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PREFACE

On July 2, 1968, the Naval Research Laboratory completed 45 years
of service to the Navy. These years have seen the Laboratory grow
from an initial group of 90 individuals working in radio and under-
water sound to a current staff of 3,500 scientific an,* support personnel
engaged in a broad spectrum of research and development in the
physical and mathematical sciences.

The continuing policy which has supported a substantial program
of research in the fundamental sciences, in parallel wi.h a program
of direct mission-related applications, has produced a distingui-.'he•
record of contributions to national defense and scientific knowledge.
The atjtinued success of this policy quite obviously depends upon the
excellence of the Laboratory's professional staff and their supporting
services and facilities. Essentiol also, given finite resources and an
environment of rapidly expanding science and related naval implica-
tions, is the balance and selectivity of the research program. The body
of this report desribes the unclassified portion of that program. The
introductions to the program descriptions provide an overview of cur-
rent program emphasia and direction.

This document has been prepared to report the activity and achieve-
ments of the past year. j ,,lieve it also reflects the quality and signifi-
cance of the work accomplished. It is hoped that it will prove both in-
formative and useful to all ;'ho sponsor, or share an interest in, work
at the Naval Research Laboratory.

IC W&eytAA w,
James C. Matheson, CAPT.. USN
Director
Naval Research Laboratory
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THE NAVAL RESEARCH LABORATORY

The Naval Research Laboratory is a field activity of the Office of
Naval Research (ONR). reporting to the Chief of Naval Research, who
is directly responsible to the Assistant Secretary of the Navy for
Research and Developmerm.

NRL was founded in 1923 to ensure that advancements in science
and engineering could be readily applied it) the Navy's needs. Towards
that end, the NRL research program has developed into a comprehen-
sive and coordinated effort in the phys: -al, mathematical, and environ-
mental sciences. An extensive basic research program is closely coupled
io a broad effort in applied research and development devoted to both
immediate and long-range technical problems of interest to the Navy.
Where uniquely qualified, the Laboratory also provides consultative
services and conducts research and development for other elements
of the Defense l)tpartment and agencies of the Government.

Current sponsors of the research program include ONR; the Naval
Systems ( ornmands: the Advanced Research Project. Agency; the
D)elense Atomic Support Agency; the Atomic Energy Commission;
the Nationa! Aeronair 's and Space Administration; and various
elements of the Army and Air Force. The funding level of sponsored
research at NRI. during fiscal year 1969 was approximately 97 million
dollars.

There are three major organizational units of the Laboratory: the
Office of the Director, the Research Depailment. and the Support
Services Depart.,ment.

Within the Office of the Director are the Military Staff Office. the
Office of the Comptroller, and the Civilian Personnel Office.

NRL's Cyclotron building
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THE LABORATOIRIY

The Research Department, headed by a civilian scientist as Director
of Research. is organized into four areas: electronics, materials, general
sciences, and oceanology. Each area is headed by an Associate Director
of Research who administers the work conducted by the scientific divi-
sions and the special research groups within that area.

Each of the major scientific divisions consists of approxir, tely
100 scientific, techni'al, and administrative personnel, headed by a
Division Superir.tendent. The smaller organizational units (average of
10 persons), shown in the table, have special functions which are
indicated by their titles or discussed in more detail elsewhere in this
volume. There are three special organizations, each headed by a Chief
Scientist who occupies a corresponding honorary "Chair of Science."

Organizational Units of the Research Department

Area Major Scientific Divisions [ Other Research Groups

Electronics Applications Research

Electronics

Radar

Communications Sciences

Electr(.nic Warfare

Materials Chemistry "Laboratory for the
Metallurgy Structure of Matter

Solid Ltate l aboratory for Chemical
Physics

Central Materials
Research Staff

Shock & Vibration
lnfermation (Center

Combustion Suppression
Research ('enter

General Sciences Space Science *lab)ratory for Comic Ray

Nuclear Physics Physic•'

P'lasmna Pbsics Health Physic, Statff
SOI.RAI Project

Mathematic- and Information

Sciences

()ceanolog) Acoustics Ship Facility (Group

Underwater Sound Refcrence Non Acoustic ASW

()can Sciences tR&D) Task Group

hc(ea., Tcchnology

"Sp•'iAl kwlanazat•im hewdcd b', a (Chid Scintim -&hi, t•tcuprcs a corTr'pondln(inp (hr
2 4f Science,



THE LABORATORY

Backing up the research program.. .j all 3f the areas menioned above
is the Support Services Department, whose many capabilities include
mechanical, electronic, and project engineering staffs; technical drafting;
numerous shops (machine, sheet metal and weiding, plastics, foundry,
pattern, plating, printed circuit, electronic assembly, microelectronic,
and electronic model); the supply of all needed materials; editorial,
printing, exhibit, and graphic-display services: patent counseling;
and one of the Nation's finest technical libraries. The responsibilities
for these supporting services fall within the purview of five major divi-
siors (Supply, Technical Information, Engineering Services, Public
Works, and Chesapeake Bay) and three staff offices (Management En-
gineer, Patent Counsel, and Medical Staff).

Operations and Technical
Services building

New laboratory building oc-
cupied by the Space Science
Division 3



THE LASORATOPY
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THE LABORATCflY
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THE RESEARCH PRCGRAM

In the view of the management and personnel of NRL, our mission is
to operate an outstanding research center devoted to good science
and its application to the special interests and needs of the community
that supports the Laboratory. Good science is easily evaluated in the
cr.ntext of the larger professional world within which our staiffunctions.
We judge ourselves b'y all of the atta;nments of our research -our

publications, the invitations wve receive t(, present papers, our member-
ships on committees of national professional societies, the consulting
services we provide, the books published under our by-line, the col-
"oquia we are invited to attend, and so forth. We believe the material
contained herein constitutes strong evidence that the Laboratory has
satisfied i;• obligation to practice good science.

We accommodate the needs of our sponsors by performing research
and initiating its translation into advanced prototype equipment for
use by the Fleet and other Service units. Our success in these endeavors
must be judged by the degree to which we satisfy such needs. Since much
of our applied work is of a classified nature, its scope and import are
not reflected in tlhis reviewv. However, we feel that the Laboratory's
continued growth and assumption of new responsibilities are reliable
measures of our succesr in these areas.

.4M'e and beyond the formal respconsibilities given n our mission

statement, we feel that we have an overriding responsibility to be good
citizens in the Na vi' and Department of Defense community. The degree
to which NRL scientists and engineers partake in tt :hnical dialogs with
their sponsors is not reflected ii this document. , i.onetheless, we be-
lieve that our technical interactions ivith various Navy organizations
constitute one of our most important contributions.

Finally, we believe that in times of stress or crisis we must be available
to help in any way that is t;ecessarv. While we are justly proud of the
many NRL staff memnbers .who worLed round the clock seven days a
week during the successf!,! search for the Scorpion, we are also very

GENERAL SCIENCES-Li-xar accelerator ELECTRONICS-Anechoic chamber
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THE RESEARCH PROGRAM

proud of our manyv staff' nenmbers who worked equallyv hard on a large
varietY oýfprojects t/hat art, nlot as 'ic/I publicized.

Besides being a v'ear o~fgreat accomplishment, 1968 wias a vear /that
witnesscd tnany ch'anges ait the Naval Research Laboratory'. During
the y ear, the Laborator)y undertook many important new- and expanded
programs. A ,nong themt was a mraj or expansion tqj'our program in uinier-
sea acoustics wvhich involved lthe assumption of the responsibilities
formnerly, held b), Hudson Laboratories of Columbia Universit~y. We
itere asked by th[le Director o f Navyv Laboratories to become a lead
laboratory' in the field of electronic warfare. Various largte programs
were either expanded or initiated under the( sponsorship of the Ad-
vanced Research Projects Agencv and thle Defianse Atomtic Suopport
Agency.v

To facilitate the coti(entratiot. of our e(fforts onl areas of hiighItenwd
interest, the Laboratory underivent it number of internal r('organizations
and realignments of' perswinnel. lin addition, the( technical ca 'iber of
our staff has been upgraded significantlyv. We iierc hutunate ir having'
beeni able to recruit manyt competent seni .or scientists. As at result, we
enter the year /969 a strong'er orgvamizatiioi that is better able to satisfy
thie needs of our spon,isrs. These devt-elopmnentts bode ice/I fOr a pro-
ductive and linteresting fi ttire.

As explained above. the( expositionsv pre.%ented here account for on/v
a portioni of lthe Research D)epartmlent's 400 or more projects. Our
reports aire arran.,,cd accordingi~'to lthe organizational uit iis (atuas
tand divixions) in wh/tic/ the( work wias peth tinted.

Alan Berman

OCEANOLOGY -Acoustic research on the Mizar Director of Research
Na~ a! Resew-ch I ahoratory

MATERI AIS -Metals research
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HIGHLIGHTS

ELECTRONICS AREA Rocket Exhausts. Rocket exhausts interfere with
electromagnetic signals relied upon to detect, track,
or guide rockets. As a result of NRL's studies of this

Laser Radar. Very large doppler (frequency) shifts problem in its space, altitude, and velocity chamber,
will be encountered when lasers are used to identify it is now possible to predict, and thus make allowances
fast-moving objects such as supersonic aircraft or for, the amplitude and phase modulation of these
orbiting satellites. Because intermediate-frequency signals in terms of rocket altitude, propellant type,
amplifiers will be used to process these doppler- and ;ignal frequency.
shifted target signals, a means must be devised for
frequency shifting the laser so that the difference Precision Time and Frequency. Since 1967, NRL has
between its new shifted frequency and the doppiur- provided frequency monitoring equipment for many
shifted frequency of the return signal can be handled of the Navy's ships. Use of this equipment has re-
by the amplifier. NRL has demonstrated that bire- suited in a dramatic improvement in adherence to
fringent optical materials placed in a rapidly rotating assigned frequencies and thus in an enhanced re-
magnetic field may achieve the frequency shifting of liability in Fleet communications. During the past
the laser. year, for example, a central time and frequency

system was developed for installation aboard the
Radar Sea Clutter. A better basic understanding of USS Nimitz (CVAN-68).
wind-generated sea-surface waves is necessary if
the radar-system designer is to improve radar per- Airborne Antennas. With the NRL-designed Hart-
formance in this area. NRL scientists have developed lobe antenna system, the long-standing problem of
a mathematical model describing the scattering of blindspots in airborne beacon reception, due to
radar signals by the sea's surface. This model gives shielding of the antenna by the airframe itself, has
results which are in good agreement with data ob- been solved. Flight tests have demonstrated that a
tained by aircraft and ships. nearly omnidirectional signal-reception capability

is obtained at various rat ges and for various airplaneSolrad. In an effort carried out cooperatively with bank angles. Overall system performance is noway
the general sciences area of the Laboratory, the elec- compromised by the syqtem.
tronics area has been conducting design, test, launch,
and monitoring activities with regard to the Solrad Omega Aircraft Receiver. The recent 8,000-mile
series of satellites. The combined effort comes under transatlantic flight test of the NRL-developed Mark
the direction of the Solrad project team. For specific Ill Omega receiver demonstrated the extreme re-
accomplishralents in 1968, see the general sciences liability and accuracy of this all-weather system. Witharea highlight entitled "Solar Monitoring." a computer incorporated in the system, longitude

and latitude readings were instantaneously generated
Ionospheric Raytracing. With the us,' of a computer- for the pilot. In very adverse weather, when all other
assisted program deveioped by NRL, the ionospheric navigation signals were obliterated, Omega signals
propagation of high-frequency radar waves may be continued to be received by the aircraft.
depicted by means of ray profiles. In particular,
profiles for the Earth-backscatter echo can facilitate
the investigation of traveling disturbances and MATERIALS AREA
gravity-wave effects in the ionosphere.

Mass Spec*rometric Studies of Cobalt Carbonyl
Artificial Plasma Clouds. The internal motions of Compounds. A mass spectral study of a series of
viaiently turbulent regions of the lower ionosphere cobalt-carbon and cobalt-phosphorus compounds
can now be studied in detail by means of NRL's showed that the energies of the Co-C and Co-P
sophisticated coherent pulse-doppler research radar. covalent bonds are essentially identical but much
Statistical descriptions of the duration, relative stronger th:in that of the Co-H bond. Also,, their mass
velocities, and amplitudes of these turbulent regions spectral fragmentation patterns suggest that all of
are obtained by observing the evolution of cesium- the trifluorophosphine carbonyl cobalt hydrides
and barium seeded artificial plasma clouds injected have a distorted trigona' bipyramid structure. The
into the iornosphere by rocket-launched projectiles foregoing are findings which have both fundamental



HIGHLIGHTS

and practica; applications in biological systems electron interaction. An unusual loa-tetnperatwe
and in the catalytic cracking of hydrocarbons. heat capacity. a condition related in theory to mn

hancement of :.he effective mass of electronic quasi-
Fire-Retardant P'aint System for Ship Interiors, particles. also hats been observed for these incipient
A technique has been developed for rendering a corn- ferrornagnets- When these and other fundamental
bustible paint fire-retardant. This result is achieved properties are fully elucidated. th'- potemitial use of
by use of a thin water-based undercoat containing incipient ferromagnects in. shipboard device, can be
materials that interact under the in~fluence of heat enhanced or their limitations more clearly defined.
to produce a powerful flame-entinguishant. The
undercoat can be used effiectively in combination Compensation for Thermal Distortio. in Glas Lasers.
with any type of decorator topcoat, but it was deyel- A simple. inexp-nsive mei'tod has been developed to
oped especially for use with the nontoxic acrylic ca~ncel out the theri-.1- d.:stonion produced in giass
latex paint, also an NRL product. no~k required * r 1aersas are- lt of ovticipumping- It is based onthie
submarine interiors ard other enclosed environments. circulation of -.%;:er from t%%o reservoirs inij the

laser cay".-,. With optimum temperature conirol of
Stress-Corrosion Cracking of High-Strength Steels. the water and prcc&e timing in firing the laser. the
Metallurgists at NRL have developed a. techniaute by thermal gradient :.aused by opt~cal pumping can be
which the chemical reac-tion in a propagating stress- canceled by the thermal graidier:. caused by the cooling
corrosion crack can be frozen at any point in its oc- water- The methott is applicable to any. glass or cr% s-
currence. This effect is achieved by immersing the taflIire laser _ystem in %%hich irrprovc? aagular
fracture specimen in liquid nitrogen. When the diso~rgence of the beam is desired.
specimen is later broken open for examination of
the st ress-corrosion-c rack surface. most of the cor- Atmouspheric Depolarization of Laser Light- Recent
rodent to be analyzed is still in the place where it experiments at NsRL have indicated that a polariwed
occurred. Data obtained thus far for I I steels repre- laser light beam A.ill not be appreciably% m-d-Aated
sei.,ing a wide range of metal comporitions have cor- by the atmosphere- The measurements %%ere made zt
roborated an earlier NRL findingthý4 stress-corrosior. night through rclativels clear air. T-hose maiuk -" oer a
cracking in these materials is a dual process. partly 600-meter pNtb gave negatise rcsu!-s,. and it -aas
chemical and partly mechanical. concluded tha* a.7% atmospheric depolarization pies-

e:,t affected less than 10 'of the fight signal-
Interfacial Energies in Metals. Metal physicists
at NRL. using their own technique of h,.t gradient Littice Vibrations and Infrared Absorption in Mixed
electron microscopy. have been able to observe Linear Chains. Material scientist% Jes ised a method
directly the microstructural details of metal-mel. for calculating the frequencies and amplituzdes of
interfaces at very high magnification (over i00.tMK)X). lattice vibrations of disordered crvstal s'~te.-rs of the
Investigations of the surface tension balance. estab- type A,- 13 -C and the infrared absorption asstcciated
lished at a point wkhere a grain boundary surface '%ith them- The method is an extenso'0a of one des-el-
meets the solid-liquid intei-face. have produced the oped here earlier for binary chains. It applies to the
first absolute values of the solid-liquid interfacial analssis of recently measured spectra c-f mixed crvs-
energy it, a metal. ;als. such as cadmr~urn-zinc sulfide and' cadmium

sul fide-selenide.
Physical Properties or Incipient Ferromagnets. An
intermediate electroi.ic state is that of *incipient Ttrd-Order Nonlinear Reflection Studies. Third-
ferromagnetism" -a strongly paramagnetic state that harmonic signals o'f a neod1ymium laser reflected from
exhibits properties sornesshere betwkeen those of a liquid medium thexafl'.oroacetone sesquihydrati.
superconductors and ferrornagnets. NRI. researchers %%ith additions of fuchsir red dJ~t %%ere measured
have observed anomaloui physical properties that under conditionsý ot phase matching and %aryirg
arise from tnie many-body effects in several binary degrees of phase mismatching. The experimental,
alloy systems which, over certain ranges of corn- results ;.ere found to IN- in go:od qualitatise agree-
position, are incipient ferromagnets. Certain tern- ment uith predictions from theory. A theoretical
perature dependences have been theoretically estimate of the phase of the reflected third-harmonic
explained atnd related to the strength of electron- ssave for %ariou% angles of incidence uas developed. 9
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and tie predicettd nonlinear phase shifts rna% :kv . the prediction of radi cornmtrinic-ation uisrbauces.
coonirmneJ vspevcritntalhssL-nue terresxuii" distu-Nances. and space

operation hat-rd'. 1Ihe recent Apollo VsIll space-
V: Cesm im - ' ia Halide C ".aIF. Elevio-i para- flght benefited direct'y from Solrad-based p.e-dict.nns

agrat~c re-scmun.:e measuremnents at ' RL ha. e o-f the likeiihooi of stolar flare s-ray baiards.
c~w.'io.~t~recent ý16-al e'iderce !ha-t the mntet -

sno.sA halocen atO.11 In the Lumpkest kmic wohds For NrL ile Astretime. Several point so~urces of

, -cg- aILA~ halides) tcnds wo be located xdjj.eni une-pectedly high inten--ity Acre observed by.. long-
to a sub%-.~tuiuuon2 impunit; -n- Thni %Mind has W.~ wavelength i10-30 micron) infrared sensors carried
to the fL-st %ktaie-J descriv-tuon of thz .tz-wure At lr an NRL roeket- If these sources are normal

the impunitv associated defw cu .ntr the~ so-called galaxes. -mtay of them radiate t-. more crierg:. in
V. -etr -r potassai du'd n ositute the far infrare ithermal region) than they. &w in the

onem further step:oisw the undrftli-ading of radia- rest 4A the spectrum_ These results base majýor
tion ..biar~g in more zcounp.ex. and misu.~atcrial-s cosmvologica1 mplca-iois-

A Mmukcauw Trap- I he c-. sal and rmoaec.u~r strac- Extreme ILI&Ruialet erbioau.Set-
tires of an unumals targe tvfrtnc cla;hnate. first heliograms obtained t- NRL rockei-bornwz ir~strui-
sxsnitbeized b% Diam-n in !91-4. hase teen &c-.xrieJ merits base -ve2aed solar feati.res as s.nuill as 10
by NRL ehtniszs. Th-is resul: hL-:t-d faci-itawe %etd of ar- h sp.. tra resliio ua s'. gg
studies of* the %tructure and prlete off 'e'uv. that zhe features forme; b-. Si X I 1A31_4A) ar.d He I I
ri:&cuk1 e ihat are trapped 'aithin the cage-Ilkc :3-o1-$A ratdration cild be distinguisbed Line fr
..a'1izes of orztaaLc clathraics. anothe!. rnalu-nS it psissiEe.. for example. ito dete-r-

mine that the corocia! emission above the limb of a
Mecb~i fc~i~I~'Fi~LbncntiS~if~Ze spec. - He 11 image triginated entireil from Si XI.

cheniisiis base- des elviped a ne,& thecor% 'atarch malae-s
it Posi..bi to prettct the z'effivuent ffrca 4'( Moeninewf eTrame Aawmint o ~Caru Pod' 3mrsp
any. dry 4-1dm iub-,cait or. an Lltliki si4wrinitiit ca Surbees. A nv& techniqte has Lbcen tie elopd
face The sausthus iar are in Jiose agicrteennt 'aith ja \ RL for- the deterinination of trace surface con-
thowse i-'cairrd prcsiouslh b-. tctx-,u- tt5avmemcnslt taniaanats of cawtvnr and ox~gen.. AM-t it has been
for a -a 14e ' ariet. ,4 hjbmu-tnts- Thus- in future 3fp1W to gold samplesiathtsecleardliness ais criticail
S!1Xdies Cof Cankd-Idat -naterial.s for -w ~~hi. to a series of chemical experimenis- The senisit:,%ity
one time-,con-surrngn -series o. -.r_ý.-ement' may of the tecEn:qiwu is such that as feua as 10': atoms
tv elimiziazed- per square --entirneter oat -mit 10 9 atomic ia'r.e'u of'

C7 aincz 10- atoms per square centimeter 'about: W0

GENERAL SCIENCES AREA atruic lavers- canbed0tcanebe

Cowfinmeim t of Casmic Raws. Our ignorance _,f the Newrca Capture. Aecc irding to the usvl accpepted
regtions in spzcce 'Ahere cosnoc rays are magenecaialIy theory of ne-utron c:apturr. the hoihi% e..cited capture
trapped and of the d-ration of !his cenrinenirwi. has states are U> :-. mplex that there is fittle likeithood of
been partial]% diselled b% an NRL anaihsis of in- regulauit,. in the de-excization gamma ttansitions-
fomma:ion ona ;he 1ih~coszmic ray elemencts and Rect-nt studies bi NRL haase tended *:, contr-adict
by L-Aboatoi % cauidatiems of effects of t:.eir nuclear this theorN hy iidic-ating that thevre is regtzlarity - This
f -ragmentation. The resvIts indir Ste. but d& not Icl reeu-la-rit'. along sAith an tbsersed F-efer:rce for
fLrrlv esiab~sh. confinemren' m-azir., %%it*hinthe SlUM- particle staies ne,%r hole states- n~ sajzgest:'. oi a
Way disk- dirert capture me~chiaiiiin-

Solar Monitoring- Sdar x-rais -Atre mon-tored Thermal Bkooing of Lasr Beams. Tbe-,nal i'loo:n-
cantinuocus'y during 1968 by a sa"ti of NRL in- ing, ow the continuou kisser ng offthpossrrdensi'y of
strun'cnts carried by 0(30 W. OGO V. OSO WV. laser beams ossirg to the di'.igring lens effec; Al iti
and Solrad 1X_ Within 24 hours after the emissio-rs mnedium t~rasricd. hias bev-en ~ obstaclc to the dresel-
,Aere recorded aboard Solrad I X. x-ray tune histories t'prnent of high-poue ; lasers for communication%.

10 were compiledi for scientifc ine-utikatin .'rd for r-~ig atrt srnilar apoikz-ion%_ lnirfterorncin.:
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obtservations made byv NRL scientist% of the index-of- 30 feet irn diameter, and 116.000 gallons in capacity
refraction changes that arise in thermal blooming have has been constructed at NRL. Associated equipment
enabled the inv estigators to correlate sp~itially and provides for the rotation of test transducer arrays
tempor-ally resolved data on the index-of-refraction to obtain complex underwater acoustic patterns. The
variation with the observation of thermal blooming, tank is the first to have the capability of positioning
This corstitutes an important step toward achieve- a test device in three coordinates.
anent of the laser applications m entioned abovwe. M rm e c e i t y o l o i t s n n i n
Phased A4-rray Radar. NRL has made promising specific electrode. NRI. scientists have developed a
progress in efforts to develop a methodology for simple. acc-srate, and rapid method for analyzing
taking advantage of the inherent flexibility of a fluorides in seawater. The accuracy of the method

paasd ara' radr 'ne hichconinu~1y onjors has been verified ty the comparability of results ob-
its oun activity and frr~adfies its parameters toi achieve tained from measurements of fluo-ide in seawater
nearly optimum performance at all times)- in 1968. smlsb ohtenwmto n h elthisamle bygrs bothste themal new metho apdothcwell
thi progresstonsisted of rimsarch mod te poroducth established photonuclear activation technique. The

of asim~tio moel o th seach ode or uch rapidity of measurement is indicated by a two-mindte-
a raar.per-samnple processing time.

Information Systemss. In its efforts to develop ant
information system capable of identifs~ing a;l mobile Scorpion Search. After six months of searching for
platforms above. undJer. and oin the %vordd\ ce~ans, the USS Scor.pton in the Atlantic Ocean. NRL's re-
\RL has conducted methodological ins cstigations search shaip USNS.ij~zar located the submarine's hull
aimed at prov iding a mean-, for deriving the maximumn in more than 10.000O feet of water. Th,- principal
amount of %'alid information from the very 'large stnsor-; used were -a wide-angle-lens survey camera.
number of report- including incompktie and errone- a %ide-looking Sonar. -and a proton precession mag-
otis ones, expected to be delivered to the system. netometzer. which were towed about 30 feet off the
Severali candidate algorithms have been developed Nottorai. A total ot 14'.000 ocean-bottom photographs
suhich assoixaa~ n-1ltiple repor- arising from a. com- %%as taken in a 12--square-mile area. 10.000 photo-
moLn object, and work is continuing -in this area- A~lso. graphs of portions of Sc.'rpion~s hullI.
\RL is dev eloping a comnputer test bed for evaluating

camdat mclittdoogis ad fr dterinig iforna- Sonar Calibration. A new facility placed in o.pera-
tion needs not presently being~ satisfied. tion at \RI_ in 1968 permits 'unde;water saund

Anditic Functions and Their Applications. An es- transducers up to 3 feet long and 5 inches in diameter
pecillvuseul c.s ofentie fnctons.tha of t, be calibrated at frequ;ýncics ranging from 10 cycles

bokunded index, has been defir,-d and studied with p-scn o4tosn ylsprscna en
referencc to avcrAze size an~d rate of grostah of the peratu-es ranging from Iiie freezing point of -sev-

funcionL ad teirdcrvams. hei reresntaion water to -W0C. and at simulated ocean depths as

by power series. and their distribhution of values and -ra s2.O et oh bouadcmaio

zeros. It has been found that functit-it of this clas,. calibrations can be made.

are necssaril of exponential type, and their partial
Lharacter17a io-n in tenns of ',he ccr. ' arativc rates of Glass for Deep-Submergence Structures. Despite the
grou th of the functions ar-d their den'% ativ es has been well-knostn fact that the strength of annealed bulk
accomplished. These and other results obtained have gla~ss is limited by surface fla'Nss. the material is being
important applicatio;.s to problems in scieceic and considered for use ii. fabricating deep-submergence
cnjineering structures. Mleasurements made by NRI. have es-

tahlished the rates of crack growth as a function of
pre,%urc ant! humidity. thercbý providing a means

OCFANOI.O0iY AREA for predicting the times required for small surface
c.racks t's gro%% to critical size. Selection of the opti-

Scale SMedd Acoustic Studies. A major acou,tic test- mumn glass composition. hosseser. %%ill require the
ing facility -a swell-instrrur'seried ta-A. 22 feet in depth. ac~umulaton of much more data. 1
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An Overview: by ('laud E. Cleeton, A\ssociate Director of Reearch for Electronics

The five divisions that comprise the electronics Section of the Systems integration and Instriuonnta-

area of investigation at the Naval Research Labora- tion Branch; the former .Ship Systemns Section became
tory made substantial progress during 1968 in fields the Navigational Applications Sction of the Electro-
highly relevant to Navy needs. In addition, some magnetic Propagation Branch; and the former
rnorganization in the divisions took place in order Submarine Reception Section becante the Sub-
to enhance their ability to respond to research and Surface Antenna Section of the Radio Antenna
development problems. Since many of this area's Brant'. The position of Assistant for Coinimand
achievements for 1968 sten: Jrom classified investiga- S,".port was established to improve the divivion's
tions, the reports given here do not provide complete ability to anticipate futture needs of the Navy in the
coverage. (For example, acc lints of ivork by th' communication sciences and to ensure tha the divi-
Electronic Warfare Division arf, almost exclusively sion is kept aware of the, constraints imphed in some
classified, so its activities are not covered here.) of the long-range planning presently under way.
Neverthelesc, the reports inc/aded are, in general,
represeniative of progress during 1968.

Research-supporting facilities and capabilities
have expanded ,Iuring the year to keep pace iwith APPLICATIONS RESEARCH
ever-growing NMvy needs. For example, research
inI electronics was enhanced by the continuously Hyptvelocity Ballistics. NRL's studies of hyper-
expanding capabd"ies of the supporting Research velocity ballistics encompass both the launching
Devices Faciliv. . .ctivity was centered in the im- technique and the impact phenomena associated with
portant gas-laser field and involved difficult glass- projectile velocities in excess of 10,000 feet per
envelope fabrication, optical-window preparation, second. Velocities of this magnitude are usually
electrical design, etc. Also during this period, workers encountered only by vehicles in a space environment.
at the silicon integrated circuit (microelectronics) Knowledge of hypervelocity impacts is, therefore, of
facility installed part of the equipment needed to considerable importance to the potential protection
provide a flexible research-oriented service. The or destruction of satellites and re-entry vehicles.
mask-preparation center, which is being assembled Projectiles are launched by a two-stage light-gas
for use during 1969, includes equipment for precision gun consisting of a compression piston and tube,
artwork and high-resolution photoreduction. A photo- high-pressure section, and launch tube. Prior to

lithographic laboratory, which is now being installed firiiig, the compression tube is filled with a low-
for th/ precise layout of artwork and fir higli-resolu- molecular-weight gas, usually hydrogen, until a
tion ph/toreduction of solid-state and microelec- predetermined pressure is reached. Upon firing,
tronics devices, will be in operation daring 1969. the piston is accelerated down the tube, compress-

The following reorientations were made during ing the hydrogen. This lightweight gas, in turn, ac-
the y'ear: the Energy Conversion Branch of the celerates the projectile through the launch tube.
Electronics Division was disestablished, its pro- A velocity of 35,200 ft/sec has been achieved for a
gram in superconducting devices Iropped, and its 0. 1 2-gram projectile.
resources applied to strengthening the program The tests show that the impact phenomena observed

in electron physics. An exlensive reorganization of in the 15,000- to 30,000-ft/sec velocity range is
the Radar Division was conducted and a new Radar completely different from that observed at the more
Geophysics Branch created to study bavic gto- common gun velocities of under 5,000 ft/sec. Taret
physical phenomnena related to the propagation craters formed by projectiles traveling at high ve-

of radar signals, the effects ojf the Earth environ- locity are shallow and hemisphericad, whereas those
ment, and geophysically generated chltter echoes formed at low velocity are deep and narrow. Also,
and electrical noise that compete' with desired at hypervelocities, projectiles can be completely
radar signals. T;ie Radio Di'ision was renamned the destroyed as they perfrrate thin plates, whereas at
Comnmunications Sciences Division. In order to bring low velocities they pass through such plates virtually
under each branch of this division the technical undamaged.
activities which logicelly belong together, the fornier A five-year project undertaken to study the pene-
Radio Navigation Branch was disestablished and its trating capability of metal rods impacting metal plates
sections reassigned cis follows: the fiormer Avigation was completed in 1968. it was designed to increase

12 Section became the Integrated Avionics Systems the knowledge of the parameters affecting the pene.
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ma

$410

A I-gram steel sphere impacting at 5.500 feet per second is
able to perforate eleven 1/I6-inch-thick aluminum, plates

A two-stage light-gas-gun range with a 3.25-inch-diameter abe t ierfo pat eleven The ae reile patin

compression tube. On the floor in the foreground is the spaced 4 inches apart (above). The same projectile impacting

powder casing. and sitting on the breech is a cylindrical at 15000 feet per second s"ever, is able to p'worate

- only three of" the same target plates (heloss
aluminumn piston. Beyond the compression tube, between o

the circula' flanges, is the high-pressure section. and beyond

that i,, the launch tube. The rest of thb range consists of the

cylindrical blast lank and the large rectangular target chain- spherical projectiles as small as I00 microns in

hcr at the rear diameter has demonstuated that the impact damage
cannot be scaled simply by the projectile diameter,
but instead as a function of the projectile size, ve-

tration of targets. This study has successfully de'er- locity, mass, and other parameters.

mined the relationship between the length of rod lost Study results have improved the under tapding of
as a function of the impact velocity, target-plate hypervelocity impacts, thus aiding the design of

thickness, and rod and target materials. It has also piotective shields for space vehicles as well as the

established the relationship between these parameters development of means for intentionally damaging
and the diameter of the hole in the target plate. such vehicles.

Three significant firings were observed during the
year: ( I t a 6-gram steel rod with a length-to-diameter
ratio of 15 was launched at a velocity of 15,000 ft/sec:
(2) a 2-gram steel cone was launched at 15.200 ft/sec: Kelvin Wake Analysis. A new technique has been

and (3) a 0.25-gram 1/8-inch-diameter tungsten developed and used by NRI. in its continuing study

.arbide sphere was launched at 23,400 ft/sec, a of the detection and identification of disturbances
velocity which was made possible by a new sabot which are produced in the water by moving objects

design involving a fiberglass material. A study of and which may travel considerable distances before 13
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being dissipated. The Navy is interested in these
wave patterns and their characteristics because knowl-
edge of them migit lead to the development of a means
of detecting wakes for marine traffic surveillance of
both surface ships and submarines. An especial!y
interesting set of disturbances is the Kelvin wake,
which is a iegular train of waves produced on the sur-
face of a body of water by an object moving in the
water. The surface disturbances have a definite
pattern which can be identified among the general
spectrum of surface waves. Although many studies
have been made of this phenomenon, some charac-

7..7 An example of the Kelvin wake patterns
produced by the 230:1-scale model con-
figuration. The model submersible used was
operated at a scaled depth and speed
correspending to those used in computing
the wake.

teristics of the wake patterns have not been well
defined for a variety of conditions.

Based upon refinements of the Kelvin wake
equation, a set of computer-plotted vertical wave
amplitudes were converted to intensity patterns in
which the light intensity is proportional to the verti-

Computer-plotted vertical amplitudes of a Kelvin- cal amplitude. The amplitude calculations were made
type wake. Such wakes are produced on the sur- for a submerged Rankine ovoid-type body operating
face of a body of water by an opjec, moving in at 20 knots and 75-foot keel depth. Correlation of
the water. this representation with a naturally generated wave

pattern was made under carefully controlled con-
ditions. A 230:1 scaled model was chosen and tested

FILM. ___ in the NRL pool. Uniform lighting of the entire
Siwake pattern was achieved by means of a long fluo-

SLIT rescent lamp which causes the wake's reflection from
\ 36' LONG FLUORESCENT the water to fall on the narrow slit of a Sonne strip

LAMP (END VIEW)
film camera. When the film is driven at a speed cor-
responding to the image motion of the scaled model,

NYLON LINE

---- --- p a recording of the accompanying wake delineating/%MOTOR the crest and trough of each wave is produced.

The results of the study have demonstrated the
ability to model the effects on wake patterns of
variations in -.peed, depth, size, shape, and such
env~ronmentai factors as wind and ambient gravity

=-4-. waves The resulting photographs are being used in
SUBMARINE MODEL the continuing program to guide optical data pro-

Schematic of the 230:I-scale model configuration chosen cessing and systems design efforts which will deter-
to correlate the computer-generated data with naturally mine the feasibility of tracing vessels by means of

14 generated wave patterns. Kelvin wakes.
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Electromagnetic Propagation Through Gaseous !x-
havts. During the year, NRL has performed ex-
periments to rr-'isure the effects on electromagnetic
propagation of rocket exhausts in a high-altitude
environment. These effects are important to the
Navy in determining the accuracy and reliability
of electromagnetic detection, tracking, and guidance
systems when operating with targets that emit raseous
exhausts. The propagation path is distorted oy tur-
bulence, particle scatter, and ioniz-tion created by
the gaseous exhausts. Improved knowledge of the -
effects of this distortion is reeded in system design.

The attenuation and phase-shift measaiuements
made at NRL indicate a definite dependence of these
quantities on rocket altitude. propellent type. and
electromagnetic frequency. There is also a strong
indication that in many cases the received signal con-
sists of the summation of two kinds of signals. namely
the one that reaches the recei,,ing antenna after Measurements are made through the exhaust ofa 200-poune-
traversing the rocket plume and the one that is guided thrust motor burning a Poseidon-type propellant. Two
along the curvature of the plume to the receiving focused-beam sstem't and one open-horn system Amounted

staiion. in the ring fi .ime) pro% ide simultaneous data at three micro-

Measurements indicate that the rocket exhaust - ave frequencies I ,e motor on the nutating boom ilef
center) is mounted orn a trasersinig carl to provide both

modulates the transmitted signals in both phase and centudi% and transserse moion duriviaefiring

amplitude. Although the exact shape of the curver

varies as the area of the exhaust illuminated by the
transmitting antenna is varied, phase modulation
curves were found to be generally similar to ampli- Although analysis of the data is not complete. it
tuWe modulation curves, is already apparent that ;h;s research can be used for

the evaluation of plume signal in: -rfei-ence by vari-
ous propellent types. For ;. given type of propt-llent.

40 electromagnetic frequency. and rocket altitude. pre-
dictions can be made of the exten! of communications

-0 blackouts due to signal attenuation or excessive noise
levels. Also. inc :rtain cases, the enhancement of com-

60 - I munications due to wave bending around the exhaust
plume can be predicted.

7 RUN 1586 AUG 8. 968) 1 The experiments were corndcted in the NRI1 space.
200-LB THRUST ,ST-STAGEE POSEIDON PROtPELLET,5 \ altitude, and velocity chamber described in the 1967
50,OOO-FT SIMULATED ALTITUDE80 AMPLTDEIZ-JUDEl NOISE, ON 48-GIiz-H-z CAP141EVIR•E Annual Report. During the year', instrumentation

I has been imprtved to measure phase shift, phase

noise. amplitude shift, and ampliude noise. The
instrumentation includes an ultraprecisioa quartz

to Io? oscillator for phase stabilization of the klystron
FREQUENCY (HZ oscillators and hardening of the antenna horns

and trasmission lines to avoid acoustical inter-
A rocket's exhaust modulates transmitted signal% in both

phase and amplitude. Shown above is the amplitude noise action in the exhaust .:niroament. Nicasurements
measured during one simulated 50.000-foot-altitude run. have been made at 2.2. 9.8. and 24. billion cycles
The shape of the curve varies as the region of the exhaust per seconds, both wth tran.;missions across the plume
illuminated by the transmitting antenna is varied. Phase and also at various ang!es between the plume axis
modulation curves are similar to amplitude modulation and the line-of-sight path between transmitting and
curves. receiving antennas. 15
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Solrad. On March 5, 1968, NRL's Solrad IX formation for Apollo VIII astronauts, for which
satellite. knc'. n also as Explorer 37 and 1968-17A, it received a commendation from ESSA.
was launched by the National Aeronautics and Space Special data-processing equipment is now under
Administration (NASA) from Wallops Island, Vir- development to replace the majority of manual
ginia, into an orbit inclined 59.4 degrees to the procedures presently required to provide quick-
Earth's equator, with an apogee of 476 nautical response processing of both the near real-time and
miles and perigee of 275 nautical miles. At this time, the stored data. To support the Naval Air Systems
the satellite began its continuous monitoring of bands Command exploratory development tasks in solar
of solar x-ray and ultraviolet emission, which are monitoring and to formalize objectives within the
obscured from observation at the Earth's surface by Laboratory by bringing participating groups together
absorption in the atmosphere. The information in a cohesive effort, the NRL Solrad project team
obtained increases the understanding of the physical was established in July 1968. (Prior to 1968. the
processes involved in solar activity. This permits Solrad monitoring experiment was being carried out
the establishment of the x-ray flare characteristics cooperatively by personnel of the Space Sciences
and their relation to radio crommunications disturb- and the Applications Research Divisions. The
ances, the development of techniques for predicting formation of the Solrad project team further strength-
solar-induced terrestrial disturbances, and the estima- ened this cooperative effort.) Specifically, the proj-
tion of hazards in space environment operations. ect's objectives are to (I) develop, construct, test,

When Solrad IX is tracked by the NRL Satellite evaluate, and provide launch support for Solrad

Tracking and Telemetry Station at Blossom Point, satellites, (2) track, command, and acquire satel-
Maryland, the telemetry data are transmitted via lite telemetry, and (3) reduce, analyze, and transmit

telephone lines to NRL in real time. The data ac- solar-emission data for scientific and application
quired as the satellite passes overhead, as well as the purposes.

stored memory data acquired periodically, are pro-
cessed at the Data Operations Center and trans-
mitted, in special teletype message format, to all ELECTRONICS

stations of the U.S. Air Force Solar Observation
and Forecasting Network. These include activities Closed Cycle CO. Laser. Until recently, CO2 lasers
of the Department of Defense, Environmental required a flowing gas and cumbersome mechanical

Science Services Administration (ESSA), NASA, pumps. In 1968, NRL developed a noncirculating

and other organizations. The Space Disturbance sealed-off CO2 laser and operated it cont~nuously

Forecast Center of ESSA in Boulder, Colorado, for 1,050 hours without a catalyst at a continuous

is a prime user of this information; in addition to power level of 20 watts and an efficiency of 7.5

messages provided routinely, computer-generated percent. The actual lifetime of the apparatus, which

plots displaying 10-14 hours of stored x-ray data are might be considerably more than 1,050 hours, was

forwarded in facsimile to this activity. Furthermore, not determined because the experiment had to be
predictions of significant solar activity are provided terminated due to lack of facilities and space. The
piredictios tof sigNificant solarniativity Cmar id t laser tube is 86 centimeters long, has a I.-cm bore, and
directly to the Naval Communications Command toand external
assist in the promulgation of Fleet radio propagation is ineased ewster woud ave eenwarnngs Durng 968 14 lers wee snt.mirrors. Increased efficiency would have been

obtained if the mirrors had been mounted internally.

In the closing weeks of the year, NRL was called The tube gas fill was CO2 and helium. The same
upon to support the Apollo Vill mission by using efficiency and life could have been obtained with a
Solrad IX information to predict solar activity tube fill of C0 2, He, and N2 , but that would have
which might affect the environment through which required that the tube be water cooled for long life
the Apollo spacecraft traveled, For several days because chemical reactions with the N2 are sensitive
prior to the launch and during the flight, data were to temperature.
furnished as rapidly as possible to the Space Dis- The experiment has demonstrated that field-
turbance Forecast Center. which has overall re- operated CO2 gas lasers can be developed. Promising
sponsibility to NASA for this support of the Apollo areas of application include communications and
program. NRL participated in providing the best radar systems which transmit in the 10-mnicron low-

16 possible and most up-to-date space-environment in- attenuation "window" in the atmosphere.
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Controllable Light Transmission Films. A discovery to obtain a better understanding and to improve the
of controllable optical absorption in thin films of performance, efficiency, and reliability of solid-
gallium phosphide (GaP) has been made at NRL. state thin-filn devices.
These films are evaporated onto quartz substrates
in a high-vacuum chamber and then subjected to an
armealing process at a temperature between 260'C Microwave Shipboard Communications. A means
anJ 575°C. The interesting characteristic of GaP for achieving high reliability of shipboard microwave
is that different light transmission cutoffs are obtained communications without providing excessive power to
for different annealing temperatures and that the overcome fading has been developed. Experiments
annealing techniques provide a controllable light conducted at 37 billion cycles per second during the

past year substantiate the conclusions of an analytical
CONTINUOUS VARIATION study that antenna diversity techniques are feasible

for shipboard line-of-sight communications, especi-
0 57c\ Z2oC ally at the higher frequencies for which the required

_J •antenna separation is conveniently small. With this
o P Y approach, the transmitted signal is received by two

CM ,. or more receiviig antennas. When the antennas are
SI GOP displaced in space, the received signals display differ-

ent fade characteristic-,. Experimental results ob-Old• ' i tainud in 1968 show that for certain antenna spacings

a strong negative correlation exists between the re-
S,"ceived signals, and by summing the two signals the

. 0 oo 10,000 5 20,000 need for a large amount of excess power is eliminated.
VISIBLEJ INFRARED_. Calculations based on this experimental result indi-
WAVELENGTH (ANGSTROMSI cate that the power required to provide a ship-to-

ship communication link of a given range and relia-
As shown here. the optical absorption characteristics of bility with this diversity system would be about 15
thin films evaporated on a quartz substrate are dependent decibels lower (or 30 times less) than with a system
on the film annealing temperature. By ,arying this tempera- having only one antenna.
rure, the optical characteristics of GaP may be made to span The implementation of microwave systems for ship-
the range of many other semiconducting materials. to-ship and ship-to-shore communications will greatly

improve the Navy's communications capability be-

cause microwaves are less affected by the Weather
transmission cutoff that spans the range of almost than the shorter wavelengths of optical or infrared
all other common solid-state device materials. systems, and they also provide higher directivity and

An obvious practical application of the technique higher security through limited range than high-

is in the fabrication of optical filters with different frequency systems, which use longer wavelengths.
wavelength cutoffs or even variable wavelength
cutoffs, all in one material. However, it may turn
out that the most useful applications lie elsewhere. Spherical Airborne Antenna Coverage. Early in 1968,
The light transmission cutoff characteristic is directly flight tests were conducted on an engineering model of
related to the width and nature of the forbidden the NRL-developed Hartlobe antenna system. These
energy gap in a semiconductor material. The possi- tests showed a remarkable improvement in the per-
bility of varying the width of the gap of a single formance of airborne transponder beacons used for
material through wide limits by a simple annealing identification of friend or foe (IFF) and air traffic
process provides a powerful tool for the study of control (ATC) purposes. The Hartlobe antenna
this semiconductor material and devices made from system was developed by NRL to solve the long-
it. The next objective will be to study the detailed standing problem of blindspots in airborne antennas
nature of the absorption band spectrum as a function due to shielding by the airframe.
of the energy gap. Airborne antennas should be omnidirectional in

The discovery is a result of NRL's continuing pro- order to satisfy the systems functions of communi-
gram of studying thin-film and surface phenomena cation, radio navigation, IFF, etc. Flight experiments 17
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demonstrated that nearly omnidirectional antenna setting up standards to assure satisfactory operation
patterns were obtained at various ranges and airplane of this system when it is implemented.
bank angles. These tests also gave assurance that the
overall system performmnce was in no way compro-
mised. The deep nulls encountered in signal reception Theory of Radar Sea Clutter. The lack of a good
when the aircraft employs only one antenna are very model of electromagnetic backscatter from the sea
nearly eliminated in the Hartlobe pattern. The basic surface is a major impediment to the improvement of
technique, as applied to beacon systems, consists of radar performance. By providing a better basic under-
continuously monitoring the two antenna signals by standing of radar sea clutter caused by wind-generated
means of beacon receivers connected to each antenna waves, such a model would aid the radar-system
and of switching each transponder reply to the antenna designer.
receiving the stronger signal. Each interrogation During the past year, NRL has developed an im-
is handled on an individual basis by means of pulse- proved mathematical model of this complex problem
by-pulse comparison. and has substantiated it experimentally. In this

The significant improvement in airborne spherical model, the strongest sources of the backscatter
antenna coverage of IFF and ATC transponders and signal are the short surface-water wavelengths which
its obvious potential contributions to the success satisfy the first-order Bragg reflection condition
of military missions and increased safety have created given by 2,W cos 0 = X,, where Xwi is the water wave-
great interest in the speedy adoption and implementa- length, X, is the radar wavelength, and 0 is the radar
tion of the Hartlobe system by all three military depression angle (angle of incidence). These small
services and by the Federal Aviation Agency. water waves are, of course, superimposed on the
Currently, NRL is assisting the Naval Air Systems longer gravity waves and are therefore tilted out of

18 Command and Program Manager PM-8 (AIMS) in the horizontal. The tilt has a large effect on the
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role of higher order scattering and to attempt to relate

A SEA STATE "A" the properties of the doppler spectrum to the mech-
o" SEA STATE ,",EXPERIMENTAL anisms of wave generation by the wind. Also, the0 SEA STATE "B TA

X SEA STATE "C"JDATA Super Constellation will continue to be used to obtain
- THEORETICAL I51(NOT WIND) more data at smaller angles of incidence and during

higher sea states.

-W/

0 RADAR

0 -,Radar Target Scintillation. The advancing state-of-
,,=, X xx the-art in radar techniques has reduced systematic

_ X0  errors in airborne target location and doppler velocity

X "determination to a low level. The major remainingS~X
U _ xx limitation to 3uperior radar performance is target

,, scintillations which cause fluctuating errors in the
x radar information on the angle, range, and velocity

of a target. The target scintillations result from the
complex shape of the target as it presents several
reflecting surfaces changing in relative position with
respect to the radar. This is caused by the target's

I I I I I I I I I I random yaw, roll, and pitch motions, which occur
5i 10 20 30 40 60 90 even when it is flying a "straight line" course. These

RADAR DEPRESSION ANGLE (DEGREES) motions cause the echo signals from the reflecting

A compýýrison of experimental data with predicted values of surfaces to change randomly in relative phase and
sea c!utter amplitudes as a function of radar depression angle. amplitude. Since a typical radar cannot resolve the
showing how well the NRL, mathematical model describes surfaces and look at them individually, it will observe
the complex problem of radar sea clutter. The experimental a single echo signal composed of the summation of
data shown above were obtained at 1,225 million cycles per the echoes from the individual reflecting surfaces.
second UL band). This signal will scintillate because of the randomly

changing relative phase and amplitude.
Previous analyses of radar target scintillations

horizontally polarized and cross polarized cross sec- have shown the results of the scintillations on only
tions, and this effect is also included in the model. specific radar systems. A 1968 NRL theoretical and

Development of the model was aided by measure- experimental study of the target echo signal propagat-
ments taken under controlled conditions in laboratory ing in space has resulted in a new general concept of
water tanks. Good agreement was obtained between target scintillations. It is based on the fact that, as
results of the model studies and data collected over the echo signal propagates in ipace, distortions
open water by a specially instrumented NRL Super occur that are independent of specific radar systems.
Constellation aircraft on vertical polarization at 428, This concept provides a Irue description of target
1,225, 4,450. and 8,910 million cycles per second. scintillations and of the relation between different
Good agreement also was obtained for horizontal po- types of target scintillation which are used, for
larization at the two lowest frequencies given above, example, to calculate the target doppler scintillation
The wavelength dependence and absolute value of spectrum from data on target angle scintillation and
the mean squared water-wave height spectra cal- rates of target motion. The concept can be readily
culated from sea clutter cross sections are in reason- applied to determine its effects on any type of radar
able agreement with oceanographically measured target locating system, and it can also be applied to
spectra and are consistent with an equilibrium or show the effectiveness of various diversity techniques
saturation spectrum for short gravity waves, and their relative merit for reducing target scintilla-

Measurements of the doppler spectrum of the tion effects on radar performance. The theoretical
backscattered signals from wind-generated waves relation between argle scintillation and doppler
in a wave tank are being continued to determine the scintillation revealed by the concept has also been 19



ELECTRONICS

verified by radar measurements. The theory shows, The new concept describes radar target angle

for example, that the Gaussian-distributed angle scintillation as a distortion of the phase front of the

scintillation and rates of target motion of a Boeing 707 echo signal, which in turn causes fluctuations in the

aircraft are accompanied by a doppler scintillation apparent angle of arrival of the echo signal. In the

spectrum having the spike shape of a modified Hankel figure, the phase fronts of the combined signal radiat-

function. The theoretical spectrum was confirmed ing from two point sources having a 180' relative

in shape and magnitude by high-resolution doppler phase are shown as the distortions which cause angle

measurements. This provides a simple means for scint;!Iation errors. A diagram of the situation would

using known data on aircraft to predict the doppler show that in the high-distortion regions, such as at

scintillation and resultant errors caused in doppler radar 1, the apparent location of the source (along a

velocity measuring systems. direction normal to the phase front) falls far outside
the physical area of the target. In a low-distortion
region, such as at radar 2, the apparent location seen
by the radar falls back within the area of the dual
source. An actual aircraft target would cause distor-
tions with random locations and slopes.

Ionospheric Earth-Backscatter Investigations Carried
Out by Precision Raytracing. Investigations of the
effects of ionospheric phenomena upon high-fre-
quency radar have been made in which diagnostic
ionospheric propagation techniques, including pre-
cise ionospheric raytracing, are used to predict
the detailed distribution of Earth backscatter. In
the present stage of these investigations, a computer-
assisted program has been developed which enables
the user to analyze radar-signal data at single-hop
range from the radar site.

By means of a ray profile traced from a measured
ionospheric electron density profile and the applica-

Phase fronts radiating from dual sources tion of (i) the radar range equation, (2) an expression
haviing arbitrarily selected equal-ampli- for ionospheric absorption, and (3) a statistical model
tude excitation. I80-degree phase differ- for backscattering from rough surfaces, calculations
ence, and three-wavelength separation. are made to determine the distribution of the Earth-
The relative amplitude at each point is backscatter echo received by a high-frequency radar.
inversely proportional to the relative This backscatter echo, in terms of power received and
range. power versus time delay, is then compared with mea-

sured data to verify the accuracy of the backscattering

g s•,..• "'•• 0RANIE (XILOMETERS)

An example of a ray profile obtained from an actual measured ionospheric electron density profile. Since the density of ihe
rays in the vertical plane is proportional to the radiated power in the direction of the rays, a graphic representation of the vertical-

20 plane antenna pattern is obtained. Both E- and F-layer contributions are evident at all ranges shown.
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to investigate (I) the Earth's behavior as a scatter
of decameter radiation at shallow incidence and (2)

MAMi[ short-term evolutions of the ionospheric propagation

path as represented by traveling disturbances and
hydrodynamic-like gravity wave effects.

Dynamic Behavior of the Ionosphere as Determined
0?0 40 60 160 40 ' *o 40 10 200 2N0 240 by Radar Observations of Artificial Plasma Clouds.

TIME DELAY MILLISECONDS) The occasionally violent turbulence which charac-

An example of a verification of the close agreement of the terizes the lower ionosphere, and which has gradually
calculated (simulated) Earth-backscatter echo distribution become accepted as an important influence in the
and the measured distribution in regard to (a) time-delay creation and dissipation of sporadic-E layers, has
to the leading edge, (b) positions in time-delay of the two been studied for many years by optical tracking of
major peaks, (c) position of the pronounced null at 13 milli- chemical clouds injected by rockets or gun-launched
seconds, and (d) general shape and position of the tails of the projectiles. Now N RL is making use of a sophisticated
distribution. Some of the discrepancies between the curves pohectilesNow N m se ofda sopistce
are attributed to the omission in the calculations of considera-
tion of the variations in angles of incidence between the appropriate frequency range and adequate signal-
Earth and intersecting rays. The effects of this variation arc processing capability to probe the internal motions of
now being incorporated in the calculation procedures and these clouds and thus describe the turbulence in
are expected to produce even closer correlations. detail. The evolution of cesium- and barium-seeded

artificial plasma clouds in the lower ionosphere is
model and the measured electron density profile, studied to determine statistical descriptions of the
When this is verified, the ray profile represents a de- amplitudes, duration, and relative velocities of turbu-
scription of transmitted power density within the lent regions within the clouds. It should be under-
volume illuminated, stood that the techniques used are equally applicable

These ionospheric raytracing and Earth-back- to the study of turbulence, wind motion, and plasma
scatter profile matching techniques have been used resonance phenomena in the normal ionosphere as

well, and such studies are proceeding. In this con-
tinuing program, a detailed description will be made

JJ
NRL's research radar installation on Chesapeake Bay, Maryland.

The high-frequency radar is in the left foreground. 21
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. . -. problem of handling very large doppler (i.e., fre-
A 2- quency) shifts which arise because of the very short

wavelengths involved. Laser frequency shifts from
hundreds (e.g., supersonic aircraft) to thousands

: .-. i- .. .(e.g., orbiting satellities) of megacycles may be en-
countered. In the presence of large doppler shifts in

2046100:* Z- - echo signals, some provision must be made for tuning
either the laser transmitter or the reference signal

- :at the receiver so as to maintain the difference fre-
--- - quency constant within the intermediate-frequency

amplifier passband. Generally, the lasers used forA_ -- this purpose cannot, in themselves, be tuned rapidly
204530- the required amount, so some other method of fre-

quency shifting must be provided.
One possible solution to this problem has been

demonstrated preliminarily at NRL in recen: e-xperi-
ments in which optical frequency translation was
achieved in the near-infrared by means of rotating
magneto-optic birefringence in single-crystal yttrium
iron garnet (YIG). Although visibly opaque, the

120450 .- .ferrimagnetic material is transparent in the infrared.
In the experiment, a circularly polarized infrared laser
-operted at 1.,15 micrometers (11,500 angstroms) was

. beamed axially through a small rod of YIG which
had been made optically birefringent by a transverse

2044:30 m... agnetic field. When the magnetic field is electrically
+10 0rotated about the axis of the beam, a frequency

DOPPLER SHIFT (Hz) splitting occurs in the transmitted signal, and the

An example of the high-frequency radar data observed output then theoretically consists of a carrier com-
from a typical cesium-cloud release. The formpt in ponent and a single sideband. The latter is the desired
this figure is quasi-three-dimensional, displaying time, frequency-shifted component. If required, the carrier
doppler shift, and signal amplitude. The irregular
vertical band at ze-o doppler shift, which appears along
the entire 2-minute display, represents an Earth-
backscatter echo. The briefer, more diffuse signature,
which appears centered on 4 cycles per second in the
lower two-thirds of the figure, represents the cesium-
cloud echo. Its irregular amplitude, which characterizes
the turbulent motion, is illustrated by a few high,
spectral-appearing peaks and by several lesser ampli-
tude echoes distributed over about I minute in time
and 4 cycles per second in doppler shift.

of the turbulence spectrum displayed by ionosopher-
ic fluid motions over a range of eddy sizes from 10 to
100 meters, a range which cannot be studied optic-
ally. This program promises to provide a missing link
in describing the lower inertial and dissipation ranges - ,
of the turbulence spectrum of the lower ionosphere.

Apparatus used to achieve optical frequency translation of
laser light beams. The birefringent single-crystal YIG rod

Frequency Translation of Lager Radar Signals. The is the light dot in the center of the field coil assembly (the
22 development of laser radars faces the significant four dark areas around the YIG).
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component can be virtually eliminated by optimizing Radar Detection of Nonfluctuating Targets in Log-
the birefringence to 180 degrees. For experimental Normal and Contaminated-Normal Clutter. The
convenience, the magnetic field was rotated at 200 accuracy with which the capabilities of radars can be
cycles per second to obtain a 400-cycle-per-second predicted in terms of probability of target detection
optical shift, which could be observed with an audio for given acceptable false-alarm rates under various
spectrum analyzer. Improved performance is expected sea conditions is important to the radar designer.
from new variants of YIG, and these should prove In making these predictions in the past, the Rayleigh
suitable for achieving the very much larger frequency distribution has been assumed for describing the sea-
shifts required by laser radars. clutter cross section. Previous sea-clutter measure-

ments made by NRL by means of a high-resolution
X-band radar with a 20-nanosecond pulse showed that

A High-Performance Analogue Processor for Long- the clutter cross section described by the Rayleigh

Range High-Frequency Radar. N RL has developed model did not fit the measured data. Two studies

and is implementing a new, real-time signal- and completed at NRL during 1968 showed that the log-

data-processing system for use with its over-the- normal and noncohcrent contaminated-normai dis-

horizon high-frequency research radar facility located tributions provide a much better fit to measured data

at its Chesapeake Bay Division. This system provides and thus more accurate predictions of radar per-
a theoretical maximum signal-to-noise ratio improve- formance with respect to sea clutter.
ment and full processing gain and resolution for ac- Measured and predicted results were compared for

celerating targets as well as constant-velocity targets. both a smooth and a moderate sea. It was found that
With precise signal matching and new signal spectral the log-normal model provides a fair fit to the data for
compression techniques, the detection and measure- both sea states, but the tail of the distribution is
ment of signals buried deeply in noise will be feasible, still too long. The noncoherent contaminated-normal
and the maximum possible radar sensitivity will be model provides a very good fit to the data for a smooth
provided. A simple and direct analog implementation sea and a fair fit for a moderate sea, in both cases
of the signal-processing system has been chosen as having a shorter tail than that of the log-normal model.
the most efficient and effective approach to the The probability of detection for a steady signal in
problem. Less electronic hardware is required and log-normal clutter was computed, and families of de-
higher data rates are achievable without the paral- tection probability curves versus signal-to-noise
leling of equipment in this system as compared with ratio (S/N) were plotted for false-alarm probabilities
ii §yrnm iilng digiflol lechniquo , Hif hly i phifli- rianging from 10- to 10-" MfA for th; wrn of N non-
oilekd OllltI-prott .OiU laItiti1OtN I11V IN1lll9 1LIed V0110iwul ptiliit, N ranoging rfttn I (iI 30, VoF ii wa

nd ilu wnue, 4onlle 0 deeil k per pule would be ltfioejid 1rol
When implemented, this processor will be the only 90-pcreent probability of detection and a 10-l ralse-

one in existence providing all of' the capabilities alarm probability. The usually assumed Rayleigh
mentioned above. Its high resolution in both acceler- model for sea clutter would require only 1.9 dB under
ation and velocity will greatly aid the identification of the same assumptions of detectability. This is a sig-
targets and permit an immediate separation of air- nificant difference because thie wrong choice of model
craft and missile targets. Present high-frequency could lead to serious errors in prediction of radar
radar signal processors, which have signal dynamic performance.
ranges from 30 to 60 decibels, are frequently disabled The coherent contaminated-normal distribution is
by interference that saturates signal channels and given by
blocks target detections. The NRL system, which
provides significantly higher dynamic ranges, will (1- y) v
alleviate this problem. p(x) = e-/ 2 ' + -t/2a'

An interim system developed by NRL was imple- (x 2•°'r V/2-i'KK1 a

mented in 1968. An improved model being developed
from NRL specifications prepared in 1968 will be where y is the contamination fraction, K is the ratio
implemented during the coming year, providing a of standard deviations, and the noncoherent distri-
significant increase in the detection and identification bution is found by passing p (x) through a voltage
capability of long-range high-frequency radars. envelope detector. In the contaminated-normal 23
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distribution investigation, the smooth sea was fitted by probability of detection and a 10-1 false-alarm prob-
choosing /=0.2 5 and K=2.25; the moderate sea was ability as opposed to the 8.8 dB and 1.9 dB required
fitted by choosing y=0.25 and K=3.5. Again, as in the by the log-normal and Rayleigh distributions, respec-
log-normal case, expressions for the probabilities tively.
of false alarm and detection were developed for the The use of log-normal and noncoherent contam-
noncoherent sum of N pulses by use of the charac- inated-normal probability distribution models should
teristic function method. be of interest to radar designers concerned with the

Finally, probability-of-detection curves were sea states considered in the studies. Irvestigations
plotted for the same parameters as used in the log- in this continuing NRi_ program of other sea states
normal study. These curves showed that a SIN of await the completion of additional sea-clutter mca-
5.8 dB per pulse is required to obtain a 90-percent surements now being made.

COMMUNICATIONS SCIENCES operator's control panel. The FMS will also be used
to monitor relative transmitter output power, receiver

Centralized Electronic Control. NRI. has developed operating sensitivity, and relative FSK channel levels.
an on-line, nondisruptive, fast-acting frequency The measurement technique utilized in the FMS
monitoring system (FMS) planned for installation was conceived and developed at NRL, and during
aboard the USS Ninitr: (CVAN-68). The FMS the past year the system wa,, fabricated under contract
measures the frequency tuning accuracy of 35 high- in accordance with NRi. specifications and then
frequency receivers and the output frequency of 16 evaluated by the Laboratory. The FMS will be in-
high-frequency transmitters, including the frequency stalled as part of the facilities control console of the
shift keyed (FSK) mark and space frequency comn- CVAN-68, where it will use frequency information
ponents, and displays the resulting information on an provided by the central time and frequency facility

T",

Frequency-monitoring system developed by NRi- tror future use on the CVAN-618.
This system, which provides semiautomated monitoring capiibility for approximately
50 comimunications equipments. requires only minintun skill, judgment, and trutir,.
ing on the part or (he operator. 25
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to be installed aboard that ship according to the plans prevent lapses in operation Oue to either power
described in the 1967 Annual Report. The system failures or system component failures.
should increase enormously the reliability of naval In 1968, NRL assisted the Navy Electronic
communications. Systems and Ship Systems Commands by providing

The CEC research model has been expanded to techniques for updating the performance of existing
include application of the basic element of time and shipboard measurement equipment. An interface
frequency control to a simulated radar system. Pre- servosystem was developed by which the frequency of
liminary studies show that some advantages include the shipboard signal generators could be controlled by
reduction of radial interference between two or more a frequency counter. This increased the frequency
radars, as observed on the operator's planned position stability and setting capability of the instrument from
indicator, improved performance in a spot jamming 105 to l01, making it compatible with new synthesizer-
environment through rapid frequency shifts, and controlled communication systems.
positive control of radar transmissions in order to As a result of efforts begun in 1967, NRL has pro-
provide the capability for time sharing the frequency vided frequency monitoring equipment for many of
spectrum. The results of this study show that strong the Navy's major ships. The installation of this
considerations should be given to taking advantage equipment has resulted in a dramatic improvement in
of the central frequency and time control element of the adherence to assigned frequencies by Fleet units.
CEC to increase the campatibility of existing and In 1968, NRL completed the installation of atomic
future radar systems. frequency standards at all Navy vlf transmission sta-

tions. These provide frequency control to several
parts in 1012. NRL has made preliminary design plans
of a system for the control of the frequency/time

Frequency and Time Instrumentation. A continuing aspects of Navy communication stations from a single
NRL program is devoted to meeting an important time and frequency reference within each station.
and rapidly increasing Navy need of precision time
and frequency. Instrumentation and techniques are
developed for establishing, disseminating, controlling,
and utilizing precision time and frequency. During the Antenna Multicoupling. The typical Navy shipboard
past year, NRL developed a central time and fre- environment imposes severe restrictions on the
quency system for installation aboard the USS number of usable sites available for communication
Nimitz (CVAN-68), following its plans as described antennas which must serve numerous receivers aboard
in the 1967 Annual Report. This slotem will function a ship. In order to take maximum advantage of avail-
as a precise time and frequency reference facility able antennas, multicoupling techniques have been
serving a number of areas and systems aboard the developed that permit individual antennas to be shared
ship. It will supply time codes continuously to remote by many receivers and transmitters.
units for display and reference and will provide stand- Commercially available F-1039A/U bandpass
ard frequency for disciplined devices requiring a high filters have been used to provide the preselector
degree of precision and accuracy. Although the system function between the antenna and radio receiver.
as presently designed applies state-of-the-art tech- During 1968, NRL investigated the possibility of
niques and equipments, it is amenable to future tip- combining large numbers of these filters to operate
grading as improved components are developed, from single antennas over the 2-30-million-cycles-
At present, it employs crystal oscillators which have per-second (MHz) frequency rarge. Success of this
frequency drift rates of several parts in 1010 per day. endeavor would permit the Navy to implement avail-
When the need arises, these may be replaced easily able filters to ease antenna problems on existing
with cesium-beam frequency standards capable of ships. However, it was found that no more than
maintaining the frequency to within I part in 10". three F-1039A/U filters in their original form could be
Methods are provided for rating the oscillators against operated from one antenna over the high-frequency
the Navy very-low-frequency (vlf) system and for range without encountering resonances that create
setting the time from the Navy time signal trans- unacceptable attenuation of incoming signals.
miss-ons or from radio station WWV. Great emphasis In ord( r to permit more than three filters to be
has been placed on providing high reliability, and operated from one antenna, a new combining tech-

26 strict guuoar have been built into the equipment to nique was designed by NRL in which the input
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ARTIFICIAL TERMINATED TRANSMISSION LINE characteristicsi of each ffiter are pci-cc!ly compensated
COMBINING TECHNIQUE FOR F-1039A/U FILTERS and result in an insertion voltage-standing-wave ratio

Z- 6- (VSWR) of unity. In laboratory tests, this goal is

S142 closely approached up to 10 MHz. Between 10 MHz

-and 30 MHz somewhat poorer performance is

10• 2 ,2LI CO~AuR achieved because of a rising insertion VSWR charac-
8= teristic. This technique provides the Navy with a

L-4I!,COU8,NR means for implementing available receiving multi-

S_ -couplers on existing ships to enable the use of fewer
~- 4

00 
antennas for a given number of receivers.
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FREQUENCY WMHOI Flight Tests of the NRL Mark III Omega Aircraft

By properly modifying the input circuitry for commercially Receiver. On September 6, 1968, the Deputy

available bandpass filte,-s, a group of ýuch filters may be Secretary of Defense signed a Program Change

series-connected to a communication antenna to permit it Dii.ective approving implementation of the Oir;ega

to be shared by many receivers and transmitters. The

theoretical system degradation for this type of combining navigation system on a worldwide basis. Omega

(multicoupling) technique is shown for 6- and 12-unit is a very-low-frequency radio navigation system

systems. 
that can be used by aircraft, surface ships, or sub-

marines.
The significant contribution of the NRL-developed

circuitry of each 'ilter simulates a section of 50-ohm Mark Ill Omega receiver to this worldwide naviga-

transmission line. A group of filters, as modified, can tion system was demonstrated conclusively during

then be connected in series between the antenna and an 8,000-mile transatlantic flight test in October

a 50-ohm termination. The theoretical system deg- 1968. With observers from the Federal Aviation

rad&-tion For this type of combining technique, as Agency, the Omega Project Office, the Naval Air

compar .I to single unit performance, is 3.5 decibels. Systems Command (NASC), and the U.S. Coast

This could be achieved only if the input impedance Guard aboard, an NRL aircraft flew the jllowing

.light rou.e o n.M lm.i

Flight route for testing the NRl.-dcveloped Mark III Omega aircnfft receiver. 27
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flight legs with the Mark III as the primary navi- with Army and Air Force observers aboard provided
gation system: (I) Naval Air Station, Patuxent River, similarly satisfactory results.
Maryland, to Argentia, Newfoundland; (2) Argentia The Mark IlI is the third in a series of Omega air-
to Mildenhall, England; (3) Mildenhall to Madrid, craft-receiver equipment designed and developed by
Spain; (4) Madrid to the Azores; (5) the Azores to NRL. It consists of an NRL-developed receiver
Rermuda: and (6) Bermuda back to Patuxent River. section and a navigaution computer designed and
The system provided instantaneous readings of lati- developed under an NRL contract.
tude and longitude during the entire flight.

The four Omega transmitting stations used during n
these flights are located at Bratland, Norway; Port
of Spain, Trinidad: Haiku, Hawaii; and Forestport,
New York. The flying time was reason?),'- well
distributed between day and night and included
sunrise and sunset periods at all transmitting stations
and at the aircraft. Comparisons between Mark Ill
position fixes and shore-based point-source systems'
position fixes made at first contact and extreme
range are shown in the table.

Except in some areas where the Bratland signal was
used, the accuracy was about as expected. On a
demonstration flight in England for Royal Air Force
personnel, all fixes made on the basis of the Bratland
signal indicated an offset of about 4 miles at about
120 degrees. This, of course, can be remedied by a
propagation correction.

During the six overwater legs of the flight, Omega

demonstrated an outstanding capability to tie into
shore-based radio facilities. The average deviation
from VOR-DME-TACAN (see table) was 1.4nautical miles in distance and I degree in bearing. Mark 111 installation in NRL's EC 12I-K aircraft.
The reliab~lity of the Mark III under adverse weather
conditions was demonstrated vividly when at least
three Omega signals were tracked over the entire
trip without signal loss. On the flight leg from Argentia i
to Mildenhall, all Loran A, Loran C, and communica-
tions signals were obliterated foi about three consecu-
tive hours by severe rains and icing conditions, but
the Omega signals were unaffected. The Mark Ill
consistently tracked through the precipitation static,
and on arriving within range of the short-range VOR-
DME system at Shannon, Ireland, indicated a posi-
tion difference of 3 nautical miles in range and 3
degrees in bearing.

Throughout the overwater flights, an Omega-
actuated course deviation indicator (CDI) was
used to provide steering directions to the pilots.
The CDI displayed at all times the deviation fromgret-irce outs.Similar signals could have been AN/ARN-99 (XN-L) Omega Navigation Set. This set in-
great-circle routes. cludes a receiver-computer unit, control-indicator, and

coupled to the autopilot. antenna-coupler unit. It is designed for use in any low- or

Additional flights across the United States and the high-performance aircraft and will operate with either an
28 Pacific Ocean to Hawaii and in the Caribbean area orthogonal loop or omnidirectional antenna.



ELECTRONICS

After a Flight Omega Distance and Distance

Aircraft Length of Heading Difference vs from
TACAN or VOR and DME* DestinationApproaching Mie ___ _____

Nautical Miles Hours Nautical Miles Degrees Nautical MilesII
Argentia 1,200 6 1.4 0 72

Shannon 1,700 10 3.0 3 45
Madrid 500 2.5 t 0 t
Azores 1,000 5 0.75 0 128
Bermuda 1,800 9 2.5 3 132
Patuxent 600 3 0.25 I 76

*The acronyms TAC,.N. VOR, and DME stand for Tactical Air Navigation, Very High Frequency
Omnirange, and Distance Measuring Equipment, respectively.

tNo distance measurement.

The receiver includes antenna couplers for loop With the use of instrumented naval aircraft, the
and blade antennas, filters to eliminate adjacent phase variations were determined as a function of
channel interference, limiters to suppress impulse distance from an Omega transmitter. The investiga-
noise and provide constant output amplitude from tions showed that the effects of multimode propaga-
thl receiver, conversion of the signal frequencies tion were negligible during the daytime, but that they
to an intermediate frequency that is convenient resulted in a nonlinear variation of phase with dis-
for the computer, and timing circuits to produce tance from the transmitter at nighttime. These data
gating waveforms which identify the iacoming are now being studied so that a model can be de-
Omega sign;,Is to the computer. The receiver con- veloped to compute propagation correction factors
troller contains facilities for synchronization of the necessary for the operational use of the system.
receiver timer with the incoming signals and for
testing the receiver performance. Very-Low-Frequency Propagation (Communications).

The computer processes the phase information NRL's propagation research program at very low
contained in the signals to provide data useful for frequencies (vlf) for 1968 has been devoted to a
navigation. and it puts out such information as the continuation of the data-collection effort started in
present position in latitude and longitude, the dis- 1967 employing special transmissions from the new
tance and bearing to a destination, and the cross-track vOf transmitting station NWC at Northwest Cape,
error (which can be coupled to an autopilot). Magnetic Australia. Phase and amplitude information was
variations and phase corrections for a given time and recorded continuously at sites in Japan, Madagascar.

location are manually inserted into the computer vid Bahrain Island, the Philippine Islands, and Alaska.
a keyboard. The information collectrd will be used by NRL inA prototype computerized Omega aircraft receiver a statistical analysis to be performed during 1969.
(having a volum2 of less than I cubic foot and a This analy"is will permit further refinements in the
weight of 45 pounds) will be delivered to NASC vlf communications coverage prediction model.
in the first quarter of 1969, and flight tests of the The prediction model is largely empirical and is
receiver are scheduled to begin in the second quarter being updated continuously, as additional data on
of that year. signal field strengths received in various geographic

areas is made available, to provide the high confidence
level required of effective coverage predictions for use

Very-Low-Frequency Propagation (Navigation). Stud- in communication-systems design. A computer pro-
ies were conducted by NRL during 1968 to de- gram has been developed by which worldwide contour
termine the effects of multimode vlf propagation ma'ps of vlf communications reliability can be gen-
on the accuracy of the Omega navigation system. crated automatically from the recorded data. 29
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An Overview: by James Ff. Schulnman. Associate Director of Research ror Materials

TIhe structure's and pro perties olf af tide rangi.e of parative. analyt ical, and characterization facilities
materials, ftont individual pure comipounds to) complex have been assembled over th' >years infli/t- Chemtistry
aggrirIga I's of matter. art, oh viously* thre principal A'! 'allurg). (a,7d Solid St ate Divisions. Expertise
research interests of tire, divisionis and special lab- hras grownu inl special Pret/woar of crystal grorv-I/r.
oratories w/hich comprise flthe materials area. Ihrou~c,'/ mirrochiren ical Imethods, and compositional and
air understanrding of t/he eff~cts of structure and7( structur-al analYsis bY various formns of vpectroscopy,.
composition on properties, flit, NRL researchers /in order it? promrote t/he groit/ih of these jacilities
hope to learn iron' to tailor-mnake desirable nell'l and techniques and to mnake themi more available to
materials andrt to imaprove the mnechanical, electrica!, the entire Laboratory, a1 Cenrtral Materials Research
mnagnetic, optical, and thermal behavior of existing Stafl ivts formed during the past 'year. Besides
technologically important mnaterials. unrdertakinrg to perforin cooperative research in crvs tal

T/he termn 'naterials,'' however, does not enct)or- gre ilt (and oilier niecessar y research in inaterials.

pasthre comiplete range of inter('st ormotivation of this smnall groutp irill initially aitteptoc rdne
tit(e areai. The researcih personnel (are mnot exclusive/ 'v the various facilities aind skills 1/hat exist in thre
"1.rateria/s'-orienrted; tMey arte strorgl~y phienonmenon- materials area aiirt insure their maximuni utilization.
orienited ais wlle/. For example, growthi of special tYpes A ttenrtion ito these basic mnaterials problems weill
of crYstals is mrotivated by an initenisive program of verY' likely be a conrtinuting (a17( ever-increatsingL
researt i il non rrlinear optical phenomena wherein'u necessit, ais fltil nieed grows fo~r purer, larger, (and(
threse crystals tire uisetd for frequentrcy multiplication mrore necarly perfect cry'Nstals as litell as for incretased(
of laser light. Activit 'y in nonrliunear optics, ifr tutrn, sensitivit ' and accuracy3 in trace-inrpurity (ttrO/Vis
is onte of tire iriore recent aspects of NRL's long anrd in fi/t, determination of stoictrionretry.
history of investigations of lumninesceunce phenomena T/ie past year sawl tihe beginrnimng of thre 'dttoor-
in solids, which paved file ll'ay for ltre Laboratory,'s pression'' of muaterials areta research personnel. Tire
eaIrliest researches oir cryi stal and glass lasers. Tire mole by i/he Space .Scienc~e Divisioni inrto it~s nt%,ll
concern -w'ithr phrenomnima has carried NRL's mnaterials quarters released urgentrily% needed laboratory anid
scienrtists aurd engineers into inany oilher areas flat office space to thre Mettallurgy and So/id State Divi-
nrormially connected wvit/i materials research per se: sions. T/he Laboratory's grolli.ng optics effort,
finr examrple, life suipport systems in closed spaces, 17011' conrcentrated principally in thle Solid State
stich as5 submrarines ard i/e' Sealab; fire suppression Division, benefited particiairl *y fromt this lonrg-
reseaircih; research on ti/re miechranism of drag reduc- tiaiait'd dev'elopmehnt. Without questioni, h:owiever,
lioni b 'Y chemical additions it, liquids in turbulent flthe mrajor e vent ofti/e * year with respect to laboratory'N
flow:' nig/ht viewling devices; tranisient radiation facilities lwas ti/re grotmnd-bret:king folr flti, rei'
effects in electronically* active solids; and devices c/ermistr *v building. wichul is schreduled for comple-
and1( systemts fo~r detecting elect ro-iragnetic (and( iio in inruid- 1970. This wvill be (1 our'-stor)y structure
corpuscutlar radiation, fromn i/ic far infrared to gattunra of more i/ian /40.000 squiare feet gross space pro-
ray, s and high ehierg> particles. Thre concernr ivitir vided riitr mnumerous specially-N desiguredfeatures.
phrenomenea as well as iraterials /ras fostered anr Duringy the past 'year. mraterials tarea scienrtists
interdisciplinaryN approacih, albeit one wh/ichr is based ritere involved in (a numrber of newl cooperative
firml ,y ton tire fundamenital disciplines of phlysics, activities of special intierest. One( o 'f thest' is thre
clein'istrY, tand inetalluergy. Mtagmn'tic Mauteritls Applicationr Forunm, whlichr brinrgs

At ltie heart of aI great deal of science tamd iecc/- togei/t'r .scientists turd eniginieers frtm fit tent'irt'
tro/tgy lit' the problems of materials preparatiohn, Labortitory tovI deal wit/h current problems~ in the lightr
anralvsi~s, anrd chauracterizationr. Tire allusion is tan of rt'cent ttdv'ernccs inl flit' field. Tire chatrter of thi~s
tippropriate otre; like fi/re operationr o'f i/re /htart, group is simnriltr to tihost' of thre NRL Laser Counrcil
thiese' importantr fuirctions are often taken for gratedttt ard Ii/re litfrtred Counicil, establis/red last yetur ais
tand sad/v nieglect ed. ilitir serious conrsequen'Ices. tadvistory stafJfs to flthe Researchr Directorate'.
Tih' NRL mnaterialis ctmntinutyi is ivel,/ aware of ftir '/T'e Laboratory* enteretd imnto anew' relation~ship
vital imporitance tof dealing vii-it suibstanices hraving ivit/i tlit' Center fir Matterial~s Researchr of t/ht Utriver-
either aI qutaniitatively knowvn hrighr purity or ai pre- sity of A'arym-yd in i 968. Unider ai Mem',oranrdum of
determined inrpurit *'v"dopinrg,"' us we/I tus knownr Under~standtinrg signed in the latre suirrurer, euicouranme-
struicture~s at tire molecular aird mricrtoscopic level. mneit wvill be givenr to ctooperative research betwiveen

30 To obituin mrateritals of ti/s type. aI varietY of prte- tht', /tl'o inistitutionrs tand to direct imrierttctiton betwen''
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A ta elt/Cis. I/hi.% I tiit 1 /1 'tt' addt/tition/ 11)th I/I J lti v
1.1 i/,'ebst' ili I Urn Ctia/is - bou/ th in l,' di

PriFlia-btil - Iel I C/1it,' iie tild ('Iti/ iren scientU'ifists andt .. 7

prnl~ajit'/lt ili vest/ýI,' llas ill di/' tiacl,'oii Ct)/iiI.
A'lo) i'ng t'vt' Nt/Jlt', li/Uf's, Aleitai/hia i'v J)ivi ist i Wien l-

of f/it' AR l'(-spa/isa/Cd.tr..-el/IUi-rit/)'
p)tir aai1111 i/i Ill( iii / C 1t ab rtC lr ' v'. I oloe in ls (1i'e'

'a up/eel wiiil/ thos e o f indusii~t riti 1 il( lit ami'(' Iitv re-'

setirchi est(lab l'lshets. 'lie ~Solidt Staift' IDivisvion

sponisored i/i1estigtitioaao theib re/titian tof i,'tt.v ____________ _________________

allI /he ateit'pt wiasv made to broadent this ('hat tll if)..:::~::
the /iret'htni/'tl pra/perties ofqafe'tss ais civel. Ili 1 968. ....... I.
fit,' Lbelra tarS also re/i'it'i'tI its pe'lltit'ipli til/ ili a I

t'/ -tiljil/l jivit ithe Atljliemal litreat af Slanidards
tand tNava O'd(rdnance Laboratory' iil fit, tileiiii af' B cm
toiieertakaii, liyfri tai-tiýLfjýtafio anld leit'lll')/-sct'tter-

ill 4 svtudties~ i)J.51/it/A byV meansli. t]f/t' new NIS 10-

//i'g/il.f .t'........ FLOWTile history a'th tit'just ear aitnclues lilt', chla/ige illF LrEDRCTO
letatdership ofJ two__________________andSoli

Ph~ics lvs'/'neii/, i/it' l iotiba'tt)F r supeinteindent
Pii'.yu', I 's jrnedi~tiithe]alilr l~pt'i/it'ld~it Strearm ot' fuel passing through an operating fiberglass
af'til' (U'tiil/' I~i'xie/i t'r'iii, i/ eiie .Vitalit. lltei Ske~tch shows modes of water release from the down-

It i~s i,'re/f si/li to lite/t thle/ l/t'ese t/eIii/ira1t/l/'t strean rface of the flter bed. (A) attached balloon-shaped
i'ialigt's w'tre t'hl~t'/'t w'ithou~it perttirhatian a 'ftit'liii hig drop, t1.500 microns: (B) released drop. 400 microns: (C) re-
resetair'i tiapti/t oif flte matetritals area. tand it is he- leased droplct chain, 100 microns: ( D) attached growing
lit'i''thaimt flit' progamr/i moidifications/. niowi un/dt'r drops. 250) to 400 microns.
conside/trat/ion/ wiii incre'ase flit' l/l'ut/elltOitY demonli/-

straedf d'turing/i, iii' past Yea r.

filter will be degraded somewhat by the presence of
CHEMISTRY Su~rIfidants, occurring naturally or as additives, in

the fuel.
Separation of Water from Fuels. Water is a critical In order to mnake the poorly understood problem
contaminant of -aircraft fuels because it is responsible of water separation more amenable to research, NRL
for several major problems. such as corrosion, micro- chemists considered separatelyth tre mao
biological growth, -and icing. Unfortunately, water processes involved: collection of emulsified water
in a fuel system is readily emulsified by the action of drops, passage of collected water through the fiber
pumps or the high-speed flow of the fuel through bed, and release of water from the downstream face
pipelines, and these small droplets of emulsified of the fiber bed.
water settle slowly Irom aircraft fuels, particularly Computer calculations indicated that water drops
J P-5, the jet fuel used in most naval aircraft. as small as I micron in diameter could be readily

The usual process of water separation is by passage collected by direct interception. This was verified
of the fuel through a fiberglass filter. During the experimentally for clean fuels, and, in keeping with
process, the small water droplets coalesce into larger the calculations, small fibers were found to be superior
drops, which cali then settle from the fuel under the for this process. The surfactants did not markedly
influence of gravity or. be stripped from the fuel by a interfere with the efficiency of the collection process.
hydrophobic screen. The performance of the fiberglass Further, they did not alter the wettability of the 31
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fibers nor interfere with film drainage during the As might be surmised from their small size and
attachment stage of collection, consequently rapid diffusion rate, these free molecules

Variation of the fiber bed depth, composition, and are collected with extremely high efficiency, even by
packing density has shown that surfactants will poor fibrous filters. They can even be filtered from a
alter the passage of collected water to the downstream moving air stream by a simple uncharged-metal or
face of the bed. For instance, with a standard corro- plastic screen. This high preferential collection
sion inhibitor in the fuel, water passage is discon- efficiency provides the means of distinguishing
tinuous if the bed is too deep. In such a case, a thread experimentally between the radioactive free molecules
of water passing through the bed is severed and and those attached to aerosol particles.
expelled as a jet. N RL scientists are studying free molecule behavior

A continuous thread of water passing through a fiber by means of the radon descendants mentioned above.
bed will attach to the downstream fiber face and grow A 1.2-cubic-meter aerosol chamber was specially
in size until the hydrodynamic forces overcome the instrumented for this purpose. Results have shown
fuel-water interfacial forces. The drop size may that, when any quantity of aerosol is present, very
reach I or 2 millimeters in diameter. In the presence few free molecules remain unattached; but when the
of a surfactant, the released drop is usually smaller. atmosphere is clean and undisturbed, a considerable
Surfactants also encourage a direct release of water concentration of free molecules can exist. When the
that does not attach to the downstream fiber face. chamber atmosphere is rigorously cleaned by filtra-
Frequently it takes the form of a droplet chain, tion and radon is allowed to grow into equilibrium
resulting from Rayleigh instability of the water jet. with its descendants, appreciable quantities (25 to
Such chains typically consist of 20 to 30 minute 50 percent) of the 3-minute RaA free molecules can
droplets of uniform size. These droplets ,'re too be found, whereas the longer-lived descendants have
small to be settled by gravitational forces or stripped either migrated to the walls or become attached to
by screening. aerosol particles. From studies c.^ this type it should

Research to date has thus isolated an important be possible to obtain a direct measure of the rate of
mechanism that serves as a deterrent to the efficient
separation of water from fuels: surfactants affect the
fuel-water interfacial properties to encourage the
release of water by jet action and subsequent Rayleigh,4
instability. This novel concept, that fuel-water rather
than fiber-water interfacial properties are significant,
now suggests new research approaches to the problem
of water separation.

The Behavior or "Free Molecules" In the Atmosphere.
Radon, a naturally occurring radionuclide of the 13SU
series, is responsible for the bulk of the radioactivity
of the atmosphere. Radon is a noble or rare gas
produced by radioactive decay of radium in the soil.
It diffuses into the atmosphere, where it develops
an equilibrium mixture of its own decay products,
such as RaA ("'Po), RaB (2 11Pb), and RaC (114Bi),
which are radioactive metals with half lives of 3.0,
26.8 and 19.7 minutes, respectively. Because of
their high energies, these decay products are con-
verted immediately to simple molecules containing
oxygen or nitrogen. These are called "free molecules" An NRL chemist removes a filter from a specially designed
as long as they are unattached. Their ultimate fate aerosol chamber. By studying the "free molecules" that have
is determined by their diffusion and attachment to been collected (in this case, the decay products ,f radon),
available surfaces, such as aerosol particles or con- the scientist can learn a lot about the amount and behavior

32 tainer walls. of radioactive particles in the atmosphere.
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diffusion of these small particles (r iolecular weight although the two-coat approach to fire retardancy is
of about 250) in the atmosphere. Further, these applicable to any paint system. They are intended
radioactive products can be used to tag aerosol% of for use in situations where the prevention of toxicity
small size (below the limit of measurement by optical and fire hazards during their application in an enclosed
means) for use in studying filtration mechanisms and space is paramount.
evaluating filter media.

Inhibition of Corrosion in Navy Boilers. Problems in
Fire-Retardant Paint System for Ship Interiors. In boiler corrosion have been under investigation at NRL
1958. NRI. scientists determined that contamina- through a variety of approaches. A long-term study
tion of nuclear submarine atmospheres by hydrocar- of corrosion in Navy steam boilers has experimentally
bons was largely attributable ,o the organic solvents and theoretically explained the formation, in alkaline
contained in oil-based paints that had been applied media, of protective oxide films on the inner surface
during construction, mainteinance, or routine oper- of these high-pressure vessels. The basic reaction
ation of the ships. To redu,'e this potential hazard, involved in the formation of the protective film has
an acrylic latex paint was developed at NRL that been determined to be:
could be applied during -maintenance periods or, 3 Fe + 4 H 20 - FeCO 4 (magnetite) + 4 H2 .
when necessary, during submergence if suitable
precautions were followed. This paint was never Unfortunately, localized concentrations of the alkaline
formally adopted for Navy use because it lacked solution can cause a breakdown in the protective film,
the equally desirable property of being fire retardant. permitting attack by the solution on the steel sub-
Three proprietary, fire-retardant, latex paints were strate in the form of pitting. Because the pits are
subsequently approved for submarines, but none of potential sites for crack initiation, the chief concern
them contained all the [,roperties considered neces- in this study has been the prevention of catastrophic
sary for their widespread use. cracking of the vessel wall. Thus, the NRL efforts

As a result of subsequent NRI. research, a tech- are directed toward a better understanding of corro-
nique has been developed for rendering a combus- sion reactions, including their effect on the forma-
tible paint fire-retardant. This is achieved by use of tion, stabilization, and breakdown of protective films.
a thin flame-quenching undercoat in combination with Earlier NRL research had demonstrated that
the regular decorative topcoat. The fire-retardant lithium hydroxide (LiOH) is superior to NaOH as
undercoat is a water-based material ccntaining high the alkaline medium. A cooperative pilot study on
proportions (,f chloiinated paraffin and antimony LiOH is now under way in a full-scale boiler at the
cxide which interact under the influence of heat to Navy Ship Research Development Center (Annapo-
produce a powerful flame-quenching intermediate. lis Division).

The primary purpcse in using fire retardants only in More recently, radiochemical measurements were
the undercoat was to avoid detraction from the ap- made involving osmotic pressure and the transport
pearance of the todcoat. A further benefit is that of helium and other gases through oxide films. The
lire-retard-:nt additives are more effective when con- results demonstrated that magnetite films grown in
centrate, in the .indercoat than when dispersed 15-percent NaOH were porous to water. This finding
throughout the whtýle coating system. verified a proposed mechanism for the film growth:

This particular paint system, a fire-retardant under- the consumption of water by seepage through the
coat and a decorauve topcoat, is intended for appli- film to the metal surface and by reaction with the iron
cation to noncowbustible surfaces, such as bulk- increases localized concentration of the alkali and
heads and nonflaimmable plastic-foam insulation. The leads to subsequent pitting.
coating system v, ll burn under the influence of an One important question in the study of film forma-
extra.neous flamn', but it will immediately self-ex- tion has been whether the hydrogen is generated at
tingui,.h when tht, ignition source is removed or when the metal-oxide interface or toward th: water-oxide
the portion of paint directly exposed to the fire is interface. Previously it was believed that if the hy-
consumed, drogen were formed at the iron-oxide interface it

The water-based paints were not developed as would pass through the iron more readily than if it
replacements for the fire-retardant oil-based paints were formed toward the water phase. To reolve this
normally used in locations where adequate ventila- question, a "window" (to hydrogen) of' silver-pal-
tion is available for months after their application, ladium alloy was placed in one end of an iron-tube 33
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capsule, and measurements of hydrogen permeation Results of another NRL investigation suggested
were made at two locations-the silver-palladium the use of ethylenedinitrilotetraacetic acid (EDTA)
window and the tube wall. From the application of as a chelating (metal-ion binding) agent to prevent
hydrogen pressure alternately to the outside of the scale formation in a LiOH solution. Subsequently.
tube wall and to the outside of the window, it was nuclear magnetic resonance spectroscopy was used
possible to determine the ease with which hydrogen to study thermal decomposition of organic chelating
permeated the oxide film and the metal wall. The agents in aqueous solutions heated to 200'C. EDTA
path of hydrogen escape during corrosion could was found to decompose rapidly by second-order
then be interpreted in terms of the location of the kinetics at a rate dependent on the pH of the solution.
reaction and the rate at which hydrogen could pass The mechanism of decomposition suggested that some
through the corrosion film. of the decomposition products themselves were good

Several important findings resulted from these chelating agents. There were also indications that
studies of hydrogen evolution: other chelating agents might be more therr.,ally

* A magnetite film is porous to hydrogen gas. stable than EDTA. One such substance, commercially
* In dilute solutions, hydrogen is evolved at the available nitrilotriacetic acid, has been laboratory

metal surface, either at the bottoms of pores or close tested and proposed for boler evaluation at the Navy
to the surface at pore walls, and passes directly Ship Research and Development Center (Annapolis).
through the oxide and the metal in atomic form. Other chelating agents are being investigated.

* Increased concentration of hydroxyl ions is
produced in pores by the cathodic reactions on Chemical Reactivity of Pristine Glass. A pristine
pore walls. (bare) glass surface is a great deal more chemically

0 The porosity of a film grown in an alkaline solu- reactive under ambient conditions than is generally
tion increases with alkalinity, recognized. The chemical properties of glass, as well

Recent electron microscopy studies at NRL have as its mechanical and physical properties, can limit
shown that the growth behavior of protective oxide the practical applications of this versatile material.
films on mild steel in hot (300°C) alkaline solutions Fundamental research in progress at NRL is directed
follows the pattern of formation of "active" and toward the prime reactions of gas molecules including
"passive" oxide films in water solutions at room water vapor, with the glass surface.
temperature. The establishment of this relationship The experiments are conducted with very long,
is important because, in addition to providing ex- thin, glass fibers which provide maximum surface
perimental confirmation of a crucial passivity postu- area fer study. The fiber is drawn under precisely
late, it puts boiler corrosion studies, for the first contrnlled conditions from a uniform glass melt onto
time, squarely into the framework of electrochemical a rotating metal dru.m. A suitable length of glass fiber
corrosion theory. This knowledge should in turn (100-150 miles) of constant diameter (-8 microns)
lead to the evaluation of boiler water additives in is obtained in about 30 minutes. The fiber sample
terms of specific rather th'in general effects.

Electron micrographs of an it-on oxide
Sfilm grown on low-carbon steel in lithitim
94 hydroxide (pH II) at 30)0 '(". Here an
* "active" film is being displaced by a

".passive" one. In the right-hand pie-
lure, transformation is almost complete:
two sm~all remaining ai,:is of '"active'"
oxide are indicated by arrows. The dark
crystals rest on the upper surface of the
"passive" film and presumably grow by

34 precipitation from solution,
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is immediately transferred from the drum to an roughness factor of one, the adsorbed monolayer
evacuable cylindrical container for gas adsorption coverage yields an independent value for the area
studies. of the adsorbed molecule on glass. This is a funda-

The sample's initial area can be calculated from its mental quantity which has been long sought in surface
known length, weight, and density. Its surface area experiments with particular glasses.
can also be determined from the )mount of physical These measurements with pristine E-glass are a
adsorption of nitrogen or krypton 6as at low tempera- necessary preliminary to the main objective of the
ture (77°K). By this technique it is possible to measure current research, i.e., to determine the effectiveness
surface area changes resulting from various treat- of various organic polymer barriers to water, Such
ments and to infer the chemical causes of such barriers are crucially important in the performance
changes. of glass-fiber-reinforced plastics that are candidate

Typical results for a borosilicate glass (E-glass) materials for deep-sea submergent structures,
commonly used in glass-reinforced plastics are as
follows: Mass Spectrometric Studies or Cobalt Carbonyl Com-

Afreel pounds. A joint research project between the Naval
""'retmnt (cit"1grJ)l Research Laboratorv and the University of Pennsyl-

vania has produced the first measurement of the

Pristine E-glass fiber 21450 cobalt-hydrogen bond energy. The nature of the
Vacuum, 72 hours, 20 0 'C 2,440 cobalt-hydrogen and other cobalt bonds, such as the
Water vapor, 90-150°C 1,970 Co-C and Co-P, has great importance both in bio-
L.iquid water, I hour 3,400 logical systems (vitamin B,2) and in the catalytic
3N H(-I. i hour, O'C 6,200 cracking of hydrocarbons. A mass spectral study has

been carried out on the series of cobalt compounds
After a three-day treatment in vacuum at 200'C (HCo(CO).,(PF:0 4-_, where x = 0 to 4. These studies

produced no change, it was found th:it a treatme;: t of included, for each compound. measurement of the
less than one day in water vapor at a lower tempera- fragmentation patterns (a plot of mass-to-charge
ture resulted in a 20-percent decrease in area. A of the various ions versus ion current intensity-a
possible explanation that water vapor catalyzes an "fingerprint" of the individual molecule) and appear-
unusually low-temperature sintering (sticking to- ance potentials (variation of any ion current versus
gether) of touching fibers is being investigated. The the energy of the ionizing electrons). The results
substantial increases in surface area observed after showed *hat the Co-C and the Co-P covalent bond
an hour's treatment in water and in hydrochloric energies in these compounds are essentially identical
acid provide a quantitative determination of the ';ur- (56 -t 15 kilocalories per mole) and are much stronger
face reactions which are permanently changing the than the Co-H bond energy (4 _ 15 kcal/mole). The
surface composition of the glass. After treatment with heats of formation of these compounds, calculated
liquid water, the evacuated and oulgassed glass sur- from appearance potential data, become more negative
face adsorbed significantly more water vapor per unit by approximately 200 kcal/mole for each CO that is
than did the pristine glass. This behavior is compatible replaced by PF:t . Since this change is the difference
with the presence of neighboring Si-OH groups in the between the heats of formation (AH f) of PF:1 and CO,
eroded surface. the nature of the covalent Co-C and C-P bonds in

Water vapor adsorption on pristine E-glass fiber these compounds must be quite similar. The values
occurs very rapidly and continues in measurable for AH~f[HCo(CO)APF:0b_,] are -173 ± II ;-381
amounts over long time periods (days). Despite its _t 9; -579 ± 10: -783 ± 9: and -978 ± 14 kcal/mole
smaller cross-sectional area. the water molecule for x = 4 to 0, respectively.
appears to occupy about the same number of surface In the fragmentation pattern of these cobalt hy-
sites as do the inert atoms of krypton. The adsorption drides, it is possible to compare the abundances of
measurements with krypton or nitrogen actually give the hydrogen-containing ions with those which have
the aonolayer coverage. In order to calculate sguivce lost a hydrogen - tion; tha is, the relative wmhounts
area it is necessary to postulate a cross-sectional of HCoL,* to CoL,7, where L, represents a total of
area for the adsorbed molecule. However. when com- from 0 to 4 molecules of CO and PF:i in any combina-
pined with the initially known geomefical area of tion. The results show that iont contwoining Co-Hpristine glass fiber and the assumption of it surface bonds are more abundant until two or more of the 35
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covalently bonded molecules (CO or PF,) are lost fuel cells, is their low energy output per unit weight
from the ionized molecules. This type of fragmentation and volume. Consequently, one of the oldest research
can be explained by an intramolecular interaction programs at NRL is a continuous search for methods
between the equatorial molecules (CO or PF3) and and materials that will lead to systems of minimum
the axial hydrogen atom in the trigonal bipyramid weight and maximum efficiency.
structure. Such an interaction has been suggested One of the primary problems to be solved is an
previously to explain the infrared spectra of these understanding of the catalytic processes involved
hydrides. Thus the mass spectral fragmentation in electrode reactions. The specific aim is the develop-
pattern data of these compounds provide strong sup- ment of electrodes on which fuels and oxygen can
port for a distorted trigonal bipyramid for the structure readily and continuously react in order that the cell
of all of the trifluorophosphine carbonyl cobalt hy- can have a reliable high-power output over long
drides where the equatorial molecules are bent periods of time.
toward the axial hydrogen atom. Anodic Organic Reactions. Since formic acid is

the simplest organic molecule (requiring the fewest
electron transfer steps for complete oxidation)
usable for fuel cell technology, knowledge concerning
the reaction of formic acid at platinum electrodes is
of particular importance in understanding the proc-
esses involved in anodic organic reactions. Three
basic processes that occur at a platinum electrode
in formic acid or formate solutions have been investi-
gated at NRL: the reaction of chemisorbed oxygen
atoms with hydrogen, formate species, or both; the
formation of hydrogen atoms on the platinum surface
derived from formic acid, formates, and hydrogen
molecules, and the removal of these hydrogen atoms

•C, and their replkcement on the surface by formate'.. derivatives. This work has led to several important
0 -generalizations concerning low-temperature anodic

, \reactions on suitable catalytic electrode materials
"in aqueous fuel cells.

"..c . 0 Atomic hydrogen is an excellent, and quite pos-
sibly the ideal, fuel for operation of a fuel cell anode

Molecular model of HCo(CO)4 . Intra- at low polarization.
molecular interactions between the axial * Formic acid and formates, and possibly other
hydrogen atom and the eqatorial carbon organic fuels, can supply atomic hydrogen on clean
monoxide molecules in HCo(CO)4 are platinum surfaces as fast as, or even faster than,
shown by the dashed lines. These inter- molecular hydrogen.
actions, accounting for observed infrared * Dissociation of formates and other organic fuels
properties, can be deduced from mass to atomic hydrogen anoJ free radicals is retarded by
spectral fragmentation studies. the adsorption of residues, which most likely are

reaction products caused by the interaction of the
Advances in Electrochemical Research. Many Navy free radicals with the electr,;de surface ai'd with
needs for isolated electric power sources could best each other.
be met with electrochemical systems. Such systems * Sulfuric acid and molecular hydrogen retard the
would continuously convert chemical energy directly formation of residues on the electrode surface that
into electricity-cleanly, quietly, and economically- hinder dehydrogenation reaction. Thus one critical
to power submarines and deep submersibles. They fuel-electrode problem appears to be finding a method
would also find wide use in many other applications of preventing the formation of organic residues on
where isolated power sources are required. the electrode,

The inherent disadvantage of electrochemical Behavior of Iron Electrodes. Another electro-
36 sources of power, such as storage batteries and chemical approach at NRL is the study of electrode
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reactions in high-purity, closed alkaline systems. Microscopic examinations revealed that crystal size

High-purity iron has been employed as an electrode and shape (hence available reactive surface area)

in sodium and lithium hydroxide solutions saturated varied over a wide range that was dependent upon

with helium. The current passing over the electrode the method of charging or discharging. With most

as a function of different increments of voltage was operating methods, the individual crystals tended to

measured with a potentiostat, and the resulting data increase in size and decrease in number in proportion

points were plotted to yield potentiostatic-polarization to the number of operational cycles. It was also

curves. In this system, the level of reactable impurities discovered that crystal formation sometimes blocked

was reduced to about 10-6 parts per million, and the the entrances of interior pores, which resulted in

iron showed neither significant corrosion nor passive- undesirable reduced interior porosity in the electrode.

type behavior. Depending on the potential, the With the importance of electrolytically developed

primary reactions were the oxidation or reduction of crystal morphology during both oxidation and reduc-

hydroxyl ion and water. Iron was shown to act much tion of an electrode clearly demonstrated, it becomes

like an inert noble metal, such as platinum, yet it is possible to estimate the total surface actually available

an excellent catalyst for the electrochemical oxida- for reaction, identify that portion of the reactive

tion of hydrogen and, in this respect, is superior to substance which is taking part in the reaction, and

platinum, determine why certain portions do not react. Further-

more, it is expected that continued study of suchTo determine specific effects of impurities on the phenomena will suggest means of increasing the total

electrochemical behavior of iron, minute quantities reactive surface of the electrode, thus increasing

of chloride ion were added to the solution. This com-

pletely changed the potentiostatic polarization rela- both the total quantity of available energy and the

tion, causing extensive iron corrosion and resulting rate at which it can be delivered. These objectives

ing behavior. The catalytic proerties will be achieved througL, improvements in operationalinpassive-type bhio.Tectyicproperties methods and control of crystal morphology.

of the iron electrode for the hydrogen oxidation reac-

tion were virtually destroyed and were not restored
until the system was returned to ;is original high- Unambiguous Assignment of Spin-Coupling Parameters.
purity condition. These overall results have en- The nuclear magnetic reson,.ice (NMR) spectrum
couraged a continued study of high-purity iron as apossible fuel cell electrode. of a typical organic molecule consists of an array

of lines whose positions and intensities are exactly

Electrode Morphology. Important electrochemical definable in terms of two parameters: chemical
surface phenomena are involved in high-energy- shifts (8's), which number the chemically different
densi:y cells, such as !he silver-zinc cell, which are nuclear environments within the molecule, and nu-
used in a number of military applications because they clear spin-spin coupling constants (J's) which arise
can deliver their energy at relatively .igh rates. from the coupling of nuclear spin energy levels
Such cells actually, operate at power levels con- through the bonding electrons. The 8's are propor-
siderably below their theoretical capabilities; thus tional to the strength of the applied magnetic field,
the conditions which influence their performance has whereas the J's are completely independent; thus the
become the basis of a continuing investigation at larger the 8-to-J ratio, the less do 8 and J interact,
NRL. It has been shown previously that one of the and hence the simpler is the r.ksulting spectrum.
perplexing problems of the silver-zinc cell was the Knowledge of J's is of theoretical importance in
wide variation in the amount of electrical energy thie testing and formulation of theories of electronic
which could either be delivered to the cell or with- and molecular structure and of practical importance
drawn from it, apparently dependent on the previous in the construction of correlations from which the
operational history of the cell. It was suspected structures of new compounds may be elucidated.
further that the variation in energy was directly In many cases, however, especially for fluorine com-
related to changes taking place in the electrode pounds, the degree of mixing between 8's and J's
morphology during various operational modes, is so small that it is not possible to determine the
Consequently, a microscope technique was developed signs and value assignments of J's from high-field
to study the morphological changes taking place in NMR spectra. This is true, even though NMR
the silver electrode at various intervals during its instrumentation has been moving toward the use of
charge-discharge cycling, higher-strength magnetic fields (above 10 kilogauss), 37
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necessary .- produce tensile instability, was found to
correlate directly with K1,.. The theory coupled the
two with a simple size parameter (dc), taken to be

I ! the diameter of ligamnental bars envisioned as tieing
together (he throat of the crack, In this model, cnrck
instability occurs when these ligaments are stretched
to the verge of tensile instability (necking), after
which their rupture is inevitable. The larger these

0 lignmentil burs, the greater the stress tnd closely
coupled strain field of the crack (i.e., the KI level)
required to bring the entire cell to instability and
propagate the crack.

The existence of d7 cells was corroborated else-
where by direct observation of sulfide-inclusion-An NRL scientist records a nuclear magnetic resonance nucleated tear dimples on fracture surfaces of a high-

specrum of an organic molecule. Such spectra reveal the
chemical shifts and nuclear-spin coupling constants of the strength steel; these were interpreted as broken
molecule, from which the structure of many new compounds ligament residue. Stronger, indirect evidence sup-
may be determined, porting the model was found in another investigation

of mild steel where a most distinctive pattern in both
Ki,. and critical strain (Ec.) values as a function of

which simplify the spectra and improve the signal- strain rate was found and matched. This patternto-noise ratioi appeared at harmonic intervals of strain rate, sug-

A technique has been devised at NRL for routinely gestive of a lattice resonance effect. By analogy
obtaining high-quality proton and fluorine NMR with optical spectra, it was called a "rate spectrum."
spectra at low fields (1.5 kilogauss), where the 8's With the small fracture specimens used in this
and J's are of comparable magnitude and a maximum study, the rate spectr.im could be observed only at
of interaction occurs. Computer analysis of the low- low temperatures. The Atomic Energy Commission,
field spectra (a joint effort of NRI. and the Food and concerned for the safety of heavy-walled nuclear
Drug Administration) yields unambiguously the signs reactor pressure vessels, has sponsored fracture
and value assignments of J's. The technique is being toughness tests on much larger specimens. When
applied to a variety of molecules for which the high- the data for these large specimens were analyzed at
field NMR spectra do not allow extraction of this NRL. two important results were obtained. First,
information, the room-temperature fracture toughness, as mea-

sured directly, was indeed correctly anticipated by
predictions of the dr instability model. Second, and
even more remarkable, the rate spectrum now ap-

METALLURGY peared in room-temperature fracture and was identical
in every respect with that previously discovered at

Rate Spectrum in Cleavage Fracture. Proper plastic- low temperatures. The -variations of K1,. with strain
ity models of fracturing processes have long been rate are so precipitous and so large that they dominate
sought by many research investigators. Among many the fracture toughness behavior. Indeed, they may
possibilities is the concept that fracture may be con- be the key to safe use of mild steels in heavy sections.
trolled by local tensile plastic instability within the The basis for this phenomenon is a subject of great
plastic zone around a crack tip. This general idea -nterest for both engineering and basic scientific
was fashioned at NRL into a quantitative theory aspects.
which provided a consistent interpretation of experi-
mental correlations between the plane strain fracture Stress-Corrosion Cracking of High-Strength Steels.
toughness (K,,-) and plastic flow properties of the bulk The cracking of high-strength steels because of the
material. The best initial correlations were obtained simultaneous action of stress and a corrosive environ-
on a mild steel ship plate, a material of complex strain ment (such as seawater or atmospheric moisture)
rate and temperature sensitivity. The strain hardening remains a major barrier to the more widespread use

38 exponent (n), which is directly related to the strain of these materials. This stress-corrosion cracking
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process has long been considered to occur by eilher hydrogen reduction line, should prevent stress-
of two mechanisms: the dissolution of metal at the corrosion crack propagation. This concept was tested
tip of the advancing crack, or the reduction of hydro- by adding sodium acetate to the corrodeni, The
gen by the general corrosion reaction and the re- presence of the acetate maintained the pH -at 8
distribution of this hydrogen in advance o" the (above the hydrogen reduction line), and cracking did
growing crack. All attempts to analyze the chemical not occur. When the potential was depressed to below
processes involved have been thwarted by three the hydrogen reduction line, cracking ensued at once!
factors: the amount of corrodent within the growing Since cracking is observed only at points below
stress-corrosion crack is exceedingly small: the the hydrogen reduction line, the necessary conditions
chemical processes of greatest inierest are those for hydrogen embrittlement are met, and there are
occurring deep within the crack; and the crack, having now no observations requiring the crack tip dissolu-
reactive walls, would be expected to act as a "chroma- lion model.
tography column," sorting ions in some fashion so The hydrogen rnodcl suggests that steels which
that the composition of the corrodent at the zone of exhibit high potentials and which corrode slowly,
most interest would differ from that near the mouth thereby permitting diffusion processes to oppose
of the crack. the accumulation of acid, should be the more resist-

A techinque has been developed in which a prop- ant to stress corrosion. On the other hand, steels
agating stress-corrosion crack is frozen by immersing with low potential and also low intrinsic corrosion
the specimen in liquid nitrogen. This freezing prevents resistance would be expected to have poor resistance
further chemical reaction and ensures that most of the to stress corrosion. Both suppositions are in ge,',eral
corrodent stays in place when the crack is later accord with experimental results.
broken open to expose its still-frozen stress-corrosion Electron microscopy of replicas of stress-corrosion
crack surfaces. The specimen is then thawed, and fracture surfaces in high-strength steels has revealed
the corrodent is an,!yzed immediately for pH and the presence of ridges and peaks. These features are
specific metallic ions in solution by pressing upor, interpreted as terminal tensile failures of ligaments
the fracture surfaces filter papers containing various which were resistant to the corrosive factor. Thus,
pH and metal ion indicators. Knowing the values of as has been fotund earlier for titanium, stress-corrosion
both the pH at the growing-crack tip and the electro- cracking in high-strength steels is a dual process;
chemical potential enables one to use the Pourbaix part is the result of stress and a chemical reaction
method of analyzing corrosion behavior, and part is essentially mechanical.

Data have been obtained for II alloy steels rep- This work is part of a program funded by the
resenting a wide range of metal compositions and Advanced Research Projects Agency in which
stress-corrosion cracking resistances. For all the academic and industrial laboratories also are involved.
metals analyzed, the bulk corrodent was neutral
(pH = 7) sodium chloride solution, but the pH of
the corrodent at the advancing crack tip was found
to be about 3.6. This acid condition is postulated to
be due to the hydrolysis reaction Fe 2

+ + 2H.0,O
Fe(OH)2 + 2H+. The important result was that the
data points for all I I steels fell into that part of the
Pourbaix diagram which indicates that hydrogen can
be reduced from water, i.e., below the hydrogen
reduction line. This suggests that the hydrogen
mechanism is active. If so, the addition of a buffering
salt to the corrodent, to hold the pH above the

l-lectron micrograph of replica of* stress-corrosion fracture surface oF
a steel alloy. Broad f'eaturelcss areas are considered to he due to '

simultaneous chemical action and stress. Ridges are interpreted as
being formed by figaments resistant to chemical effects that undergo
plastic straining until they are torn apart. MagniFicaion: 60.000X. 39
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Differential Aeration Corrosion of Stainless Steel. anodes or struitural steel, are adequate for long-
Severe corrosion damage to ,.rainless steels can result term use in sea water.
from differential aerati:n cIlls c~eated at any point Along with the engineering experiment, an in-
on the surface where taic access of oxygen is limited vestigation into the solution chemistry of differential
(e.g. in a crevice or under some types of biological aeration corrosion was carried out by use of pH
fouling). Such coiTosion has been a corntinuing prob- itidicator papers and spot tests for metallic ions.
lem in ocean materials technology for many years. This continuing investigation has already shown that
In principle, the problem could be eliminated by the differential aeration corrosion of Type 304 steel is
substitution of more resistant alloys, but the stainless always characterized by a very acid corrodent
steels have nmany de.irable qualities that call ,or their trapped in the area of low oxygen. The data indicate
cor:inued use. that the hydrogen ion concentration is too high to be

It has been known for some years that Type 316 completely accounted for by a reaction involving
stainless iteel is satisfactory for use in the sea if it the iron in the stainless steel. [he measured pH and
is prcvided with reliable cathodic protection, i.e., availabk thermodynamic data suggest that the acidity
electrk I bonding to a large cathode, such as a ship's is due to the hydrolysis of soluble chromium ions
hull. Type 316. however, is one ofthe more expensive produced during the corrosion process.
alloys. Furthermore, many items fabricated from Type The solution chemistry studies have indicated the
316 are obtaitable only by special order, which desirability of investigating the application of an
inevitably involves a delay in their procurement. alkaline buffer to the mating surfaces of O-ring-type

seals to mitigate the buildup of hydrogen ions. These
studies should be iseful also to the development of
alloys resistant to oifferential aeration corrosion.

Spin-Wave Resonance and Radiation Damage in Thin
Films. The increaýing use of thin films in electronic
devices and t/ie continued interest in their use as
computer elements make an understanding of their
physical charactcristics quite important. NRL sci-
entists were the first to use a combination of two
different techniques - spin-wave resonance and
radiation damage-to determine the role that im-
perfections play in the characteristics of magnetic
thin films. In addition to its use in the study of radi-
ation damage in films per ve. this approach pro-
vides a conveniert and unique way to change the
defect distribution, in the film.

In spin-wave resonanc-, a ferromagnetic film inStainless st.eer hu.'a .change" used in an 'noustic
this component faile k% a result (if both a steady and a m-crowave field absorbs energy

derentilc corrosion. from the microwave field when the condition relatingdifferential .ieratuon oroi.
the microwave frequency and tbt magnitud,- of the
steady field is sati,:fied. Although various spin-wave

Sludies to determine ,he rehiabilit) if the less- resonarce modes can be excited. t.oth the volu ne
expensive Type 304 stainless sicel were conducted hcniogeneity of the inagnetration and the surface
on O-ring seals (which present an extremely severe :ni:otropy (and. hence, spin-pinning) aiffect the posi-
diffeential aera~ion con,!ition). Fhe results demon- tions and intensities of the resonance absorption
strated that, although differentiad aeration corrosion lines.
of Type 30)4 cannot be completely prevented by NRI studice of irradiated Permalloy films show
cathodic protection, the usual excessive corrosion that th, spin-wave rcsonance ficld& ate all decreased
associated with this alloy can b- suhstantially reduced. if the film is betlo, a crit', thickness t2,(XX)A)
Whenevei ;he use of m,:'re resistant alloys is pre- and that. in general, the :',ttnsities of the even res

40 cluded. Type 304 fittinits. if coupled to either zinc onance r.n.les are increased whereas those of the odd
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FILM SURFACE rILM SURFACE explanations of the effects have been put forth, but
"experimental confirmation has been lacking.

"" "' , In a detailed study conducted at NRL, the growth
rate of a fAtigue crack in Type 316 stainless steel was
measured in an oxygen atmosphere at 500°C at a

S series of pressures from 10-7 to 10 torr. A regenera-
tive drive machine was developed specifically for this
purpose. The specimen was vibrated in reverse
bending at its resonant frequency, and the observed

n,3 decreases in frequency were used as a measure of

I -STEADY MAGNETIC FIELD' crack length. It was founI that rate of crack growth
increased sharply at intermediate pressures but was

MICROWAVE FIELD insensitive to oxygen at very low and very high pres-

Spin-;wave modes In I. 2. and 3) of a ferromagnetic film, sures. The critical transition pressure above which
with the surface spins taken as pinned. Energy would be there was no further increase in growth rate may
ý.hsorbed only by the n - I and n = 3 modes, be interpreted in terms of a previously proposed

model.
According to the modcl, the adsorption of gas on

crack surfaces weakens :he material there. In the
modes are decrea dad l These changes can he attributef transition region, with increase in pressure and thus
to a change in ote radial isotropic stress of the film in rate of surface coverage the crack velocity in-
and to a "freeing-up" of the spins at one surface of creases. The critical transition pressure is reached
the film. In addition, it is found that for films thicker when the rate of surface coverage by the gas equals

than 2,00A there is an increase in the resonance the rate of exposure of fresh surface at the crack tip.

fields of the first two modes. This suggests that volume At pressures higher than that wsufice produces satura-

inhomogeneities, as well as surface (spin-pinning) tion of the surfaces, no further increase sn crack

changes, are playing a role in the spin-wave reso- growth rate should be expected.
nance patterns of these thicker films.grwhatsoudbexce.nance patternwiodthese thierefls.nance lThis concept was evaluated by a method developed

Siance halh-widths of even theresonane linesdome n at NRL for calculating the gas pressure at the critical
chane mch ithirrliaioneve thughin ome point (where crack surfaces are being produced and

cases the intensity changes by a factor of six, it is

concluded that the spin waves are not interacting with
the irradiation-produced defects and that the defects ,o-_
produced are smaller than the smallest spin-wave
excited in the film (400A). After their irradiation,
annealing the films at rather low temperature (200'C)
changes the spin-wave resonance intensities back
toward their original values, whereas the low-order E

icsonance fields continue to increase fo, these thicker
films Thus. although the defects causing the changes '
in the surface anisotropy are annealing out, the volume -

inhomogeneitics in the film are continuing to increase _
with anneal.

Environmental Effects at Elevated Temperatures. * o 05- CRACV

Thc deleterious elfect of reactive gases (n the fatigue I----

properties of metals, a matter of concern in regard 0
to many structures. h-is been related to an increase 1' ' 0 4 'a--
in rate of ciack propagation. An understanding of PRE..SSoQ.%")

the prt'ess by which this takes place could lead to IFtfect ,t o.wgen pra",%ic ,t! 'ýV) ( ow ratt. of taligue crack

better control of metal properties and thtus to ira- griath for Ikpc 11t) , ,,cc1 ,t .t btaNdlng %tron of'

provcment in the reliabilit) of structures. Stverai 0I 141 p,.euCnt 41
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saturated at the same rate). In this method, the time ,.'.o4
available for coverage of freshly exposed atoms at /
the crack tip is equated to the time it takes to saturate - ..
these surface atoms, as calculated from the kinetic
theory of gases. It is assumed that the crack tip .

advances in small, discrete steps within the fatigue
cycle and th'it the surface in each step is covered
before the succeeding one is produced. The ex-

posure time for each step is given by the interatomic
spacing divided by the crack tip velozity. Then, from

the kinetic theory of gases, the pressure necessary . ,
to saturate the ';utface within the exposure time can
be calculated. X1 "

The critical pressure predicted by the method for

crack growth rate in stainless steel at 500'C agrees
well, within an order of magnitude, with the experi- ,
mental value. Application of the method to data
obtained in other investigations also produces good

agreement between predicted and experimental /
values. These results indicate that environmental
effets can be satisfactorily explained on the basis
of gas adsorption. " " "

. (--

Sintering of Porosity in Bicrystals of Niobium. A crys-•/
talline material is ordinarily composed of many, N

small, single-crystal grains of various orientations.
The boundaries separating thse grains can have a
large effect on the properties and beha iic of the
material. An understanding of the nature of grain
boundaries and of their interaction with other crystal
defts, such itas dislocations and atomic vacancies,
is of great importance.

One of the most effective techniques for the study
of grain boundaries is to create a boundary between
two relatively large crystals: that is, to make a bi-
crystal of controlled orientation. Scientists at N RI
have made bicrystals of niobium by vacuum-welding
two single crystals at high temperature under light

pres.sure. The boundary thus f1,,rmed is identical
to naturally occUITing boundaries. Some porosity
remains in the boundary after the crystals have been
welded. but this ,an he removed N it sintering process\

of high-temperature annealing. .
I he kinetics of this -,intering pitx'ess can be re-

iated to the ,intering of voids in a metldlic pow, der
compact and should provide information on ;kc nattlri

of the boundail and the disloc ation ,trutclure. Void A

closu re ovkccurs hb the ra igra rion of aca•atc.l ie, im thotomiiroogrntph koit a mIo-.toli hici '.xtt otnd.ir\ shov mr

the void pot• d to deficts or c | mrtsuraces, whee tk i rs.ma t i th.g di,.h•.'.t1lýl tir did lsitr

thei, cat bhc absorbed Fxperi:ntnrs have been con- I On -S .CIAkd tt|rrrli I kcrtieh to C\Cjiop pill It

42 durlted io determnine th' sinterir..' rate ;as a funftion ,tixlo•.ti tagn , .t it-i..tiOwn Iti00\
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of three variables: boundary misorientation, dinloca- Finally, the relationships found between grain
tion density and distribution as affected by welding boundary energies and solid-liquid surface energies
pressure, and temperature. The percentage porosity have additional important metallurgical implicaticns,
is measured in sections cut perpendicular to the since the behaavior of metals near their melting point
b'undary, and the dislocation structure is examined is frequently governed by the ability of the grain
by electroetching and decoration techniques de- boundaries to resist melting and maintain structural
veloped at N,ýL. integrity. Specifically, it was found that certain

!t has been found that the sintering rate is initially boundary dislocation structures are thermodynam-
quite high but decreases to a relatively low and ap- ically stable until the normal melting point is reached,
parently constant rate at long times. The rates are whereas others bezome unstable below the melting
apparently independent of the boundary misorienta- point. The marked difference in stability seems to
tion, a surprising result since the boundary would depend on very slight variations in the density of
be expected to act as a vacancy sink. The large the dislocations in the grain boundary. The ability
variation in initial rate has been related to changes to control these structures may play an importait
in dislocation structure. Excess dislocations intro- role in the sear:h for better high-temperature ria-
duced during the welding process form subboundaries terials.
or are eliminated during the anneal, in times cor-
responding to the decrease of the sintering rate to Gas-Metal Reactions. Ideally, the oxide formed on
a constant value. It was also found that the initial a metal in high-temperature service shoild corn-
rate is strongly dependent on welding pressure, being pletely isolate the structural alloy from the environ-
higher for increased pressure, which produces an ment, stifle the reactions which formed the oxide
increased dislocation density. These results show barrier, and prevent property changes (structural
that the dislocations can act as the principal vacancy changes) in the alloy. Unfortunately this ideal is
sinks in the sintering of porosity. never achieved, so alloy oxidation is a dominant

constraint in a wide variety of Navy applications.
Interfacial Energies In Metals. A knowledge of solid- Because the basic processes determining these limita-
liquid interfacial energies is important to the quantita- tions have not been fully explored, predictions of
tive understanding of thermodynamic and kinetic alloy behavior are based on simplified "model sys-
interactions involved in most metallurgical solid- tems" which are not adequate.
liquid processes. Previously, only indirect estima:e:, NRL has explored some aspects of oxidation in
of these energies have been available. systems as diverse as protective coatings for re-

Using their own NRL-developed technique of fractory metals and pure iron oxidation. Recent
gradient hot stage electron microscopy, NRI. scien- studies t ave shown that model mechanisms have been
tists have been able to observe directly the micro- over-extended in the past. For example. measure
structural details of metal-melt interfaces at very ments of increasing chromium solution in wustite
high magnification (over 100,00OX). Investigations (Fe, aO) confirmed the lowering of the oxygen
of the surface tension balance established where a activity predicted by a pure iron model but showed an
grain boundary surface meets the solid-liquid inerface increase in the lattice parameter rather than the
have produced the first absolute values of the solid- "predicted" contraction. These data are not suf-
liquid interfacial energy in a metal. ficient to clarify the defect structure of this oxide,

The solid-liquid interfacial energy has been mea. but when they are joined with other data, the combina-
sured in pure bismuth over a range of crystallographic tion cautions against generalizations derived for mate-
d&rections in the basal plane. An average value of 61 rials of low defect concentrations.
ergs per square centimeter was determined, which The importance of the surface reaction in the oxida-
differs significantly from previously reported estimates tion and carburization of Fe-(r alloys in ((),-CO
based on rather indirect methods. A small anisotropy atmospheres has required a re-examination of the
in the interfacial energy was detected and was shown "'model system," i.e.. the oxidation of pure iron in
to be responsible for many prominent micromorpho- 'O)-('O. The complicated kinetic results character-
logical features of the solid-liquid interface. Similar istic of the conversion of iron to wustitc n.&ve been
considerations hold for many other metals, such as faithfully reproiduced in these current studies. A
zinc. magnesium, beryllium, and tin, adl of whic.i variety of expeiirienta! technique% aie being used.
are anisotropic in m,'st of their properties including kinetic measurements. x-rav dat;i (for 43
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texture and oxide defect concentration), and optical hours, the surface morphology of the oxide has
and scanning electron microscopy (for nmicrostructure changed dramatically -and so havc the reaction
and surface topography). k~netics, the wiistite composition, and the oxide

The evaluation of surface change.; during oxidation texture. After prolonged oxidation, the thickness
has been greatly enhanced by use of the scanning and surfice topography of the oxide become more
electron microscope. The oxide formed in the initial uniform. The surface develops a pattern of square-
period (2 hours) at 1,.000'C in C0 2/CO = 1.0 shows based pyramidal pits bound,.: by planes close to the
a uniform, highly textured, wiistite laye; and prom- I Ill I) form. The rate of oxidation decreases but does
inent wiistite needles. The growth kinetics of this not attain parabolic kinetics because steady state
period are nearly linear and are probably controlled boundary conditions are not achieved, even after
by the reaction at the atmosphere-oxide interface, long oxidation.
As the oxidation time is extended, at very' rough and In previous attempts to analyze the kinetics of
nonuniform oxide layer develops. After five to seven iron oxidation, inappropriately simple boundary con-

Photifgraph's tit %ccontdtrý -:,clron in.iagc% .%howing %tra~ (it %%tj~itc t'orinctf on iron oxidi/ed atI I (MO4I in (O!'( 0 1.0t
1`0 tO o hot11% 4.0 C` J't .i~dfo %CiC hours iaii righii %trgriiiktio~lro 26OX I h Iticd icackie~r dra'igs nkele consliticied
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ditions have been assumed. One such assumptio n i
wa', that of a uniform, smooth, oxide layce during
the entire growtl period. Siodics with the scanning
electron microscope have shown that this is n( t a
realistic assumption. It was also assumed that the
wustite composition remained at the iron:wustite p * .. 2
equilibrium value through the time of rapid oxidation 7
(the five to seven-hour period mentioned above).
X-ray tneasureinents of lattice parameters hase shown
that, in fact, a composition gradient develops in tile
oxide very early and that the :utace composition
of the oxide changes throughout the oxidation process.

"Iic complexity of iron oxidation is not exclusively
caused by a shift in the rate-controlling process
fr,.,m iurface reaction to diffusional transport. In-
stead, there is an intervening period in which dis-
ruptive processes gzitly alter the surface character
and area of the oxide and produce very high oxidation-49Vry1high oxidation
rates. These same effects are evident in the ox~dation
of dilut - Fe-Cr alloys (up to 5 weight-percent Cr) awl -- IU
but arc displaced by a much simpler sequence in
higher Cr alloys (5 to 15 weight-percent Cr). This ^4'
apparent paradox of the more complex alloy having ,
simpler re'ction kinetics (but with very different
characteristics of the wustite layers) suggests a strong
influence of the metal-oxide interface reactions on
the more dominant processes.

Influence of Oxygen on Formation of Surface Slip
Bands. Metals under stress deform plastically by
displacement or Flip along crystallographic planes,
and the cycling of the process leads to he initiation
and growth of a ccack. Where a plane on which slip Photornicrograph of slip-band formiation in notch of Inconel
has occurred intersects the metal surface, a step is specimnen vibrated a' 500'( for 3.6 x 104 cVcles in a vacuium

produced, and these steps have the appearance of o ( I0 'tori (top) and in an amosphere of l-torr oxsgen

lines or bands. Inspection of the character of these (hottom L Magntnicatiio: 50X.

slip bands can yield informationa about the deformation
process. Because slip is ,ften initiated at the surface. be examined microscopically. Also, the rate of
it wocl2 be of interest to know if it is influenced by the crack propagation was determined from decreases
surrounding medium. This .;,tormation Lould help in resonant frequency of vibration which occur as
explain the effects of environment on the faiuhire of the crack proceeds.
rnefrds. ('UilVes of crack gr,,; th in I-torit oxygen and in

In mtelals undergoing fatigue, a reactive gas is \.acuumn re'eal that, tor a comparable number Af
knos, n to accelerate crack propag,,tion. but its effect cycle's, crack grosth rates are higher in oxyg,:n.
on the preceding surface leforniviion and crack ,As a result of the faster crack growvth in oxygen and
initimition is obscure. in a study of these early fatigue apparently earlier initiation of the ci.ick, the fatigue
stages, Inconel X-751) sheet specimens, each contain. life v, as about 17 tines longer in vacuuml than in
rig it surface notch. wkere vibrated in reverse bending olti gen.
at 5001' t in alnaosphere of 1-torr oxygen and in !he etllrtonnlelnt :ilso .ýIccls [the fo rutationr of
aI vaictluLl '6 I*0 t orr. I[he experiments vAere in slip hands sitich appeal on the notc+h sirtm+ace -tor

.'erru pted pe "odically sio that the not,-h surf, ices coild to citaking Slip baud s plrodu clcd in viitsct1un are 45
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o0 aproperties somewhere between those of thv other
two. Knowledge of this hybrid state sh.•uld yield

00o. valuable clues for a better understanding of both the
- TO-Rferromagnetic and the superconducting states.

OXYGEN NRL scientists have been leaders in exploring the

S004 VAC'UM properties of several binary alloy systems which,
,(,6'6 TORR over certain regions of composition, are incipient

002J ferromagnets. These are the platinum-nickel and

palladium-nickel alloys, which remain paramagnetic
0 .... 1 °up to approximately 50 and 2 atomic-percent nickel,

CYCLES respectively. As the critical composition for the
occurrence of ferromagnetism is approached, the

Curves of fatigue crack growth in 7nconel X-750 vibrated occurrenceoof fecromagnetismrisgapproachedsthe
in reverse bending at 500'C and 0.17-percent strain in I -torr
oxygen and in vacuum, remain nonferromagnetic. In this region of composi-

tion, NRL scientists have observed anomalous
physical properties which arise from true many-body

widely " naced. whereas those produceo in oxygen effec.s. For example, at low temperatures, an elec-
after the saawe number of cycles are finer and much trical resistivity contribution varying as the square
more closeiy spaced. In a typical experiment, after of tho temperature and a thermal resistivity con-
3.6 x 104 cycles, a fine crack had formed in oxygen tribution varying as the first power of the temperature
but not in vacuum. The crack which later developed have been observed. These temperature dependences
in vacuum followed the early, pro! !nt slip bands. have been theoretically explained and related to the

Environmental influence on the ,-velopment of strength of the electron-electron interactions. As
surface deformation apparently can affect crack these interactions become stronger, the temperature
initiation. The finer and more closely spaced sur- coefficients cf the two contributions increase ex-
face slip produced in oxygen appears to be related tremely rapidly, although their ratio remains roughly
to chemisorption or oxidation of freshly exposed constant.
slip surfaces. Oxygen on the surfaces of the slip Unusual low-temperature heat capacities also
step may cause increased resistance to further have been observed for these "incipient ferromag-
slip on that p!ane, and other adjacent slip planes are nets." The coefficient of the linear term in the low-
activated, which accounts for the numerous slip temperature heat capacity has been found to vary
bands. In contrast, the fresh slip surfaces produced extremely strongly as a function of electron inter-
in vacuum would rtot be quickly oxidized, and slip action strength. Theoretically, this has been related
could be reversed and further cycled on the same to the enhancement of the effective mass of the elec-
plane. Oxidation of slip steps and transport of oxygen tronic quasi-particles. In addition, the electron
atoms into the interior of the crystal by the cycling interactions have been found to reiult in an unusual
can form strong obsta'.les to further dislocation composition dependence in the apparent Debye
motion. These obstacles also can serve to nucleate characteristic temperature Finally, since the electron
a crack. inter ctions are strongly function- of the magnetic

"These finding-, improve our understanding of en- field, the field dependence of many of the properties
vironmental effzcts on metal properties and permit mentikned above has been examined in field strengths
a more knowledgeable application of mater.a~s. up to 100 kilogauss.

Physical Properties of Incipient Ferromagnets. Mary
metals have unique properties which can be inter- Fracture Toughness of High-Strength Metals. The
preied only in terms of many-body electron-electron tensile strength of a material is defined in terms of
interactions. Tvo such properties, which also appear critical stresses which relate to the beginning of
to be mutually exclusive, are superconductivity and yielding and to the initiation of fracture. For brittle
ferromagnetism. Metals are either superconductors or solids, yieldiiy! does not develop, the strength limit
ferromagnets but are never both. An intermediate is attained with the onset of fracture, and catastrophic
electronic state is that of incipient ferromagnet- failure results. Metals generally yield and increase

46 ism" - a strongly paramagnetic state that exhibits in strength by work hardening prior to the onset of
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fracture. Measurements made on the usual specimens in the presence of large cracks. Conversely, micro-
of smooth section may be misleading. however, as scopic "strength," signifying too high a resistance
to the actual strength capabilities of a material. In to yielding at crack tips, leads to macroscopic weak-
structural applications, the presence of cracks or other ness- the yield-resisting solid will frao.ture at very low
notch-like defects results in very high stresses at the nominal stresses in the presence of minute defects.
crack tips, and the first development of yielding is The critical fra(.ture strength is defined by the
concentrated within a small plastic zone at the tip. parameter Kl,(ksi Vrin•.), which is the critical inten-
The extent to which this microscopic volume of metal sity of the elastic stress field at the crack .p. The
deforms instead of fracturing establishes the fracture size of the crack-tip plastic zone is proportional to
strength of the, total section. the parameter (Ki,/Era,)", i.e., the ratio of the crack-

In metals of high foacture toughness. large crack- tip stress field intensity to the nominal yield strength.
tip plastic zones will develop which serve to blunt the This is basically an expression of the ratio between
crack and thereby permit the rise of nominal stresses the force applied and the force required for yielding.
to levels that will cause general yielding. In metals The higher the ratio, the larger the plastic zone and
of low fracture toughness, fracture will occur in the the higher the energy absorbed by the metal prior to
plastic zone at levels of nominal stresses that may be fracture. Formal fracture mechanics concepts pro-
far below the yield point. Thus, the most significant vide for conversion of the ratio to critical flaw size
parameter of strength for metals or other materials and stress relationships. In practice, the ratio for
is the "cracked body strength." a given metal thickness can increase only to some

The development of high-strength alloys entails specific level beyond which general yielding occurs
the control of complex, multiphase, microstructural and flow rather than fracture dominates the failune
conditions. In brief, while the metal must offer process.
high plastic flow resistance at microscale (grain size The complexities of these relationships have seri-
and subgrain size levels of 10-4 to 10-6 centimeter), ously impeded communication between research
the flow must not be terminated by microfracture pro- specialists workiog in the microstructural aspects
cesses at too early a stage. In effect, the desired aim of high-strength metals and design or materials
is microscale, crackless plasticity of high-activation engineers. Until NRL developed the dynamic tear
stress intensity. (DT) test, there was no simple engineering test

The apparent paradox in strength of materials is available which properly characterized the plastic
that microscopic "weakness," i.e., yielding with the zone size across the full spectrum of metal tough-
creation of a plastic zone at crack tips, leads to macro- ness- relatively brittle to fully ductile. The develop-
scopic strength-the material will resist fracture even ment of the DT test andits characterization in terms
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of the Krhr•, parameter have made it possible to expoed. [he neutron spectrum (i.e., the number and
resolve these complexities in a ve.ry simple mannei. distribution of neutrons by energy) can be changed
In fact, information which would otherwise require drastically by different comnonents of the reactor,
textbook-size descriptions may now be "compressed" such as the fuel element, the core structure, :And the
into a simple diagram. called the "ratio analysis coolant or moderator. Thus it becomes extremely
diagram'" (RAD). important io define the neutron spectrum not oaly for

For example, the RAI) for steels provides the a specitic test reactor but also for the reactor to which
following information in terms of the full yield- the data would be applied. Furthermore, it is impera-
strength range for plate thicknesses of I to 3 inches: tive to know as much as possible about the contribu-

The opltimum material trend line (0A11i1,. [his tion to damage b. neutrons of various energy groups.
represents the current "leading edge of the tech- In order to rz:;olve both questions, analy'es ba:;ed
nology" and indicates the best material for specific on advanced computer techniques have been made to
strength levels. Metallurgical research is aimed at describe the spectra for various reactois used in
developing materials with fracture prorerties beyond irradiation studies, and these are then related to
this current limit of the technology, changes in the mechanical properties of metals. By

K,./r... ratio lines. These can be translated quickly this procedire it has been possible to account for
into flaw size and stress conditions that will cause what appeared to be anomalous variations in radia-
fracture. tion effects data. Furthermore, by comparing neutron

Zonal rgionfs ofgeneric jfilic.s ofiallov.s, inclad- spectra for test reac!ors (where most experiments
ing proeess wng rariable.. These define metallurgical ate conducted) with those for power reactors, NRI.
factors for the developers of new alloys. In addition, scientists have developed techniques. for analytical
they provide for the design engineer a means ot de- adjustment of the experimental neutron fluence ;,alues
riving estimates of trade-offs for relative strength, to those which would have been received in the actual
relative quality, relative cost, etc. power reactor. Such analyses permit a more confident

Such diagrams have been worked out for the strtc- application of radiation effects data to orerating
tural steels, titanium, and aluminum alloys and, ex- reactors.
cept fo, aluminum, ,aeir respective weld nietds. The computer techniques for neitror spectrum
The diagrams may be "entered" by a variety of scales analysis have been su.cessfu!ly tes ed by comparing
knowa to engineers, the most definitive for total range embrittlement data for materials irradiated in tes'.
of toughness being that of the relatively inexpensive reactors with those for materials irradiated in power
DT test. As additional information is obtained, the reactors. The results have proved that the usual
data points may the plotted on the diagram, and thus spectrum at the pressure vessel of a light-water-
it serves as a data storage bank of utmost sitiplicity. cooled po"er reactor is more damaging than that at

The DT test and RAD procedures have beL., uti- the normal irradiation position of a tesi reactor. This
lized in critical Navy decision-making relating to the
selection of metals, alloy development plans, and -]

engineering des'gn practice. At the request of the
Naval Ship Systems Command, the test procedures TEST
are presently being reduced to Navy st;mdard prac- x REACTOR z POWER
tice documents. The high interest Of me!;d producers is _w REACTOR
t.videnced by the installation of DT test equipment in /W TREND,
a rapidly increasing number of industrial laboratories. 0

TEST
Neutron Spectra Related to Radiation I)anage. FLx- U REACTOR
perimental studies over several years have provided POWER
extensive knowledge of' radiation damiage in struc- h. REACTOR
tural steels. This knowledge has been developed to L ,_ .. __.._____
the point where it can be applied in situations in- 0.1 I 10 NEUTRON FLUENCE
volving operational reactors ,is well as in fundamental NEUTRON ENERGY, MeV

studies. One of the most import-ntt Fac tots in either Neutroan spectral char.c te rics lor light watc proweir nd
of these applications is it deli niit ien of the nelitron test ieohtois and the resilting nteria ,-cmhrittlenent

48 environment it, vwhich at particuiar material was trends.
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was shown to be the result of a higher average energy
distribution of neutrons in power rea•cors and

required adjustment of test reactor embrittilement

data. In this way it has been possible to use a volume

of test reactor data to project with confiden.ce the

embrittlement of a pow~er reactor pressure vessel.

The computer spectral analyses have also pormitted

the evaluation of conventional approaches to the

definition of neutron exposure and suggest that the

procedure of reporting the number of neutrons

having energies over I million electron volts, should

be modified to incaude neutrons of' energies above
0.5 million electron volts in order to provide a better

representation of the damage potential of the environ-

ment.
The computer evaluation program hits recentl;

been extended to test a nomber of different neutron

damage models. Variations in resulting mechanical Interferogran,, through a neod+.mium-glas,, laer rod before

properties 'Ire the standard by which the different pumpinig thpprou areiad dmiing plumping laosr er pic-

computer codes defining neutron spectra are being Wit esi. t eti I ier r10 is In ',itet of contrat temperatuie.

judged. t hu,, ii le ic pa at pinrg. the i'rinioes are straight It lper pic-

ture), indica ring tit, disitoi'ion. '\fret putpi n g ihlme er pititure).

tie\ hecotite distorted. Right: Waiter ieinperatiire is de-

SOLID STATE crerwd Iktore stait of prrmping Hus. the fringes arc
initrilt, carstcd (tipper prictirllc t hbecome straight during

Contpensation for Thermal Distortion in Glass Iaser%. pulnping lolet piclurc; \.hcn comp'e.ii'.ation is achiesed,

A principal obstacle to diffraction-limited ,aser

operation is thermal di.tortion of the glass rod

associated with nonuniform absorption of optical is cooled more rapidlt than the center. and a tnermal

pump radiation. Optical pumping can raise the energy gradient is established %%hich is opposite in sense to

of the laser ions to leVels al ove the excited Statc that subsequenth produced bx the optical pumping.

required for laser action. The ions subsequently decator With oplimulm temperature control and delay time,
to the lasing level by a radiationless proces, which the thermal distortion caused by Optical pumping

effectively produces heat. Since the laser rod abhsorbs s Canceled
more of the pump radiation near its, surfacc than at Ihis tethod if theinal compensation shouId be

its center, this results in nonut,,ifOrm heating thal useful in ans

causes the optical path length differences (distortion) "hich ii . - glas o cry tae lar ss stem idesi.' !i' h"ire.d to improv e the angularu di' ergence
in the rod; accordingly, the last'; rod exhibit, hire- ot the beani As one example. it has been helpful

fringence from the thermially induced strss,. in obtainirg re prdtcibIc laser ptIses

Scientists at NRI have developed a simple. ;n- iia netkt l sssteru.

expensive method of coripensating fOr therma.

distortion produced by optikal pumping. It is hased

on control of the temperature of the cooling "alter Third-Order Nonlinear Reflection Studies. Recent

that circulates through the !aicr envity . (Control of studies .t NRI have been tiitected toward the ex-

watcr temnperattlre is obtaitned (IN the circulation of tension of the h'.vs of optics to third order. A third-

water from freo reservoirs into the laser cavil . Ilhe otiler optical process can be produced by inducing

water in one reservoir is it few degrees aboe 1too01 it nonlinear polariz ation itn proportioh to the third

temperature and that in the other a fevs degrees powser of the electric field strength of ai laser wave.

be low rooml tenlperalure. Approxiniiatcle I30 seconidIs It is this interaction v Iiiich irestilts in the production

bel'ore the laser is fired, wiater I iom the cooler siuppl, tit th,. tfiird-harnlonic Ifrequientic of the laser. Har

replaces tire %A, arrner water ill tire cavilt,. I he surl'ace itnunit ladiationl is usually studied by tratisnlitting the

of the rod, because it is iil conltan \0it, the v, at lase r aS ,ive thlrotgh a nonllincar intriedtitln and Observilng 49
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the collinear harr nic radiation which is generated, agreement with predictions from theory. A theoretical
In addition, there should be a reflected harmonic estimate of the phase of the reflec-ed third-harmonic
wave from the surface of the nonlinear medium. Al- wave for various angles of incidence was developed.
though there have been a number of previous in- and the predicted nornliinar phase shifts may now be
vestigations of the generation of teffected second- confirmed experimentally.
harmonic radiation, the work carried out at NRL
representn the first demonstration of the generation Atmospheric Depolarization of Laser Light. In 1965
of a reflected third-harmonic wave. there were reports of observations which indicated

The nonlinear reflection experiments were carried that a polarized laser light beam would be heavily
out by ,sing a neodymium laser operating at 1.06 modulated by the ati.,osphere. Such an effect implied
microns and observing the third-harmonic radiation that several proposed optical systems then under
reflected from a liquid medium at 0.353 microns. The study 'For naval applications would not work. NRL
liquid employed was hexafluoroacetone sesquihydrate measurements, however, iver a 2.3-kilometer path
to which additions of fuchsin red dye were intro- ,howed no modulation of Lhe polarized beam. The
duced. This metium was selected because it is iso- equipment used for these measurements had a sensi-
tropic, it can withstand repeated ,.(posures to high- tivity of 10 6 (-60 decibels) in terms of the depolariza-
intensity laser radiation, an%' its index of refracton tion intensity ratio (S/N).
can be tuned simply by adjusing the concentratiun More recent measurements at NkL have been made
of dye additive, with equipment of improved sen,,-t~vity and precision.

The liquid was placed in contact with a specially The instrumentation developcd for this purpose is
designed quartz prism so that the laser beam could be capable of detecting depolarization (or polarization
incident at the liquid surface in the vicinity of the modulation) with an intensity ratio of 10 9 (-80 db).
critical angle for total internal reflection. It is pr--- This increased sensitivity is achieved by the use of
cisely at the critic. l angle that one observes a much- improved optical componeitts and an optical br;dge
enhanced, third-ha'-motic, reflected wave, particu- technique in which residutl light in the depolarized,
larly when the dye concentration is adjusted so that or signal, channel (that of orthogonal polarization) is
the indices of refraction at the frequencies of the laser balanced by a small controllable fraction of the
and of the third harmonic are identical (so-called phase polarized beam. This technique also minimizes the
matching). The third-harmonic reflected signals problems caused by scintillation-induced intensity
also were measured with varying dcgrees of phase modulation. This modulation, though severe, affects
mismatching in the liquid, the signal and reference channels equally and .:o does

The experimental results of third-harmonic re- not change the balance between them.
flected radiation as a function of angiL of incidence Measurements so far have been made at night
of the laser wave were found to be in good qualitative through relatively clear air. Those made over ,, #)'0-

POCKELS CELL LIQUID DETECTOR OF THIRD
O-SWITCH CEL _ HARMONIC REFLECTED RADIATION

LASER LASER SPECTROMETER ALIGNMENT
ROD HOUSING MONITOR TAKLE TELESCOPE

50 Apparatus ued at N R. t•or the pro4.tuction and dete,:tion of rnflected third-hamhmnic radiation of a lk.cf 'A ave.
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meter path gave negative results, and it was con- on the back of the reflector. The lamp igniter is en-
cluded :hat any atmospheric depolarization present closed in a watertight housing. Underwater cable is
affected less than 10 " of the light signal. This very used throughout.
low figure shows i.bat polarization modulation will The xenon arc lamp has several distinct advantages
not be appreciably affected by the atmosphere. over an ordinary filament bulb. It is more efficient

and has a higher output of the blue-green light to
which water is most transparent, it can be internally

Underwater Light Source. NRL scientists have de- modulated for information transmission by direct
veloped a unique underwater searchlight that offers variation of arc current, and it has a higher intrinsic
several distinct advantages not available with con- brightness in a smaller radiating area so that a more
ventional systems now in use. Its chief components intense, concentrated light beam can be projected.
are a 2.2-kilovolt, short-arc xenon lamp, a 10-iinch- The NRL searchlight has been operated success-
diameter reflector, and an igniter. The light can be ad- fully in fresh and salt water. It has seen considerable
justed to form an intense, narrow beam for long- underwater service mounted atop NRL's midget sub-
distance communications or a diffuse, broad pattern marine, the SSX-I. It has been tested in water pres-
for short-distance illumination. sures to '80 pounds per square inch (a simulated

One unusual feature of the NRL searchlight is that depth of 880 feet). After maay hundreds of hours of
the lamp and reflector are not enclosed in a water- underwater operation, it shows little sign of deleriora-
tight housing. This reduces weight and bulk, eliminates tion and continues to function satisfactorily.
the problems of window leakage or breakage, and
permits easy access to the light source elements for
adjustment or replacement. Further, undesirable Elastic Constants Detemined from X-Ray Scattering.
heat build-up is avoided by dissipation of the heat It is of general scientific interest to know both the
directly into the water. Of equal importance is the absolute values and the directional variances of the
fact that the light does not pass through a window elastic constants of crystalline materials. This in-
that could attenuate the beam and limit its intensity formation is especially useful in the determination
and diameter. Successful operation of the searchlight of interatomic force constants. Elastic constants
under water is effected by insulating the electrical are usually determined experimentally through
terminals of the lamp from the water by means of measurements of ultrasonic wave attenuation. In
watertight connections and by applying a water- this type of measurement, however, relatively large,
insulating rubber coating over the reflective coating preferentially oriented, single crystals are required

Recently research was undertaken at NRL to
determrine the elastic constants of a small he,:agonal
crystal of holmium by measuring the diffuse scattering
of x-rays vith 'emperature. The pattern ef scattered
x-radiation ccntains information concerning the
crystalline lattice vibrations and can be analyzed to
yield not only the elastic constants but also other
information pertaining to the frequency spectnim
of the crystal. The measurements were made on a
Picker au'omated diffractometer with a highly mono-
chromatic x-ray source. The data were reduced
and incorporated into a computer program which
yielded all five of the significant elastic constants of
the material.

This work represents an improvement over ultra-
sonic techniques because extremely small single
crystals of arbitrary orientation can be employed.
In addition, the automated technique should yield
results of significantly improved accuracy over those

Newly d,:veloped underwater searchlight mounted ab'oard obtained with older photographic methods of measur-
NRL's midget submarine, the SSX- . ing thermal diffuse scattering intensitieQ 51
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Negative Etching In Sodium Fluoride Crystals. The to respond to the presence of impurity -. sters or
discovery at NRL .f negative etching in sodium small precipitates in these crystals. Thu! negative
fluoride crystals has enabled NRL scientists to o0- etching provides a new tool for the study of the be-
serve directly some of the reactions of point defects havior of point defects in crystals.
in crystals. Negative etching is the cohverse of posi-
tive or conventional etching in that pips. instead of Hlgh-Pressure Measurements of Shear Strength. NRL
pits, are formed at preferential sites. The apparent scientists are studying the shear strength of materials
sensitivity of the etchant to small concentrations of under high pressures by means of an inverted extru-
calcium impurities (less than 10 parts per million) and sion press. The results of this kind of measurement
its negative action ,nay be caused by the cumulative have already found applications in ,'ophysics and
naturo of its reaction with impurities whereby an are now being used in studies o. dry lubricants.
insoiuole product is formed that adheres to the surface In cooperation with the Air Force Cambridge Re-
and prevents dissolution. search Laboratories, high-pressure shear strength

In studies of point defects in sodium fluoride measurements have been made on molecular crystals
crystals, positive etching was observed at individual such as solid argon, metallic elements such as copper,
dislocations and negative etching at grain walls. and minerals such as olivine. The NRL group has
The positively etched individual dislocations appeared found that data on these diverse materials all follow
as conical pits; the negatively etched grain walls a simple and consistent pattern. When the shear
looked like black lines. In addition to revealing the strength is expressed as a function of temperature
positions of grain walls, the etchant has been found divided by the melting temperature of the element at

shear, the data for the members of a given class very
nearly coincide. The melting temperature varies con-
siderably with pressure, as does the shear modulus
of elastici'

The pressure and temperature dependences of
the shear strength of these several different classes
of solids have Lt.en shown to follow a simple semi-
empirical equation which is consistent with disloca-
tion theory. In organic and other weak or low-melting-
point materials the pressure effects tend to be large,
and it is among these materials that many of the dry
lubricants are to be found. These lubricants can be
subjected to very high local pressures in many ap-
plications, and their behavior under such conditions
should be known and, if possible, understood. The
fact that the same mechanisms of shear seem to be
acting in materials with such diverse types of bond-
ing a the noble gases, metals, and minerals would
indicate that some progress toward such understand-
ing has been made.

Transient Radiation Effects in Quart-, and Fused
Slkea. An important consideration in the design of
any device of potential interest to the Navy is its

Grain wals in sodium fluoride. Negative etching ha% revealed performance in high-radiation environments such as

the initial position, the six intermediate positions. anl the might be encountered in spacc or in the vicinity of a

final potition of the grain wAll., hich has moved intermnittcnt nuclear blast. Crystalline quartz and glassy fused

ly to the right in response to tensile forces. thew.c features siliCd (both are forms of silicon dioxide. SiO(. are

are revealed Oecause the negatie etch reachts ith inipuritics commonly used as optical materials and in electronic
left behind Ohwn the velocirv of the grain vall rweeds a devices. Consequently. the effects of nuclear radia-

52 critical volue. tion on these materials have been studied extensive!y.
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Permanent radiation damage has been thoroughly to electrons trapped on dangling silica tetrahedral
cataloged, but it is only partially understood. Transi- orbitals at vacant oxygen sites. Defects of this type
ent radiation effects have not been studied previously, have been C-signatted E' centers. From the similarity

Investigations are being carried out nt NRL to of the absorption bands, it is tentatively concluded that
determine the nature of transient colora,.ion induced short, intense bursts of radiation generate E' centers
in silicon dioxide by very short, extremely intense in a transient manner in all forms of silicon dioxide.
pulses of radiation. The pulsed radiation being used Transient luminescence of apparently intrinsic
in the present experiments has an energy of 600 origin also has been observed after pulsed irradiation.
thousand electron volts and a duration of 3 nano- Its decay is similar to that of the transient absorption;
seconds. Samples of quanz and fused silica are therefore, the absorption and luminescentve are evi-
maintained at a constant temperature (either 3000, dently caused by the same transient defect. The pre-
770, or 4.2°K), and radiation-induced coloration is cise nature of this defect and its relationship to the
measured by observing the attenuation of a beam of stable E' center are now being investigated.
monochromatic light passed through the region of By understanding the process of formation and
the sample where the incident electrons were stopped. destruction of radiation-induced defect centers in
Initial pulse-induced attenuations as large as 30 per- these materials, NRL researchers hope to be able
cent for fused silica and 70 percent for quartz have to counter undesirable changes in physical properties
been observed; these decayed to less than I percent of the materials which occur after their exposure to
of their initial values in about I millisecond. The high radiation doses. A case of obvious interest is
maxima of the transient absorption curves occur at the radiation hardening of metai-oxide semiconductor
a wavelength of about 215 nanometers. Thus, a devices, in which silicon dioxide normally forms the
normatly reliable quartz optical device could be oxide layer.
effectively "blacked out" in the far ultraviolet region
for -.- long as I millisecond if it should be suddenly Lattice Vibralons and Infrared Absorption in NMixed
exposed to a sharp burst of nuclear radiation. Linear Chains. In recent years, much attention has

been focused on the calculation of lattice vibration
effects caused by point impurities. The extension to
the more complicated case of the general disordered

2 system, such as that which occurs in glassy materials,
has received relatively little emphasis. The defect
vibration problem has ofter been formulated in terms
of the Green's function approach, in which the
changes in the lattice vibration s.ectrum are expressed
in terms of the vibrations of thk: ordered system. Whilc

43 such an approach can be used for dilute impurities, itJ has not proved ft-,, ,! , d-scribing the general dis-
ordered system. . lternat. '/. the vibrations of some
simple disordered systems can be calculated by direct

Apparatus used to study transient optical effects induced methods adaptable to high-speed electronic computers.
by pulsed-electron irradiation. The major components are During the past year, the lattice vibrations and the
light source (I), dewar and sample chamber (2). mono- infrared absorption of mixed linear chains of the type
chromater and detector (3). and pulsed-electron source (4). AB, XC have been calculated as large amounts of

experimental data on the infrared and Raman spectra
of mixed crystals oftypes CdSSe, zand CdZn, S

One of the findings of the current s:udy is that the have been accumulated. In earlier attempts, the
curves of transient absorption versus wavelength are situation was oversimplified by the use of average
nearly identical for crystalline quartz and various force constants and masses rather than a micro-
ultraviolet grades of fused silica. Moreover, these scopic lattice dynamical approach.
Ctrves closely resemble the pcrmnanent absorption The vibration frequencies and atomic amplitudes
that can be induced in water-free fused silica by long- have now been calculated by use of a :,,?!ice dynamical
term exposure to intense radiation. THis permanent approach for mixed linear chains. The method is
absorption has been attributed by previous Aorker% an ex.tension of one developed earlier at NR, for 53
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binary chains. It can be used for any chain having 2000C is characteristic of the defect clusters. The
nearest-neighbor interactions and any arbitrary annealing of isoiated point defects produced by I-
set of masses and nearest-neighbor force constants. million-electron-volt (Mev) irradiation exhibits an
This shows that the lattice dynamical approach is annealing stage near 380°C.
quite practical, even for highly disordered systems. Defect clusters are produced in silicon by a series
The calculated results are in qualitative agreement of displacements of atoms from their normal lattice
with the experimental data. sites when the energy imparted by the bombarding

particle is several times greater than the displacement
energy of a silicon atom (-25 electron volts). When

Annealing of Radiation Damage In Solar Cells. Nu- the partition of energy between ionization and dis-
merous experiments carried out in space and in the placement for recoil atoms in silicon is taken into
laboratory have shown that if a solar cell is bombarded account, it is found that only electrons of energies
by electrons and protons there will be a degradation greater than 15 Mev can produce significant numbers
of its photoelectric properties. In a silicon solar of displacements (- 100) for cluster formation.
cell, this radiation damage generally takes the form Previous studies indicate that the influence of clusters
of isolated point defects caused by displacements comprising less than this number of displacements
of silicon atoms. If, however, the silicon cePl is is too small to affect the electrical properties of
bombarded by high-energy protons and neutrons, a silicon measurably.
significant portion of the radiation damage will be To detcrmine whether or not high-energy electrons
in the form of clusters of point defects. Post-irradia- would produce defect clusters, silicon solar cells
tion thermal annealing studies at N RL have revealed of the same type as described above were irradiated
that, if the damaged cell is heated to a sufficiently by electrons of 30-Mev energy at the NRL linear
high teraperature, its photoelectric properties can bycelectro of was energyat th nnealinearajccelerator. It was found that an annealing stage
be restored almost completely to the pre-irradiation appears over the same temperature range as that
level. An important part of this work has been the !dentified with the breaking up of defect clusters in
study of the radiation damage process in selar cells proton- and neutron-irradiated solar cells. The
as a function of the bombarding particle and its energy. similarity of the results for prctons and high-energy

Thermal annealing experiments with silicon single electrons indicates that higher energy electrons do
crystals doped with boron have established that a indeed produce defect clusters in silicon and that
broad, gradual annealing stage between 500 and 30-Mev electrons can be used to simulate proton

damage. Further studies established that this anneal-
16 -------- ing stage is indel.ndent of the dopant In.d in solar

cells or of the concentration of re.'ikual oxygen
impurity present.

,0 High.Pressure Transition in Bismuth. The structural
transition in bismuth under pressure, with the ac-

Soo---- companying changes in electrical resistance, have
o- o-been %idely used for the past 20 years as calibration

0 6 \0 A''0points for high-pressure equipment. The Bi ll-V
o4 4GM*4(Vd2#1',, transition, occurring at about 88 kilobars, has been

, I M0V s,,.oI). especially valuable as a fixed point for equipment
o z-- designed to operate in the 100- to 200-kilobar region,

in which calibration points are fewer and much less
0 ..... oo .o . .. WO well defined. The x-ray-equipped tetrahedral press

ANN.A,,NG ,EMOCRATU•t 'c recently installed at NRL has been used to make an

Annealing recovery of' the thort-circuit current wuput of independent determination of this point. because its
IO-ohm-centimeter. n-on-p. silicon %olar celk following value has been brought into question by the results
irradiation bh I-Mcv electronn. 4.6-.tev proton%. and .10- of recent measurements at Brigham Young Univer-
Mev electronw ,ji WT"(. The oidinate iho-A% the ua.anr.eald sity. The university scientists announced that this

54 fraction of th(e %hor1-O;ircuit curren. transition actually occurs at 75.4 kilobars, a 15.
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A scientist uses NRL's tetrahedral press
and associated x-ray equipment to study
the structural transition of bismuth
under pressure. The newly installed
research tool is capable of producing

pressures of over 100.000 atmospheres
(100 kilobars) in a volume of I cubic
inch.

percent shift downward, based on measurements regarded simply as a localized halide-ion pair in a
made with a similar press. bonding excited state. The emission data are con-

The NRL measurements established a value of sistent with theoretical interpretations based on the
74.0 kilobars. The experimental procedure was electronic states that arise in such a center.
substantially the same as that used at Brigham Young. Recent efforts at NRL have extended these studies
A bismuth wire was imbedded in a matrix of sodium to include ammonium halide crystals. One reason
chloride, and both were held at the center of a boron- for investigating the ammonium halides is that they
plastic specimen holder "ilaced in the press. The re- have the body-center.,d-cubic structure in the low-
sistance c the bismuth was monitored as a function temperature phase as compared with the face-
of pressure, and the pressure was determined by ob- centered-cubic structure of most alkali halides. A
serving the change in the lattice constant of the more practical reason for investigating radiation
sodium chloride as derived from its x-ray diffraction effects in ammonium halides is that their high hydro-
pattern, gen content makes them promising candidates for use

The resulting value, based on only two runs, was in fast-neutron dosimetry.
slightly below the value of 75.4 obtained at Brigham Under continuous x-ray excitation at 40 and 77°K,
Young but could nevertheless be considered corrob- a single broad emission band was observed at wave-
orative. A working value of 77 t 3 kilobars was sub- lengths of 2.550A in ammonium chloride. 2,9SOA in
sequently agreed upon at the National Bureau of ammonium bromide, and 3,300A in .•mmonium iodide.
Standards' Conference on the High-Pressure Environ- By correlating the polarization of the luminescence
ment held in October 1968. and the NRL value was with the orientation of self-trapped holes (a bound
included in these deliberations. In addition to being pair of nearest-neighbor halide ions with a single
quite timely, these experiments were of value in electron deficiency), the source of the luminescence
testing the new press and indicating areas where its has been identified as a self-trapped exciton. similar
operation could be improved, to that previously found in the alkali halides. By

measuring the decay time of the luminescence after
Ammonium Halle Lundmnm•ence. The intrinsic pulsed x-ray excitation, it was found that the 2.950A
luminescnt properties of alkali halide crystals at band in ammonium bromide consist. of two over-
low temperatures have been investigated for some lapping emissions of almost identical energy and
time. Through a series of experiments that included band shape.
mcasuring the polatization characteristics of the lu- A technique was developed in the course of these
mine-cence, NRI. scientists have identified the center experiments whereby the individual pilarizations
as a "%elf-trapped exciton." This center may be of overlapping bands could be measured by resolving 55
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them on a time scale when they could not be resolved which are of pimary importance in heavily dop,.d
spectraily. One component has a lifetime of the order crystals. One is referred tW as the Fa center, which
of 10 nanoseconds and has its electric vector parallel in potassium chloride may be a linear array consisting
to the halide-ion pair axis. The other component of an F center located between two sodium ions, and
is polarized perpendicularly to the pair axis and has the other is the Fc center, which is evidently three
a stronger lifetime of 800 nanoseconds. A comparison nearest-neighbor sodium ions forming an isosceles
of the properties of these transitions with those ob- triangle around an F center. Among ý'eir interesting
served in the alkali halides led to the conclusion that properties is the fact that each ce-.- has an absorp-
the self-trapped exciton states are essentially the same tion twice as far into the infrared rcgiu• as that for the
in the two materials. In particular, a singlet state FA center, evidently because the 2-' function now
evidently initiates the 10-nanosecond allowed transi- interacts equally with two or more sodium ions.
tion, while a triplet state initiates the long-lived or
forbidden transit;on. Magneto-optic experiments now V, Centers In Alkali Halide Crystals. Progress has
being conducted are expected to yield more detailed been made in the understanding of radiation damage
information about the nature of these states. mechanisms by studying their effects in simple mate-

rials. Since the alkali halides are among the simplest
Impurity-Perturbed Defect Centers In ilkall Halides, ionic solids, they have been subjected to close scru-
The effects of radiation damage havy been exter'- tiny for several decades. Among the multitude of
sively investipated in the alkali halide crystals, defect centers produced by ionizing radi.tion in these
and the simplest and best-known atomic defect crystalline materials, one of the basic atomic con-
has been found to be the F center, an electron figurations consists simply of a halogen atom at an
trapped at a negative ion vacancy. One of the more interstitial position in the crystal lattice. At low
interesting aspects of the F centei's behavior is temperatures, covalent bonding occurs between the
its ability, as a result of optical excitation, to move interstitial atom and itý nearest anion neighbors,
through the lattice and to aggregate or become forming, in the case of potassium chloride (KCI)
trapped at other defects. In internionally doped below 40*K, the linear molecule-ion C 4 

3-, called the
samples, the most common of these cor ipound defects H center. This defect H centczr can absorb light,
is the FA center, an F center with a foreign alkali making it a "color center." Because it has an un-
ion at a nearest-neighbor site. The impurity ion next paired electron, i. is paramagnetic.
to the F center has proved to be a very sensitive Recent optical evidence indicated that the inter-
atomic-sized probe for studying the iffect of static stitial halogen atom tends to be located adjacent to
perturbations on the F center. For eanample, the F a substitutional impurity alkali ion. Electron para-
center has one optical absorption corresponding to magnetic resonance (EPR) measurements at NRL
its Is-2p transition. whereas the FA center has two. have corroborated this identification and have pro-
one of which lies on the low-energy side f the F band. vided the first detailed description of the structure
The difference aises from a partial removal of a of this impurity-associated defect center, designated
degcneracy of the F-center 2p state by the alkali ion. V,. In potassium chloride it is found that the presence

Scientists at NRL have now successfully produced of the substitutional impurity ion bends the bond axis
and identified two new impurity-associated defects of the two central chlorine atoms of the CI43- mole-

cule-ion by about 5 degrees from the normal lattice
F center FA center angle. Further. the unpaired electron distribution is

+ _ + - + + _+ strongly perturbed from its condition in the normal.
- -+' ,+'-, +oliiear, C14 - H center. The interstitial CI of the V,

+ +.4' - *'.; +- +._:ar jcenter can be stimulated within its optical absorption

-- + - + - 4- .

" Sche atic iepe,,crtatior of 1: centers ir, po~tasium chloride lattiie Uhte -
4.+ - + +enter ii Ln electrn trapped at the ,iie ofa chitoide ion ,vacanc). [he F-,. I-'. and

+ _ + + + -F center are. %pewtie1. an I center ,ith orne. tuo. and three -dium tons
FUh,•itr. ; k( ncare%1-ncirhowrpoktaium %rrci the pornoaiuni ion-arrr reprvent.

56 FB center Fc center cd h) plus tigns, ihe chlhrinc ion' b) minrr•% ,al,..
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deviation" (i.e., the deviation, at the absolute zero
of temperature, of the sublattice magnetization in an
antiferromagnet from that in a "corresponding"
ferromagnet) has been determined by resonance
methods. The material used was K•MnF 4, which has
the important virtue of an ideal, two-dimensional.
antiferromagnetic structure. Previou.w determinations
of such a spin deviation have been qualitative at
most because the materials measured had three-
dimensional antiferromagnetic structures in which
the spin deviations are intrinsically small and partly
obscured by various perturbations.

For this determination, the values of the transferred
hyperfine interactions (which result from interactions

An electron paramagnetic resonance spectrometer is used between the Mn 2 electrons and the '9F nuclei) vwere
to determiae the structure of radiation-induced defect obtained from electron spin resonance (ESR) mea-
centers int potassium chloride. surements on K2ZnF 4 (which is isomorphous with

K2MnF 4) doped with Mn 2* and from nuclear magnetic
resonance (NMR) measurements c i tie 1 F nuclei
in K2MnF 4. The spin deviation d-:duced from the
combined ESR and NMR results was found to be
large and in good agreement with theory.

Vibrations of Atoms in Solids - Localized or Extended?
The first paper on the vibration of atoms in solids
is still the most famous one: Einstein, in 1906, as-
sumed that all atoms move about their equilibrium

VCNTE R HCrNRr positions at the same frequency. By taking PNanck's
hypothesis of quantized energy states seriously, he

Models of H and V, cet•elrs in potassium chIoide. I he was then able to explain the formerly mysterious
t-nding of the hond ais in the \V center ,s due to a suh- deviation of the specific heat of solids from the
stitutional sodium inpurit, ion. classically expected value and thus provided one of

the early .onfirmations of quantum theory. Although
his far-reacihing conclusions were found valid, the

hand to move from the vicinity of its associated detailed model for atomic vibtations was over-

impurity ion, and these changes are seen directly by simplified. In fact, each atom is not tied to some

FPR. Another type of motion observed is one in which fictitious 'hitchiiig post" located at its equilibrium

the interstitial atom moves only among sites neigh- position: it is bonded to other neighboring atoms.

boring the impurity aton. and the forces that control one atom's motion depend

[his study of impurt'% -associated defect centers not only on its own displacement but also on the dis-plhcemsntsyoffitmpneighboringiatomdandeindirectly
in alkali halides constitutes one further step toward placements of it% neighboring atoms and, indirectly,

the understanding 4f rdiatiot damage in more com- on those of all the atoms in the sold. As shown by

plex. and impure. materials. Horn and Von Karman irt 1911. the resulting atomic
motions in "ordered" solids (i.e., in crystals) are
thus far from localized: rather, they are of the nature

iarle Zero-Point Spin IVewlatlons in an Antiferrotnag- of vaves penetrating the !ntire solid. The extensive
net. Antiferromagnetic materials have potential field of "lattice dynamics'' developed over the past
application as cociionents of infared and millimeter- fe16 decades at NRI. and elsew here, is based on this
wave devices. The mnagnyic prlnperties of these view.
materials are under continuing investigation at N RI. It is only recintl. that hailjted vibrations have
In one aspect of these studies, the elusive and difficult- been observed and studied again. Uhey have been
to-measurc phenomenon known as "tcro-poiint spin found to ;'ccur in solids containing impurities that 57
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are the lighter atoms of the host lattice. ThL localized- I.0
vibration approach, which is inherently simp!er than o.
the ordinary theory of lattice dynamics, has now been 0.8 J-
justified also for disordered solids, such as alloys

and mixed crystals, that contain more than one species 00.6

of atoms in an irregular sequence but in an ordered
matrix. These vibrations can be investigated easily J 0.4
in Jetail by studying the vibrations of very smAll 0

solids. It has been observed that local vibrations 20.2

appear whenever a group of atoms contains light -/ 1 1 1 1

atoms bounded by a sufficient number of heavy atoms. 2 4 6 8 1o 20 30

(The number that is "sufficient" depends on force TEMPERATURE ('K)

model, mass ratio, and dimensionality, but it is Typical ejctron paramagnetic resonance data
generally small.) The density of these local modes of used to letermiie the exchange constant J of
vibration that would appear in the spectrum of the exchange-coupled Mn2÷ pairs in KZnF 3:Mnl*.
large solid can then be computed from the probability The population of the S = I state (ratin of pair to

of the occurrence in the large soiid of the small con- single ion intensity) of a nearest-neighbor Mnl'

figuration of masses that produces each. Detailed pair is plotted as a function of temperature and

calculations for one-dimensional models have given compared with the theoretical expressioý' for that

results in ageeement with previously observed peaks state (solid line). The value J = +9.67'K is found

in the frequency distribution. Similar features have from a least-square fit of the data to theory.

been predicted for two- and three-dimensional struc-
tures, but their intensity, compared with the con-
tinuous part of the spectrum, has been smaller. an evaluation of the theoretical calculations which

It is intriguing that localized vibrations have been are now becoming possible.
observed again, and as a major component of the With this end in view, the electron paramagnetic
vibrational spectra of disordered solids. The spectra resonance of exchange-coupled pairs of Mn 2÷ ions
of these solids were expected to be particularl, com- has been observed in Mn2÷-doped KZnF 3, which
plex. Their comparative simplicity improves the has a cubic perovskite structure. The Mn:Zn ratio
outlook for the success of further studies of the used was approximately 0.01. The angular depen-
lattice vibrations of disordered soiids. dence of the Mn1 + pair spectrum showed that the pair

axes kre along the three cube edges. Thus the Mn2÷
pairs are nearest magnetic neighbors and are expected

Exchange Coupling of Magnetic Ion. The properties to be antiferromagnetically coupled. From the
of magnetic crystals have been extensively exploited temperature dependence of the intensity of selected
in various microwave devices. The existence of these pair lines in the reF'on of 1.50 to 25°K. the exchange
useful properties depends on the spatial ordering of constant J is four.J to be +9.9°K, a value in good
the spins, caused by the exchange interaction between agreement with the magnetic properties of oure
pairs of nearby magnetic ions. that occurs in the'e KMnF3 . This agreement confirms the assumption,
materials. In the simplest csse;, this exchange which was based on the unusual crystallographic
interaction is described mathematically by the structure of KMnF,. that only nearest-neighbor
Heisenberg hamiltonian 5C 7 J S.S,, where J is the exchange interactions are important in that material.
exchange constant. This isotropic expression is
especially rAccurate Ifr S-state ions, such as Mn",.
which have no orbital angular momentum. The value Potential Electrolyte for a Truly Dry Cell. The usual
of J can be determined for a given compound from dry cell is dry only on the outside. Inside of the cell is
macrnscopic magnetic measurements. The J value a paste-like electrolyte, which enable% the cell to
obbtained. however, is rather dependent on the iinpor- discharge when not in use. This undesirable charac-
tance attributed to exchange interactions with mag- teristic. among others, has led to an increased tempo.
netic ions more distant than nearest neighbors. As on the part of military and civilian users alike. in
a result, aat, method which directly measures this the search for new battery materials. In recent yearm.

58 exchange interaction for a known pair of ions allows several batteries have been developed that contai,
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high-energy ionizing radiation. its principle of oper-
ation is the optical fluorescence pr~xuced when ioniz-
ing radiation is absorbed in dilute ruby (A1203 with a
chromium content of about 0.001 percent). rhe flu-
orescence observed is at wavelengths of 6,943A and
6,929A (commonly known as the R lines) and has a
lifetime of 3 milliseconds.

In the experimental arrangement, a ruby crystal is
exposed to the same pulse of ionizing radiation that
passes through e test material. The resulting ruby
fluorescence is detected by a photomultiplier (out of
the direct path of the radiation beam), displayed on a
fast oscilloscope. and recorded photographically.
In this application of the dosimeter, a light shield
is used to prevent spurious fluoresc.ence from inter-
fering with the dose measurement. For situations in
which the radiation does not penetrate the test
material, the ruby dosimeter may be placed else-
where Jn the radiation field.

An NRL scientist measures the ionic conductivity orf ELECTRON
amm'.niumn chloride single crystals at elevated temperatures. 'A[AM

These and similar materials have potentiall us-- as solid
electrolytes in dry cell batteries. -.'ST MATERIAL

LIGHT_____
SHIELD ' RI.Y DOSIMElER

6943A FILTER

solid elect:-olytes having high ionic conductivity and
little or no electronic conductivity. R(A 71U,. OSCILLOSCOPE

NRL scientists have been studying the ionic con- PHOTOMLTIPLIER >

duct~vity of several solids in the alkali and ammonium / MTE
halide families. The results of their experiments have CO fL~OWER~

provided new insights into the atomistic mechanisms - HV

that permit ions to move through the lattices of ionic / __

crystals. This work has given evidence foi in!erac-
tions between the charge carriers, for the influence DigaofN *ruydsmtr-%cnuc omeue
of the thermal vibrations of the ions, and for the dtvtagr diofic in ma rudy dosimeery %hici pusedc tof meaur
possible existence of single, double. anJ ever triple energy ionizing radiation the flectron beam impnges oin
lattice vacancies. the ruby dosur-iter. I he R-tine fluorecncerc i% detected by

Most recently. the NRI. scientists have measured the opticAlly tittered multiplier and coupled bN an emitter
the ionic conduction of ammonium chloride single follt-wer t ithe oscilloscope.
crystals in their regular (NH 4CI) and deuterated
iND4('l forms, during whict, the relatively rapid
motion of the hydrogen ion was verified. The practi- A olot of Aluorescence intensity trriui dose is linear
cal application (if this material In a solid %tate battery when the intensity is measured I millisecond after a
will require further study. 0.5-microsecond linear-accelerator pulse of 30 mil-

lion electron volts.. The I-millisecond delay avoid%
Dmdits~er hr Hlgb-F~Awrg Pithed Rad~imh. F-or rAdiatkin induced detecter noine that generally cwcurs
the fitst time. .a dosimeter has been developed w~hich during the firm' fess hundred microsecond-.. T'he linear
can be used to measure doses deposited in material relationship of the fluorescence intensity with dose
hs very short pujlses tOA mitcrosecond% or lessi) of rakcs i0 possible to isE the photomnultiplier respoinse 59
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as a direct measure of the relative dose delivered, for the simple noble metals as well as for the complex,
This linearity was found to hold for absorbed doses non-Group I metals. For 40 years these theories have
up to I X 10' rads (ruby) per pulse, th maximum repeatedly predicted that the magnetoresistance
attained on the NRL linear accelerator, should become independent of H (i.e., saturate) at

The two distinct advantages of this dosimeter are high H for such free-electron metals as sodium and
that tlhe dose can be determined immediately and potassium. Until this year, however, all attempts
that the dosimeter is reusable without any treat- to verify this saturation theory revealed only linear
ment, at least for cumulative doses up to 101 rads behavior.
(ruby). NRL scientists had been studying the maneto-

resistance of pure metals at extremely iow temper-
atures in order to identify the best conductors for

Electronic Trasport Phesomerta in Shnple Mete. cryogenic magnets. As an outgrowth of this study,
Understanding the electrical resistivity of metals experimental techniques developed for observing
at low temperatures and the increase of this resistivity the intrinsic saturating behavior greatty reduced
due to magnetic fields (i.e., magnetoresistance) con- the magnitude of the macroscopic linear effects. They
stitutes one of the most fundamental problems of also showed that the magnetoresistance of potassium
solid state physics. The theory of these transport would exhibit the long-sought intrinsic saturating
phenomena (charge motions) requires detailed knowl- behavior, which until now has been well masked by
edge concerning the anisotropy of the intriiisic the superimposed, overwhelmingly linear behavior.
parameters of both the electronic band structure with The percertage of the resistance from H = 0 to
its associated Fermi surface and the electronic scat- saturation, (ARIR 0),, was at least 100 times smaller
tering mechanisms responsible for the m,:an free for potassium than the (ARIRo). values observed
path. The scattering mechanisms responsible for the previously for more complex metals. The masking
mean free path and its anisotropy are of great interest linear behavior was found to be caused by macro-
in solid state physics, but very little progress has scopic rather than intrinsic phenomena. These macro-
been made in understanding these mechanisms scopic phenomena are the distortions of the electric
because definitive experiments have been lacking, field and the potential distributions in a magnetic field
Values for the Fermi-surfa:,: -& mnean-free-path caused by nonuniform current distributio-'s and the ef-
parametcrs cannot be obtained separately from fects of the sample geometry. The distortions give rise
resistivity measurements made in the absence of a to a magnetoresistive voltage proportional to the
magnetic field (H). Field-'ree measurements yield absolute value of the Hall voltage, which is linear.
only a combination of their values and, further- The quantity (AR/Ro), is a direct measure of the
more, only the averag of their combined magnitude. combined anisotropies of the Fermi surface ard the
Magnetoresistance meazurements at high H, however,
can determine the anisotropy of these combined
parameters.

Over the past decade, intensive research on metals
has produced a virtual explosion of experimental and
theoretical information which ioes provide the
desired Fermi-surface parameters separately. All
non-Group i mietals have multiple Fermi surfaces
with very complex shapes and are extremely difficult
to treat theoretically. Each of the Group I metals "
has only a single Fermi surface. While the Fermi
surface shape for the noble metals is still somewhat
complex. for sodium or potassium it is very simple
and is spherical to 0.1 percent. Thus. sodium or ....-. .---

potassium cloely appr,,ximate a free-electron metal . ''

and should be most suitable for theoretical treatments, Resist" vrr..,z mqncttc heid for polassium at 4.2"K
Standard magnetoresistance theories have been Tht sobd curve ijdr, both a satust~ir and a linear

extraordinary successful in qualitatd'veh- explainung behavior. The duJhed lktn repreenb the kniwt, ,component

60 the principal characteristics of the magnetoresistance of the sow cwve_
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mean-free-path. The very small observed values of electron to the longitudinal optical phonons and
(A RR0), are still 100 tc 1,000 times too large to be corresponds to scattering of the electron by the
explained by the accurately known Fe,-mi-surface phonons from an excited intermediate state to a
anisotropy of about 0.1 percent. Therefore, the number of discrete final states of the impurity.
observed (AR/R 0), must be due to a large mean-free- In a related investigation. NRL scientists have
path anisotropy. This can most probably be attributed further shown that electrons in lnSb are not strongly
to electron-phonon scattering anisotropy caused by coupled to transverse optical phonuns which, in
the highly anisotropic phonon dispersion recently contrast to longitudinal optical phonons, are not
revealed in measurements of potassium. The current accompanied by a macroscopic electric field This
experiments -)present a breakthrough in obtaining result demonstrates the importance of the macro-
the quantitative mean-free-path information neces- scopic electric field in the scattering of current carriers
sary for a more complete understanding of the funda- by phonons.
mental theory of electrical resistivity and magneto-
resistance. STRUCTURE OF MATTER

Electronic Impurity States and Optical Phonons In A Molecular Trap. Inclusion compounds are defined
Seumsonducton. As an outgrowth of research on far- as molecular combinations in which one component,
infrared detectors, an investigation has been made the "guest," fits into a cavity in the other, the "host."
of the coup~ing of electronic impurity states in semi- When the cavity is a three-dimensional enclosure
conductors to t&e thermal vibrations of the ions. that traps the guest molecule from all sides, the host
Certain of the thermal vibrations are characterized is referred to as a clathrate or cage structure, No
by the ions of opposite charge moving in opposite ordinary chemical bonds need exist between the atoms
directions, so that a macroscopic electric field is of the two compounds.
produced during the vibration. Because of their There are six basic types of inclusion compounds,
macroscopic electric field, these particular thermal characterized by the shap: of 'he cavity found in the
vibiations, known as longitudinal optical phonons, host. These compounds are finding uses in industry.
sti, igly scatter charge carriers such as electrons Wate: clathrates, for example, are used in reclaiming
or holes. This scattering is an important factor in fresh water from sea water. Inclusion compounds
determining the electrical resistivity of the muterial also play a role in the chemistry of living cells.
and its performance in devices. Proteins form inclusion compoinds which are shape-

When a sen-iconductor is placed in an external dependent. This shape-dependence accounts for
magnetic field, the conduction electrons execute biochemical specificity.
circular orbits and may absorb or emit electromagnetic Water clathrates, often called gas hydrates, are
radiation, a phenomenon called cyclotron resonance. perhaps the best-known inclusion compounds and
For n-type indium antimonide (lnSb) in magnetic have been the subject of extensive chemical and
fields between 10 and 100 kilogauss, cyclotron res- x-.ray investigat;ons. Until lately, however, very
onance occurs in the infrarea spectral region. When little x-ray work beyond the determination of the space
th,: InSb is cooled to liquid helium temperature, group and the cell dimensions has been attempted;
the conduct-.n electrons become localized at impuri- on large organic inclusion compounds such as the
ties. ar- the cyclotron resonance line is stFfted !o a cyclode.xtrins and r ianin's co-npound (first prepared
higher frequency. in 1914). A. P. Dianin observed that his compound

If the magnetic field is adjuste-1 so that the impurity. formed crystalline addz;cts with ethanol, acetone,
shifted cyclotron resonance frequency coincides with acetic acid. chloroform. and ether. This guest list
the frequency of the longittudinal optical phonons.
one may expect interestung effects arising from the
interaction of the impuIty electrons with the m~a-o-
scopic electrki field of the phonons. NRL scientists .. I
have carried out such an experiment usirg n-type
InSb tind have found that the impurity-shifted cyclo-
tron msonaice lire is split into as many as six sub-
sidiary peaks. This splitting is striking confirmation 'hecmac:tl t" MIA Of torun'
of the importance of the coupling of the impurity omf~und, ( .. 61
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was later expanded to approximately 40 compounds
by Baker and McOinie, and it could grow even
larger. In 1955, Powell and Wetters did some pre-
liminary x-ray work to determine the space group
and cell dimensions. The actual structure was not
solved at that time, but it was predicted that Dianin's
compound formed inclusion compounds of the cage or
clathrate type.

The crystal and molecular structure of Dianin's
compound has been solved recently at NRL. Six
molecules of Dianin's compound are linked, through
hydrogen bonding of the OH groups, to form a large
complex which then enters into the cage formation.

Two complexes of Dianin's compound
stacked together to form a cage.

A sitigle complex formed by six molecules
of Dianin's compound held together by
hydrogen bonding of the OH groups.

A single complex resembles two truncated cones hav-
ing in common their smaller bases formed by the
hexagon of hydrogen-bondec! oxygens. The space
group of the crystal is R3. In this sp,,ce group the
cages are formed by piling the complexes directly
above each other ad infirtiturm. with their symmetry
axis parallel to the c-axis, to fo.,m long columns of
successive enclosures. Most of the cge is formed tit
when two of these complexes stack together with one
hexagon of hydrogen-bonded oxygens forming the ('ontents of tl'e unit cell of Dianin'% compound,
floor of the cage and the next hexagon of hydrogen- drawn looking down the c-axis.

bonded oxygens op': unit cell away alo,.g the c-axis
forming the c~iing. Bounding of the cage is com-
pleted by one molecule from each of its six nearest possible to study the detailed structure of the guests
neighboring complexes. In this way the long columns which, by themselves, at room temperatures often
are interreiated. and the only spaces in the cell form poor crystals or none at all. The large number
large enough to e"snare a guest molecule lie within of inclusions that can be formed with Dianin's com-
the cagelike cavitiers of 'he host. pound provides an unusual opi irtunity to make an

[)etermining the structure of the host molecule is extensive study of the structures and properties in
62 only the beginning of this s!udv It should now be the relatively new field of organic clathristes.
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Radiation Damage to Hereditary Material. One of One of the benefits from determining the end product
the serious consequences of irradiating human tis- of a rnarrangement reaction is the opportunity af-
sue is the damage that occurs to the hereditary mate- forded tc postulate the intermediate steps in a re-
rial DNA. It was found in 1960 by Wang (at Tufts action mechanism. Formula I representr such a
University) and Beukers, Ijistra, and Berends (in postulate.
the Netherlands) that the thymine bases in a DNA Further investigations are proceeding in this area.
molecule can react to form dimers of the following For exanrle, Wang has recently isolated an adduct
type: made from three thymine molecules. The determina-

tion of the composition and configuration of this
R R

0 R I molecule will make a very interesting and worth-
o yH)+ (N..O - H while study. Information from investigations of this

CHS) - ON) NH type is quite useful in the fields of genetics and
o 0 radiation damage to hereditary material.

R

where R represents the remainder of the DNA chain
to which the thymine base is attached. Since the DNA Structure of Poison-Dart Frog Venom. The Colorn-

molecule acts in terms of a sequential code, the bian poison-dart frog, Phyllobates auretaenia,

formation of the dimer constitutes a damaging per- produces in its skin a venom which the native Indians

turbation. Interestingly, other radiation can reverse use to tip their arrowheads when hunting game. The

the reaction by breaking th' t-?imer, as indicat-d by venom is the most potent yet discovered. It has a

the backward arrow. toxicity about 250 times that of strychnine, but, to

Recently, Vargheise and Wang (now at Johns Hop- be active, it must be introduced into the body through

kins University) found a new product, formed from the pierced skin. Taken orally, it is harmless. Bio-

two thyn'ine bases upon the irracL,.tion of DNA. chemists from the National Institutes of Health

The same product can be obtained upon irradiation traveled to Colombia to collect about 4,000 frogs and

of the free bases. This material wa- shown to be dif- extract their venom. (The frogs, which are only 2 to

ferent chemically from the dimer described above, 3 centimeters long, are too delicate to survive a trip

and it has not been possible to reverse the reaction to Washington.)
by use of addi!ional radiation. It would appear, then,
!hat tnis type of radiation damage would be even more CH3H-C-OR

difficult to correct. In any case, a first step in pre- HO I ,cI
vent ion or correction is to identify the chemical corm-

position and molecular geometry of the product. 
C

Professor Wang sent one small crystal of the new

r.~ction product to the Naval Research Laboratory HO H

for stru-,ture analysis by x-ray diffraction. Advances ('hemi,;-! for-mula of batra-
by NRL scientists in solving the phase problem in chotoxinin A. C2,H.NO,
x-ray structure analysis have made this method (R = H.BrCH 4C0--).
particularly well suited for determining the com-
position and geometry of unknown materials. The The major alkaloid fraction isolated from the frogs
structure determination was carried out, a-id the consists of batrachotoxin, isobatrachotoxin, and pseu-
molecular formula and configuration were established dobatraclotoxin. all C.24H ,3NO 4 . Pseudobatracho-
to be as shown in Formula Ii, below. The reaction toxin is very unstable anid is readily converted to
can be described by: batrachotoxinin A (C24H3sNOs) with the formal addi-

tion of H*O. Such minute amounts of the purified

alkaloids were available tha" it was -wo feasible lo

0•: s o H3,•f HN Cestablish the structural formulae by chemical analyses.
Hence. x-ray diffraction analysis, which can nardle

N cH o CHI extremely small specimens. was indicated. Thus far,
oTs the only crystals suitable for an x-ray analysis were

o1 T0 N those of the 0-p bromobenzoate d&rivative ofN batrachotoxinin A. 63
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A vwýry small crystal (0.05 x 0.03 x 1.0 millimeter) logical systems remains far from complete, despite
of this derivative was sent to the Naval Research extensive investigation by the traditional techniques
Laboratory for x-ray analysis. Because the bromine of biology and medical science. NRL scientists have
atom occurs on a cell edge in the unit cell, phases attempted a new approach whereby knrwledge gained
based on the heavy atom would lead to a fourfold from past, basic surface-chemical studies could be
ambiguity. In addition, the relatively weak scattering used to provide advantageous starting points in the
from carbon atoms and the verj limited number of search for a better understanding of biological ad-
data obtainab~e from the small crystal prevented the hesion.
use of the classical heavy-atom technique for struc- This interdisciplinary approach has already re-
ture determination. Two peaks could be recognized sulted in improved insight into the role of the naturally
as correspl.nding to oxygen atoms in the fourfold occurring adhesives and abhesives encountered in
ambiguous Fourier map obtained from a knowledge biology. The NRL workers have pointed out that
of the phases from the bromine atom position. The viscous liquids, particularly those thickened by

bromobenzoate group could thus be located, and the natural biopolymers, could serve as useful adhesives
complate structure was established by using a re- in the .'elatively mobile and conformable systems
cycling procedure based on a partial structure and found in living organisms. Adhesives which fail to
employing the tangent formula developed at NRL. solidify result in joints of limited technological

significance because of their relatively low resistance
to shu•r. Su.•ch adhesives may be far more important
in nonrigid biological assemblages, however, where
efficient mating of contours permits an intervening
liquid film to function as an adequate adhesive.
Moreow•r, the susceptibility of naturally occurring

0 thicLt.ning apents to cross linking or to depolymeri-
zation by di',ition or enzymatic action would account

0 for th.; rapid and reversible changes characterizing
living systems. These results thus provide guidance

0 in designing synthetic adhesives for biological

0 systems.
Specific mechanisms have been identified by N RL

.cieatists as highly probable causes of both surface
attraction and modification in the contacZ interaction

0 of blood with foreign solids, such as plastic or metal
biological or surgical implants. The implications for
blood coagulation and thrombus formation should

Struc'tur of Co!o-nbinm pJisonl-L.r !rog v.nloml influence future research on plastic prosthetic im-

plants, including their selection and design. Finally,

The structure of batrachotoxinin A is quite novel, a surface-chemical interpretation of reportea cell-
it is both ai7. alkaloid derived from an animal source aggregation studies sheds some fight on possible
and also a ster3id It- structure rcsen-bls tha. of causts for the developm-nt of mobility in cancer
digitoxigenin. a component of digitalis, the well- cells.
known heart drug. It is therefore not surprising that
thi lethal effect of the venom derives in part from
its action as a ,aruioto..in. Sutface Chemilry of Uqud.-Uquld Interfacesm Re-

cent NRL studies of the spreading of several classes
of polar-nonpolar organic liquids on water have

CHEMICAL PHYSICS shown that two of the most basic physical interactions
between two liquids-in.:rfacial surface tension and

klol•i.al Adhelio. In contrast to the iubsiantaul muiual sol : ility --can be measured with simple
progress which has been made in understanding and s,'rface-c6einical methods.
controlling adhesion in man-made systeis. kknowl- It has been proved the'-retically and experimentally

64 edge of th.- mechanisms governing adhesion in bio- that the interfacial tension between two liquids can
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be accurately calculated from the spreading pressure approximately 0.005 mm did they begin tu have a
of one upon the other. Especially important is the significant effect on the evaporation rate.
fact that the calculated values of interfacial tension These restu!s prove that, in the so-called Light
are as precise as the b,:st reported values obtained by Water mixtures used for extinguishing fuel fires,
direct measurement, if not more so. Moreover, it the fluorocarbon additives cause the aqueous sur-
is very difficult to make an accurate direct determina- factant solution to spread on the fuel or other volatile
tion of interfacial tension because every method organic liquid. These additives may improve the
used is extremely sensitive to traces of surface-active properties of the aqueous foams, but they will not by
impurities, present in either of the liquids or in both, themselves impede the rates of evaporation of the
that diffuse to and adsorb at the interface. Use of organic liquids. It can be concluded that the only
the spreading pressure method not only eliminates effective evaporation barrier present in Light Water
or minimizes this difficulty but also provides much foams is the thick layer of water trapped in the wall
greater speed of the measurement-a few seconds as of each foam bubble or left op the fuel surface as a
compared with hours. thi 'ý film.

This investigation also showed that interfacial
tension data can be used to estimate the solubility of ¶
water in an organic liquid. Since few reliable or con- I.OWMETEO

sistent literature values for interfacial tension and
water solubility are available and their direct measure- TERTO ,
ment is very difficult and time consuming, the results (TT
of this work will be of increasing interest, not only 00 00 ooo --
to investigators in physics and chemistry but to those _., UNIT

in biochemistry, physiology, and pharmacology.

Effect of Adsorbed Films on Evaporation of Volatile LQAS~IE I N

Liquids. A study has been made to determine the VAR VAPR

effect of adsorbed surface-active molecules on the

rate of evaporation of volatile organic liquids. The 4. DA 114

soluble, partially fluorinated additives investigated
were those which previous research had proved to Dual-cell thermal conductivity apparatus used at NRL for

be the most surface-active agents for organic liquids. measuring relative raes of evaporation of volatile liquids.

When these were adsorbed from solution, no change
in the rate of evaporation was observcd under a
variety of the most favorable experimental conditions
for adsorption of closely packed films. Monolayers Mechanism of Action of Dry-Film Lubricants. Thin
of insoluble surface-active compounds at the air- solid films of low shear strength are now widely
liquid interface also produced no detectable reduction used to lubricate sliding systems in which oils or
in the rate of evaporation of organic liquids. Even greases are inadequate. Results of an earlier pioneer-
insoluble, multimolecular films of the most surface- ing investigation at NRL suggested that, as a first
active silicones did not significantly reduce the rate approximation, the coefficient of friction for many
of evaporation until the film thickness was increased such dry films was equal to the ratio of the mean
to at least 0.04 millimeter, a very thick film compared yield pressure of the film material to th&t of the sub-
with the thickness of a monolayer, which is approxi- strate. It was pointed out, however, that one factor
mately 2.0 x 10 - mm. Hence, fluorocarbon surface- neglected in the derivation of this relationship was
active compounds by themselves would not be the effect of pressure on the shear strength of the
expected to decrease gasoline evaporation, film.

It has also been found that thin, mr-tastable films Recently, in a reanalysis of the problem, variation of
of water could be spread on the surface of most shear strength with pressure was incorporated into
volatile organic liquids if certain partially fluorinated the relationship as a significant factor. The new
surface-active additives %ere used as wetting agents. theory has made it possible to predict the coefficient
Only when these aqueous hims reached a thickness of of friction for any dry-film lubricant on any harder 65
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supporting surface. The equations derived also ex- identical for all of these diverse solid surfaces. Thus
press the pressure on the film in terms of the elastic it was concluded that, after exposure to a humid
or plastic properties of the supporting solid, atmosphere, the surface energy of any clean, smooth,

The measured coefficient of friction of such diverse high-energy hydrophilic surface depends on the con-
solid-film lubricants as gold, paraffin, and molybdenum centration of water adserbed on the surface and that
disulfide under a variety of conditions closely approxi- the chemical nature of ihe underlying substrate has
mated that predicted by the new quantitative relation, little other effect on wetting and spreading properties
Therefore, it is now possible to eliminate much of of any nonhydrogen-bonding liquid. A monolayer of
the old trial-and-error approach and to predict the adsorbed water thus exerts an important influence.
potential of any solid material for use as a dry-film
lubricant. Two prerequisites for any candidate Unless the solid surface is completely free of ad-material would be a low shear strength at atmospheric sorbed water molecules, spontaneous spreading of
pressure and a low rate of increase in theshear many organic liquids will be impeded, with con-withsur incrasgrateofreas icomitant decreased adhesion of the liquid to the solid.strength wThese results also support the frequently used as-

sumption that adsorbed water lowers the surface
energy and so assists in crack propagation.

Effect of Adsorbed Monolayers of Water on Solid Sur-
faces. Recent NRL investigations have elucidated
the influence of adsorbed water on the wetting and CENTRAL MATERIALS RESEARCH
spreading behavior of pure nonhydrophilic (non-
water-loving) liquids on solid surfaces. Thc inter- Bond Formation in Transition Metals. A new ap-
action between a liquid and a solid surface can be proach to the formation of bonds between atoms in
quantitatively expressed by a parameter called the transition metal compounds and allbys promises to
critical surface tension of wetting (,y,). A liquid increase our understanding of this important class
having a surface tension greator than y, will not wet of materials. This approach, developed by ani NRL
or spread on the solid, whereas one with a value scientist, involves the chemical concept of con-
below yy, will completely spread over the surface.When the interaction arises from dispersion forces centrating electron density into the areas between

atoms. However, each bonding orbital (composed ofonly (that is dipole-dipole polarization forces), YC atomic wave functions) concentrates thie electron
is expected to be the same for all such series of density into two different directions simultaneously,
homologous liquids. If, however, nondispersion forces instead of the usual single bonding lobe. This new
also are active, y, is increased by an amount pro- feature results in fairy unique descriptions of the
portional to the contribution of such nondispersion bonding and local orbitals and is necessary becauseforces. odn n oa riasadi eesr eas

each atom interacts strongly with more near neighbors
The wetting behavior of a number of nonhydro- than the number of available bonding orbitals of the

philic organic liquids on solid surfaces which were usual type. It is well known that the predominant
fully or partially coated with water molecules was coordination numbers (i.e., neai neighbors) observed
shown to follow the same fundamental laws. Here, in transition metal compounds are 12, 14. 15, and 16.
the nondispersion forces acted between the water The higher coordination numbers (14, 15, and
film and the contacting organic liquid molecules. 16) are often associated with the formation of the

A variety of high-energy hydrophilic solid surfaces brittle, and structurally complex, phases. In these
such aslasses. o mihnerals. metal. sormetaloxidsraes phases it has been shown that particular transitionsuch as glasses, minerals, metals, or metal oxides elmnspfrcrticodnaos.Tser-

were inv-stigated. The formation of only a fraction elencs pan n ertia uoodnin Tes of
of a monolayer of water adsorbed at a relative humid- teretoms pin n te periodic tadlesand in terms
ity (RH) of 0.6 percent converted each high-energy the atom's position in the periodic table and in terms
surface to one of very much lower energ. with a of the atomic d-orbital rqaracter used in the bidirec-
coincident reduction in y,; additional water adsorp- coordination number.

tion at 95-percent RH formed a more condensed
film and further lowered the y, value, Furthermore. The method has been applied recently to the Laves

66 the y,, values at each extreme of RH were nearly phases, which belong to a large, well-known class
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of intermetallic compounds of the composition AB,. Research directed toward the understanding and
One of the problems in the understanding of these control of the piezoelectric properties of PZT will
materials is that the A-atom has unusually short contribute to our ;und of basic knowledge concerning
interatomic distances with four of its near neighbors ceramic solids. It will also lead to more reliable
(also A-atoms) but normal dis+ances with twelve sonar transducers and other devices useful to the
B-atom neighbors. Treating the atoms; as hard spheres, Navy.
as is often done in discussing the packing of atoms in
alloys, produces a contradiction. It suggests that
the A-atom is in a state of severe compression with
respect to the A-near-neighbors but is not compressed COMBUSTION SUPPRESSION
with respect to its interaction with its B-atom neigh-
bors. This contradiction is resolved by the use of Fire Protection for Aircraft Carriers. The moderniza-
bidirectional orbitals, which points out that the tion of aircraft carrier fire-extinguishment systems is
orbitals forming the bonds between A-atoms have a imperative if future catastrophes, such as those
much larger atomic d-orbital character than those of aboard the Forrestal and the Enterprise. are to be
the A-B bond and accordingly should have a smairer averted. At NRL, efforts in solving this problem have
effective radius in that direction. been directed toward an extended use of Light Water

in all the fire-protection systems. Light Water is an
effek;tivc mixture of perfluorinated surfactants pro-
duced commercia.ly and developed by NRL chemists

Growth of PZT Crystals. The more general pi-.zo- for use in extinguishing fuel fires and halting flammable
electric properties of lead zirconate titanate (PZT) vapor emission from fuel surfaces.
as a ceramic material have been known and used Early in 1968 a new fire-protection concept for
effec'ively by the Navy for many years. A more carrier flight decks was explored in which the nuclear-
detailed urderstanding of this material is needed, fallo-it-washdown nozzles already built into the flight
however, including such factors as domain character- deck could be used as part of the fire-fighting system.
istics, interaction between domains, and domain Laboratory tests indicated that the Light Water solo-
wall motion, because it is these factors that govern a tions introduc:ed directly into the sea water systems
majority of the properties important to the use of supplying these nozzles would immediately extinguish
ceramics in sonar systems. No adequate investiga- jet fuel fires burning on the deck. It was also founu
tion has been made of these factors because single that Light Water solutions applied from existing
crystals of PZT of good quality large enough for overhead water sprinklers used on carrier hangar
such studies have not been available. decks should be equally effective in extinguishing

NRL has developed a technique for growing spilled jet-fuel fires. (Ordinary water sp1ayed from
crystals of sufficient size to be useful in the detailed these sprinklers would merely spread the fire across
study of domain and piezoelectric properties. The the deck.)
crystals are prepared by flux growth from a solution Recently, at the Jacksonville Naval Air Station,
of PZT in lead borate at an elevated temperature. NRI, engineers conducted full-scale "proof" tests
Pure powdered mixtures of lead oxide, zirconium on large fires equivalent to that aboard the Forre.staI.
oxide, titanium oxide, and boron oxide are placed Under these mock-up conditions. light Water, when
in tightly covered platinum crucibles and heated to used in the shipboard high-capacity fog-foam sstem,
1200'C !o form a solution of PZT in the borate melt. was up to seven tines more efficient than the old
The crucibles are cooled in :t carefully controlled protein-type extinguishing agents. When used in the
and programmed oven at a very slow rate over a washdown system at impingement densides of 0.03
temperature interval of severil hundred degrees. gallons per minute per square foot, it extinguished
The crystals nucleate and grow from the melt during a mocked up flight deck fire in two minutes, even in
the slow cooling process. The oven is then cooled a 30-knot wind.
to room temperature. the crucibles are opened. and As the result of an earlier NRI. study. a change-
the borate flux in which the PZT crystals are imbed- over to the use of Light Water at naval air stations
ded is leached out by solvents. Crystals 5 x 5 x 3 was made in 1968. Engineering studies are now und-er
millimeters in size have been produced from flux way at NRI. to provide the design datat necessary
melts of PZT and are now being evaluated, for equipping all aircraft carriers with l~ight Water. 67
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An Overview: by Wayne C. Hall, Associate Director (f Research for General Sciences

During , 4e year, a new laboratory building was Another increasing effort concerns the application
occupied by the Space Science Division and the of nuclear technology to problems in non-nuclear
E. 0. Hulburt Center for Space Research, providing areas. Extensive, well-instrumented, modern facilities
offices and laboratories for 140 scientists, engineers, now include a 75-million-electron-volt (Mev) cyclo-
technician, -0 thc administrative stff. The Hulburt tron, a 5-million-volt Van de Graaff accelerator, a
Center, an inmeparable part of the Space Science 60-Mev lin'ar electron accelerator, and a I-megawatt
Division, is an organizational concept which is nuclear reactor,
jointly sponsored by the National Science Founda. In the past 12 months, the major applications of
lion, the National Aeronautics and Space Adminis- activation analyses techniques were for forensic
tratior (NASA), and the Office of Naval Research, purposes and for the determination of trace amounts
Its purpose is to bring university scientists to NRL of sodium and potassium in a solid-propellant matrix
for one- or two-year appointments so that they may and of the existence of fractional atomic layers of
conduct rocket and astronomy projects by means of impurities on highly pure, carefully polished surfaces.
the Laboratory's unique facilities and the military Nuclear accelerators were used to study transient
rocket ranges. At the same time. the Hulburt Center radiation effects in electronic components and to
provides some of the character and stimulus of a implant selected ions in materials ,for experimental
graduate research center to the NRL program. purposes. Further applications are expected.

Many programs within the Space Science Division At the end of 1967, a new research division, the
relate directly to military problems in infrared, Mathematics and Information Sciences Division,
night-vision systems, radiac devices, radio com- was formed. It includes !he Research Computation
munications, navigation systems, and microwave Center, which provides operation and maintenance
radiometry. The major effort of the division (and of general-purpose computers for the benefit of all
the Hulburt Center), however, is in satellite, rocket, divisions of the Laboratory and maintains a group
and radio astronomy. Consequently, in the new build- of expert consultants on data collection and pro-
ing are specialized laboratories housing some of the cessing. This group also performs a nvmber of other
most unique research instruments for advanced rocket functions which have as their end goal the utilization
and satellite experiments, of the computer sciences in the performance of

Since the establishment of NASA, the Space Laboratory programs.
Science Division has been a major participant in A second part of the new division consists of the
the NASA astronomy and geophysics programs. NRL former Mathematical Analysis Branch. Research
has conducted observations from OSO-2 and -4 in this area, which has been in Drogress for many
and OGO-l, -2, -3, -4, and -5, as well as many NASA- years, concerns function theory; functional, integral,
sponsored rockets. Further efforts are being supported and differential equations; variational calculus; in-
in connection with OSO-F. -G, and -H; OGO-F; tegral transforms; Eigen-value theory; and other
and the Apollo Telescope Mount project. branches of mathematics. In addition, this part of

NRL early became involved in the use of radio the division provides research support in areas of

telescopes. More recent lv, in radio astronomical applied mathematics, with emphasis on the fields of

work, the Laboratory has led the way in polarization probability and sta1istics, communication and

measurements which identify synchrotron sources control, and optimization and data analysis. It also

and reveal the scale of magnetic fields within radio engages in numerical analysis as required.

galaxies. ',ergalactic space, and the local galaxy. A third part of the division was developed during
Now the evoi-ing research pattern in astrophysics 1968 to work in the areas of the inforrnation sciences,
includes very long base line interferometrv and molec- including primarily logic, formal linguistics, ittlrma-
ular line spectroscopy carried out by means of radio tion-theory systems analysis, computer-aided design,
telescopes. Activities of the latter kind are performed signal processing, and informatiom retrieval. In the
cooperatively, e.g., with the National Radio Astron- course of the year the branch began work on specific
omy Observatory and leading university groups. problems dealing with multisensor correlation; the
Considering this breadth of program, history, and development of certain components of digitd hard-
degree of collaboration with other institutions, the ware; the development of software. involving. finr
Laboratory expects much to come from the recently example, actuarial models for research personnel

68 dedicated Space Science Building. and models for data banks within the Research
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Department; and, finally, small programs in logistics high-power lasers through studies of beam trapping,
and command and control systems. thermal blooming, ultraviolet lasers, Raman oscil-

The research effort in the area of logistics has been lators, antd high-power glass laser systems. Another
Thaeresearch efforn the na areab of logisticsn hmbeer program involves the generation of highly intensehampered by the unavailability otf a sufficient number x-radiation.

of qualifed personnel, but it is now beginning to A considerable and very productive effort is devoted
move in the direction of specific problems in reliability to nuclear weapons efferts, diagnostics, and the
of systems. This effort is expected to increase as preparation of computer codes which can be used
qualified manpower is obtained. Research in com- prepart of computer ces whihcn beu
mand and control systems is expected to increase to gies he beedrivedof or teageNer
also. Currently, a small effort is under way directed of plasma and electron streams and for diagnosing

toward the development of new systems with present and predicting their complex properties. With the
hardware aid the development of a system of the backing of the cognizant sponsors within the De-
future which can be incorporated into the Navy partment of Defense, long-range programs have
Management System as technology improves, been established 'i all of th-!se areas. They involve

In other defense research, a number of highly the collaboration of several large vniversity research
significant programs have been established or groups, each of which has entered into agreements
further enhanced. They include the development of for mutually cooperative endeavors.

SPACE SCIENCES

Extreme Ultraviolet Spectrobel&-6ram amd Heliograum. none from the He 11 line emission. This confirms
Progress has continued in the refinen~ent of the the suggestion of Sott Smith, a former consultant
spatial resolution in extreme ultraviolet (XUV) for the E. 0. Hulburt Center for Space Research.
spectral images of the solar disk. The first ciear Emission from centers of activity was present in all
ultraviolet picture of the sun, made by NRL in 1959 lines. although the shapes and intensities of the re-
from above the terrestrial atmosphere, showed gions were not alike. In the coronal lines Fe XV and
details subtending as little as 30 seconds of arc. In XVI, for example, emission above the limb was con-
contrast, the latest NRL spectroheliograms, taken spicuous, whereas over the disk it was very faint
from a rocket launched at the White Sands Missile but detectable. In the chromospheric lines He II
Range, New Mexico, on September 22, 1968, re- (303.78A), He I (584.3A), 0 IV (554A), and 0 V
vealed features as small as 10 seconds of arc. "hc (629.7A) emission over the dick was intense, and a
images were recorded in two wavelength ranges, coarse network was present. Many intense promi-
170-170 angstroms (A) and 550-630A, with an ob- nences were recorded in He II (304A) and He I
jective spectrograph equipped with a single concave (584A), but not in any other lines. In the other lines,
grating in a Wadsworth configuration. An aluminum the prominences appeared to be similar to absorption
film filter (about 1,000A thick) was placed immedi- features in that they destroyed the continuity of the
ately in front of the film cartridge to block the intense, bright limb emission rings, which are characteristic
scattered, long-wavelength radiation. The perfor- of the high chromospheric lines, such as those of
mance of the instrument is demonstrated by the clean- Mg IX. Dark filaments were present over the disk
liness of the spectroheliograms. in all chromospheric lines. The intense coronal

The solar-disk image in any one wavelength span- emission from McMath Plage No. 687, located on the
ned an interval in the spectrum equivalent to a range of limb at 12°N (about 10 o'clock on the He 1i image
27A: the spectral resolution of 0.15,A was so good of the September 22 spectroheliogram), extended to
that the features formed by Si XI (303.4A) and He II an apparent height of 70,000 kilometers. In Fe XV
(10" 78A) radiation could be distinguished one and XVI. it was diffuse; in Mg IX. it appeared as
from the other. This resolution made i* possible to a group of six or seven curved rays: and in Si XI.
determine that the coronal emission above the limb therr was just a suggestion of structure. Projecting
of the He I1 image (near 10 o'clock in the September from the center of this Si Xi (303.4A) coronal
22 spectroheliogram) originated from Si XI. with feature was a long, thin, strongly curved plume that 69
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Extreme ultraviolet spectroheliogram
obtained on September 22, 1968,
showing solar features in three relative-
ly intense Lmission :,nes. The sun is
photographed with the images ob-
tained by longer wavelength ultraviolet
displaced toward the right. The intense
image formed by He il light is near
the center, and the less intense Fe
XV and Fe XVI are to the left and
right, respectively. Images in other
wavelengths are discernible, as dik-
cussed in the text.
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Heliograms and pin-hole-camera photographs of the sun obtained on Sep-
tember 22. 1968. demonstrating the equatorial bulge formed by the extreme-
ultraviolet corona.

extended to 300.000 km. This is [-lieved to be a He II Also carried on the September 22 rocket was a
(303.78A) prominence of some kind. because it was simple camera theliograph) that photogiphed the
not found in any other line. However, it has not yet solar disk, with the XUV radiation transmitted by
been identified in available H-alpha images covering at, aluminum fihn filter (170A-6OWA), and three
this period, pinhole cameras employing several metal film filter

Positions of the intense coronal emi:isions shcwn combinations to isolate different spectral regions
in the September 22 spectroheliogram correlate well in the XUV. Exposures made by means of these
with the streames depicted in the white-light corona- instruments showed an apparent equatorial bulge.
grams reproduced in "Solar Cor'ona." an accom- A similar feature had been observed on previous

70 panying article. flights, but the interpretation of the data has been
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in question because "jitter" in the solar-pointing The Solrad monitoring was performed cooperatively
control, precession cone of the rocket, and optical by 1 he Space Sciences and Applications Research
aberrations in the cameras may have contributed to Div,%ions.
the "bulge." On this flight, however, jitter and pre-
cession cone angle were very small. The three pinhole- Solar X-Ray Spectral Studke. X-ray spectra of a
camera exposures also confirm the results of the XU V considerable number of flares have been obtained
heliograph experiment in that the cameras have no from OSO-IV in the wavelength ranges of 0.5-4.0
aberrations other then those caused by diffraction, angstroms (A) and 1.0-8.SA. An example of the emis-
which are symmetrical about the camera axes. sion spectrum of a class 3b flare is shown in the

figures. The graphs consist of uncorrected data giving
Solar Monitoring. The monitoring of solar-activity sensor counts pet 0.88 second as a function of the
events by means of their x-ray emission was carried step position of a Bragg crystal spectrometer. Several
out successfully by a variety of instruments during features in the spectrum are instrumental in origin.
1968, most notably by ion-chamber assemblies aboard The rise in count rate at very short wavelengths
OGO-lV, OSO-IV, and Solrad-IX and by a pro- is due to increased crystal reflectivity near graz-
portional-counter spectrometer aboard OGO-V. ing incidence, and the changes in continuum level
Full-orbit (sunlit-portion) data from Solrad IX that occur at 4.OA, 6.7A, and 8.OA are the result
have been most vauable in that they have permitted of K x-ray edges in the sensor gas and in system
the compilation of time histories of 0.5-3 angstrom filters and windows. However, the appearance of
(A), 1-8A, and 8-20A x-rays within 24 hours of these effects confirms that the continuum recorded
the times the emissions were recorded aboard the by the instrument is truly a solar x-ray continuum.
satellite. The x-ray data obtained by Solrad were The flare spectrum at short wavelengths is char-
used to evaluate the likelihood of solar-flare hazard acterized by the dominance of c,)ntinuuni erission
conditions during the flight of Apollo VIII. over line emission, by line emission arising from
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Uncorrected data derived from the [F spectrometer for the class 3b flare on November 16. 1968 (2125 UT). The vertical
scale represe.,11s counts per 1.28 seconds. The horizontal scale indicates spectrometer positions in steps of six arc minutes.
The line identifications and wav-elengths should be considered approximate, since 9 is changing both because of the
spectrometer drive anu the motion in the view direction.

many ionization states of Mg, r.l. Si, S, Ca, and Fe, These flights were the first ones in the short history
and by inner-shell transition lines arising from the of rocket observations and in the long history of
production of K-shell vacancies in ions still holding eclipse "hasing'" during which th'e same solar
one or more L-shell electrons. Flare-plasrma spectra streai•ers were photographed twice. All previous
are found to vary greatly from flae to flare. photographs nave been single snapshots taken during

aircraft or rocket flights that provided no oppor-

The Soa Coar . Obseratk.,n of the sun's white- turities for later observations. Although during the
light corona with rocket-15ore corionagraphs is con- two-day interval between flighti, the sun ro.ited

tinuing under a program supported by NASA. In a merz 25 degrees. unexpected and purtlin; changes
1968. the coronagrap flights had a more specific in the appearance of the streamers were rvealed.
purpose than surveying the corona at six-month inter- Study of the photographs is still un•er way. In con-
vals. as had been dore previously. Two observations tinuing studies. NRI. scientists hope to unravel the
in quick succession. on Ahril 27 wrd 29. were made to behavior of coronal streamers more completely from

72 record short-term changes in the outer corona. the NASA-supported Orbiting Solar Observatory.
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Photographs of the sun's outer corona (from 3 to 9 solar radii) taken from rockets launched on April 27 (left) and 29 (right),
1968. The sun is artificially eclipsed by a circular disk. The small black disk is the moon silhouetted against the coroaa. The

eclipsed area in each photograph contains a sketch of the sun and its known active regions. The rzdial lines are where streamers
would have been observed if each region had ejected a narrow beam of electrons straignt outward.

H (OSO-HI), which will carry aloft the NRL corona- possible with a total ecipse in the USSR. The
graph to record the contortions of the streamers in photograph obtai,:d recorded the corona and stream-
a nearly continuous moving-picture fashion. ers from three to nine solar radii from the sun, while

The flight of a coronagraph-equipped rocket on the eclipse photographs from the USSR recorded the
September 22 was timed to coincide as closely as corona from the sun's edge to a distance of three

solar radii. The rocket flight, therefore, served its

intended function of recording the corona outward into
a region not accessible to eclipse observers.

A rocket photograph of the sun's outer corona (from 3 to 9
solar radiil taken at 1530 UITT. September 22. 1968. Into
the occuited center has been introduced, to the proper scale
and orientation. & USSR eclipse photograph taken at 1119
ULT on the same day. Streamers which fade away into the
Russian sky are seen to continue out*ard i large distance
from the sun in the rocket photograph. (The photo was
taken by M. N. inevyshev of the Pulkovo Observatory,
USSR, using a camera obtained from 0. 14. Menzel. Harvard
(Otmervalory. Picture courtesy of the Douglas Advanced

Research tat-,ratones of the Mctlonnell-Douglas Corp.)
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Advances In Extreme,-Ultraviolet Photographic Tech. hydrogen Lyman-,a at I .026A and as helium at either
niques. One of the vexing problems of photography 304A or 584A. The levels of these radiations appear
frovi Earth-orbiting spacecraft is the fogging of the sufficient to maintain the observed electron densities
film. mainly by high-energy particl"s concentrated of the nighttime E and lower F, regions.
in the several particle belts. An evaluation of this The OGO-IV spacecraft carries an NRL experi-
effect has been accomplished by exposing photo- ment in which sets of far-ultraviolet sensors are
graphic film strips to protons of an energy (20 million directed toward the center of the Earth. P.rt of the
electron volts) comparable to that encountered in results of this study were reported in the 1967 Annual
space. This was done in one of the first experiments Report. Among the new discoveries was the observa-
performed %kith NRL's new 75-million-electron-volt tion of far-ultraviolet airglow in the equatorial zone.
sector-iocusing cyclotron. The occurrence frequency of these glows, measured

! was found that Kodak short-wavelength-radiation during the period August 1967 to February 1968,
film is the least sensitive of the nine types of film was most pronounced in October. The emissions are
strips tested and is the only extreme ultraviolet seen to be quite symmetrically located, completely
(XUV) sensitive film which can be used, for example, encircling the Earth, at 12-15 degrees on either
in NASA's Apollo Telescope Mount (ATM) 56-day side of the magnetic dip equator. They are believed
mission, which has a circular orbital altitude of 220 to be an ultraviolet counterpart of the intertropical

nautical miles and an inclination of 30 degrees. A red arcs. Recent comrparisor.s of these data and data
proton fog density of 0.2 can be tolerated before obtained by Barth from a scanning spectrometer that
XUV spectral images (emission lin:ýs and continuum) was also carried by OGO-IV show that the far-
are materially affected. ultraviolet emissions are representeC largely by

A technique was developed by NRL and Sigmatron, oxygen lines at 1,304A and i,356A.
Inc., of California for the production of hitherto The "dark aurora," observed in Lyman-a and
unobtainable very large (250- by 35-millimeter) reported on last year, is now believed to be of in-
aluminum film filters for isolating the 170 to 600 strumental origin. The effect on sensor output was
angstrom (A) region of the XUV spectrum. The produced by transient charging of the sensor windows
single-layer films are supported on 70/inch wire mesh by electron streams which impact the auroral zone,
and are quite free of harmful pinholes. At a thickness presumably the same electron streams that produiced
of approximately II0WA, the films are just opaque the aurora underneath the spacecraft.
to the filament of a high-power tungsten lamp. The
really remarkable achievement of the technique,
however, is that it permits the production of filters Far-Infrared Astronomy. Early in 1969, NRI, flew
that are sturdy enough to withstand an acoustical its first long-wavelength (more than 10 microns
environment of 146 decibels-a sound level well ($L)) infrared-astronomy rocket to study diffuse and
above that tolerable by man. point-source radiation from the celestial sphere.

The rocket instrument system (described in the
1967 Annual Report) included a Cassegrain-mirror

Far-Ultraviolet Airglow Studies. One of the scientific telescope cooled to liquid-helium temperature and
mysteries of ionosphenc physics has been the pres- a set of lour solid-!;tate far-infrared sensors cover-
ence or a low level of ionization in the E and F- ing the spectral bands 10- 30p, 10 -120 ;. 10-1,05011,
regions throughout the night. The normal E and V, and 300- 1.30 0 ,u. Good 'ata were obtained from a
regions are produced by absorption of ionizing radia- Ge:Cu sensor covering the 10-30 g band. Several
tions from the sun. After sunset, these regions should point sources of unexpectedly high intensity were
rapidly disappeaw by ien-electron recombination. seen. If these point sources are !ruly of celestial
During the night, low levels of ionizing radiations are origin, they are believed most likely to he normal
present in starlight, but they are too low to maintain galaxies, and the fluxes observed mean that many
the observed lower-ionospheric electron densities. such galaxies radiate much more energy in the far

In August 1967, a sti-dy was carried out with infrared (thermal rgion) than they do in the rest
photometers capable of measuring radiations of of the spectrum.
wavelengths less than [J100 angstroms (A). Analysis The first data on diffuse, background far-infrared
of the data has revealed the presen.ce in the night radi'ttion were obtained from an NRI. 300-1,300))

74 sky of diffuse far-ultraviolet radiation identified as sensor flowi in a Cornell University rocket. Thcs
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data indicate a flux level substantially higher than that resonance lines. Some 250-thousand-electron-volt
expected on the basis of measured microwave-emis- radiation was also observed, indicating no very great
sion backgrounds, which are consistent with a 3°K interstellar gas absorption between Earth and SCO
black-body radiation temperature of space. Both XR-l.
the point-source and diffuse-background results A slow scan of the Cen A radio source was made in
have major cosmological implications, but these 1968. An elevated count rate was observed through-
must be considered somewhat uncertain until they out the period of scan during which the Cen A radio
can be properly rechecked. emission lobes and optical center were in the field

of view. The main port -+f the radio lobes and the
optical center occupy 4 detrees of angle in the scan

X-Ray Astronomy Prigram. During the past year, direction-an interval that was covered during 40
the advantages of the switch from large-area Geiger seconds of a 200-second scan. The count accumula-
counters to proportional counters and the successful tion during the 40 seconds of Cen A scan exceeded by
use of inertially referenced attitude-control systems 3a- that of the average 40-second count for the full
in NRL's x-"ay astronomy program have become ap- 200 st-conds of scan.
parent. ThZ: main achievement of the program in 1968
was an extension of x-ray astronomy to longer wave-
lengths. By means of counters having i/8.-mil Mylar Navigation with the Radio Sun. The sun is an attrac-
windows, it was possible to carry out measurements tive source for navigation at both optical and radio
in the 44-60 angstrom (A) band. A source in Vul- wavelengths because of its great intensity. Navigation
pecula that did not show up in the I-10A band of at radio wavelengths has the additional important
conventional rocket x-ray astronomy was observed advantage over that at optical wavelengtns of all-
in the higher band. In addition, a diffuse soft flux was weather capability. As an example of the useful
ubserved at high galactic latitudes, and a flux was intensity of the sun, a 3-foot-diameter parabolic
recorded at lower galactic latitudes. The high-gdlactic- antenna at 2-centimeters wavelength used with very
latitu'de flux is too intense to explain t'y extrapolation simple receivers will give signal-to-noise ratios of
cf the flux observed between I-I OA (power law energy several hundred. Even with the poor angular resolu-
index = ( 4) and thus is belivved to constitute a new tion of this small antenna of about 1-1/2 degrees
component of intergalactic radiation. The high- compared with the size of the solar disk of abo-it
latitude soft x-ray flux is believed to arise from hot 1/2 degree. it is possible to determine the position
intergalactic material in the 3 x 10( to 8 ×x I0t 0K of the apparent center of the sun to an accuracy of
temperature range and at a rms density of - 10 ý' several seconds of arc. However, the apparent center
atoms cm 1. The low-galactic-latitude soft back- as measured with low-angular-resolution equipment
ground, on the other hand, is believed to represent may not coincide with the geometrical center of the
unresolved radiation from many soft x-ray point sun due to solar activity superimposed upon the uni-
sources similar to the Vulpecula source. From the formly bright disk of the quiet sun. This activity will
point of view of cosmology, the hot-intergalactic- distort the brightness distribution, causing the
medium explanation of the high-galactic-latitude displacement of the brightness centroid from the
data is of considerable interest in that the medium's geometrical center of the disk by sizable amounts.
presumed density would account for about enough resulting ia significant navigational enrors. To assess
material to eventually stop the expansion of the the magnitude and frequency of these errors and their
universe by the action k,i gravity, effect upon navigational systems, a high-angular-

At shorter wavelengths, gooed-quality pulse-anipli- resolution study of the sun has been undertaken by
tude spectra were obtained foi S() XR-I. (yg means of the NRI. 85-foot radio telescope.
XR-I. and ('yg XR-2. (yg XR-I wa,, again shown The timne of occurrence of individual activity is
to have a spectitin strikingly different in shape umpredictable, though the average solar activity varies
front the hot-gas spectra ol'S() XR- I and (yg XR-2. cyclically with ai period of II years. The major
the S') XR-I spetrum was shown lt ha•,e 'he be. activity at centimeter wavelengths may he classed
havior of ia 65 ',\ l0'-degrce plasma containing less as either spots or bursts. Spots have typical life-
than 5 percent iron. Ihe low percentage of iron was times of I to 1(l days and usually constitute less than
determined on the bas,. of the lack of strong eni,- 2 percent of the quiet suin flux. Bur%ts are of brief
sions at the wavelength of the Ie XXV and Fe XXVI duration, with lifetimes ranging from it few minutes 75
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to several hours, but they may be 10 or even 100 Measurements of this kind provide information on
times more intense than spots. the frequency of occurrence and magnitude of navi-

The figure presents some results of the investiga- gational errors due to solar activity. In addition,
tion of the brightness distribution over the sun at they provide a means of correcting the errors and of
2-centimeters wavelength being conducted by evaluating different sources of error which otherwise
means of the NRL 85-foot telescope. The beam- could be masked in a navigational system under test.
width of the 85-foot antenna at this wavelength is
only 3.3 minutes of arc, allowing the brightness dis-
tribution to be measured in detail. The average posi- Radio Variability of Quasars. About seven years
tion mnasured by a smaller antenna with much poorer ago, through the cooperative efforts of radio and
angular resolutiok, can be computed from these data. optical astronom- s, it was discovered that certain
The measurements were taken by scanning the sun celestial objects previously regarded as faint bluish
at intervals of 3 minutes of arc, forming a raster stars are, in fact, not stars but massive, very distant
covering the entire solar disk. Nine active sun spots objects which radiate huge amounts of energy in the
were present on this day, with a flux greater than the radio and optical regions. Their radio energy is be-
sensitivity limit of the observations of a 1,000th of the lieved to be generated by the synchrotron radiation
quiet solar flux. The most intense spot, on the north- process, in which highly energetic electrons emit
west limb of the sun, had a flux of 2.2 percent of the radiation while spiraling around the lines of force
quiet sun and was the major contributor to shifting in a magnetic field.
the brightnes' centroid from the geometrical center. Understanding these quasi-stellar sources and their
The brightness centroid was displaced by 14 arc energy-generation and radiation processes is of first
seconds at a position angle of ' 10 degrees. The mini- importance in astrophysics and of great potential
mum displacement observed to date is 4 arc seconds, practical importance.
with the average being about 9 arc seconds. By Recently, astronomers made the surprising ob-
reference to these observations, the centroid posi- Recentlargers in the intensity ond
tion can be determined to an accuracy of less than p servation of large variations in the intensity and3 arc seconds, which is less than a 600th of the si~e polarization of the radiation from these o~bjects in
of the solar disk. time periods of less ti-an a year. These variationshave provided a new means of investigating the

physical propecties of the sources. Through such
studies, for example, it has been found that certain
peculiar galaxies, so-called Seyfert galaxies, share
some of the properties of quasars, including temporal
variability of radiation characteristics.

Accurate measurements of the quasars 3C 273,
3C 279, and 3C 454.3 and of the Seyfert galaxy

- '--- , X 3C 84 made at NRL over a period of two years
at wavelengths of 9.5 millimeters and 1.5 centimeters
showed large intensity variations; in some cases
several peaks were recorded, as shown in the figure.The variations observed are generally consistent with

S\-the interpretation of the variable radiation which
. \/ ... -results from expanding clouds of radiating relativi, tic

S•' " particles. The relativistic particles might Le iiiec*.-I
-.. - _ ,•- • • '**-- -, --- iinto the source region by explosions similar to thnse

., .. , -,, -that create supernova, but on a much larger scale.
It would be expected that the -,tdiation from the cloud
would increase with time Will the expanding cloud

A typical observation of the brightness distribution over the
sua Pt 14.50 billion cyjles per second made on October 10, becomes optically thin and that the radiation then

M96i. The raster scans are shown. but they have been dis- would begin to decrease. The observation of repeated
placed anu skcwed for clarity. The beam of the 85-foot peaks of intensity can be explained qualitatively by

76 telescope is represented by the circle in the upper left corner, such a process.
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Intensity variations of the quasars 3C 273, 3C 279, and 3C 454.3 and of the Seyfert galaxy

3C 84 over a two-year interval at two wavelengths. 9.5 mm and 1.55 cm.

Measurements of linear polarization made at 1.5.cm 1967 at 2-cm wavelength of seven intensity-variable
wavelength over the second year of the intensity sources show that the degree of polarization of the

investigations show little evidence for variation of quasar 3C 279 doubled during this interval, whereas

the polarization of these sources, ex-ept for 3C 454.3. the degree of polarization of 3C 120 decreased. Simul-

The degree of linear polarization of 3C 454.3 in- taneously. the total intensity of both sources in-

creased from less than one percent to more than two creased, suggesting that in one case the radiation of
percent during that year. Over that period, the total the variable component was polarized, while in the

intensity decreased, suggesting that the radiation otrer case it was not.
of the variable component is unpolarized or that its The varying source components must have very
polarization increased greatly as its intensity de- small angular diameters (of the order of 10-4 arc
creased. Separate measuremerr, made in 1965 and seconds) and be at very great distances from Earth 77
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for variations with periods of less than a year to integrated source radiation and source properties.
occur. Investigations of the components by long An analysis of 239 extragalactic sources for correla-
base line interferometry at the short wavelength of tions between degree of polarization at 2 I-cm wave-
2.8 cm were begun in December 1968 by the NRL length and intrinsic source properties showed that
Maryland Point Observatory and an observatory in the polarization characteristics are similar for sources
Germany. If the data analysis is successful, this having a wide range of other properties. The degree
experiment will give a resolution of 3 x 10-4 arc of polarization ranges from 0 to about 10 percent,
seconds. with the degree ranging between 0 and 2 percent for

Polarization Properties of Counk Radio Sources. In 0.5
1956, radio astronomers at NRL discovered that ------ UNIDENTIFIED
some of the radiation from supernova remnants is - GALAXIES
partly linearly polarized at -hort radio wavelengths, --.- ---- OUASARS
and in 1961 they showed that the radiation from extra- 0.4 -
galactic radio sources is also linearly polarized. These B
findings were a basic part of the evidence that the N

_j

radiation is generated by the synchrotron process -
that is, the radiation is generated by relativistic elec- " -

0
trons moving in helical orbits in magnetic fields. The
polarization of the radiation from cosmic radio sources "-
is an important source of information about the dis- M .......
tribution of magnetic fields and relativistic particles o 0.2-

Li.in the source region and, consequently, about the o
structure and physical characteristics of these discrete a:
regions in the universe. In addition, knowledge of the
polarization and other radiation properties of cosmic z 0.
radio sources has practical importarce because of
the potentialities of the sources as radio reference
points for navigation systems and for the calibration
of radio and radar systems. 00 2.4.6

Since 1961, large programs of polarization studies 6. 10 >10
DEGREE OF LINEAR POLARIZATION (PERCENT)

have been pursued at NRL and other radio astronomy

observatories. As a consequence, the polarization Linear polarization of extragalactic radio sources
properties of about 275 sources have been measured at 2 1-cm wavelength. The distributions of reiative
at various wavelengths. The results show that the numbers of sources with degree of polarization

radiation from the majority of cosmic radio sources are similar f'e quasars. radio galaxies, and unk en!-

is partly linearly polarized at wavelengths shorter ihed sources.
than about 30 centimeters. The degree of polariza-
tion varies from source to source but generally de-
creases toward longer wavelengths. At NRL, the about 40 percent of the sources considered as a whole:
polarization characteristics have been determined the same is true of quasars, radio galaxies. and un-
for 135 sources at 25-cm wavelength. 156 sources identified sources considered individually. There is
at 21 cm. 99 sources at 6 cm, 50 sources at 2.9 cm, no apparent correlation between 21-cm polarization
29 sources at 2 cm, and 3 sources at 9.5 mm. In and brightness temperature, radio luminosity, distance
general, the polarization characteristics of radio to the source, linear dimensions, magnetic-field
galaxies. quasi-stelhir sources, supernova remnants, strength, or spectral characteristics of the visib!e
and unidentified sources are about the same, showing, light of the source.
in this respect at least, a similanty of the radiating The frequency distribution of the degree of polariza-
properties of these different types of cosmic radio tion of the 21 -cm-wavelength radiation from radio
sources. No outstanding correlations have been found galaxies, quasars, and unidvntified sources is illus-

78 between the polarization characteristics of the trated in the figure.
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Magnetic Fields and Particles in Our Galaxy. The This depolarization is explained by differential
radio radiation from extragalactic sources is modified Faraday rotation across the angular extent of the
in propagation through the magnetoionic medium source. The differential Faraday rotation is caused
which fills the space between the stars in our galaxy by a variation in the product of the line-of-sight
and possibly extends outside the plane of the spiral component of galactic magnetic-field and interstellar
arms to form a galactic corona. In particular, the electron density with a scale of less than 1/2 parsec
Faraday rotation of the plane of polarization of the if the amplitude of this product is greater than 10-7

radiation caused by the magnetic fields and free gauss cm- 3. If the average electron density in the
electrons along the path of propagation through the galactic medium is of the order of 10-2 cm- 3, as was
galaxy results in (I) rotations of the plane of polariza- determi.-ed from recent pulsar observations, this
tion as observed from Earth and (2) depolarization of product requires a magnetic field of 10-5 gauss. This
the radiation where the Faraday rotation differs across hgtpre is in guod agreement with values for the galactic
the diameter of the source. These effects providz an magnetic field of the order of 2 X l0-5 gauss, which

were dete.-mined recently from measurements of the
Zeeman splitting oi the 21-cm line of galactic neutral
hydrogen. Thus, the magnetic-field and electron-
density requirements for the small-scale structure
of the galactic magnetoionic medium derived from
our observations of galactic depolarization are con-
sistent with the most recently determined values for
these quantities.

The 2 1-cm depolarization is appreciable for sources
K whose directions are within 120 degrees of the

galactic plane in latitude. These results indicate that
-" -. the magnetoionic medium responsible for the depolar-

ization is not confined to the disk of the galaxy but
extends into a galactic halo. The observalions are
consistent with a simple model in which the depolar-
ization is proportional to the path length traveled by
the radiation through an oblate-spheroidal region of
the galactic halo having an axial ratio of between
2 and 3, as shown in the figure.

These investigations of the galaxy have given
lde;died cross section of our galaxy, showing the disk, important new information on the fine structure of
the roughly sphencal star halo, and the rough outline Wdashed the magnetoionic medium and its probable extension
cure) of the electron-nmagneti:-field halo indicated by this into a galactic halo. Polarization measurements at

different wavelengths are being combined to show the
overall Faraday rotation through different parts of
the galaxy and the large-scale distribution of the

important new means for investigating the little- galactic magnetic field.
known galactic medium: this is the case particularly
when the radiation sources are outside the galaxy,
as are radio galaxies and quasars, because then the Effect o( Mas on Frequency. Two known phenomena
effects facilitate study of the magnetic fields and can change the frequency of electromagnetic radia-

electron distributions along the total paths of the tion: the doppler effect and the gravitational red shift.
radiation through the galaxy. Because in cosmology and astronomy so much im-

We have found from an analysis of the polarization portance is attached to deviations of the frequencies
properties of 239 extragalactic sources (observed at of lines from stars. galaxies. and quasars. NR[.
21 -centimeter wavelength) relative to the path length radio astronomers devised and performed experi-
of their radiation through the galaxy that the radiation ments aimed at disclosing further influences on the
of even very smnall-angular-diameter extragalactic frequency of radiation. The experiments desc-ihed
sources is depolarized in traveling through our galaxy, were designed to determine whether a large mass 79
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Plot of points representing the experimentally determined Plot of points representing the experimentally
residual frequency (measured minus calculated) of the determined difference in frequency between two
21 -centimetcr line during the days before and after the closest cesium beam clocks as a function of distance
approach of Taurus A to the sun, adding two years' measure- between the two clocks. The four dots represent
ments. The solid line is a I/a dependence, where a is the dis- the results of an experiment started at Cape Fear,
lance from the center of the sun to the line of sight at closest North Carolina, on May 2, 1968, and ended at
approach. The probability that random fluctuations gave the Yarmouth, Nova Scotia, on June 10, 1968 (a
red shift shown on the two days near closest approach is northeastward path). The trianglk represents the
only I percent. After and before the days plotted here, the result on a northwestward path between Cape
residuals were near the zero line. The error bars represent Fear and Washington, D.C. The square indicates
the actual spread of one day's measurement. the result on a southward path from Cape Fear

to Jacksonville, Florida. The error bars were
determined from the actual scatter in the time

affects the frequency of electromagneilc radiation. intervals between the two clocks.
In two of the experiments an apparent decrease in
frequency was observed when the optical path was
in the vicinity of a large mass, and in one of the
experiments no apparent change was observed.

During the annual approach (every June) of the A
radio source Taurus A to the sun, the frequency of 22 /

the 21-centimeter absorption line of the galactic 20
neutral hydrogen in front of the supernova remnant 18

can be measured to determine if its frequency changes. 16
Such measurements, made by NRL in 1967 and 1968, 14
indicated that the frequency of the 21-cm hydrogen _ 12
absorption decreased by several orders of magnitude /
over the decrease that had been predicted on the 8 /
basis of relativistic effects or effects of the solar 6
corona when the optical path approached the sun. 4

The first figure shows the observed apparent decrease
(about 100 cycles per second) in the 1,420-million- I
cycles-per-second frequency of the hydrogen absorp- 2 4 . ..6 4 e 20 22 24 26

tion line at the point of Taurus A's closest approach DATE (G M T) AUGUST 1968

to the sun.
If mass affects radiation, it is logical to expect Pulse ani al times from ('P1 0950. AT is the dif-If assference betwe'en the measured and predicted pulse

that the effect will be greater the longer the rays frnce tieen b msed on p i pulse

are under the influence of the mass. If a well-defined 055 010 second 1)n. (urve A is the predicted dif-
frequency is transmitted from a station on Earth, ferential arrival time. if one assumes the mass-
the effect of the mass of the Earth will depend on on-frequency effect and a pulse period of t).253
the length of the transmission path. In 1967 and 065 010 70 second UT. Line 8 is a least-squares

80 1968, measurements were made of the timing signals straight-line fit to the observations.
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emitted by the Loran C transmitter at Cape Fear, oxygen (common isotope, 'SO) is present, some of
North Carolina. These measurements were taken the 3He particles interact to produce 16F and 'H.
at various distances from the transmitter and then The isotope '8F is also radioactive (half life, about
accurately compared with timing signals derived from 110 minutes) and emits positrons.
portable cesium-beam frequency standards. At the After a sample is bombarded, it is removed from
beginning of the experiment, the receiver and fre- the vacuum system and placed between two NaI(TI)
quency standard were located 10 miles north of scintillation crystals, which detect the two positron-
Cape Fear; and later they were moved to several annihilation gamma rays (0.511 million electron volts
other locations along the east coast. At the last each) in time coincidence. Automatic equipment
location, in Nova Scotia, 1,500 kilometers from then records the counting rate as a function of time.
Cape Fear, the received timing signals were frac- If carbon is on the sample during the bombardment,
tionally lower in frequency than the portable cesium- the counting rate exhibits the characteristic 20-minute
beam standard by (1.7 _t 0.5) x 10-'2. The results half lire; and if oxygen is present, the characteristic
of these experiments indicate an apparent decrease 110-minute half life. The amount of carbon or oxygen
in frequency with distance from the transmitter present may be ascertained from the magnitude of
(see second figure). The apparent frequency shift the counting rate.
cannot be explained by gravitational red shift, doppler This technique has been applied to the surface of
effects, or relativistic effects, gold samples whose cleanliness was critical to a series

As a further test, the pulsar CP 0950 was observed of chemical experiments.
through the month of August 1968, during which The sensitivity of the technique is such that as few
the sun approached within 5 degrees of the line of as 10" atoms of carbon per square centimeter (about
sight. The measured pulse arrival times from the 10-4 atomic layer) or 1012 atoms of oxygen per square
pulsar were consistent with an average pulse period centimeter (about 10 3 atomic layer) can be detected.
of 0.253 065 032 0 - 4 x 10 ,0 second UT. taking This extreme sensitivity and selectivity are due to
into account the error in the coordinates used for the a number of factors: (I) the relatively high cross
position of the pulsar. No effect of the proximity section for the nuclear reactions leading to the
of the mass of the sun on the pulse peric I, as pre- residual radioactive nuclides. (2) the energy dis-
dicted from the results of the two previous experi- crimination (in the scintillation detector) against
ments, was observed (see third figure). The cause other radiations, (3) the discrimination afforded by
of this discrepancy has not yet been determined, the imposition of the time-coincidence requirement

on the gamma-ray counts, and (4) the discrimination
allowed by the decay half life characteristics.

NUCLEAR PHYSICS

Analysis for Trace Amounts of Carbon and Oxygen. X-Ray Spectrochemical Analysis. Since the early
For some applications, it is desirable that the surfaces 1940's. NRL has pioneered in the area of quanti-
of metals be free of contaminants. Inasmuch as two tative chemical analysis by means of x-ray spectros-
of the most cor~mmn surface contaminants are carbon copy. In x-ray fluorescence analysis, a sample is
and oxygen and that these elements are likely to occur irradiated by a high-energy, primary x-ray beam.
on a surface if any contaminants are present, NRI. The radiation excites the elements of the sample,
scientists have developed techniques for detecting causing them to emit x-rays whose characteristic
extremely small amoints of them. The procedure lines indicate what elements are present. Measure-
utilizes the NRI. 5 million volt Van de Graaff accel- ments of the intensities of the spectral lines indicate
erator as follows: The material whose surface is to how much of each element is present, providing that
be analyzed is placed in the target position within comparison standards or suitanle mathemati.al re-
the vacuum system of the accelerator. It is then lationships are available, In electron-probe micro-
bombarded with high-speed 'He particles. If carbon analysis, a simi!:ir procedure is followed, except
(common isotope, ,"C) is present, some of the 'He that a focused bearn of electrons is used to produce
particles undergo a nuclear reaction with the carbon, the characteristic x-rays. The focused electron beam
producing "C and 'He. The isatope ,"eC is radioactive allows quantitative chemical analysis to be performed
(half life, about 20 minutes) and emits positrons. If on individual precipitates or inclusions as small as 81
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104 centimeters in size in alloys, minerals, or bio- (2) Preliminary expressions were developed for
logical sections. x-ray fluorescence analysis of inhomogeneous speci-

Extensive effort has been expended at NRL and mets, such as heat-treated alloys and ore slurries.
other laboratories in government, industry, and uni- Heretofore, such atialysis has presented an almost
versities to improve the mathematical-analysis ap- insurmountabie prohbem because the characteristic
proach to quantitative analysis because the conm- x-ray intensities emited firom a sample are very sensi-
parison-standard method is always expensive, usually tive to local variations in the x-ray mass absorption
time consuming, and occasionally impossible to apply. coefficient and hence to any variation in matrix com-
In 1968, significant progress was made at NRL in position. The preliminary expressions are limited
three areas which will increase the Navy's capability to regular geometric shapes, such as spheres, rods,
in quantitative x-ray spectrochemical analysis: and cubes, and they are not in mathematical closed

(1) In x-ray fluorescence, the first accurate spectral form except in special cases. Work continues on
distribution measurements of the radiation from x-ray extending and generalizing the expressions.
tubes were obtained and compared with theoretical (3) In electron-probe analysis, improvements were
values on an absolute scale. These measurements made in electron-transport equations for calculating
enaVled NRL investigators to accurately describe both relative and absolute x-ray intensities due to
the detailed features of the primary exciting beam each of several elements in a sample. The comparison
and thus to upgrade considerably the mathematical- of theory with experimental measurements indicates
analysis method. that the transport equations are now able to predict

electron backscatter coefficients to withii t3 per-
cent accuracy and characteristic x-ray intensity to
±L-10 percent. In the transport program, provision4.. (a.....z was made for fluorescent x-ray excitation by the

z, L S.,.. Lines electron-excited x-ray continuum (work originated
in France in 1962) in addition to the usual secondary
fluoresc-.,e by characteristic lines from other ele-
mtnts in the sample. The whole mathematical ap-
proach in electron-probe analysis is being prepared

0 as a computer program. This program will be dis-
4 (b) tributed to analysts as soon as it is available.

3- Y 02 L StiesLmsA Neutron Coincidence Detector for Safeguards In-
2 I speetions. The possibility that a nation or even

•'-•-• -ii.- 1 _a private corporation might divert a certain portion
of its fissile (i.e., thermal neutron fissionable) mate-

0 .. rial intended for peaceful uses to the production of
4- nuclear weapons has caused concern for a number

of years. The seriousness of the problem is expected
3' M So-as L.KII to increase enormously in the next decade as the ex-
z panded use of nuclear power leads to the production

of large amounts of plutonium. Therefore, a number
/ý of national and international s,.ientific organizations

are examining the problem ',f safeguarding fissdle
°o * as to 15 a 3 material from possible diversion to weapon manu-

WAVELENGTH (A) facture.

Exanples of measured x-ray spectral distributions: NR has developed a neutron-coincidence de-
(a) tungsten target OF(-.6(O tube. 50-thousand- tector which may prove to be very helpful in one
volt peak (full wave) excitation; (b) tungsten target type of plutonium inspection procedure. By means

OEG-50 tube. 45-thousand.volt constant potential of four BF, tubes in a polyethylene moderator, the

excitatior. (c) chromium target OEG.i5 tube. 45- device measures neutrons produced in the spon-
32 thousand-volt constant potential excitation. taneous fission ol *wPu. By taking advantage of the



GENERAL SCIENCES

The moderated array of BF3 tubes which
detect the neutrons is shown on the
right. The coincidence unit displays
simultaneously the total neutron count.
the accidental coincidence count, and
the real (true plus random) coincidence
count.

fact that the fission of t 4OPu produces an average of go to rotational levels which have a quantum number
2.2 neutrons in coincidence, the instrument is also known as "lambda" or "the third Nilsson number,"
able to distinguish fission neutrons from those which which is either zero or one. Other transitions were
might be produced by a radioactive source. either absent or greatly attenuated. Not only does

In October, NRL supplied a model of this instru- such a regularity seemingly violate the statistical
ment to the International Atomic Energy Agency theory, but it violates it in a manner which is sugges-
(IAEA) in Vienna for use and evaluation. One of tive of a direct capture mechanism.
the furctions of the IAFA is to conduct safeguards Advocates of a statistical model quite correctly
inspections at reactor sites throughout the world, argue that in any statistical phenomenon, seeming
The neutron-coincidence detector has already been regularities can occur by accident. Three more
used successfully in the examination of plutonium cases-l17Yb, '1Yb, and 1?4Yb-were, therefore,
plates at the reactor in Winfrith, England, and is investigated employing the external beam of thermal
expected to be used in a forthcoming IAEA inspection neutrons at the NRL reactor. These cases were
of the Yankee reactoi in Massachusetts. particularly interesting, both because they involved

Funds for the research leading to the development nuclei between those of erbium and tungsten, pre-
of this instrument were supplied by the U.S. Arms viously studied, and because their low-lying levels
Control and Disarmament Agency. The model shown were well investigated by (d,p) and (d,t) studies.
in the accompanying photogra-ph was constructed for The NRL results showed that th,. regularity persists
NRL by the Brookhaven National Laboratory. in all three reactions. In addition to the strong relative

population of rotational Nilsson bands with lambda
zero or one, the NRL results showed that there was

The Nature of Neutrm Capturt. According to the a preference for particle states over whole states,
usually accepted theory of neutron capture, the highly further suggesting direct capture.
excited capture states are of such a complex nature The existence of this regularity in an impressive
that they may only be described in statistical terms. number of thermal-neutron capture reactions indicates
This theory is well verified when one observes the the desirability of extending capture measurements ef
gamma decay averaged over a set of resonances in the same nuclei to the resonance neutron energy
the same nucleus. The theory would also imply that range. Such measurements are now being made
when one observes the gamma decays resulting employing the NRL 60-million-electron-volt linear
from thermal capture in a set of nuclei which ar,: accelerator time-of-flight facility, which recently
similar in their low-lying levels, he would expect to became operational. A pulse of neutrons less than a
see no regularity in the gamma transitions. microsecond in duration is generated in a water-

Recent studies of the high-energy electric dipole cooled tantalum target by means of (y.n) reactions
transitions following 'hermnal neutron capture by produced by the bremsstrahlung from the pnrmary
even-even deformed nuclei with mass numbers electron beam pulse APioprinately moderated
-180 have given results which seem to contradict neutrons travel down a beam tube and are allowed to
this statistical theory. A set of seven neutron-capture strike the sample under study. The 9-meter diotance
reactions in '1Er, 'uYb. a"Hf. '"Hf. A"W, '1W, between source and srmple is precisely known, and
and 10W samples showed an interesting regularity, the energy of each neutron is then calculated from
Exceptionally strong transitions were observed to its arrival time after the source pulse -thus the term 83
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million-channel two-dimensional array capability;
its use will permit 4,096 gamma-ray channels to be
associated with each of 1,024 time-of-flight channels.

Preliminary analysis of data from '"Yb indicates

that the gamma spectrum for its first resonance is
just like that for thermal capture and exhibits the
same regularities seen in the thermal capture of
iuYb and other nuclei.

Ion Implantation. Research on the effects of the
implantation of ions in solids has been carried oJt
by the Nuclear Physics Division and the Solid State
Applications Branch of the Solid State Division.
A number of samples have been irradiated by the 5-
million-volt Van de Graaff accelerator using mag-
netically analyzed beams of 'He, 4OAr, "Kr, U8Kr.

and 12 Xe ions. TL experiments performed thus far
fall into two categories: (I) the implantation of an
accurately known number of atoms into a solid in
order to produce calibration standards and (2) the
implantation of various heavy ions Into solids for the

Neutron-production target assembly for NRL's linear study of radiation effects. A third type of experiment,
accelerator time-of-flight facility. The electron beam emerges in which the implanted ion affects the electrical
from the accelerator's beam tube through thin, water-cooled properties of the target solid, will be started in 1969.
metal foils and strikes the stainless steel target housing in In preparation for these studies, an improved ion-optic
the center of the picture. Inside the housing. the electrons system and an analyzing magnet were added to a 30-
genei-te fast neutrons via cascade electron-gamma-neutron thousand-voli apparatus, and the resolution of beams
reactions in a series of water-cooled tantalum plates. The of "B ions was tested and found to be good.
fast neutrons are partly moderated in the slab of polyethylene A particularly interesting set of experiments in-
located behind the target, and a fraction of them proceed A particul y intre set of epimnsin-
down a four-inch-diameter flight tube through the wall behind volved the study of the coloration of I if single
the target. Discoloration in the polyethylene slab is due to crystals when irradiated with beams of 3.0-million
radiation damage. Dimensions may be ascertained by com- electron-volt (Mev) 'He, '°Ar. and "Kr ions and
parison with the eight-inch-long lead bncks. 2.0 Mev "'Xe ions. A number of new optical absorp-

tion bands were found as a result of irradiations with
these massive ions. (Previously, the deuteron was the
heaviest ion used to produce color centers in LiF.)

"time-of-flight." The linear accelerator is ideally For comparison, coloration in LiF was also produced
suited to this work because of its pulsed nature and by gamma ray irradiation, but the new bands were
high intensity (more than 10'3 netitrons per second not observed. Precautions were taken during the
(time average) are produced at the source). irradiations to insure that effects due to heating or

For measurements of capture gamma rays due to electrostatic charging were negligible and that the
neutrons in the 1-200 electron-volt resonance encrgy integrated b-amn flux over the area of the crystal
range, the element under study is placed in the sample was uniform,
neutron beam, and the gamma rays generated are The absorption spectra were measured with A Carey
measured by a high-resolution (;e(i.i) detector. 14-spectrophotometer. and the resulting curves were
Presently, data are tecorded in a 4,096-channel analyzed with a digital computer and a Ganssian
two-dimensional array, usually with 1,024 gamma-ray curve fitting program. In addition to the well-known
energy channc;s being associated with each of four F and M bands in liF, three new absorption bands
time-of-flight channels. A projected data-acquisition were found with the "Ar, "Kr. and 'nXe irradiations

84 computer with magnetic-tape storage will have a 4- at 3,860 angstroms (A). 4.170A. and 5.590A. A
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broad, small-amplitude absorption band was found The single-collision loss probability assume.• by
at 4,280A for the 3He irradiations, but it is possible V.Avilov is proportional to the number of electrons
that this band is the same as one or a combination per molecule (Z/A). Except for the fight atoms, the
of the 3,860A and 4,170A bands produced by the inner electrons are bound so tightly that the prob-
more massive ions. Further experiments have been ability of excitation or ionization of the atom by the
planned to determine the nature of the defects respon- incoming charged partic.e is very small. One might
sible for these absorption bands. expect that if a change in the formula is made such

Successive etchings were performed to measure that the real Z/A is reduced to a smaller "effective"
the F-center dependency of the density on the depth Z/A a more realistic description would resu!t. This
of ion penetraticn into the crystal. The etching has been shown to be the case, and it is anticipated
measurements agree quite well with range calcula- that the "effective" Z/A will prove to be a useful
tions and show that for each type of bombarding ion parameter in the theory of energy loss and energy-
the F-center detssity is fairly uniiarm along the loss distribution and in the application of the theory
particle's penetration range. to problems in nuclear and atomic physics.

Charged-Particle Energy Loom and Fluctuations. Triton-Induced Nuclear Reactions. In the 1967
Precise determinations of the energies and widths Arnual Report, success was reported in achieving
of nuclear levels are made at NRL by means of beams a systematic analysis of the triton elastic scattering
of charged particles from the 5 million volt Van de data taken with the NRL 2-million-volt Van de Graaff
Graaff accelerator after the beams have passed accelerator. The principal product of such studies is
through a magnetic beam analyzer and a very precise a set of parameters which generate wave functions.
2-meter-radius electroswatic beam analyzer. These These wave functions give an accurate description
well-defined beams of constant, known energy and of the interaction of the scattered particle with the
small energy inhomogeneity may be used to produce target nucleus. The importance of these functions
(py) reactions. A plot of the number of gamma rays is that they can be utilized directly in nuclear re-
per incident particle versus the particle energy in action calculations.
the neighborhood of a sharp resonance is called a The optical model parameters obtained from the
yield curve. This curve has a shape wnich depends scattering analysis were applied to a study of triton-
upon the following factors: (I) the beam energy induced reactions employing the distorted-wave
distribution, (2) the width and energy of the nuclear Born approximation (DWBA). The two types of
resonance, (3) the rate at which the beam particles reactions studied can be represented as T(t,p)R and
lose energy as they interact with atomic electrons T(t, )R, where T is the target nucleus and R is the
and excite and ionize the atoms along their paths, residual nucleus. It is believed that the triton, a
and (4) the statistical fluctuations of these energy loosely bound particle consisting of two neutrons
losses. and a proton, interacts with a given nucleus pre-

Studies based on a theory of energy-loss fluctuations dominantly by a one-step or direct process. The (tp)
advanced by P. V. Vavilov have been made. Vavilov reaction occurs when the triton, passing close by,
solved a transport equation governing these loss transfers its two neutrons to the target nucleus; the
distribution% on the assumption that the formula (t,,) reaction occurs when the passing triton plucks
which gives the probability for the energy loss in a a proton from the target nucleus. The DWBA method
singlL collision of the incident particle with an electnan treats both processes as one-step transitions between
has a simple form which ignores the occurrence of scattering states. The initial scattering state is com-
"distant collisions." The analysis of precisely mea- pletely described by the elastic ciattering parameters
sured (p.y) resonance yield curves provides an excel- alluded to above. The final state is completely de-
lent mens of testing this theory. scribed by optical model analysis of the elastic scat-

Preliminary results indicate that for targets of tering of protons (or alpha particles) of the proper
aluminum, which has an atomic number of 13, the energy by the appropriate nucih.:! Since. in general,
theory affords a rxvJ descnption of experimental such eiperiments have not been performed, published
results. However. for a target material such a& values for optical model parameter% describing pro-
tantalum oxide. which has 186 electruns per molecule. cesses that are about the same as (if not identical to)
it has been found that the description is not good the desired ones are us.-d. 85
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Studies have been made of (t,p) reactions with tar- SCATTERED ELECTRON ENERGY (MW@

get nuclei 10B, 1"C, "O, and '0 Ne at energies ranging ,o
from about 1.50 million electron volts (Mev) to 2.19
Mev. Most of the angular distribution data has been
subjected to DWBA fitting procedures with excellent 900o
results. More than half of these distributions have
been successfully fitted; some are still under investi- .
gation. GOG G

Analyses of (t,a) reactions have been carried out
with the data of two experiments-ttB(t,a)"0Be and
9Be(t,a)$Li. The first reaction v- studied at a raiuge 1

of energies between 1.0 and 2.1 Mev. and the second z
was studied only at 2.1 Mev. The aralyses of both
utilii•ed the results of a recent detailed study of the 0
(3He,a) reaction that indicated the need to apply deep 20 15 10 5 0

gqov ETc.•ATION4

potential wells (about 150 Mev) instead of the cus-
tomarily used shallow wells (about 50 Mev) to de- Spectrum of electrons scattered at 180 degrees by '0 Ne when

scribe the interaction of alpha particles with nuclei bombarded by 56-Mev electrons from N RL's linear accelera-

Use of the deep wells significantly improved the fits tor. The peak at zero excitation energy is due to elastically
scattered electrons which did not excite the nucleus. The

to our data. in addition to supplying information lower tnergy electrons show a pronounced peak due to
concern-"ig the nature of the mechanism of the reac- nuclear excitation and a continuum due to other forms of
tion, the DWBA analyses permitted the extraction energy loss. A newly installed gas target chamber was
of "spectroscopic factors" which yield structural employed to obtain these data.
information about the product nuclei.

Nu•kur Structure Investlptions by lrdAtk Electron with the dominant peaks corresponding to the two
Scattmerfl. New versatility has been added to the lowest-energy eligible states in "Na. Later results
electron-scattering program of NRL's 60-million- based on studies of "Si (14 protons, 14 neutrons)
electron-volt (Mev) electron linear accelerator are similar, showing analogs of states in "Al. The
(Linac). A chamber designed to contain gaseois recent results of studies of '0Ne (10 protons, 10
target material, originally e:veloped in 1966, has neutrons) are even more striking. As can be seen
now been put into routine use. This chamber includes in the accompanyiitg figure, the spectrum of elec-
0.00025-inch alloy windows for beam entry and exit. trons scattered from 20Ne shows only one pronounced
It is normally ,,sed at a 65-pounds-per-square-inch peak in the region extending from the elastic scatter-
gas press:,re and at a liquid-nitrog:n temperature ing peak to 20-Mev excitation. This peak is due to
of 77°K. The recovery of expensive se,,arated iso- the transition to the analog of the lowest eligible state
topes is provided for by a novel method of freezing in 'OF.
them out at liquid-helium temperature.

The structure of nuclei having the same ever,
number of protons and neutrons is particularly inter- Research Program with the Sector Focusing Cyclotron.
esting since theoretical selection rules are unusually The first high-energy beam was extracted from the
stringent in these cases. The 180-degsee electron NRL cyclotron on February 12, 1968. On the follow-
scattering should be dominated by a &nall group of ing March I1, a particle beam was transported
transitions. These are magnetic dipole transitions to through the 9-foot radius-of-curvature analyzing
states which are analogs of states in neirhboring magnet and, on April 27. was transported into experi-
nuclei. Further, Dicter Kurath, a prominent theo- mental room No. 2. In May, isotope production was
retician at Argonne National Laboratory. predicts initiated in the cyclotron vault, and preliminary
the concentration of scattering in the lowest few measurements on the dorler-shift attenuation
transitions of this kind. experiment were started. Preliminary scattering

"The results reported last year for t"Mg (12 protons, studies were begun with the 30-inch-diameter scatter-
86 12 neutrons, are in agreement with these predictions. ing chamber in experimental :oom No. 3 during June.
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By the end of the year, all of the planning for th, such states should be experimentally detectable by
initial start-up of the cyclotron facility had been inelastic neutron scattering, just as free spin waves
accomplished. This included operation of the cyclo- have been detected. In spite of the considerable ex-
tron for a variety of particles covering the energy perimental interest in this bound-state question,
range from about 10 to 50 million electron volts, the no theoretical investigations of a general scope have
installation and operation of three beam paths (one been carried out on this subject.
to each of the three experimental rooms), and the full The present NRL investigation initiates a general
operation of several experimental programs. This theoretical attack on the problem of two bound spin
work was sufficiently well advanced by the middle waves in Heisenberg-like ferromagnets. In the formu-
of September to permit four abstracts describing lation of this problem, a new and powerful calcula-
research results to be included in the program of the tional method has been introduced into solid-state
November (Miami) meeting of the Nuclear Physics physics. This method, the trace-inequality method,
Division of the American Physical Society. Subjects consists of a generalization of procedures from
on which reports have been written and on which nonrelativistic scattering theory, heretofore neg-
work continues include doppler-saift attenuation, lected in solid-state applications.
Jr dependence in alpha induced reactions, multi- By means of the trace-inequality approach, rigor-
particle breakup mode of 6Li-4 He and 7L i-4He reac- ous and practical sufficient conditions for the exis-
tions, and activation analysis. In addition, the cyclo- tence and nonexistence of Dound spin-wave states
tron has provided service irradiations to NASA, have been discovered. These conditions are appli-
Thompson Rarno Wooldridge, and The Space cable to a wide -'ass of crystal structures and to
Sciences Division of NRL. Other studies actively essentially arbitrary modes of coupling of the magnetic
under way involvi neutren particle correlation, ions of the class of ferromagnets of interest. By
polarization, isospins, and the distribution of energy using this approach on a high-speed electronic corn-
lost by fast charged particles in thin silicon solid-state puter, it is possible in principle to map out the re-
detectors. gions of existence and nonexistence of bound states

NRL and Georgetown University scientists have of two spin waves under extremely general conditions.
collaborated in nuclear research for severJ years; The method has been successfully applied to the
a new collaborative study, this one of (alpha, xn) case of a body-centered ferromagnetic crystal with
reactions, was begun by NRI. and Indiana University nearest-neighbor couplings. Comparisons of these
physicists in 1968. results with those obtained previously indicate that

crystal structure plays an important ro!e in the bound-
state spin-wave problem, a conclusion that had not
been established by previous theoretical work.

New Approach to Bound States of Two Spin Waves in

Heisenberg-Type Ferromagnets. In theoretical in-
vest.gafions of insulating ferromagnets, the Heisen-
berg model of ferromagnetism has proved to be a Iteration Procedures for Analysis of Scattering Pro-
productive source of experimentally interesting and cesses. The method perhaps most widely applied
significant predictions. In this model, the spins of the for analyzing scattering proce.ies in quantum me-
magnetic ions are assumed to be coupled by exchange chanics is the Born periurbatirn expansion, which
interactions, which may extend to any arbitnrry num- expresses the solution as a power series in a coupling
ber of neighbors. The low-energy collective excita- constant A. This power series is a good approxim.tion
tions of such a .ystem of coupled spins are called only for values of A ,hat are sufficiently small; the
"spin waves." Such excitatit.ns are susceptible to method is frequently successful in atomic physics
detailed !xperimcntal investigation i, a number of where k A 1/137. but usually fails for nuclear and
ways, the most accurate and general one being by particle processes where A - 15. A completely dif
means of the spin-wave %cattering of polariwed ferent approach which shows promise of being ap-
neulrok-,. Ihi, method was tfirs% proposed and used plicahle to these stirong interactions has been con-
by NRI. scicntists in the earl 160's. ceived at NRI. and the first stage of its development

It has been known ;heoretically for %tome time ihat completed.
spin waves can Cluster together to formi bound statles 'he NRI approach deals with the class of inter-
Very recently, othei theorists ha.e predicted that action procedures that c-.a he written as a functii.nal 87



GENERAL SCIENCES

F(O) used, via the rule , = F(qo,), to generate a "self-defocusing." As a result of thermal blooming,
sequence *0, 41,, tP2, ... desired to converge quickly the distance over which a given laser beam power
to the wave function of the quantum system. Given density may be propagated is greatly reduced. It is
such a functional F1(4s), one seeks methods of manipu- of considerable importance, therefore, to under-
lating it to obtain an improved F2(0,): the starting stand the mechanisms controlling thermal blooming
point is the functional which generates the Born ex- in order to find ways of minimizing the effect.
pansion. Four such methods have been develon-!d In response to the need for a detailed experimental
which, if applied serially, are capable of generating analysis of thermal blooming, N RL initiated direct
many useful and accurate iteration procedures. In interferometric observations of the index changes
these methods, a central role is played by matrix arising in this phenomenon. A 65-milliwatt helium-
elements which measure the behavior of a functional neon laser (6,328 angstroms) was used to furnish
for small and large distances from the scattering the heating beam for propagation through a cell
center. containing carbon tetrachloride doped with iodine to

In addition to their flexibility, an important advan- increase the absorption coefficient. The liquid cell
tage of such iteration procedures is that, in contrast was placed in one arm of a large Mach-Zehnder
to the standard perturbation expansion, the choice interferometer, with the optical path of the inter-
of 'ho need not be the (unperturbed) free wave solution. ferometer arm at right angles to the heating beam.
It is possible to select an input which better represents A moving-picture camera simultaneously recorded
the average wavelength in the scattering region. the index changes in the medium as revealed by the

The NRL approach has been worked out and suc- interferometer fringe pattern and the intensity
cessfully applied to the case of simple potential patteni of the laser beam as it exited from the liquid
scattering. For this case, it is much more powertul cell (see figure). In this way, spatially and temporally
than the Born expansion and does indeed appear ade- resolved data on the index variation could be corre-
quate for strong interactions. During their develop- lated with the observation of thermal blooming.
meit, the iteration improvement methods were In the initial phase of the experiment, a study was
carefully restricted to those which seemed to promise made of ,:ertain features of the phenomenon which
straightforward extension to the more complex cases could be described by theoretical expressions in
of actual physical interest, closed form. The agreement between experiment

A significant byproduct of this effort is a new ap- and theory was satisfactory. The evolution of the
proach for investigating the domain of validity of
the Born expansion and of bounding the ,-ror in-
volved in truncating it at any given stage. Interference fringe deflections

due to the heating of iodine-doped
carbon tetrachloride by the
absorption of laser light are

Plasma Physics shown at three different times:
(top) 0.9 second, before convec-

Thermal Blooming of Laser Beams. Considerable tion begins; (center) 2.5 seconds.
near the onset of convection; andeffort is presently being directed toward developing (bottom) 6.75 seconds, the begin-

laser beams for use in communications and ranging sing of the steady-state convec-
and for other applications where a continuous, tive stage. The heating beam
intense beam or a pulsed bea.m with a high repetition passes through the cell horizon-
rate is directed long distances through the atmosphere. tally from left to right. The two
It is now well known that in many practical cases %;mall patterns at the right show
there is sufficient absorption of energy from the the bloomed laser beam as viewed
beam to cause heating of the medium and a consequent 55 centimeters from th-' exit

change in its index of refraction. In many media, window of the liquid cell. (Two

this change is negative P ' 1 thus produces a diverging- patterns are produced because of
thischane isreflections ,from the two ,urfaces

lens effect leading to a towering of the beam's power of the tewm sflitter. s

density and a degradation of its optical quality. o t b, i

Due to the increase in beam divergence, the phenom- I

88 enon ha. become known as "thermal blooming" or
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process from a conduction regime to a convection narrower than had been predicted. Recent reports of
regime could be clearly seen in the interferometer observations of the Earth's bow shock by the OGO-V
fringe patterns, satellite indicate that it is similarly thin.

In future experiments, an attempt will be made to Measurements have also been made of the electron
eliminate the contribution of convection to heat heating in these waves by observing the x-ray brems-
dissipation by selecting a liquid medium in which strahlung that is produced. With the aid of an NRL-
convection does not occur; then the process will developed computer code, the relative x-ray fluxes
depend only on the equations governing heat conduc- through sets of metal foils of different composition
tion and light propagation. These equations are have been interpreted to determine the thermal
being solved on a digital computer so that the most energy of the radiating electrons. The measurements
general aspects of the phenomenon may Le studied. indicate that the electrons, and probably the ions
Planned also is an investigation of thermal defocusing as well, are heated to enormous energies. In argon,
in air; techniques developed in the study of defocusing electron temperatures of over 100 thousand electron
in liquids will be applied, although a carbon dioxide volts have been measured. The heating rates are too
laser will be used as the beam source. fast to be accounttd for by ordinary Joule heating.

Considerable effort is therefore being devoted to
identifying possible collective dissipation mechanisms

Collisionless Shock Wave Research. Research has that might be responsible for this phonomenon.
been under way for several years at NRL and at Equipment for a larger, complementary experiment
various laboratories throughout the world to clarify has been built at the University of Maryland under
the nature of collisionless shock waves. Such shocks the NRL-University of Maryland Joint Program in
can occur only in plasmas since they are caused by Plasma Physics. It is hoped that over the next year
collective phenomena rather than the binary collisions much progress can be made through the two experi-
that are responsible for ordinary gas dynamic shock ments in understanding this fascinating plasma
waves. Collisionless shock waves are of interest for phenomenon.
several reasons: They offer a new approach to con-
trolled thermonuclear fusion, they occur in nature
(for example, the solar wind impinging on the Earths Hard Core Theta-Pinch. For some years, scientists
magnetic field is known to produce a collisionless at N RL have been investigating methods of heating
"bow shock" between the Earth and the sun), and and confining ionized gases (plasmas) at extremely
they display the collective dissipation and nonlinear high temperatures. The principal device developed
phonomena that are so important in many laboratory for this purpose has been a theta-pinch, in which a
and natural piasmas. solenoid is used to produce an axial magnetic field

At NRL. collisionless shock waves have been that compresses radially, heats, and confines (free
produced in a small theta-pinch tube. The procedure of cool walls) plasmas at temperatures as high as
begins with the injection of a plasma into the appa- 10 million degrees. One of the problems that has
ratus. An initial axial magnetic field is then estab- arisen is that numerous instabilities occur in the
lished. following which a novel energy-storage system coupling of hydrodynamic and electromagnetic
is rapidly discharged througl- the theta-pinch coil. processes. These instabilities are as yet not well
This produces cylindrical!y symmetrii, shock. waves understood theoretically. In addition to, but not
which rapidly (up to 2 x l01 centimeters per second) entirely separate from, that problem is the difficulty
implode toward the tube axis. The energy-:torage of closing the "magnetic bottle" at the ends of the
system utilizes very high voltage transmission lines solenoid to increase the time that the hot, high-
to deliver up to 1010 watts of electrical power to the pressure plasmd can be contained.
coil during a period of 60 nanosecond. In an effort to improve the stabilization of the

The shock waves are detected by observing the plasma while maintaining closed magnetic-field lines
compression of the initial magnetic field on miniature at the ends of the soleno,.d, radial shear was intro-
probes inserted into the tube. The magnetic structure duced in the field between the inner and outer radii
of the shock, and particularly the thickness of the of the annular plasma that forms between the 17-
front, is of considerable theoretical interest. NRI. centimeter-diameter container and an insulated axial
physicist% have observed shock thicknesses in an conductor ("hard core") through which a high current
argon plasma that are two orders of magnituide (up to I megan~pere) was passed (see diagram). The 89
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Diagr.,m of thermonuclear research
apparatus (theta pinch) with hard
core. l, refers to the current through
the hard core, and i0 refers to the
current through the confining coil.IL

2 " Hard core (l,) and coil (I,)
160. CM current waveforms and a

streak-camera photograph
0 10 20 30 of the hard-core theta-

TiME (juSEC) pinch experiment.

2

helical field lines resulting from the axial and azi- 4-

muthal field components change direction across the
plasma layer, thereby producing the desired shear. E 011o
The radial evolution of the resulting plasma is il-
lustrated here along with the two currents. The 2 a
figure indicates gross stability and equilibrium for c

the peak-current portion of the discharge. 4o
In order to better understand the jetailed structure -, ,

of the plasma, magnetohydrodynamic computer pro-
grams have been written and used successfully to 0 2 4 . a
predict both the ob-'erved macroscopic plasma be- TIME tA SEC)

havior (see figure) ands such basic plasma parameters n(cm- 3) 5 X lo'• -0

as density, temperature, internal fields, and stability I x 10 ....
criteria within the plasma proper. > 15 x 1o0,Z6

Under the present operating conditions, the life-
time of the plasma is limited by diffusion of the con- Radial-density distribution versus time de:ermined
fining fields into the plasma and by rotatioiA pertur- on the basis of experimental streak photographs
bations caused both by axial currents in the plasma and computed constant-density zones. The x's

near its ends and oy slight asymmetries in the position represent computed peak-density regions at

of the central rod. These effects are being studied early times.

in more detail by means of improved diagnostic
techniques.

High-Brightoam Glan Lauer. Advances in laser peak power densities of greater than 10S w~tts/
technology in the past two years have made laser square centimeter.
systems competitive with, and in some respects The laser is attractive for plasma-confln,.ment
superior to, other methods of generating sh,.,-t- experiments because the light beam does not ii"'r-

duration bursts of energy. Peak powers of 20 giga- act with magnetic fields. This makes it possible to
watts (2 x 10i watts) in a 30-nanosecond pulse create a plasma inside a magnetic "bottle" and avoid
have been obtained with a system consisting of a the difficulties that are encountered in injecting plasma
well-controlled master oscillator and a number of into a confinement geometry.
amplification stages. Because of the high degree of In addition, the combination of high power and low

90 collimation, the beam can be focused to obtain divergence makes lasers of this type suitable for
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experiments in frequency conversions and other non-
linear optics phenomena.

Neodymium-doped laser glass has been the most
desirable laser material for this type of system be-
cause of the ease with which large rods can be
fabricated compared with such fabrication from crys- i, , "
talline laser media. However, domestically stuplied
laser glasses have such a low damage threshold that
large systems would be exceedingly inefficient.

The French have succeeded in producing a laser
glass with a very high damage threshold and in
incorporating this into high-power laser systems.
NRL has purchased and is now operating a three-
stage system which produces 60 joules in a 30-
nanosecond pulse. The system consists of a rotating -"

prism switched oscillator and two amplifiers. The
oscillator produces a well-collimated 3-joule pulse, NRL's glass laser system (CGE VD320). The oscillator
and the amplifiers raise the beam energy to b0joules. is on the right end of the optical bench, and the two ampli-
It is planned to add several more amplifier stages to fiers are on the left. The first amplifier raises the output
this laser system to produce 500 joules in 30 nano- level to 24 joules and the second to 60 joules. The control
seconds. Additional oscillators are being designed to console is on the left, and the flashlamp power supplies are
produce sub-nanosecond pulses, which will be ampli- on the right.
fled to high energy.

MATHEMATiCS AND a realistic report environment. In addition, it will
INFORMATION SCIENCES provide a means of performing sensitivity analyses

that can isolate areas requiring improvements in
sensor technologies to supply information needs not

Information Systems. Naval and other national presently satisfied.

authorities require an information system capable of Fre studiess

designating the position and identity of all mobile Fem s total illigence informatio sysem

platforms above, under, and on the world's oceans. ludn th a n-machin e interface. Deveme
NRL s cndutin a ultphas reearh efor to including the man-machine interface. Development

NRL is conducting a multiphase research effort to of query languages and computer-based artificial-
develop this capability. The initial phases are aimed intelligence techniques which imitate human activity

at providing a timely and accurate data base for such intasoiain and ce ion are a mo n activite
a sytem Futre ffors wll eamie mehod of in association and correlation are among the activitiesa system. Future efforts will examine methods of t eprud

facilitating interaction between the data base and

the decision makers or users of the information
system. Phmed-Array Radar. A phased-array antenna is

The basic information flowing into the system an inherently flexible sensor. As yet, no adequate
consists of reports generated by various sensors and methodology exists which systematically exploits
intelligence sources. These reports can be conflicting this flexibility for its incorporation into an adaptive
and incomplete, lacking the unique identifiers of the controlled radar. Such a radar is one which continually
object of the report. Methodological investigations monitors its own performance relative to a given
are being conducted to derive algorithms to permit optimal condition and modifies its parameters by
association of such reports arising from a common means of closed-loop action to approach the optimum.
object. Several candidate algorithms have been The NRL objective in this area is to develop a
developed, and work is continuing in this area. methodology.

To support the analytic investigations, a computer A simulation model of the search mode of such a
test bed is being developed. The test bed will provide phased-array radar has been developed. The basic
a means of evaluating candidate methodologies in components are a search strategy. an evasion policy, 91
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and a radar environment. The program is packaged The importance of this work for applications and
so that each of the major radar functions is represented numerical approximations to problems in science and
by a distinct module. Thus, modifications can be engineering is greatly enhanced by the following
readily implemented. facts: (1) functions of bounded index possess particu-

The evasion policy permits the direction of a target larly simple and accurate approximations by partial
to be shifted a random amount at random intervals sums of their power series expansions, and (2)
of time. The radar environment is assumed to be one the class of functions of bounded index includes
with random noist. but no clutter or jamrming. Various many of the standard functions of analysis, such as
classical search procedures have been used. the exponential and trigonometric functions, and

A tracking package has been developed which certain types of Bessel and confluent hypergeometric
uses a second order Kalman filter to predict future functions. In fact, any function which satisfies a
target positions. linear differential equation with polynominal coeffi-

cients for which the degree of the leading polynominal
is not less than the degree of any other of the poly-

Analytic Funetos &&i Their Appications. Analytic nominal coefficients is necessarily of bounded index.
functions play a central role in many fields of pure
and applied mathematics, and they have important Analysi of Noncenbtsymmtric Crystal Structures.
applications to problems in science and engineering. The occurrence of overlapping vectors usually com-
Approximations to and with the use of analytic func- plicates the problem of determining crystal structures.
tions have become of increasink importance with the A mathematical formalism, developed at NRL, which
widespread use of automatic digital computers in facilitates -ecognizing and coping with this frequently
scientific research. This project is concerned with occurring problem, has permitted the elucidation of
the study of certain basic properties of analytic
functions which are of particular importance for their
applications and for the development of simple and
accurate approximations.

These properties include the average size and -te of
giowth of the functions and their derivatives, their
representations by power serier, and their distribution
of values and zeros. An especially useful and interest-
ing class of entire functions of bounded index has been
defined and studied with reference to these properties.
These functions have al.,o been found useful in the
study of certain types of differential equations of
infinite order, and a paper on this subject has appeared
in volume II of the Proceedings of Symposia in Pure
Mathematics, published by the American Mathe-
matical Society.

A partial characterization of the class of functions
of bounded index in terms of the important properties
of order and type is given by NRL's determination
that an entire function of bounded index is necessarily .

of exponential type and therefore does not have a
rate of growth exceeding that of an exponential
function. This important fact led to a more detailed X.
investigation into the class of functions of exponential
type and to the partial characterization of those
functions in terms of their comparative rates of growth
and their derivatives. This work was presented to the With reference to a structural model, an NRL mathemati.
1968 summer meeting of the American Mathematical cian points out 2 characteristic feature of two variants of
Society and will h, published in the Journalof fathe- androstane crystals (a single pentagonal ring of atdbms

92 magical Analysis and Applications. among three hexagona ring!).
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several complex noncentrosymmetnic crystal stfluc- 1 5 -

tures, The method is strongly dependent on a recently f

derived probability distribution involving the phases
of the crystal structure factors as well as on a novel 1

least-squares technique, both obtained by the mathe-
matics group at NRL. The crystal structures of estriol
and two variants of androstanc, sex hormones having 05 Y X

important application in cancer research and crys-
tallizing in noncentrosymmetric space groups, have 0
been determined by these techniques using experi- 0 0.5 10 I 5 2.0

mental data supplied by scientists at the Medical

Foundation of Buffalo. A simple case of statistical decomposi-
tion of mixtures. Suppose the probability
density function fix) is obse.ved in a

Polynomial Approximations on the Whole Real Line. phenonmenon of interest. The decomposi-

Frequently it is advantageous to approximate a tion of this probability density function

mathematical function by another function more into its component parts. in this case
amenable to some particular use. (Such approxima- a gaussian distribution fi(x), is useful

in elucidating the characteristics of the
tions are frequently used in machine computations.) phenomenon. Improved methods of
Improved methods of determining the accuracy of solving thegeneralstatisticaldecomposi-
approximate functions are obviously of prime impor- tion problem have been developed by

tance. NRL mathematicians.
Given a continuous real-valued function F(x) on

(-oo.oo) and a positive integer, N, it is desired to
approximate F(x) by a polynomial P.%(x) of degree N have been considered in connection with a study of
(or less). As a measure of accuracy in performing the composition of primary cosmic radiation. In
this approximation, consider the quantity IF(x) - general, the problem is this: Given a samplefrom a

P.s(x)lw(x) and let E.v be the maximum of this quantity population that is known to consist ofa finite number

over all x in the interval (-oo,oo). Here, w(x) is a of subpopulations, each of it'hose probability density
"weight" function, a standard example of which is functions depends upon a numnber of parameters.

w(x) = e x 1,1 for a -- I. estimate the paratneters on the basis of the sample.

It is desirable to choose P,(x) so as to minimize The ways of solving this problem are the "method
E, and thus make the approximation as accurate as of moments" and the "method of maximum likeli-

possible. hood." Both ways involve solving complicated
I-or the case wx) = e 2. i, lower bound systems of nonlinear equations. The maximum-

has been found for E% which matchcs the upper likelihood estimate is better than the method-of-
bound demonstrated by the Russian mathematician moments estimate, but its system of equation is by
Dzrbasyan in 1955. In fact, for a general class of far the more difficult to solve. NRL. mathematicians
continuous functions there are two constants. A and nave shown that for certain types of mixtures, the
B, with 0 < A < B, -.uch that AN'll I < E, ' BN "., . maximum-likelihood estimate satisfies several com-

For the case I -- ,v < 2, the question remains paratively simple equations, the use of which makes
unresolved, and work is now proceeding on this the maximum-likelihoxl equations easier to solve.
aspect of" the problem. The use of these equations also yields the following

results:
I. The maximum-likelihood estimate of the various

Statistical Decomposition of Mixtures. Ih, various parameters for a mixture consisting of a finite number

fields of scientific research are occurrences of popula- of subpopulations each having a (Gaussian distribution

tions consisting of mixtures of a number of sub- and a finite number of siibpopulations each having

populations. For example, Karl Pearson considered a gamma distribution satisfies the first method-of-

mixtures consisting of two (iarssian subpopulations moments equation.

in his work on "the mathematical theory ofcvolution." ". The maximum-likelihood estimate of the various

More recently, mixtures of Gaussian subpopulations paramrters for a mixture consisting of a finite number 93
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of subpopulations each having a Gaussian distribution a number of general programs to facilitate the plotting
satisfies both the first and second method-of-moments of scientific results, and several scientific programs
equations. of general utility.

Primitive Roots. The natural numbers together with COSMIC RAY PH;SICS
the somewhat dependent operations of multiplication
and addition modulo a prime, p, form a system that Mean Path Len.,.n of Cosmic Rays. How much mate-
mathematicians call "a field." All of the integers rial do cosmic rays penetrate in the course of their
in this field may be obtained by finding a suitable space travels? The answer is of deep interest to
integer, g (called "a primitive root of p"), and then astrophysicists, for it determines the transformations
taking consecutive powers g, g2, gs, ... modulo p. suffered by the primordial high-energy nuclei in their

The digits of the modulo p integers g, g' , g', ... give long galactic journey. The magnitude of this path
a long sequence of nonrepeating digits that have the length is closely connected with the regions and
appearance of being random. These generated random mechanisms of cosmic ray diffusion and trapping;
digits (together with some general modifications) can it can be used, together with interstellar densities,
therefore be suitably employed in communications to estimate the mean confinement time of the nuclei.
sciences (in the generation of random signals), in Moreover, a knowledge of the path length is essential
cryptography (for coding), in physics (when Monte for dediucing the distribution of cosmic ray elements
Carlo methods are employed), etc. at the source(s).

Of particular interest is the distribution of the
primitive roots themselves. The primitive roots
appear to have a random distribution. It has been
shown that among certain classes of integers (too
complex to describe in detail here) there are arbitrar- *
ily long sequences of primitive roots in arithmetic
progression (for all sufficiently large primes). Also,
for lage primes of a special form, there are arbitrarily
long sequences of consecutive primitive roots. These
results are generalizations of ones previously obtained.

The findings are somewhat surprising in view of the .' --

fact that primitive roots are defined in terms of the -

multiplication operation, and arithmetic progression
is defined by the addition operation.

Research Computation Center Activities. During the /

calendar year 1968, NRL's Research Computation
Center (RCC) continued to serve as the Laboratory's
central computing facility, providing consulting, .,

data retrieval, and programming services to all
research areas. Computer usage continued to build
steadily, and by the end of the year the Laboratory's
CDC 3800 computer was operating almost around the,,
clock, five days per week, and further augmentation I
of the equipment complex was being planned.The RCC professional staff" provided direct pro- Breakup of a heavy cosmic-ray nucleus into

The pofssand analysis services on 30 different lighter fragments by collision, as seen in a nucleargramming aresearch emulsion exposed near the top of the
problems for 13 NRL divisions during the year. atmosphere (magnified 2,000 times). Collisions
In addition, the RCC staff was able to complete a such as this one also occur with interiellar
number of additional activities advantageous to; ,1ll hydrogen. Analysis of the arriving breakup prod-
users of the facility. These included various types ucts reveals the mean path length traversed by

94 of improvements to the CDC 3800 operating system, the primary cosmic rays in galactic space.
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It has been realized for some time that the best Depending on where cosmic ray nuclei spend most
source of information on path lengths is the abundance of their time, different values of the density would
ratio of the so-called "light" nuclei to the heavier be relevant. Within the galactic disk, the density
ones arriving at the top of the atmosphere. Since the of interstellar gas (mostly hydrogen) is known to be
light nuclei are the breakup products of heavier ones approximately I atom per cubic centimeter. By
that have collided with interstellar atoms, the relative contrast, the density of gas in the tenuous galactic
flux of light nuclei reflects the amount of material halo may be 100 times lower. Combining these
traversed. Striking confirmation of an early NRL numbers with the mean path length of material
determination of the relative flux of Li, Be, and B traversed (4 g/cm2 ), we obtain the widely divergent
nuclei was obtained recently at the University of estimates of "age" given above.
Minnesota by methods of detection completely An independent means of estimating the age could
different from those employed by NRL. The result: An inde mma, and a stable "co ld
"light"/"medium" = 0.25 +t 0.02. New laboratory resolve this dilemma, and a suitable "clock" fordata on the probability of various fragmentations of this purpose is radioactive "0Be. This nuclide. pro-
cosmic ray nuclei have been incorforated by NRL duced along with other light isotopes by the collisional

physicists in revised calculations of the mean path breakup of heavier cosmic ray nuclei in space, has
length. The best value is now 4 grams per square abmeanle of near 4 mi n yers.lThe)obse
centimeter. This value has also been confirmed by abundance of wtBe (or of elemental beryllium) must
NRL and other institutions through studies of the be compared with the calculated rate of berylliumisotopic composition of cosmic ray helium, production in space relative to the rates of produc-

tion of other cosmic ray species. If very little of this
isotope is found in the arriving cosmic rays, then the

Confinement of Cosmic Rays. Our ignorance of the cosmic rays must have been traveling for a time long
regions in space where cosmic rays are magnetically enough for the '"Be to die out. If, on the other hand,
trapped and of the duration of this confinement has most of the beryllium has survived, this would
been partly dispelled by NRL's analysis of informa- signify that the cosmic rays had lived for a short
tion on the "light" cosmic ray elements and calcula- time compared with the "mean life" of the beryllium
tions of the effects of their nuclear fragmentation. nuclei. Not only would the '"Be nuclei yield an
The results indicate, but do not yet firmly establish, estimate of age, they could also reveal the main
the confinement of these particles within the Milky storage region of cosmic ray nuclei ana indicate the
Way disk. extent of galactic magnetic fields.

Cosmic ray nuclei take a long time diffusing within The main difficulty is in isolating fast '°Be nuclei.
the galaxy before they escape-at least as long as However, this isotopic separation is not essential.
100 thousand years. However, their "age" could be Using laboratory data and theoretical estimates of
much greater. Present estimates range from I to 100 the rates of production of 'Be, 9Be, "0Be, "0B, and "B
million years. If we knew which of these numbers from heavier elements, NRL physicists have cal-
is more nearly correct, we might be able to judge culated the elemental Be/B abundance ratio for the
whether the cosmic rays are mainly confined to the two cases: "°Be surviving and "°Be decaying into
galactic disk or spend most of their time in the vast "0B.
space of the galactic "halo."

A critical review of published data on the relative
NRI. scientists have estimated the amount. x, fluxes of I i, Be, and B was carried out for comparison

of material-about 4 grams per square centimeter- with the foregoing calculations. The analysis supports
traversed by cosmic rays after they attain their a "'short- age, T< 10 million years, with confinement
high speeds, which are close to that of light. It the in the galactic disk. However. the data do not yet
mean density of matter in the regions through which permit us to exclude entirely the possibility of a
cosmic rays travel were also known, a direct deter- longer confinement time. The probability of the
mination of their mean hlne~r path length (x/density, latter is still about 10 percent. In order to pin down
say, in light years) could be made. This path. I., is the age more firmly. the NRI. group is striving for a
directly proportional to the "age," or confinement significant improvement in our knowledge of the
time. T; i.e.. 1, = ci'. where c is the cosmic ray individual abundances of cosmic ray lithium. herylli-
velocity, uhm. and boron. 95
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New Telkcope for Detecting Cosmic Gamma Rays. high energies are those reported by Clark, Kraushaar,
One of the principal efforts of the Laboratory's and Garmire on the basis of a satellite experiment
cosmic ray physics program is in the pioneering conducted by MIT. These observations revealed a
field of gamma-ray astronomy. In furtherance of this diffuse flux of gamma rays above 100 Mev originating
effort, work was completed in 1968 on the design, within the galactic disk and peaking in the direction
development, and testing of prototype components of the galactic center. The search for point sources
of a large balloon-borne telescope for detecting has thus far been unsuccessful. Probably owing to
cosmic gamma radiation in the energy interval of limited sensitivity and inadequate disc rimination,
20-120 nfillion electron volts (Mev). Flight model only the upper bounds of the fluxes have been de-
components are being assembled in preparation for a lineated. The objer-.-ion of discrete cosmic gamma-
test flight in 1969. ray sources would, in effect, open a new window for

The telescope will seek to detect and measure both astronomical studies. It promises to be of paramount
the diffuse, general background gamma radiation from importance in cosmic ray physics, astrophysics,
outer ~pace and the gamma radiation from suspected and cosmology.
point sources (e.g., Crab Nebula). It will be oriented An exploded view of the NRL telescope is shown
with a pointing at -uracy of 1-3 degrees. Thus far, in the accompanying drawing. The instrument con-
the only definitive observations of gamma rays at sistr of a unique array of detectors (plastic scintil-

lators, nuclear emulsions, a novel type of wide-gap
spark chamber, and a Cerenkov detector), and it is

-77 designed to provide good angular and energy resolu-
JZQ -tion for gamma rays of 20-120 Mev.
S. The domain of cosmic gamma-ray energies con-

sidered here has not yet been explored. Apart from
the advantage such e!ploration presents of possibly

\ )3 detecting a higher flux, the spectral information ob-
2 ~tainsd at these energies may allow discrimination

4 between various mechanisms of gamma-ray pro-
duction. The mskjor obstacle hitherto has been that

5 the low-energy electrons, which typically occur in
pairs and reveal the incide,,ce of the gamma rays,
are easily scattered. The telescope was designed tn

6 minimize thi3 multiple coulomb scattering and its
, 6 degrading effect upon spatial resolution. The spatial

resolution should be an order of magnitude higher
7 . than in the MIT experiment. Flux sensitivity for

observations of point sources is expected to be
% -10 I/cmS sec.

x-

"Exploded view of NRL's wide-pp spark chamber, emulsion.
k, and counter array.

2, . _ I. Antit;oincidence scintillation cup.

* 32. Light pipe or pipes.
,. 3. Photomultiplier assembly clamped to fight pipe.

4. Emulsion stack.
9 5. Proportional counter.

10 6. M/tar window.
: !7. Wide-gap spark chamber with side wa~ls and top plate

Al.- nade of scintillator.
2 9. Wirt mesh electrodes.

9 Coincidence scintillation counters.

96 W0. (crenkov ctunter an,! absorber.
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An Overview: by Ralph R. Goodman, Associate Director of Resear.eh for Oceanology

Programs carried out at the Naval Research Lab- the hydrodynamic response of large cabled structures
orator in the fields of oceanology, ocean engineering, in the deep sea: the need for this research is impera-
and acoustics were brought together in 1967 to tive because of the great potential of such structures
comprise, under the title 'Oceanology," one of the for many naval applications.
Laboratory's current four major areas oJ research. Research on the sea-surface effects of transiting
This unification was effected to improve the efficiency submarines is a major project in oceanology at NRL.
of NRL studies of the en'ironment in which most Jointly, through the efforts of the Lahoratory's
of !..:c Navy's operations are conducted. Nonacoustic ASW (R&D) Task Group and Ocean

During 1968, the Acoustics Division assumed the Sciences Division, a program directed toward the
leading responsibility among Navy laboratories for understanding of ocean phenomena related to
the Antisubmarine Warfare Underwater Surveillance surface effects is in progress. Other principal areas
Program. The research related to this program is, of research are biological and chemical oceanography
in part, a continuation of that begun at Columbia and atmospheric physics. The Ocean Sciences Divi-
University's Hudson Laboratories, whose activities sion has an important role in the Maury Center for
are schuduled to be discontinued on June 30, 1969. Ocean Science, which is located at NRL; the Center
This added responsiblity has led to a considerable coordinates research in the Navy'3 ocean-science
expansion of the division in both personnel and programs.
facilities and to an enlargement of NRL's role in During 1968, the Labora:ory acquired the services
the study of long-range acoustic propagation in the of the oceanographic ship USNS Gibbs to supp;ement
oceans. During 1968, the Division participated in its capability for marine research, which previously
experiments in both the Atlan!ic and Pacific Oceans. had been limited to the USNS Mizar. To accommo-

The Ocean Technology Division continued to date the wide variety of needs for use of these ships,
work in the :reas of ocean engineering and technology the Ship Facilities Group was established to schedule
as well as in other fields which make use of the same and coordinate scientific programs in oceanology.
techniques and approaches. The search for better For decades, NRL's pro,,rams in oceanology have
materials and for methods for measuring their plav c,l an important role in the Navy's effectiveness
performance has been undertaken; the materials ait sea. In the decades ahead, the research discussed
range from those used in the fabrication of body briefly in this overview and in the reports that follow
armor to those required for the construction of will be reflected in significantly improved operations
deep-ocean vehicles. Research was also begun on of the Fleet.

ACOUSTICS

Assured Range Studies. One problem of great im- the forward scatter loss from an appropriate surface
portance to the Navy is the acoustic illumination of scattering area. This loss is calculated from a Bech-
the region below the surface-bounded duct, called mann-Spizzichino scattering model. The last part of
the shadow zone. A hostile submarine wisning to the loss. C, fronm the scattering area to the target
avoid detection can seek the relative security of this below the duct is computed from ray theory. This
zone. Neither the bottom-bounce nor the towed, composite model has been programmed on the NRL
variable-depth sonar mode of operation has been CDC-3800 computer.
satisfactory in dealing with this situation. Methods Two recent cruises yielded considerable field data,
and techniques to extend the detection range into the some of which have been analyzed and compared
shadow zone must be developed to give assured with calculated values. The average propagation loss
ranges of at least twice those now achieved. wai meaured %kith a 5-thousand-cycle-per-scc md

Sinme neither nrormal mode theory nor classical source and an echo repeater as a function of echo-
ray theory properly describes acoustics in the shadow repeater depth and the data compared to calculated
zone, a three-part mathematical model has been losses using the prediction nodel. The scatter theory
developed at NRL.. The first part, A. is the propaga- is found to fit the data much more closely in the
tion loss in the duct. This value can bt calculated shadow zone than d,•s the normal miode theory. The
fron anýi ot %cscral lh,-oric. The sec:ond part, I,. is high variability of levels within the duct found in 97



OCEANOLOGY

SCATTER area in which the propagation and scattering losses
,_ AREA Of are the least is confined to a relatively narrow region

"SONAR DT - in the vicinity of the receiver. As the target goes

SSOLtO deeper, the area lengthens, broadens, and moves
SHADOW away from the target.

ZOKt This information can be of great practical im-
portance in the design of a sonar system for shadow-
zone detection. Since the principal area of contribu-
tion to the Found level at the receiver is a rather

Three-part model of propagation losses. A, duct loss; rnarrow region far removed from the source, the
B,. forward scalcr loss; and C. ray path loss. transmitter-receiver beam pattern can be narrowed

to maximize the energy on the target and reduce-6050 0,5 GREATER 1. 4 1O000YOS reverberation.
CONTOUR. 1000D. " i •RECEIVER

8300 YoS 35OYDS Statistics of Scattered Acoustic Pulses. in the search

for a quantitative descriptior of the scattei-Ing of un-
SRECEIVER derwater sound waves from a rough ocean bottom, an

350 Y05 * DEPTH experiment was conducted to determine the amplitude
_ _ _ _ _ _,33 YDS) statistics of the scattered signal. Echoes scattered in

the monostatic direction were analyzed to obtain

RECEIVER thehi distribution of amplitudes. The directional
450 YDS ==CtJ= .(DEPTH: source within an 8-degree beamwidth transmitted

S200 YDS} 19.5-thousand-cycles-per-second constant-amplitude
pulses of approximately I-second duration at various
inclinations of the beam axis with the ocean bottom.

RECEIVER Tire scattered echoes were then received at the source,
550 YDS -(DEPTH

I 266 YDS) where the envelope was sampled digitally and re-
corded on magnetic tape. The data tapes were then

-10S 000 SOSinserted into a high-sped digital computer and theamplitude distributions obtained for each inclination
Plan view of significant scattering artas at the ocean surface ef the source.
as seen from various receiver depths. The solid area is that Photographs show that in areas where the oce;n
which contributes the largest amount of energy to the bottom is geographically flat, randomly oriented
receiver, and the shaded area is that over which the con- sand ripples occur which are estimated to have an
tribution is reduced by I decibels. The signal frequency elevation roughness of the order of one acoustic
1s, 5 thousand cycles pier second. wavelength. For random surfaces, roughnesses of

this order should result in scattered ec'-es with
their amplitudes apportioned as the Rayleigh dis-

the field data are ti,ought to be caused by the inter- tribution.
ference between the several modes being propagated The resultant amplitude structure, however,
within the duct. whereas the relative stability below resembles Rayleigh distributions only in cases of
the duct is attributed to the averaging of a large incident angles of 45 degrees and below, i.e.. small
number of acoustic paths from the 'urface scattering grazing angles. As the angle of incidence increases.
area to the receiver, the distributions show a transition from netir Rayleigh

One henteit of the mathematical model is to help to a multipeak structure at the high angles. Peaks in
define the principal scattering area. ihe sizes and it distribution generally imply the presence of one or
shapes of the total areas are similai with the sound more coherent components. It was expected that
source at one position. S. and the receiv-r ait another. there would be a coherent component present in the
[his area is defined is the space in which the scat- scattered pulse for the specular direction or that
tenng strength is 60t decibels or more. F rom the there would be more than one component in the case

98 figuie,. %,seveal things, are apparent I ht: principal of acoustic highlights. If one assumes the presence
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of coherent components, there is no acceptable arrays, and the other supports the programmable,
physical theory for combining coherent and in- triaxial hydrophone positioning and scanning system.
coherent components to account for the observed The tank is the first of its kind to have the capability
distributions, of positioning a test device variably in the x, y, and

z planes. This feature was designed to NRL specifica-

Scale Model Acoustic Studies. The Laboratory's need tions.

for a fairly large and well-instrumented acoustic re- Other equipment designed for the tank facility in-
search tool has be,!n fulfilled with the construction cludes a multiaxial rotator for obtaining comple':
of a 116,000-gallon water tank that is 30 feet in underwater acoustic beam patterns, which are then
diameter and 22 feet in depth. The tank, which is processed by a directivity index computer, and an
made of cypress wood, has been installed in a 19-
foot-deep pit and enclosed in a cinder-block house
which contributes to the maintenance of the controlled

environment necessary foc accurate measurements.
Associated electronic equipment provides an ac-
curate, highly flexible, and manually convenient mea-
suring system. Temperature and humidity are con-
trolled, and a water filtering system is provided. Two
carriages are supporled by rails erected across the
lank. One carriage supports and rotates transduccr

Vics of the top of the ,wcoustk resetrch lank. showing the
t%4o c;urn,,..:%, on r•lh. I he carriage ml left suppxwts and
rotalet% transducer array.. and the one at nght poition-
hydrophones ýainahl, in 4. s , and i plane,, 99
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Control of the amplitude and phase of the displacements of
two dissimilar transducers monitored by accelerometers

UKNc0TROLLEDOLtLTU iiiand an electronic feedback system.

CONTROLD * of 10 cycles per second to 4 thousand cycles per

AWL1.,r second (kHz) at static pressures as high as 10,000

pounds per square inch (equivalent to an ocean depth
CONTROLLED of 22,500 feet) and at temperatures in the range of
AMPLTUDE - -2C to +40OC.
AN " Hydrophones now can be calibrated over the full

range of iemperatures usually cited in specifications
2040 2200 2410 of operating conditions. Previously, the lowest

FREQUENCY (CYCLES PER SECOND) practical limit was +2*C. The -2°C temperature,

the freezing point of sea water, may be encountered
in the arctic or at shallow depths in midwinter. The
temperatures at great depths range from +2°C to

adaptation of a radar radiation distribution printer +4'C. The lower temperature limit is attained in an
for underwater measurements. This printcr processes ethylene glycol solution. Its use has tne advantage
signals transmitted by an automatically scanning of permitting greater temperature differentials in
underwater hydrophone. It automatically types an the cooling equipment, which significantly decreases
acoustic pressure pattern in numerical decibel values the operating time and costs for a series of calibra-
that represent pressure variat.,ns in a selected area tions over wide ranges of pressure and temperature.
in the near or far field of a model ansclucer array. To attain the frequency range, the theory and tech-

In support of the research progra.. scheduled for niques associated with active impedance termination,
the tank facility, two model arrays, each consisting developed at N RL. were applied to create a free-field
of 100 transducers, have been designed and fabricated, acoustic environment in the presence of highly re-
One array has been used to prove that directional flective boundaries within a steel tube 9 feet in length
acoustic b',ams can be obtained from biplanar ar- and 8 inches in inside diameter. Both absolute and
rangements of free-flooded ring transducers. The comparison calibrations can be made. This facility
other array, in which the transducers vibrate in a extends the upper frequ 'ncy limit of the technique
piston-like longitudinal manner, is being used to from 1.5 kHz to the prescnt 4 kHz.
study the suppression of undesirable acoustical During the first year of opiaiaion (1968), 47
interaction among transducers in low-frequency hydrophones were calibrated at various combinatior.,
arrays. of pressure and temperature for a total of 289 calibra-

This system is unique in that it provides control tions, of which It 5 were at pressures exceeding 1,000
of the phase and amplitude of the displacement pounds per square inch, the former limit of pressure.
between two dissimilar transducers subjccted to
different acoustic loads; this is needed for a number of
problems now being studied. It is unique also in having Cavitation Threshold. Acoustica! cavitation occurring
a rapid-response electronic feedback control system, within a sonar dome or other transducer housing
which is now being used lo study and control phase produces reverberations and cancellations that limit
and amplitude, the usable output of the entire desice. In laboratory

studies, such cavitation is induced to determine the

UNDERWATER SOUND REFERENCE effecti-eness of n!w methods. The only apparent
way to overcome cavitation induced by the high

Sonar Calibration at Simulated Great Depths and Low vibrational rate of the sound transducer is to increase
Temperatures. NRL has placed into operation a new the threshold at which it occurs. Although various
facility in which, for the first time anywhere, under- methods are available, progress in applying them to
kater sound transducers up to 3 feet long and 5 inches operational sonar has been nearly negligible over

100 in diameter can be calibrated in the frequency range the past two decades. The most common method of
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retarding the onset of cavitation is to increase the temperature rise, the transducer is operated at a
pressure on the liquid surrounding the transducer. 12-percent duty cycle.

In examining various means of water treatment to The driving element can be used singly, or two or
increase the cohesiveness or tensile strength of more elements can be operated together to produce
water, NRL has experimented with "Polyox" a higher output. A single element weighs 60 pounds
(ethylene oxide), the "giant" molecule that gained without the pressure-comýensating housing. Some
notoriety when a mixture of it and water siphoned economy in weight for higher power requirements
itself from a beaker in an unconfined stream. can be achieved by using one compensating mech-

The cavitation threshold level as a function of anism for several elements.
Polyo.. concentration in water was measured in an
end-lighted glass tank 14 centimeters square and 90 Reliable Deep-Submergence Hydrophor~e. A new
cm long. A I-inch-diameter PZT-4 projector, resonant hydrophone for acoustic measurements and ocean
at I million cycles per second and having the ground surveillance at depths as great as 33,750 feet has been
electrode exposed to the water, was mounted at one developed at NRL. Reliability at this depth has been
end of the tank. The results showed that, at a con- achieved by employing the newest high-strength
centration of about 80 parts per million by weight, corrosion-resistant alloys and low-permeability elas-
the driving current of the transducer could be in- tomers. The new low-noise transistorized preamplifier
creased by 3 decibels before cavitation set in. Higher used is substantially quieter than earlier designs.
concentrations are impractical because the liquid An important feature of this hydrophone, designated
becomes syrupy at 100 ppm by weight. USRD type H54, is a choice of sensitive element

Additional measurements are planned at lower configurations and material types to allow the selec-
frequencies to determine whether shipboard experi- tion of frequency range, directivity characteristics,
ments are justified. and sensitivity to satisfy a wide range of requirements.

Elements of lead zirconate titanate, lead metaniobate,
and lithium sulfate have been calibrated in the same

High-Power Underwater Sound Source. Many under- basic hydrophone housing and acoustic boot; they
water transducer calibrations made during the past offer sensitivities from -80 tc - 100 decibels refer-
few years have called for acoustic sources capable enced to I volt per microbar ard frequencies as low
of producing sound pressure levels of 70 to 80 as I cycle per second and as high as 150 thousand
decibels referenced to I microbar and frequencies cycles per second. Each active material used for the
as low as 20 cycles per second (Hz). At times, the sensitive element has been pressure cycled and
source is required to operate over the frequency calibrated to 15,000-pounds-per-square-inch static
range fGom 20 Hz to 10 thousand cycles per second pressure, and the cable gland has withstood 15,000
(kHz). Special designs in which crystals drive flexure psi without failure or degradation.
plates or bars generally have been used for this
purpose, but they are very inconvenient and not
completely satisfactory because each operates over OCEAN SCIENCES
a narrow frequency range and seighs several hundred
or even thousand pounds. Frequently, therefore, Marking the Ocean Surface with Artificial Sea Slicks.
several awkward transducers had to be used to satisfy The success of air rescue operations at sea often
the calibration requiremen -. depends upon the use of sea markers. Obviously,

A new moving coi, transducer, designed by NRL's substances providing the greatest obtainable areal

Underwater Sound Reference Division (USRD type ranges and durations of visibility are sought. As the
J 13), weighs less than 120 pounds and provides high side, benefit of an investigation of natural and artifi-
source levels over the frequency range of 20 Hz to cial ocean-surface films, NRI discovered that certain
10 kHz. The uiaphragm can be driven to a 0.5-inch organic substances produce intense light reflections
peak-to-peak displacement. The output ;s displace- and thus may prove highly valuable as components
ment-limited below 80 Hi and current limited above of sea markers.
that frequency. 1 he response is linear, with a driving The high visibility of these substances is due to
current to 25 amperes (rms), and produces an atverage their monomtlecular structure, which hi;s capillary
sound pressure level of 75 decibels throughout the Aave-damping and stave-resistant characteristics.
h-eqcency range of 70 Hi to 5 kHz. To limit the Compounds ý ith optimum propeities Aere found to 101



OCEANOLOGY

spread spontaneously and rapidly into very thin layers, Studies conducted at the Chesapeake Light Station
one molecule thick, that resist the dispersive forces off Norfolk, Virginia, show that carbon monoxide
imposed by a dynamic, wind-driven sea. These water- at the sea surface undergoes diurnal variations, with
insoluble, nonvolatile organic materials thus provide maxima occurring during the daylight hours. Con-
durable, visible artificial sea slicks. centrations were found to increase by a factor of two

A comparative field evaluation of these slick between 4 a.m. and 2 p.m., providing evidence that
markers with the standard Navy dye marker showed biological processes are involved.
that the visibility of the artificial surface films was
best at certain viewing angles. The slick was visible Atmospheric Space Charge Over Water. One of the
at greater distances, since it affected a much greato-r electrical properties of the atmosphere over the
area than the same we-ght of dye. Other viewing oceans which is very different from its counterpart
angles were better for the dye marker. Consequently, over the land is atmospheric space charge density.
a combination of the two techrnques proved to be Exploratory research is being conducted by NRL
the solution. The combination of dye and surface to gain understa'ding of this electrical phonomenon
film-forming materials yields two substantially differ- of the air-sea interface.
ent marks, one or the other of which is visible from Over water, there are at least two mechanisms
all viewing angles. which create atmospheric space charge. One is the

Dispensing methods have been developed to release separation of negative and positive ions near the
an artificial slick slowly from a container tethered surface by the geoelectric field, and the other is
to a floating object, and tests have been carried out the injection into the atmosphere of charges carried
that show tiat small quantities of the monomolecular on jet drops produced by the bursting of minute air
film-forming materials affect large areas of the sea bubbles. The bubbles are formed from air entrained
surface: for example, 100 grams of pure compound in the water during periods of whitecap activity or
will cover 60,000 square meters, or 14.6 acres, when breaking surf. The first mechanism is believed to be
completely spread. the most importpnt during periods of low wind and

quiet seas, and the second is most important during
periods of rough seas accompanied by a well-mixed

Carbon Monoxide and Methane at the Air-Sea Inter- atmosphere. The failure to differentiate between
face. NRL scientists have been investigating the these two mechanisms has led to confusion regarding
distribution of carbon monoxide (CO) and methane the source of the space charge measured over water.
(C0 4) beiween the atmosphere and the ocean surface. Measurements of space charge along coasts have
The information obtained should prove useful in shown that the surf zone is a prolific source of positive
elucidating gaseous exchange mechanisms across
the air-sea interface and in defining the role of the
ocean as a sink for man-made pollutants in the l
atmosphere.

Results obtained during a cruise in June 1968
near Puerto Rico indicate that in that area atmospheric "
methane is in equilibrium with the surface waters in
the open sea. More intriguing are results which show
that the carbon monoxide concentration in ocean-
surface waters is much greater than the equilibrium
value calculated from the gas's atmospheric partial
pressure and solubility coefficient. The ratio of
measured to calculated carbon monoxide concentra-
tions reached values as high as 90. This large dis-
equilibrium indicates that the net transport of carbon
monoxide i, from the ocean into the atmosphere.
These high carbon monoxide values in surface water
at .,.. are thought to be related to biological pro-
ceoses, and laboratory studies are being conducted Faray cage apparaiu% Ahtxard USNS I',lantns. 196M.

102 t * determine the validity of this theory. the apparatus makesi pPA T pc ed:[ncal-4,haie mcamurennli%
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space charge. Recent observations by an NRL air sample is subjected. The range of supersaturations
scientist aboard USNS Eianii indicate that a over which measurements were made covers the
positive space charge exists over the open ocean values which exist during cloud formation.
during periods of whitecap activity. Since a positive The results confirm the conclusion that air masses
charge is also produced in the separation mechanism which have passed over continents are systematically
of the geoelectric field, it is difficult to determine richer (by a factor of 10 to 100) in cloud nuclei than
whether the bubbling or the separation process are air masses which have been over the open ocean
predominates over salt water. In the laboratory, for several days. A comparison of the more industri-
fresh water has been shown to produce a negative alized North American continent with the less
charge during bubbling and splashing. To differentiate industrialized continents of Africa and Australia
between the two mechanisms, an experiment over shows all three continents to be similar in their
Lake Superior was carried out by NRL scientists in effects on the number of cloud nuclei, an indication
the summer of 1968. Lake Superior was chosen not that industrial and other man-made pollutants are
only because it is a body of fresh water but also not primary sources of cloud nuclei. The results
because its low temperature adds stability to the indicate that the lifetime of a given cloud nucleus,
adjacent atmosphere, thus enhancing the ionic separa- at least over the ocean, is about three days. A wide-
tion process during quiet times. The spectrum of spread and relatively uniform source of cloud nuclei
meteorological conditions encount.red during this both over the ocean and over the land is indicated.
experiment was broad enough to show that during Over the land, a large part of the cloud nuclei are
periods of stability and no splashing. a positive known to be of surface origin because of an observed
charge was produced, whereas when waves were decrease in concentration with height, whereas over
breaking a negative charge was produced. These the ocean, the distribution is such that it leaves the
results agree well with the theoretical treatment question open as to whether marine nuclei originate
proposed by NRL scientists for the two extreme at the sea surface or within the atmosphere.
cases.

The carriers of electrical charge produced by
the splashing of fresh water were also investigated Stratospheric Water-Vapor Distribution. Water va-
and found to have mobilities almost as great as the por, a principal absorber and reradiator of infrared
small atmospheric ions. Continued research of the radiation in the atmosphere, plays 'in important role
atmospheric electric variables by the Navy will at very high altitudes, both in the energetics of the
aid in understanding the marine atmosphere and its atmosphere and in the formulation of mathematical
interaction with the sea. models for the numerical prediction of weather. It

is also a factor in the chemistry of the upper atmo-
sphere and may cor.stitute a control for the concentra-

Cloud Nuclei. During the formation of a cloud, each tion of ozone, thus exerting a further influence on
cloud droplet must have a small particle which can atmospheric energetics.
serve as a center tcalled "cloud nuclei") on which While watzr-vapor measurements are easily ob-
water vapor can condense. Only a small fraction of tainable in the lowest levels of the atmosphere, they
the total particles in the atmosphere have the nec- can be made only with great difficulty ait higher levels.
essary characteristics that make it possible for them Consequently, routine meteorological measurements
to serve as cloud nuclei. A knowledge of the source have been limited to the lower half ot the troposphere.
and composition of these favored particles is impor- Only in recent years, through special scientific pro-
tant in understanding the formation and piecipitation grams, have effortN been made to determine the water-
processes in natural cloud% as e•ll as in inducing vapor distribution and its variability in the upper
man-made modifi,:ýtions to cloud processes. atmosphere.

Scientists at NRI. have made long-i4istance tap- -arly observation of the ýertical distribution of
proximately ltX).t mile) llights in at Navy Super water %apor in the stratosphere produced only con-
Constellation to sample cloud-nuclei distributions trovery because the linding, from various programs
in different parts of the world. Special instrumentation. did not agree with each other. One possibhe source
manualiy operated during flight. Aas used tO measure of the disparity, as determined by NRI experiments
the concentration of cloud nuclei in an air sample in 196I. was that water s,.ipor from the balltln-Kirne
a% . function of the supcrsaturation to uhich the instrnmentation contaminated the air being sampled. 103
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This obstacle has been eliminated by using a sounding ganic compounds of sea water, all have important
system, devised by NRL scientists, which measures drawbacks. The principal difficulties stem from the
the atmospheric water vapor during the descent of a fact that individual compounds occur in the parts-
balloon from 100,000 feet. The air is sampled from per-billion range or less, with the total of such com-
the lowest position in the balloon train and is thus pounds rarely ey,.eeding a few parts per million. The
essentially free from contamination from outside salt content, oin the other hand, lies in the range
sources. The instrumentation used consists of an of 31-37 parts per thousand. Signifi:ant also is the
automatic hygrometer that directly measures the fact that many organic compounds found in the sea
temperature at which frost forms in the atmosphere; have at least a moderate affinity for water, making
this temperature, or frostpoint, uniquely defines the extraction by immiscible soivents difficult or imn-
water-vapor concentration in the atmosphere. possible.

In general, the air temperature places an upper One technique that does not seem to have been
limit on the amount of water vapor that can exist in seriously investigated is that J foam separation (i.e.,
the air. The lowest air temperatures in the strato- the isolation of substances in laboratory-generated
sphere are in the tropics at 50,000 to 60,000 feet foams). This has recently become an important
altitude. It has been proposed that the exchange of method in chemical engineering, where it is used to
air with this low-temperature region limits the mois- purify solvents and recover by-products from effluent
ture content for the entire lower stratosphere. The streams. The principal drawback of foam separation
observed concentrations are consistent with this as a general method is that it is applicable only to
limiting condition. The seasonal variability of water- compounds that can be scavenged by surfactants or
vapor mixing at the level of the minimum air tem- to those substances that are surfactive (i.e., those
perature is in the range of I to 4 parts per million; compounds containing both hydrophobic and hydro-
this is also consistent with the annual variability philic groupings that will cause them to accumulate
of the limiting air temperature. Stratospheric mea- preferentially at a gas-solution interface). Within
surements over the latitudes 10'N to 75°N do not this limitation, however, the process has the great
show a north-south gradient; if a gradient exists, advantage of becoming more efficient as the solution
it is presumed to be very small. An efficient lateral becomes more dilute. Thus it works best under those
mixing process in the lower stratosphere is indi- very conditions that cause most other separation
cated. processes to break down.

Recent soundings made with the new instrumenta- Since many important compounds which occur in
tion at low, middle, and high latitudes provided data the sea are surface active (e.g., proteins and enzymes,
for a broad survey of water-vapor distribution over some polysaccharides, and lipids), the fu,,n-separation
the northern hemisphere. The most significant findinp process is being investigated systematically by NRL
was that the water-vapor concentration does ioi scientists as an additional tool of the chemical
increase with altitude above 90,000 feet as su'.,, oceanographer. The essence of the technique is to
gested by earlier data. Rather, it is nearly constart, create large quantities of gas-solution interfaces
with an average mixing ratio of about 2.5 parts per (bubbles) and allow them to rise through a column
million. of sea water in a "foam tower." The surface-active

compounds are adsorbed onto the bubble surfaces

Foam Separation of Trace Organic Substances In Sea and carried to the top of the column as foam. The

Water. Knowledge ot the organic compounds pres- foam is removed, and when it collapses, the result

ent in the ocean and the conditions affecting their is a solution preferentially enriched in the sur ace-

production is of great importance both to the Navy active compounds. The foam tower has a capaoity

ard to marine sclence generally. There is ample of 7.5 liters, middle sections of various lengths

evidence, for example, that small quantities of dis- provide other capacities.

solved organic substances can significantly alter many Experiments at NRI. have thus far shown that
of the physical properties of sea wate,, adsorb on 8-10 percent of the organic carbon in coastal sea
surfaces and nourish fouling organisms, and control wa,-, can be highly concentrated by this method and
the aggregation or dispersal of many other organisms. recovered in a small volume. Part of this material

Although most of the usual chemical separation has been found to be protein. Protein is generally
104 techniques have been applied to the isolation of or- believed to occur in the sea, but the fact has not
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heretofore been actually demonstrated. Quantitative modern and fossil marine animals. The approach

studies made with the apparatus and with known is to first collect marine invertebrates from different

amounts of protein added to artificial sea water have environments and to establish the influence of various

shown that nearly 100 percent recoveries can be ecological factors, such as temperature, salinity,

achieved with initial concentrations of 25 micrograms and water chemistry, on the deposition of particular

or less of protein per liter, trace elements in their sheils; then, by studying the
same trace elements in the shells of their fossil

ancestors, an attempt is made to reconstruct the

Trace-Element Measurements in Marine Animals. chemical and physical parameters of the prehistoric

\mong the most significant gaps in our basic under- ,cas they inhabited at various times in the geological

standing of the sea is a detailed knowledge of its past.

chemical and physical evolution during geologic The initial experiments in this program have con-

time. An effort is currently in progress to discover centrated on determining the influence of salinity

some of the properties of the ancient oceans, which on the chemical complositon of the shells of modem

have exerted such a profound influence on the bio- marine animals and establishing the trace-element

logical and geo,:hemical evolution of the Earth as content of 20-million-year-old marine fossils from the

we know it. Miocene period.

The problem is being studied thi ough measurements The trace elements are measured by the nuclear

of trace-element concentrations in the shells of technique of radio-activation analysis, in which 105
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radioactive isotopes of the elements of interest are fluorine to chlorine during the formation of sea spray.
produced by bombarding the sample shells with These results are not in agreement with those of
neutrons in the NRL nuclear reactor. Specific some other workers who do report fluorine and
chemical constituents are quantitatively identified chlorine ion fractionation at the air-sea interface.
by detecting gamma rays from the resultant radio- A new method for determining fluorine by photo-
activated isotopes. Most of the work thus far has nuclear activation analysis was developed in 1967.
concerned the concentrations of Ca, Mg, Sr, Na, and It is based on counting the N ,6 radioactivity obtained
Mn in certain molluscs and crustacea in relation to from the reaction of "fast" photoneutrons with
the salinity of their aquatic habitat. The measurements fluorine, '9F(n,a)06N. Analysis by this method is
to date indicate that specific biochemical responses very fast, requiring only two minutes per sample.
of marine animals to environmental factors are In addition, it permits nondestructive analysis of
reflected in the trace-element ..oncentrations in their fluorine in rocks, fossils, marine animals, and sedi-
shells. This positive result maintains the hope that ments. The detection limit, however, is 0.05 percent
trace-element measurements in marine fossils may fluorine, but the sample types indicated above usually
provide a useful too! for establishing some of the contain sufficient fluorine for accurate analysis.
physical and chemical parameters of the ancient Using an ion-specific electrode, NRL scientists
oceans. developed during 1968 a simple, rapid, accurate

method for the analysis c ̂  fluoride in sea water.
Its accuracy was verified by ndependently measuring

Marine Geochemistry of Fluorine. Although the the fluoride in sea water samples which had been
element fluorine appears to be fairly uniformly dis- analyzed by the well-established photonuclear activa-
tributed in the ocean, local excesses in deep water tion method developed at NRL. The technique was
have been reported to occur, due either to submarine used at sea (aboard :,hip) to measure fluoride dis-
volcanic activity or to the dissolution of fluoride tributions at several locations in the Atlantic Ocean.
minerals. The mapping of these local excesses can The fluoride ion-specific electrode was utilized to
provide information on the circulation of deep water. evaluate the formation constant of the equilibrium
Equally interesting is the report that the ratio of Mg++ + F- ; MgF+ in H20 and in sea water as a
fluorine to chlorine is much higher in the marine function of temperature and total ionic strength.
atmosphere than in the ocean itself. NRL scientists These results were of value in increasing our knowl-
are utilizing radiochemical and electrochemical edge about ionic equilibria operative in the sea as
methods to investigate more thoroughly the sources well as contributing information necessary for the
and behavior of fluorine in the ocean and its role in electrochemical analysis of total fluoride.
air-sea interactions. It must be emphasized that the method developed

Radio chemical experiments were conducted to for the fluoride electrode should be generally appli-
investigate the behavior of fluorides when sea water cable to several types of ion-specific electrodes which
is evaporated and to study possible changes in the are now available. These devices offer an attractive
ratio of fluorine to chlorine during the formation of approach to the analysis of minor constituents in
sea spray. Sea water samples spiked with fluorine sea water by virtue of their ability to measure in-
were slowly evaporated by blowing warm air over dividual chemical species and their adaptability for
them. Results showed that part of the fluorine is continuous in .situ measurements. Their adaptation
precipitated. with the CaCO.JCaSO4 fraction crys- for operation at high hydrostatic pressures will also
tallizing first from the sea water. Some fluorine is be useful for laboratory studies of the effects of
found in the crystallized NaCI. but most of the element pressure on chemical equilibria.
remains in solution, being precipitated after the
precipitation of the minerals potassium and mag-
nesium. The Density Gradient Column as a Tool for Measuring

The air-sea interaction experiments were conducted Sea-water Density. Density is one of the most im-
by bubbling air through sea water spiked with fluorine portant physical properties of sea water; from an
and chlorine. The ratio of these two radioisotopes accurate knowledge of the in situ density structure
was measured in the original sea water as well as in over a given region, it is possible to predict the
the sea-sprny droplets formed by the bursting air movement of water masses, the formation of currents.

106 bubbles. No change was recorded in the ratio of and the sea-surface slope. Density is not, however,
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an isolated property. It is intimately associated with (density 0.80437). Two mixtures of high and low
and dependent upon salinity, temperature, and pres- density, respectively, were prepared at the extremes
sure. In the open ocean, it ranges from about 1.02400 of the selected density range (from approximately
to about 1.03000 grams per cubic centimeter. The 1.02000 to 1.02800) by combining the two liquids
usual method of determining density is by calculations in the proper ratios. The lighter mixture was care-
based on a knowledge of these variables. For most fully layered over the heavier one in the density
oceanographic purposes it is necessary to know this gradient tube. After the liquids were gently mixed
value correctly to at least one part in the fifth decimal. across the interface, the tubes were allowed to stand

There are several direct and indirect methods for until the gradients stabilized.
measuring the density of sea water. Pycnometry, the All experiments to date have been conducted with
timing of a falling drop, and hydrostatic weighing salt solutions of known densities as determined by a
are not suitable for shipboard use. Other methods, pycnometer. The effects of several variables on the
such as stem hydrometry, usually are not sensitive procedure have been examined. It is believed that,
enough for oceanographic purposes. The Laboratory under laboratory conditions at least, it is possible
has made a preliminary study to determine the feasi- to determine routinely the density of sea water to
bility of adapting another method, the density-gradient I part in 105. The problems of shipboard operation
column, for use in determining the density of sea have not yet been investigated.
water. In this approach, a column of liquid, immiscible
with water and having a vertical density gradient, is
prepared. The water-drop sample is inserted in the Study of Phytoplankton by Spectroreffectometry. Lit-
column, where it falls until it reaches the level of tie is known about the fine-scale distribution of
its own density. The resting position of the sample phytoplankton and the nutrient and environmental
drop is compared to the positions of samples with factors that induce "blooms," or localized con-
known density. The density is computed on the basis centrations of organisms.
of a linear density gradient. More frequent sampling, to achieve better detail

The i.quids finally adopted for this study were in plankton data, has required that the various
bromobenzene (density 1.48531) and kerosene mechanical and chemical sampling methods be im-

proved. It has also required that ways be found to
decrease the amount of labor involved in collecting
and measuring organisms and in reducing the data
to suitable indices. These needs have resulted in the
current use of a trichromatic method which filters but
does not involve an extraction procedure. The results
are given in terms of pigment content per unit of water• ' filtered.

- t It seemed possible to NRI. scientists that small
concentrations of minute p;aytoplankton organisms
deposited on a white filter might be detectable in a
useful way with the Beckman DK2A spectrophotom-
eter and its integrating sphere accessory, which have
high sensitivity and scanning capability. One hastens
to add that some types of cells are diffcult to break
up sufficiently to allow the escape of all pigments.

i ithus introducing an uncertainty in the data obtained.
To estanlish the feasibility of applying NpeCtro-

reflectivity mrcfhods to the estimation of phý!hplank-
ton. unialgal cultures of known organisms in known
concentla!ions Acre used. Ihe organisms were

t"hc verlik.al tlcn.it% gradient column ucd to dccrm-inc the C',rella sp.. ( t ctoicr i••'r*. k /Ie.wtopen.t ('oilier
den imiC% of , a " ater sampis in i c.'trllanf em-c pmr titc and 1lurphy. G Vmnodidpiup• m cit I )av is, and (''-iI-
K; th Ihe •cithctom. etor hit iCAtsIurng dr"op posrtli 1n It n te I/a nmta lust edt Other cuIt ures are no% being
tl-,,w fvtrt.rtind prepared. All of these organiasrs were niade up in 107
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200 milliliteri, of suspension in their final concen-
trations. The suspension was filtered through a
millipore disc with a pore size of 0.45 microns. Im-
mediately following filtration, the discs were trans-_ ..
ferred to plastic petri dishes and stored in the dark
under refrigeration until submitted to the spectro-
reflectometer. Each sample was scanned against a
blank millipnre filter as a reference.

Work to date indicates that the spectrophotometric
method has cousiderable promise for the qualitative
differentiation and quantitative estimation of dominant ww
planktonic types. Absorption at a single wavelength
(670 millimicrons, an absorption maximum for USNS Mizar.
chlorophyll c) can be a useful index of concentrations
of phytoplanktonic material. Samples analyzed re-
cently in the Caribbean Sea gave data on plankton
distribution in that area.

OCEAN TECHNOLOGY

Scorpion Search. The successful search for the lost
submarine USS Scorpion was probably the longest
continuous operation aboard a ship ever undertaken •-
by a group from NRL. The search operations were
conducted aboard USNS Mizar (T-AGOR I I, which
steamed from Norfolk, Virginia, on June 2, 1968, and
returned to New York on November 22. During this
172-day interval, Mizar steamed approximately
10,000 miles, of which 2,600 mile,. were traveled
at a search speed of about one knot.

Once a month Mizar visited Prahia in Terceira,
Azores, to take on supplies and exchange scientific Aluminum carriage ("fish") containing
porties. Each scientific party normally consisted of search instrumentation.
12 personnel from NRL, 4 satellite navigation
operators from the Naval Oceanographic Office, and
one operations analyst from Wagner Associates. mand-control unit, two 200 watt-sc,-iod stroboscopic
During the first two months there also were four lights, and a 28-volt battery powe s•upply made up
ocean-bottom scanning-sonar operators from Westing- the remaining components mounted in the fish. An
hous:. The commodore of Task Group 42.2.1 and off-the-bottom depth indicator (essentially a pinger
one officer from Submarine Development Group One system) was used to maintain the fish at the desired
were aboajd during the last three months. Only height above the ocean floor.
19 berthing spa,-es were available for scientific A 20.0)0-foot-long armored, single coaxial cable
personnel, but there were times when the scientific provided the only electrical link for all information
party was as large as 25. from the sensors to the ship and foi :ommands from

"The towed search vehicte was an aluminu n struc- the ship to the fish. (Maintaining a full battery charge
ture, called a "hlh.'" which was built at NRI.. was also done through this same coaxial cable.)
Mounted in this structure was the integrated search The fi.h was retrieved only when the camera ran out
system. The principal sensors used were ýhe proton of film, which was after 15 hours of continuous
precession magnetometer. a wide-angle-lens survey photography. When seawching at a speed of one knot.
camera, and a side-looking sonar. A transpk)nder for with the f-sh 30 feet above the bottom, a 100-foot-
determining the position of the fish relative to the diameter view of the bottom was photographed each

108 ship. a frequency-multiplexing telemetry and corn- 10( seconds. Sufficient overlap of the photographed
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area was provided so that a continuous mosaic of Optimum Packing of Hollow Spheres In Bunyancy
the ocean bottom could he reconstructed. A total Matertais. Improved syntactic foams and arrays of
of 119,0(0) photographs was taken of the area. At hollow spheres are in great demand to provide
:imes, two cameras were mounted in the fish. The buoyancy for deep-diving vehicles and instrument
second camera carried film for an additional 24.000 packages. Currently, the buoyancy is limited by the
photographs. The total ocean bottom photographed packing of the spheres, which is far from ideal. The
equaled an area of 12 square miles. collapse of individual spheres tinder the applied

Major shipboard navigational equipr.,cnt included pressures is also a problem.
the acoustic tracking system, which computed the The volume fraction of spheres in syntactic foam
position of the fish relative te "he ship. and a satellite can be increased to a major degree through close
navigation system, which indicated the ship s geo- packing if certain rules and precautions are observed.
graphic position. When a systematic search of an A first requirement is provision for a main set of
area was desired, transponders were mounted on the spheres that are sufficiently uniform in size to permit
ocean bottom and "fixed" geographically. The them to be closely packed. A second requirement is
acoustic-tracking system also used these transponders that the geometry of the container is such that the
to compute their position relative to the ship. spheres can be poured knto it so as to allow later

The first photographic evidence found of the where- infusion by the matrix. If the shape of the container
abouts of Scorpion was a bent piece of sheet metal, is not correct, the entire volume will be disturbed by
which was detected after 18 days of operation. In dislocations and vacancies analogous to defects in
that same area, there was a sharp geomagnetic out- plastically deformed metal crystals. For nonuniform
cropping that gave a signal from the magnetometer spheres, the packing may be even poorer.
having characteristics similar to those of a man-made Perfect packing can be obtained without disloca-
object. However, no further magnetic anomalies were tions if the container is a regular tetrahedron or
recorded. The bent piece of metal could not be posi- octahedron or a truncated version of either. Perfect
tively identified as being from the Scorpion, so the natural packing can be achieved in an octahedral
search was continued in other areas. container. A substantial further improvement in

After five months of futile searching, it was decided buoyancy can be obtained by infiltrating the main
to return to the general vicinity in which the metal set of spheres with a population of smaller size which
had been found. Within a few days, on October 28, can shake down through the interstices. For this
the maFfnetometer recorded a signal of the proper purpt e, the diameter should be one seventh (or less)
characteristics, and the side-looking sonar showed of the diameter of the ri. ýin spheres. Although major
an object standing clear of the bottom When the improvemints are theoretically possible, their
film was developed, the object was identified as being future realization depends on the development of
a Loge section of the hull. industrial manufacturing techiiques capable of

On the following run, after the fish had been near
the bottom but a fe% hours, the main dri,'e-shaft
coupling on the deep-sea winch failed. The fish
plummeted to the ocean floor. but it was retrieved by
the operation of at small auxiliary mnotor. After 4-1/2
hours of inhauling. the fish finally broke surface.
Suddenly, the tow cable paited, and the fish t(valued at
$75,t0)4)) plunged 1t0,0(X)t feet to the ocean bottom.
Ihis was a senous Iloss of equiplnent. hut more so of
,,earch capabihliý. I'o da',s were spent preparing the
spare fish and repairing the hoist. D)uring the remain-
ing three d:iys. IOttX) photographs were obtained of
parts of' the htlk and deb is ftom it.

NRI wa% charged with the responsibility for
c ,rtidinating the anais otl all data A large mosaic
photgraph of the oc-.in floor w.as completed. and
pertinent data were made aiail;,ble to the Na.t '% Poc I ,a w,, f tit o!lto spheres in a irunct tcd
Hoald of I nquiry aC iegular o.tahedron 109



OCEANOLOGY

will be considered for deep-submergence structures
in spite of the well-kaown fact that their strength is
limited by surface flaws. Etching can remove most of
these flaws, but there is no guarantee that all flaws
will be removed or that new ones will not be created
accidentally. Surface cracks can grow to critical
depths under low tensile stresses and moist condi-
tions. The critical depth for surface cracks is of the
order of 30 microinches if the glass is to accept a
tensile stress of 100,000 pounds per square inch.

The time necessary for subcritical crack growth
to result in critical crack depth was investigated by

Hollow buoyai..:y spheres in an inappro- measuring the rates of growth ur,!er arbitrary con-
priately shaped container. Dislocations stantly applied fracture driving forces. Having
and vacancies are apparent. established the rates as a function of the driving

force and the humidity, it was fcind possible by
integration to predict the times for small surface

producing hollowd gass spheres sufficiently uniform cracks to grow to critical size.
in ize d nd sufficently high in individual buoyancy Chemical rate theory was modified to incorporate
and stoal.gth. fracture mechanics, and the resulting equations are

The goals of this investigation also include the useful as a theoretical framework for explaining the
calculation and mecasurement of the stresses oni the

glass spheres which contribute to individual collapse

by eiastic buckling. Two o- the contiiboting factors
are 0l) stresses caused by shrinkage in tl'e resin as 6B 034 n Ibs/!,

it ccols from the curing temperatare and (2) point 5-

loads on a sphere applied by the nearest neighbors • _
in J.)ntact or in near contact. _

The Strength of Annealed Bulk Glass for Possible
Deep-Submergence Structures. Although chemical -
strengthening ind surface quenching are well-estab- 0 4 L L J L7
lished processe- which can greatly increase the CRCK ~rs POStrION,

strength and -eliability of glass, they are not as yet
gens, applicable to thick sections and complicited Crack length its it function -if a constantly applied driving
shap, large structures. ,dIso. only ce'lain glass force, G. I he slope olthe line give-, the rate of crack piopaga-
compositions can re.por.d to these processes. For litoa. (Test for 3 x 12 x 0, 127-incl. plate glass conduc'ed it
the next two or three -,i %rs, anneaied Luik glasses 74°1- and at! almost 1(0) percent rel-itivc hunuditi,.)

C rak vclocit0 t•rii (G for
diffe. !ni despoints I he te"
%it% conducted ati teinpera-

tulw, ranging froum 22(' to

1•,0
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experimental results. The rate at which the short- WATER SURFACE
time strength degrades is proportional to the rate at
which the square root of the crack depth increases. SUB SURFACE BUOY

A strong dependence of crack growth rate on com-
position was ifound, but the selection of an optimum
composition will require the acquisition of much more
information.

Structural Analysis of Cable Systems. Cables are
employed as the basic structural elements in a large
number of scientific, engineering, ana military devel-
opments, such as suspension bridges power lines, - -ANCHORS

towlines, and tethers, because of their convenient
handling and storage properties as well as their
extremely favorable ratios of strengih to weight.
For such use, it is desirable to calculate the tensions
in, and shapes of, the loaded cable structure so that Schematic representation of Ahe Sea Spider
the reliability and performance of a system can be cable installation which suplv)rts undersea
predicted. instrumentation. The pyramidal arrangementand large flotation buoy improve stability.

For a wide range of cable stress versus strain dlagfotin ,uympvesblt,
but water currents and gravity cause displace-

relationships and applied loadings, no adequate ments from desired straight-line orientation.
analysis techniques have been available. This was
particularly true for cables with nonlinear stress
versus strain relationships and for structures sub-
jected to current-induced drag forces that are depen- a platform for a wide variety of oceanographic experi-
dent upon both the position and orientation of the inents that require an ultrastable base and a long life.
system in space. The primary reason for limited The float is stationed deeply enough to avoid surface-
analytical techniques is the large inherent nonlineari- wind and -wave effects, and its large buoyancy imparts
ties in the equations of equilibrium and of the forcing high tensions to the anchoring cables. Because of

functions. the high tensions and the pyramidal arrangement of
NRL scientists became actively engaged in the the cables, the system is sructuralny resistant to

development of techniques for the anidysis of such current-induced deflections from its gravity equilib-

systems during the past year. This effort has culminat- rium position.
ed in the formulation of a new structural-analysis The general method of analysis has been developed,
technique called "tthe mettbud of imaginary reactions." and example computations fo representattve arrays
This method is capable of providing rapid and accurate have been performed with the aid of digital-computer
engineenng answers relating to stress and deflection coding. A large variety of problems can be solved
patterns when applied to t.ables. A lumped-parameter by making rlatively minor variations in tne basic
description ot the cable system is applied. However, anaiytical approach.
since the number of unknown variables equals only
the number of redundant reactions for any representa- Experimental Approaches In Shock Design Research.
tihn cI the stnicture. a closely spaced division of As is true of most technologies, the progreis in
the structure into lumped-parameter elements can devising methods to design "shock-hardened" ship-

be made without grossly affecting the number of board structures depends on the creative interplay

calculazions •ieeded. between physical experimentation and theoretical
This methoA is being used lo study several cable ingenuity. In structural shock design research, phys-

systems which have previously defied accurate ical experimentation has long been dominated-one
analysis. One such system, of pLrticular interest might almost say "ihibited"-by measurement and
to oceanographers and the Navy, is Sea Spider. This analysis problem!s which stem from tht. inherent
system consists of a subsurface buoy anchored to complexity of real ,tructures an( from their equally
the bottom by three cables. It is designed it) provide complex response to shock environments. Srme years 111
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ago attempts to interpret siructural shock records ponents of the system must be operationally com-
in the time domain were largely abandoned in favor patible with the primitive experimental conditions
of approaches involving the same records transformed frequently encountered during field measurement
into a frequency domain; the complex data included programs. These difficulties have been surmounted
in the available slngle-parameter records (usually with the NRI. shock instrumentation system, which
relative velocity) seriously impeded physically has been proved during usage in a series of laboratory
significant interpretation. Recent improvements in and field measurement programs.
instrumentation have produced new possibilities For the experimental researcher, simultaneous
for analytical insight. recording of shock response in a convenient three-

More or less central to the improved instrumenta- parameter format (acceleration, velocii,, and dis-
tion system is an integrated-accelerometer concept, placement) provides new options for the interpreta-
in which small, lightweight accelerometer transducers tion of structura; response under shock. The ready
are coupled with electronic circuitry capable of recognition of coupled structural modes, impacts
producing the velocity and displacement integrals of within the structure, dynamically induced deforma-
a measured absolute acceleration transient. While tions, and instrumentation malfunctions is frequently
the concept is fairly obvious, the practical problems possible. Further, the interpretive flexibility that
have been formidable. In a typical shipboard shock- would accrue from having a set of filtered records
measurement problem, accurate integration requires can now result from a simple manual averaging of
that the system be linear and stable over a dynamic the slopes of the velocity or the displacement records
range of 10,000 to I, that it respond to frequencies over selected time intervals. In general, the successive
from near zero to approximately 2,000 cycles per integrals emphasize motions common to different
second, and :hat at be insensitive to higher structural proportions of the total structure while maintaining
frequencies which would otherwise require a further a physically meaningful interrelationship between
extension of dynamic range. In addition, the com- these motions. An interpretive study of time-history

records in the three-parameter format, in conjunction
with frequency-decomposition techniques already

"developed, can stimulate another step in the evolution
of shock design methods.

The Reliability of Nuclear-Power Instrumentation for
Oceanographic Research. Because of the : ng life

- ji. . _,_____and low maintenance of the nuckl:,r power plant.
nuclear systems will play a large role in ocean tech-
nology. The difficulties involved in adapting the

-±nuclear reactor to these new applications for energy
and propulsion will include the problem of providing
for reliability in the measurement and control circuits
of the primary units. This particularly troublesome
area in reactor technology has been receiving close
scrutiny in a related field of research at NRI..An acctelerometer record reproduced with 5uIi.C'%iysV,

integratons. Ihis vccord %%as obitined frorn an accelcr-tior. Scientists at this aboratory have long sought a
han,,thicer attiched to a standard Natvy light'.,cight shock capability for the accurate measurement of the
rnachinc. I he displacement record tends to cmph,•.itc physical properties of nmaterials irradiated in a nuclear
Tipl tsKdy motionm common to the entire strututkrc. whil environment. the unreliability of compoients in
the vclixt, and acccleirtion rccords emnphastir notions the in-pile portions of the circuits (i.e., those exposed
commilnlll Ito prog; vs Ilsc I mlll ci~ polrtion• s hi fic ,orsle spondto highrn -'iodn of the "irutlui naolin the hie oa ,isphipnd. to high nuclear flux) blocked this effort. The inability
thigher c.ik ,aucs. ind t .icraiged ratn ut-chate l, Aahes taken of :hesc :omponrnts to perform properly was. of

at ,electel finmcs, it is po-sible to :nfr nni, chv;iwcieristic% course. due to the continuous attack of the high-

of the instrumented struciurc tor~i vhitt: ihi'- rcord is intensity neutron and gamni, radiation upon the
112 taken nmaterials used in their construction.
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In an effort to surmount these difficulties, a series
of in-pile experiments with an electromechanical
instrumentation system were conducted. During
these studies, the functional respunse of each of the
circuit components was examined separately with re-
spect to the influence of the different radiation
phenomena. It was then possible to provide a number
of necessary adjustients in circuit design and to
develop the correct design criteria for the complete
instrumentation system. In a final test, the in-pile
measurement system was subjected to 643 hours of
full-power exposure in the core of the NRL reactor.
Circuit reliability was directly comparable to that
normally expected in conventional systems.

A 3-inch-diameter research probe was used in con- A nuclear reactor probe. 'The measurement systems in this

junction with specially designed electronic circuits. probe withstood a total exposure of 2.78 x 10 jg neutrons
per square centimeter. with energies greater than I millionThe probe, with 12 of these circuits attached, was electron volts, without disruption of functional properties.

used to test 4 different mechanical strain sensors

under conditions of load, no load, and intermittently
applied loading. 4. A rearrangement of the mechanical components

Success was achieved through the following was made to provide an equal-temperature platfurm
measures: upon which the dissimilar metallic junctions of the

I. Materials which were least subject to degrada- electrical circuit could be mounted. The generation
tion through transmutation of their elements were of undesirable thermoelectric electromotive forces
selected for the construction of new components. within the circuit was thus pievented.

2. Instabilities introduced into the electrical 5. The remaining small, spurious influences of the
signal output through ionization of the insulation environment upon the test configuration were re-
mediums and of the experimental atmosphere were moved from the electric output by opposing or
eliminated through the spatial readjustment of compensating for their effects in paired elements of
components, the addition of ceramic insulators, and the instrumentation system.
the provision for a dried helium atmosphere. In addition to providing for an increased reliability

3 A symrmetrical open-loop design in the me- in reactor measurement and control circuits, the
chanical load train removed undesirable thermal results obtained also supply much-needed data on
stresses caused by gamma heating of the materials, the in-pile be'iavior of materials.
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CONTRIBUTIONS TO SCIENCE AND TECHNOL.OGY

During 1968, the Resca&-ch Department staff pro- winnrng papers and reports are identified by an
duced over 1.1001 scientific and technical papers. asterisk preceding their titles in the following list.
Its productivity total includes 171 forma, NRL In addition, 71 patents were issued in 1968 on
reports, 95 memorandum reports, 490 oral presenta- inventions made by present and former employees
tions at scientific and technical meetings in the of the Naval Research Laboratory. This figure
United States and in foreign countries, and 362 brings the grand total, through the calendar year 1968,
papers published in professional society journals, to 2,110.
Of the published works, 20 papers appearing in the A bibliography of papers published in scientific
open litterature and 6 formal NRL reports were journals, a list of U.S. patents awarded, and a bibli-
selected for NRL publication awards-, these award- ography of NRL_ formal reports are presented below.

PAPERS PUBLISHED IN SCIENTIFIC JOURNALS Passive Range Determination, by A. T. McClinton and J. C.
Cybulski. Proc. 24th Navy Symnposium oll Underwater

ACOUSTICS A coustics, New London, Conn., November 12-14,
1968, pp. 705-719

Acousi Measrements in The Deep Ocean Convergensce Results of an Experiment on Acou~stic Reflection from the Sea
Zone, by C. L. Buchanan and R. B. Patterson, Proc. Surface, by R. H. Ferris and W. A. Kuperman. Proc.
24th Navy Symposium l(fn Underwater Acoustics, New 24th Navy Symposium on U'nderwater Acoustics. New
London, Cornn, November 12-14, 1968, p. 71 London. Conn., November 12-14, 1968, pp. 438-453

Amplitude Distributions of Monostaticaily Bottonm Scattered Sound Scattering Into the Shadow Zone Below an Isothermal

Signals, by B. G. !4urdle, K. D. Flowers, and K. P. Layer, by B. J. Sch~weitzer, A cous. Soc. Amt. J. 44:525,
Thompson, Acous. Soc. Am. J. 44:356, July 1968 August 1968

Axially Symmnetric Vibration of a Thin Cylindrical Elastic CIvMISTRY AND) CHEMICAL PHYSICS
SheD Filled with Nonviscoiu Compressible Fluid, by
V. A. Del Grosso. Acusgica 20:313, July 1968 Adhesion: Mechanisms That Assist or Impede It, by R. V.

Energy Spectral Density of the Sonic Boom, by J. S. Lee, Baier, Elane G. Shafrin, and W. A. Zisman. Science
H. L. Peterson, and C. McCoy, Acous. Soc. Amn. J. 162:1360. December 20, 1968
44:299, July 1968 -he Adsorption of C 4-Labeied Stearic Add on Iron, by

Experimental Measurmenat of 'Creeping' Waves on Solid C. 0. Timmons. R. L. Patterson and L. B. Lockhart.
Aluminum Cylinders in Water Using Pubes, by W. G. Jr., J. Coil and Interface Science 26:120, January 1968
Neubauer, Acous. Soc. Am. J. 44:298. July 1968 Anion-Radicals of Pollyphenykiloxanes, by D. H. Lirgie. Jr.,

Experimental Observation of Three Types of Pubsed Cir- and W. B. Moni,zJ. Pohmwer Sci. 6:1153, May 1968
cumfeenatlal Waves on Solid Aluminum Cybnders, by Anisotropy in Energy C,.Iculation for Graphite, by E. F.
W. G. Neubauer, Acou~v. Soc. Amt. J. 44:1150O, Octob.r Meyer. J. Chem. PhY.s. 48:5284. June 1. 1968
1968

TheInfuene o Reerbrada ad Srfae Sattrin on Anodic Oxidation of Hydrogen on Iron and Platinum In
The nflenceof eveberaionand urfce cattrin on Sodium Hydroxide Solution, by S. Schuldiner and C. M.

the Detection of Targets in the Shadow Zone, by B. J. Shepherd. Electrocheen. So( J. 115:916, September
Schweitzer and H. N. Van Ness. Prov. 24th Navy, 1968
Symposium on Underwater Acoustic~s, New London.
C onri.. November 12-14. 1968. pp. 130-144 BDafrler Films 1nIn, ae Service Lilves of Prelubricated Mini.-

lure Beal Bearings, by V. 6i. Fitzsimnmons, C. M. Murphy.
International Standardinolion In Underwater Sound Mea- J. B. Romans. and C. R. Singleterry. l~uhrirotiion Eng.

auremeota by W. J. Trott, Acusiico 20:182 (1968) 24:35, Januai y 1968

Long Baseline Correlation Experiments, by [D. C. Coultei Characteristics o' an Improved Inert-Cathode/Mogn-sum
anid C. McCoy. Jr, i ro. 24th Nav ' Swrmposiumi on Anade Sea Water Batne",. by B. J. Wikon, In1rAcrio u-t

Underwater Acoustlci. New L~ondon. Conn.. November C~, .. (onverson, higinuun-uring (onfi-reme nut e tud.

12 14,.1968, pp. 413-42 3  pp, 852-860, 1968

Near FIrid Calibration Array, by (;. PidA. Di. J(G. (regan. Chaný,rs In the Microstructure of a Sintered Sliver Electrm)di
and S. Hanish, Pru(. 24thu Nat % Svmpiloviun oin Under-r After Repeated Cyclinig at a tow Curr.nt. tlý C. P. Wide%

114 1968, pp. 234-257 her 1968
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Charging of the Silver Oxide Electrode With Periodically Moore and R. L. Jones. Eh'utroclumn. Soc. J. 115:576,
Varying Current. Ill. 60 CP'S Asymmetric A.C., by C. P' June 1968
Wales. EHicirotein. Soc. J. 115:680, July 1968 High Resolution Vacuum Ultraviolet Ahsorption Spectra of

Chbarging the Silver Oxide Electrode with Periodically Varying B'1' -X'!*. C'Y.'- X'»* and j~.' - X 11 Transi-
Current. IV. Intermittent Constant Current Reversals tions In Carbon Monoxide, by S. G. Tulford and J. T.
During Charge, by C ". WVales, Electroclu'm. Sm. J. Vanderslice, J. MA/oeu. .Spectrom. 26:419, August 1968
1115:985, October 1968 Hydrolysis of Oil-Soluble Organic Amine Salts in the Two-

Coriolis Coupling in a Very Nearly Symmetric-Top Mole- Phase Water-Benzene System, by M. A. Scheiman and
cule, by A. B. Harvey. Spvctroscopý fLtrs. 1:197, May q-. R. Baker, J. Chitvi. & L~ng. Dati, 13:394. July 1968
1968 ionization from the Hcterogeneous Catalytic Oxilade'ln of

Corrosion of Metals in Tropical Environments -Copper and Hydrc.,arbons in the Vapor Phase, by J. E. Johnson.
Wrought Copper Alloys, by C. R. Southwell and A. 1, F. J. Woods. and Mi. 1ý Umnstead. Adianc~e.% in Chii'm.strr
Alexander (NRL), and C. W. Hummer. Jr. (Naval Sernc, 76:3 13 1 968'i
Station, Rodman, (Canal Zone. Panama., Mat. Prol. The Mass Spectra of Triffluorophosphinecarbonylcobalt
7:4 1, January 1968 Hydrides, by F. E. Saalfeld and M. V. McDowell (NqR',).

Determination of Trace Contaminants in Air by C .icentrat- and S. K. (londal and A. 6. NlacDiarmid (U. of Pa.)
Ing on Porous Polymer BrdcL. by F. W. Williams and Ain. C/urn Soc. J. 90:3684 (1968)
MI. E. Umstead, Anal. C/tern. 40:2232. December 1968 The Mass Spectrum of Methyldifl uorosilyltel racarbony [cobalt,

Effect of Adsorbed Water on the Critical Surface Tension by F. E. Saalfeld and NI. V. M~cDowsell (NRIA. S. Is.

of Wetting on Metal Surfaces, by Marianne K. Bernett Gondal and A. G. MacDiarmid (University of Pennsyl-
and W A. Zisman. J. Co/lloid & Intc'rfaiw Science vania), Inlorganoic (Chemt. 7:1465 (1968)
28:243. October 1968 The Mass Spectrum of Trifiuorosilyltetracarbonylcobalt, by

Electrical Discharg~s from a Fuel Surface, by J, T. L~eonard F. F. Si-alfeld and M. V. MlcDowell )NRI_). A. P. Hagen

and H. W. (ar!.,,,t. Statii Electrifiataian ("tibtete. and A. G. NlacDiarmid (University of Pennsylvania),
Pro(c.. ILondon. England. May 8-10. 1967. pp. 100-Ill1. Intiori.atic Chemn. 7:1665 (1968)
British Institute of Physics and the Physical Society. Membrane Potentials and Ion Selectivity of Fused Silica
1968 in Molten Salts, by K. H. Stern, J. Phs s. (Chem. 72:1963.

The Electrochemical Characteristics of Several Proprietary June 1968
Aluminum Galvanic-Anode Alloys in Sea Water, by 1, J. Microvoids- in Glass-Resin Composites. Their Oirigin and
L~ennox. Jr.. MI. H. Peterson. and R. F. (irouver. Mait. Effect on Composite Strength. bN %V. D. Bascom and J. H.
Prot. 7:33. Febi uary 1968 RomanN . /&-F(' Pro duit Riew ar, I and li)~e/lopmentn

Electron Spin Resonance Study of the Photolysis of Poi%- 7:172, September 1968
styrene and Poly(a-Methylstyrenc). by R. V. (Cozzens. On the Activity of Platinum Catalysts in Solution. 11. Kinetics
W. B. Nioniz. and R. B. t-ox. J. (Cht,. Phis. 48:581. of the Pt-() Reaction ivith Hydrogen and of Pt-H Deposition
January I5. 1968 Using a Double Pulse Trechnique. bs 'I. B. Warner and

Estimation of Absolute Entropies from Gas (Chromatographic 1%. Schildiner. I/l,,o iut,..%'m J. 115:28 l I')fix)

Retention Data. bý F W. William% and ff. W. C'Thart.
.1. ia~(/,r'm~tt'ra~tiv :28t. Na~ 968On the Actisity of Platinum Catalysts In Solution. [11. Facets

on Flume-Formed Platinum Sphere%. b) I. B. Warner,
Fluorine-Containing Epox) Components and Plastics, by lh' 4 rulicnt, So.. /1. 115:fi15. June 1Y68

J. R. Griffith and J. F. Quick. Amrnerc;.n Chemicat
Socit~ ) 5uthNicting ~ ,',,',,f ~,,, Oxidation of Hydrogen on a Passive Platinum Electrode, b%

aa(tc antihol s'at ( VolOt . XXV\llI. No t1. S. i.-chuldinci. k1:, tit1 ititt Sot, J 115:362 April 19(18

p 442, 1468 Passation of Anodic Reactions, b% S. Schuldinci. ýIi to'

Funduamental Aspects of Polymer Pholodegratlation. b% R B so,~ .. J 1:9.septenibcer t'J68

141%. 1hr (1,,,i 'n ill 55:1t8. Noseniher IYTh8 'Potentiostatic Current-Potential Measurements on Iron and

Generation and Dissipation of Electrtumtatic Distharges n Paiu ~etoe nIihPrt hidAkln
Alrraf Ful Sstes. ~ JI Ieon~u . -0)ct ~~ Sý stems. is ( MI Shepherid and S. Sc bld inci. lI(.tr,
Aircaft uelS~slm-, \ JI I onai, ,ilei pt,4 J(t,, m ' J 115:)1t 24. Nosembeti , '65

(Fedral'~s~itin Acnc, . ~ecmbc 19u). P )-64 Preparation and Iie~ttabillti or lerminally ( horophenyl-
196(4) Substituted (arbioxilic Acid Filins. h\ I (aine (. Shafiin

Growib Characteristics of Iron (xide Fimhs Generated in and W A ~/~it in L,/han , ints i, P,-t,i,s \cii i,

Dilute Lithium ll~droxide Solution at .100 k bs I1 B 9(7:'0. 'auucncags heinicaul St-,tci,. 196t8 i15
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Psa.uure Effects on the Friction Coefficient of Thin-Film Treated Metal Oxide Surfaces, by W. D. Bascom, J.
Solid Lubricants, by R. C'. Bowers and W. A. Zisman, Colloid & in! erfite Science' 26:89. January 1968
J. Appl. P/av.%. 39:5385, November '968

Products of Strength Times Self-Broadened Half-Widths CRYSTAL AND MOLECULAR STRUCTURE
of Absorption Lines In the v'2 Band of Water Vapor, by
D. K. Prinz. Appl. Opt:. 7:689 (1968) The Crystal Structure of the Alkaloid Resirpine, Cý,,Ha(N:,O9,

Quantitative Measurement of Void Content in Giass-Fliament- by 1. L.. Kanle and J. Karle. A cia: Criysaia/ B124:81, Jan-

Wound Composites and Correlation of Interlaminar Shear uary 23. 1968

Strength with Void Content, by E. J. Kohn. A. Gi. Sands. The Crystal Structures of Two Novel Polycyclic Products,
and R. C. C'lark. I&E( Product Re'searcha wad Develop. C26H10,. and C2,H11,, from the Photoiysis of anati-[2.2]Par-
Inent 7:179. September 1968 acycioaaaphthane, by A. V. Fratini, Am:. ('/ein. Soc. J.

Quelques observations sur F' itat actuel de [a nomenclature 90.1688, ilarch 27, 1968

des polymires, by R. B. Fox. Rev. (jen. Caoutchouc Derivatives of Morphine Vii. The Sthuctaire of Pentachloro-
et. Piast.. Ed. Plastiques 5:152 (1968) oxy-and-ethoxycodides; tan Unusus'l Addition Reaction to

The Relation of Initial Spreading Pressure of Polar Compounds an Aromatic Ring, by U. Eisner, r. J. Batterham, U.

on Water to Interfaciai Tension, Work of Adhesion, and Weiss anJ 1. L. Kanle. C/ae~ni, l Communaicatio~ns,

Solubility, by C. 0. Timmons and W. A. Zisman. j' ' p. 774. 1968
Co'lloid & Interface Science 28:106, September I96f' Noncentral Force Model for Hexagonal Close-Packed Crystal

Removal of Water from jet Fuel, by R. N. Haziett. U.S. Lattices (11), by E. A. Mletzbower, PhyAIs Stat. Solidi
Naval Av~iation Weap~on.'. S..Ysita',I,,e (Aeronautics 25:403,January 1, 1968

Ed.). pp. 17-22. October 1968 Partial Structural Information Combined with the Tangent

Ring-Puckering Vibration of 2,5-Dihydrothiophene. by W'. H. Formula for Noncentrosymmetrlc Crystals, by J. Karle.

Green and A. B. Harvey. J. Client. PIhvs. 49:177,.July 1, A1 rsal 2:i2 erayi6
1968 Self-Diffusion in the Molecular Crystal Adansantane; Coms-

The Solid-Liquid Interface -An Essential and Active Frontier parison of NMR and Plastic-Flow Methods, by H. Resing
of cince b W A.Zima i AvanesinChaeinistrY (NRL): N. T. Corke and J. N. Sherwood (U. of' Strath-

Series 87: 1. American Chemical Society. 1968cld) hsRe.Lr 0:12,My7,96

Spectroscopic Analysis of Polypeptide Conformation in The Structure of Batrachotoxinin A, a Novel Steroidal Alkaloid

Polymethyl Glutamate Monolayers, by G. 1. Loeb and from the Colombian Arrow Poison Frog, Phyllobates

R. E. Baier. J. Colloid & Interface Sci. 27:38. May' 1968 aurotaenia, by T. Tokuyama, J. Daly. B. Witkop. 1. 1..
Karle and J. K ale. A i. ('hein. Sm. J. 90:1917 (1968)

A Structure-Based Nomenclature for Linear Polymers, by
R. B. Fox. et al., AJacro~nt 'h' ide.' 1: 193 t1968)

A Study of the Conformation of Surface Films of Poiybenzyl- INSTRUMENTATION AND SYSTEMS

L-Giutamate by Multiple Internal Reflection Spectroscopy, Absorption Edge Effects In Electron Probe Analysis, by
by Gi. I. Loeb. J. (Coilt Intertoa'e Sci. 26:236 (1 9(8) D. N agel, in Quantita tive ElectIron Probe' Ili, roanailv' :'A

Surface Potentials of Aqueouis Eloctrulyte Solutions, by (Ptoc.. NBS Seminar. Ga.ithersburg, Md. June 12-13,
N. L.. Jarvi% and NI. A. Scheiman. J. Ph'.'.. Clie,,t. 72:74 1967), Ed.. K. F. J. Heinrich, NBS. Specl. Pub. 298.

(1968) October 1968. pp !89-196

Vibrational Spectra and Structure of Diniethyl Dlseler~ide Calculation Methods for Fluorescent X-Ray Spectromsetry -

and Diznethyl Diselenkie-d'. by W. H. Green and A. B. Empirical Coefficients vs. Fundamental Paranic'-s. by
Harvey. J. Chiem. '),'I.. 49:3586, October 15. 1968 J. W. C'riss and '-. S. Birks. A.,alvii, ol (1ý,,,. 40:1080),

Wett~abillty and Constitution of Photooxidized Polystyrene June 1968
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Joystick Dynamics, by Barbour Lee Petry and H. P. Binning- OPhase-Matebed Optical Harmonic Geneiration In Uquld
hami, Human Factors 10:413, August 1968 Mirdia Employing Anomalous Dispersion. by P. P. Bey,

UIF and CsF2:Mn Thermoluminescent Dosimneters In Tandem, J. 7. Giuliani, and H. Rabin, IEEE J. Quantum Elec-
by S.0G. Gorbics and F. H. Attix, Intern.i. Rad. Isotopes, tronics QE4.4932, November 1968
19:81, Februar-y 1968 ThIrd-Harmcnlc Nonlinear Reflection train a Liquid with

Adjustable Momentum Matchaing, by P. P. Bey, J. F.'Method for Computing Magnet Coil Current Settings for Gliuliani, and H. Rabin, Phys. Lirs. 2BA:89, November
the NRL lacbronous C'yclotron, by R. G. Alias, C. M. 4, 1968
Davisson, A. G. Pieper, and R. B. Theus, Nuclear
Insir. &I Methi. 64:333, October 1, 1968 Time Developsnent of Strokes Pulsed in Raman Lasers, by

A. J. Glass and J. M. M~cMajion, Am. Phys Soc. Bull.A MgF, Sold[i Compensator for the Near Inrared, by E. D. 13:55 (1968)
Palik, AppI. Optics 7:978, May 1968

A Neutron Spectrometer Using Pulse Shape Discrlinination, MAH AIC
by D. W. Jones, Nulclar lnstr. & Meth. 62: i9 (1968) MTEA7C

On the Structure of Formulas for Quantitative Analysis, by *Differential Equations of Infinite Order Hyperdislcblet
John Criss, in Quantitativ~e Elec;ron Probe Micro- Series and Entire Functions of Bounded Index, by B.
analvsis, (Proc., NBS Seminar, Gaithersbiirg, Md. Lepson, Proc. of S~vmposia in Pure Mathemtat Cs 11:298
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6803 "The Effect of Residual Elemenits on 550OF Irradi-
ation Response of Seected Prcss.,re Vessel Steels _____

and Weldments," by U. Potapovs and J. R. Lockhart, tt4 Mo cm

Jr.

SHOCK AND VIBRAT1ON

6630 "Evaluation of Modifications to Shock-Mitigating
Shipboard Stowage System for Terrier Surface-to-
Air Mlissile," by R. L. Boil and M. W. Oleson

6676 "The Effect of a Second Mode and Nearby Structures ~ ~
on Shock Design Values," by G. J. O'Hara and L.. P.
Petak

6776 "Norma] Mode Theory for Combined Structures,"335,1
by W. L. Fourney and G. J. O'Hara

6819 "The Static Equilibrium Conifiguratiun of Cable
Arrays Using the Method of lmagina,-y Reactions,"
by R. A. Skop and G. J. O'Hara

3,346,92 -. Grounded Sleeve Antenna, issued Janjary 30,

SPACE SCIENCE (See Applications Research: Plasma 1968, to Johni J. Kulik and Richard F. Schmidt.
Physics-, and Atmosphere and Astrophysics) 3,367,172 - Air Gage Heeds for Internal Measuring of

Waveguide Bends, issued February 6, 1968, to David W.
SPECTROSCOPY (Also see Atmosphere and Astrophysics; McCormick.

Chemistry: and Mathematics and Information Sci 3,36,189 - Obstacle locator System, issued February 6,
ences) 1968, to Robert M. Page.

6638 "Measurement and Identification of Laboratory- 3,369,934 - Method for R.'movliag Vanadium Deposits from
Produced Vacuum Ultraviolet Spectral Liiues," by the Fire Side of Heat Trander Surfaces, issued February
Nancy V. Roth and R. C. Elton 20, 1968, to Albert .1. Pollard.

6648 "Atomic Emission Lines Below 2000 Angstroms- 3,371,309 - Thennomechanical Transdlucer, issued February
Hydrogen Through Argon," by R. L~. Kelley 27, 1968, to AJBP H. Rich.

6679 "The Relative Speed of Several X-Ray Films," by
Jacqueline S. Vierling 3,372,981 - Stabilization of Monoethanolaunue Solutions In

6732 "Intensification and Reduction of Kodak No-Screen Carbon Dioxide Scrubbers, issued March 12, 1968, to
Medical X-Ray Film," by Jacqueline Vierling Ha' old Ravner and Charles H. giachly.

3,373,M6 - Gunfire Constrol Syitem for Supplying Amiing
Information for Guam Having Different Ballistic Character-
istics, issued March 12, 1968, to Densil M. Cooper,

PATENTS RECEIVED Charles F. Wysong, ard Thomas W. Chappelie.

3.373.353 -Electront Beam Scanning System for Quality
3,36,113 - Radially Drive Flexure Plate Transducer, Control of MatkrIC- issued March 12, 1968, to Franklin

issued January 9. 1968. to Claude C. Sins. H. Harris.

3M.M6.6 - Pulse Aimpitud '-te-Time conversion Circult, 3,374,050 - Paint Dispensing Pen, i~~tued March 19, 1968,
issued January 16, 1969. to Robert F. Eisenhauer. to Harold S. Goulart and Herbert Rabin.

3,M6,457 - Electrical Adapter, is~sued January 16. 1968, to 3,374,30 - Electrica Connecor, issued March 19. 1968.
Robert J. Veith. Rp%,mond C. Wilkinson. and ('laude C'. to T heodore J. Roueni, E~dwin C. Myer%, Jr., and Arthur
Martimn B. Cooke.

3,3"A,61 - Trans~duce Array wish Coautant-Frmwtre 3,374,313 -- Cathode RAy Tube Overlay Including a Rotatable
Flaea-Wove Nea Filed, issucd January 16. 1968, to Disc with a Plumrality of Raome Scales, issued March 19.
Winfield J. Trott 1968, to Robert H. Mathes and I auro C. Ricalzone.

3,%44,44 - Dana Collection System Having Plural Channel 3,374,3113 - Accomimuhatios Meas for Reduction of Spatter
Storage of Sequentia Sign"s issued January ':6. 1969. in Goo-Filld, L a-ApsSource Tube, issued March
to Paul 1'. Stine. 19, 1968, to (eiogt J. Bergen and Arnold H. Singer. 131
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3.374M2 - neura Fafo IG~hw asi Manh2* 3-MM.5Z - Peoeqdme Coa Tioi bEu~b a Pbrawv
1945. ve Meyetr IL Actocm. Hoo Ft Smh Roben J_ of AmdAAw U8111 uice Mam 14. 1,43. 10 C~etl
Kievr. ad Rbacfd U Slgas. S, Bo'e-

3.314.762 - ftwinit hac. nxw Ma 2&. low3 to 3iJIKLM - Sina Arq~l S A sswed Mat IS I%$-48
AIM W_ 321WOU to avi E 'lamj

337.S14 - Du Awmw Spa lr Tnimpsanie 8m )m~lo - Puu~m S tk Citrri~ AiPNp WO
DIde.k ass Nbrcb _k. 1%98. k- Geral E Hait md n Mav 14. 194& 1* me"r W_ Okqsf'
Cbfrs F_ QNWy F.w,.a -odv bvueFwmm au~ iem.

3M.379S - Feiw H - T1 Umo mi Idth of*ww nO Marý 1K 94 to -Bolt R_ 04wim. iaws %U
arw. issue Apra r. 1I%& wo Jae IL RiAhr&ds Headrki& an Lm H -P~pr

3.37M9 - )onfhy~ofemo LtU 5ms Eufti 3S,.14 - Syuntau bonuu'wt. MOC4e JOLC 4.
Law. isvd April :3. 1965. to Leam - J MebzL- 143 wo Leamrd 0- Havdm~

2;_31 MEW Mudu Me!* far P1411111 O'. OWP
1943. so (laid C_ Smis Ti a OrgaNION!issued Jtme A.

3.UI.147- M~g I-kt E~mh1.~ ~ 3 1~43. .bto% J. V6s m 4~5

33UJ47f - M- Dr~ filayitg Neiii eu -e* 7m- ain Matz B, Ca

'' E~kf etade Fiekism. md a'14. 3964- ta O -a- KjV.
to Ra.bmE & Bridge and Tbaa E_ MaemstnI IIL 3.NL33 - C I oiskt Sa Aliwal Curbsm Appwb

-_U1 Pi~n Ey (C~aw w u~ . S~vitwm w ud Jaw 11- 1%&1 to Mbat 83idzissky.

Ma 14L 194& to Lco@j J_ Ntbwt Josepb C_ Reyno~s. JL. xadd Irnv* Sm

3_W.3132 - M6rie awd A~ita of Cila~l TWIn 333.39 - aweý V aeiushr Syarm I-saim
-~ Diyailm m a Vocmaii. rsudMay 14L 19-- so A(GE 53M. m bnMimg sr (a

Arr _Uzce w Bihr J_ Z10-di a DdUamCMade. wined Jew 11. 1948.
io Aexamaw F Tbub mid MdSia V F. m

3,MA=3 - Wat Dlpeft ad Rom Pmmtwewi C-"i . " AamwFdm.w-am~ieTadn
Id. issuW May 14. 194& ;o H~rumd R_ Bae * 3.9 -A Fe E u.adeT

3-8,W- Mew fIV r-ed iame isue 3-392.95 -~~ r fl~h Bruhuf. issUe- JW) 6. :96& 10

May 14- 1963-.to Paul _ Saieps&i R015-:1 K_ Cisiamiom.

3333-G V611110 -om Ditrbw S~-ftm. as 3-.393.41S - im 3~ U&_4 Trmwme Anik,
May 14. 1961. to N~clita *4- Raskbidoffand Douglas wf CiaiisPrema Pl 3iZarWa Newr4k~l. nssued

A. 'Venn JuN 16. 1943- to W-vdirn*JTwnc
3-IN.32 - Ze n. i-SI Flair. issued Jab 23. 1968.

to !4axiim G_ Kawfman and ]hugh B_ Ganhuer

3-"4.341 - 10gl-hemm Cmiew hi Ebcirka Cminedlm.

3.397.572 k -isued Jull) 23- 1968. to Dagh _L Vsm. 6
,.3-W-i.516 - Abfrhru .ArmE C.&mcia. issucd August 6

* --- 196S. to Roger M_. Scbmcir wW Robcrt G_ Rums.
3394,13 - 1bermalmthwsce Glowa mied Mbad ofPitre.r

f .bg The Same. issued August 6. 19*9L.to Rob'ert JL Gintner-

* ~3.39i.31S - Prmpmm Come Tube Haw*g a Pbrdk',
of~ Inrominki lehadzed Chumwbwi issued August 6.
I %36. to Ckwiaes S_ B~wayer.

S___- .3".7,57 - Device hrw MIm %new-tiisa Care. issued

L - -August 20k 196&. to Water A- Stloz -Ideceased!. Jo-cph
M_. Kraft~ awb Frank W_ Bird-

i3-MA51 - Ndis. Damnper Ame~-fiy. issued Augu" _-O.
132 1963 to Dougais P MCNurtt



CONTAIBUTIONS

.tJI.27 -- EkTb*-OPtka Atseter. is'ý.,d Augu, .10. '-,40.664 .

196I . to Duiht 1, Rand•atl

330IL- - WbAakm C,-,m d ModV0e, s.,ued August 20.
1968. to J.,hn S Pock-.

3.3r,374 - Tr•, Gatt4 Fiber. •sued August :-U. !%6X. to
MNift'n G6 Kaufn-an

XAW,399 -- S~SSMa OW Me far OlUln Accurate
Tiu•"a -wtrda Nssued Sepaeamber 3. i968. t. a.:S.s

iKb.oe.

3,42.X53 - Humdivamter Having Feedback Memw to ,,.-*

Ce.tal The Emergo za of the Tube. issued September
24. 196k. :o Olive: K. Lavisom.

3AW33W - Cowsasated Linear Multiple Gate. issued ~t \
September 24. 1968. to Spencer MI. Cork. Garoid K.
Jew.-cn. anJ James E. .McGeogh- "f:I \

3.403,;41 - Apparatun for Focsming Flattened Tubes with
Contat Rad Edir- Sectiom, issued October I. 1968.

Jo J 9-n B. Gregors. Arthur T. MXClinton. and Paick A. ,p
W'h .t t i n rx o n .

-
_

3.441V '- Sytm t.'q Reducing Phase Distortio in the

Ph Rerc'n SIt3aals of a Mulft .,annel Phase Shift
Dat System. is.txd October I. 196W :o Francis X. 3,413,555 - Analog Data Converter for a Phase Comparison
13 %% vn- anu Cha 0es H. Weaver. Telemetry System, issued November 26. 1968. to Francis

3.0b_19 - Satdite Angle an Altitu&e laswring System, X. Downey.

issutd O-:tobc: 15. 1W. to R .ger L. Easton and Thomas 3,4114251 - Towed Instr'iment for Contl'uous Measure-
8. McCaskill- ment of Ocean Turbidity, issued December 17 to John M.

3,4ft7,334 - %ktor and S-Se- Genenator Fre- Leonard and John D. Bultman.

qm;" Su vnchriawke Units for Swep Frequency Secret 3,417,5.3 - Folding Antenna Mount, issued December 24,
Comaaunicaitk•.t System, issued October 22. 1968, to 1968. to V. illiam U. Matson.
Joseph P_ Whecler 3,417,602 - A Tube-Bending Mandrel, issued December 24,

3.4,0.8% - Time Recordiag System. .'ssud No,-.mber 5, 1968. to John G. Schmidt.
"968. 'o I cor.ard 0. Hayden. 3,418,510 - Triggtred Spark Grp Electric Arcing Device,

.,410,A64 - Tiltrion Apparalds. issued November 12. 1968, issued December 24, 1968, 1.0 Leonard J. Melhar:.
*o G&.rse Ii. Fielding. 3,418,584 - Control Circuit for an Indicating Devkce, issued

3.41234 - Trasistorized Phase Moduhator Suitable for December 24, ;968, to Henry P. Birmingham.

Analog Data Conversioa, issued November 19. 1968. to 3,418,tn2 - DIrect-Coupled Regenerative Feedback Starting
Francis X. Downey and Ahick Frank. Circuit for Common-Emitter Power Oscillators, issued

3,41,377 - Integrated Fremel Rainbow Optical 1 'ading December 24, 1968, to Charles A. Lauter, Jr.

Svstem, issued November 19. 1968. to Barbour Lee 3,418,634 - Delay Line Switch Prefire and Failure-Indicating
Perry. System, issued December 24, 1968. to Marvin P. Young.

133



RECOGNITION OF PERSONNEL

HONORS AND INCENTIVE AWARDS

Emplovees of the Naval Research Laboratory
are recognized for their distinguished achievements
through the Navy Incentive Awards Program, through
appropriate honors offered and conferred by pro-
fessional societies and academic institutions, and
also through ktters of commendation from various
research sponsors and consumers. Approximately
900 NRL emp~oyees were so recognized in 1968.
Members of the Laboratory staff who received some
of the more significaint of these honors and aw.ards
during the paist year are listed below.

Geoge braam Elcte Cairan Eltectrialh Dr. Martin E. Glicksman. left, and Dr. Henry Shenker, right.
hiOto)n, D.C., Section oflithe Institute qtEetia reccived the 1968 -twards for pure science and for applied

0n!Lectron~c Eng,~ineers science, respectively, granted annually by the NRL chapter
Fran i-. Atix Elcte toBooS o I~recors of the Scientific Research Society of America. Dr. ( 'ifford C.

(3-Year termn), Health PhV5sic Societ v: Associaite Klick, center, NRI. RESA president for 1968, made the
Editor, Radiation Dosimetry, Vol. 1. 2d ed., A(,j presentations.
demic Press%, 1968; Programn Chairman, 2d Inter-
nationial Conference onl Luminescence IDositar'tr, N,
Ga linhurg' Tenni., Septeiber 23-26, 1968, and Seio,/hAnulM lny fe
Chairman of thle Session onl Relative Response ol Ph'isScey evr oa. qJu Health196
TL Phosphors to X-rayvs, V-ra~v.. and Charged P~isSceY evr ooJm 62,16

Particles: and Chairmnan offthe Radiation Phyi,,s. Henry P. Birmingham: Programn Chairmnan, 9th
Annual It'...S¶ivnposudini on Human Factors,

W~a 1iig foil, D.C., May %6-7, /968
.&Adm-LaVerne S. Birk%: Elected first President of the

Eleciroi: Probe A nali-sis Societv. chairmanIl of. a
vessiotl at th~e Eastern A na/stual Svmnposium, New
YarA. N.V. November 13-15, 1968

Fnmanlal L. Brancato: Appointed to a 2-xear terin
aý Cihairmnan of the NAN.¶NR( Board o1 the( Caon-
fe rence oan Electric al Inmulation and D)ielectric

R. Floyd Brown: N'Rl. E. 0. 11h~uurt Science
A wtard

Chester 1.. Buchanan and colleagues: Letters o 'f
(Cmmmeadatiam, /Or co ntribut,' ns to thle sum-V3 e* till

eeýScorpion .ý carch Iroom tIhe Chief of Noviol Opera-
ti' mm, fimmmm the Cogmmander, Subhmarinem I-o-
A tlantic , a nml Irm 'm Co ngre.simmamm .4/t on 1xinno,

(D.. N.C.)
Rube (Chernikoff: (menemal C hairmnan. 9th Annual

-,wl~ ;~mposmitmi; on lu Hiimin l-'a! 'toin WK , i himmngtoll

Dr. B. Floyd Brown receis -s the I 3th RobCr.. Afox I' eidn of the, 19e08l cit

Annual E. 0. Huihurt Award from Capt Rbr .Fx r~ietoteCei~ o c

James C. Matheson, USN, Director of (,J 190s: appointed mne.',mbm ". Mt.th

NRI.. for his work in fundamentals of Editorial 4dvisNorv ffaurim lor thin ACfS ammntld~v

streis corrosion cracking. The Hmmtburt rublcjr m It k 'ttcrt-.,olecules
Award is the highest science awaurd cin- Herbert Friedman:.. ppointed by Pre,%idcmmt john-

134 ferred by NRL. M ito i,membmer.m hip on then G,~ mira I.4A dinismrv Cont.i



RECOGNITION

Herbert S. Poole: Certificate of Appreciation,
Joint Board on Science Education of the Greater
Washington Area

-Yor S. Sadeh: Third Prize, Gravity Research
Foundation, for paper entitled "The Effect of Mass
on Frequency"

Albert 1. Schindler: Elected to Board of Governors
(3-year term), Scientific Research Society of
A merica

Elaine G. Shafrin: Certificate of Appreciation,
Joint Board on Science Education of the Greater
Washington Area

Henry Shenker: Applied Science Award, NRL
Chapter, Scientific Research Society of America

Curtis R. Singleterry: Awarded Doctor of Humane
Mr. Emerick Toth receives the Superior Civilian Service Letters by Aurora College, Aurora, Ill.
Award from RAdm Thomas B. Owen, USN, Chief of Naval Merrill 1. Skolnik: Elected Fellow of the Institute
Research. Mr. Toth has long been an expert in the field of
radio communications. He received the award upon his of Electrical and Electronics Engineers
retirement early ii 1968. Emerick Toth: Navy Superior Civilian Service

A ward
Richard L. Tuve: Letter of Commendation from

the Chief of Naval Operations for accomplishments
with the twin-agent firefighting chemicals, Lightmittee on Atomic Energy; appointed Chairman of Water and purple-K powder

the Space 5cience board of the National Research Richard F. Wallis: Editor, Localized Excitation in

Council; elected President of the Planetary Sci- Solids. Plenum Press, 1968

encie. FSecion of the American Geophysical Union

Martin E. Glicksman: Pure Science Award, NRL
Chapter, Scier-tific Research S4 cietv of America

Wayne C. Hall: -'ertifirate of Appreciation. Joint
Board on Science Education of the Greater
Washington Area

Joseph J. Halpin: Selected 1w editorial staff of Ap-
plied Optics to write a re' iew of the IEEE Annual
Conference on Nuclear and Space Radiation Ef-
fects, held at Missoula, Mont.. July 15-18. 1968

J. Heaston Heald: Navy Superior Civilian Service
A ward

John Hill: Publicity Chairman, 9th Annual IEEE
Symposium on Human Factors, WashinAton, D.'..,
May 5-7, 1968

Alexander J. Hiller: Chairman, Coastal Ocean-
ographv Session, 5th U.S. Navy Symposiun .on
Military Oceenography, Panama ('it, Fla.,
May 1-3. 1968

Isabella L. Katie: 1968 Achievement Award,
Society of Women Engineers Dr Jerome Kark, Chief Scientist of the Labora-

Jerome Katie: Navy 1)istingui.shed Cievilian Set'i{erlcAerdme Kaponed N ) sto NRI.('haird o a Scen-ice 10 ly ftw Stnwture of Matter. receives the Navy's
Award.- appointed to NRI. Chair ot Sv'irnc'e jor l)itinguihed Civiltan Service Award from the
the Structure of Matter ItontwaNe Robiert A. Frouch, Assistant Secretary

John M. Leonard: Cert•'cate of Appreciat'ion, of the Navy iR&D). for his pioneering research
Joint Board on Science Iduc'atiop, of the Greater in the analysis of the %tructure of matter by
Washington Area eectron %-ray. and neutron diffraction 135
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Dean i. Walter: Certificate of Appreciation, Joint RESEARCH PUBLICATION AWARDS
Board on Science Education of the Greater Wash-
ington Area Awards for research publications were established

William A. Zisman: Navy Captain Robert Dexter at NRL in 1968 for presentation annually to single
Conrad Award or multiple authors of technical articles and formal

NRL reports that are judged by select committees
to be the best produced in each division of the Re-
search Department during a given calendar year.
The authors selected to receive the first NRL annual
publication awards are listed here. (The 20 award-
"winning papers are included in the bibliographies
of published works which appear in the section
"Contributions to Science and Technology.")

Richard G. Alias Benjamin Lepson
Ado D. Anderson Patrick P. Lloyd
Frank H. Attix Henry J. Mastenbrook

" " Paul P. Bey Russell A. Meussner
*-Lamont V. Blake Charles M. Murphy, Jr.

Robert L. Bort Werner G. Neubauer

Joseph K. Brown Albert E. Nash
George R. Carruthers Merval W. Oleson

Dr. William A. Zisman, Chief Scientist of the Laboratory Thomas W. Crooker George C. Page, Jr.
for Chemical Physics and formerly Superintendent of the Charlotte M. Davisson Lou '. Palumbo
Chemistry Division, and Mrs. Zisman admire the Navy's John H. Dunn Arthur G. Pieper
Captain Robert Dexter Conrad Award, presented by the Raymond C. Elton Herbert Rabin
Honorable Paul R. Ignatius, Secretary of the Navy. Dr. Vincent G. FitzSimmons John E. Rogerson
Zisman received the award for his "... notable research in Vincent J. Folen James B. Romans
chemistry during the past twenty-nine years." Charles T. Fujii Mark Rubinstein

John F. Giuliani Sigmund Schuldiner
Steven G. Gorbics Clarence M. Shepherd
Hans R. Griem Curtis R. Singleterry

DISTRIBUTION OF INCENTIVE AWARDS Fred Gross Richard B. Theus
DURING V A D Dean D. Howard T. Myles Thomas

Thomas J. Jesswein Kingsley G. Williams

Navy Robert Dexter Conrad Award........... Charles R. Kohler John W. Wright
Navy Disetinguishe CivioianServie Award.. I James J. Krebs Emanuel Vegh
Navy Distinguished Civilian Service Award ...... I Eugene A. Lange Charles E. YoungNavy Superior Civilian Service Award ............. 3

NRL E. 0. Hulburt Science Award ................. I
Award of Merit for Group Achievement ........... I
Invention and Patent Disclosures .................... 132
Research Publication Awards ....................... 48
Sustaintd Superior Performance .................... 47
Outstanding Performance Rating ..................... 13 I
Quality Salary Increase ................................ 85
Beneficial Suggestion ................................. 84
Fifty-Year Federal Length of Service ............... I
Forty-Year Federal Length of Service .............. 2
Thirty-Year Federal Length of Service ......... 43
Twenty-Five-Year NRI. Length of Service ....... 64
Twenty-Year Federal Length of Service ........... 128

136 Ten-Year NRL Length of Service ................... 90
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Mr. Ralph G. Taylor, of the Space Sci-
ence Division, receives an award from
Capt James C. Matheson, USN, Direc-
tor of NRL, for disclosing a patentable
invention, a 40-60A photometer having
an aluminum-coated Mylar window.

SCHOLARSHIP AWARDS

Twenty-eight employees received educational
"scholarships" in 1968 under the Naval Research

Laboratory's Edison Memorial and Sabbatical Study
Programs, both of which are designed to help NRL
maintain a highly competent corps of professional

Dr. Louis A. Gebhard receives a 50- personnel Under the Edison Program, which was
year length of-service pin from Capt established at NRL in 1961, selected employees
NRLJ C. Mr ebhard recently reDired as devote three days per week to graduate study and

Superintendent of the Radio (now Com- three days per week to their work at NRL. The

munications Sciences) Division and at Laboratory's Sabbatical Program, now in its fifth

present is a consultant to the Associate year, permits selected employees to pursue an
Director of Research for Electronics. He academic year of full-time research or graduate study
is a pioneer in the development of radio at either foreign or domestic institutions. NRL staff
and radar. members in either program continue to receive their

regular salaries, annual and sick leave privileges, and
the numerous fringe benefits of Federal employment.
Up through the academic year 1968-1969, ninety-
nine employees (61 Edison and 38 Sabbatical) have
been selected to participate in these educational
programs at NRL. The roster of current participants

is as follows:

Dr. George R. Carruthers, of the E. . Robert V. Anderson, Ocean Sciences: Sabbatical
Hulburt Center for Space Research, Frank H. Attix, Nuclear Physics: Sabbatical
receives a Research Publication Award
from Dr. Alan Berman, Director of Willard D. Bascom, Chemistry: Edison

0 ResLarch at NRL. The title of D James N. Bradford, Sclid State: Sabbatical
-Carruthers' paper, which appeared in Roderick A. Carr, Ocen Sciences: Edison

A trophvs. J. 151:269 (1968), was Joe 0. Elliot, NonAcoustic ASW (R&D)
"-rar-Ultraviolet Spectroscopy and Pho- Task Group: Sabbatical
tomet-y of Some Early-Type Stars." Lawrence W. Fagg, Nuclear Physics: Sabbatical 137
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Andrew M. Findlay, Radar: Edison Postdoctoral Research Associates
John M. Goodman. Radar: Edison The Naval Research Laboratory, in cooperation
Sam Hanish, Acoustics: Edison with the National Research Council of the National
Gary H. Herling, Nuclear Physics: Sabbatical Academy of Sciences and the National Academy of
James M. Hudnall, R.uar: Edison Engineering, supports a postdoctoral research asso-
Edward C. Jones, Si 'Vysics: Edion Oiateship program whereby recent recipients of the
Michael J. Marrone, Solid State: Edison doctoivt, degree are offered the opportunity to work
Sciences: Sabbatical at the Laboratory for one year (occasionally for twoCaldwell McCoy, Jr., Acoustics: Edison years). During that time an appointee engages inCaldwell McR. y M Jr.,AousticsaT y: Edison advanced training and basic research under theDaniel R. Mulville, Ocean Technology: Edison guidance of one of NRL's senior scientists.

David J. Nagel, Nuclear Physics: Edisoq Awards are made annually in any field included in
Manuel R. Pablo, Electronics: Edison the Laboratory's research program. They are based
Edward D. Palik, Solid State: Sabbatical on the recommendations of a panel of nationally
Richard 1. Perlut, Engineering Services: Edison known scientists appointed by the National Academy
Chester F. Poranski, Chemistry: Edison of Sciences,
Robert J. Sanford, Ocean Technology: Edison During 1968 there were 31 postdoctoral associates
Glenn D. Sandlin, Space Science: Edison active at NRL. Their names are listed below, together
Thomas J. Schriempf, Metallurgy: Sabbatical with the area of research in which they were engaged.
David A. Swick, Acoustics: Edison
Joseph F. Weller, Solid State: Edison
Conrad M. Williams, Metallurgy: Edison Robert E. Baier, Biochemistry

C. Edward Bailey, Solid State Physic3
Samuel I. Baker, Nuclear Physics

RESEARCH ASSOCIATESHIP AWARDS Stephen G. Bishop, Solid State Physics
James S. Byrnes, Mathematics

Hulburt Center Research Associates James Comas, Solid State Physics
Larry R. Cooper, Nuclear Physics

A program of educational and research stimulation Alexander C. Ehrlich, Physics
carried out by the Space Science Division is known David R. Flinn, Chemistry
as the Hulburt Center Program (after E. 0. Hulburt, Richard D. Gilardi, Physical Chemistry
NRL's first Director of Research and a pioneer in Manuel Gomez-Rodriguez, Solid State Physics
space science). It is sponsored jointly by the National William H. Green, Chemistry
Science Foundamion, the Office of Naval Research, David L. Griscom, Solid State Physics
and the National Aeronautics and Space Administra- Robert J. Hansen, Solid State Physics
ticn. Under the Hulburt Center plan, National Science Uwe J. Hansen, Solid State Physics
Foundation appointments are established at NRL so Richard K. Jeck, Jr., Physics
that university people-advanced graduate students, John C. Kershenstein, Physics
postgraduates, and faculty members -may participate Robert L. Kinzer, Physics
in an augmented program of space research. John H. Konnert, Physical Chemistry

Normally, the tenure of a Hulburt Center appoint- Leslie S. Levine, Physics
ment is one year, but assignments for periods of two Richard V. Mancuso, Nuclear Physics
or three years are ,.,•t uncommon. Applications are Michael H. Reilly, Solid State F,'vsics
reviewed by the staff of the Hulburt Center and the Murray Rosen, Chemistry
Astronomy Section of the National Science Founda- Gerald H. Share, Physics
tion. During 1968, there were eight Hulburt Center Charles W. Sink, Chemistry
appointees at the Laboratory: Earl F. Skelton, Solid State Physics

Edward H. Takken, Physics
George Doschek N. Paul Patterson Karel Vander Lugt, Physics
Paul D. Feldman Dianne K. Prinz Joseph L. Verble, Solid State Physics
Richard Henry Carl A. Rouse Robert J. Wagner, Solid State Physics

138 Robert R. Meier Dror S. Sadeh Alan W. Webb, Chemistry


