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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 part of war production.

AMPEREX ELECTRONIC PRODUCTS

79 WASHINGTON STREET BROOKLYN, NEW YORK
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Maximum Current in Amperes—

Continuous Service Rating
TYPES 1550-1560-1570-1 580-1590

Maximum Ambient Temperature 60°C

Type 1590
00 100 Cop. Test Volt Catalo 10,000 3000 1000 300 100
%::ng IO.::OO 3&0:00 llloco-o 3*:- ke. Mgf:. "Eﬂ.o ' N:mbe?- ke. ke. ke. ke. ke.
5900-200 7. 4.5 1.5 .5 .01 8000 1590-217 16. 20. 155 8.
590-201 8.5 6. 3. 1, .01 6000 1590-218 16. 20. 15. 8.
1590-202 6. 4. 2. 7 .02 5000 1590-219 18. 20. 17. 10.
1590-203 10. 8.5 4.5 1.5 .03 4000 1590-220 18. 20. 18. 12.
1590-204 8. 7. 1.2 .04 4000 1590-221 18. 23. 20. 12.
1590-205 11. 11. 2.5 .05 4000 1590-222 18. 25. 22. 12.
1590-206 9. 8. 2. 05 2000 1590-223 18. 25. 22. 12.
1590-207 Se o 2000 1590-224 18. 25. 22, 12.
1590-208 3. 1 1000 1590-225 18. 25. 22 12
1590-209 6. 2 600 1590-226 18. 25. 22. 12.
255 600 1590-227 18. 25. 22. 12
3 600 1590-228 18. 25. 22. 12
4 600 1590-229 18. 25. 22. 12}
S 600 1590-230 18. 25. 22. 12
600 1590-231 18. 25. 22. 1]
600 1590-232 8. 25. 22. 1:

alackad btﬁ

the most complete

JCONTINUOUS SERVICE
RATING DATA

Aerovox

mica transmitting capacitors
are available in the widest range of
types, capacities, working voltages. Type
here shown is the bakelite-cased 1590
serien for medium-duty high-frequency
current-handling functions.

AEROVOX CORPORATION

Export: 100 varick ST N

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

NEWwW BEOFORO,

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-

MASS U
‘ARLAB’

S

In Canada

A « SALES
Cabie

OfFfFICES IN
AEROVOX CANAOA LTO .,

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
enjoy 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.
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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 \

Photograph, courtesy Transcontinental and Western Air, Inc.

\‘&\\\\%&\\N\\\\\\\\\\\\\s

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.

Airline Radio Equipment

Transmitting Equipment

WILCOX ELECTRIC COMPANY

Quality Manufacturing of Radio Equipmeni

14TH & CHESTNUT

KANSAS CITY, MISSOURI

Procecdings of the 1.R.E.



ELECTRO-VOICE MANUFACTURING CO., INC,
Proceedings of the 1.R.E. May, 1943

Neither were planned for war

We're not raising new generations to die on battlefields; we're 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 . . .

&am%we MICROPHONES

1239 SOUTH BEND AVENUE. SOUTH BEND, INDIANA

v




FILTERS —

Designed for war

Unique characteristics of many UTC filters are
the result of years of research on core materials The now well know
and filter structures. We.are proud of our part in weighed 36 pounds
the development of filters for wartime electronics. s sub
Here are a few typical elements. based on UTC
design. which have led to UTC leadership in this mitted to us. .
field. Con“nuougreﬁnemenlby

. a-
M d - 1} - 1] ¢ has ,egulled in the mo.dem Il
ay we esign a Vlclorv y dio range Hilter weighing onlyY

- - - . 4 duc-
unit to your application? | jounds—a weight ®

rion of 95%:

n radio

range filter
when it originally W

Designed for high fre-
quencies, the Q of this

This UTC development
is a tunable inductance,

coil is 300 at 20,000 cycles.

adjusted in the same

manner as an LF, trim- '5,‘
mer.

1
/!

. » » For medium fre-

«« . For low frequencies.
the Q of this coil is 80
at 100 cycles.

quencies. the Q of this
coil is 210 at 1,000 cycles.

4l

150 VARICK STREET
EXPORY DIVISILON: 100 YARICK STREET

r
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Communications from Westinghouse

C oy 3
apacity is available to produce the following products for early delivery t
y to

Communications equipme a a
nt m nuf cturers Wa i
g o . tCh thlS bOard for latest lists

PRESTITE—CERAMlCS
«golder-Seal” hermetically tight
bushings and terminal bodargs. Me- o
chanical bushings, stand0 insu- IRCRE sl
lators, coil forms. Grade “F”’ charac- 2 1222“_::138 % e

teristics.

Pace factors 925%, 929
> (4

- Wind
x 1/ adows do
4", These cores do nwn to lp¥

di i
€s or nicke], Ot require

RECTOX—— RECT\HERS
oxide cectifiers for power
packs, instruments, €tC.

Copper

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

o ara NI SR R

W C
J-94556

6 zor further information on products or ‘ ‘ ’
. - eliveries, write to Westinghouse Electric e & I l ' 'l I
and Manufacturing Company, Dept. 7N S 1 S
East Pittsburgh ' ,
gh, Pennsylvania.
PLANTS IN 25 CITIES OFF
ICES EVERYWHERE

Proceedings of the I.R.B. May, 1943
vii
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HEINTZ AND KAUFMAN ORIGINATED
THE TANTALUM ELECTRON TUBE

GAMMATRON tubes exemplify the ability of Heintz and
Kaufman engineers to meet difficult design problems with
exceptional skill and ingenuity.

B —
& 4
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 HK-] 054 TRIODE

as a plate and grid material: In a'ddifion they.pioneere'd new OPERATING DATA
principles of construction which discarded all internal insula-

tors. As a result, GAMMATRONS are inherently gas-free. As an RF Power Amplifier,

. ; . 5 1 e
Heintz and Kaufman brought this same pioneering spirit to Cluss C, Unmoduluted.
the UHF band. Some of the accomplishments of GAMMA- ol Wameps
TRONS at high frequencies are well known, but many devel- Powar Outpit S0t W  —
opments are today classed as restricted information. Until Driving Power Wty —

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.

DC Plate Voltage . .. 5000 Volts 6000
DC Plate Current ... 750 M.A. 1000
DC Grid Voltage -950 Volts -2000

HEINTZ ano KAUFMAN, w1p. | ccowomn wosma

Peak RF Grid Volts . . 1475 Volis —
SOUTH SAN FRANCISCO - CALIFORNIA - U. S. A. Plate Input . . . . 3750 Volts 3730

: Plate Dissipation 750 Wats 750
CGammadtion Tules

wiii Proceedings of the I.R.E. May, 1943
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ELECTRONICS.
ANE RS!

With electron

POWER TRANSMISSION
Electronics, science of
the future, is used to op-
erate elaciricsub-stations
by remote control.

e through stone and steel...
detect sma nvisible to the eye. He can match
colors ... manipulate doors, furnaces, traffic—
even e meat tender 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.
100,000 MC And almost every day astounding new uses are being
PROCESSING STEEL recorded—in transportation, food, medicine. With the dawn
Electronic heating for of peace, the range of uscful electronic applications is expected
more efficient tin plating

of steel — another elec- 10,000 MC
tronics application. '

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 "'Fra 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, (oo, of the role iusnlation
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.

CERAMIC INSULATORS
ISOLANTITE INC.,, BELLEVILLE, N. }.
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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 i1s 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- FpyICTORY

BUY

erful, more effective. and .
WAR

more dependable. in
performing its vital tasks.

4

RCA AVIATION RADIO

RCA Victor Division * RADIO CORPORATION OF AMERICA

* Camden, N. J.
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Taons

Wecre the going is TIHEST &
Yol fined ALSIMAG

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
{\llied Nations equipped with AlSiMag steatite ceramic
insulators . . . . compact, tough, dependable.

AWARDED JULY 27. 1942

AMERICAN LAVA CORPORATION

CHATTANOOGA, TENNESSEE

----------------------------------

Proceedings of the LLR.E. May, 1943




He can smile through it all

L)
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 TELEPHONE SYSTEM

WAR CcALLS COME FIRST

® Your continued help in making only vital
calls to war-busy centers is more and more
essential every day.
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Let’s get this straight . . .

General Ceramics Steatite Insulators are
available NOW . ..

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.

ATORS

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

" GENERAL

FIOBNILH oo $1DBTINN CORPRESIION
110091 " e o,

KEASBEY

AND STEATITE CORP.

NEW JERSEY
& 3340
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Cerantéica /ozf the World of Soctrosica

. Dependable, Low Loss
& Steatite Insulators
“QTEATITE” has become a magic word. It is

not a copyrighted trade name, but is the geo-

‘ logic name for massive talc, a magnesium silicate,

. STUPAKG

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
l/ factors. They include the absolute control over raw
= materials, modern manufacturing facilities equipped

)

g with precision tools, correct engineering, and most
g / 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
s most severe conditions.
)
Q STUPAKOFF CERAMIC AND MANUFACTURING CO.
@ . LATROBE, PA.

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



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. SPOTRWELRING

Infinite care and precision in delicate assem-
Transmining Tubes ® Cothode Roy Tubes ® Recelving Tubes v blies are a tradition of National Union manu-
Special Purpose Tubes *Condensers *Valume Controls *Photo facture. it takes rigid ond expert iraining as
Eloctric Cells o Exciter Lamps * Ponel Lamps ® Flashlight Bulbs well as skilled and nimble fingers to perfarm
this Spot Welding aperatian...and to enable it

NATIONAL UNION RADIO CORPORATION BB o M o LA

Newark, N. J. Lansdale, Pa. : : R

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




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.”

P 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
Cable Address Wespexlin, New York

N

Proceedings of the IRE. May, 1943
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IT WILL SAVE A LIFE
¥ | R -'",? ...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

N D ible for RAYTHEON
N N \\ responsi

\\\x \\\\ tubes being in the van-

n e guard of tomorrow's

=

march of progress.

I
\\ 2 s
W N

1 (L
4 ! CTRPERE | NS

- 5“ >

RAYTHEON

3 __—‘5'“‘ \
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- DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS

Proceedings of the I.R.E May, 1943
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'Round the corner from your plant is a2 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.
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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 LR.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 recaders in
the form in which they are received from their authors,

The Editor

-_

Design for Blitz

E. F. McDonald, ]r.

A few years ago | 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 evening, | 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 | had when the newspaper man asked me to
mercialist, now have in being asked to express some thou
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! o

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 (o many that nothing coul(; stop
him. But he was stopped, stopped cold, in the Battle of Britain, stopped by the handful of R.\}I:

pilots who earned the priceless tribute, “Never have so many owed so much to s few.” He was
stopped because the RAF had gone him one better on the new we

victories, the only new weapon this war has produced Radionics.
We have heard much of new weapons, of secret weapons
public in general seems to believe that we have many new implements of destruction and defen
But have we? Are not the ships, submarines, guns, planes, tanks, and ammunition used i:l (t:i:'ws'e;
the same as those we used in the last great war, except for improvements in desi | effecti X
ness? I repeat, our only new weapon is radionics! S eenicecics
The RAF's defense of Britain is a saga of gallant courage that wil| live throughout hist Do
after day, combat pilots flew and fought long after the supposed limits of h ng 0“- ‘1‘5 >l la)
stroying Nazi bombers by the hundreds until Hitler finally gave up. But it ll nin .,n(. urlance, (' e-
such superhuman courage and the superb British fighting ai‘rcraft to \\;ixl thall l oo | lfx.oxe t 1’aln even
which gave the British advance notice of every raid, which warned the RA }.)‘a:)} ?,;llll);,?gil‘;lg{igiadrs'

while Hitler's bombers were still many miles away. T riti

y. The British have ai at witho Is new
. . s < .

radionic weapon the RAF would have lost the battle. S SERathont s ey

In communications we have come a long way from the ori
between the states was run by courier and telegraph. The last

do this is about the same as I, a com-
ghts for the readers of the PROCEED-

apon which had paced his early

. in this total war of machines, and the

ginal visual systems. Our own war
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 Iood 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 thisis 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. | 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, radioisasessential as theairplaneengine 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.

1943
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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 ofteit
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-
decd 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

194

Nikola Tesla
1857-1943

understood in those days would as well
have bgen a claim to highly favorable
recognmition,

At this stage of his career, Tesla cast
oft 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 oyr
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
noblv.

Proceedings of the 1.R.E.
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Two of his books 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 persona! 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
scems ira sense the end of an epoch.

May, 1943



Cathode-Ray Control of Television Light Valves

J. S. DONAL, JR.{, MEMBER LR.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

VYHE 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 heam. 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.
! J.S. Donal, Jr.,and D. . Langmuir, “Atypeof light valve for
television reproduction,” Proc. [.R.E., this issue, pp. 208-214,
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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-
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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
semifransparent 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 emploved for the
reproduction of a television picture.

Proceedings of the I.R.E.
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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 chargdd 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 sucl 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 successi ve 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
ch.arged next. Another procedure might be to accom-
plish discharge by holding the wire at the potential of
the semitransparent electrode during the scanning in
aIFe.rnate frames (assuming no interlacing, for sim-
plicity of description). This would mean, of course,
Fhat dur.ing the frames used for discharging no new
information could bhe conveyed to the picture. A third
procedure in the case of the valve under consideration
would he to brush the whole surface rapidly and re-
peatedly with a fine wire brush all during the scanning.




1943

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 must be found
to produce the desired electric fields during each scan-
ning 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.

I11. TusEs FoOr 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 elscwhere.? A conventional elec-

2 J. S. Donal, Jr., “Scaling mica to glass or metal to form a vac-

lll(l).lB-light joint,” Rev. Sei. Instr., vol. 13, 6, pp. 266-267; June,

Donal: Cathode-Ray Control of Television Light Valves
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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

SUSPENSION SEMITRANSPARENT
MICA TUBE-FACE 7 \ECECTAO0E
N\ v
LIGHT - :
SOURCE
x
\MICA /
o ‘s:cggso OUTER PROJECTION
P \ AN WALL SCREEN
i pEAM COATING

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,? 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 Fernschempfang, Zeil. Tcle;iraf)hen-, 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 sccond anode of
IFig. 3 are held at potential @, 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 elcctrons 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 hecomes 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 clectrode and the
tube face might be held by leakage at potential ¢ with
the second anode being at some potential above &. In
this case the clectrons 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 & 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 ET)
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 moduy-
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
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generally too high. Thercfore it is advantageous to
employ clectrons for the discharge of the surface as
well as for its charging. This discharge may be accom-
plished by a spray of clectrons, by a beam from the
charging gun at a later time, or by a beam from a
sccond 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 Iig. 4. The field is
developed by means of a modulated beam, as already
explained, and this ficld is removed by bombarding the
surface, for the purposc of discharge, with electrons of
substantially different velocity. It will be assumed for
simplicity that these clectrons, 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-
ccdure resulting in a changed vclocity of arrival of the
clectrons at the bombarded surface.

An example of this proccdure is given in Fig. 5. As
in Fig. 4 the second anode and the semitransparent
electrode are held at potential ¢ 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 ¢, 2 kilovolts above its original valuc
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.
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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 i§ not always necessary that the cathode potential
be raised precisely to ¢. A somewhat higher potential
\\.IOlIId 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 ¢ would discharge the surface to a potential
peIO\v a and result in incomplete removal of the field
in ce.rtam types of light valves, such as those employ-
g zinc sulfide and, therefore, having high resistance.
Ipcomplete 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.

\". 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 heam has heen 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 ). Polarization, due to leakage
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through the suspension, causes the field across the
suspension to fall to zero (line ¢). 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 ¢) 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 charging.

b Immediately after charging.

¢ After polarization following charging.

d Immediately after discharging.

e After polarization following discharging.

l.ater 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 ¢ 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 heam 656 volts. It can
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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 1X. 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 S kilovolts, and a strong
beam strikes the surface at one point, the surface hom-
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 efiect 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 hbombarded at low
beam current and the potential of the semitransparent
electrode is changed suddenly, the bombarded area of
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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. 1n contradistinction to this, when
the semitransparent clectrode is hekt 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 arcas except the bombarded
spot arc 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 in collector potential actu

ates the valve in the areas not bombarded by the
primary beam.

All of the above cffects 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 retlected 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
sccond. In addition, secondary electrons of such high
velocity might procced 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
.cons.iderations of Section V (Fig. 6), however, polar-
1zal|or.1 may be seen to co-operate in this first stage of
the discharge process, after which the discharge is
co.mpleted 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 n.1oved to a new area carries this in turn to
the .surf.ace limiting potential. If the previous area is
carricd in a ])qsiti\e 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
{)i(i\(:’ii]rifrl:c:l:lz:x;?;)zf“clgf":r_ging; it still further.in.thc posi-
the limiting po(Cntial] 101{1:1 .secon(lary emission. Also,
bidbe Walls bos b fou,o| exposed glass areas of the

S 1d 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
V'ALVE 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. lHowever,
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. H the resistivity of
the suspension is below about 107? 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
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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 Iams.* 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 toswing 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
Leam 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

« 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 dirccted to a mica
area, the probe potentials represented those of areas
adjacent to that being bombarded.

In Iig. 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 beani currents.

The sine waves indicate a variation in time, between the lim-
its indicated, when a sine-wave potential variation is impressed
on the semitranspareut electrode. 7he horizontal lines indicate
a potential constant in time. In column 6 (he variation is im.
pressed on a mesh within the tube as well.

potential variations impressed 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 heam 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 arcas 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.
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At 5 microamperes the adjacent areas are still yn-
actuated but the beam current is sufficient to pin the
bombarded arca 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 Scction V.

This effect was simulated by further increase of
beam current at the bomburded 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 b
secondary electrons from the bombarded spot striking
them with such velocity (1000 to 2000 volts) as to
charge them toward collector potential; thercfore their
potential swing was reduced as shown in column 4. At
100 microamperes the adjacent areas were kept charged
to collector potential at al times, their potential swing
was reduced to zero and all valve arcas were fully ac
tuated, completely destroving the ability of the focused
spot to actuate chosen areas.

This spreading of the lighted valve arcas at highe:
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 stjll held the areas bom-
barded at the limiting potential gince 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 botential. The situation was
entirely different, however, for secondary electrons
arising at the bombarded spot (or at the wall afier
reflection from the bombarded spot). These secondary
.elcclrons produced tertiary electrons on striking ad-
Jacent valve areas. The mesh collected these tertiary
elcctrons. At the potentials impressed on the mesh
(1500 19 2500 volts above the mica sticking potential),
the tertiary-emission ratio was greater than unity and,
hence, the adjacent arcas were forced to follow mesh
potential. T'his forced the adjacent areqs to swing with
the outside electrode and, hence, no Sield conld be developed
across the valve due to the action of the secondury elec-
trons . thus the spreading of the light on the valve at
hngl? beam currents was completely eliminated.

Smce. the introduction of the mesh tended 1o cause
(lefocusmg and changes in detlection sensttivity, it was
found helpful o introduce g second mesh, ne-arer 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.

VI1II. 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 hom-
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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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)
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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. Pictuke REPRODUCTION BY ALTERNATE
CHARGE AND DISCHAKRGE WITH ONE BeEaMm

Both of the procedures of light-valve control treated
in the two preceding sections are limited in application.
The method employing secondary-electron discharge
will 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
electrede requires the use of a device such as the image
intensifier described in Scction 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 eniploying a single beam of alternately
high and low velocity.

In Section 1V 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
beam from the same gun. The more positive cathode
would result in a reduced electron velocity and hence,
in a secondary-emission ratio greater than unity, with
the consequent removal of the light-valve field by the
return of the surface to its original high potential.

The procedure described in this section differs
merely in that the potential of the outside semitrans-
parent electrode is made more negative, making the
surface potential more negative by capacitance effect,
before the discharge scanning. This likewise reduces
the electron velocity during the discharge scanning in
the same manner as would a more positive cathode
potential. The tubes are identical with those already
described, having a semitransparent electrode on the
outer wall of a thin cell containing the suspension light

valve, this cell in turn being mounted on the mica tube
face. Scanning at the rate of 60 frames per second, with
single interlacing, was employed.

Fig. 4 shows the secondary-emission ratio of the
mica tube face. The outside clectrode and collector are
held at potential @, usually 5000 vols. Scanning of the
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mica with the focused modulated beam carries its po-
tential in the high lights to b, the limiting potential of
the surface, thus imposing a field across the valve and
actuating it. At the end of the first field of the inter-
laced scanning, the potentials of the collector and that
of the outside electrode are changed from a to some-
where near & by a simple mechanical commutator,
Those areas of the valve which have been reduced in
potential to b by scanning are thus changed in poten-
tial to ¢ by capacitative coupling to the outside elec-
trode. This approximately equal change in potential
of both walls of the valve of course develops no appre-
ciable new field. During the next field of the interlaced
scanning the mica wall is scanned with the beam de-
focused and at full beam current, to discharge the sur-
face. Now, however, the secondary-emission ratio is
above unity and the potential of the whole surface is
raised to b (collector potential and limiting potential).
Finally, the commutator returns the potentials of the
collector, outside electrode, and valve wall (capacita

tively) to a to complete the cycle.

Fig. 9 shows a picture reproduced by means of the
procedure just described. The picture was photo-
graphed from the face of a tube incorporating a sus-
pension light valve ag previously described.! The pic-
ture signal was obtained from a “monoscope.”

The use of the unmodulated beam during alternate
Scans removes difficulties of focus and registry at the
changed anode voltage. 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 Section VIIL \When the beam was
refocused during its low-velocity phase, by an addi-
tional commutator segment, the response of the valve
became very non uniform over its surface.

The absence of modulation during alternate fields of
the interlaced scanning, of course, reduces the resolu-
tion obtainable with a given television signal by a fac-
tor of 2. Since the modulated picture is reproduced by
the reorientation of the suspension at discharge during
alternate fields, the flicker frequency is 60 per second
(assuming the use of 30 frames per second with single
interlacing) although new information is imparted to
any element only 30 times ber second, i.e., during the
modulated alternate-field scannings. If the capacitative
change in screen potential were made at the end of a
frame (30 times ber second instead of 60) full resolution
would be possible, since the beam would be modulated
during alternate parrs of ficlds of the interlaced scan-
ning. The flicker frequency would again approach 60
per second although the situation would be somewhat
altered during discharge since the strong unmodulated
defocused discharge beam would discharge most areas
of the valve at jts first Passage (during the first of the
two Successive fields devoted to discharge) and the re-
orientation during the second passage would be
w.eaker. New information would again be given any
picture 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

Donal: Cathode-Ray Control of Television Light Valves

205

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 clement 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
clement, 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.)

S) 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
30002000 — 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 arc 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 cx-
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 concl usions)
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
negative due to polarization than would be the case if
a focused discharge beam were used, Therefore, all
equilibria are set up more rapidly. If the polarization
is substantially over in a shorter time than a field-
scanning time (that is, if the resistivity of the fluid is
somewhat reduced) the polarization may be nearly
over while the defocused discharge beam is still re-
crossing the valve element, and the delays in establish-
ing changes of picture tone may become negligible.

It should be pointed out that while a valve area is
pinned to collector potential or to the limiting poten-
tial by the defocused discharge beam, the capacitance
of the mica is effectively in parallel with the suspension
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capacitance and the polarization decay curve is less
steep. This aspect of polarization has been discussed.!
Nevertheless, the pinning of the surface during polari-
zation results in a net increase in the rate at which
equilibrium is approached.

Itis also true that the diffuse leading edge of the de-
focused discharge beam will not completely discharge
the valve element on its first passage, which will n
general result in a slightly lower potential difference
being applied to the valve during discharge than is de-
veloped at the charging scanning. The potential dif-
ferences developed during discharge have their proper
relative values, however, and the proper half-tone re-
sponse of the valve, integrated over each complete
frame, is maintained.

(b) Limitations upon Field Developed Acrossthe Sus pension

It was stated above that, after equilibrium is estab-
lished, the scanned mica potential just before charging
is the surface limiting potential plus the capacitative
swing minus the difference of potential developed
repetitively across the suspension. Therefore, the ca-
pacitative swing should be set at a value greater than
the maximum potential difference it is desired to de-
velop aross the mica and suspension, plus the maxi.
mum desired potential difference across the suspen-
sion. Otherwise, charging even to the limiting poten-
tial will not develop the desired field.

As the beam current employed to bombard a picture
area approaches zero charging takes place from a mica
potential which approaches the limiting potential plus
the capacitative swing. The mica potential can never
be above collector potential, for it would then become
the collector of electrons and be charged negatively to
near collector potential, Therefore, the collector poten-
tial (in the charging phase) should always be main-
tained at a potential above the limjting potential plus
the capacitative swing.

There is, however, a limitation 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 scanning. If the Capacitative swing in the
negative direction carries this most negative area, after
Its potential has been altered by polarization, as al-
rea'dy explained, below the first secondary-emission
unity value of Fig. 4, the area will be carried to cathode
potential by the discharge beam and this portion of the
valve will become inoperative. If this limitation upon
the capacitative swing does not permit sufhcient light-
valve ﬁel.d to be developed, a procedure, such as the
€vaporation of a material upon the mica surface, may
be 'em;')IOye(] to raise the mica secondary emission.
This will rfiise the mica limiting potential and, hence,
the potentials at which charging begins and ends, and,
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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.
V\'ariations 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 heam
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 Churge and D1s-
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 manner in which the charging and discharging
equilibrium is reached would be somewhat more com-
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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
heam 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 are more removed
from the limiting potentials for the higher 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
ficlds produced by electron bombardment may be ac-
complished by means of secondary clectrons produced
by the electron bombardment. Considerable latitude is
afforded in the choice of suspcnsion 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.}, MEMBER, I.R.E., AND D. B. L;\NGWUI[\’I}MEMBER, L.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

VHE 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 Manufact uring Company, Inc.

t RCA Laboratories, Princeton, New Jersey.

1 Formerly, Research Laboratories, RCA Manufacturing Com.
pany, Inc., Harrison, New Jersey; now the Office of Scientific Re-
search and Development, Washington, D. C

' 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. }I. 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 gencrated 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 cfficiency factor as does the scan-
ning disk in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>