




















CHEMISTRY

The Naval Research Laboratory has long maintained broad, basic, and continuing investigations
covering all the major chemical aspects of naval requirements. During the fiscal year ending June
30, 1950, the chemistry program followed its normal trends of research and development, except for
special emphasis on certain immediate problems of strategic importance.

Problems of lubrication, always demanding a major share of attention, have continued under
attack via basic research in colloid and surface chemistry, but with intensive efforts toward develop-
ment of high-temperature greases. New fuels have continued to be sought through continued develop-
ment of some new compounds. And other important aspects of the program have included continuing
work in protective coatings for men and materiel, in electrochemistry and power generation, in
rubbers and other elastomers for special applications, in fire extinguishment by foams, and in elec-
trical insulants.

LUBRICATION

Constant research in lubrication is necessary to meet the varied and increasingly difficult
requirements of naval equipment. One part of the lubrication program comprises basic studies in
colloid and surface chemistry--studies of adsorbed films on surfaces, friction and wear, mechanisms
of antioxidant, and rust-inhibitive agents. The other, based upon results of the first, is the actual
development of lubricants for specific naval applications where commercial products fail. The field
explored at the Laboratory has been largely confined to nonpetroleum lubricants (diesters, poly-'
ethers, silicones, etc.) because these materials offer greater possibilities for use at very high and
low temperatures.

Improved lubricating greases in which the usual soap gelling agent is replaced with copper
phthalocyanine were developed and are being distributed for performance tests. The high melting
points and stability of these compounds as compared to those made with soaps point to unusual poten-
tialities for applications over the range -100° to+450°F. A useful instrument known as the worker-
consistometer was developed for studying the flow properties of greases, the effect of shearing
stresses during flow, and the ability of a grease to function as a lubricant. It has been shown that
high-temperature lubricants for turbo-jet and turbo-prop engines can be prepared from certain syn-
thetic diester oils combined with a heat-resistant antioxidant of the phenothiazine type.

The state of dispersion of lubricant additives (antioxidant, antirust, antiwear) is of particular
interest. Recent research demonstrated that often the additive is present in organized clusters
called micelles, and progress was made in observing the relationship of micelle formation to the
nature and concentration of the additive. It has been proved that many of the soap-type additives are -
extended association polymers when pure but that the presence of small traces of water causes a re-
markable reorganization into smaller compact micelles. The state of dispersion of the additives may
be as important as chemical composition.

Research has been in progress on the basic mechanism of operation of various rust inhibitors
and on the most appropriate methods of measuring and comparing relative effectiveness. Study of
rust inhibition when steel is immersed in water or in oil containing water proceeded with emphasis
on the equilibrium between the rust-inhibiting molecules dissolved in the liquid and those adsorbed on
the metal surface. A new experimental approach was found for the quantitative study of the adsorp-
tion of rust-inhibiting compounds from aqueous solutions.











































METALLURGY

The metallurgy program includes problems in physical metallurgy, melting and casting, and
welding. Physical metallurgy problems are established to (a) study effects of chemical composition
structure and processing on physical, chemical ard mechanical properties of metals and alloys of
known or potential military importance; (b) investigate various solid-state reactions — such as
+ phase changes, precipitation, and ordering — which strongly influence properiies; {(c) study effects

of external conditions on properties, particularly on flow and fracture at low, room, and high tem-
pe?ature; and (d) formulate principles to assist the development of improved alloys or of alloys
using less critical materials for various military applications such as ship-plate, armor, aircraft
and power plant components, and electronic gear — and when feasible to develop such alloys.

3

Melting and casting problems aim to investigate methods to improve the properties and reli-
ability of castings for critical service in structural and ordnance components of military equipment;
and to study all aspects of the casting processes, including mold materials, liquid~metal quality,
flow of metal in molds, mechanics of solidification, and liquid-solid transformation reactions. Under
the welding program a basic study is being carried out on the metallurgical, mechanical, and per-
formance characteristics of welds, aimed at improving the joint efficiencies of high-strength
structural materials — high-strength, notch-tough steels required for ships and submarines; high-
strength aluminum alloys for aircraft; and high-temperature alloys for gas turbines, reaction
motors, etc. . .

DRYSICAL METALLURGY

It has been known for some time that certain alloy steels show erratic physical property
changes when tempered at fairly high temperatures close to the generally accepied critical tempera~
inre, and it has been theorized that these changes result from formation and decomposition of
qustenite. A study conducted on a 0.10 percent carbon, 3.5 percent manganese, 2.5 percent nickel
steel which had a critical temperature of 1225°F, determined by slow heating, showed that holding
ior four hours resulted ia the formation of some austenite at 1600°F, The amount of austenite
formed increased with increasing temperature. Austenite formed at low temperatures, 1200°F and
welow, did not transform on tooling to room temperature, in faci, did not transiorin at liquid nitrogen
temperatures. Austenite formed above 1200°F transformed to martensite, and the temperature of
formation of martensite, Mg, increased with increasing tempering temperature. See curves, page 18.

Teasile and impact tests were made on alloy steel specimens having various percentages of
austenite, and tempered and untempered martensite. It was found that austenite lowers yield strength
and affects other tensile properties depending upon whether or not it transforms during testing. If it
does, tensile strength is raised and elongation and reduction of area are lowered. Austenite has
little effect on impact properties unless it transforms during testing. If it transforms to martensite
during testing, transition temperature is raised and maximum energy lowered. Likewise, martensite
formed during cooling from the tempering treatment increases yield and tensile strengths, lowers
zlnngation and reduction of area, raises transition temperature, and lowers maximum energy.

Considerable information has been gathered on the effects uf various alloying elements on the
transition temperatures of pearlitic (killed) steels having a base analysis of 0.30 percent carbon,
1.00 percent manganese. Aluminum, boron, carbon, cobalt, chromium, copper, manganese, molyb-
denum, nickel, phosphorus, silicon, sulfur, titanium, and vanadium were added separately in
increasing amounts. Grain size and microstructure were held as constant as possible. It was shown
that phosphorus, carbon, silicon, and molybdenum increase transicion temperatures; that cobalt,
copper, chromium, and boron have little effect on it; and that manganese and nickel lower it, with
manganese being the most effective. Aluminum, sulfur, titanium, and vanadium show no consistent
prend which, it is felt, is due to the manner in which these elements are distributed between the
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OPTICS

The field of optics atthe Laboratory covers a broad program of basic and applied research. A
large portion of the research is conducted in the field and experimentation has been carried on from
rockets, aircraft, airships, surface vessels, and submarines.

Research continues in the field of optics of the atmosphere both at high altitudes and near sea
level. Other portions of the program seek to improve the optical properties of materials, design new
ontical systems for laboratory and naval use, conduct basic spectroradiometric résearch throughout
the infrared and visible down to the extreme ultraviolet, and advance the science of photometry. The
work in electron optics is concerned with problems involving photon and particle counters, radiac
instrumentation and other nuclear research, and includes research in X-ray and electron diffractions.

PHYSICAL METHODS OF PHOTOMETRY

Visual methods of photometry, especially at low levels of illumination where the Purkynje phe-
nomenon* becomes effective, are somewhat unsatisfactory; the accuracy of measurement is not high
and there is poor reproducibility. The work of this problem has as its object the application of
photoelectric methods to photometric measurements in order to gain accuracy and reproducibility.

The interest in low level photometry arose from the demand for a greater understanding of
vigion at reduced light levels in order to design more effective aides to military activities under the
cover of darkness. Closely allied to these interests is a desire to study more completely the prop-
erties of phosphorescent and fluorescent materials since these have been found to be valuable aides
to night operations.

A photoelectric photometer was developed which duplicates, quite accurately, the sensitivity
curve of the average human eye at various light levels within the Purkynje region. By using suitable
optical filters, the sensitivity curve of the photomultiplier tube was corrected to that of the eye. With
suitable modifications this instrument was used to measure and record photographically the growth
and decay of the luminescence of phosphors. Methods were investigated and developed for measuring

“the chromaticity of optical filters and phosphorescence and fluorescence at low light levels.

During the past year the design and construction of a stabilized power supply for the photometer
when used on ac circuits has further extended its usefulness. A logarithmic recorder was developed
to make the instrument more compact and portable and to avoid the necessity of incorporating two or
three meters to cover the entire range.

The success of physical photometry depends upon accurate calibration with the present system
of photometric standards, which involves all the difficulties of heterochromatic photometry. Prog-
ress was made on a method of calibration which promises to be fairly satisfactory. Five colors about
equally spaced through the visible spectrum were selected,and surfaces of suitable brightness were
made by using tungsten lamps and the selected optical filters. These will serve as standards of bright-
iess for the physical photometer and are to be calibrated by a large group of observers.

Future work on the problem of physical photometry will consist of perfecting the techniques of
heterochromatic measurements and studying their limitations.

*The phenornenon known as the “"Purkynje effect™ cccurs at low intensities where the characteristics
of the human eye change. As the eye becomes dark-adapted, the maximum point on the sensitivity
cuive shifts toward the blue region. Also the shape and magnitude of the sensitivity curve under-
go changes.
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s#TMOSPHERIC FLUCTUATIONS

In the Navy’s need for varied communication systems to cover all types of operations, attention
has been directed to the development of communications which employ optical systems. Since 1948,
the Laboratory has been investigating those limitations imposed on optical coramunications by atmos-
pheric turbulence which produces twinkling of light originating at a distant signalling lamp, and by
background illumination such as moonlight reflected by the sea.

The major portion of the measurements were made during the past year with equipment installed
at the Chesapeake Bay Annex of the Laboratory. The apparatus as set up consisted essentially of a
mirror and photocell receiver system which was operated to measure the twinkling of light sources at
distances of 4400 and 17,750 yards. The amplitude of the fluctuations in twinkle intensity was measured
as a function of the frequency. It was estabiished that twinkling is much more pronounced at low fre-
quencies than at higher frequencies; for example, at 10 cycles per second the twinkle was two and one-
half times greater than at 25 cps and ten times greater than at 100 cps.

Twinkle of stars was found to vary inversely with the frequency. Fluctuaticns in moonlight re-
flected from the sea did not depend as markedly on frequency as in the case of light from distant
sources. ' )

sis of these data yielded information required in designing optical communications sys-
ay that atmospheric turbulence will produce minimum disturbances in them.

The ani
fems in such .

SKY BRIGHTNESS MEASUREMENTS

A program of observations of the brightness of the daylight sky at various altitudez was finally
completed by a series of observations from a B29 airplane flying up to 40,000 feet. Data of sky bright-
ness and polarization were obtained at several altitudes above the surface for several points in the sky
for several altitudes of the sun.

A survey of the brightness of the night sky with no clouds or moon was carried out by observers
in Maryland, Alaska, Canada and Greenland. On nights with no visible aurora thare were some unex-
plained variations in the sky brightness, but no pronounced variations with latitude, although the sky
ai Saskatoon seemed brighter at times than the sky in other places. The survey i being continued.

EXTREME ULTRAVIOLET RADIOMETRY

The objective of the extreme uliraviolet radiometry studies is to exploit these spectral regions
making use of recent advances in techniques using photomultipliers, high-speed pumps, and auto-
matic recording systems. The results will aid in the solution of theoretical problems connected with
the solid state, semi-conductors, surface layers, and molecular structure, and, it is expected, will
also offer new possibilities in spectrochemical analysis. Further use will be made of this new tool
for studying the mechanism of the electric discharge. Knowledge of the absorption and ionization
processes in gases for the spectral region under study is important in connection with the ionosphere
and the physics of the upper atmosphere, where solar ultraviolet radiation becomes absorbed.

During the early part of 1950 a vacuum monochromator designed by the Naval Research Labora-
tory and The Baird Associates, and constructed by the latter, was placed in operation together with a
high-intensity hydrogen-dischargetubelight source constructed at the Laboratory. The equipment
functioned very well and progress was more rapid than expected. Six separate and important pieces
of research were largely comupleted and the success of tha first two of these was necessary for the
entire program. C
{a) A sensitive and simple photoelectric means of measuring relative intensities in the vacuum
. ultraviolet was developed. This equipment, consisting of a photomultiplier with a fluores-
cent material coated on the-envelope, is necessary for and makes possgible the rapid measure-
ment of reflectances and transmittances in this spectral region. '







(d)

(e)

{1)
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The energy emerging from the exit slit of the nionochromator was measured in absolute
units by means of a thermocouple. This is the first time that absolute spectral intensities
have ever been measured in the vacuum ultraviolet. These measurements permit carrying
out a mumber of important research problems, particular apphcatlons having been made and
described in items d, e, and f below.

First use was made of the vacuum monochromator in measuring the spectral response of
the ultraviolet photon counters being developed by the Laboratory for the measurement of
solar uliraviolet radiation from rockets.

By means of the thermocouple measurements it was shown that certain fluorescent mate-
rials, in particular, pump oil and anthracene, have constant quantum efficiencies in the
vacuum uitraviolet. This makes possibie the use of the flucrescent-sensitized multiplier
instead of a thermocouple for measurement of relative spectral energy distribution.

The absolute sensitivity to ultraviolet excitation of the C2804:Mn phosphor flown in several
rockets was meagured., This phosphor was used to measure extreme ultraviolet radiation
and X-rays from the sun. By means of the calibration performed with the vacuum mono-
chromator, it was possible to place values on the absolute energy emitted by the sun in the
spectral range 1040A to 1340A. The total solar radiation in this range was found to be
approximately that of a 5000° K black body sun.

Special photomultipliers with quartz envelopes were mamifactured by the Radio Corporation
of America for the Naval Research Laboratory. Their spectral sensitivity was studied and
they weve found to respond to 1550A.




PHYSICS

In addition tc research in the familiar specialized fields of physics, such as mechanics, elec-
tricity, and optics, which are described in other portions of this report, there is much which cannot
be so readily delineated. Such, for instance, is the work on electrical and magnetic properties, in
meteorology, on the physics and research of the upper atmosphere, in mathematics, and several other
subjects discussed in the following sections. Each of these “physics” projects serves to provide not
only specific and important data for the “fundamental research” efforts of the Laboratory’s program,
but also, ultimately, equipment and iceas for naval use. As they are all grouped under the catch-all
expression “physics,” they all have the further common denominator of being those research subjects
that help fill out the scientific program and accomplish the objectives of the Laboratory.

ELECTRIC AL AND MAGNETIC PROPERTIES

An extensive program of theoretical and experimental research in the fundamental electrical,
magnetic, thermal, and mechanical properties of matter is carried on. The studies are concentrated
in the fields of jow-temperature research, surface phenomena, and the interaction of the nuclei and
electrons of solids with their surrounding lattice. Progress during the past year included the con-
struction and installation of specialized eryogenics apparatus and the measurement of numerous low-
temperature properties of tin, aluminum, and copper as well as the measurement of ferromagnetic
vroperties of metzls at radio frequencies.

The Cryomagnetics Laboratory

By studying the properties of matter at temperatures approaching absoclute zero, new knowiedge
of molecular and electronic irteraction can be obtained. Such studies require the development of tech-
uiques for the production and measurement of temperatures of order 0.001°K and, at present, the only
practical method for producing these extremely low temperatures utilizes the cooling of a paramag-
netic. salt under adisbatic demagnetization. The temperatures produced require study of the extension
of the thermodynamic temperature scale. ' ' )

A cryomagnetics laboratory in which a magnetic field of 100,000 oersteds will be continuously
available is now being installed to conduct cryogenic research below 1.0°K. Pending the completion
~f the motor-generator power supply, the magnets have been temporarily connected to battery-charging
generators and operated at reduced power. With this arrangement, demagnetization experiments were
_conducted successfully, and, in a field of approximately 15,000 oersteds, temperatures of 0.04°K were
reached. Satisfactory thermal insulation at this temperature was achieved, the temperature drift
being in the order of 0.003°K per minute. :

When the installation of the large motor-generator is completed, work will be undertaken on the
production of temperatures of order ¢.005°K and on the estabiishment of the thermodynamic tempera-
ture scale below 1.0°K,

Thermal Conductivity at Very Low Temperatures

Existing measurements of the thermal conductivities of metals at iiquid helium temperatures
are scattered and very incomplete. The temperature dependence of the thermal conductivities of
single-crystal specimens of metals can yield information on the effect of the lattice and of impurities
on the behavior of free electrons in metals. Mezaasurements extending throughout the temperature
range of 17 to 25°K would be of particular interest; hence experimental apparatus employing helium
gasthermometers for measuring the thermal conductivity of metals at liquid helium and hydrogen
temperatures was constructed
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by a storm over the water, as the maximum practical range for operational detection and tracking of
storms is still open to question. During the 1950 hurricane season it is planned to operate experi-

mental stations along the Atlantic Coast to determine the maximum range of detection of storms over
open ocean. )

Work was undertaken to develop improved methods and equipment for more accurate aerological
measurements under Arctic conditions. New type humidity, temperature, and wind equipment as well
as modified wind equipment were installed at Point Barrow, Alaska, where arrangements were made
for a continuous program of evaluation of Laboratory work.

v Studies employing a whirling arm which car provide velocities up to 400 miles per hour are in
progress to determine the accuracy of new methods for measuring true air temperature in flight.
These and other studies will be extended to higher velocities upon completion of a larger whirling
arm.

Methods and materials are being investigated to develop a constant-level balloon with major ef-
forts centering on materials such as plastic-aluminum foil laminates and various rubber compounds.
Special attention is being given to the low-temperature properties of certain rubber compounds in an
attempt to produce a rubber balloon which, with appropriate flight-control equipment, will-perform as
a nonextensible or fixed-volume balloon,

During the fiscal year, upper atmosphere research efforts were centered primarily oa thres
Viking firings, two V-2 flights, and several Aerobee flights. Of outstanding importance to the Navy
and to upper atmosphere rocketry was the successful launching and flight of a Viking rocket from the
deck of a ship at sea. Research equipment in this rocket was carried to a peak altitude of 106 miles.
Studies of atmospheric phiysics at rocket altitudes were continued and a new highly sensitive wide-
range pressul e gauge for upper atmosphere measurements was developed and used successfully in a
number of flighis. :

Shipboard Launching of Viking

Viking No. 4, an upper atmosphere rocket 32 inches in diameter and 46-1/2 feet long, was fired
at sea on May 11 and reached a peak altitude of 106 miles, the highest yet reached by any American
single-stage rocket. This was the first successful firing and flight at sea of a large stabilized rocket.
Known as Project Reach, the operation was conducted aboard the USS NORTON SOUND, AV-11, in the
Pacific Ocean near the intersection of the geographic and geomagnetic equators. Powered flight lasted
74 seconds at which time a velocity of 3500 miles per hour and an altitude of 26 miles had been at-
tained; the rocket then soarzd as a free missile to its peak height. Impact splash occurred 7-1/2 min-
utes after take-off at a point 7 miles astern of the ship. A fixed guiding tower, specially designed and
constructed, was erected on the deck to launch the rocket and guide the airframe until it had attained
sufficient velocity 1o clear the ship. The successful use of these fixed vertical rails considerably ad-
vanced the technique of launching large rockets from shipboard. Prior to the operation, the influence
of the ship’s-motions on launching was studied at the Laboratory and was aiso determined experi~
mentally by firing a full-scale dummy Viking at sea. :

Viking 4 carried almost half a ton of research equipment for the study of primary cosmic rays,
atrnospheric pressures and temperatures, and rocket performance. The NRL matrix telemetering
3ystem, employing two new receiving stations installed on the ship, recorded data during the flight.

During the coming year, the Viking wiil be increased in diameter to between 40 and 45 inches to
provide greater ease of instrumentation layout and to enlarge the propellant capacity. From additional
fuel capacity there will result a considerable increase in payload-altitude capabilities. The final ob-
jective of the current Viking development program is a rocket which can carry 500 pounds to 180 miles
in stable vertical flight. ) ) )
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In KBr the treatment, consisting of heating in the alkali vapor followed by heating in hydrogen,
ronsistently yielded usable crystals with a concentration of 2 x 1018 U-centers per cubic centi-
meter. Such crystals are sensitive enough to be read in 25 r steps from 25 r to 500 r or thher (de-~
pénding on size of the dosimeter) with a color chart and no visual aids.

It has been necessary in producing an atomic dispersion of excess alkali to quench the crystal
rapidly from the temperature at which diffusion of the alkali vapor into the crystal takes place; slow
cooling produces colloidal aggregates rather than ¥ -centers. It was discovered in recent experiments,
however, that heating of colloidal dispersions in hydrogen produces normal U-centers. This result
opens the possibility of using NaCl and higher melting point crystals which heretofore could not be
quenched rapidly enough to avoid colloidal aggregations without fracturing.

X-RAY OBSERVATION OF THE HUMAN HEART

The Office of Naval Research established a project to develop an attachment for X-ray equip-
ment to illuminate the heart stroboscopically thus providing visual examination of the heart at any
selected point of its cycle. Having the technical skill and equipment required for ‘successful pros-
ecution of this development, the Naval Research Laboratory was called upon to collaborate and serve
as a consultant. Involved in this problem are the development of a suitable form of triggering action
from the heart itself, an appropriate pulse modulator, and a cathode-ray-tube display of the electro-
cardiogram to permit correlation between the electrocardiogram and the X-ray.

Inasmuch as the heart beats irregularly and the X-ray equipment must flash at any predeter-
mined instant in the cycle of the heart action, it was necessary to provide for initiation of a com-
plete timing cycle by each heart beat. Electrocardmc timing was selected in preference to acousti-
cal pickup since the acoustic output lags the electrical impulses.

In application, two electrodes are attached to the extremities of the patient, usually the right
arm and the left leg. An electrocardiac waveform thus obtained is amplified, displayed on a cathode-
ray oscilloscope, and is alsc used to trip a delay timing circuit which in turn controls the source of
power to ordinary X-ray equipment. Manual adjustment of the power level is accomplished by the
conventional X-ray controls. Tn order to correlate the electrocardlogram and the X~ -ray irnage, a
marking spike is superimposed on the cathode-ray display.

The extent of electrical disturbances produced.in the electrocardiac pickups by the X-ray equip-
ment is not known. Further work may be required to measure and minimize this effect. Work is
continuing toward development of a long-persistence fluoroscopic screen to provide sufficient re-
tention of the X-ray image. i




RADIO

Since its earliest days, the Naval Research Laboratory has devoted the major portion of its ef-
forts to the field of radio and electronics. The significance of developments in this field to the Navy,
in peace and in combat, becomes obvious when considering the complexities of target detection and
identification, of tracking and of guiding, and of radio communications among the many components of
an active fieet. As a likely result of efforts in these pure military developments and studies come
logical applications to civilian technological and welfare activities.

Research in radio at the Laboratory may be divided into three generalized programs of major
efforts. The first is devoted to research in the fundamental science and theory of radio and elec-
tronics, with the primary purpose of providing a scientific basis for the design of new and improved
electronic components and systems. Fundamental studies are made of radio wave propagation,
antenna design and characteristics, microwave phenomena, and electron tube design and develop-
ments such as storage tubes, microwave amplifier tubes, and high-current-density cathodes.

The second program in radio research is devoted to analytical studies of naval electronics prob-
lems, both technical and tactical, and to the development and perfection of such naval electronic gear
as radar, communications, and countermeasures equipment. The third of these programs comprises
investigation and developments relating to gunfire control, missile guidance and control, and all-
weather flying. Also under way are studies of the human element involved in operating naval elec-
tronic equipment, a problem of vital importance in building instruments to meet the mental and
physical capabilities of an operator.

Though the over-all program in radio research constitutes almost one-half the entire efforts of
the Laboratory, security considerations preclude a complete, and hardly even a representative, re-
view of the year's accomplishments in this field.

The efficiency of naval communication, radar, navigational, and other electronic systems depends
to a great degree on the influences of radio interference. Inasmuch as such interference originates
from diverse sources, many of which are not under control of the military services, considerable
ccordination is essential, and the Laboratory participates in such activities by maintaining represen-
tation on committees of national and international organlzatlons concerned with radio interference
research, measurement reduction, and regulation.

HIGH PULSE DENSITY STUDIES

The radio-frequency beacon, which transmits pulsed radio-frequency signals in response to
triggering signals received from remote radio-frequency transmitters, is an important link in IFF,
navigation, missile guidance, radio relay, and other pulsed communication systems. In these systems
a radio beacon is frequently called upon to respond to triggering pulses from several independently
operated remote transmitters. Obviously, if the number of remote triggering transmitters becomes
toc great, thebeacon will be unable to respond faithfully to all the transmitters all the time. Under
such condifions the beacon fails to reply or gives an apparent reply which is false in response to
some of the triggering signals. In order to design such systems for maximum efficiency and relia-
bility, a study was undertaken to establish the relationships involved between true responses, false
responses, and no responses under overload conditions. These relationships have been quantitatively
derived.

¥or the combined purpose of experimentally checking the theoretically derived relationships and
for measuring the performance of actual beacon systems under known overload conditions, a pulse
generator equipment was designed and built providing up to 300 independent triggering signal sources.

[Xe]

o































i

3547 -

3548

3567
3602
3609

3615

3619

3628

7632
3633

3645

E-3480

i 3488

3519

3641

35817

3621

3637

APPENDIX A 49

“Electrochemical Studies of Inhibitive Pigments,” L. J. Waldron, September 20, 1949
“Studies of Time-Potential Changes on an Electrode Surface During Current Interruption

Part I Zinc-Steel Couple in Synthetic Sea Water,” S. Schuldiner and R. E. White, October
5, 1949

“Thermal and Oxidation Stabilities of the Polymethg}lphenylsiloxanes,” C. M. Murphy, C. E.
Saunders, and D. C. Smith, October 7, 1949

“3pectroscopic Properties of Fluorocarbons and Fluorinated Hydrocarbons,” D. C. Smith,
J. Rud Nielsen, L. H. Berryman, H. H. Claassen, and R. L. Hudson, September 15, 1949

“An Evaluation of the Jentzsch Fuel Tester,” J. E. Johnson, R. H. Blizzard, and H. W.
Carhart, February 20, 1950

“Chemical Studies on Fungicides Part VI - Synthesis of Thiocyanoacetates,” W. E. Weaver
and W, Gillette, January 16, 1950

“Synthesis of Phenothiazine Derivatives for Antioxidant Studies,” N. L. Smith, October 30,
1949

“The Cathodic Protection of Ships’ Hulls in Sea Water - A Critical Review of the Problem,”
S. Schuldiner, January, 1950

“Chemical Studies on Fungicides Part VII - Resolution of the Cis-Trans Di(Bromoacetate)
of 1,4-Cyclohexanediol,” J. P. LaRocca and W. E. Weaver, January 25, 1950

“New Thermal Conductivity Methods in Gas Analysis,” C. C. Minter, February 24, 1950

“Cheraical Studies on Fungicidés Part VIII - Synthesis of a,@-Dichloroacetamides,” W. E.
Weaver and A. D. Swensen, March 9, 1950

“Organophosphorus Compounds - The Preparation of AlkyldmhAoropbosphmes,” R. B. Fox,
February 20, 1950

“An Improved Method of Synthesis of Aryldichlorophosphines,” B. Buchner, March 31, 1950

ELECTRICITY
“Development of Equipment and Procedures for Calibration of Pitot-Static Type Under-
water Logs,” J. V. H. Allen, June 7, 1949
“Remote Tank-Level Indicators,” J. M. Marzolf, Jr., and W. K. Gardner, May 20, 1949

“Dynamic Characteristics of Carbon Pile Voltage Regulators,” R. L. Mills, September
10, 1949

“Tran51ent Analysis of Voltage-Regulated Aircraft DC Systems D. G. Scorgie, Septem~
oer 26, 1949

“Current and Temperature Rise in Aircraft Cables Pari Y - Singie Cables Under Steady-
State Conditions,” M. Schack, December 14, 1949 -

“Transient Characteristics of DC Motors and Generators,” E. L. Brancato and A. T.
MefClinton, January 30, 1950

“Measurement of Insulation Resistance cn Energized Systems,” ¥. L. Brancato and A. T.
McClinton, March 1, 1950
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“Survey of Generalized Impedance Measuring Techniques for the Microwave Frequen-
cies,” P. A. Portmann, June 28, 1949

“A Portable Servo Recorder for Antenna Patterns,” O. A. Tyson and W. ]J. E. Edwards,
July 6, 1949 :

’

“Frequency and Bandwidth Tolerances for a Transpondor Go-No-Go Wavemeter,” S.
Paull, June 9, 1949

“A Study of the Radio-Frequency Radiation from the Sun,” J. P. Hagen, July 13, 1949

“Application of Interstage RC Networks to Provide Selectivity in Low-Frequency Ampli-
fiers,” W. C. Whitmer, July 13, 1949

“A Reciprocating Spaced-Line Sweep for Storage Tubes,” W. A. White and D. A. Fluegel,
June 28, 1949

“A Method of Measuring Small Radio-Frequency Powers,” J. P. Leiphart and W. E.
Leavitt, August 9, 1949

“Ratio Indicator,” L. M. Wrye, August 16, 1949

“Portable Precision Frequency Meter,” G. K. Jensen and . E. McGeogh, September 6,
1545 :

“Antenna Wavefront Problems,” K. S. Kelleher, September 19, 1949

“Physical OpthS of Metal Plate Medla Part I, Theoretical Considerations,” B. A.
Lengyel, September 19, 1949 : :

“A Direct-Reading RF Wattmeter,” W. E. Leavitt and H. ¥. Hastings, September 27, 1949

“The Ripple-Tank as an Aid to Phase-Front Visualization,” A. H. Sc home" October 15,
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APPENDIX C

Physical Metallurgy (Continued)
Electrical and Magnetic Properties of Metals and Alloys.
Corrosion Mechanisms.

Melting and Casting
Aluminum Alloys for High Temperature.
Graphite Formation in Cast Iron.
Mold Materials at Elevated Temperatures.
Principles of Casting Metals.

Welding
Weldability of Alloy Steels.
Fundamental Studies of Weld Joint Behavior.
Weldability of High Temperature Alloys.
Performance of Aluminum Alloy Welds.

NUCLEONICS

Nuclear Constituents
Nuclear Theory.
Heavy Particle Reactions.

Nuclear Structure
Radioactivity.
High Energy Electrons and Gamma Rays.
Mass Spectroscopy.

Nuclear Motive Power
Reactor Materials.

Nuclear Technology '
Radiation Shielding.
Radiochemistry.

oPTICS |

Optical Properties of Materials
Optical Filters.

Cptics of Atmosphere and Sea
Atmospheric Transmission.
Scattering of Light.

Slant Visibility Meter.

Spectroscopy
Spectroscopic Investigation of Fuels and Lubricants.
Bxtreme Ultraviolet Spectroradiometry.

Physiological Optics
Photometry .

Properties and Characteristics of Luminous Material..
Physical Methods for Measurement of Radiation.
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PHYSICS

Electrical and Magnetic Properties
Radio-Frequency Ferromagnetism.
Superconductivity.

Cryogenics.

Magnetic Phenomena Research
Semiconductor Rectifiers.
Solid State Investigations.

Engineering Physics of Materials
Gaseous Conduction of Electricity.
Conduction of Electricity through Shdlng Contacts.

Meteorology
High-Speed Bodies in Air.
Meteorology Instruments.
Microseismic Storm Detection.

Tpper Atmosphere
High-Altitude Spec*roucopy C -

_ High-Energy Particles by High-Altitude Cosmic Ray Studies.
Icnosphere Studies. o R
Temperature and Pressure Studies.. -

{lomposition, '

#iectron Microscopy, X-Ray, a:  Xlectron Difiraction
% -Ray Fluorescent Methods of. Chemical Analysis.
Llec‘“on Diffraction Applications.
High-Te=inperature X-Ray Diffraction.

Crystals
Physical Investigation of Normetallic SOhdb
Preéparation of Nonmetallic Solids.
Crystal Processing.

Applied Mathematics
Analog Computers.
Theoretical Mechanics.

.aminescent Materials

Comraunication
Terminal System.
Automatic Printing Systera.

('ouniermeasures
Mathematical and Emuypiri cal

i [ of Imprrpnt Jystern Indicators for Radio Countermenzures.
Hew Radio Countermeasure Rec

¢ing Te c1m1q1._e S.

tudy
"‘"'J
or

Systems Integration
Electronic Systems Interference.
High Fulse Density Analysis.









