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SIGHAL CONPS RESDARCH PROGRAM
. Invroducticn '
PThe application of new sclentific discoveries has brought on rapid

and continuous chenges in military materlel i changes whioh radically
alber iha tactics and techniqueé of éll the-Amg and Services. A3 a resﬁlt
af World ®ar 1I eyparianca, it i3 now accepted that, in any fulure combab,
victory will be directly assocleted with sclentifie superiority astablish@d
durdng pegcatims and eonaurr@ntly &pplied to militexry devices which must ha
aV&ilab}é immadiateiy in ovent of sudden attack.

Ehe Enginéa&ing and Taehniéal Division éf the Qffice of the Ghiel Sigmal
Officer has ocertain aasignéd Dapartment of’Defenae rosponsiblilities perbtain~
ing to reseaésh on, and development of, equlpments employed in cosmupioations,

. debection of alreraft and migsiles; electroule counteriewsures, mebeorology,

- radicloghoad instruments, photogrephy and othera. Suppartiéé,%ha ségin@ariﬁg
‘ _and developuent pragram; ia an ex&ensive regearch effort estahblished with the

A ?iaw of centinually pravidiﬁg adéitional selentific kmawladge which can bs
V applied in ﬁhe improvement of exiating acuinmantg ﬁachaiquas, o in previding
tha basio bullding btlocke of knowledgze from which entirely now devises will

be construeted =~ devices capable of military ascomplishments, sz yet wn-~
dreamed of. _ | o

I% i3 the purpose of this study o diaalose; wﬁthin the aeguritﬁ imits

egtablished, tha RLSEARCH pertion of the gign&l Corpa! t@chnical prmbrmm.
The materdsl to b@ preaented will be drawn from work underwsy within the 8lgeal
- Corps Pngineering Labaratoriesg Fort H&nmonth, Bow Jersey and from contracta
painveined bx the Signael Corpa with induairy snd academlc institutions. 4 géne
aral discussion of Dspaﬁtmanﬁ of the Arm# reasarch polloy ﬁill ales be included,
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as well ag a brisf outline of how the Signal Cerpas coordinastes its own tech-
nieal setivities with the other Services through the Ressarch and Development

Board,.

A % 4 3 e 3
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SECTION I - Policy on the Conduct of RESEARCH.
The fellowing general principles governing the conduct of military re-
egtablished :
search and development were Imimxyesm by the General Staff, Department of the

Avmys

(aj "Freedom of Direction in BasiQ'Reséarch. A farsighted and progress-
ive research program for the armed services requires that the great-
est possible freedom of asction bs giveﬁ the selentists and engigeers
who carry it inte execution. Only if research remainsg separate from
production can the long-term studies and projects of research contin-
ue without being subordlnated to the lmmediate needs of production
and‘supply cesva |

. N Yo
(b) "Need for Research in the Army Program. Long-range kgéﬁﬁgggiéﬁ%é-

8 progress is directly dependent upon the continucus £low of new
selentific facts and knowledge derived from basig research. There-
fore, a large proportion of the Army research and development pro;
gram in peacetime must be deveted to basle and applied research ...,
(e) "Free Fxchanpe of Information. A wide and unrestricted exchange of
scientific information is essential in order to provide the orocss-
fertilization of ldeas which is essential to productive research.
In general, contraetsland_reparta'involving bagic research should
remain unclassified ...... consistent with military aecurity...;...

K7™ '..Sl I WWM
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"Maximum Assisztance from Civillan Science and Industry. The

Department of the Army must utiligze civilian talent; facilities
and assistance to the maxiﬁum..,,e..

"Eeonomy in the Operation of Military Faciliﬁieﬂ. Military re-

search and development facilitles will not be maintained and operat-
ed when commercial organizatibﬁs, educational institutions and lab-
oratories.available to the Army offer comparahle énd dependable
sarvice to adequately meet the requirements of the Department of

the Army.

"Evaluation of Foreign Developments. In order to insure the super-

iority of United States Army materiel over that of forsign nations,
there must be a continulng avalﬁation of foreign research and devel-
opment activities, utilizing all avsilable intelligence SOUrces
"ﬁgéﬁ{Qgg Longz-Range Planning. The resulte of research requiré a

period of years to become evident and to be applied practically

to military problems. The development of almost all the new

weapons and devices employed in World War II resulted from research
completed prior to the war. It cannot be expected'that basie re-
search which is initiated after hostilitieé bagan willjbg applied
to the development and production of new items before a war comes
to an end., Thus research and development planning, as well as
other general staff planning which is affected thereby, must look
mach further ahead inteo the future if full advantage is to be de=

rived from research in event of ancther war.”
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SECTION II, Mission, facilitias and personnél of the Signal Corps
Engineering lLaboratories. \

In a broad scops the mission of the Signal Sorps Engineering Labor-
atories may be summarizéd a8 follows: |

THE SIGNAL CORPS ENGINEFRING IABORATCRIES is an activity of Fort
Monmouth, New Jersey, arnd is under the technical control of In-
gineering and Technical Division, Office of the Chief Signal Of-
ficer. The SCEL is responsible for research, and the development,
.design, and improvemsnt of communication, radar, meteorological,

- and photographle equipments, related components, and special elec-
tronic devices for the U, S. Army and for other services vhen
directed by the Secretary of Defense. This responsibility includes
tha followling: ’

& Research pertaining to, and the development of, equipment
to the polnt of standardization.,

be. Research pertaining to, and the development of, components
to the polnt of standardization.

¢, Preparation of speciflcations, drawings, and agsseclated
procurement data for lssue to procurement districts for Quantity
pro@urement.

d. PFilot run 1nspaction of such equipments in productlon,

e. Hatablishment of procedures and methods, and determination
of the requlrements for test, maintenance, and repalr of equipmsnt
in the field.

f. Preparation and issue of necessary field modiflcation ine
structions and revised procurement data to eliminate, in the field
ard in current or future production, technical difficultles, equip-
ment fallures, and other defects noted during production or durlng
use in ths fiald.

g, Qualification testing of components submitted by the Armed
Services Electro-Standards Agency,

The SCEL conalsts of the Commanding General; Deputy Commanders; a
gtaff consisting of the Director of Research, the Dirsctor of En-
gineering, and the Control Officer; four operating divisions, namely,
Ressarch Division, Engineering Divislon, Administrative Division,
and Procursi:nt-Malntenance lugineering Division; three research

and development laboratories, namely, Squier Signal Laboratory,
Evans Signal Laboratory, and Coles Signal laboratory; and the SCEL
Development Detachment. Further detalled breakdown is shown in

Figo le A i
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SIGNAL CORPS ENGINEERING LABORATORIES

I AUGUST 1959
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T O I Commanding

FIGURE 1
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The Laboratories are staffed with a total psrsonnel complement of
B0 officers, 250 enlisted men, and 2600 eivilianas. Oub of the 2600 Civil
Service anployses, almost 1000 are clasuified as professionel sclentlsts
or engineers; 250 ag subeprofessional; 700 aa'clerical; and 650 as ungraded,
Of the totel staff, approximately 20% ave engaged, either dirsctly in, or
in a coordination or supervigory capacity of, the research which constitutes
the material for this writing.

et
SECTION I11, Broad aspects of the program.
as a funotion of categories,

Fig. 2 portrays the distribut;an of research effort/within the Signal
Corpss The flelds of effort are, for the most part; referenced spgalnst en~
glneering tverminology applicable ﬁo end item equipments for which the Signal
Gorps has full or partial responsibility within the Depariment of the Army

DEPARTNENT of Defense :

or the ?E%fﬁhafX§§¥f§§§§x¥§§§%§§§ﬁﬁ§§§x guch as: radio communications;
telephone, telegraph and other wire systemg; radialugical instruments;
photographic developmentaj detast@on prajgéts involving sound or electro-
magnetic waves; electron tubes; facsimile and television; date transmission;
gids to navigation; countermeasures agalnst radic and redar systems; produg.
tion of power by generators, primsvy and secondsry batterles and thermopiles;
msteorological equipment; elesctronic components such as crystals, fesistors,
¢onﬁanserﬁ and numsrous others. Develepment programs on devices as indlcated
above proceed continucusly on the basis of the existing art; Related research,
however, lis alﬁo-cantinuously underway extending the frontiers of khowledge
with the realization that from muny of the discoveries made, important appli-
cations will folloW = = = frequen%yﬁnpredictable, but as the history of

science has 8o often proven - ~ - lnevitably following. Research of this

latter Lype may perhaps betier be catagarizsd Y belng in the f£i=1d of
= [ e e .
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nagnetism and elaectrlclty, elsctron ballistles, microwaves, eirveuliy,

elamentary particles and thelr interaction, particle accelerators, solid

state, debterloration prevention, electro-chemistry, thermo-~chemistry,

polymers, mechanice, applied mathamatics, somputing devices, atmospherie

phyaics, propagation, radiation and heat, acoustics, poweé generators, .

biophysics and others. A listing of such projects underway within the

Signal Corps Engineering Laboratorioa is glven in Table I following:

IABLE J,
LIST OF INTERNAL RESEARGH PROJECTS

Communications & Radar

L.

he

6.

Te
8.
Do
10,

Caleulation and Measurement of Radar
Fehoging Area Characteristics (Back
Seattering Coefficient) -
8. Correlation of Measured Results
with Theory.
be Study of Accuracy of Measuring
Technlques. :
Inveatigation of Space, Polarigation
and Frequency Diversily Reception.
Investigation of Varions Skywave
Radio Commnications for Multichannel
Telstype snd Volce Comminication.
Investigation of High and Low Level
Single Sideband Transmission,
Hodel Antenna Studlies
2. Equipment and Instrumentation
be lHodel Earth Materials
¢, Theoretical Considerations
Application of Short Pulses to
Transmitter for Timing Furposes
KMuitipath Transmlssion Simulator
High Freguency Transmission Diversity
Facgimlle Research (Multipath Reception)
Hathematical & Experimental Determina-
ation of Relatlons Between Speech and Cross-
telk Ratios per Voice Channel.
Theoretical Study of 2 and 4 Terminal
Linsayr Networks, ,
Dial Callibration and Stability of Vardlable
Frequency Oscillators,

. Research on Minlature Filters

Pt Wt TR U P B LS )
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List of Interna), Research Frojects (cont'd)

Communications & Hadar (eontid)

e Study of Telemetering Methods

15, Vesther Hadar lnvestigations.

16. Theorstical Investigations of Statistical
Communications Hethods

Electron Tubes

1. Fulsed Optical Spectra.

2. Tube Design and Ressarch
a. FEleciron Beam Interactions, Electron Deflectlion
B. Fluorescence of Cathodes
¢. Fmission of Cathodes
de Deflection, Foocusing, Nefocusing
o HMultiple Deams, Orbital Beams, Helic¢al Beams,

Disc Beams, ilollow Beams

3s Hydrogen Tracer Studles

he Tungsten Studies .

5. Study of Basie Magnetron Fhenomena

6. Research on Transistora

7. Secondary Electron Emission From Ingulators

8+ TR and ATR Tubes

9. Klystrons and Beam Vodulatlon Tubes

10, Hathematical Treatment of Dafleatlnn Defocusing
in Cathods Ray Tubes

Maberials

1. Investigation of Magnetic Materials with Rectangular
Hysteresis loop
2o Dlelectric; Plezoslsstric and Electro-strictive
Materials and Phenomens
&, lattice Parameters of Barium Titanate
b. Optical Properties of Barium Titanate
. 6s Polarization and Barkhausen Effects in
Barium Titanate
do Polyorystalline Barium Titanate
¢. The Chemical Bond in Synthetic Aluminum Fhosphate
£, Optical Properties of A12Q3Crystala, Electro~
Iytically Produced
g+ Characteristice of Pinite for Possible Dielectric
Applicstions,
he Structural Characteristlics of Basic Lead filicate
1. Reletion Between the Composition, Crystallization
History and Fhysical Properties of HMica
Je TFerro«BElectric Barium Titanate Single Crystal Growth
3. Technlgues & Instruments for Materials Research
: &« Electron Microscopy
be. Electron Diffraction
te Special Technlgues in Spectrechemical Analysis

d. JInvestigation of Differeptial Thermal and Masa
Analysis ieeun;ques and Lquxpments
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IList of Internal Research Projects (ccnt'ﬂ)
Communications & laoar {(conttdj

a, - Aubomatie Interferometry by Phctoalactrie
Plelup

f£o Vacuum Dilatometry st Low Tmaemtureﬁ

ge “uantitstive Spectrochemical Analyuls; Visual
Compardson Densitometry

he. HMethods of Fhotometric Callbration of Fhotow
graphice Emulsionsg

i. An Avtomatically Operated Spectrograph

. Regording Microphotometer

ke Particle Size Studies Turbldimetry and Sieving

l. Surface Area leasurements by Gas Adscrption

k., DPBlectrochemleal Materials and Phenomens

2, Structural Characteristics of Carbonyl Hickel
Powders -

b. Structural Characteristics of Carbon Blacks

te Structural Characteristics of Natural and
Synthetic Manganese Dioxide

d. Surface Frotectlion
FElectrode Potentials of Strain for Metals

Ee SemiaConduchz Yaterials and Phenomena

&, A Study of the Barrier layer

b, Time Lag Phenomena 1ln the Selenlum Rectifier

c. The Surface Resistance of Selenium as a Function
of the Gas Which ls Absorbed

Heteorology

l. Lower Atmosphere
a, Time and Space Variation of Meteorologluwal
Data
k. Liquid Water Content of Cloudse
¢, HNature and Behavior of Freeszing Fuclel
2. Cmonosphers Investigatlons
8. Temperature and Wind Structurs to 150,000 I't,
k. Pressure Heasuremsnts
¢ Balloons for High Altitude Flights
3. A Correlation Between Electrical Charge Centers
and Turbulence in Thunderstorms
he HMeteorological Sounding Without Auxiliary Flight _

Bauipment
Propagation -

1. JIonospheric Propagation Research, and low And
Very Low Frequency Research In Polar Reglons

2. Tropospheric Radle Propagation

3. Studies in Very long Range Radio Fropagation

he Fropagation Studies Direetly Applicable to Signal
Gorps Gcmmunicauiona Lgujpm@nt

}-‘?"? ,_ .
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List of Internsl Research Projects (cont'd)

Photography

1.

3.
Le

Photo Optics

. Lsna-Film Resolving Power

be Two Mirror Oblique Reflecting Systeam
. JImage Hotlon Compensaﬁion With a Rotating Prism
FPhotochemiastry

a. lon Exchange

be Frocessing of Color Film

¢, Dlazosensitlzation

d. Acclimatized Silver Halide Film

e, Black & "hite Film Processing

£ Sensitometry

Fhote Machanics .

8. Shutber Techniques

Non-Ceonventional Photography

a, Electrostatic Electropgraphy

bh. Phosphorography

Power Sources

le

2
3.
b

Se
R

Investlpgation of Physical and Chemical

FProperties of Hanganese Dioxids

s+ Electron Microscope, X~Hay Dif~-
raction and Spectrographiec Studlas

be Chemical Analysis

¢. Fabrication of Cells

Investigation of Manganese As Anedic

Material

Investigation of New Electrochamical

Systemg

Investigation of Battery Components for

Low Temperature Operation )

8. Ilectrolyte Formulation

be Geometrical Configuration

6. Physical & Chemical Construction
of Cell

Study of Hickel Cadmium Electrodes

Thermoelectric Generation

Freaquency Control

1.

Synthesis of Crystals

st 8  Aluminum Fhosphate

2,

*he Aluminwm Arszenate

%g. Scintillation Crystals _

VHF Crystals
a, Fundamzntel, Mode Crystals
bs Overtone Crystals
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List of Internal Ressarch Projects (conb'd)
Freguency Control (scont'd

3. Instrumsntation
a., Mode Analyzer
b Impedance Measuring Equipment
he Low Frequency Crystals
a, New Crystal Cuts
Be Bar Crystals
Mierowave Fregueney Control and Measurement
Aglng of Crystals

[l t
a

Sound
1. Ultrasonies
&. Extended Freguency Range Recording
Systen
b. Ultrasonic Generation
Rueleonics
1, Seintillation Crystal Detectors .
. Scintillation Counters
be -Cadmium Svulfide Crystsls
¢s Colncidence Meagsuremsnba -

Augmenting the work shown in Table I, and in many instances being a
ecoperative part thereof, is the even mbre sxtensive research program being
carried on for the Signal Corps through contracts with industry, scademiec
institutions and research foundatiosne, This portion of the activity is dise

somexhat over J.0O . . .
persed among vresearch contracts, the coordination of which is one
of the major tasks of the Laboratories. The breakdown of contractural re-
gearch projects is shown in Table Il, in which, it should be understood, Hoab
the items listed do not necessarily represent equal effort. In one instance
the project may represent the effort of & lone investigator, or again it may
represent a large-scale effort, as for examples, from the staff of the Re-
search Laboratory of Electrondcs, MIT, where over 200 sgientists'are aggresg~
ively attacking many electronic problems through suppord given in a Signal
Corps contract which ls equally financed by the three Services.

m"w%
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TABLE I

EoIE T
[omadd b s -

Qagctr op_Tubosg

- Panel on Flectron Tobesz

“Thermionie Kulssion
-Voltage Regulator Studies
Tube and Cireult luboratery

B, Po GV Mapgnetron

' Bxide~Coated Cathodes
- Uoldd Cathode Tubas

Beni~Conduchore

TR Tubs Studien

. ~Filagentary Alloys

Frequency Gontrol

S

oL’

fea X

-Geyatel Studies

Cyyatals
Guarts 03c-illa.t~ar l’l&t%

Aluninum Phosphate Crystels
~Bynthetie Quarts
-Gynthatic Quarts

Synthetlie Tourmaline

Crystal Chemlocal Helatlons
- Stroboscople E-Ray DAffracticn
High-Frequenoy Crystsl Clroultny

- - @palliator Cirouit Thaory

- Hagnotostriction Studles
:uDetwinging Quarts

g&ﬁ&ﬂftﬁ&agz

- ferios Stulles .
“Thunderstors Studies
~Humidity Elemsnta

dnerold Capsules

. Project Cirrus

Upper Atmosphere Regearch

- High-Altitude Balloone

Computer

Cryatals as ﬁatborelobioal Tlements

S
- Have Fropagation

Ionosgharic Stationna

" Arctio Tropospheride Propagatlan
Arctic Tonospheric Propagation

Pield Intensity BEamltoring '

- Lower Zonosgheric Prepagation Studies

. quwm

EXTERNAL RESEALCH PROJECTS

*
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GLentraston '

Hew York Univatsiﬁy
Battella

Batlells

University of Hichig&a
General Electrin
Hagtinghouse

' Bandix

Pupdus
Bylvania
Sylvania

Wmﬂmﬁm-.
Goloprado ALH.
Tulte

'Uoiv of Binneasota

Antiogh

Brush | 3wvelapmaﬁ$ G
Baird Associates
HWaghiten :

s Auburn Regearch youwmnd
&&arbia Tooh
Univerasity ef 1lineiﬂ
Armour

Bureau of Standards

Universlby of Florida
Univeralty of How Hoxdco
Avthur B Ldttle
Battells '

 Goneral Elecirloe Co

Madvorsity of Michigen -
Bolded Luatex

Btibitys

Arnour

CRPL (BuStandards)

University of Alagke
CRPL (BuShandards)
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SECTION IV - RESEARCH IN COMMUNICATIONS

(1) Introduction: The primary miséion of thé Signal Covpe is the
development of a&?égééggﬁgcommnnicatian system for the Army Fieid Forces
bhased on reported or foressen needs of the eventusl using organization.

The aysﬁeﬁ must prévidgf%ﬁ%uﬁnder with constantly available, reliable and
fast commnications to all components of his filghting team, from any loca-
tion within his command, by utilizing radic or wire channels or any combina-
ﬁinn thereof. The provision for such a service necgssitates aft engineered
cémmunicatiun system that io ccmpletaly'inﬁegrat&d from the highest to lowesh
schelon ag well as laberally. Since wire and r&dial?epresent the prindiple
means of signal communication, the problem resolves itself into one of develw
oping 8 signa; syctem in which the respactivg adv;ntages of the wire and radio
systems are combined to provide the highest degraa_of commnnieation'circuit
flexibility. It must provide not only for the vast amound of commoé end ad-
ﬁinistrative traffic but also for the transmission of early warning and track-
 ing radar data, telemetering dats; televisiag/fgcsimile, and all the other
typgs-cf information necessary for modern mechanized remote control warfare,
“The stabements above sxpreaé a combined engineering - military point of
view with respect Lo communications but'do not, delin:ate research involved,
or indicate the direction it should take to most effectivaly accomplish the
desired military objection@. In its broadest scops it will lnvolva many areas
of engineering; it lmplies contributions arising throughout the entive field
of the physical sclences and, in many cases, integration with biologleal - -

studies so as to bring out the common elemenls in the functloning of inter-
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mediary machines ln combination with humen gense orgeng, the Bervous systam'
and the brain. | - . . -

In a purely phyaslcal sensa, regearch in. acmmunicationa wey Lo conaiﬂw
erad fo enjoln four major categories ef effort, _
. ' <?J Physical aﬁpects pertainin& to the conception, undarstanding,
design, and construction of new types of terminal equipment based upon exiating
- Xaowledge or upon entdrely new appreaches #gylicahle to the trensmission of
infarmuuioa.

{v) Invostlaatimna pevtaining . to the physical benavier of the'
.traaamimaian zedia, | _ _ '

(B) Physical &ﬂpecﬁs p@rtaining_to tha.e@nesptiéu, understending,
design, and oonstructlon of naw,uamponenta-and maberials q&ntributiaé bo ﬁh@
--r,aév&ncém@ni of (&).Eﬁd (h) abuve. '

| (d) Bapic research nob mecessarlly divected toward uolution Gf
preblams falling within (a)3 (v, or {c), but rhich ey later be found arpli¢&hia.
| since, fev the m@at partg jteus {v), (c) and (d) ebove pertaln aiso t@
"manﬁ other fi@ldﬁ of &pplieatlong diacuvﬂion within this Baction will be limitad
te {z) and a parﬁicn of. (b)g lLeaving the ramainuer for later sactions in whd.ch
'&Acampasite effort will be ehown. : _

{2) Trangg;sgiag aﬂMNQQQrmationn The ﬁhoughts on transmission of
) inforﬂauion inmediabely follewinL wers largelg ﬁaken from a contractusl re ﬁrﬁ
prepered by Profeaso: Fang of HIT.....t...The objective of almost all eleotrical
commmications systems has baen,'up to now, to eliminate distarice in gome form
of human,activity or reigtiénﬂhip ﬁith mens Telegraph, telephone, ﬁel&viéion,'
- telotype, telecontrol, telemotering, facsimlle are éxamplag of such commm i '
catiéna systems., Communication i@ basically any form of trausmisaion ef‘ |

information ragardlaﬂs of the distrace hetweem the transmluter and recelver.

In a broader senss, the field af camauaication,ino%pdes any hanalins/
::;:'n’: :': ""'::""‘"'h;h:“ “;‘-i- T S
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combining, comparing or employing of information, since such prasesses
involve and are intimately conneeted w_:’Lth the transmlssion of such infor
matian'. Thinking itself, in fact, involves & natural communication system
of a complexity far beyond that concelvable for any man-made sy«séem AR L
Farly astudies uﬁde by Norbert Wiener of MIT led him to the reallzation that
all commmnication p:lc*cblems are fundamentally of a statistical nature snd
must be handled accordingly. He argued that the signal to be transmitted
. in a commnication system can never be considered ss a known function of
~ time, because L it were & priori known,it could not convey any new infor-
mation and therefore would not need to be transmitted. On the other hand
what ean be known a priorl aboub a signal to be transmitted is itz statis-
tical character - that is, for instance, the probability distribution of
“its amplitude, In addition, it is equally clear, that nolse; which plays
such an lmportant pard in communicatlion problems, 7aan_ be described only in
shatistical terms. It follows that all communicatlon problems are inherent.
1y etatistical in nature. The statistical theory of optimum prediction
ard filtering developed by Wiener led further to the realization of the noed
- for a basic and general criterion for ju@gi_ng the quality of communications
syatems. The ssarch for a more appropriate eriterion leads naturally to
the question - what 1s the operatién that a communication system muat per-
form2 If we take as an example o telegraph system, it might seem at first
obvious that such a gystem musi reproduce at the ocutput each and every letter
of the input message in the proper ofder. We may observe, however, thaﬁ if
one letter is receive‘d incorrectly, the word containing it 1s still urder-

standable, in moat cases, and so, of dourse, is the whole message. On the




other hand, the incorrect transmission of a diglt in a nusber would make

the recelved message incorrect # % # It appears therefore, that the trans -
mission of the information conveyed by a written ﬁessage is what we wish

to obtain and that this ia not neceesarilj-equivalent to the tfansmissioﬁ

of gll the lettenscontaineﬂ in the written message. More precisely, it
appeara that the different symbols, letters or figures contained in a
written message do not contribute eguslly to the transmission of lnformaw
tiag ~ = = g0 mch sc, that some of them may be conaidereé completely un=-
necessary. Similar conclusiona are reached by considering other types of
cammnnications systems # % % These gonslderations are relevant to another
problem with Whiéh communication engineers are becoming more and more cone
cernod, namely that of bandwidth reduction, It is oclear that if different
parts of a message are not equelly important, some savings in bandwidth
might be posgible by providing transmission facilitiéa which are proportional
to the importencs of these different parts. The bandwidth problem, in turn
is intimately connected with the noise-reduction problem. In fach, all the
different types of modulation developed for the purpose df noise and inter-
ference reduction recuires a bandwidih wider than fhat required by amplitude
modulation. This mebthod of paying for an improved signal-to-noise ratio
with an increased bandwidth appears to be the result of some fundawental
limitation _whi.ch s however, the conventional approach to communication
7problem3 hag faliled to clarify * # % Application of the statistical communi-
cations concepts preéeding, for the most part, etill remain for the future.
It is however the cpinion of many workers in the field that the communications
art is today 2% a major turning point in its development. The Signal Corps

research and development will increasingly veflect the Influence of these
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(3) Modulation and Multiplexing: Investigations have been conducted

in the field of modulation and multiplexing coveringowracdng an evalnation
of 211 the factors which govern the characteristics of the intelligence
channal for all known types of modulation and to provide a mathbd of deter~
mining the type of modulation most suitable for the transmlesion of various
types of intellipence from the viewpoint of bandwidth sconomy, low nolse

and distertion, efficiency and other such parameters, Wérk has included
factora involved in forward area, intermediate area, and rear ares radic
pelay equipment. Consideration hes been given to the protlems of a 96-tele-
" phone channel system operating at 2000mc . It has been found that crosstalk
requiremente of the system could not be met by demndulation to intelligence
bandwldth at each relay station, even with the use of neg&fim RF feedback,

| Work aliso is including the development of broadband cca:npenent for the 1500~
2000 me vange ¥ # # As another phase of tﬁe general problem,; a theoretical
anzlysis of crosstalk in eritically coupled intermediate frequency amplifier
was made ﬁsing both frequency and phase medulated signals, resulls of which
study were later verified experimentally. As an interesting side-line; it
appears that simulation of maiti-channel speech modulation may be had by
random noise modulation which, if proven experimentally, may lead to 2 slmple
meang of measﬁring performance characterlistics of radio relay equipment ¥ # #
Investigations are also underway with the objective of analyzing the factors
which limit the bandwidth of an intelliga;zcs channel, and which may be trans-

bonacasextosk The

mitted by pulse modulation techniques. Prssenhciodices

faithful transmission of intelligence by pulse modulation reguires that the
gignal to be transmitted be sampled a2t a vate egual to zt least twice the

highest frequency contained in the signal # % % In double tuned oscillators,
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the admittance characteristics of certain multiple excited, externally
modulated, nonlinear elemente have been investigated. Heterodyne modulaw
tion of & double;tuned ogeillator has been observed to create & voltags
speetrum containing, as a rule, only a few voltages of appreciable magni-
tude, Since the frequency differences in this spectrum are cbserved to be
comuensurate with the modulation frequencies impressed, it is possible to
approximate the excltatlon spectrum and hence find the type of admittance
variation occuring in the eoscillator, The interfefence‘characterivtics
of pulsewtlme modulation have bsen analyzed mdthematically and eXperimentm
ally; partlgular forms examined are pulse-duration and pulse-position medu—
Jatlon. Both tWO~St&tion and two-path interference were ¢onsiderdd. Ths
theoretical analysls consiats, first of a quantltative formulatlon of the
defects imparted on the pulses by the interfersnec, sacond of & detalled
evaluation of the resulting disturbance in the recediver output, based on
auto~correlation analysis. The experimental investigation ﬁae directed -
at close duplication of the varlous conditions encountered in practi¢er
two station interference was produced bj'separate transmitters;.while two
path interference was simulated by means of a mercﬁry delaj line, Two-
station interference is characterized by a x§§g§ii§ complete predominance
of the stronger of ths two signals, and by noise of more or less random
character, Under'sdme conditiona, the noise is sufficliently weak to per-
mit fair recepﬁion when the two signal levels differ by less than i'db,
while other situatiﬁns permit acceptable reception only with level différ_
ence larger than 6 db, Theée gensral sﬁatements éppl& to both.pulse-duraﬂ |
tion and pulse-position medulation, éimplex and multiplex, “Two path inter-

ference in the case of simplex pulse-duraticn mudulation is OhaYQCtﬁrl?Bd
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by the linear superposition of the two identicsl but time-staggered
modulatiog signals. All interference effects, both in theory and in
practice were found to be directly dependent on the all-important slic-

ing practice * # ¥ 'A study is underway to evaluate the eééﬁéﬁﬁﬁﬁ§g merits
of & number of communications method by skyvwave propagation for military
applicatioﬁ 3n the 1.5 to 30 me frequency rangs, Particularly the work ie
directed toward evaluating the relative deslrability of varlious modulation
systems with respect to multitone printer and subcarrier facsimile opera-
tion, since theorstical considerations suggest that the use of ph&sa-mnduu
‘lation indicate the possibility of somewhat greater harmonie and eross—modu~
lation distortion than isfpresent with amplitude modulation. Transmissions
from Red Bank, New Jersey to Minecla, Long Islahd, New York were started in
May 1949, First tests use available phase-mo-ulation equipment and &mvolve
‘only;the transmizeion of a single tons on phase~modulaticﬁ and on ampliﬁuda'
modulation with the view of qbtaining initially the relative deprees of dis~
tortion and other effecta involved. iater, mors complex combinations of

tones will be applied using a specially developed phase-modulation exciter,

(4) Multipath Transmission: Equipment has been designed to simulate
the effects of multipath fransmissicn on various types. of signalq in the
high-fremeusy range under varying controlled conditions, Extensive tests
were made by comparing the results achleved on a series of voice tasts over
an actual multipath radio cireult with the same serics of tests using the
simidator., Agreement was exceéllenbt ¥ # # An experiment ig undérway setting

~ up a simple two-path system for the study of ghosts produced by reflection
. of television slgnals off buildinga'and other objects in the path of the

transmitter, The study will be made both under AM and F¥ conditions # # #
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An investigation of the feaslbility and applicablility to‘military commie
cation reqmirements of transmitter diversity systems was undertalken cooper-
atively with RCA following & demnnatraﬁian of & system RCA hag in operation
between New York and Bolinas; California. At Bollinaz message 3ignala wora
used to modulate two 1-KW transmitters, sach connected to its own rhombis
antenna spsced approximately 1500 feet apart. At Red Baﬁk, New Jersey a

 noticesble improvement of approximately 3:1 was in evidence using the di-

versity systam against the single transmitter. The system has a number of
military applicatiensrwhera insufficient ground for an antenna pérk existe
at one end of the clrcult # # # In a 1link betwesn Red Bank, New Jersey and
Weldon Spring, Misscurd experimentation continues on the characteristics
of diversity receiving systems consisting of space diversity, polarization
diversity and the ffsquency diversity in the range of i.5 te 30 megacycles,
pariicular attention being directed towards leerning methods and techniques
for reducing fading conditions # # # In connestion with multipath ﬁrgne-

‘miseion, experiments have also been set up to determine the degres of cross-

talk introduced in multichannel radio communication circults by';ultipath
transmission. Twelve carrier channels were connacted to a radie tranemitter
at the Esyle, New Jersey test site and displayed on the soreen of a cathode-
ray oscilloscopw after reception at Mineola, Long Ielaﬁd. That multipath
tranamission affects a few channels at & time was quite evident. Experie
mental changes are now undsrway so thet, bymeans of electronle switehing
clreuits, the upper and lower aideband contributions can be viewed separate-
lye ® % # An investigation pertaining to radic-facsimile was conducted
ovey an lonospheric psth selected to favor mltipath transmission. Modue
l1ations wexmm empleyéd ware carrier and sub-carrier froquency modulation

applied to an amplitude modulation transmitter and to a phase medulation
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transmitter. Amplitude modulation signals were received on & conventional
amplitude moduwlation receiver and alse on an exalted carrder eircult. |
Phase modulated slgnals were received on both an exalted modulatlon carrler
circuit and by a frequency modulation receiver followed by aldeémphaaia
eircuit. The purpose of the teal was to compare the performance of these
types of modulation under multipath transmission conditions, It was found
that the carrier shifh gave thé best results, followed closely by thuse
obtained with amplitude modulation received on an exalbted carrier eirsuit,
This test is being repested with the transmission takiné place through a
mulﬁipath transmlsgion simulation instead of over an asctusl lonospherie
eireuit, 'This pernits the same compsrison of modulation methods under con-
trolled cpnditians, making 1t a more severe test as well as providing en
oppertunity to obtain more definite information as to the capabllities of
the various types of transmltting and re@eiﬁing sircuits.

(5) Diracti§n Finding: The most widely recogniszed of the propagationsl
factors which affect direction finding is the vapiabllity of the received
signal's polarigzation characteristics, Even with the most carefully designed
apace collector direction finders, cycllie fading of signal strength and
wgndering of the indicated bearings are usually present, and these facdtora
are almosat invariably-asaéciated with changing polarization., The errors are
usually largest when the horiéontally polarized component predominates over
the vertically polarized componsnt and, for thiks reason it has become custom-
ary Lo regard thé enérgy contained in the horizontally polarized components

of a down-coming recslved wave as inherently troublesoms and "unwanted".

" Recent investigations have shown thet the D/? ervors and difficulties known
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as %polarization affactaa ave, in roaldty,. due to an instruﬁsﬁt ;nadequaqy
- rather than 0 a fundamentai limltation 1mposa&'by propagation phenomens,
This'ina@aquacy can be corraeciod, and the ¥polarlzation effeet? errors ;an'
,,be largely eliminated if the slmple vertical collsctor elements ;o%aeaa the
‘ praper charscteristice. % As part of the program indicated hy the ahava,'
" am invabtigaticn is unuarﬁay Loward study'af antenna ccllector elcments wiﬁh
the fallawing general char&cteristios: (1) Gmni—dlrectianal response in the

.‘hariianyal planes (2) Efficient response to elliptically or clreularly
p&ia:imed waves of a particulsy aditrary sense éf ret&tionj {3} Béaponﬁﬁ
o liﬁeafly polarized weves having eny aridirary orientation of the electric
~ voctor QerpendiCular to the direction of praﬁagatieag {4} Reasonably wmiform
impedance over & brcadband of fraquen@iesg end (5) Singlﬁ anded éutﬁut ah
fraﬂaencies balow app roximately 60 cm where it ie pnyaically impractical ta
;employ ~levebed balanoed.an%ennasa Furbher study in the field of divection
finders eanéerna prépagaﬁiaﬁ phenonona in thé fréquency rangé'af 1 to 3C mé¢:
Tha study conslzts primarily of the correlation existing between various
characteriatics of avwiving radle waves, such aa the anpgle of inai&eng@p %yra
ef palarizatiaﬂ, etca., and the ac auracy to which the horizontal anhl@ of
arrival csn be megaured by phase comparimon type of diroation finders. An
inventigation is also being wade of prastical methods of uetéymining the |
. Va§iou§ charéeﬁeﬁistxc& of radic waves which influence directlon finding acour-
aey as well a8 utiiizing the sceuracy of such systems. | N

(6) §g3g§§;gatiegs_&gg&gigigg;&g Fgggugggf Kodulstions 'OnéiEVestigaticn'
recently comyleteé concerned IF filters particularly with respect, to lmproved
B polectivity and stabllity with the hope that results would lead o unlts o
sdequate for the replacement of the standard IF syptemz in present F% coRmuni cde

+tdorg radlo recelvera. Gharaaberiatica d@rived “wore bandpesg end gelectivity
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with stebility @uéh that no realigmment of clroults is-required In the fleld
doending itgelf to meking chemnel spacings of 50 ko avallable ingtead of the
présent'loa ko gpacing. COrystal fiiters with‘qu&rtz elemanté appeared to be
an obvious solution bub proved unsatiafactory; A pecond possible solution
eppears through the use of & double IT aystem with two oonplex L0 filter
natworks, one at 185 gc'far aelectivity énd one aﬁ 4,3 we for spuriaua-rssponﬁﬁ
rejoction. It iz felt tl.mt guch & éﬁmblex filter version of the double IF

 systes will meke the 50 ke channel spacing feasitle
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in present HF and VHF ranges provided that improvements are madsrin the
pressnt system frequency stability # # * Another investigation underway
concerns the effect of nolse on the recepiion of a frequency modulated
carrier, and to compare the results with the corresponding amplitude modu-
lated cases. Present effort is mainly direcpgd toward the explicit deter-
mination in a useful form of the probability denaitieé for impulsive nolse;
where the number of elementary effecta per second is sufficlently small so
that there is comparatively little overiaspping of the impulses. lOnca this
probability distribution has been determined, it will be possible to exbend
" ghe theory of FM reception in noise to include the important prastical ceses
of sﬁatig, ignlition, nolse, and other types of impulsive interference. It
is also pianned to apply these résults to AM reception. Studies will also
inelude waveform, power and spsetra of siénal and nolse in FM transnission.

(7) Militery Television Technloues: An extensive program has been

established with the view of expioi%ing all-miliﬁary applications of tele-
vision systems, components, and techniques. Becsuse of great commerciel re-
gearch emphasis in the strictly technical phases ef telévisiOn, the major
effort will be directed more toward discovery of applicaticns of the exist-
ing art, rather than heavily embark on scientifie investigations presently
covered in lndustrial research programg. Partigularly closs cocfdinatian
with Army Field Forces ls contemplated in the operational research phases
of thls investigation, ‘

(8) ¥ire and Cable Research: A number of metslurgicsl investigations
havé besn directed toward finding improved alloys for wires and cables,
Field tests for the more promlising are contemplated # % # In the sams field,
general studles are belng made covering types of tranamission circuits, limit-

ing factors in transmission, copducting, insulabing and protective materials,

-




and physical and electrical 'c:"i;alaf.ar’:teristic!é ofcarrier cablas suitable for -
military use with a frequency range of 10 ko tc,;- 1.5 me., Tin-copper brald
followed by two steel tapes wrapped in opposite dire_ctiéna é,nd covered by

a braid of the highest conductivity consistent with sufficient tensile
strength appsar to be the best desipn présantly available. Tests covering
the range 10 ko to 4 me indicate the shielding ean be grestly improved over
that which is possible with three or four coppef bralds. AL frequencles
above 1 mc the tests indlcate a need for reduced leakage of the electro-
magnetic field through the interstices in the shiei-di.hg; which accounts for
-mcvst of the loas at the higher frequencies. Attention will be focussed dure
ing the next few months on such polnts as connector design, method of attach-
ing the shields to the connector in a manner that vill give tensile strength
of at lesst 600 lbs., and bonding the Insulating materdal which will be
applied both te the sennestor itself and to the cable jacket.

SECTION V - BESEARCH IN RADAR

(1) Inmtroduction: The development of rader is surely one of the

finert examples of the mbi‘h.zatwn of seientifie effort for accompllshment
ogr/l’m;.wﬁgg?w chjective cre&ted by the invention of the aiz*plang and later
davelopments in the field of mlssiles. Branching cut from ite pre-war start
as a method for locating aireraft primarily for warning and fire-control pur
poses, radar has expanded into the fields of navigatien, woather predictlon,
mapping and surveying, and mmbrous other uses which have eivilian as well
ap allitary applicati.én * # # as in communleations, radax's growth atém

" from many contributions in various enginéaring fields ,. the ;ﬁhysi@al selences,

components, materisls, sbe. Advancemcnt in radar is thus the story of achieve-

mant in complex cii'c\zity, wmiorovove technlques, propazation, electron tubes,




F‘ E) xi e B g:w- 2 vw%,n-[‘?‘:"
528

\J S
) ﬁs... 1 by M

other spscialized purposes, such as chemical and radiologleal warfare & # #
Prior to World War LI meteorology was generally confined to the meagurement,
of certain basic mebeorologleal parameters; i.e., temperature, pressurs,
humldity. Wind speed and direction, both on the surface and alaft ag well

a8 ¢loud heights, ﬁere also measured, The techniques were not in keeping
with the noeuracy desired and the application of electronies to ths meteor-
ological field was somswhat slementary  # # During the war the need for
more aceurats measurements was qulckly realized and elestronic techniques
were introduced with immediate and fer-reaching lmprovements. The Signal

~ Corps iz now on the threshold of a new era on both ressarch and in the devel-
opment of instruments and equipment for the gathering of &@teorolsgieal data,
The vtilization of radar and radic dirsstion finding technlques have opened
new vistas in the determination of what weather is and ;hera. "New end im-
proved methods of measvring alr temperature, pressure, and humidity have been
- and are being developed to permlt routine soundings of the upper air to al-
titudss of 100,000 feet and highev, éroviding an accurate third dimension to
meteorological observationa; -Higher and faster rising balloons have bsen

and are being develoeped to sarry the sounding equipment to these high altitudss,
Experimental sounding to 140,000 feet has already been accemplished. Special
electronic eamponenta'such as electron tubes, reslistors and batterles have
been and are belng developed for the radiosohde unit which is carried aloft
by these balloons. Metsorclogical rockets are under development whicﬁ have
attained altitudes impossible for balloons to attaein.. Speclal devices, coim-
ponents ané techniques have been developed for such wse # # # Upon the conw
clusion of World War II, it was inereasingly apparent that adequate weather

forcasting depends on complete coverage of the earth with a network of meteor-




ological obgervation statlons. Due to the large water masses of the earth,
the many remote and inacceasible areas, and to ths difficulties of obtaine
Iing weather data in hostils territory, means other than the normal surface
weather stations and upper alr sounding stations must necessarily bLe an im~
l‘portant complement to the land weather net. This requires a wide variely
of meteorclogical equipment for ohbsining upper air‘sounding and strategic-
ally placed automatic veather stations to obtaln specialized weather data.
The advent of the high altitude, long-range rocket, and of jet-propelled
aircréft have also made it inereasingly imperative that higher altitude
netaorologleal data be obtalned #* # # Some of the specifie projécte in
the current researeh-program follow, A

(2) The Lover Atmosphere (Troposphere): The portion of atmosphere

designated as the "troposphers” ls really an oblate sphercid ranging in
~ height from ten miles at the equator to five miles ab the poles. The vol-
ume thue contained accounts for almost 80% of the earth's total air mass
| and nearly 811 of the clouwds in the sky.' # # % Investigations are underway
directed toward determining the magnitude of space and time varistions of
meteorologieal data in this part of the atmosphere, Most effort so far has
been specifically devoted to the tims and space variationa in wind velocity
aloft. Preliminary cslculations indicate that the primary causes for vari-
ations of wind velocity are the eddies which exist in the stmosphere ¥ & ®
Another imvestigation underway concerns measurement of the liguid water con-
tent of clouds from measurements of visibllity and particls size #* +
Another investlipgation regarding atmospherie disturbances of an electrical
character centers around position finding of such disturbances as ona of

the fow means of easily determining weather conditions over enemy territory
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" or remote and lnscoessible land and ocean areas. This work includes:
(1)research on the determination of height of the 10 to Qo‘kc.refleeting
layer. of the Lonosphers;(2)use of static di;éction finding equiﬁment in
locating atmospheric disturbances other than thﬁnderstorms;(Q)Investigan'
tion of the frequency of atmospheric disturbances as a function of tha
distangs from the orliginy(s)study of the correlation of the atmospheric
wave shape with simultaneously observed netvwork fixes; (4)development of
oircuits which will resolve ambiguities in multipath propagation of
sferics disturbances; and(6) development of single station techniques
for use in finding the atmosﬁherie dis;harge gources with an accuracy
comparable to that obvtained with existing triangulation meﬁhoda- o %
¥ith the view of determining the meshanics of el&ctric;1 charge production
and electrical chargs separation within thuhderstorms, atudigs are underway
in New Mexico where such sterms are qﬁite frequent. In this investigation
the electrical properties of water will be explored under conditions judgéd
compatible with thunderstorm environment, It is anticipated that the re-
sults of such investigationé will ﬁrcvide a better understanding of thé
phenomensa of elactromagnetic waves produced b} lightning and may alsoc prove
useful in the field of storm detection and anslysle by electronic means.
Several airplane flights have been made through thunderstorms with the ob-
jective of obtaining a éorrelation between elesctrical charge centers and
turbulence and to cqgfirm existing theories of thunderstorms ‘¥ # #
Another investipgation lnvolving the study of weather by electrical means
employs radar techniqueé with the view of assoclating various reflections
with atmospheric disturbarces, This work is conducted through simultan-

eous observations by radar on an airplane flying in the disturbances at
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the same time weather parameters are being measured by personnel in

the airplane, Simultaneous records are made of the radar reflections

from the area under observatioﬁ. Some of the problems particularly under
investigation are: ( )determination of the effect of frequency, pulse 1ength
pulse repetition frejuency, pukss and peak'pcwer on radar echoes from cloud
formations, rain, snow, or other wesather phenam&na;(%) correlation of radar
echoss with type and intensity of associated athospherib phenom@na;(%}measure-
ment of scattering and attenuation of radar pulses through various types of
weather and correlation of these with radar range and frequency; and(§2
meagurement of water content, particle Sige and distribution, proportion of
1iquld and solid particles, turbulence and correlatidq of these items with
weather rada¥ * % # Related to the preceding experiments ere several other
experiménts based on vertically directed narrow-beam pulses at frequencies
of 100, 2800, 10,000 mc, and higher. At 100 mo theoretical studies indicate
that vertical incidence transmisslons are likely to produce measurable and
recordable rafleétions from tropospheric layers and that such d&ta may be

of considerable value in interpreting meteorclogical phenomena. At higher
frequencies, tropospheric echogs from diouds, rain and snow have long been
experienced with major emphasis now required in esﬂablishing understanding
of the meteorological significance of data received at various-fraquencies.
% # # In work pertaining to the tropoafheré, under title ﬁProjecf Cirpus".
¢loud studies are underway in vhich every measurabls parameter is heing
studied with respect to influence on controlled modifications of clouds
through the introduction of nuclei, such as carbon dioﬁide,-or silver iodide,
on which condensation may occur. This is a joint 8ervice projeét, andrfield

experiments pertaining there'to are conducted with all gervices participat-
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ing. Humercus flight experiments have been made in various reglons within
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siteegaakermpurkis® the U. S., and several in Caribbean areas, rxcksxRing
aindodisvwdiswiken. Hegearch continues aleng very basic lines,

(3) ._T,b_g Upner Atmogphere (Stratosphere and Tonosphere): The strato-
sphere extends from the top of the tropoesphere to & height of about 50 wiles |

‘and contains about 208 of the total atmospheres mass. Beyond lies the huge

rarefied shell of the lonosphere visirg to 2,000 miles or more but conbaining

_less than one half percent of the total atmospheric mass. In probing the

lower fringe of the upper atmosphers, balloons have sevved as the principal
carrier for measuring equipments. While some f1ights have been made ad high
a8 140,000 feet, 120,000 feet represents the msximum height from which elg-

‘nificant information on temperature and wind fields have been recelved # ¥ #

~ ¥hile there is good promise that eventually balloons capable of reliable

daytime soundings of 150,0[%’ W11 hecoms savailable, to significantly probe
-the uppe-x‘ atmosphere, rockets appsar at' this time to offer the most satise
foctory approach, Ac}:ordingly, the Sigpal Gorps’ upper astmosphere program
‘has 1argely heen huilt around./?'ochata v e o flrst/ Drdnancte constructed

vtac Corporal, later Cerman V-2's ap they beceme avallable, and more recent-~

' the
1y, ferobees procured from/z Hgvy. dewedmpaent, # # % One phase of Signal

Corps upper atmosphere research involves the development of fechnijues for

the 30 - 80 kiloneter repgion leading to measurements of pressure, temper-
aﬁure » winds, composition of the atmosph-em and olther assoclated atnosphoric
phenomena which ere meteorclogically rignificant. Efforts to determdine
presewre and composition lonk'promising. Upper air'aamplss have been obtaine&

and ars being pnalyzed. In the _fie]d of tﬂrqaeral ure nesgurements, it is

- 2.



'haped that by maasuring the poaition of the shock wave off 8 wedge on tha nose ﬁf
a rocket, and knowing tha Bach Humber, aucurate tamperatura calculations will ba

possible, Measurementa meds ab Langley Field in the low«density wind tunnal
Indicate Shat good results may be eipected to e height of 60 kilomebters. Anothor
éppraach to high altitude temperaturs detafminaﬁion involves the ma&aﬁremenp of |
travel tlme o ‘earth for gsound arising frﬁm grenade burats ejected from rockets

during flibhte Aerobee rockets arc now being equipped with nine.fouf-pound

grenadsa, explosions of which will occur at preuarranged intervals a8 the rockeb

- pasaes th;ough that part of 8pace for which tgmperaturg meagurements are desired,

Time qf explosion ﬁill.b@ telemetered to the earth and the sound arrival of each

"_ burst will be later detected with microphonea. 'With-auch'data, temperat&res at

various altitudas may easily ba computad, ain:e the velocity of sound is derendent

ypon the temperatures of the tranamis&ion media. In the fleld ef wind msssurements,

_ mejor hope is pleced in generating a smoke tr&il which cen be photographed from

the grougd a8 1t yields to the various strate and - wind.velocities at high.altituéaa;

i ﬂéveial flights have already been made,'and the'techniqua is developing satis-

factorily. ##% A muber of experiments are underway in which the upper atmosphere

:;s pfobed,‘with agpietance coming from beyond the earth, through measurements

ﬁada on phenomena associated with the passage of éetears. This i accomplished
through study of radle reflcctlons fram meteor ionization trails.. Bath pulse and
Bontinuous—wavé (Doppler) meaguring techniques ere being us&d. In tha inVeatigan
ﬁieg{ emphasis has been particularly toward obtaining an accgrate and detaile@
piéture of the phfaical p}?ceasea occurring aieng the mateor’é path, With pew
techniques devéloPed; it has bﬁed possible to study the time vériatibn of the

ppatial dlistribution of thg electron density in the usual type of fonization oloud. .

.Results indicats the clouds to be formed virtually instently by a radiation-type

process, and that decey of these olouds rosulta from a recombination-type law.



f&) Inﬁtggménﬁaticn Resoarchs 'Basic studies a%é Qndarway ﬂirgoted toward
improﬁing certain slements invol?ed in conveﬁtioﬁﬁl meteoroloéical_measureMentﬁ.
For exé:;ple » humidity elementa aro being . vorked on with objedtiveﬁ ‘ofs (1) uno -
polarization; (2) high sensitivity st -high humidities;' (3) small temperature
ooofficient of reaist&nca;l(d) no deterioriation &ﬂlhigh humidities; and (5)

"ghort time of response, #%%  Agother investigation concerns
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ways and means for minimizing hystercsis and delft in aneroid capsules and
eapsule material with the ohject of obtaining lmproved capsules for operation
over the temperature range of 4 40° C to. - 90“ ¢ # %4 Other investigations

include: (1) thermo-elastic bimetals for low temperatures-(z) residusl stress

o

'ﬂ" .
s

measurements; and (3) creep measurements,

SECTION ViI.. RESEARCH IN PROPAGATION

(1) Introduction: This Section desls with research being dane in that
field whers the media throuéh which information is to be Lransmitted is the
- sarth's atwosphers. The findings from such research may be related to a
number of fields of Signal Corps interest such as radio camunicatlons s radar,
msteorclogy, optleal signall;mg, sound Yanging, photogre.phy, etes Iin the
elestromapnetic spectrum the area of intersst includes the entire spectrum
vanging-from very long waves which follow the surface of the sarth, inter-
mediate length waves which ave éoni‘ihad t.c. the earth's atmosphore by re-
flection from the lonosphere, the extremely short waves which, for the- most
part, follow & line - of - sight typs of tranemlssion, and Lailyg hhét part
of the spectrum including the infrared, visible, ulira-violet and upwarde
-inta X-rays &nd cosmic rays. 1:; the sound spectrum interest also exists at
all wavelengths but particularly at very low freqﬁenciea where long range
transmissions offer considerable mibitary interest, both from the point of
view of sound-ranging and from; consideration -that gartain meteoi'ological
pararieters may bs deduced from tfansmission data. % # % Elements of the
pﬁpagation program which have been mentioned earlier as ihtcgral parts of -
other work will be omitted from the following presentations _ |

(2) The Electromagpetic Spectrum: As a first priority in tho fleld
of propagation, research activities are underway to fill in requimements

| | “30. | |



~ ,.f-mrvﬂ" r‘"l F;"-.‘.-,’

e

Eyn'rﬂ}m # ""??-

Jlmi“i LIS O

established by equipmant developments now underway. From a rational polnt
of view, guch an orientation of thinking ls desirable to minimize the ocourr-
ence of previously'unsuSpééted atmospheric or transmigsion phenomena after
an item of equipment has baen developed; as for example, durdng the war
‘when a K-band radar was developed which later was found to fall squarely -
on a strong absorption wave length for water vapor so the invisible molecules
effectively absorbed and blocked the radap signaia ¥ # # A portion of the
present effort has been concerned with studies of progagation effssts in
~frequency ranges suitable for radio relay service, Equipment qapable of
sweeping a wide range of'frequaneies.ia belng constructed so that field
measurements can be made of the fading, and the effectiveness of diversity
reception in overcoming such phenomena. Such testa usualiy require data
‘taken in the area of later potential use. Arctic .stuciiea. have and are Being
. made, and a Caribbean study ié now undsrway on joint long Range Proving

. Ground regquirements, # 3 On the central eastern seaboard wave propaga=~
tion studles in the I-band are underway in which terrain and weather are
givcnlﬁarticﬁlar considerstion in order that explanation for snomolies may
‘be studied and better understood # # # In the eastern portion of U, S,

and in Alaska studies are also underway peftaining to transmission time

fbf propagation in an atmosphere of varying refractive index with the oﬁu

. Jjective ofs (i)imprOVing ocurrent methods of elleiting from a vertical §9n0~
spherie sounding, information concerning cblique sky~wave transmission,
such ag maximum usable freguency, sidp distance, ete.; and(2) to utilize
obliqﬁe incidence relationships in bhtaining further information regarding
electron distribution in the ilonosphere ¥ i # Related to this program is

a study of sky-wave propagation with continuous inospheric observationa at
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the center of the pathe An experimental transmission chahnel has been

set up with transmitters and receivers symetrigally logated at egual dis-
tances from a central lonospheric laboergtory, The experimenés involvé
examination of all measurable charactaristics of the radie wave as it
arrives at the recelving poknt and to check these charactarisbics.against
the continuous megsurements of ionospheris béhavior at the maln reflsction
pcint-:, the @e_q_surements being made at &ll reasonable frequencies and under
&ll sorts of lonospheric conditions. Fixed-frequency steady-carrier trang-
misgiong and fixed-frequency puléertransmissions are provided for initially,
with the poésibilify of additional facilities to be added as the study pro-
gresses * % # The largest part 5f the ionospherie program includes the co-
‘operative ¢stablishment of sites for measurement of vertical incidence and
radio absérpbion data over 2 ccmpléte H-year solar cycle in Alaska, Canada,
_ Greenland and elsewhere throughout.the world., In addition to this long-term
progre.m,- a temporary network of five stations haf» been sstablished in -
Alasgka to study opcrational'requirements on a short-term basias, This work
.is to be further supplemented by activity in the lpﬁer auroral regions for
the debermination of the most suitable_frequencies which can be employed for
sowmnications, fadar and countermsasures purposes, particularly during at
mospheric disturbances caused by Aurora Dorealis, * ¥ # ‘Other studies ln-
volving ionospheric research includs, recording of standard Lofan sipnals,
recording of sigy-wave signals, recording of slky-wave signalé over long base-
lines, ionospheric polarization experiments, and nonpﬁolariéation MEASUrE-
mepbs, # # % ig a contlnuation of raséa}ch conducted in 1946, nﬁudié& are
being mada in very long range radio propagation in which the moon is used
as a reflecting signal for.radar pulsez. Slnce such experi@snba involve




ftha double passage of the waves through the ionosphere, Valuable'informatiau
pérta;ning fa datéction, trdcking-and gu;diué of highkfly%ng misﬁiléa,should '
‘follow, Freaént effory ia mainly tawaré improving eerly radar-techhiéﬁes and
canetructing a mechanical system carabla of suppoxting the radar antenna fer
'automatically tr&cking $he noon QVGr pR A orbit in the sky '

(3) Ehe Sound Sgecgzgmt Studies are underway involving the propagation
of gonic and ultra~sonic sound through the lower ntmaspnere and the ground.
| Particular stress is bﬂing placed on. tha abtenvation of . ﬁupersanie sound ab low
'_tamperaturaa, and as mentioned aarlier, ab very low fraqusnciea. Further
taention of work in this field appears in Sections YI and XI1I1XL.
SECTION VI 11, ~ RESEARGH IN FLECTRON TUBES

B In gct@gﬂs No single field of arientific endaavor acouples a
more 1mportant poaitian in the annals of qignal Corps acimntific achievemsnd
“then doss research relatsd o tha electron tube._ In fact, the history ef

modern communications and radar_swe thelr beginning ta, und show a new electren

tube‘deéelapment a3 the starting polnt for almoat'évbry subsequent mejor advance.

s _Basié research in alectron tubses must be #hdﬁght.of primarily as & study

: af.thé hehavidr of ;h&rged partiples in vacua aaiid.atate-ér in s&ma gas at &

. reduced préséﬁra. Ehen some partlcularly interesting behavior is ébservea; ‘
iﬁgenioué minds concelve such conduct as bart of an electrical olrcult set up-
to perform a apacific functién, and a new électron'tuberie born when the deaire&
physical cenditiond aure perpetuated in a aealed off glass, matal or ceramie
envelope. Applled research sharte moatly with knawn principles or exioting
elactron tubes with en objeotive of improvlng auch tubes, or perhaps with new
.,‘aaterials or changed gaometry, praducing an enbirely new device capable of
functions ﬁeratofore impossible. ***rThe Sighal Corpas has an e#ﬁen;ive research

progrom undervay, both in the basic and in-

P
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 the applied field, of which the first and portions of the second will be
deseribed in the text following, | - |

(2) Basig Research: Study is being made to measure the first and
ssoond secondary elsctron emission crossover potentials of thin lnsulating
gheetg. In this study an electron beam is caused to appréach the insulating
t.arget at valacit.iea correspﬁnding to various potent-ials; By measur.’mé the
potential of the holder of the insulating t.arget, the accalerating pot@ntiala

have bhsen meagured

of the primary beam/at which the seaondary emissiﬁn ratio changas from greater

than unity to less than unity keos-lressmens # % # A theory iz belng
developed to account for thé action oi’ an oxy;hydrogen fla.ms in an intense
hig!ﬁ frequency field in which a marked lengbhening, broadening, and inerease
in lntensity of the flame was observed when the flame was parallsl to the
electric vector. Related sffects have also been observed in a tubs contain-
ing neon at 38 enm preséux‘e. # # % Experiménta are underway to determine the
order of appearance of spectral lines and}:rfgtensity function: xmuiﬂri.?m appeay-
ance from oPticai e;mit.étian produced by high energy pulses of extremely
short duration., 1t 1s hoped thereby to experimentally determine certaif_x
probability fastors suggested by Einstein's transition coefficient. % *- ¥
Tritium hydrogen studies will be used in conjunction with traces work to
dotermine where, when and why hydrogen cleans up in tubes such as hydrogen
thyratrons. # # # After the Wt’of transistors by the Bell Telephone
laboratories, the basic experiments were repsated lsadlng to a more detailed
ploture of the interaction betwsen the emitter and the collector and of the
range of holss injacted from the emitter. Related to this ia solid state

" research lnvolving particularly germanium to determins: number of slsctrons
and their mebility as a funotion of temperature; optical properties of semi-

oconductors of the classical non—degensmts type as the geml-conductor is
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made to approach the behavior of an insulator; and, response of ssmi-con-
~ dustors and insulators both in the purest form(as well os properly "doped",)
as a function of tempsrature, down to ﬁhat of liquid hellium, L& # ? Work
is contiming on the fine structure of the hydrogen atom employlng microwave
techniques, In this experiment & beam of hydro;gen atoms passes through a
strong magnetic fleld toward a dist.a:it .detector with -ean-ditia'nsAest-ablishad
that only atoms vhich had thelr alectréns in a certain orbit could register
at the detector. A microwave beam intmects the atomic beam and when the
energy quanta of the miorowave heam possesses a perticular critieal valué
'electrons shift from the registering 1evel to the non-regiatering level.
‘mua the gquantum of energy required to ehange the slectron's orbit may be
observed. In this particular experiment, enérgy discrepancies occurred
not é@iehahls by the long-standing Dirse theory of the hydrogen atom, a,nci '
és a consequence great activity te explain this diserepancy was pre@ipitate%!
thmughéub the world, and microwave techniques were further recognized as a
powérful tool for atomic physiclsta, # # ﬁ"- Ths use of miergwaves as jusb
illvstrated has opened u;; many new fields for physical explorstlon. Research
is underway on numerous projects, such as: the fine and hyperfine structurs
of the hydrogen atom; lonigzed helinm fine s&ucture; theory of mclear effects
in mierowave spectra; resogsnes absorption of microwaves by gas molecules;
electron polarization and resonance experiments; nuclear resonances at low
t.emperétures; reflection of microwsves from an electronic spsce charge;
dipole z;nmentag trans—ient, discharge'charaeteristica and ambipolar diffusion
and electron-ion recomblnation, use of molewular rescnances as precis.a time
atandardé, the Hall and Kerr effectes at microwave frequencles, and many others.

# # % JMuch activity is undeyway in the ba;sie field of emission eBtudies.

For exampls, there is research directed to study the factore which tend to
it AT TR mw
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limit high voltage pulse opsration of tubes with oxide coated cathodes, and
the factors affecting primary emission from grids in tubes with cxdde~coated
cathodss, There is work directed toward producing a material, having e
high secondary emission ratio, capable of long life when funetioning in
combination with a hot primary cathods to which it may be exposed .
Studies are @demy to learn more about the factors which_affect and
imit cold cat.ﬁode electron tubes Opemung in pulsed modulator applications.
There is asctivity on both thermionie and éecondary emission phenomene with
the object of developing cathodes aujaeriur in slectronic emission per unit
aren, life sxpectancy, _mechanieal-qualities and efficlency over those now
available., In this field surprising resulte have bsen cbtained with cold
pure metal cathodes cperating in pulsed mé.gnetmns s for if a emall emount
of thermlonic emission is avallable,experimental ebsax*va_tioﬁe have indicated
that magnetron-type emission of the order of 1000 times the thernionio value
can be obtained, Another experiment involves an observed phenomsnon that
without heating the cathode of a magnetron, ar_i- anode cuprant can ba produced
by feeding low.level RF powér into the tube while meintaining the eyelotron
magnstie fisld at a low anode voltage. With 50 volts on the anode and RF
power of the order of microwatts, a mloroampers of current can be obtained
with a cold cathode. A tentative t_'.he-oretical explanation has besn formulated.
Another project inelgdes résaarﬁh on work function and electrigal conductivity
of oxide-coated cathodes, determination of ths thermionio-smission and the
field emission proparties_ of single tungsten érystals by phbtometric methods,
determination of the migration of barium ions in barium oxide ca'ohodes through
use of tracer techniques, and others. '
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(3) Applied Research: Methods of generating microwave -frequencies

ﬂ’ﬂ?

. move efficiently, or learning how to generate super-high frequencies in reglons

as yot not posalble, constitute one of the major objectives of t:he program
appearing under the applied ressarch heading, While magnetrdn teshnicues
have advénéed to where wavelengths of only a few millimeters may bs gener
ated; new approaches are né:';essary Since such magnetrons .’Ln#u]_.'ve extremely
small mechanical dimensions and afe quitae 1imited in power output. Other
methods under study include investigations of harmonic gnerators, use of

. klystron theery and techniques and the vather raéioa; approach of using
eharged mercury drops to produce damped oscillations, Along bthar lines
is an investigation involving the interchangs of energy between elegtrona
and elestromagnetic waves due Lo interaction in a tuned eavity as an axial
electron beam passes‘through the cavity on which a steady magnetic field is

superimposed. The thought is that r-f energy may be coupled into the beam

at cavity résoganca frequency or vesomsncecfvequencyootk higher, Another
posgible method of genersting millimetex; é;‘ infrared radiation now under
investigation involves the use of a staggered _magneﬁie field to impose small |
dlateral accelerations on a beam of slestrons. in the present work a study
of several electron trajectories has besn made with the ab;jec'_cive of see-
ing if a millimster or hfrared generator based on the radiation from
acoelerated electrons would bs feasible. More conventional work includes
atudies on inberdigi’g.'al magnetrons, inverted magnetrons with cathodea sur-
rounding the anode structure, and others, Along entirsly conventional
lines for pulsed magnetron, powers have continually been extended upward.
“Outputs of 10 megawatts at Ssbapd; for axample; have bsen obtained with
pulses 3.- microsecond in duration and at 80 kilovolts pulse voltage. IR
in the field of magnetronz, for continuous rather than pulse operation,
S e _—
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' ‘w;;ri.: is' &ﬁderway involving extension of theory and improvements in tech-
niquas conterning generation, amplification, and modulation problems cover~
ing the frequancy range of 1000 to 30,000 me. Average powers as high as
50 kiw have been obtained at 1200 me, # % % The problem of amplification,
and pafticularly broadband a:ﬁplieation,l at mlerowave frequenciss 1ls now reé-
eeiv'iﬁg cangiderable attention.- In the field of traveling wave tubes work
is undermay to exteﬁd the use and understanding :;,\f; the mechanism of contin-
| uous interaction betwsen waves and electrons. Theoretical and experiment-
al siiﬁdigé ag well as complete operating tubes aﬁe' being constructed in a
humber of experiments. Questions under consideratlion include lowering the
noise figure, inereasing the gain, extending the power level and {requency
of oﬁgmﬁ.ﬁm, understanding the effecte of gaps and cor}aentratad and distri-~
buted loss along wave carrying stmctui‘es; development pf new forms of eire
cults and tubes, compression studles, and slectron beam prod-uétien_ and foocugs—
| ing jstudies. -4 % % In numerous other categorics of electron tubes, or direct
‘ly related fields, Signal Corps effort represents more of a combined applied
| research with engi.neerihg ébjectives s and acoordingly, will not i:se stressed
herein. Such categories are: mschanieal, chemlcal and physlecal test teche
niques; statlstical control technlques; materiéls and construction msthods;
receiving tubes; power tubes; gas tubes; microwsve eiectron tubes, such as
magnetrons, klystrons, planar types, crystal rectiflers, switehing types; '
c¢athode ray tubes; phot;ot.ubes; storage or memory tubes; tubes for radiolo-
gi_eai purposes, ete. ‘
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(1) Mﬂ: Approximately '?0,000,0@0 quarts erystals were
.purchased during World Var II for use as frequency atab:.lisers, particularly
for communication purposes. 7The worldias supply of naﬁ_wal quarty is very
1mited and most of Uha raw natorisl usod in the U Se must be imported.

This fact, ooupled with imcreasingly severs requivements oh spoctrun oon=
ﬁarvaﬁsn,' suggesting an increaging rather than a décreasﬁng demand for
froquensy stabilizatlon materials or techniques, places research in this

£ie1d in a position of considerable importance dn the Signal Corps programe

In addition to usfages of the World War II type for conmunicatlons, the microw
wave ppectyun is now ecntinualiy bringing about new requiremants for frequeancy
stahilization, most of which are quite wwrealizabls with sselllating c:rystals.‘
Adecordingly an entirely new £ield of fz;aquency eonbrol requiremonts is cmerg=
ing whore crystal techniques can ne longer gerve, # %4 In £ha discusaion
which follows, the overall subject will be divided ha:cadly intos first,

that part daalﬂm with the gynthesis of quarts or of possible substitutess
pecond, fundamental studies on the p;eaoaimatric activity of crystalag

third, stuldiss perteining to ecireultry applicable to rreclse froquansy 'controlg
and fourth, new methods uwnder investipgation %h:!.ch hold promise for frequancy
-atabﬂ.liaaticn  1big vtz Lt N - _

() Swthesis of ﬁﬁmj&m Crystalas Vithin the past year querts
has been awceasfully synthesized in eryatal siges of such magn;tuﬁe that |
there 15 now good reason to look forward %o synbbetic production of useful
siges after sca:lﬁ.né up pregently used aﬁtpermntal proeedm_:‘éa. # # & The .
techniquws found successfvdl involves a hydro-therm 1 process utllising the
temperatire gi‘adient within an autcolave. In this process the autcolave 48
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partislly £illed with natural quarba gereps, quarts sand, or fused silicme

An squacus solution of elther sodlua chloride or sodium carbonato is addede
| Within the autoclavey a amall seed crystlal on which the growth will take
placay Is fixed appropriatoly. Tomperature 1s m:l.sad- to appx;osimately
400° Cy which is ecmewhat above the criticel tempersture for water, ot
which time pregsupes of 10,000 = 20,000 per squaxe inch develop and crysial
growth starﬁé. Fer exanple, one clear gpecimen was grown on & seed cub | i
paredlal to a minor rhomboledral face and inémasad in weight by 16 grans

or 530% and in thickness by 9 mm in A7 daya. # B2 Ag & E‘ur'izhe# part of
‘studies to bring sbout m better understanding of the phenomena of quarts
_Agmﬁ't-h, in dilute slkenlzed sali solm,iomaa the following have bean canfim-

eds in the Na Cl, pH 10 asclutions, the wninatien of dilutions to /200"

ard of charges fram 45% to €03 Qid not discloss grester yields than N/40

ab Df cherges the ninimun smount of fused silica sowrcs materiel to give
mgciman growth in 48 hours was- det&mamd to be about six times the weighd

of the seed platej more growth wcmad with cristobalite acurce matarial

than with mmrmssta:mm natural quarr.z; and goveral salts analegous to

Ka C1 yield groathy the Ha Br resulis boing comparable in smount to Na Cl, # & %
. Plans are now wnderwey for larger growth tyse of equipmsni atxi 2 two cham=

ber thern 1 - circulation axteclave of about 19 Liters capacity is in the
process of febricatione # # & Another crystel widely knewn for 148 ploso-
elsctric propsrties is tommalim’ami while sources of this material exist
throughout thia coun;ary gnd elsewhere only & small amount mined is of squ
ficiently high quallty to be suitable for frequency contrel plezoelectric
purpoges. With selscted pieces, fabwication of fundamental mede cseillaber
plates to 400 mo have been sccomplisheds Accordlugly work hes been lnitlated
to 1nveatigate‘ tochniques, methods and eg,uig?;ants ifex' the gynthosis ‘ut single




'amtals of substances of towrmaline type which may be s_ui.ta‘bia for controll=
ing elonenta as & oubstitute for quartss lNethods employed e quite similer
o those desoribed earlier for quartg. Incidently, quite recent studies

have shown that borecite holdg promise exceeding, perhapss that shown by
fourmaling. Considevation ig, therefore, now belng given, to shii‘ting
emphasis in this partioulsr project from tournaline to boracites i # #
Another portion of the "synthetics" progrem concerns the gromth of mepha-
1ing which nlse gppears to offer premine as a pieﬁaeiect:’m‘ naterial al-
thovgh infermstion on this subject 18 not abundante An objeobiva has, theve
fore, beazi established to prow singls crystals of suffisiont size so that
compleﬁa sclentific dita may bo obtained on this interesting materiale = % #
Other erystads which are belng prom fop the purposa of obtalning thaly |
plozoslectric and otler aharaemr%ﬁtigéf gédég'i;antlal rveplacemsnis for quarts
inelwie eluminum phosphate, aluslmum ersenate and boren phosphates As in
othar eymthetics, the objective 1s initially one of obtalning large, clear

. unbwly,] eryatals fron which to meko voletive conprisonSe |
Lad Studiens Fs'ex'k i2 onder way in the imprwemarxﬁ of tachn
niques in the VHF rangs with the t;b,jeeﬁi‘u’e of eatablishing accurata i’mqmmv‘

Eamsmnt equipments axd techniques up 40 300 mes # & % In the low fire=
" AR et 1614 an Instraent hes beon developed
©apabls of making very acouratd impedance messureménte in the fraquensy
rance of 5kea A rolated woxlk, investigations have, end eve being, con- _
dusted witk the chjsctive of cbteinirg & new crystal out move etabls in fro=

quancy, aul essy to mam;fadt.m, than heretofor possihlze Theoraticsl stu-
dios of ths quarts etrueture have led to sn approach through which low frg-

quency cuta withﬂ}m temperature coefficient may be foumlse Prelinionary tests
W@gf—*v i i,
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show such cuts to hava 3 frequency toleranca of plus or minuvs 005% over
the temperature range of =400 to+'?o° Co # 22 Olher studies ares underway
‘to determine methods and techniquas for neasuring the eivcult properbies
of high frequency quart cryatals and {o interpret these in t'em:a of hasie
plezoelactric theory, From this study i is axpacted to develop a reans
“for systematie stamderdization of the varlous types of crystal units, and
a neana for the application of cireudt snalysis Lo the peculiar problema

of thé cryatal oscillator wkﬁ.ch, of course, 1s a eomb;i_nation of the crystal
: t unit and the oscillator clrcuits Also relatedrto‘this,atlziy

ia resesrch on the factors which é.t‘fect the rate of change of equivalant

" remetonoa of the erystal unlt with fr;equency and to investigale metheds aﬂd
techniques for controlling these charac:teristics, For e:gamplai temperature
_studies were underpaken on the fundamental medes of contowred AT - cub '-
crystals to exsmﬁ.rm- relationghips between i:emperature s‘babiliﬁy ad degrae
of contours Gyliﬁl_rica‘l cortours on aquare AT ~ outs were furthor explored
{0 deternine if a varlation of angle betwescn the cylindriedl and ths ¢rys-
tallographic axis would cause any approcleble change in overtone separations
Thia did not seem to bo the case. Dust pattern stxﬁies of T = ¢uts wers
continued and a beginning made on investigating the inhsrmonic overtonss
associated with the third harmomics The reswits obteined have slvesdy
Ised indirectly to a revised design for 1 me, 1/2v plated; wire'-mem%e&
ubdts The few units nade so far all resonate on their fundsmental modes.
However, tho vesistances ave rather highs betwsen 200 and 300 ohmge Form
factors £or 2.9 me contoured unita. have been calculﬂteé. Iﬁéasmmen'ba of
dynamic capacitance of several contoured 2 and 4 mo plates ssem to indloate
that, contrary $o flast crys'tala » the eapacitunoe increaves with decroasing _
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froquongy. # # # In addition to studiey of tho dype Just indicated re=
_search is undexway on techniques for removing the phenomens which appeara

in meny quarts crystals under namg "twinning®e Quarts ehara{;‘heriﬁad by

‘this dafect shows variations in the elastle constants of the labbice struoe
_ﬁxm and the prasence of such strains has g ﬁelsterious effoct on asume of
the more important properties of the osclllator plate. # # # Very recently
axperimenta have been made on a bigh tempersture maﬁng process which
gppaars 40 offor groeat ﬁé&gﬁ%?ﬁgzﬁéﬁlg;%P%&:&%&é&éﬁiﬁ?’f&ﬁé&bﬁ@
gaxa-erysbal - treatnentyayiodding a higher Q.coupled wﬂ,th an apparont [rege
‘dom £rom agivge In effect, the process consists only in heating to & teme
péx*atura close to the imversion pelnd 'i'ox‘ quarts and then slowly annealinge
Further exparimentation and theoretlcal studles on the umierlying causa for
~'bh$ obgarved phoncuenen are now wulerwoye ]
s (&) CireyisryStuiiess One phase of circullryresearch conoerng méati-
gations in which & oryotaly operating on a mechanical ovartena; colrtrolds i:ha
Frequency of an oseillator cirouilbe This work inoludess investigations of
. elrouits in which ne tuning adjustment ie requived when crygtal vdta of
difforont nomingl frequoncles are usedy and, olrcuits 1.:1 which the aperaﬁisn
is at frequencies so high that the crystal wnite thomselves appssr to be
capacltive olements, ineluding ceses in which the crystal uwnit 48 incorpor=
ated in a bridge oircuit, end oirpulte in which the crystel wilt is used as
a ﬁeqmmy reforence and ceuses error voltages to be developed which are
usad to control a froe-ruming ogcillatore # & % Another phass of this work
goncerns studies involving: effective power disaipated within cscilisting
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| :Lattar cage the m'obiem 18 belng considered in thr™ partss. (1) two os=
‘elllators operating on the same frequoncyy (2) one oseillator operating
on froquancies which ara irrbagrgl muléiples of the wmtal—cc_:rrtmiled 0~
e1llntor frequencyy and, (3) one oscillator operating on frequencios which
 are gub-muliiples of the crystal-controllsd cacillator frequencye

(5} Xon~Plezoeloctrig Mathodgs Utilsation .af magnatostrictive
materiala for frequency control purposes is not new 1;6 the arte Rods of
sush material, howaver, aye quite limited in frequency range end hed earlier
bean discarded chiefly becavss of their low 'elae%o-mecham,cal officieomcy
end high temporature coefficlent of frequencye The combination of certain
new elloye and regonstor designs, has recently, however, enhaméd tha pogsie
bilities of magnotostrictive methods £inding epplications Accordingly, work
4% now wilervay on & study Lrvolving the utdlizstion of this principle over
8 fxoquency range of M ke to 3 me, or Iﬂghér. A number of undts have been .
fabiricated which show eodaidarab:lﬂ yromicas ¢ i 4 Decauge of the extromely
dow ﬁamperatura coefficlent of expansieon for fused quarts, studies slso ave |
being c_endusted in wh.ich such materisl i3 fabricated into resonators for
fraquency eontrol purposess A particular investigation is directed toward
- uge in the frequency rance betweon £000 and 8300 10 o w » & » shability
within 1/2 me over a temparature vange of =400 to +65° Ce In construction,
the mein body of the cavity 45 of fwsed quartz, completely metallized and
~"then gilver plateds Tnvar "36% 43 tho alloy employsd in the construction of
the tuning elements ;:f the caviﬁy. Since the resonating cavity requires
evacuation for optimum stabdlization, considerable difficuliy was initially
exparienced in sa-crn;ing‘ & vacuum seal batwaon the quarts body and tle Lvar
omd platess 7This was accomplished, however, and the work is proceeding. 3 # #
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With the rapid development of the new fleld of physics called microwave

' wpectroscopy 1t has bacome increasingly gppavent that molecular sbsorption
p}mhamena suggeste tha possibllity of applickgtion ea a time ptandard fox

miorewave atabllisation purposes. For example, a strong absorption lins

of amonia oxists ab 23,870 me which is in the frequency range of radze
anC'i roposed radlo relay communication equipments In the plan now being
worked upons; & micrcowave besm is passed through & wave gulde esll contein-
ing ammonia. Erﬁ‘ez‘ voltages are developed as the transmitted frequency
doviates froa the een‘tax’: froquensy of the amonié abaox"ptién Xine, These
exror voltages, which are indicative of deviations from 23,870 me, are vasd
to change the oscillating frequency of a Idystrop which it is desired {o
synchronize with the frequency of the abaorptian dinee Unfortunately, the

o frequency deviatlion which serves to gorrect the ogeillatoy is sensitlive to

Wi ile

"bhe presswe and temperatwre of the ‘ammonia in the controlding celle’ furthsr:

reaaml}s nmay evenihally load to ways of éfi‘ecting/s%né%mtim in the uncertad.ne
ties gy caused, bt 6% this tine stabilitles possibls mreslmilardad a¢
excasd thab ‘m‘@mmﬁfgaed crystal stabilited oscillatoy being of
the erder of one part in 3:_37 _# ¢ 4+ In the same general fleld, bub far

mciﬂ é@dvanced in ite research complexities, lles the m1ecul&f_ beam methed
of froguency control, This method would employ a different physical approach
énd 1z independsnt of temperature and pressurs, since the molecules serving
for a reference frequency pasg through a highly evacuated tube withoub .
gollisions among themsalvas or with t.he walls of the container. Such equipe
went, has nsver yt baan constructed, becauge of cost and complaxitye Hotpe -

~ eveyr, theoretlcal studies do mdicat.e that molecular beam time standards

e
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gould ba built and accuracisa of one part in .'J.t:!:"2 would not ba oub of
reason.  Such securacy, of courss, would be far greater than possibla

" today with the bast of orystal controllad tins.stendards. In fact, if
appliad 88 & timing dev:r.eag such a clock could xun, without re--setting,
for J000 years with an error of enly a small fraction ¢£ one soecondo

BEGTTON X =~ B
. (1) Introduetions The necessity thab most militery equipment must

aperéte satisfactoﬁly and rellsbly over the entire gamut of clinatic comii=
tions found on this earth, or in some instances beyond, imposes a réquimw

ment of perfection upon the integral military componsnts rarely required by

oot by reloted

commerciel products manufactured for temperate zone operation. It ls thum
Mbessary that the Signal Corps participate in g ressarch and dﬁalo;mri‘b
prdgram leading to new materials and componemts Speoifiealiy directed toward
improving military Aeqtﬁ.;:ments; 1t being happlly recognismed, however, thatb
in many instances, end items which have civilian interest alsc appear frém
. such researche # 2 % In general, most of the work related to component
dovelopment involves an engineering fabrication of such plecew-parte ag a
yesuls of new ﬁaterials ox techniques separately daveléped, and as such
will t.hei‘e:?pr not ba stressed in this discussion axcapﬁ wherae reseafch nay
bo dnvolveds . . . | _

(@) M: Magretic materials with rectengular hysteresis chavece
teristicas ave being investigated for numercua power a1 communication purpeses
mainly because gizs, weight and loséaa could be reduced with materials retain-
Sng egoential properties coupiad with an inherently higher ssturation £lux '
donsitye One approach to the problem was thraugh modifylng the magnetis prop=
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erties by amnealing in a magnetic fleld. Knésm chargcteristics gsuch a8 .
ragnstostriction, cr;ystal anerpy, and Curle tmﬁparature, indicated thab
‘alloys with 35 to % poreert cobalt; balance fvon, and others, mhtmd
to thls treatment. Another phage of the same problom 5.@0111133 a nagnetic
gnnealing study of the 'ﬁernary goball -« iron = nlckel systemﬁ%a&%% the
knownt excellent yesponse in "Porminvar® {35 cobali, 30 dron and 45 nickal)
and falr raspense of dobalt iren (150). Mo comnacting lines of composition
_ vréi‘&%}"‘ﬁ%ﬁ’:d in the intermediate compositién TENES « o « » in fact, rather wids
_mreag of composition oceur having extremely poor 'magneatic propertiess Frosent
actiﬁty 38 now divected toward a search for some quaternsry addition through
which the apparent fweterogeneity may ba suppresseds # # 3 Other inves%igam
tiong 4n the same field ineluwder (1) studiss of & 50 per cent nickel-iren
alloy 4n light gavgen with rectangular hystesesis loop charsctoristics simie
lar to the Geymen alloy Permenorm 5000=CZg investigation of ZigIrﬁ gavea orient=
" ed silicon steel strips svitabla for the manufscture of wound core transform=
| ors operating at hMgh £iux densities and high froquenciosy and {2} s Studics
of cobalt-iron alloys for operating ab e:ﬁre‘meiy hgh flux densities ard
furthey extension of the work in developing rectangvlar hystoresis Jncpsr
choracteristics in these alloys # # 4 pn the basic research ficld of
plastice, synthetic resing, flaxil:ile insulations and mulatipg-oils;work.

ia proceding on a& mmbsr of problema includinge (1) mechanical studies of
polymorived ring siliconesy (2) tranaformation of ailicons rings to chaingg
(3) preparation of 1lquid polymers and copolymers incorporating diens mono-
persy (4) modification of melamine resins with long linsar difunctional




CESTRICTDN
" ohalnsy (5) chemical modification on intermedietes for resins having a
composition and atructure belleved to be inherently arc resistanty (6)
study of the ferrocysnide complexes to Tearn of any relationshlp existing
batveon the size of the metal lon. in the metal férrocyanida;n and the di=
electric constent of the complexy (7) prePaﬁ'afién of parphyrinﬂ; (8) atudy
on the d.n.electme constant and uism ipation factor of Zd.quid binary nixturess
(9) studiss on the effact on the diejﬂc’nrlc strength of loading polystyrepe
- wilth ﬁbzs (ZID) REASUTEnEISS ofﬁigl&ctrig constant and power factor ab high
ﬁequexﬁi@s; (I!:L) studies on the ef‘feéﬁ.of high fx;aquemy arc discharges
) #croas tho surface of ﬁrgmzic miterialsy (33) studies on crasing inmivﬁ.ng
effects of orientation, m;rersibﬁ.litj', growth of cracks, effect of ct;ﬁtam-
:Lnétinn wifh organic materizls, and othorsy (14) study of the rheological
praperﬁies of polystyrene directed toward development of no&-érazing polye
styrane; (15) study of the impact strength of plustics directed towsrd
development of & mechanical elsctrical plasticy and athers. # % % In p
more applied i‘ield invegtipations. ara also undemay to develop D’tastie matere
ials suitable forx tha casting of precision optical lenses, pxji.sms, wirrora,
etce, and a plastic natarial suitahie_ for embedding electricél componenta
guch as HF and laading coilss n ﬂae optical phase, ITETOus monmei;s- have
been synthesized and aucceaaﬁﬁly polynerized and copolymerized yie.dng
material for study &8 optical elememise In the electrical embsdding phass,
studles of & mmber of comsrcial and exporimental montmers were made, and
it was detarmined thjat curing recomendations piven by Mmtmra ﬁafe
in most cases not applicable to casting techniques lﬁading to a requirement A
for invastigations on the effect of catalysts, catalyst eoncentrations, and
polymer socelerators on curing time, internsl temporature rise, and physical
properties. Smh data will be usad to detemina opi,i,mum curing precadurea
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for thoss moncmars pz-apmd for elactricak testing. # # % Another phesg of
the materials reseérch progyam ig dlrected toward Improving existing ceramles,
 perbloularly toward expanding the temperature and hunddity renges under which
| they retain denired mechaniecal and elsctrical propertissy more apacifically,.i
high thermal conductivity with lew loas, the ability to withstend severs
thermal shook, en.irherently moisture vepellent surface or glase of high
elactrionl surfoce rasglativity then exposed o high humidity or wet copdie
tions, and develcpnant ©f ceramle bodiss fres of electrolytic gotion, Spenis=
£io parts of the program ineludes (1) work cencentratsd on measuring the
thermal cﬁzﬁm‘biﬁty of the experimental bedies, end developing a vitreous
body couposed of 100§ DeO with & mextmm maturlng tompersturs of 17500 G,
RPCFROpCROVELREESEACHEEooT - T00% B60 Feilalhs 4 bE 698056} (2) a1l known
ceramic composltions have been evaluated for thermel endurance with typee

ggmposiﬁiene found to be (in order of decreasing thermal endurance) cerdi=
arite, sillimanlte, sircon; alumina, beryllis, slae'ﬁridal porealain and
sheatites « o o two partioular crystalline phases which increased the therm=
al endurance of some aluming bype - compaaitioﬁa vers prepared as ceramiec
bodies and avelugted for $hernal endurance and physical and electrical prop=
artles { » « « results wora very urwatiéfaetorm (3) comparative tosts on
various bass coatings from the point of view of i‘raé&om from elactrolytic
aotion « o » o best coating found to date is a glaze consisting of 99% lesd
‘monogilicate and 1% Cro0Oss and (4), in the development of densé cordierite
bodies sbaviue was found to benefit dielactric properties and exert & noﬁige-
sble £luglng sction in ¥rawH bédi@a providing sn excess of 5103 « ¢ o 0 ¢
bariwm pyrophosphate as & caleine coﬁpanant inoressed the flwxing action of -
the calcine, bub had 1ittls effeot on the di.elactria properties -e;f the bodles
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formed « o o + 8 dow expansion enamel was tosted a3 4 glasa for dense
 coxdierite with vesulta indicating thet s modified ensmeling procodure

nay ba adepted to gloss $iving of those bodied. # % % Ag g furthar paxrt

of the cevanle program, investigations have beon made to the establishment
of mathods of quantitative apsctrographic anal;ysia of yew and processed
titaniwn oxide, alkaling carth titanates and other materials used in the

. mamufacture of eeramic bodiese Several methods to accomplish this, includ=-
ing Briquetting, have been successfully demonstrateds 'Ir‘ar mﬁfscw:ifé and
phlogopite micas two methods of standardization have boen cstablished both
providing means of synthesizing sanples of sultable yange of compoaition to
establish workdng eurveds The methods ares (1) IC ave method ?:hich’ provides
the least systematlic variations,sluce any variable of crystal form that
might remaln after fusion is minj;.mﬁzedg and (32), avaraé;a of tyiplicate
analyaés » » » « BOWETER, Once & proper Briguetting procedure is dwebpéﬂ
4t ghould be suporior in precision and aaﬁuracya 4 5 % On a quite rractical
bhasis, investigation: have also boen uwnderway directed toward developing a
process for injection molding of steatite; ®mircon or othey ceramic f;mlﬁ.é\;t-
orse Soms of the present conelugions of this in:vestigamoﬂ may be tabulated
sa followas (1) Rthyl collulose is the Lesh themoplastic resin tested,
with butyl stearale being the raesi genarally satisfactory plasticizery (2) a
eavefuls slow beking scheduls s zequired for successful mﬁiﬁn of |
awciliary "binders® and suecess is further depsndent upon the eliminatien
of invisible lsminations, weld lined, and internsl strainse Such factors

as injection pressure, injection = aylinder temperature; and Injectlon speod,
vary with the material formulation and dependent plasticitye Other cons
¢lusions from this applied resesrch will not be listed beosuse they ara only
of gpecislized technical intorest. # & it In Jha fleld of semi~conductors,
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éeferenee hag alrsady been made in Seetian ViL to that ﬁrﬁian of the work
bearing particularly on the field related to electron tube applications,

In addition to the work referonced, studles are baing mede to more fully
wrlerstand the function of the barrfer layer in the mpara’cicxi of roctifierss
Mumerous experimenta have been carrled on with selenlum because of ite Ime
vortance in dry disk rectificrs. Measwrements were made of the impsdance

ab various frequencies when & amall AC cwrent is superimposed on & biase
Resulia of the meusurementst indicabe that ths barrier layer ia not an ex=
hauwwtion layer as previously belisvede In the same fleld, stwdlies of the
activation energy and time lag phenomena have beon made &a both -éxpm:nezxtal

Investiaatlons underﬁay arebeln& directed

and theorsiicale boderssyoare

toward 6 sbudy '
of the surface resistance of selenium ag & function of atsorbed pasy it balng
expeeted that Aauch gas will influgnce the impedance characteristics of a
rec{‘.ifier, since the properties of the barrler layer are strongly dependent
on surface energy states and woric funchion. Selenium reseai*ch; glso includen
optical absorptlion of its various muéifieatiena‘, meaguremants of viscogity
and the effect of sddition agenté on viacosit#, axd méeareh on the crystale
dization properties,and electriéal studies on the affect of addition aroutse
&long more practicel lines, the results of resesrch as indicated sbove have
boen sbudied specifically with the theught of Utllizing new infornation in
dmproving dry dis.c rechiflers, particularly in the directlion of high temp-
erature and hunldity characteristicss Other work in semisconductors includes
gtudiez of the conductivity of tltaniwm dioxide as a function of oxygen dgw
fect, bLemporature, £i01d strength and frequencys This investlgation aﬁmpriaas'
coramica a3 well as single crystals in omder to aa’c.abliaﬁ the influence c_:f
grain boundavies on ths electridll properties end will inclwie. study of the
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exydationroduction gyele, condustivity, Hall effect, thermo-affoct and
paranagnetian, # 4 % DBaplun tllanate 1z one of the most intoresting matorw
lals under extensive research today bscsuse of ite very unusual electro=
strictive, piesoaloctric and dielectyls propertiess Repoarch inchudes nany
olycrystelline
studies involving boi;h, alngls crystal arxg elferatiine preparations, the
J.atter, balng 5&1&:}1@@ both separately and on cormile shootss Since it has
individual :
b@en only necently pcasible to gynthesise xnbwlnm :-‘an v e T crygtals
pproximately 5/8“ diameter by 1-1/4" high and cyllndrlcal in shape,
pixangeoprenishia gy gven i‘u.z'aher accalaration may be expected in this
i‘ield, alnx:e many applications widl follow once ithils materiel is fully undare

gtooda Some of the above irrves‘big&tiom widermay on this naterial includea

{1 atomic paramsters of the crystal lattice studied by xeray methodsy (2)
cpﬁiwcal propevties ebudicd through neting ‘i‘;he parallsiisn between changes
g)mdwed by temperature variations, ACG and DG flelds with opticad anlso=
tropy &% observed with a patregmphﬁ,é microscopes (3) pevmanent and spantén-
@ous polariszebion amd Bax%hausan efigets in gingle or twinned crystaly as

' x-avealeﬂ by the field versus charge hysteresis oops, and the relaticnzahip
of these effects to AC and IC .f.‘:..eld vax'iatiom; (4) elsctro-mechanicel caup—
ling with respect to performence af cr:,rstah ag transducersy (5) factors .

- debermingug the optinm temperatures _fu:é hucleationv and growth rates of pure
© bariun ditansboy and (6), penewal establistment of theory pertalwlng 6o doe
nain stroctire and transition pointse # % # Anothar intevesting study under—
way pertains o the develapneﬁt of ultra—thizi filws of barfwm titanate op
baidun strontiun titanate type ceranics which 4t is hoped will retain the
dielectric propertids of tle slngle crystals of these materialss Vork ie
progreasing with the objective of thé ceramio having aa' ;favomble a cryatal-
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Jographic, oriantation as possible, i‘iﬂm- thicknesses to be fron one ‘bo.
ona-tenth microns, and tempéax:a"bura coafflcient of dielactric constant to
pedk at amblants Vhether objectives as indicated can be met 1s not yei
knowne  Other investipgations of interest in ﬂw £leld of dielectrics ine
etudes (1) study of the. characteristics eof pinite (s msssive wicrecrystale-
line variety of sugcovite mica) for possible d.‘l.aiectxic applicationsy (2)
struetural cherseteristics of basic lsad silicatey (3)relation between the
| composition, erystallizstion ﬁiatory and physical properties of micag (4)
. the chemical bond in synthetlc sluninum phosphatey (5) prowbth of magnetite
'-sj_hngls crystalsy electric and magnetlc properties of FeyOsp (6} éleatric
gtrength megsurenents of materlals agains%. translisnts of rise timés 8y fast
g8 3 % 2070 geconds; and in generalization,-rasaarch on aryaial atructure
-and eomposiiional variations in incrganic mata:n;ials as related to their |
physical properties, especially dieieatricﬁ plezoelsctric and electraatx:*icﬁ
blve, and to correlate such studles with cbsarved phencmena oi" these mataris~
als with a .f.’;.nal objective of discovering new elect?anic applications. # # 4
As 8 specific applied research project, which often follows studies of tha
~type jus‘t indicated, the evolutlon of synthetlc mlca is of intersste Mica
i3 of preat importance in the f£ield of elsctronics becausa of its high dis
electrio sprength and desirable mechanical prppertiess During the late war.
alnoat every radic or radar em ipme:ﬁ; was dependent upon mica in some form
or otheore As & result of this preal demand basic studies werae made which
oventually led to small-acale production of mica.wiike material. Further |
rasearch continued promising, and today a piloy preoduction plant for syn=
thetio mica 48 in operatlon, # # % In the field of lumincus materials
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Fagearch 1s primarily direcied toward develvpwent of ultraviolet « sengiilve
and longer parsiate_ma nateriels than now milable. In this sunue catspory
af-a;t.‘fu:;'tg work on infraved sensitive phosphora 1o also undexwaye Huorous
phosphora have bean gynthesized and studlede Tha work has résui'tad in the
discovery of ten new infrered - senaliive base materlaels, and whils these
must be excited with very short wltraviolst radistlons their excellent slae
bilidy warranta congidarabls further resesxch. As anobher part of the pros
gy a series of panels was made wp wilh various phogphorsscent pigrents
insorporated in four differend palint vehiclaﬁ; Dosulte showed that slug ~
cadniun sulfids deboriorated losst rapldly afier 12 monthe fnterior exposursg
ging sullfide énd calelwm sulfide wers intermediate, whils strontiim sulfide
wes the loast dursbles Methacrylate and urea - forsaldshydle vehicles gave
paings wshich retained phosphoressvent hylighlness better than vinyl and 83l

- pone foxmulationse Other related work -::eve;}s wia of flusregeont dyes and
materials in a wide range of fabric types, vaslous weavey and backincg, # & &
In concluding dlscusaion of reseasrch on materials, several niscelaneous
problena will be briefly paseed ovars (1) invastigétiona on non-corzeaive
dghtwelght alleys, lron, and plaiing surfaces, leadlny {toward Snproted
mochanical propertiess (2) 4nveatigatlon of methodsy for developing techniques
Loy pro:iucing inproved mlcrowave purfaces on wevegrides end other microwave |
" gauipmentsy (3) to scquire basic dabs for the development of an lmproved
 type paint which will provide adequate corrosion protection and edhesion
without the need fork primers or extensive pretreatzent of swfecess {4) .
Improved molvents for use in dry batleries, elestrolytls eapuciter roctifiersy
photographie processes and phosphors s « « e particularly at iow temperatures
s v o o 8l data on the solubility, ?iscosity, end electrical conductivity
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of inorganio ﬁateriala digsolved in organie sclventsy (5) studies for the
purpose of developing & non-coxrosiva soldering flux for universal appli=
cationy (6) studies lesding to the standardisation of surface properties
of £ine particles fyrom the polnt of view of spacific absorpti.en as a func=
tion of perticle surface area and pra«aurfaéa trentment,

(3) Compopantas As indicated esriiar in this Section, moat of the
. 8ignal Corps work on components, o such, appears undev development projecta
and therafore dees not fall within the geops of this writing. Soms appliaé
yesearch, however, 4z involved in s few couponsnts of which the f.‘all&ﬁing
aro illustrations, ### Fork ia wdorway towerd the establishment of
techniques foy design and annstz‘uation of xmda £ilters for wavegulde syse
6t e 'ﬂw 4rend toward higher fempsoredes presrxhumorrmd

emaller wavepuide dimenslons, higher abttenuation, sod low powesr handling

aﬁility when the waveguide iz operated in the lowest mode, A solution te
this problar 1s being sought by thes use of a higher mede of propagation ov

by the use of a low wode in 4 guids sizé suitable ._i'c:r bigher modess Bither

of thesa pogssible gelutions, ntili#ing larper guide oizes requixd a speclal
£11ber, bocause the power pourca ususlly gonerates more than one mode capeble
of propsgation threugh the guide. Accordingly, this resesrch i divected -
toward the study of filtexs applicebls te wavaguida& with the hop@ of oVl
eoming the referenced problemie # # # Researe.h studies have been lnitiat@d

on the corona losses in FF transformers, this reaeara;z to be coupled ﬁrith
investigations leading to the design 63‘.’, improved pﬁl&e trangformerg # % ‘ﬁ’ A

GRCITON X1~ RESEARCH LN FOVER SOWRCES
(1) Introdvebions Wilitery power sources for slectronic e ipment are
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pringrily electrechemical or mchanﬁ,éale The £irst namad pgatepory iz the
. wall lnown wet or dry batbtery, while the latter ropresents, for the most
part, the conventlonal moter gonarator set # # & Hotor ganeratcf saty

uaed during World War II were adapted from commercisl designs a.nd. proved
genarslly unsatisfactorys The Signal Corps research program 4in this fleld

is mostly of an applied natura, integrated snd coordinated with the Corps

of Engincerd programe BEffort is directed toward improved engines ang gener-
ators of various types with auphasis on reduction in woight and nolse, greate
ar Copendability, fusl economy, and the sbility to opsrale over a wide vangs -
of temperaturgs Work in the field of permanent magnot generators has been
pioncered by tl;e Signgl Corps, and such generators are now being constructed
vased/Hioarch leeding to the most sulteble materials and theoretical studles
‘pex"sal\ﬁ:!mg to optlmm design features. Howsver, since much of this work is
of an sdvence development character, such basic research as 48 sppliceble o
thisc pﬂrﬁon of the Signal Coxrps progren wiill appesr in othor Sections which
ara providing speeialisied support in the advameement of psrticular phases ef
the power source problem 5 Thia Section will therefoysprimarily ba con-
‘cefined with electrochemical methods of power generation, comoluding with a
rief discusaion on thermoelsoivrie geneﬁfaﬁ&r resaaxcha
| () Electrochenical
mdasiles, radiosonde equipnents and other very high rate spplications under

For meny military applicationg sueh az guided

unusual discharge conditions, betterles are required which era ecapabls of
vary high dischargs rates and which, in sddition, will meet stringent z;e-a
quirements es to welght, size, opsrating temperaturs, sctivation time,
shelf 14 £ etce Standard type batieries ave not capable of mesting these
spacialized requivements, Therefore, ressarch on new electrochenicel Syo=
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tm and ways of duproving the perfozmma of erxtasting systems has hesn

wxlertalcone Among the eystens on which extenaive physleal, chemleal, and
elsctrochomical date have been complled are the calcium / acid / lesd per-
oxide, vine / potassiwm hydrexide / silver peroxide, lesd / sulghurie acid /
~ lead perwtide, cadmiua / potessium hydroxide / nickel oxide, and the mag=
negivn / water / copper chloride or silver chlorids systems. Work on these
systems hos sncludad single.elec‘trcds gtudiea o8 well as teats on actusl
batieries to determing degigns and constructions giving optimum perfoxmance
mxier all conditionse The effect of such factors s size and design of
piates, formulation of the active naterials, insulatlen, methed of sctivation,
composition of electrolyte, and charps and ‘@ischarge chavecteristics are beling
eonslderaeds 3 Gr;e of the principal research tasks on battery components
has been resesveh on nangeness dioxide, the depolarizser used in the IeClanche
batterye Various manganese diexide samples, 'though chemlcally identicsl by
standard methods of analyals, do not perfora equém;r in battories. Priow to
the start of the Signal Corps prograns the oﬁly wasr of predicting the per=
fornance of mangsnese dioxids was to fabricate calls from each samplo, ‘stc}re
then for prodeternined pericds, and then discharge them te deteming actusl
éapaci.ty characterioticas The Sighal Corps program has teken thyeo lines of
investigations (1) Extansive elactron nicroscopss Xeray di.ffmcﬁan, and
gpoctrographic atudies have bean made of samples of natural and synthetio
manganase dioxide from many sowces to determineg differences in the physical

strueture of variows geuples and o predict the offect of thsse differenves
on battery performmce; (2) investigatien is uwnderway te develop metheds of

chenical analysis which will detect potential differences in the battery
capreition of various suiples of manganese dioxide; and (3), &r:tval cells
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have been fabricated from vavious smples of manganese dioxide and sube
Jected to initiasl andl delayed capacity teste as & check on physical and
chemical predictionﬂ e ¢« 5 o Simllar work .LB being done to obtain &
mebhod for etralu&tm!{ carbon bl ckay, the gecond component of dry cell dg=-
polarizers « 4 # Congiderable wcrk also has boen dong on the develomment
of a dyy coll uwsing mognesium rather than ging e the anodic materials Hag-
nesium cang have bedn fabricated into test cells and subjected to an exten
siva é@st%.ng programn censidtihg of initial gnd dela;ve;! capacity tests of
geveral celi_l. siged at varicus drains and teraper&tur@s;- The magngsiwﬁ anoda
shows pronise of being supear‘;or to the mine anocde for use in dry cell battere
ie9 both from a performance snd strategle materials point of view & % ¥
_ Bince military bsiteries must perfom under éll temperai;ure conditions, the
 Signal Corps hes condueted extsnsive investipations inte the low-tempsrabure
daesign and opsration of batteries. Experiments have béém made using varl-
obg elactrolyﬁe formations, modification of the geometxical {iésign, Bodie
Fications of the physical grd chemical congtruction of battery components to
detemine the lcw-tmnéemture affects of these varisblss & 4 # [xtansive
research has boen condusted on $he preparation and evaluation of positive
and negative sintered plate nickel-csdmium elactrodes waing dlifferent mounts
of active natorials to evalvate optlouwm conditions for manufacturing these
eloctrodes, with particular emphasis on their use ab high current draing amd
low temperaturess In these studies gintered. plates of varying dimenslons
wara uged. 7Thase piatas ware inpregnated with sctive mateﬁals under vé:;eh
ing conditions, such &8 diﬁ‘amﬁt prognating solutions, impregnation undep
vacwm and atmospheric pressurss, at vaﬂbus temporatures, various sosking |
periods and different impregostion~procedurss. The eapaci;tiaa of these
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varioﬁsly preparad aleciirodes wara deternined under different conditions

at tomperatures varylng =« 402 t0427° 0 and with different electrolytic 01
ditions # %4 In the nickel-cadmivm storage battery, domesilc rxickel
powders have proven unsatisfaetory; To wneover the resson for thim nickel
powder from various domestic and foreipn sources has heen investigated with
regpecht to microstructural charecterizolion by electron and optical micro-
gcopyy surface ensrgy chavacteristics, and sensitivity to eleelron bowband-
mente I% 1le hopad this work will lesd to a satisfactory nickel cowdsr speci=
i‘ica*t;ien.fox' nickel cedmivm battery application 4 # Dyy éell_ battaries

7 for military ose require carbon blgcks not presently manufacturoed in this
countrye Ressarch is divected foward inxréatigating all avallable sources
glving particular attentlen to ‘&hé affects of structural characteristies on
the elagtrical properties of the blacks as useds A ?aﬁ@ty of carbon blacks
“ha ; been investigated with respect tos (1) erystaliine structure cimragta:*-
isties by mesna of xerzy and eleciron diffyactiony (2) migrostructure, parii-
cls gize and state of aggmgatian' by ¢lactron and optical microscopy amd
other physical chenical methodss (3) velation of typs of spubce material to

: mierostructure and crystal structurey and (4), relation of method of manue
Lfectura to physical characteristiess Several types tested show promiss as
being Q sultable manufacturing material # % # The alectrochenical reactive
ity and stability of nanganase dloxide used in dry call batteries varies sig-
nificantly from ons ora depﬁ‘éiit;i to another or with its method of wnthasis,
At present the United States s depsndent upon & single foreien deposit fop '
manganese dicxide sultable for mllitary dry battories. Complete analywes

of a larpe number of domestic, foreign, and synthetif samples have besn madde
A laype numhsg of mangenoge oredeposils have been charactorizad by thely

utility in dry ¢eoll babheriess., iﬁm ...1 &gam& of the synthetic procossss on
59



RECT T
on the arystellographie ﬁicfaatructural and chemical characteristics of
nangandse dioxide have been deternnined for a large nusber of aynthetis
axaplese Hanganese dioxide with desirable dry battery characteristics has
been prepared by the thermal decomposition of mangansse carbonato ¥ # %
Baglo inveatigations on alsctrochenlcal combinations for both primary and
seucndary'cell types are uderway directed toward the develoment of a
primary batiery more suitable for military spplication, including such
'Ieatures as longer operating life, Lighter weiphb, greater anpera-hour
capacity, longer storage life and'imprnved dow temperature operating chaaF
achexristicae This research inclwles electrochemlceal combinabions which are
reversible end therefors spplicable to storape balteries, The ferrie chlorids
and 1ligquid sulphur dioxide nystens appear particularly promising at this time
44 In other favestigations particulsr attention is balng given to the
problem of low temparature operation for boih primary and sscondary batieries
with an objactive of satisfactory operation down te ~60% Gs Specific probe
lems being studded in one phase of this investigation include: (i) Polari-
‘gation of zine and mercuric oxide elaectrodes in the RY elsctrolyte; (2)
storage tests of the Zn/Ip cally (3) cells of the type Zn/But LiC1 plug
NaGrQ4/Bnqg§ and'(é), physical properties of golvent -« glectrolyte aystense
Another investigation is directed toward the design of a dry eell vhich will
operate ab =54° C and which will give at that temperature at least 508 of the
éapacity'dalivered by & gtandard dry cell at 21° ¢ wader the same discharge
conditions # # # Iﬁ the field of special purposs storage batierles, ine
vogtigations are wder way with the objective of finding an elsctrochemical
gyatem, other than .the Jlead =aciq, capable of high rate discherge capacities
at t&mparaturas ranging frﬁm.*vﬁa to -

o ¢qQ Ce Fnsnnraring yepurlts are appearw
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ing with a pile-type of construciion wsing mag_}zesiw'u'aud euprow’ chlopide,.
Such a bettery appears particularly prumising for metecrological uppsr ate
mosphere probing, which application imposes a most stringent requivemant

on the Letferles uced # # # Another investigation racciving considerable
support is directed towsvd the developmont of tochniques whereby nagnesivm

nay e used in place of zine for the anodic material in dry cell battariess

-

Specific phases of the investigation include studies ons (1) eleqtpochan=
jeal) propacties of napnesium with reference to dry cell constructiong (2)
eorrosion of magnesium when aaed ag the anodio ma‘terial in dry cellb; mﬁ
(), theuries of resction taking pleco in cells constructed: with magnesium
snocess  This work s yieldRgry pfomising rosulis in that the magnesiua dyy
coll chews indicatlon of having twice the walt hour capacity of the equive
alent 7ized zine celle Added festures are bhab magnesiun 18 available in
groat abundgnes, and that the sane nachinery can be used for the manufactiure
£ cither the megnepium oy zinc cell = e# # ‘

) Themogleetrics For meny military epplications thermoelectric

generators world be jdeal wera 1t poseible to incresse the efficlency of
prosont devices by an order of mogniivde of twos They ave noiseless in oper—
aticn, could vse avallable fuals, and- In eld woather vge couwld be made a8 &
contination haster and power supplys DBasic research, thefei‘ora, is und@my
for the purpose of fapreving the understanding of ﬁhamcal&cﬁrm propsfbiaﬁ
of materials, and for dave‘lcping a thermoosuple of impraved.afficiéricy fox
uga in thermoalectric genaraliorss In this woils, {heoretical a‘zpmssi.oné fox
obtainine maxinum efficioney waré sgb ap l‘anzd based on this study a growp of
the most promising naterials were salec't;ed for axperimental ‘purpbsea_al, such |

as carbon, ailicon, pellium, germeninm, arsenic, seleniwm, tin, antinony,
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tellurium, ioding, bisnuth and poloniwms On naterlals selected from this
Isb, studies hove been conducted on trace i;szp;xritiam. Paxrticulor stion-
thon waé firat paid to permaniwm snd germandum — phosphorous ‘amﬁa which,

on a theoretical basis, csomed ideal for wie in thormoelscivie pensrators.
Wails the theory proved ascurate for small samples tested ever a narpow

rangs of temperaturetd, 1t was not scourate when gpplicd to large smaples

- and largé temparature gfaéiaﬁm progent in themoelacmé genarator appli=-

| cationgs Garmaniumy therefore, was sbendoned. Work 48 mow belng divected,
particularly, to attenpt to obteln a more favorsble ratlo of theymal consw
ductivity to elaotrical conductivity in various tEHEEIRAGLEDG B RN
alteving the physieal strusture of the paterdsal ror example, initlel tests
on bismuth indic:te that comprossed powdexzet has about 653 of the theamel
“and 90% of the oloctricel conduotivity of solid bimmuth # % % Eelated ine
vestigations alzo incluvde & gearch for a Lluld with good heat wensfor prop-
srtios which will withsuand %empamtms of epproxinmately 50°Cs Also,
abttempta have beson made to develop & sinc-constantin therxmocoupls with i.ma \
provad ohamctezzisﬁica as to bragkage from the brittle nature of the mat@rm \

481, oxidation at the hot junction, and migration of the zing. : \
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(1) Wt As hereln appiied, Mtdgr@hy 48 intendsd %o
cover nll aspects of teking and projecting stild and motion pictures, iie
oluding camaras and projectors, lighting unlte, flash equipment, eXPOSULe
moters and general accessories, as well gs enlarpers, and developing, printe
ing and processing equipuente Primary responsiblility for all research end '
d@velepsa;ant in phatsémﬁ_my for the Amy, with the exception of photaechanie
val (printing) processes ;atﬁ mepping, is assigned to the Chief Signal Officewrs
In the discusaion which follows the above field will be liwited to research
underway 4n the ficlds of photophyeles and photochemistyy, inelnding emule
sious, sensltization, fiim bases, processing compourds, 11{;?1%. sensi%iﬁa
matezjialsa phosphors, optics of lenses anﬁ'mm;ss photoconduetivitys éptieal
compensation, intermitlente, caméfa control, interlocksy lans,axﬁm%ﬁlﬁa?
coupling, elce o _ - : e
) mm: Typiéal uf the problems camried under the subject

of photerhysics ares (1) studies of faétara aﬁ’ecting lans-£iln resolving
powers (2) studies of factors invelved in the design of two-mirper oblique
roflecting systemey (3) investigation into the problem of imasge motion \
componsation with a rotating prismgy (4) studies on the Zelss lons collactiong .'
(5) studles of elactro-viscous intermittent movenent as roquired for motion
pleture projection eqipments and (6), soms types of non-conventional photow
graphy # # 'if. &3 part of (6) above, elactrostatic electrography is now re-
calving considerabls research efforte The basic phymlcal cemépt centers
around usae of materials having high insulatipe properties 4n darkness which
change to conductive upon exposure to light, that is, phofe—canducter&. '

Such a material in thin gheet

i -




of darkness will, if'exposed Yo an illuminated aubﬁect through a eon@anﬁicﬁal

_ optical system, assume a surfaca charge diatributian ccrreaponding to tha

- incident light pattern if ﬁhe photOoonductive sheot 1s backed Ly & condueting
plate 8o the eloctrical dhargaé‘in'th@ illuminatad areas may be dvawn avay
_3uri§g the period of illuminationm when the eXposed regiqns-bécomg conductive.
The latent image thus acquired muy De developed by several méthpds. 'The‘éﬁtira
procéss 1 tormed electrography. IBased on romlis ohtaine&_to date, Lt appears
thet eventusl achievement may lead totr (1) 2&*39‘lineé per millimeter in
.peréanent dry prints with.highnéuality oonﬁinuaus ﬁope reproduction; (2)
exposure speeds equivalant ta ABA 64 (daylight) eith a ﬁpectral response aqﬁlvémi
‘1ent to panchromatic film and axtanaing to. the far inf“ared; {3) ‘retention '
of sensitivity for a period of la_hourq or more with initial photoconductive
maberiels, wille ﬁreaanﬁ indications with CdS3 snd Zn8 suggsst far greater
ratantion nith eragurs only by infrared raaiaﬁicn; {4) unifﬁrmity of plates
Cor films; (5} sensitization, davelspment ﬂd printing proaadures which ere
_éimpla'&pd easily operable; and {6} gatiafactory'oparaticn over extreme huﬁidiﬁias
and hivﬁ temperaturs ranges. HMost of thé'abjactivaa listed ere today notb re&in
. dzable and, accordingly, consbitute the poals of an ext@naiva applied research
pragr&m on the more important phaaae, for examplei (1) the pxapavation of
‘9leotrcéraphic plates, BXperimanting with meny types of materials through ’
"detailed study of their varioua optical and physical char&ctexiaticag {2}
gengitization and printing techniquess (3) increasing plata gpeed and spectral
sensitivity, p&rticularly in the region of longer wavelengthsy (A) ayntheais

of photoconductiva compounde to determine thelr phyaical constants and opticad -
properties with particular reference to materials contalning highly-eondenaad
..ring ptructures having extended cenjugated systemsj and lastly (5} the gemeral.

prablem of theoretical studice of variauﬂ physlcal and chemical processes whieh
nay result in shortening or eliminating the necesslty of somewhat empirical

approaches now being taken on certain phases of the work.



| {3) Pﬁotéchemicala Tﬁa problen af'ramoviﬁg contaminants.in'phntographic
~wash water has'bean:under abudy;for gome time. The.best sﬁlution.fbund so far
involves an lon exchsnge p#ocess for the ﬂeiectiVQ_removal of sﬁecific '
interfering fons reaulfing thereby in the rsjuveﬁationlaf prOCeaéing Bolutions.-
In thig process demineralizaﬁion sgtudies on photo¢raphic wagh water wera
. made at rapid ratea of recycling thrcmgh a model syﬁtem,and 1t was £0und tnaﬁ
thiosuwlfuric acid wes taken up a8 auch, and silver in the complex anionie form.
“Little decom@usition of thiosulfaﬁa waé found to oeccur. It has also been
establiahed that the resin acld bed employed could be regenerated susceasfully,
end present indLuations are that thia is also true of the ani@n bed. Applia& ’
ressarch in this fleld has advgnced to mhera the utilization ef tHe process
.appears dqfinitaly-within reasen, and effort is now primarily di:acted t0wam;
; synthesiéing the best posaihle maberial for éelectiVe rémo#al - of the
undeaaraale iong, ®#¥% In the field of calor fila, research has cantinua&
directly toward reducing the time requirad for processing. Soma Df the lRVes—
tigations underway aves (1) stgdy ‘of the pogsible application of BprOy )
pragesaing.techniques &t elevated teﬁpératurea; (2) investipation of tha uge
of sodium argenite as a possiblé sub§£itute iﬁ'thé preséﬂt use of either

&

sulfite or bisulfite iong; ({3} studias of the chemistry 1nvolved in the

\

develupmnnt prozeas at temparatures as low as 20° C. ##% Hggearch is being
directed toward 1ncfeasing the light sensitivity of dlazo type substances,
with the hope that the 1ight sensitivity and continuous tene reproductinﬂ of
prasently_known stlver helide emulﬁiona can be approached. The military
ebjective of this regearch g to evolve a light~36ﬁsitive materlal, which |

after exposure, may be dévaloped by dry or ganeous means, if ' -

B

68



L el
- 31
iy

\f-‘. .
Q'JEJ&”HQ-—&L[Q;E'

S"'-«s-

being known, for sxamﬁl’e, that diezo materials are dervelapad' by expoaurs

o ammonla vepors Accordingly, the photedecomposition of diazolnitm QO
pounds eve being studied to determine the quantum efficiency of such mater—
lale and to ascertain whether or not a sufficiently high efficiency is
poasible to_?achieve the desired ecbjectiva & 4 # Siudles are undeyway to=
. wards evolving an acclimatized silver halide £ilm having properties sultabls
for .ﬁ,_rotib_ a3 woll ag troplcal regions, The problem is essentially ona of
finding a ‘temperature é;tabl@ f£ilm base and of applylng the proper sultably
trea%e;d_ 2ilver halide emulsion to such a base giving a mutim.‘lly conpatible
material for use in the temperature range of «55% o $60Y C, Major effort
in this field is being concentrated on fllm base development beglmning
with cellulesicag and on thelyr high molescular welght fraoctions. This work
will later be extended to ether possitlle polynexrse AL this time it appears
promising that a suitabls £ilm base can eventually be synthesized by the

- propay choice and balancing of the ei_‘i’acts/%{;bsti‘tuen't ether and ester groups
on the cellulose moleculeo & 4 & Invastig.a‘tions of maans foy e};pedit:i.ng
the processing of black and white £ilm i3 under study with the most promise
Ing ,resu‘l_._}'.? appasring through use of high tumperature, high energy devale
Oparse Honbbathe consisting of & combined developer and fixer have bs.;en
studied for application in processing of films and prints. The effect of
wetting agents upon the gcg_x;s__i‘mmtric characterlistics of black and whilte
£ilm have been investigated. Ten second development of black and white
_film hag been found ‘pracﬁical through the uvse of high temperature; high
anergy developers. Further research imvolving the use of the monobaths
aﬁd wettiné agenta 18 underway # # 4t Investigations have been started
directly tnward the development of sensitomeiric procedures sultable for

the evalustion of varlous photographic material& and procegegs. Durlng
}-}h.:ﬁ%‘é“ %}aﬁ,ﬁﬁ‘ a E
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the Initlal phases of this work the sc;opa of this effort has Leen Limited to
time=~scale studies of Llack and white film and paper # # % . In the fleld
of jufrered photography, reasesrch is underway to improve or discover new
phbsphors potentially sultable for such utilization. Work underway includes
investigations oy stimulation bype phosphors, suc‘h a8 popper-laad éctivated
zinc suj.fides} effacts of activator concentmtién, impurities, and additions
of selsnide and cadmium in quenching btype phae.phors &uch es the ¢lasg of
copper-cabalt actlvated gihe aul:t‘ide; and increasing ;Lnfrared sensitivity

by subatitutlon of cobal’c. by lron or nickal or other transition elamentss
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SECTION ¥TTI = HISCELANECUS SUBJECTS 7
(_1._) hadlation Ph;gg lcgs The Signal Coxps has recently been sgsignsd

cartaln Department of the Amy responsibilities in the develomenﬁ of in-
strunents for radlological detectlon purposes. Aeccordingly, .inatrwnents

are baing desipned for the event of conflict,; should it involve usé of nu=
clear ener}_;y ey attendant b;yﬂ-prndm_eta.l The research aspects of this pro-
gz'am are dlrected towsrd providing basic physical data necessary to ascare
tain new and improved me;hhods or techniques foy indicatlng the presence of
nuclear disintegration prodvots such as alpha psrticlss, beta particles,
neutrona and pamma rays. A few research projects now underway are brdefly
discuvsged below & % 4 A recent additicsn‘ to the {ield of radleloglcal de=
toction lnstruments is bullt eround certain éryatals which enit light scin=
tillations wpon stoppage of a nucile:ar disintegration p:’mduc‘b.. Ehen such
materials are transparent to their own resensice radjation ,an_affectiva
radiolopical datector can be constructed by placing the erystal in a liphte
proof coll in front of a photo-multiplier tube which responds to each indie
vidual seintillation caused by collision. ;”lhe_ liniting factor in the sensie
_tivity of such a device iz noise generated within the photomulilplicyr cire
eultye Recent work has resulted in a plan for greatly reducing suc_:h undesire
;abla,/“’i‘ﬁ&'system deviged inveolves & single stilbene crystal which serves as
the source of scintlilations. Surrounding this erystal are three individual
photomultipliers, each with its own amplificstion gysteme. The output of one
photomultiplier is connected to the horlzontal plates of a cathode ray tube,
another to the vertical plates, and the third serves to modulale the intensi-
ty grid of the tube. Thus a single count produces & bright line extending
between the horizon'bul and the vertical a#ia. liandon ncisé affects sach

photomultiplier aspprataly and Lhe probab:.H ty of colnesldence on m nolse
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pulse on one or both of the other counters is very small. For example,
whare la single photomultiplier cell might show noisa counts as hich as

200 por sscond, the combinalion of three such cells and the'requira@mnt.

for simultaneity reduces the ssme nolse count to one avery four seconds ..};o
mm of course, & corresponding g,regtl;y improved sezasitivi{;y of respense to
spintillations which ocours simulteneously en each of ’ch_e- thres phetoelaétric
pi..clﬂup.; Work in this field is continuihg. % & & Rolated to the above, "
rumbey of materials ars -bé;i.ng iniréstigatad for purpnéas of gietenﬁ_nﬁ._ng&p—
timom cmpditicnss for ins‘brwuént _defraioganen'b. Excellen{ naphthaléne 'c_ry;stala‘
héwe 'a.lx‘:'erady baen synthésized. The prpjectsd propgran ﬁ.mitl;dea worle OR Bl
thracene, sodiwa ledide, potassium iodide, z.inc sulfide, and other. In tlﬁe-

search for materials which will glve the preatest signal—bo—noise ratio for-

_thé counting of gamas rays, factors as fcllqﬁ?s are baing investlpgateds study -

. of crystal growthy lﬁvéstiga’uim of the existence of a counting plateauy de~

perdence of the signal on the siza amd the shapes of the erystalsy dependencd
e:_i‘ the signal on crystal strucmré, inmpurities and straina.; temperature de=
penfienca of_ signal and nolsej photomultiplier design and color ma.tchiug,;* in

the cage of the scintillation countery clrcult designs for amplifiors, scalersg
atcg &md in;astigatﬁ.en of the reaalving- times of the counters.

(2) Sounds Theoretical &nd-expex'jment'al invastigationﬁ ars undeyway
directed ‘tcwax*d developing magnatic recerding bechnigues to the highast
pessible fraquency. ) Recorders of this type are mquiredl in connection with
studles on shoclk and vibration, and for panoramic receivorp and other appli-
¢atlions in which :L*.t‘is degirzd to store or delsy translent electrical signals
for eventual wwleatorted presentation by optical or aural msand, Frequency

ranges of appr;oezimately 00 ke are realizable at this time 2 s 4 A MWAE™
69.
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natostrictive aupersnnic'génerator opg:ating at_lOD ke has béan'deéignad
. snd conasbructed in conngction with auﬁersanic pulge raflgcﬁibn equipaent
étuﬁies. #i Other work in thi§ fleld is centered about condenser type
supersonie transducers, sand unlts have been yréducéd-whicg hﬁfa relativaly
flat response up to about 100 ke. ?afy amall transducers (&bogt 1/16m
- oube) ﬁﬁing barium titanatslhava been construoted and pfeliminafy tonbs of
the {irst wits indloste & aenaitivity about 20 db, lower then previously
. uaad cryﬁtal uits, It im expactad that these barlum titanate transducers
-will prove exceedingly waluable in probing very«high frequency sound fieldso
In the seme field, work on abdorption af ﬁuparaonic waves in air at low
tempereture is continuing. ‘ o
(3) dnfrareds - Work is underway in the design and_céﬁstruptien of g
5§l&r spectrograph far the purposs of ih?eatig&tiﬂg the very-fer infrared
reglon of the solar spectrum up ta and including ultra_hign radio iraquanm
cles. Thja wark is of partiouldr inzerest in that thiﬁ inveatibation will
tend to br;dga the gap between thet portion of the spectruﬁ genevrated by
1ﬁocherent radiatic£ from a heated body as cémpared %0 cehéreut'radiation
_ generated by. micrawave oscillators such as maanatxana, kly&trans, ebo. |

(4} R&diatiﬂg,qystamﬁt Whenever Gltctromagnebic arargy is to be

tfanﬂmitted tnrough frsa:space,requiremanua exist_for terninal equipment

. bhrough which to initlate radiatiqn; and later to intercept suéh radiation
&fte} passage vthrough gpace. Since ﬁilita#y intaréﬁt in the eiﬁctramagnetic
.. spectrum includes wafélengtha rexging in length frem in axcesg of lQOQ

‘ peters dovn to & fow millimeters;'it is apparaﬁt,that & mosh divérse'field
for remearch oxhats wnder the genaral-ﬁafminnlogy of fradiating Systems.ﬂl

However, some of the Signal Corps research in thig fleld ia sa closely
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related to speciflic end Ltems that aﬁy dizcussions thereof would necesgerlly
requive that the end Lltem itself serve ssa the point of deperture to sde-

‘quately explain the termlnol aquipments-involved. In part, sush dlscussions

apposr elsewhere in this writing., Other portioms of ressarch in the fleld
of radiating systams are of such a basic nature that-resulta are applicahle
to many particular equipments vnder development, or aﬂly yeb being content-

pl&ted. In the brief summary which fcllows, sertain pzoblbma illustirative

" of the latter cabegory will be msnt;oned. #E A model system is belng '
_constructed assoclated with en artificial earth with the objective of being
able to study and-predict perfqrmance-éf, through ua@ﬁaf microwavés, phene-
mena to be expected from fﬁll'ﬁcala devices under engineering designf As a |

. related part of this program, and for free—épaca predibtions, sn aubomabic

pattern-me&suring devive operating in the mlerowave range, is also b&iﬂg
got up for daﬁerminin@ field pahterns of antannab and errayﬁ B A baslo

phudy is un&erway with the abjective of devisln& moans of mcdiﬁyin» metallic

. mrfaces s0 a8 t0 cause them to radiate a besn of energy whose shape can e

- econbrolled, The purface may be‘excited by slots or bﬁ_a horn direeting

an@rgy tangential to the surféca. One such means of controlling thia enerEy
would be 4 serlies of ridges or oorrugationa on the matal 5urface &nﬁ, in
fact, has been used in the past to gulde electromagnetic energy ACTOAS &
metallic surface between two poimts. It is prop?sed in thls resesrch to
extend this prianciple stil; further in order t? direcf the radistlon inte
outer Bpace, #E Andﬁhay related Investigation involvéa studles of various
types of metallic delay lenses for antennas in which the yhase ?eloqity of
the RF energy is decreased rather tQan incraaaed és in earler types of

metallic lens antennas, The proyoaad typa will retain the light*woight
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.aanntagé and in addltion, aﬁpaara to not ﬁg.aa fr#quencj'sensitiva ave?l
wlde ranges of frequency, #it# .Anothar study involves iﬁ?@ﬂtigaﬁi;nﬂ of the
ehar&ctgristica of antennzs placed in a disaipative me&iuﬁ.‘ This étudy' 'l
. includest (1) . Tue Qropagatioﬁ of electromspnstic Wavaa'aéreéé'thé bowndary
of twovmédia, one of which is dissipative; () Ragiation from ap ideal
dipole; (3} Fxtension of the integral equation method #o eylindrical
antennag placsd in a diﬁsipmﬁiva mediwn; and {4) Analyéié of insulated
radiating aystems baééd on biconical antenna ﬁheary.‘*ﬁ* " A study iz mider~
wey involving antenna neasureoments on uwamwire Jines with objectives tot
(1) Kake impedence meaauremanta cf symmetrical antannaa when driven by
‘-various vays; {2) Inveatigate di?ficultiaa Ainvolved’ in the uge of openT '
wire Lines for impedance meaaurﬁmants; and (3}- Invaétigéts self / and

| mutual impedances of coupled antennag, e Other baéicfstudiea in the

$£iald of vediatlon aysﬁems includes (1) Im%edancﬁ BeasuTenchLs enra
.receiving antenna; {2) . The apharically capyed.conicul antenna; {3}
: Haasurements en an open—wire lmage~p1ane line; (4} Gyiindrical antenna,amd
other loads conter-driven from twcwwira open liney (5) Graphical
representation of the cbaractarlsﬁinu of aylindrical antennas, (6} radi&tian
7from.two—wiru linea and coertain typaﬁ of entennas over conducting plﬂﬂ@ﬂ}

{7} .laveshigatien of gayp effocts for antennas driven by coaxiel lines;

and (8) The theory of coupled autennas. K

(5} Law~Teﬁﬁaratgg§ ?nysiqgs The Btud§ of, low-temperature phenomena
constitutgs‘one'uf the most fertile flelds qu résaarch today. °Lib£le ias-
known of tha behavior of maﬁter BB tharmai mation; elways pregent sb normal
temperaturas, ie reduced by lowering the temrerature toward absolute zeras

- Work in thlis fiald is now giving broadar acncaptiana of the real meaning:

i e o
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of 3tatiatlc&lly derivad-éntitias such.&a haat, entrnpy and‘temberatureal
Strange &pplicat*ona will undoubtadly spring f&rth as nsw discoverles are
nede. It is a}regdy knowm, that at extremely low temperatures, matter
exhiblts ndvel reepénsas to the stinuli of slectricity, magnetism end heat.
Some materials become auperconductczq, othera serecn againat m&gnetj&m,v
st111l others show propagation ef 2 new form of wave motion, while one form
of helium appearg ag & fourth state'af matter not being definable ag
ej,th:er‘a. gelid , liguld or Vgas., The 81 gnal, Corps‘_prr_)gt'&.m‘includea 2 number
ef ﬁréjectﬁ delving inta'the low«teﬁpmraiure f%oﬁtier;'*ﬂf ”Tgéfe lg wérk
underwey in semi-conducters such as ermaaiuﬁ whieﬂ BVen at r0om £éﬁpérature
show myeterious gnd.liitle ﬁnderatood préperties, &h.ekamplified by the
transistor, which.althbugh-héiné a soldd, posgesses many of the preyefﬁies
of elacﬁronﬁracting'in vaeua. :Egplobgtiau of ggrmaniﬁé rad other similar |
mntefialsAéill be m&éé at temperatures down t0 that of liquid helium. s
WQ“L is underﬂLJ in stuﬁying the mievomave aurfzee impedance of canductara
ﬂuah a8 copper, silver, tin and lead Prom 300 K to 5 ¥, at frequanei&s
85 high ee daﬁOOQ me, Raggetia cooling bechnigques are being ﬁtudmsd
in which a paramag;neti;: galt such as ferric emmonium alum i*z sealed off in
a glass tubse with a low pressuﬁg ef-hélium trangfer gaé. The lsothermal
heat of .ﬁamétimtidn 5,;9 conducted into the 1iquid-h_elium_ be}'ﬁh by the
tranﬂfef pas, but’thia gas is absorbed dufing domagnetization, leaving the
process praétically adiabatic.‘ The o of heat by thermal contact of the
cornerg of the sald cryatsls with tka glasa tube immersed in the ligquid-
- helium hath 18 very Jmali._ Temperature ‘messurements are aQLomgliSned through
determin&tion ofvthélsuucaptfhilitylof the salt uqinp mutual—inductances

and & balliptic galvenometer. With a magnetie field of 30, 000 ganss, o
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bemperature of .024% K has ﬁeen obtained. ##%  Qther wofk underway io tha.
low~tempefa£ure field includes studles on the elastic and inelastic béLavior

" of metals and x-ray structure of supéreonductors, in the latter problem, i%
being thought that small étmctural chaﬁges Ray talke place in 'supefconductors
below their ﬁranaitiou temperatures.

SECTION - FOQRD;EATIO& or BESEARLH

: (ij The Resezroh and Development Boafds Thé research activit;aé '
&eacribed in_the pfecéding Sacﬁians'ara, for the most pary ce%rdinated,
with related activities of the other Services, through the orgsnization&l
phructure of the Research ‘and ﬁevelapmant Baar& under the Ghairmanuhip of
“Dr. K, T. Compton. In tha weny Gommittesb, Pavals and ub—Panels, all )
relatad'%ork'is continuously subjected to ra?iew in order to avold &uplicaQ
“tdon,- filter out“éna terminaté medioere or wasteful eff$r£, plaﬂliutural
_,éragrams for.maximum effectiveness %ithinrbudget'limi;°tiens..‘... and more ‘.
rexently, assign ccgnivaice 1n bpecific aress of activity té 8 single Service
with the ijective of impr@ving unification and aven furthar reducing tha
peaaibility of duplication in affort amcng the three Services. In basle
regearch, howeve?, éomé of these tosks haée been dlfricuit, for truly‘f
fundamental acientifié endesvor appéars to thrive best ﬁndar cémﬁétiticn,

- and par&llal, (not idenbicul) ap sroaches to the same ploblem le often

o omest benafici&l and gives a greater-assurgnce Gf ultimate HUCCHBB . g'
-'skelatoﬁ cﬁart of the Research and Devalopmént Board 3.9 given in Flgurs 3
..in which those elements of the organization in which the Signal Corpas hgﬁ

_ membership are indfcateds - . . . o ¢
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AVIATION MEDIGINE
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(2) Joint Service Contrects: In complianée with the spirit of the

'Unificatian Act, a numbter of the large research conmtracts, in which more
than one Service has dLrect interest, have bLeon establiahed ot & Joink
Bervice basls, each eervice contributing funds &nd directly asauming the
respon ibility for the intagr&bion of such effort into its own raspuctiva

. applications. On suech contrgcta, Jolnt Servica ﬁdvi&ory Committee Hastings
are held periodically with the z:ontra‘ci.;ors‘ ‘selentific persoanel. ' Inter-
Sarvice coordination-on such ééntr&ctual activities thérefore follows aube~
m&ticaily. Tabl@ 3 shows eontracts of this type in whioh the 6ignal Gorpa
has direct interest. R R T
SEGTION XY - CLOSING REARKS B |

In oompiling the materisl preﬂentad herelng 1t was obvious from the
start that auy degree of completenaaa Ina fleld as bread as ths &ntira
Signal Goxp& research program wnuld be impe&sibl@ within the space limita-
tions set for thin preqent&tion. Hany camplex\prochtﬂ wore y&sae& with
.anly a 5ingle aanzea;a daﬁcription while hundreds, and even thousaads, ef
words tegathar with photographs and graphs might be requiraq tq effectivaly
pertray a single speclalized activity. It is hoped, however, that an

- appreciatidn of the broad -scops ofhtﬁa-program will be bf vaiua to the
reader, and furthoer, thait the presentation may.hﬁj& a@ditianﬁl value in

‘some cases by showing the existence Qf_particular research, with the realisa~
tion that if & mlitary requ@rgmenﬁ fér datailed~inférm§tian exists;_the_
reader éay obtsdn auch'thrcugh astablisﬁed channelg, #%# Aa'a_cloaiggrwérd,;
the writer wishes to extend his aﬁo}ogies for pot having béén ablé to
individqally recognizo the many sclentists whose comblned effort tids
writing portrayé...Qf elvilien scientists in the employment of the Bignal,
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Corps Englinsaering Laboratorie;fs'\;md mambors of induwstrial or academic staffs

wdex contmef:..;... all wer_laing" tog,{e’uher in & combined effort for improving

this biation'a_ gt‘.rohgeat line of dafens@sevoee seientdfic advancement!
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