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ANNUAL REPORT

TRAR 1944

BCA LABORATORIES
RESESRUH DEPSRTMENT

The prime cbjective thronghout 19¥4 was to ald in the war offors,
Baguests of vs $o do research for the Army, tho Mavy and the 0ffice of
Solsnilfic RBesenvch and Development excesded eur ability o respond, prin-
elpally becavsy of manpowey limitatlcns. We combinued ths practice of doing
the early and fundamenbal rossazrch with RCA Tunds, trensferring %o & contrach
gtntue ag sochk as wilitary resualis could bs demonsitrated or predictesd with
aome corhalnty, '

Borults of research ab BCA Laboratorien conbinue Incrsasingly to
Ioad first Yo emall guartity orders for axtonsive field trials and them %o
sudbstanilal procurements. There have Bosn producition orders for mamfacturs
ab ROA Tictor Plants, aud others whlch havs deen divided with other companias,
Whses facilitiss within BCA havs been fully wiilized by other orders, complets
procurament tas been dlrscted outside, In moet lnstances this Lusinees has
gore 40 llcensesy of WOA,

Apponded is 2 swmmary Tanerh covering Hessarch Deparinent expensos
for the year 194, credits dues to wer sontract research and net exponse Bo
BG4, all compaved with budget szilmatos, Also appanded is » stabement of
erployment, Cur sstimated gross sxzpsnmses ware $3,245, 249 and our actusl
arpanses $3,083,366, The under expendlturs resulisd becwmiee we wers unable
t2 add noaded mambers te our staff, Our total otaff ab the end of 1943
maovabed to %99 as compared with a total staff of 495 on Dacember 31, 204y,
Ghue, not omnly wers we unsble to make plannsed additions %o the staff during
1‘3;3%1%’ it we 823 not entirsly rsplace our loesss during the year. Had we
- been able to make these additlons we would have raceived incrsaved orsdlts,
bocanes tho sddad affert wowld have been on conbract work, As it WAS, WP
eredits for 19h% ware udgeted at $1,975,550 and we realizsd §2,06b, 767,

- Zhie rosuwlisd in 2 neb espenss %o RCA in 1944 of $958 581 in gomparison with
en ostimate of $1,169,699, -

A% the beglonirg ef the year we anticipated that some shift would
be made during the sscond half of the yoar e a moderate program of work of
& paace-time charasfer. The changing war aituation, however, brought abovs,
instead, a grealter meed for kesping our sfforte on conbtrach work and on
Tondenentol ressarch direoted toward war objectives. This is reflschsd im
tha above net sxpenzes and credils,

In reporting move specifically om our reseavrch work, we have divided
our activiiles inie fwo brosd classificetions. The fivet is the wark done
- wadst contract for the Ammy, ths Havy and the Office of Soientific Ressarch
and Develepment, Phis results i the oredit item on our sxpspditure statement,
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A report on thim vork entitled:s "Research Under Govermmens Contracts in ighi ®
is apponded. The second is she work sponseved by BOA, whieh is coversd by

the net expenss item on cur swpendiiure gtabemont, A report om this work
entitleds “Reseevch in 194% = Projects Spemsored by RCA® 49 sppendad, In

order that thuse roporis mighd he comprehensivs snd clear, 1% has Desn necessary
to apply eppropriate militesy secrecy clagslficatione te each gactien,

Planivg vas contimed on post-war progrema., FExcept in & fav inslances
wheve loboratory work could be Aone, our post=war work was limited to planning,
¥e alge continumed the study and tent of means for a continning coardingtion
betusen the Rssearch Department of BCOA Ledoratories snd other Givisions apd
gubsidiaries af R4,

Heahsrs of our ataff pariicipated agtlvely in the work of the RBalle
Technicel Plawing Board. Tate in the Foar, we aided dlrsetly amd imdirectly,
in the $estimony before the Fedleral Communicaiions Commissica, i4n the reviow
by the Comuission of all of the radic spectrum wp e 30,000 megeroyeles,

Bixztir-%wo tsvhnical reports cavering eur rspeareh and development

vers izsued W BOA Laboradorise duving the vear, Thess were distributed o
L3 T e

~ T interested pariies within the Company and to Governmsnt laboratories whore
it wes thought the meterial would be found of interest. These reperts wore
additional Yo those prepared wnder Government cantracts and ineusd So eome
tracting groups of the Arny, the Bavy and the Gfflce of Soisntifie Ragoareh
and lsvalopmers,

ey
%

he vriting of Yochnisal pepsrz relatsd to our work avd the giving
of leeturss by our research shalf werse much cartatled gompared with pre-war
¥ears, Twenby-8ix technicel papste wers prepared for publisatien during the
year. This medarate mumber enablsed uwe e malniain prasiige for the Company's
ranszreR work in tha pudlieaticnsoel the Sechnical press, withowd unduly taking
time awey from dhe war effert, Leoturss before technical and asmli~Goshnleal
grovps wers limited to matienal conventions of the larger scciebics in oup
flelds of fntersst, and o local techulsal end gemi-bochnical groups where
the necossary treval $imo wav emall. & tetal of forty lecturss wors presanisd
by aur technicsl sbaff, _ .

4 "tmi;’a Pook was pablished during the year oF eur acounstia vesearad
Givigion head,

The Indusizy Service Uivislon lseued sixzteen bulletine %o licensees,
Thess inelnded veguler Sochnical llstine, patent Bulletine snd new tubs
r8leasns, ' .

The 308 Iaheratories ab Prineeton was honored by receiving 4two re-
newals of. the Amy-Favy "EY award, with second spd third sbare, for continued
effort in our war work, A& numbar of the members of gur technlcal ebsff ave

867TVing a6 congaliants $o ths Jovernmsni on military problems, &nd sevepal
of them have raceived special vecognition for tha service they have rendersd,

'
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He suffored & grea’ less whem, on the night of July U5, 19W4
¥r, B, J. Thompson, Associste Basesrch Director of the Laboraitories, was
killed in acticn durlng e flight in an Aray plane in the Meditsrramean
Thaater of Operatlons, whils en o spooirl misslen for the Offise of the
Sscroetayy of Var, I% is with profound regrebd that we repord this leas
of an npumially capable leader and assosiabg,

Bogpectfully subritted,

%, W, Zpngatrom
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EXPEHSES - 1944

Gross Bpeanditvres

radite = Var Contragts
enf fppliied Besecreh

Est Romsarch Expenss

Aoiual
9k

$3,023, 366

2,064, 787

958,581
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RCA TABORATORILS
RIEGSARCH DEAPARTIUNT

RESEANCH IN 1944

PROJCTS SPOMGOLKD 3Y RCA

The rosearch which has been carried out in 1944 under RCA
Sponsorship and which is revicwed In oukline on the followling pages
was planned with major emphasils on war needs. The first applications
of this ressarch will in nesrly all cases be militayy. This was in
continuation of our policy of doing early and fundamental war research
with ROA fuads. As a result of this policy we have been able to take
the lead in applying our experience in furthering tho war effort and
also to dev:lop our skills in the fizlds of greatest intercst to RCA,
About a third of our effort during the year was on RCA projects, the
balance of our work having been on war contracts with the Arry, the
Navy, and the Office of Seientific Research and Development.

I. Fundamental Resoarch
II, bRadio Tubes
III. Circuits, Components and Techniques
IV, Antennss and Jave Prppagatiom
¥. Acoustics
VI. Point=to-Pcint Communication and Radio Aelaying
VII, Facsimile
VIIY. Televisiocn
IX. Special Slectronic Devices and Applications
i? Aviation Applications
£I. TIndustrial Application of Aadio~lrequency Power

XII. Industry Service Division

CONFIDINTIAL
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I.  FUNDAKENTAL RESEARCH

E]

Chemical and Physicoel Affects of Mlcroweves

At the bighest Frequencies wow in use for radar transmissicn
W8 have come Yo tha region whero moleculdr rssonasnce mey be excited,
The yanmificetions thet mey be expected Ifrom this effect are not kuown
at preszent. Thero is o poesibllilty that owing to this excitation the
selective offocts of radie waves on physiologlesl and chenical Pro-
cesues, which have been scught for and pot foand heretofore, may be
devaloped. Ths molecular effect of microwaves on . the binding forces
of various substances is of p
these waves tc influence chemical reaction is of great technical and
industrial intorest, study of these effucts started during the past
year and is Being condinusd to provide the background of knowledge
nacoasary to dstermine the commerciml poseiblliitvics in this rield,

ime scientifiec interest and the use of

EAN)

Invssgggation JF Photoeniszion

Photoemiseion is of fundamental importence in television
plekup tubes, imoge Iubes and similar devices, Therefore, a great deal
o time has boon gpsnt in research im this field, A large part . of this
work was done wnder direct NDRC contract. However, a certain percentage,
having for ivs gozl more fundamental kpowledge, has besen done under the
Sponsorship of RCA. This work includes the design end construction of
a combined electron diffraciion unit and shodow microgcope, recantly
devised by the sleciron microscope group. . With this instrument, it will
be possible $o determine basic factors of crystal structure relating to
photoemissian; information which was, horetofors, not availabls.

Genoral. Fluctuation Studies

\ As a result of continued broad bmaic studies of fluctuation
‘phenomena, a numbsr of importent problems have beem solved in commsction
with the "signal-to-noise® ratio in various types of systens such as B
and Ce-scen pulssed radar systems, and modulated pulse carriler systems,
The possible improvement to be obtained fron the use of long~porsistance
phosphors was investigated with respect to signal-to-noisge ratio,

GONFIDNTIAL
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I1. RADIO TUBLS

aro U e

swwr-Hich-Freguency Oscillator Tube

For some tims, wothods of genzrating microwave onvrgy, vsing
veloclity medulation of an sleciron gtream, haeve been under inveagtlgation
&t RCA Ioberstories. & vecont developmsnt which has come out of thig

work is an omcillator tube for superhetrodyne recsption in the supsi-
high-frequency band. This $ube is unigue, compaerad with previous degigns,
12 thet it will operate cver a wide band of fraquencics,.’ The frequency

of operation is controllable by meang of an externally cbupled circuit,

It is expected that the tube will have wide application for post-war
tolsovision and radio relaying. liodifications of the tube for this pur-
peoe ere belsng undentaken at the Harrison plant of the RCA Victor Bivision,

Botabron Magnstron

In general, the producticn of sxtremoly high frequsncies, that
i3 wavelengshy of the ordor of a millimeter, requires eithor very high-
velocdty eloctrons or exirensly small electrode size and spacing. The
uzunl cbjection to highwyslocity eloctrons ig the high voltages required
for their production, However, it is possible to obtain high-velogity
siectroas by direct magnetic inducticn; that is, a transformer whorain
the secondary is a circular hean of electronsg linking the charging mag~
netlc flux. By combining this principle with theprinciple of the mage
nevron, it sbould be possible to comstruct = practilcal gencerator of
ctor waves. This is the aim of the present investigation.

The rirst step, taat of accelerating the electroms to the
required velocity, hae to be accomplished In an experimental setup, The
second step is that of obtaining sufficient current to satlsfy the magne-
tron requiremontg. This problem is now being investigated, and experi~
rental tubes are being built wherein the conditions of magnetic and
electrie field, thecrdiicelly aecassary for large circulating currents,
are fulfilled. :

The flnal step will be that of designing sand building the
magnetron portion of the gonerator,

Ulsra-High~Frequency Recsiving Tuboes

Beam~duflection mixer tubes hawe been fourd to have grsat
advantages &% u<h-r, Laboratory models of double~deflection nixers wera
built {at the request of the Wavy) in which local-oscillator radiation
was reduced 10,000 times below that of crystal recelvers now being used

CONFIDENTIAL
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for searching out enemy radistions from 300 tc 1000 megacycles. The
crystal recelvers, unfortunately, can be detected by the snemy, even
at 100 miles; tho new tubs offers a possibility of reducing the range
of detectability to a mile or so, without any sacrifice in receiver
porformancs,

An investigation of the application of beam-deflectlon tubes
to recovering the rnodulation from FI signals was carried on during the
year.,

Further work was done on socondary oemitting materials to
sliminate the internal activation process whiéh had previously been
roquired. while showing high initial amplification, tubes using emitting
material made by this new process showed some falling off of performance
during life. Farther vork is, therefore, undsr way on this development,

During the year we designed and built a gspecial nolse=gunerating
tube which 13 intended to gr.atly 8implify signal-to-nocigse measurements
up to 3000 megacyeles. The tube comsists of a diode built as a section
of coaxial transmission line,

All of this rcsearch, in addition to that done with these
tubes for war purposes, w#ill provide us with the background o experience
necessary to make rost effsctive use of these new and special tubes in
the post«war commercial rield.

Basic Ultra~Tlgh~Froquency Triode vegign

In anticipation of the develonment of redium~power ¢ontinuouse
wdve triodes for high frequency, a basic investigation of the effect
of electron “ransit~time on the performance of large signul gride
controlled tubes was begun, The main object was to obtain data useful
in the design of u-h-f grid-controlled tubes and to cstablish the
ultimate limits of performance of such tubss at ultra-high frequenciss,

Television Transmittine Tubogs

Frior to the war, television “ransmitters of more than one
kilowatt output power were not nractical except on the firat few tele-
vision channels. Development of tubes and circuits has progresssd since
that time, though at a slow pace,

One of the tube research Projects concerned the devsloprent
of a tube having a peak power of the order of 40 kilowatts for use on
the first grcup of seven television chamnels {up to 108 megacycles),
tlork has been continued slowly on this development, the RCA Victor
Division at Camden cooperating with circuit tests. The project has

CONFIDINTIAL
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now reached the stege where a schedule has been laid out for 1ts transe-
fer to the tube engineering and manufacturing groups. Completion of
this work will place RCA in an excellent position with respect to postm
war commercialization of television transmitters for the channels balow
108 megacyelas, ‘

J& the range from 100 to 300 megacycles and higher, no tubes,
which would give substantial amounts of output power, were available
at the outbrsak of the war. Since tubes for thils rarge were of imterest
algo in the war prograrn, we began a little over a year ‘ago, a basic
rogearch directed toward the development of a tube having a peak power
output of 5 kilowatts and suitable for frequencies up to 300 to 400
megacycles. On testing this tube in a gpecial transmitter, described
later in this report, B kilowatts of peak power output were readily
attained on a frequency of 289 negacycles,

CONFIDENTIAL
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ITT, CIRCUITS, COMNPONENTS and TiCHANICULS

Circult Develonments

Inspired by the needs of high-speed facsimile operation,
several circult arrangements have been devised during the year which
are of value in other work. These involve improvement in direct-
current amplifiers, ip methods. of frequency modulation, and in audio~
frequency diacriminators.

Hew Capacitor for Television Receivers

Capacitors with certain gpecial characteristics were needed
for the high-voltage low-cost power supplies for projection-type telew~
vislon recoivers. .ie developed a design for such capacitors in which
we applicd, for the first time, a titanium compound having n very high
dielectric constunt. The resulting capacitor occupied less than 1/10
the volume of the conventional mica capacitor of the same voltage and
capacitance rating. Recent investigation of probable production costs
indicatos that the now capacitor will coet only about 1/5 as much as
the miea unit,

This development is typical of the work of our matcrials

laboratory which has produced many new materials, applications and
techniques 1mportant to the success of our achioevements.

Non-Reflectinz Glsas

Our research on the vapor process for reducing the reflection

of glass suriaces has been completed with tests to show its successful
application to glasses covering wide ranges in chemical corposition,
RCA has granted licenses for commercial use of this method.

Our research in the field of non-reflecting glass is now
being directed towards methods of producing the non-reflecting f£ilm
by treatment in acid solutions instead of by the vapor method which we
have previously employed. A postewar application of glass surface
troatment will be made in reducing the front surface reflection of
the mirror in projection-type television receivers and probably the
viewing screen,

CONFIDENTIAL
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IV, ANTUNNAS and AV:S PROPAGATION

Communication Antenna Development s

A considorable amount of resosrch work was done, during the
yeer, oun prcblems of antenna design for communication purposes. Soms
of these problems involved types of aircraft antennas for spsclal pur-
poges and with spscisl charactoristics.

Another problem involved communication deficiencies over the
northern airplane route to furope. On this project our engineers adapted
the Beverags wave antenna {normally used for recolving only) to trans-
mission with a performance improvemont of about 10 to 1 compared with
conventional antennas. A8 a result, these antennes have been generally
adopted for long-wave transmission over fer northern circuits,

Further research, carried out Jointly by the Rocky Point
Laboratory and the Signal Corps, indicasted that the wave antennas should
be useful for transmission on frequencles up to about 10 megacycles.

It seems likely that this type of antenna will have a large number of
possibdle posi-war applications.

Plecture=Scund Broadcast Antenna

Congidersble thought has been given in past years to the
design of an antonna for television transnitters. A% the beginning of
the year these thoughts orystallizsd and, anticipating the possible
early need for such an antenna, work was started on the design of one
%o oporate in the first telsvision channel; 50~56 megacycles.

Past experlence in the design of Turastile antenpas for F
hes indicated that this type of radlator might be readily adaptable for
use at television frequencies, Accordingly, a design which incorporates
the Turnstile principle was evolved with added modifications to enable
it to meet the stringent requirements of telsvision broadcasting. The
outetanding characteristics of the new design are:

(1) The antenna can be completely adjusted before
installation,

(2) The radiation efficiency of this entemna will be
congiderably greater than any in operation at the
present tims.

{3) The addition of a simple network enables the same

antenna to be used as a radiator for both the plcture
and sound transmitters.

CONFIDENTTAL




Measurement o

COITTIDENTIAL

£ Antenns Characteristics

In
necessary to
vof antennas,
8ize and shap
been limited
mathematical”
ag cylinders,
applications.

The
antenna sysie
of gsize and 1
foresably to

the design and construction of antemna systems it is

have considerable knowledge of the slectrical propsrties
In gonersl, these properties depend upon the antenna

¢. Theorstical calculations of the characteristics have

to only a few simple antenna shapes because of the extreme
complexity involved. Many other typos of radiators such
conss and spheres have very useful properties for many

increased demands, placed on the Performance of modern
ms by the multitude of different ssrvices and limitations
ocation necessary for specific applications, have brought
mind the need for greater knowledge on this subject, There-

fore a research program was started during the yoar to obtain data on
the charscteristics of various gizes and shapes of antennas by actual

mneasurement .,
in undergtand
the antenns o

An

When completed, these data will be of considerable help
ing the genoral and specific influence of the geomstry of
n 1ts electrical properties,

exhaustive investigation of the elecirical characteristics

of eylindrical radistors has recently been completed.

Antenne Patie

rn Calculator

A device is under development for desigring and checking multie
element antenna arrays. The calculator is an entirely electronic device

patterned ary

1%
the field pa:
radiators loc
in diameter,
amplitude rel
or polar coor

er a-method origlnated at RCA Laboratories.

produces, on a cathode-ray tube, a continuous trace of
tern produced by any array of from omne to five antenna
aved in any configuration within a circle four wavelengths
The currents in the radiators may have any phase angls and
ationship. The pattern may be seen on either rectangular
dinates and the radiation efficlency of the array may be

determined. The caleculator, exclusive of the cathode~ray oacillograph

on which the

The
antenna array
of calculatio
arrangement o
to a routine
some time ago
Virginia, abo
This same pro

patterns appear, will be contained in a single cabinet,

trend 1n broadcasting transnitters toward directional

8 has made it necessary in the past to do a large amount
0 and field measurement work in deciding upon the location and
f the antenna radiators, All of this work will be reduced
few minutes of work with this new instrument. For instance,
in planning the antenna arrays for stationm WTAR in Norfoll,
ut one month of calculation and field work was necessary.
blem can be solved on this calculator in a few minutes.
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Rotagx Line

The function of transmission lines, in gemneral, is to carry
electrical energy officiently from one place to another. ilectric
currents in radio-frequency transmission lines ocbey the same natural
lows as the currents in 60«cycle powsr transmission. Howsver, becaouse
the frequency is very high, there are phenomena of radio~frequency
lines not commonly observed with power lines. Unlsss a special condi-
tion is fulfilled by the rcceiver of energy, the so-called termination,
there will be periodic variations of current along the line, Mathemati-
cal analysis of transnission lines enables ons to dstermine from a
series of messursments the sxact form the terminntion should take.

A ®rotary line®™ has been developed which greatly facilitates
moasurement cf the current varlations. The “rotary line" is inserted
a3 a section of the transnission line. The current varlations, which
are then shown instantaneously on an oscillograph, completely describe
the termination. The effect of adjustnments at the termination is im~
mediately and completoly seen. This davice also has value for demon-
strating tranamission 1ine phenomsna.

CONFIDENTTAL
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Anti-Noise Microphone

_ An anti-noise microphone is ome which has very high discrimina-
tion against nolse when used ab normel close~-talking position. Such a
microphone is very useful on airplanss, shipboard, tanks and other locas
tions having high noise levels. An RCA project was started early in the
year, based on a new idea in anti-noise systems which makes it pogsible
to achleve very high discrimination againgt nolse., Such a microphone
was constructed and tests of its operation proved very successful., It
was demonstrated to the Navy who showed great interest in the device.

It is expected that they will shortly place an order for a quantity for
military use, The information on this development has now been turned
over %o the Indianapolis plant of the RCA Victor Division where the
microphones will be manufactured. ”

¥idget Microphone for Television Broadcasting

In television broadcasting the microphone for sound piclk-up
requires even more rapid and ingenious mapipulation, than does the one
used on the sound wotion picture stage because of the necessarlly more
continugus actlon in the television studio, It ig, therefore, desirable
that the microphone be as light in weight as possgible so as to avoild
the need for a heavy boom structure. During 1944 research was started
on this problem and a weight reduction from 2 1/2 1bs. to 1 1b. was first
accomplished. This microphone had such great advantage over the previous
type for telsvision pick-up work that we were urged by NBC to carry the
development further. By use of a new permanent magnet material and an
ingonious design of the mechanism 1t was possible to develop another
microphone weighing only 1/2 1b, and having performance equivalent to
the first unit. The KBC were testing this mic¢rophone at the close of ths
yoar and they urged its production for television studio use. They are
also considering other uses in the broadcasting field. ’

High-Fidelity Microphons for FM

Standards set by the FCC state that the response of the
microphone used on FM transmitters shall be uniform from 50 to 15,000
cycles, The RCA type 44B velocity microphone satisfies these requirements
between 30 and 10,000 cycles. However, the respense of this microphons
falls oft gradually above 10,000 cycles. At 15,000 cycles it is down
about 5 db, The high-frequency response of a velocity microphone is
determined by the length of path from front to back or by the baffle gize.

CONFIDENTTAL
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To obtain uniform response up to 15,000 cyceles it is nccsgsary to use
a relativcely small baffle which, of course, means a reduction in fluz
density and scnsitivity., Since the magnet struciure constituss the
baffle, study of both 1ts szcoustic and magnetic charscteristics was
carried on to determine a structure which would yield uniform response
up o 15,000 cycles and a ssnsitivity equal to the 44B. As a result
of this study, a high-fidelity velocity microphone was developsed in
which the response over the range from 30 to 15, 000 cycles is uniform
to within one db and the sensitivity is equal to the 448,

Duplex Cone loud Speaker

During the year, a new type of loud speaker was developed by
RCA laboratories for use in monitoring broadcast or sound recording
programs, or for high~-quality comrmercial soupd. Toward the end of
the year, this loud speaker was ricld tesked by the National Broad-
casting Company and was judged superior to any loud speaker previously
available. The loud speaker ermploys two concentric conical diaphragms,
each driven by its own volce coil. The uniqus feature of this loud
spoaker is that the large cone is a continuation of the small cone.
This design makes it possible to obtain uniform responsg, a wide direce
tional pattern and low distortion of the wide frequency band of 40 to 15,000
eycles., The RCA Vietor Division is considering the menufacturs of
these speakers,

CONFIDENTIAL

i1,



CONFIDENTTAL 1z,

VI. POINT-TO~POINT GOMMUNICATION and RADIO RuLAY TG

Radio Relayine

Research, started before the war and continued since at an
accelerated pace for war purposss, has provided tube and circult come
porents which will permit radio relay systems to operate ai higher radio
sarrier fregusncies. Radio relaying is particularly important to
RCA, becmuss of the certain growth of television broadcasting after
the war. It was felt important, therefore, %o begiln, as an RCA project
during the past year, a thorough study of the subject which would scrve
as a basis for determining the RCA policy with respact to rassarch,
manulacture, operation and licensing inm the field of post-war radic
relaying.
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VIT, FACSINILS

Facsimile Duplicatop-

Zarly in the year a comprehensive report was prepared by
KCGA Leboratories bringing together a historical roview of our research
and development in this field, listing the features of the various
recording processes and the applications to which they were bhest
suifed, and giving soms projection of fubure possibilities. This
report was prepared for the RCA Laboratories Planning Committee.
Reviewing ths fiseld about the middle of the yemr the New Projscts
Committee of the RCA Victor Division Tound tape facsimile under way
as a military application and approved a plan for adapting the design
to post~war commsrcial service. They also recommended active product
design of the facsimile duplicator and gave it first priority among .
the several posgsible facsimlle projects. The Laboratories wers able -
to provide a promising basic design and, by the end of the year, the
RCA Victor plant i Indianapolls had nearly completed 6 samples,

The next sbtep is the remote duplicator for facsimile traps~
mission from oue office to another. This necessltates synchronizing
equipment and, to meet this need, the laboratories have developed
Quring the year, speclal circuits and drive motors. Bench testa show
that we will be abls to supply Indianapolis with basic design data on
this problem as soon as they arve ready for it.

The major work omn the duplicator, however, has been the
regearch on paper and chemical solutions to obbtain acceptable precorded
copy. This has lnvolved some very specialized work in certaln classes
of organic dyes. Close cooperation has been establishsd with a paper
manufacturer and one of the largs dye companiss., A combination has been
Tound of & new solution and a modifisd paper stock which gives a dark
blus~purple dlack image of good contrast. The stability of the backe
ground on exposure o light has been mach improved and is thought to be
satisfactory for most applications.

In the rield of tape fracsimile, a simplified synchronous drive
has been developed and a small recorder model asgembled. Information
on this has been pagsed along to Indianapolis at several conferences.

Some time has also been devoted to cooperation with the U. S,
dJeather Buresu who are operating two facaimile map circuits with ourp
ogquipment, and are considering means for expanding this service even-
tually on a nation wide scale,
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VIIT. TILAVISION

Telovision Transmitter

Zarly in the year, we started developrent of a test trans-
mitter capable of wide~band modulation and for use in tosting the high-
frequency tube described earlicr in this report, About the middle of
the yoar, the transmitter developrnent had reached the stage where it
could be used to test the tube. Five kilowatts of peak cutput power
were readily attained on a Trequency of 288 negacycles,

Subsequent to this, an antenns was crected on the roof of
the main laboratory building at Princeton and field intensity msasuree-
ments were made to investigate the propagatlon losses which might be
encountered at this frequency. Among other tests, reception of tele-
vision pictures at 288 meégacycles was investigated in a residence
location about 4 miles distant ovsr rather unfavorable terraim. The
pleture quality was excellent and the signal strength was such as to
indicate tha% adequate service would be obtainsd over much greater dig~
Ttances if a higher transnitting antenna were used, ‘

The pext step will be to try transmission undsr conditions
more represcutative of a broadcast servico arsa. This is plannsd Ffor
‘sarly in 1945 by moving the transmitter to the Lmpire State Bullding
in New York City. In this cornection, work was already well along at
the end of the year on the design of the transmission line and antenna
for the New York lnstallation,

Cathode~Ray Tubes ror Television

This resesrch pertains to components which have application
in a wide variety of television viewing tubes, and is gsneral in nature,

- Hork was done on improving cethodes in order to obtain
higher current denslty, lower rower consumption, and less ion 3pot,
This included an investigation of "thoriummonmtungstemmon»tant&lum"D
and Wtherium'onmmolybé@numwonwtantalum“9 and of the geometric form
of the cathoda,

A ssudy was made of the aberrations in the second lens of
cathode=ray guns, in order to obtain an appraisal of the relative
merits of' electrostatic and magnetic lenses,

The problem of obtaining high light output and high contrast
is of great importance for kinescope development. A series of tests
were made on evaporated fluorescent screens as & means of accomplishing
these ends,
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Projection Systoem for Home Telowision

Our dsvelopment of reflection tyve optics for telsvision
and the molding of the lenses was dirscted to war uses. Reflection
type optics were employed for producing large images of radar picw
tures used for tactical purpcses. Such optical systems were supplied
(by RCA Victor) in largs quantity to the General wlectric Company for
use in radar equipment they are producing for the Mavy. Research was
continued or the development of molds and moldi ¢ techniques for making
plastic lenses. sxpericnce gained through this work will be very use-~
ful in the ;ost-war cormmercialization of television.

4s @ result of experiemce with projection kinescope and
reflective cptical systems, 1t was concluded thet g systen using a
o-inch diesmeter kincscope and a l4-inch diameter spherical nirror

would represent a good ergincering design and provide a picture of
adequate brightness, size and resclution. ije constructed, two such
systems using glass elements, one Yor tosts in Princcton, and the other
in Camden. Later during the year the Victor Division produced a small
quantity of receivers for field tests and denmonstrations based upon this
devel opment and using a lens moid made by us,

Covperation with FCC and PR

On Sepbembar 23rd, the Federal Communications Commission
visitod the RCA Laboratorics as gucsts of ROA. The program included
& tour of the laboraborics and demonstrations of work in progress. The
purpose of having tho Commission here was to provide its meombers with
information which would be helprul to them in connection with the hear-
ings to be held later in the yesr 1o consider frequency allocations
throughout the ‘radio spsctrum. Demonstrations were gilven op Y and
television raception, the latter including somo military develonments
relating to television which were shown to the Commissioners with.the
pernission of the Government departments concerned.,

fACA Leboratories did additional work on the automatic~fre-
quency=-control type of synchropizing circuit and supplied, to the Radio
Technical Planning Board, the latest information on this subject, This
circuit provides improved pleture stability under conditions of inter-
ference and weak signal,

During the FCC Hearing, which cnded on Yovembor 2nd, 1944,
members of RCA laboratories contrivuted to the RCA testimony and to that
of the RIPB., The RCA testimony demlt primarily with propagation matters
alfecting allocaticns for broadcast services in the resion above 30
nogacycles, RCA engin.ers attempted, for the guidance of the Cormission,
to clear away the confusion which apyeared to exist in the interpretation
of informaticn which was available on the Propagation in the region mon-
tioned.
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IX. SPECIAL ALACTRONLC DLVICES and ALPPLICATIONS

mlectron Microscope and Allied Jlectronic Ressarch Tools

Although very practical electron nicroscopss are in production
and on the market, ressarch simed towards improving this type of imstru~
ment has continucd throughout. 1944, Inmportant improverents were made in
the cathode design and method of adjustment, which have led to the elimi-
nation of troublesome spurious spots and also to the »oasibility of an
interchangeable condensor apsriure which greatly dscreases problems of
corroctly focusing the instrument. Considerable work was done on the
design of clectron lenses for the microscope with a conssquent improvement
in their efficiency. :

The investigation of an clectron mlicroanalyser, which identiries
the chenical clements in microscopically small specimens through character-
istic retardations of slectrong passing through the objects in question,
wasg continued. This work included the study of a large number of materials
to determine the range of usefulness of the device, the development of a
now deflected beam system which greatly improved the operation of, the
ingtrument, and the perfecting of a special object chamber which makes
possible the analysis of casses, At the request of another Jlaboratory
enpaged in war research, the develojment of a speclalized object chamber
with lilquid air cooled walls was started to permit the analysis of very
pure chenical surfaces.,

Considerable work was done on develeplng an improved, high=~
resolution elsctron diffraction camera, This instrumont is so arranged
that 1t also rfunctions as a shadow microscope, thus pesrmitting a much
greater knowledge of conditions at the specimen, &xperimeantal instru-
ments based on this rrinciple have alveady given very good resulis.

Storage Tube Development

A numbsr of electronic devices require for their operation
Some means of storing the information contained in an electrical signal
and at some predetorminasd period later reccvering the information. Such
equipment would,  for axomple, be useful for a number of radar applications.
The storage tube, whorein the infornation is storsed in the form of
“elsctric charges on a Special mosaie, can perform this function. Theree
fore, the development of such a tube wag undertaken about two years 8E0.,

About the middle of last year, a very lmportant applicstion
of such tubes to radar had developed, namsly that o? ground clutter
elimlnation, Oreet interest in this development has besn shown by the
OSRD; our Army and Navy, and the British. This development 1s proceeding
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as an RCA project., Storage tubes meeting most of the requirements
. of the applications in question have heen built experimentally and
1t 1s expected that continued research will overcome the remaining
difficulties shortly. ‘

We are now under great pressure fron the Signal Corps to
push this development to a successful conclusion as rapidly as possible.
Ours is the only laboratory that has developod equipment which appears
to offer hope for a practical solution of this problem of ground
clutter eliminatiorn,

High=5peed Scannors

For several years research has boen proceeding at HROA
Laboratories with the objective of Scanning a scene rapidly enough
with a radic beam so that a continuous roecelved redio picturs could
be obtained. During the past year substantial progress has been made
in the construction of a practical apparatus, The Army, Navy and
0S3D have all shown increasing interest in this Project that hss
been procesding at CA expoense. Hecerntly & cooperative project has
beern initiatsd with the Radiation laboratory et MIT o supply an
airborne version of the equipment %o the U.S, Wavy, Conversations
with Signal Corps officers und demonstraticns of cur ground squipment
to them have indicated that it ig 1ikely to be applicable %o ome of
their vary high priority projects for which no other squiyment has
besn found sultable, 48 arc cooperating in the test and devolopment
of apoaratus for thig purposs,

}unfire Control

One of our major war contracts during 1944 was for the
devolopment of an automatic electronic Firs-control squipmont fox
anti-aircraft guns. Oup cormpletion of this agsigoment was so successe
ful that the Armed Services have encouraged continued RCA participation
in the fire-control field. ‘e &re in an advantageous position to do so
because ¢f our research on electronic counters and because of our radar
experience. It is likely that the major use of radar in the future will
be a8 a compconent slement of complete systens. Therelore, il RCA wishes
to remain in the radar field ns a Prime contractor it must undertake the
sngineering and manufacturing of corplete gystemz. In view of this
general situation it was decided that RCA would sesk actively to develop
its position in the fleld of gunfire control apparatus. In accordance
with this policy, we have continued research and development on gunfire
control systems at RCA expense, following the completion of our Army
contract for the director now undergoing tests.in the wuropean war
theatre. This work will be of valus in preparing us to assist the RCA
Victor Division in getting ready for their cxpected production of fire-
control equipment and to further our undertaking of additional- develop-
ment contracts for such anparatus, '
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Tinms Moasurerent with clectronic Counters

Applications of clectronic counter circulits have been under
luvestigation at RCA Laboratories for a number of years, Several
electronic timer oquiprents, measuring tims in intervals of 10 rnicro-
seconds, were supplied to the Army and Navy about two years ago for
use in msasuring projectile volocities, Development of these instrie
ments has continued because of both their military and peacetime
applications. Zdarly last year improved squipment reasuring time in
intervals of 1 mierosecond was supplied to tho Services. In addition
to its greater accuracy of timing, this equipment was much smaller and
lighter in weight than that originally supplied,

ROA research, during tho past year, has provided still further
reduction in size, weight and number of tubes, while retaining the previous
accuracy of measurement. Such units are expected to find extensive post~
war uses as laboratory instruments and as components in electronic
computing machines,

Uslug this same technique, equipment has also boen developed
for measuring any Ifrequency from 1000 to 1,000,000 cycles in one second
with a precision of plus or minus one cyele. Similar apparatus is now
in use to count the irregular pulses from a Galgor tube and thus give
8 measure of Jl~ray radiations,

In addition to the peacetime applications promised by these
devicss, thsre hag heen a continued intsrest by the military servicas,

Heatl Detecting Devices

Belfore radar became practical through developronts in ultrae
high-froguency radic, much work was done by the Armed Services in
developing methods for locating airplanes, ships, etc., by dstecting
the heat radisted by them., . here 1t is necessary to maintain radio
silence, heat detecting davices could be used to great advantage., This
s8arly work did not lead to practical rogults because of the sluggishe
ness of availabls detectors, -

ie began research in this field during 1943, brinsing together
our expsrience in the ficlds of haat«sansitive»devicesp optics, televisicn
and general slectronics., This vork was continusd durlng the p&st"yeaTQ
and apparatus was developed which, when denonstrated to the Navy, was
Judged to have military valus. As a result of this demonstration, we
received, later in the year, a contract to develop and construct similap
equipment suitable for service tests on shipboard,
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Lo AVIATION AVPLICATIONS

Applications of Radar to Civil'Aviation

Through our war contract work, wa have gained much experience
and skill ia the field of radar equipment design and utilization. It
s desirable to make all possible use of this knowledge in the post-war
Poeriod in providing neceded commercisl products invelving this type of
equipment, A study was thereforo made, during the year, of the applica=
tion of radar principles to aviation instrumentation and a report cone
taining proposals for complete systems was under Preparation at the close
of the yesar. This réport, and similar material to be prepared by ths
RCA Victor Division, are to be consolidated and used as a basls for RCA
proposals which will be submitted to the government agencies concernad
with civil aviation planning, for their comsideration and recommendations,
The actual déovelopment of apparatus will not be undertaken until system
planning by the government ang others 1s further advanced.
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Dehydration of Penicillin

farly in the year, a study was begun, on the application of
radio-frequency heating to the dehydration of various medicinal ligquids.
One of the rirst to be studiead wae penlclillin, sincs it appearad that
the application of radlo=-froquency heating to this materia) might pro-
vide definite advanrtages over the existing commercisl method of Process—
ing. The present methed consists of froeze drying at low temperature
undsr a high vacuum and requires many hours of time and very expensive
sguipment, Our study has shown that, by tho use of radio=froquency
Q0W8Yr, Wo can accomdlish .the same result with much less costly apparatus
and a procedure which provides a mors effective menufacturing schodule,

The radio-{requency method involves two stages. The first
is a bulk-reduction crocess vhich concentrates the origlnal liquid down
to the point where it can be »laced in the small armpoules which are used
for final shipment. 'the second stagse involves the final dehydration of
the liquid in the arpoules to a completely dry state,

The dehydration of penicillin requires this gpecial treatment
for drying bacause, in its liquid state, this drug loges its potency
rapidly if iss temperuture 1is vaissd to roon temperature or higher, By
aprlying a moderate vacuwm and heatlng the liquid slightly by radio=
frsquency sower, it i: possible to boil off the excesgs llquid rapidly
at ubous roomnm temperature, Tests have shown that this results in no
loss of effectivensss of the drug,

During the first part of the year, equipment for the bulk
reduction of peniclllir was developed and installed in the New Bruanswicls
pland of B, E. Squibb end Sons whers it has been in suecessful operation
ever since,

The second stage of the radlo~frequency treatment reqguired
the devslonment of a rechanism for rapidly spinning the small arpoulses
to prevent ths tiquid from Toaning out of them as it is being dried.
The design of thig equipment was rapidly aporoaching completion at the
end of the year,

Similar meth:ds of dehydration appear to be applicable to
Other drugs, anti~toxins and other medicinal 1liquids such as blood
Plasma, Some of these were trisd during the year with succsagful
regults,
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Pasteurization and dvaporation of 1'ilk by Readio Frequenéy

Berly ia the year, work was started, on tho application of
radio~frequency heating to the Pasteurization and evaporation of milk,
In the work on evaporation of milk, it was found that this could be
easily accomplishad by the uss orf radio-frequancy power and thet the
milk so trested retained the good flavor of fresh unevaporated milk,
This tflavor is wsually lost by present conventional methods of SYADOIA=
tiom.

In the work on pasteurization of milk it was found that by
very rapid heating and very repid cooling of the milk over a very short
time period, it was possible to decrease the bacteria ¢ount and also
avoid the cooked taste which would result if the high temperature were
retained for any length of tims,

Ths results obtained on bacteria count by this method were
quite remarkable, #1311k, which present mothods could not bripg within
the standard low bacteris count specified for milk to be sold COmMO e
cially, was quite acceptable when processed by the radic-rrequency
method, The only disadvantage found with this method lies in the
fact that this treatment has a homogenizing eff'ect om the milk and
while it dces not change the butter~fat content, it does decreaso the
ability of the cream to coms to the top of the milk, So far no solution
of this problem has been found, :
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XIT, IMUUSTRY SGRVICZ DIVISION

Industry Service Division Activities

Our normal. licensee scrvice activities were greatly cure
ftailed during this yeor, dus to the fact that the ma jor portion of
our staff and facilities were devotod oxclusively to development
work for the armed forces, Review of this work appears slsewhere
in this repcrt, Nevertheless, close contact was maintained with owr
old licensees, and as now classes of licensses were brought in we were
able to give them wuch help.

Considerable work was done 1o investigating and reducing to
practical form circuits ang apparatus for projection telsvision and
Pl receivers. The objective in this case was to rpropers information
and comstruct models which could be utilized by licensces as a bazisg
for »roduction design, Iuech work was also done in connection with lowe
reflecting glass surfaces, This work had a boaripg on miiitary appli~
cations in addition to being of interest $o RCA licensses,

A considerable number of licensee ongincers visited the
Industry Service Division labor&tory primarily to discuss POSL Ry
commereial possibilitics and design trends im the FM and television
Tields, Parvicular interest was cxpressced in low~cost television
signal gene ing and testing equiprment, new types of tubes and tha
design of opfical systems for projsctinn television, Bullstins were
issued to liceusecoes during the yoar giving detailed information on thess
subjects and based on development work and models built in our Laboratory.
In addition, s comprahensive Patent Bulletin, listing recent RCA vatenty
and others which licensees have the right to use, was issued, Facilities
of the laborstory were used by various llcensees, as heretofore, for testa
and measurements of their apparatus. The recently installed "Stratoe-
chamber® was particularly useful to licensees for tesgts on apparatus
being manufsctured for thoe Government,

A comprehsnsive report giving the results of a study of ths
field of nuclssar physles; which dealt with recent work inm atomilc reseerch,
atonic power and the like was prepared aand distributed to interested
parties withia the RCA group, A similor study is in Progress dealing
with the field of electronics as related to living matter.
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RCA LABORATORILS
RESKARCH DEPAWTMINT

RUSEARCH UNDER GOYSRNMENT
CONTRACTS IN 19LL

About two-thirds of our research during 1944 was done
usnder war contracts with the Army, Navy and ths Office of Scientific
Research and Development, to meet specific research objectives or %o
develop and construct specific apparatus of interest to the armed
services, These contracts were, for the most part, based on debtalled
proposals which we were able to present to the govermment agencies for
their consideration because of early and fundamental war research
carried on under RCA sponsorship. This early work made it possible
for us to determine what lines of investigation would utilize cur
gpecialized gkills and facilities to the best advantage in meeting
immediate military needs. In thus utilizing our experience to gerve
the war effort best we have at the same time kept our activities
within the fields of greatest interest to RCA. Furthermore, the
quantity production which has resulted from our developments under
war contracts has been of a kind well sulted to the manufacturing
experience of the RCA Victor Divigion., Our work during the yesr hag
provided more new manufacturing bDusiness than RCa Tictor has had
capacity to undervake. However, the equipment orders which did not go
to RCA Victor have been valusble Business for our licensees and
therefore of value to BCA.

In the following pages we will describe briefly in
topieal form our work umder contracts during 1944,

I, Militaxry Radio Communications
II. Radar
1I1. Underwater Sound

IV, Generazl Blsctronics

V. Radio Tubes

SECRET




j SHGHRET

AT

I. HMILITARY RADIO GOMMUNLCAZION

Transmiasioug from an Mroraft Garrier 0 its Planes

Devslopment woxk has been under way foxr the pash year and
one-nalf on a systam of commnicatling bebween ground and ailrplanes
whalch is of parbéicular inberest to the Navy in comnection with the
aperation of fighter plames from atrcraft carriers. Briefly, ithe
transnlssions from the carrier automaltically set up ideogrems on
sa indicsbor in front of the pilod, or, alternatively, prepare a
orinted record, There are selective features which make 1%
possible $o ssnd a meossage to a selected plane or to a pumber
of sirplames simmlbanecously, as desired. Special Teaturss protect
the trensmipgsions from deliberate interfesrence from the eveny.

It ia snticipated that the development will be couwpleted early

in 1945, Plans for prototype produciion are pow under way, aad 1%
is quite likely that the RCA Victor Divieion will manufaciure

gome 25 wnibs. I the prototype models perform as aaticipated,
prasent dmy snd Navy interest Indicates that profuction in terms
et thousands of wnibs will be plapned, Sigee the device in gnestlon
hae intersshing post-war possibilitles, the sexperiencs obtalned

by ROA Victor shoild have definite valus b0 RCA,

Yegb-Pocket Pramsceiver

4 vest-pocket combined transmitler snd recelver was
developed during 194 gnd the reguived iaformation supplied whereby
e Office of Stiratezic Seryvices hald 530 umits prodoced by an
oubside contrackur., A lesser oumber of a hesvier unld was also
produced. The hesvier anlt 1s operated in conJuaction wilth a nag-
pebic wire recordey whershby both sides of a conversablon up %o &0
miputes in lengbh may be recorded, “his sguipment was field tested

in Fngland and on the Conbinsnt with very promising resulba,

Padic Aelay Bagulpoend

Naring %he past year, a dovelopnsut which provided for
relaying by radio of eighi channels of telegraph or telephones on
a carrier freguency of shoub 1500 megacyvelas was completed for the
Signal Corps, The next step sppears o be the davelopment of gimilar

relaying egquipnent for uge with broad band glgnals such as televlsion

and radar. A orogram for such work epd also for the investigation of
relsying ab sbiil higher frequencies is mow under songideration to
determine 1ts military interest.
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Interferencs Reduction

Under an WDRC contract, we investlgated possible lmprovements
of FM radio telephone systems used by our mechanlzed ground forces,
with respect to jamming (deliberate interference by the enemy). Four
receivers having improved chara‘teristics were built and sent to
governient groups for field tests.

Other investigations were carried out under contract for
the purpose of improving facsimile-picture and other transmission
services wlth respect to interference and Jemming.

Jomminge of Enemy Radlotelegraph Communicaticns

W3 have developed techniques and gpparatus to jam enemy
radiotelegraph communicationg many times more effectively than has been
possible with previous methods, Our method gutomatically shifts
frequency to follow shifts in the frequency of the enemy. This work
was done under contract with the OSRD. Prototyps samples of thig equip-
ment will be designed and produced by an organizatlon outside of the RCA.

Secrecy Methods

Under contracte with the Army, a system is under development
to provide privacy in facsimile transmission. The terminal sgulipment

for this system was mearing completion at the end of 194l, The research
and development work will continue well into 1945,

BEarly in 1944 the Riverhead and Rocky Foint Lazboratories, in
- cooperation with the Navy, undertook to develop equipment and try out a
gysten of radio communication intended to make 1t possible for a ship
to comnunicate with a land statiomn in such a manner that an enany could
not detect the presence of the ship or the fact that 1t had radiated
slgnals,

ATter completion of the special equipment, a series of tests
wers made in which Rocky Point and Riverhead respectively slmulated
transmitting and recelving ehore stations while & station near Chlcago
slmulated a ship, These tests having given good results, the equlpment
was taken outside the country and tested agszin under naval operating
conditions. All equipment functioned satisfactorily and the system
seems qulite promising for its intended purpose.

A% the beginnlng of the year we broughtito & ¢lose our work
at Princeton on another secrecy system which we had been developing
under a coniract with the Office of Sclentific Research and Devslopment.
Although the projected investigation was successiully completed, the
apparatus constructed was not Jjudged to have gufticlent military
value to warrant further development at present.
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I RADAR

FM-Radar Alds to Bombiﬁ@;

During the year, we carried out an sxtenglve program of
regsearch for the Navy on FM radar alds %o low=gltituds bombing. The
basic princinles for this work are the results of RCA research gond
ours was the only organization working on thess principles,

The RCA Victor Divisicn has been in procductlon during the
past year on some FM radar equipment for releasing bombs at the propsr
point before the target. This equipment, which hzd been developad at
RCA Leboratories, required an antenna of congidersble slze., As alrcraft
are desigred for higher snd higher speeds, 1% Deccmes morse snd mire
important to eliminate protruding structures such as radlo eniennss
because of thelr wind resistance. A&s a result of thls, we developed,
during 1944, bomb dropping equipment in vhich such a high frequency
was used that the antebna structnre could be sufficlently reduced in
gize t0 permit 1%s installation within the wing of the plane. Infore
mation on this devslopment has been turned over to the Admiral Coxporation
who have contracts to make the equipment for the Navy.

We heve recently completed ths development of a modification
of these radar bombing agulpments %o make it vnnecssssxry for the pllod
to fly at a predetermined mltitude. This modified equipment has besn
applied o pruduction by both the RCA Victor Dviglon and the Admiral
Corporation. Furither development ls belpg carried on 40 give the pilot
additional freedom of manenvering during bombing runs,

The development of a complets gutomatic bomd drepping equip=
ment was also finished during the year. Thls equipment determlnes guto-
matically the course the plaue is $o fly as well as the dropplng polni.
The course is set by means of FH radar signals and the tlme for drcpplng
the borb 1s determined gutomatically by these same radar signals, Flight
tests indicalied that the equlpment we developed provided for very
accurate bombing., Information on our developments was turned over to the
Admlira)l Corporation and they produced a limitsd number of these squipments,

During the latter parit of the year, at the reguest of the WNavy,
great emphasis was placed op modifyirg radar bombing equipment to make 1
avallable for the release of typzs of projectiles other thau bombs, Our
type of computer ls particularly saitable for use with such equipment,

Preocise Navigation for Bombing

Over five years sgo a method of precise navigation was originated
in the Induairy Sexvice Division of RCA laboratorles. This was appllcable
to alrcraft navigation up to spproximately 300 miles from base slations.
After a time, the Army became interested and a corntract to develop thig
navigationsl method for "blind® bombing was recelved,

Early laat year, work was procseding %o tie ln our pavigationel
equipment with the airplane®s bombsidropplng device. About ths mlddle of ths
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yveayr, flight tests before represzontatives of the Royal Alr Farce snd

our own 12th air Forcs resulted inm our belng asked o supply research
persounel for field tests in theatrves of operabtlon, Thrse engloeers

of the Industry Sexvice Division went ©o the Buropean war theatys T0
azalet in combat tests of the eguipment. dccurecy betber than Thal
atbained by visuzl methods is reporsted as the result of the fleld Sests.
The production of this equipment was, therefore, glven a priority blgher
than that for any other rafar device. The ROA Vietor Divigion is
building this equipment ln large quaniitles, Fwo of our snglnesrs
remain in the buropean theatrs to assist in the uss of this squipnent,

Long~Range Naviggiion

5 new type of mavigational eguipment has been devsioped during
the war through work initlated at the Radiatlon Loboratory abt Massachusstts
Institute of Techmology, This equipment was very much more secarates for
navigation ¢ver a long renge Shsn the rodio~-coupass apparabus used
previously.

Turing the year, the Industry Service Division worked on this
equipment to simplify 1%, As a result of this work, ths tube compliment
and welght of the egquipment were Loth roduced by one-half. The BHCA Victer
Diviglon now has a vexry sizable order for the comstrucilon of ¢his
sgulpment,

Research is continuing with the obhject of making this systen
operable ovar siill longer ranges.

Light-Weight Radar Seacon

Tazring 1943, & project was indtlabed pnder OSED gontract for
the developneat of & portabls or alrborns radar bescon which would operate
in a hizher frequency region than any squipment of this type previcusly
consbructed, Tnis sysbem regaired bhe development of new Pubss ag wall as
new circuit and antenns componsnbs.

Tais project was completed im 19WH with the dalivery of tubes
and complet2 apparatus to the Radiatlon Laboratory ab Massachussetis
Institute of Tachmology., &1ld was slso furaished to %he RCA Vietor
Divigion who have been selected as the manufacturer of the tubss and alr-
vorne modsls of the beacon. It is sxpected that thia devaiopment will
have considarable application during the remalndar of the war sad also
in the post-war clvilian alrcraft navigation program.

Radar Wide-Band Antenna

In order to permlt wide flexidDllity af frequency selection, %0
provide means for evolding the effecte of enemy jamming, 1t wae desirable
$to have a directive antenna for radar which would operate over s wids
band of carrier frequencies without adjusiment end with good rediation
efficiency. The development of guch an antenna was completed early in ihe
year under an Ammy contract. The RCGA Tictor Divisiocn is now working on
pre-production samples of a radar system using this broad band pntenna.
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Rader Indicator Scresnsg

Yhe type of cethode-ray-tube scresn employed to reproducs
the radar indication is very importsnt in determining the sfficacy of
the radar squipment. If the screen can be given the property of
reteining the image of the trace for several seconds, until the boam
returns to sweep out a new trace, it is poesible fo design radar systegs
which can poritray complete up=to-the-minute maps of the terrain belng
sxplored, and alsc te produce sguipment which integrates the signzl in
guch a way that the indicaiion 1s relatlively insensitive to radic inter~
ference. An intensive research progran wsg set up al RCA Leboratories and
slsewhere, almed at the dsvelopment of such a phosphor screen, This work
has besn highly succeseful and the rssults have been applied in about
500,000 rader cathods—ray tubes manufactured at Lancaster,

in ordsr to coordinate ths work om radar screens hers and in
England, @ member of the Laboratories staff was sent abroad by the
Offlce of Scientific Research gnd Development to study the British
regearch ant manufacture of cathode-ray tubes. Some of our special
screen maberiels have no British counterparts, and several pounds of
these maternls were sent t0 England at the request of the British Admiralty.

4 new typs of scresn which ls transparsnt and which therefors
can be used where the amblent illumination is high was under invesiigation
during the year, Thls development is very promiging although 1t has not
veb been brought $o a polnt where such screens can be applled in
practical tubss,
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IIY. UNDERWATER SOUND

Obutacle Detsctor

Early in the year, ths NDRC called our attention to the
vital nesd of a means for detscting submergsd objects which ssrvs
ag barriers vo landing craft in shallow water. Research along
this line wos startsd, and we svolved & very small ulivascnic
device which operated undsyr watsr to give the dirsction and approx-
imate dlstance of an obsiacls Iin & manner somswhat analogous to
radar. Opsration was possible at distances wp to about 50 fset.
It 1s dnteresting to polnt out the almost unbsliovable fact thal
the frequency of vibration produced in water by this devies is the
same ag the frequency corresponding to the middle of the standard
broadcast band -~ 1,000,000 cycles.

ixploring parties praceding landing craft will be able
to use this device to do theilr Jjobs mors rapidly and with greater
cortainty than in the past when they had to feel thelyr way slong.
Subgequent o successful demonsitratlien of cur development to
ropresentatives of the NIRC and the Navy, this davics was placed
in production in the Indianapolls plent of the RUA Tictor Division.

Heterodyne Depih Charge

Tn thig desvice, a supersonilc radiator and recelver are
used to firs the depth chargs automatically when 1%t ig closest to
the submarine. The original model which we hed developed was put
in production sarly in 1944 vy the Cperadio Manufacturing Company
and more than 25,000 units have been mamufactured. We have con-
pinued our development worl on the device, to help overcome manu-
facturing difficeltias and o work out improvements which have been
Incorporated in the production. One of these lmprovements was a
new laminated magnetostriction driving rod, which inereased the
cutput more than four times and rsduced ths nolsse considerably.

Icho=-Renglre Projecior

Iuaring the latter part of 1947 and the early part of
19U we carried out a study of magnetostriction projectors ueed
in underwaier sound scho-ranging equipment. The efficlency of
these projectors was quite low, about 12%. We felt that this
afflciency could be improved and thersfors a development program
wag started. As a resuli, a new type of driving system wag
developed lncorporating a laminated rod and having the eatire
asgembly mounted on a screw thread. The efficlency was found o
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be four timss that of the conventional driving system. Usging a screw
thread Ffoy fastenlng the driving system instead of the conventlonal
practiée of scldering the tube Lo the dlaphragm malkes it possible to
tune and test sach unit separately. This work resulied in a Navy
contract to develop a complete projsctor. Several of these projeciors
wers developed and the increassed efficlency was almost twlce that of
the conventional projector. The RCA Vietor Division has made a pre-
production sample of a projector using the new type driving systen.

Magznetostriction Microphene for an Acoustic Mine

Mines intended to be exploded by scunds of an approaching
ship in the water have, herstofore, utllized a Rochelle sal® crystal
as their microphone element. These crysials are very dolicate and
easlly affscted by high temperature and hamidity. At the request of
the Naval Ordnance Laboratory, we developed a magnetostriction micro-
phons to replace these crystal elements. Thls unlt was found %o be
as effective as the crystal microphone in tripping the mine, much mors
rugged machanically, and practically uvnaffected by temperature and
homidity. The question of further action based ea our developmend is
pow under congideration by the Naval Ordnance Ladoralory.

Sound Signsllice Systsm

This project, which was carried on undsr a Signal Coxps
contract, had as 1ts purpose the development of a system for under-
water volce communication having a range of several miles. 1%
involved the devalopment of both transmitiing and receiving equip-
ment, transmission being dy voics-modulated 50,000-cycls sound waves.
The apparatus fg arranged to permlt the uss of four eystems of modu-
lation, any one of wiich may be selected by mersly turning a knob.
This ig the first time that an underwater volce transmission has
employed mcdulation other than conventional amplitude modulatlon.
The combined radlator-microphone is of the quartz-crysital-sandwich
typs with g total band width of approximately 6,000 cycles centered
at 50,000 c¢ycles.

Two complete systems were bullt which made 1% possible to
carry on a two=way conversation. The best transmission results werse
obtained with the amplitude-modulated, single-sideband, carrier-
guppressed type of modulation. Reflectlons gave congiderable trouble
vhen other types of modulation were used.

Upon completion of the work the project was iransferred

to the Navy. The systems were turned over to the Naval Ressarch
Laboratory for further tests.
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Toleviglon

In 1G4 ag @ madiate nosd, by the Havy

rosulé of the iwm
Yor guantitlies of a new type of cemers tube of higher senslitivi
which wo bad developed, 1% was neceessry to provids a pliotb.
sotup to marufactores these tubes in Princston. mads abous 200
of thess compllcated tubss, which were usgsd in apparatus bweils
the RCA Vietor Division for Navy service test. wae dubas pros
vidad aglOoufold inersage of sonsitivity compared with the coaven-

tlonal & L/Z-inch lconoscops .

LA

Leter developmsnia have besn dirsctsd towards the roduction
of slge and walght of both the tubs and the accompanying appavatus.
Tovard the and of the year, a plckup tube with aquivalent performance
nad bsen devslopsd with only cne-half the dizmster and two-thirds

the length of the previous design. Phe canera was reducsd to one-
fourth of its origloal siee, and the welght of thoe complete equipmsnt
including transmitter and powsr supply was only one-half that of the
provicus deeign. Thiz egquipment 13 much more suliabls than the
previousg design for localtions where specs is limised.

iy

Infrared Develonmanbe

Tke develor stk
stavtod some yoars age as 1 uwnder
Wavy and Office of Scieniific Reogsarch aad B sontracts
alang 2 Thoss includs the design aod
wopes for particunlar applicatlons,
¢ .5 gng vy dacreasing their sizs and
walght and incesasing thelr operating 1ife, and the improvament of
the ime

v

Ao a vesmuld of these davelopmoants, substantial procursmnent
orders have been placed by the Navy for a nunwber of different types
of telsscopes. These lnstruments are being manafactursd by the HUa
Victor Divicion at Indlanspolis. Image tubes for them are belng
produced in quantity ab Lencaster, and in lasssr awmber by Farns-

woreh following the EOA design.

Dopring the year, two addltional spacizl instyumsnts which
we devalopod were teeied by the Army Enginser Board and found satls-
Taotary. An order for some 2,000 ingtruments was placed with the
th Bsell and Howell.

<
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Another special instrument developed during the year, using
a T-inch-focal-longth Schmidt optical system, was tested in the Fisld
by the Navy. & pilot order for 50 units was placed in the Indianapolls
plant of Ths RCa Victvor Division.

Improvements in the power supply systems and in the imege
tube bave basn made during the ysar, with the result that the instru-
ments are besoming simpler and more ecouncmical in operation. At the
¢lose of the year, work was progressing towerd cbialning an lmags
of greater brighiness, as a raesuli of extenslve hauslec rssearch on
new phosphors.

ot

1sat Uetecting Device

48 o result of basic research spongored by RCA and a demon-
stration for the Hevy of sguipment which we had built, we begen work
cn o contract, o conptruei complets apparatus for scanning the
horigzon and detecting distant objacts by means of minute amounts of
heat which they vadiste. The heal-sensiiive slement which we have
developed for such use, and which we beliove wlll Tind meny other
appiicatione, is more suibed to guantliiy productlon ihan other devicss
of comparably great sensitivity. This coniraet is ascheduled for com-
pletion early in 1945.

Gunfire Control

During the war poriod, we have conduotad ressarch on slectric
tronic compubing dsvices for uss in guniire control. This warlk
1od under cendracts from the Army, the Navy and the Offics of

and alsc
has procaadn
Sclentific Nessarch and Development.

In 1983 ye wers asked by the Army %o construct a model of &
complebte gualfire director for an enbi-alreralt gun. fur research on
computors bad particularly fitted us for the bullding of this diractor.

Last year, the dirsctor was completed znd passed labovatory
tests, as woll as firing range tests by the Army. 4As a resulld nf these
tests, the squipment was sent to bhe Buropean war theatrs for combab
tosts and two of our enginsers went to France to assist.

Daring 1944, RCA reaffirmed 1ts original intenticn of
actively enisring the gunfire-control field. &8 o rssuld, both RCa
Luboratorics and the Victor Division uadertook enginsering develop=-
ment work at RCAis initiative in order to bs in a pesition to start
production with meximum spsed 1f & gquantity ordsy was negohiabed by
the Lrmy .
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£Ca Laboratoriss, at ths regusst of ths Army, is undertaling

further ressarchuwork slong twe linss: first, the conversion of the
progent divector %o control larger caliber guns; and asscond, to
investigats applications of elactronric gun-divectoy tschulgquss in the
Tisld of grided missilss.

& Reading Dovice for the Blind

& problem vwhich has always existed but which, as a resuld
of war injuries, has becoms particularly scoubs is that of deviging
artificlal aids to taks the placs of senss faculiles which have been
impaired. A machins which would pevmit & blind perscn to read ordin-
ary printed matter would be an important aild 1o thie cabsgory. The
developmen’ of such a device degan as an HiA project and is beling
conbimed under an Office of Scientific Research and Development
contrach.

The method conalsgis of generating characterisiic sounds
roprasenting letters and words, uvsing o photo tubs and a Llght beam
to obbain ap slectrical signal from the letbers.

An important problem in thia comnacticn o Bo fiad » mathod
of reproduction which gives an easlly learnsd, vmambiguous ‘

in order o dstermins the most satisfactory sigrales, recordings of
lattsr and word sounds for several practical plckup methods were wals,
using an lastrument bulls to “read" from Labtters on 16 mm. film,

These records will be studled at the Haskinsg Laboratories by psychol-
oglete to devermine their ussfMilness.

A% the sama Sime the practical design of plokups which can
be used wiih ordinary printing is being investigabted, and ths con-
struction of soms unite I8 plannsd for the near fulurs.

SBEOREY

mnemws




SECRYT

¥, RADIO TUBES

Receiving Tubes

In the ultra-high-frequency range, of the three methods of
controlling electrons, namely:s by grids, by velocity variation or by change
in direction (i.e., deflection), the latter method, which has received
little attention in other laboratories, is belng fully investigated here.
Beam~deflection mixer tubes have been found to have ulugual advantages
at ultra-high-frequencies, both as regards theilr very high signal-to-

- noise ratio. and their adaptability to electron multipliers. During 19k4,
the all-metal Deam-deflection mixer tube, which hed been developed im 1943
for the Signal Corps, was greatly improved by an extension of the fre-
quency range to 1500 megacycles or higher, by an increase of 20% 4in
signal=-to-noise ratio and by the introduction of 2 one-stage multiplier
which incressed the amplification five=fold. The multiplier in these
tubes employed a secondary emltting electrode which was pre-processed
before assembly, thus eliminating the internal activation process which
had previousliy been necessary.

Two small ultra-high-frequency dlodes were developed during
1944, the smallest having an effective size of only 1/M-inch by 3/U-inch,
i.,e., it occupled a volume of less than one~fifth the effective volume
of an "acorn" tube. Improved tubes of this size are now being made
- experimentally at the RCA Victor Division plant at Harrlison.

High-Power Pulse Triodes at 600 Megacycles

¥ork in this field under contracts from the Army and Navy has
continued since early in 1940. Progress to the extent of a ten-fold increase
in peak power sach year has revarded our efforts. The Lancaster plant of
the RCA Victor Division is now producing a tube which resulted from the
previous stages of this research.

The present project, under Joint Army and Navy sponsorshlp,
calls for further increase in power, This hes entailed an investigatlon
of grid materials to avoid difficulties of grid emission which are basic
to the obtaining of sti1ll higher power from these tubes. A solution of
this problem would have far-reaching consequences in view of the serious
limitations imposed by materials now available. This problem is being
attacked on several fronts, '

Magnetron Development

The multi~cavity megnetron has been much used in military equip-
ment because of its efficiency in generating considersble power at centl-
meter wave-lengths. After extended effort at RCA Laboratories, it bas
been possible to. solve the diffficult problem of reducing the operating
voltage and thereby raducing the size and weight of the tube and its equip=
ment while still obtaining practical output for special uses, Cooperation
between the engineers at Princeton and at Lancaster 1s contimuing for the
purpose of facilitating the production on a government order for these
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tubes which 1s scheduled to begin by april, 19L5, at Lancaster.

A tunable pulsse magrebron was developed for systems work ab
Rocky Point and some ten tubes were made at Princefon aiter which speci-
fications were turned over teo the Sperry Gyroscope Company for production.

Work was begun during the year on new tgnabla continuoug-wave
mggnetrons., This work has recently been conbinued nnder g contract fronm
the Naval Research Laboratory.

Blectronic Fraguency Modulation

& new method of frequency modulating magnebrons has Deen dsvised
which holds oromise of meeting the stringent requirements imposed on the
TH characteristics of microwave generators far certain inportant milltazy
applications and, in addition, will furnish the baslis for a new type of
reactance tube of low-loading for ult ra-high-frequency use. The method
requires relatively low modulating power and resulis in little amplitude
modulation and high efficlency. It 1s believed that tubes of this type
may have considerable importance in future FM developments,
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