT WORK 
The Cathode Ray Tube at Work is the accepted 
authority on the subject. The cathode ray tube in 
the Oscillograph and its application to electronic 
and industrial work is fully discussed. Profusely 
illustrated. 338 pages   

JOH N F. RIDER PUBLISHER, Inc. 
404  FOU RTH  AVENUE.  NE W  YORK  CIT Y 

Export 0.rolorl  Roelle.lnlernalion,1 Eire Coro • 100 Yana. St  S Y C • Cable  411168 

New Equipment Notes 
(Continued front page xlii) 

future use in the war production ef-
fort because they are broken, worn 
out, irreparable, dismantled or in need 
of unavailable parts necessary to re-
employment'. 

Armored Insulation Plate 
Supply Transformer 

To overcome the effects of high voltage 
aging, the engineering laboratories of The 
Acme Electric & Manufacturing Company 
of Cuba, New York, have developed an 
armored-insulation High Voltage Plate 
Supply Transformer. Rated at 3300 volts, 
1.8 amperes secondary, it is intended for 
transmitter service for DC rectifier sys-
tems. Sturdily constructed throughout, 
but with special emphasis being placed on 
the adaptation of its insulation, it is es-
pecially suitable for continuous service of 
radio transmission. Special engineering 
bulletin available by writing the manufac-
turer. 

Improved "Plug-in" Type Dry 
Electrolytic Condensers 

The Sprague "Plug-In" type of Dry 
Electrolytic Condenser which is pictured 
here is recommended for the elimination of 
low frequency ripple (2-100 cycles). This 
modern type of electric condenser can be 
sealed as well as any condenser. It can be 
easily mounted or removed. It is regarded 
as so reliable able to take abuse and de-
liver long life, that the manufacturer, 
Sprague Specialties Company of North 
Adams, Mass., considers it entirely prac-
tical to solder or weld it into units. 
Its basic qualities of small size and light 

weight are further enhanced by the fact 
that they perform uniformly up to the very 
last volt on the rating, and will take re-
peated surges even higher.Underloadslike-
wise are no problem. 
Special emphasis is placed on the abil-

ity of these "Plug-In" type dry electrolytic 
condensers to operate efficiently under ad-
verse temperature and climatic conditions, 
whether at extremely high or at normal 
levels. The use of dry electrolytics is in-
creasingly widespread. 

Clarostat Opens Second Plant 

As a further contribution to the war 
production effort and especially with an 
eye to that six-months' star for its Army-
Navy "E," Clarostat Mfg. Co., Inc., 
Brooklyn, N. Y., announces the opening of 
its second plant in the same city. The new 
plant started production operations on 
March 15th, and is entirely financed by 
Clarostat. 

Clarostat Plant 2 provides greater pro-
duction floor space than that of the original 
plant, even though the latter occupies the 
five-story company-owned building which 
has been added to by an annex on the ad-
joining parcel of land. The new plant will 
be devoted exclusively to assemblies, while 
the original plant will be devoted to fabri-
cation of parts, windings, engineering and 
general offices. 
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aoare,a, FOR SAFETY 
From the time of their earliest use in hospital 
operating rooms, the handling of most inhala-
tion agents has been fraught with danger of fire 
or explosion from static sparks. However, this 
risk did not receive serious recognition until 
recent years when accepted engineering princi-
ples were applied to this aspect of anesthesia and 
surgery. 
With the introduction of cyclopropane and 

other newer types of gases, further attention was 
focused on the elimination of this hazard. How 
could the electrical potentials of the anesthe-
tists, the patient and the apparatus be equalized 
to eliminate the possibility of spark? 
The answer was found in fastening the group 

together by means of silver chains and other 
conductive materials. Connected into the circuit, 
a device consisting of high resistances prevents 
the formation of a static charge of any important 
degree of intensity. 

IRC is proud to have been consulted and to have 
lent the aid of its research laboratories to this 
important scientific development. 

•  • 

Though we may not be able right now to supply you with 
the Resistors you need for other than war uses, our engi-
neers and executives are at your service for counsel, with-
out obligation, to help you solve your Resistor problems. 
Please feel free to consult them in your search for the best 
obtainable resistance devices. 

INTERNATIONAL  RESISTANCE  CO MPANY 
401  N. BR OA D  STREET,  PHIL A DELPHI A 
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COAXIAL CABLES 

wilmk=30 

... for Radio Transmission Lines 
The VICTOR J. ANDRE W CO., pioneer manufacturer 

of coaxial cables, is now in a position to take additional orders, in any 

quantity, for all sizes of ceramic insulated coaxial cables and accessories. 
The Andrew Co. engineering staff, specialists in all applications of coaxial 

cables and accessories, will be pleased to make recommendations to meet 
your particular requirements. 

"Attention!" 
If coaxial cables are your 
problem ... write for new 
catalog showing complete 
line of coaxial cables and 
accessories. 

VICTOR J. ANDREW co. 
363 East 75th Street, CHICAGO, ILLINOIS 

ANTENNA EQUIPMENT 

EXTRAORDINARY OPPORTUNITY FOR 

Mechanical Engineers 
who have specialized in DESIGN 

M ECHANICAL ENGINEERS who can demonstrate 
exceptional ability and who have specialized in design are 
always important men in the Bell & Howell organization. 
Thus, while we are now 100% engaged in war production, 
these openings offer immediate and future opportunity to 
those who can qualify. Inasmuch as the opportunities are 
exceptional, ability must be on the same plane. 

Write us telling us your story —completely, and enclose your 
photograph. Do not call on us or phone until appointment 
has been arranged. 

Chief Engineer 
BELL & HO WELL COMPANY 

7101 McCormick Blvd., Chicago, Ill. 

MANUFACTURERS OF MOTION PICTURE CAMERAS AND PROJECTORS 

POSITIONS OPEN 
The following positions of interest to I.R.E. 
members have been reported as open. Ap-
ply in writing, addressing reply to coin-
pany mentioned or to Box No.   

PROCEEDINGS of the I.R.E. 
330 West 42nd Street, New York, N.Y. 

INSTRUCTORS IN RADIO AND 
ELECTRICITY 

50 civilian instructors needed immedi-
ately for Army Air Forces Radio Instruc-
tor School. Subjects of instruction: Direct 
current and alternating current electricity. 
vacuum tubes, standard radio receivers and 
transmitters;  international  Morse code, 
telegraph and radiotelephone procedure. 
Salaries follow Civil Service starting from 
$2,000 per year... State experience, educa-
tion, code speed, personal data. Positions 
open immediately. Saint Louis University, 
Army Air Forces Radio Instructor School, 
221 N. Grand Boulevard, Saint Lou,,, 
Mo. A. H. Weber, Technical Director. 

RADIO ENGINEERS 
Large New York City plant has excel-

lent opportunities and immediate employ-
ment for those who can qualify as fore-
men, leaders, or designers in the produc-
tion of aircraft radio equipment. Electrical 
engineer's degree or equivalent, with ex-
perience  in  manufacture of electronic 
equipment required. Lesser positions in 
many other classifications available for 
those lacking above qualifications. Send full 
details to Box 277. 

RADIO ENGINEER OR TECHNICIAN 
Knowledge of circuits for supervisory 

position in transmitting tube circuit labora-
tory.  Circuit knowledge and executive 
ability more important than college de-
gree. Married man with children preferred. 
Salary open. Minimum $250. Box 279. 

RADIO ENGINEER 
Junior engineer, preferably with amateur 

radio experience, needed as assistant in 
administrative office of important company 
Must know radiotelegraph. 1'rite Box 286. 

RADIO,  MECHANICAL AND 
ELECTRICAL ENGINEERS 

Several men needed immediately for 
work on government radii equipment. Men 
with at least three years experience in de-
sign and development of quality equip-
ment desired. College degree or equivalent 
experience necessary. Any person now em-
ployed at highest skill on war production 
work should not apply. Address Box 280. 

RADIO ENGINEERS AND 
TECHNICIANS 

In critical war industry. Opportunity for 
.-everal competent men in research and 
production engineering on Government 
contracts. Work is with a company well 
known in the radio industry, located in a 
Michigan city. Ser.d full particulars of 
your experience and photo. Address Box 
284. 

NAVAL ORDNANCE LABORATORY 

The Naval Ordnance Laboratory, lo-
cated in Washington. D.C. is a research 

B development agency of the  ureau of Ord-
nance, concerned with the design of new 
types of naval mines, depth charges, aerial 
bombs and other  ordnance equipment, in-
cluding measures for the protection of ships 
against mines. 
This laboratory needs physicists and 

electrical engineers with electronics experi-
ence. mechanical engineers familiar with 
the design of small mechanical movements 
or mechanisms, and personnel for techni-
cal report writing and editing. Write to 
Naval Ordnance Laboratory, Navy Yard, 
1Vashington, D.C. 

(Continued on page iii) 
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BOEING STRATOLINER 

Constant voltage protection all the way 
1,1‘ the men who produce planes and the men 
who pilot them. They'll tell you what vital part 

constant voltage plays in modern aviation. In the 
sky, it's constant voltage on the directional beam 
which guides the ships through night and storm. 

In the shop, it's constant voltage on the production 

line which maintains the split-hair accuracy of 
precision airplane parts. 

For the aircraft industry—and/or your own— 

SOLA CONSTANT VOLTAGE TRANSFORMERS provide 
this all-important stabilized power. They stand 

between costly equipment and destructive voltage 
fluctuations now common on overloaded power 

lines. Without supervision they instantly absorb 
power sags and surges as great as 30%. 

For unerring operation of precision tools, and 
protection of almost irreplaceable instruments 
and electronic tubes, put SOLA CONSTANT VOLT-

AGE TRANSFORMERS on duty in your plant. 
They're built in standard units from 10 VA to 
15 KVA capacity—self-protecting against short 
circuit and without moving parts. Special units 

can be built to specification. 

Note to Industrial Executives: Find out how Solo 

(:1  transformer:, can suite 'whop, control problems in 

your operations. Send for bulletin KCV-74. 

Constan Soltailjekra hformers 

Transformers fors Constant Voltage • Cold Cathode Lighting • Mercury Lamps • Series Lighting • Fluorescent Lighting • X•ray Equipment • luminous Tube Signs 

Oil Burner Ignition • Radio • Power • Controls • Signal Systems • Door Bells and Chimes • etc. !IOLA ILICTRIC CO., 2525 Clybourn Ave., Chicago, Ill. 
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Comm nnications 
Engi 'leers! 

War Produci•   positions 
NO W, with good post 

war futures 

A long established manufacturer 
of high quality communications 
equipment is desirous of engaging 
competent engineers for war con-
tracts now and later to work on 
post war problems. These positions 
are considered permanent. 
Engineers not now employed to 

their fullest capacity in war work 
will find in these positions a chance 
to associate themselves with an in-
dustry working to capacity to sup-
ply the armed forces with corn-
niunications equipment. If you are 
employed at your fullest capacity 
in war work, please do not apply. 
Typical openings: 

ELECTRICAL ENGINEER. College graduate 
Several years experience in the design of 
electric temperature control equipment, re-
lays,  telephone  or  radio  components. 
Knowledge of vacuum tube applications 
very helpful. Prefer experience in develop-
ment of apparatus rather than production. 
Wanted J ,ly 1st. In reply refer to T-103. 

ELECTRICAL ENGINEER. College graduate 
to design and develop sound reproducers 
with amplifiers for assembly in sound sys-
tems for office and industrial applications. 
Wanted at once. Please refer to 5-116. 

ELECTRICAL ENGINEER. College graduate 
with experience in acoustics and develop-
ment  of  audio  frequency  equipment. 
Knowledge of vacuum tube applications 
essential. Wanted at once. Refer to RS. 
122 in reply. 

ACOUSTICAL ENGINEER. College grad-
uate with degree in Physics or Electrical 
Engineering. Must be able to carry out 
mechanical  design  of  loud  speakers 
Knowledge of manufacturing methods is 
essential. Wanted as soon as possible 
Reply please to RS-I24. 

Up to 60 years, age is no barrier 
to employment provided you are 
in reasonably good health and 
have an acceptable record of per-
formance and are not averse to 
working 48 hours per week under 
considerable pressure. In some in-
stances an approved experience 
record in the particular field will 
be accepted in lieu of a college de-
gree. 
The plant is located in a con-

servative eastern city of 300,000 
people, which is well known for its 
cultural and recreational advan-
tages. Using conditions are good 
because the city is in no sense a 
"boomtown." 
The openings listed are only a 

few of many developing. We invite 
your correspondence. Write fully, 
giving your qualifications in edu-
cation, experience, salary expected 
and %Alien available. Replies will bp 
held in strict confidence. 

BOX NUMBER 291 
Institute of Radio Engineers 

330 West -42nd St. 
New York, N.Y. 

(Continued frets page I) 

RADIO AND ELECTRONIC ENGINEER 

For developmental work. Must combine 
practical ability with a little of the "dream. 
Cr." Excellent opportunity with alert or. 
ganization. Write  Radio Receptor Com-
pany, inc., 251 W. 19th Street, New York, 
N.Y. 

ELECTRONIC ENGINEER, PHYSICIST 
AND DRAFTSMAN 

Capable radio enFineer for work on x-ray 
and allied applications, and physicist with 
specialized experience in electronics. Me-
chanical draftsman, with practical produc-
tion experience, for work involving usual 
drafting for production of electronic de-
vices,  primarily  in  x-ray  field.  Write 
Philips Metalix Corporation, 419 Fourth 
Avenue. New York, N.Y. 

RADIO ENGINEERS AND 
TECHNICIANS 

Technicians with specialized engineer-
ing knowledge.  Perform efficient main-
tenance and adjustment of radiotelegraph 
operating  office  equipment.  Technical 
knowledge of special radio and related 
equipment needed in the service. Must be 
capable of sending and receiving the In-
ternational Morse Code at a minimum 
speed of 20 words per minute and must 
hold a Federal License as required by law. 

Radio Instructor on operation and main-
tenance of radio transmitting equipment 

Maintenance Engineers to keep machin-
ery, mechanical equipment, radio-communi-
cation operating machines, and radio in-
struments in good repair. Construct and 
install new apparatus. A combination of 
maintenance mechanic and machinist du-
ties. 

Maintenance Electricians to take charge 
of all plant maintenance pertaining to all 
the electrical facilities, wiring and ma-
chinery. Must be capable of doing mt-
chanical construction of communication 
equipment and electrical wiring, and work 
from blueprints. Address Box 283. 

RADIO ENGINEERS AND 
MONITORING OFFICERS 

Applications for positions with the Fed-
eral Government of radio engineer at 
$2,600 to $8,000 a year. radio monitoring 
officer at $2,600 and $3,200 a year, and 
radio mechanic technician at $1,440 to 
$2,600 a year, will be accepted at the 
Washington, D.C., office of the United 
States Civil Service Commission. Qualified 
persons urged to apply immediately. No 
written tests. Applicants will be rated on 
the basis of their statements in the appli-
cation, subject to verification by Commis-
sion. For full information, and application 
forms, write to United States Civil Service 
Commission, Washington, D.C. 

COMMUNICATIONS ENGINEERS 

AND PHYSICISTS 

Several openings in the Research Lab-
oratory,  Development and  Engineering 
Divisions for communications engineers 
and physicists. Men holding Ph.D. and 
B.S. (E.E.) Degrees, and men with proven 
ability in physics or electrical engineer-
ing desired. 

Other positions open for engineers and 
physicists with experience in development 
of microphones and telephone receivers to 
predetermined standards. Another position 
calls for experience in the design and 
measurement of microphones and tele. 
phone receivers. Another calls for acous-
tical engineering experience in communi-
cations. Opportunity is given for perman-
ent post-war connections in the communi-
cations-equipment manufacturing industry. 

Only American Citizens can be consid-
ered. Apply by letter stating full qualifica-
tions. Bert Holland, Personnel Manager, 
Kellogg Switchboard & Supply Co., 6650 
South Cicero Avenue, Chicago, Illinois. 

(Continued on page !iv) 

41.e 
The N•Y•T Sample Dept. 
was established so 

i) that we may have... 

O l t  

It1 6 21  
...without the world 
endingforJohnny Smith 

An eighteen-to-
one defeat for 
the  enemy  is 
good  reading 
. . . however, 
let's  give  a 
thought to 

Johnny Smith, pilot of the short-end 
of the score. 

For the purpose of making good trans-
formers better, to design and engineer 
them for more efficient and depend-
able functioning, the N-Y-T Sample 
Department was established. By inten-
sive research and laboratory work, new 
developments are engineered, then 
made tangible components for ord-
nance machines and radio equipment. 

All of which means another day for the 
Johnny Smiths in our Army, Navy and 
Air Corps. 

The NY-T Sample Department is prepared 
to give immediate consideration to your 
special problems, and make deliveries with-
in a matter of days. Inquiries invited. 

NE W YORK 
TRANSFORMER 
COMPANY 

24-26 WAVERLY PLACE, NEW YORK, N. Y. 

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



One tbing• 
Is certa,in 

... the American Military Machine must be equipped with 

superior materials of war. To this end, DeJur Aircraft and 

Electrical Instruments, Potentiometers and Rheostats are built 

to the most critical standards of quality and precision. Behind 

them are twenty-five years of experience and laboratory re-

search. Before them stands the future of the democratic way 

of life. Neither you nor ourselves can afford to falter now. 

Awarded for Ertee tne-eei t0- 
duction and Qua! y  lel 

f• Mti,..01A-PARAja MI 
SHELT O N,  CO N NECTIC UT 

NE W YORK PLANT.  CANADIAN SALES OFFICE: 
99 Hudson Street. New York City  560 King Street West, Toronto 

MORE THAN  istitatteute eo keeft 4141 ?1/a  oad4 awe Seas041 
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IRON 

MICROPERM QUALITY 
ULTRA-HIGH FREQUENCY IRON CORES 

CORES 

CAN BE ADVANTAGEOUSLY USED Al FREQUENCIES FROM III TO 211 MEGACYCLES AND ABOVE 

Maintaining our leadership in the exclusive field of iron powder magnetic 
materials. 
New developments include iron cores particularly useful at frequencies from 

500 to 20,000 cycles. 
Quality magnetic cores for all radio controlled apparatus—comply with the 

most rigid U. S. Government specifications for high "Q," high resistance, rust-
proofing and physical strength. 
Your R.F. or I.F. coil problems welcomed. Samples, quotations, specifications 

expediaously handled. 
100% on VICTORY ORDERS. 

FERROCART CORPORATION OF AMERICA 
Plant and Laboratory 

HASTINGS-ON-HUDSON, N.Y. 
Chicago: 149 W. Ohio St.  Los Angeles: 1341 S. Hope St.  San Francisco: 1355 Market St. 
Tel. Whitehall 7620  Tel. Richmond 9121  Tel. Underhill 2727 

Montreal: 995 St. James St. West  Indianapolis: 108 East 9 St. 
Tel. Platteau 7617  Tel. Riley 2518 

.  Ilit  0. 

TRANSFORMER 

Precise . . Simple 

PERMEABILITY-TUNED 

CAMBRIDGE THERMIONIC 

CORP. 
445 CONCORD AVE., CAMBRIDGE, MASS. 

(Continued from page 

ELECTRO-MAGNETIC ENGINEER 
Unusual opportunity for engineer with 

vision for new ideas in design work with 
nationally known, long established firm in 
Eastern Pennsylvania, now 100% on war 
work. Firm large enough to make remun-
eration attractive, small enough to insure 
recognition. Training in design of relays, 
timers and solenoids would be helpful. 
Write Box 285. 

RADIO INSPECTORS 
Radio Inspectors sought by Federal Com-

munications Commission.  The positions 
pay $2,000 and $2,600 a year, and are 
located throughout the United States. Du-
ties include inspection of radio equipment 
on ships and aircraft, or at land stations, 
the making of frequency runs and har-
monic analyses, and the examination of 
radio operators. 
No written test will be given to appli-

cants. To qualify for Radio Inspectors, 
$2,600 a year, applicants must have bad 
education and experience as described in 
one of the following: (I) a full 4-year 
course in electrical or communications en-
gineering at a recognized college or uni-
versity, (2) a full 4-year college course 
with major study consisting of at least 
24 semester hours in physics, (3) 4 years 
of technical experience in radio work, or 
(4) any time-equivalent combination of 
(1), (2), or (3). Amateur radio exper ience  
under a class A license may be substituted 
for 2 years or less of experience. For 
Assistant Radio Inspector, $2,000 a year, 
only 3 years of this education and experi-
ence are required. 
In addition, applicants must hold a valid 

second-class radiotelegraph operator's li-
cense, or must demonstrate during the 
first 6 months of service their ability to 
transmit and receive 16 code groups per 
minute in International Morse Code. They 
must also be able to drive an automobile. 
Full information, and application forms, 

may be obtained at first- and second-class 
post  offices,  except  in  regional  head-
quarters cities where they are available 
only at the civil service regional offices, 
or from the U. S. Civil Service Commis-
sion at ‘Vashington, D.C. 

RADIO INTERCEPT OFFICERS 
Persons qualified to intercept radio mes-

sages are needed by the Federal Com-
munications Commission. The positions pay 
$2,000 and $2,600 a year, plus overtime, 
which increases the salaries about 21 % for 
8 hours of overtime a week. 
Radio intercept officers will participate 

with Army Air Forces in effecting radio 
silence  and  insuring  compliance  with 
silence orders, test the efficency of meth-
ods of control, maintain a continuous watch 
on distress channels, and otherwise par-
ticipate in monitoring assignments relat-
ing directly to the war effort. 
For assistant  radio intercept officer, 

$2,600 a year, person s mus t have  had 
either a full 4-year course in electrical 
engineering or physics at acollege or uni-
versity of recognized standing, 4 years of 
technical experience in the field of radio, 
or a time-equivalent combination of such 
education and experience. For the $2,000 
grade, less education and experience is re-
quired. Applicants for both grades must 
be able to transmit and receive in Inter-
national Morse Code, and in some cases 
may substitute experience as a radiotele-
graph operator, or as an amateur holding 
a Class A license, or radio and engineer-
ing study at a recognized college or radio 
institute for part of the prescribed educa-
tion or experience. 
No written test is required, and the only 

age limitation is that applicants must have 
reached their eighteenth birthday. Posi-
tions are to be filled throughout the United 
States. 
Persons using their highest skills in war 

work are not encouraged to apply. Com-
plete information and application forms 
may be obtained at post offices, from the 
United States Civil Service, NVashington, 
D.C., as well as from civil service regional 
offices 

PATENT ATTORNEY 

Patent Attorney to join small Patent 
Department.  Write Personnel  Director, 
Brush Development Company, 3311 Perkins 
Avenue, Cleveland, Ohio. 

(Continued on page ivi) 
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W ANTED 
TECHNICAL SPECIALISTS 

MEN & WOMEN 

The Colonial Radio Corporation needs immediately, for War Radio Work, 

the following technically trained personnel: 

Radio Engineers 

Physicists —Radio 

Vacuum Tube Engineer 

Calibration Technician 

Mechnical Engineers 

Electro-Mechanical Engineers 

Mechanical Draftsmen 

Tool Designers 

Engineering Specification Writers 

Field Engineers—Radio 

Field Inspectors —Radio 

Model Makers 

Technical Assistants —Radio 

These are NOT temporary positions. Satisfactory employees may expect 
PERMANENT employment. Qualified applicants, NOT now in WAR WORK, 
should write, giving full history of education, experience, and salary desired. 

COLONIAL 
RADIO CORPORATION 

254 RANO ST. 

13.11.10, V. y. 
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STABILI ZED PO WER SUPPLY 

A PRECISI ON INSTRUMENT FOR LAB ORATORY D. C. SOURCE 

HARVEY Radio Laboratories, Inc. 
447 CO NC OR D  AVE N UE  CA MBRI D GE  M ASS A C H USETTS 

Ct' 

MICROPHONES * PLUGS * SWITCHES 
1111P-Pr-

GOVERNMENT SPECIFICATION ITEMS 

AR-IM 
CU-I 
CU-2 
I 700-U 
PL-68 

PL-54  SW-I41 
PL-55  SW-217 
PL-29I  CD-3I8 
1K-26  CD-508 
1K 48  M499 

EARLIEST DELIVERIES 

UNIVERSAL MICROPHONE CO., LTD. 
INGLEWOOD. CALIFORNIA. U. S. A. 

ammo. 

(Continued from rage liv) 

ENGINEERS 
The salary is open and depends only 

upon the ability and experience of the 
engineer. 

I. Electronic and radio engineers to de• 
sign electronic navigation and coin. 
munication equipment for aircraft. 

2. Mechanical engineers familiar with 
and interested in the design of small 
precision equipment and familiar with 
shop practice and tools. 

3. Engineers familiar with the design of 
components for electronic equipment. 

4. Technical men able to write technical 
material for instruction hooks. 

These positions can be permanent for the 
right men. Excellent opportunities for ad-
vancement. 
Engineers with experience are preferred, 

but the right persons do not need experi• 
ence if they have the ability to learn and 
the required aptitude. Applicants may be 
male or female. Persons already engaged 
in war work cppnot be considered. 
Write directly to Chief Engineer, Bendix 

Radio Division, Bendix Aviation Corp., 
Baltimore, Maryland giving complete de. 
tails of education and experience. 

ELECTRONIC ENGINEERS 
Engineers with backgrounds for aeons. 

tics, supersonics, broadcasting, frequency 
modulation, or ultra-high frequencies. Ap-
plicants should not be subject to imme-
diate draft call and should not be engaged 
at their highest skilled war work. An engi-
neering degree is desirable but not re-
quired. 
Women with similar technical knowledge 

and experience will be considered. 
Company is a large electrical manufac-

turer and is within twenty minutes com-
muting distance of New York City. Salaries 
are commensurate with education and ex-
perience. Address Box 287. 

RADIO ENGINEER 

Experienced  in  the manufacture and 
testing of ultra-high-frequency apparatus; 
must be capable of taking complete charge 
of war projects. Splendid opportunity. War 
workers at highest skill need not apply. 
Inquiries will be kept confidential. Please 

•tate age, experience, and salary expected. 
55 rite Box 288. 

RADIO INSTRUCTION-BOOK 
WRITERS 

Thorough 1,11011 Ir d g e  of r.iiiio principles 
and ability to describe in simple terms the 
operation of UHF circuit required. Work 
relates to instruction books for electrical 
apparatus. Excellent opportunity to do es-
sential work in very essential war industry. 
Salary depends upon qualifications and ex-
perience. 
Replies solicited from Engineers, Patent 

Attorneys, Teachers and others qualified. 
Write complete qualifications and salary 

desired to Hazeltine Electronics Corpora-
tion. 1775 Broadway, New York, N.Y. 

RADIO ENGINEER 

Mathematical knowledge to include trigo-
nometry and elementary calculus. Must be 
familiar with all types of circuits for re-
ception and transmission on frequencies 
up to 200 mc/s. Knowledge of transmission 
lines, aerial arrays, television and cathode-
ray-tube technique desirable.  Must also 
have knowledge of radio test equipment 
and must understand any circuit diagram. 
Prefer man conversant with manufac-

ture, repair and fault location on all types 
of transmitters and receivvr, .1,1dress Box 
289. 

RADIO ENGINEER 

EDUCATION: Minimum of two years 
college in Electrical Engineering. 
EXPERIENCE: Minimm of two years 

in radio test or engineering, or five years 
in electrical control work (power station or 
telephone central-office wiring, etc.). 
Must be of a type qualified to interpret 

and clarify with inspectors and responsible 
executives electrical specifications, prob. 
hems of manufacture, test and inspection. 
Address Box 290. 

(Continued on rage 114 0 
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SETE TO TOE liORKERS OF 1101101111011! 

„,„L4F„,„01111110P 
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te 

DESIGNERS 
AND MANUFACTURERS 

of all types of precision 
electrical apparatus 
including 

D.C. & A.C. Motors for 
specialized purposes 
Aircraft Generators 

Aircraft Engine Starters 
Alternators 

Motor Generators 
Electric Pumps 

Motors with Governors 
Gyros, etc. 

— 

%NN W • willow. 

' WO 

-0•44  " — Tilt 

4 ."""ris mog lipaner 

Planes may become as 
commonplace as today's motor cars 

ITHOUT VISION, THE PEOPLE PERISH". 
But we have a vision of a brave new world — 

wherein all men are free and all men share in the 
rewards of a more glorious civilization. 

What the face of this world will be like, none can 
know. Will factories be of revolutionary design — 
lighted by the health rays of artificial sunlight? Will 
the workers travel to and fro in their own planes — 
with ample leisure for education and relaxation? 

This much we know. Out of modern, forward-looking 
industries such as Small Electric Motors (Canada) 
Limited, will come electrical equipment, for ships and 
planes, for factories and homes, of revolutionary design. 

For here is a new company in Canada — with new 
ideas and ideals. Now engaged solely in original 
designing and precision making of essential war 
equipment, Small Electric Motors (Canada) Limited 
looks confidently to a brilliant post-war future. 

& Mail eie dide A1010/14 (Ca-0144a) 2unded 
and its subsidiary 

Sesnca 9014buidne#11A 2e#ndecii 

LEASIDE  •  TORONTO 12  •  CANADA 
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(Continued from rage Ws) 

The 
Erwood Sound Equipment Co. 

will be k  ii in fittitri-  ti. 

THE ERWOOD COMPANY 
Because of important engineering advances 
in the course of our participation in the war 
effort, our former name no longer describes 
our broadened program of probable future 
activities. 

The change in name does not include any 
change in ownership, policy or personnel. 
Our experienced engineering organization 
will be maintained intact for the coming elec-
tronic era. 

THE ERWOOD COMPANY 
223 W. Erie Street 
Chicago, Illinois 

geeezi a„w-4/4 

RADIO ENGINEER 

Opening in engineering department of 
concern making communication apparatus. 
Prefer college oraduate with ultra-high• 
frequency experience, but lack of experi-
ence in this field will not bar an adaptable 
man. 
Duties involve developing, designing and 

carrying the product through the shop with 
a minimum of supervision. If inexperi-
enced, the duties would be the same under 
supervision. The company is engaged in 
war activity exclusively and expects to con-
tinue this work after the war. 
Salary $2,500 to $5,000 depending upon 

qualifications. Pleasant surroundings and 
working conditions. If now employed in 
war work, a release from the employer must 
he obtainable. Address: Chief Engineer, 
Templetone Radio Company, Mystic, Conn. 

TECHNICAL AND SCIENTIFIC AIDS 

Federal government needs aids for re-
search and testing in the following fields: 
chemistry, geology, geophysics, mathema-
tics, metallurgy, meteorology, physics, and 
radio. The positions pay $1,620 to $2,600, 
plus overtime. .  I 
For the assistant grade, applications will 

he accepted from persons who have com-
pleted 1 year of paid experience or a war 
training course approved by the U. S. 
Office of Education. One year of college 
study, including 1 course in the option 
applied for, is also qualifying. Persons now 
enrolled in war training or college courses 
may apply, subject to completion of the 
course. For the higher grades successively 
greater amounts of education or experience 
are required. 
The majority of positions are in Wash-

ington, D.C., but some will be filled in 
other parts of the United States. There are 
no age limits, and no written test is re-
quired. Persons using their highest skills 
in war work are not encouraged to apply. 
Applications will he accepted at the U. S. 

Civil  Service Commission,  Washington, 
DC., until the needs of the service have 

ELECTRICAL ENGINEER 

Thoroughly familiar with the manufac-
ture and design of capacitors. We have an 
unusual opportunity open for an engineer 
experienced in the above line of work and 
who can also assume responsibility. Indus-
trial Condenser Corporation, 1725 West 
North Ave., Chicago, Ill 

INSTRUCTORS IN ADVANCED 
ARMY-NAVY PROGRAM 

Prominent  F..-tern technical institute 
needs additional instructors in officer train• 
ing program in modern electronics and 
radio applications. An excellent opportun-
ity to acquire advanced knowledge and to 
render important service in war effort. Men 
having various degrees of qualifications are 
needed, from recent graduates in Electrical 
Engineering or Physics to those with long 
experience in radio engineering or teach-
ing. Salary according to qualifications and 
experience. Applicants must be U. S. citi-
zens of unimpeachable reputation. Any in-
quiries will be treated as highly confiden-
tial. Please send personnel data and photo-
graph to Box 292. 

Attention Employers . . . 
Announcements for "Positions Open" are 
accepted without charge from employers 
offering salaried employment of engineer-
ing grade to I.R.E. members. Please supply 
complete information and indicate which 
details should be treated as confidential. 
Address: "POSITIONS OPEN," Institute 
of Radio Engineers, 330 West 42nd Street, 
New York, N.Y. 

The Institute reserves the right to refuse any 
announcement without giving a reason for 

the refusal. 
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Glider pilots have a job to do. They have to set them 

down at a certain place at a certain time, slug the 

enemy where it hurts him most, and hold till reinforce-

ments arrive. Coordination with other arms must be 

perfect, and radio makes this coordination possible. 

It's a tough job for tough men, and we're glad this 

Marine Lieutenant is on our side.... Wonder where 

he is now? 

Proceedings of the IRE  May, 1243 



-- and diJh trout/ 
Buy War Bonds and Stamps 

DX 
XTALS 

GENERAL OFFICES  1841 W. CARROLL AVE , CHICAGO, ILL., U.S A. 

T RI PLETT 
e"otiatZ INSTRUMENTS 

I nipLETT 

MODEL 626  
with long 5.60 scale 

This illustr.ationoitse 
12 actual size. 
t  sca le and 

m ace long  panel space 
mum  

A WORD ABOUT DELIVERIES 
Naturally deliveries are subject to necessary priority 
regulations. We urge prompt filing of orders for delivery 
as expeditiously as may be consistent with America's 
War effort. 

TRIPLETT ELECTRICAL INSTRUMENT CO. . . . . . BLUFFTON, OHIO 

Standards for Home Radio 
Replacement Parts 

(Continued front page xliv) 

of the radio industry including parts manu-
facturers, receiver manufacturers, service 
organizations, parts distributors and design 
laboratories, while defining a severely lim-
ited line of replacement parts. 
A performance standard for power and 

audio transformers and reactors was ex-
pected to be available by mid-March with 
performance standards for volume controls 
and resistor-type line cords and plug-in 
ballast resistors, ready early in April. These 
will be incorporated in the government or-
ders, when issued, it is understood. 
The ASA committee is composed of in-

dependent experts in the radio industry, 
with Dr. 0. H. Caldwell, Editor of Radio 
Today, Chairman, and John Borst, Chief 
Engineer, John F. Rider organization, Vice-
chairman. In all its work the radio commit-
tee has been in close touch with E. A. 
Graham, Standards Division of the Office 
of Price Administration, and F. H. McIn-
tosh, Radio and Radar Branch, War Pro-
duction Board. Other members of the 
Committee are: M. M. Brandon of Under-
writers'  Laboratories,  Inc.;  Garrard 
Mountjoy,  RCA  License Laboratory; 
M. J. Schinke (Stewart-Warner Corpora-
tion) Chairman of Service Committee, Ra-
dio Manufacturers Association (P. R. But-
ler, General Electric Company, Alternate); 
George F. DuVal, Past President, Radio 
Servicemen of America (A. E. Rhine, Alter-
nate); S. L. Chertok, ASA Secretary. Gov-
ernment liaison men on the committee in-
clude Frank H. McIntosh, Chief of the 
Domestic and Foreign Radio Section of the 
WPB (Samuel Weisbroth, Alternate); Karl 
S. Geiges, Simplification Branch, WPB; 
and Earl A. Graham, Chief, Consumer Du-
rable Goods Section, Standards Division, 
OPA. 

OUR MEN NEED 

* BO O K S * 

SEND 

ALL YOU CAN SPARE 

GOOD BOOKS ARE ON THE MARCH 
from your bookshelves to our fighting 
men. Doubtless some of our soldiers 
and sailors are interested in modern 
radio engineering methods and will 
find your books on that subject helpful 
to them in their work. Get them out— 
leave them at the nearest collection 
center or public library for the 1943 
VICTORY BOOK CAMPAIGN. 

lx 
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A new approach to the problem of 
measuring audio frequency equipment 
One of the most recent approaches to the problem of measur-
ing the response of amplifiers and networks is to apply a 
square wave voltage and observe shape of the wave which is 
transmitted. The frequencies contained in a uniform square 

wave are given by the relation: 
f(t) =4F (sin wt -1- 1/3 sin 3 wt + 1/5 sin 5 wt + ...) 

In practice a wave which appears to be perfectly square will 
contain thirty harmonics or more and when the amplitude or 
phase relation of the harmonics is disturbed the square wave 
will be distorted. Thus the application of a square wave to 
circuit shows up any irregularities in the amplitude or phase 
transmission of that circuit not only at the square wave fre-
quency but also at frequencies far removed from the test point. 

The square wave test is particularly important in feedback 
circuits where the circuit performance outside the normal 
transmission band is generally of interest The application of a 

square wave test to a feedback amplifier will show in a single 
observation whether the amplifier is close to oscillation point. 

SPEED UP PRODUCTION AND 
DEVELOPMENT WORK . . . . 

0 This Square Wave Generator will help you in Pro-
duction and development work on A. F. amplifiers. 

As a general purpose instrument for laboratory work and as a 
time saver in production testing a square wave generator is an 
important instrument. 
The -hp- model 210 Square Wave Generator provides an excel-

lent square wave and is more useful than other instruments of this 
type because the frequency can be accurately set for quantitative 
measurements of decrement factor, time and other quantities to 
transient analysis. It will save valuable time in production testing 
because one or two observations will check the frequency re-
sponse of apparatus where heretofore a large number of observa-
tions were necessary. This new instrument is an important tool 
for development work because it will show up phase shift and 
transient effects, both of which are rather difficult to study by 
other methods. In one observation a square wave applied to 
amplifier will check a wide frequency range, a range of 100 to I or 

Square wave applied to two amplifiers. 
Output of one on horizontal plates, out-
put or other vertical plates for' rapid 
comparison test. One amplifier defective 
shows up immediately whereas without 
square ware a long point by point fre-
quency response would be required to 
discover deviation from standard. 

Square wa ve distortion from 
poor response at both low 
and high frequency. lOscil-
logran: taken on a typical 
public address amplifier.) 

even more. This is extremely important because once the proper 
criterion has been established a production test can be set up with 

one or at the most two observations with a square wave. 

No priority needed to avail yourself of our engineering help 
but -hp- instruments are going all-out for war and quick deliver-
ies can be made only to people engaged in the war effort. How-
ever, we are making prompt deliveries to war plants and our 
capacity for fast production is ample. Write today for information. 

Square wave test on 
feedback amplifier 
showing amplifica-
tion peak at 9 times 
square wave fre-
quency. (.1 normal 
frequency response 
measurement shows 
flat response from 
20 cps to 20  kl A 

A10. • 

Nar".--• 

HEWLETT-PACKARD CO. 
BOX 135P, STATION A - PALO ALTO, CALIF. 
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• Never before in the history 

of radio communication has re-

search and development pro-

gressed at such a rapid pace. 

Particularly, is this true of 

Vibrator Power Supplies. Long 

the standard of the industry for 

heavy-duty commercial appli-

cations, Electronic Vibrator-

type Power Supplies are today 

establishing new and amazing 

records for top performance, 

long life and absolute dependa-

bility . . . under the most ex-

acting military requirements. 

Tomorrow they'll return to 

peacetime pursuits ... at your 

service . . . stronger and better 

in every way because of their 

combat experience. Until then 

... CARRY ON! 

LAB ORATORIES,  INC. 
Vibrator Power Supplies for  INDIANAPOLIS 
Communications .  lighting 
... Electric Motor Operation 
. . . Electric, Electronic, and 
Other Equipment ... on Land, 
Sea, or in the Air! 

Ohmite Manufacturing Co.   
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LITTE 
"BUTTERFLY" 

CLOSED 
NO 

SIGNAL 

"BUTTERFLY" 
OPEN 

INDICATING 

Indicates by reflected light, visible light, 

"black light," and by fluorescent-radio-

active luminescence. Operates by solenoid. 

When activated, "butterfly" opens instant-

ly showing signal. No blur, no dimming. 

Non-shatterable protection. 'Plastic cap 

withstands severest tests. No burn-outs as 

with lamps; no delicate parts to break from 

shock or shell explosion; no spare lamps 

required. Uses about !i current of filament 
lamps. 

Wire or write for Signalette Bulletin. Ask 
about samples for test. 

LITTELFUSE 
INC O RP O RATED 

4782 Ravenswood Avenue 
Chicago, Ilinois 

• 
252 Ong Street 

El Monte (Los Angeles suburb) 
California 
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LONG LIFE! 

Assurance of long life is what you seek in a capa-
citor —and it's an asset that must be built into it 

by the maker. 
Tobe Capacitors are built to last. From winding 

to shipping, each step is under rigid inspection to 
maintain the high standard set by twenty year's 

experience —and research is constant to raise the 

standard ever higher. 

Below is shown a Tobe RIO Type Capacitor. It 

is impregnated and filled with mineral oil, made 

with watchful care and —like all Tobe Capacitors 

— rated conservatively. Let us know about your 

capacitor problems. 

LONG LIFE ASSURED 

RLO-6210 

2 X0.1 MFD.-600 V.0-C. 
TORE DEUTSCHMANN CORP. 

CANTON. MASS. 

CHARACTERISTICS —TOBE RIO TYPE CAPACITORS 

MINERAL OIL IMPREGNATED— Mineral oil filled • RATINGS: .01 
to 2.0 mid., 600 V.D.C., .01 to 1.0 mfd., 1,000 V.D.C. 
POWER FACTOR: At 1,000 cycles — .002 to .005 • RESIS-

TANCE: 8,000 megohms per microfarad • TEST VOLTAGE: 
Twice D.C. working voltage rating • TERMINALS TO CASE 
TEST: 2,500 Volts D.C. • STANDARD CAPACITY TOLERANCE: 

plus or minus 20% of nominal 

A SMALL PART IN VICTORY TODAY 

sk yISCH MA NI 

MASSA 0 

• 

A BIG PART IN INDUSTRY TOMORROW 

l'hot,, Courtesy ,,.1% ',skeet')  tin 1.111fS 
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"Name your weapon" 
Made to order for specialized applications, these 
tubes best tell the story of versatility and range of 
RA LJ LAN D custom-engineering. 

Properly identified, they are: 

1. Multiplier Type Photo-cell Tube 
2. 15-inch Cathode Ray Receiving Tube 
3. 9-inch Electrostatic Cathode Ray Tube 
4. 51/2-inch Pipe Shape High Voltage Projection 

Cathode Ray Tube 
5. Giant Photo-cell Tube 
6. 5-inch Straight Projection Cathode Ray Tube 
7. 12-inch Cathode Ray Receiving Tube 

RADIO... SOUND... 

11. Sound Film Photo-cell Tube 

9. 7-inch Straight Projection Cathode Ray Tube 
10. Blue Sensitive Photo-cell Tube 

11. 1.3V2-inch Pipe Shape High Voltage Projection 
Cathode Ray Tube. 

Each is designed to meet a specific need. From 
the tiny tube with power out of all ratio to its 
size, to the giant shapes conceived for services 

which cannot yet be told, RAULAND Electroneered 
cathode ray tubes foreshadow a new era of world 

economic advancement in the days to come. 

..COMMUNICATION  

Electroneering is our business 

THE RAULAND CORPORATION ... CHICAGO, ILLINOIS 
Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries 

Proceedings of the I.R.E. 

in War Bonds 

May, 1943 



'4) 

'that darned walkie-talkie 
S-S-STUTTERED" 
Stutterers don't give commands in the Si 
Corps. In the stress of battle you can't 
a man who stammers. Neither can you hay 

equipment that will fail at the critical moment. Not when seconds 
mean the difference between success or failure in battle. 

With men's lives at stake, you can't afford to use anything less tha 
the best. When a design calls for Capacitors, specify C-Ds. Thirty-thre 
years devoted to the exclusive manufacture of capacitors is your assur 
ance of absolute reliability. Our Engineering department will be gla 
to cooperate with you. Cornell-Dubilier Electric Corporation, Sou 
Plainfield, New Jersey. 

DYKANOL FILTER CAPACITORS 

Type TQ 
Type TO Dyk  itom 
designed for 
er  public  ad 
er amplifiers. 
urea are listed 

regnated and filled with Dykanol — • no 
mmable, high dielectric impregnant of stab 
racteristics. 
ed, impregnated and filled under cont . 
U M. 

etically sealed — these Capacitors • 
ted by moisture, time or temperature up 
roximately 200° F. 
servatively rated  —can be safely operat 
tinuously at 101 above rated voltage. 
r further details write for Catalog No. 160 

ha 

Cornell-Duhilier 
capacitors MCA., 

MORE 1" 
VAN 4t41  

USE I°17141  

O VUt titAl(E 
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You may need this largest Variac for controlling voltage on motors, heaters, flood lights, 

transmitter tube filaments, rectifier systems, or process equipment. Wherever line voltage varies and 
ope:1,Ling voltage must be correct, you will find this manually operated, continuously adjustable 
auto transformer gives smooth control and good voltage regulation at high efficiency. Designed for 
circuits of moderately high power, the Type 50 Variac is rugged, dependable and convenient. 

Prompt delivery can be made on priority rating of A A 3 or better. 

TYPE  50 VARIAC SPECIFICATIONS 

Input Voltage: Type 50-A, 115 olt, and Type 50-B, 230 
volts. 

Output Voltage: Voltages up to 117% of line voltage can 
be obtained. Connection can aLso be made for maxi-
mum output voltage equal to line voltage. 

..ad Rating: 5 kva for the 115-volt model; 7 kva for the 
230-volt model. Ratings are for 50° C. rise. 

Rated Current: 40 amperes for the 115-volt model; '2.0 
amperes for the 230-volt model. 

Maximum Current: 45 amperes for the 115-volt model; 31 
amperes for the 230-volt model. 

Regulation; At output ‘ollages ranging from 17% below 
17% above line voltage the full load regulation is less 

than 4%. 

L  . No load losses are about 1% of full-load power; 
full-load losses are about 2%; losses at half maximum 
output voltage are about 4%. 

Driving Torque: From 1 to 2 pound feet. 

Net Weight: 85 pounds. 

Dimensions: Approximately 12 inches high x 16 inches 
diameter overall. 

Price: $100.00 F. 0. B. Cambridge. 

SEND FOR BULLETIN NO. 854 

GENERAL RADIO COMPANY • Cambridge, Massachusetts 
NE W YORK  LOS ANGELES 

sees 


