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A_ qucan liemehdfrncmtnthreo

Setharcs ond Mnrtiri H Slight., ot Al-TR'IL Resonance
Patterns, or nmodes, of a resonator are presented ,it a

dcictr a avisual picturemin olor. What is seenz:iml seen
r~ h is iemt the spcfcareas witlunthe total

mminor llatllalilia virateand electromagnetic

Re-oitators arc u e lectronic circuits i filters to
extract a narrow band ot .. quencies tram i a de
snectruti. The detector that AICRL llK deveCloped it)

MkChU',j-AVE PUY&IC LADO RATOIRY, AFCIIL study the emission ptumrmim' c~simmmo is uncomplicated: iA

it looks something like a 35-lltu glaIS-maim 11ted slide !111d
has no elecria )r other connections. Ill ,PC~ain h

A011 detor plate is mounted close to the fnit face of thet

INN resonator. leaving a gap of i inch or so.

C010 1 UIS 3 Depedingonl the resonance rnodc, LNM energy i

lTh mode pattern is projected ockoss the gap to the-
detector where it is visibly mirrored. When the frequeticy
used to excite LhlC resonlator is clhanged, file areas onl the
resonator surfa Ithat emit radiation also clhange.-

TheL domir; int frequency of the resonator is seen as a
laige darkenc ! spot with gradations of color outwvard,resonance pam tterns indicating that thie source or the EM emissions is centered
onl the face of the resonator. (See cover phloto- and

P Figure 1 .) Various harmonics of this dominant frequticy
canl be seen-depending ott the excitation frequency-as
two, four, six, eight, or more darkenel areas arranged in
geometrically symmetrical rosettes. Since matthematical
calculations to obtain such mode patterns are prohibitively
complex, they can onily be approximated.

tion fre queitciei.r imsoan ccpatierns are st rongly dependent

flat criidic.lightly ulore than in intch itt diameter andI
SIch thick. With this disc resonator, AFCRL has observed

more than 25 dit ;' rent resonating patterns produced b
. .. .. .... .. ........ exciting the t~c5iti or at different frequencies bmt ei 5

The detector is a simple, three-layered p~late, with
liquid crystals comprising the coet layer. These crystails,
introduced only tecetly, have hledyIad a range of
applicatiotns discovered for them by researchers and manu-
facturers. They have the property of changing color with
toemperature. At 33''C. for example, they are red, with color
cliinges being approximately linear ttogt thie sp-:iteno
until blue is observed at 370 C. As orgatnic manterials, they
have a composition similar to that of cholesterol tn the
blood stream, and can be spread like paint.

The AFCRL detector canl bc fabricated inl about t0
minutes. First, a liquid-crystal layer is spread on a csistive
sub stratte layer. Then. the liquoid-crystal layer is covered
With a clear sheet of Mylar.

The conversion of ticnrgy Cmisstons fronm the
- tigua 1. Ttisi ptmto diows -n visibtireee patterna ffa t resonator to the heat energy required to change the Color of

fl wasteOnQ f~aorrod ta t; tta oapttil for tie cvo~r pha telqto;stl sas taihtrad heeett-il
liw rOfl sAnco pmelrn is somewhat different. IS atio h iudcy*esi losrihfear.Teeeii-i

lof ili wv It~ comtponent ir t he EM1 radiat~n tram the resonator sets up

CW



anl electric current in the resistpcae.Rstv htug
setectavekv (iisie tempelraittv mt thlose points, III thec
iCest ive Liver thait f icspuind to the points on thie

resonator1 tMnit in118[Ni energy. 11i%. heatS hcl o)VerlayIngliquid ary tails. thus changing~ their cilo-r, Culur chaingesApersist ill the detcClor for aboit a weiat. tefr exosr to
radiation, This process can ii epented hundreds of times

t ho e ~ crystals lose their sensitivilv.

mi ID mex .J Sehd it Us it rwc ie ts lvfthe Af~ocoi. wi/c
(2 it , presyii iSper~iiir ivitt cAx'criiieral anid t/he(tiadt )iue514a.-
lions~ of itiivefl pioliott isitcracthnalA it$ Shjir~'ci-Sgc, ferrite-i of

4,4 ~. '~ci.iI itsC -Iii VT(,,1 I *OL'si.-. ..... 'I.-1
Uavl-c TUY of -WaIi'tim mvu h: I03~9, and his Af.K bn Erkctrvl

Iniecn~fromn [ftn in r histire of 'echnroigy in

'buruing i/c summears of i0Y.9 tin) 1Q60. M~r. Sv hatusiv
epovdb V. fie Woods /I .*- Octlog h~iW Itistiile lie hads ahstslbect a parifin Lrui ,-o an Ala1Jwimlics fitnh De/icT',rtmeiii ofConiuinoln~ ducabwna o stonclIrjaT~r~hi eairifile Depritinil~t of lctt'-l kFng'nccr Inig a( Low4ell 7'TrhiioiogIiuI

Inistitute, and a jul-i te aeliing ossistant in the' Apajrtmnit, ()I
E'h't'twal lnjiiu '.ring5aMt j ,

Mr. Sirrs kv a miembper of RF:SA'. IEFE. T~ad I/ci Pt, lax, anid Ph/I Kappa Phi. and has puthhed a inumbelr o1 mplers onl hisI

3lt Alartin R. Slightsi is an ceart onic eirinei'r Ili fit, AI, eiAcoustics Branch of ,hI'CR. 's Plritr shre3 Laratorvi Ile i-c
acoosfiv %iles it M.Jids. Ile riteiicd a 11.11.4-1 it biglreiig noid31alan 11i'i, frupp: \ong/wasten, Vi-nnrsi in I Vy. and is a

71

* ~ I mat I s

Jf1tC. St~aflnros t10td zmd Mrt-vi R~. Stigiitz madjusti-arits in the appratus~ uwod to obtisin isplatvo of vanonco puarn, --6
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transported across the counrm 111 er Ift- -Irrti1 ye'J~Jj,~~BA L O T A KN winiL look hem tw New Mcxlcou, aid rtrctiird lilt / is in .1theitfaklti IIIWhoe tile Iliglts were teriiated b Ifrcpi 1950 to Jarmn W9.4 , ii t -ht~SY TE TE TE wdio tcoinund, WVhen gas waus valved mallh(or. it- spreai:1fit the Alitill LiSYS- EM T STEDfromtil e two NASA balotis, lihese ''l.-Sv"l oi-ivm- 1phlt %7tth f/ir Vs Aonil
balloulns (desconded into it Prevailing Aivrn~thi )jllb't has ~ uii~n o

Striv lore 19'Mjmfom 1A2ROSPACE Atlantic Coast. it / i
&NT&MNAINFrancis X. aoherty of' AFCRL I&i-efnwiity ido A.IIII- Th'ilpich IfI LABONSRAMTR ,AEC waLrjc scintist for tie AFCRL 1t1 '/I''IItiIlItIho.L hjLAO ATR , PRLalerinienc , arid Major Robert NJ. I Jumfl 1 95 7. Mai injvu rrcccn-4o lax.brmown uof AFCRL was in charpe of aill V.S li Noaval Sc'ience friw tile VS V4-

four balloon lai ches. A vaWtfiki n - h r,'lit 1963-hi ITS litirliavi
II h"/; llrIR 11fCr VIIAIt ' itaV '11rch.

Mir. J"3TiICV X'. IDohet is a stiprnisoni rlolpjit' P'Opl I 91? it) 196.5, /or ;111 aqla ivusti', di C7#icj of the rprrilleattl 11' I d toihe Ftaff ofj DoDs maigertd~ porA now A7CRIL'dosipned System W10011on AcIfiiMrs Iinh. A'Iermpiece Insir?"i Af11aaItl Sihicv Rl7it ar air elvrpra ei 1 .for lonitins and trackig e l; htsi I I'fldlo I~ovt rR L. lit is lflT, river
limits was tested during lust August il iirsac ati delp-;~ ''~s. am sprijipu* Thow, i/i, reA W h i r xig l s o f g . c o a 4 o n e n e w, i h d e v elo p ing~ -0 p . * . . a ~ S li n o x x d ~ i

twu balloon flights. Thflight orgfcialycnrie itieeo~u site. iter 1ur it i the Air Defriust- Coitumd~a
- - ~noted lit Virginia anid terninalted in (t~ Oter s' bagll letn.r f lcAr 'je 1959-196) IJad (tw hcltil Air Comm~andNewMexco after a CrOsS.ury S~ iirDl gnis Ie 16/ ki I~li?~ h :flight of three days, 

_ __-

Once a balloon is aloft. its pillh is Sa
__usually monitored by radar.

Obviously, hiacking capability is lost if
the balloon drifts beyond thle range of 9____
the fadar. Ille now AFCRL system can
locate tle balloon anywhere in thle -

Continental U.S. Th, xeietl_____
balloon-locating and tracking sytem -

takes advantage of thle nation's exist. -______

ing Vh1F Omnuidirectionall Range -___44_
(VOR). VOR ground transmitters, _____-

rhovigation, cover the entire U.S. 7he1o
AFCRL sy' sten) consists of a conven. 

_tionall V0R receivey, it decodcr, anid a-
bulluoon-borna transmitter which sends
till YeCOivd VOR daita on the balloon
location back to ground-receiving smn. - -

The same AFCRL experimeontal------
package was carried aboard two dif-
fernt balloons, Ill Separate experi.Iment ror NASA during thre samel tqma
period, A FCRI. launched 1 mo ballooc'ns
from a Wallops IWand, Va. site. Thle
14ASA balloons carried an earth re-
sourcees came'ra systemn and an airborne 

_recovery system. Thle NASA flights
Were tciunR3cd over thle Atlantic.

Tese four research balloonis were
thle first to be launched in tile East in
severa! years. All four balloonis -tw
Ai-CRI, anid two NASA-after ant
initial ascent whlich% took themn out .... . .. -
ovor the Atlantic. reachedia maximumo
alt itkde of 90,('9 feet. At that alti- FnesX. Dh~lty' 000l onti Mrior 010o p.itth 1-( Is~y tin tl1100, osld toICPwb -t M. Ou-own wto difiv lio ArCnt. the~ WY61011. I'ti baton wat Inuncliod fromtudJe, the ACrml balloons were balot ocatnti tr&Ctiliq nylab. Iliat W~ttOp. tt~nd, Vtrl~fri2'cUg11ht i plev-ailing easi winds and lradt OP. tile I~Ttl in lhG bpchsground *Iiows
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free-molecular flow
through a circular tube

of finite length
DR. K. S. NAGARAJA. Hypersonic Rosoaroh Laboratory, ARL

The inleinal flow of treied gases has. to recent years, where Oi and Oj a'e the aH (liin thfile line Jining the
piained in1creilsing 1npOr i'e_ due to a vartely of space centers of tIhe area elemntns rik-o wili the noraln to the
pigrirmis. lighlas it very highl altituides have increased tile respective uein elemtents dS, arid dSj. The quarieoy it eols

eied folo infollation peltaintiig to the low-densiry reglites, to tie llx of iol cules at til area ele nt er i.h-quaior
iiltl tie flow chrrracrerisics ut these regions car be obtained (I) is the basic relation it the analysis of tile problem.
Olyt ffoirn kileni tlheoretic ¢Olisideictlions. Thie radial flolx of molecules ati lhia exit sectionl do~ne-nds -

E i11 il mOll t lti ut dwtil Crerj. .... a..n ;cnrrL.tu ,rtiio iitiuouo , umlt of oh3
tube of rlght-circulr cros SwCltion has relevrn to tire Molecules entering tie tube fly Straight to lit exil plane. A
design of verniet mid electric tltrrstors. to tle telthnolo- fraction of the molecules reflerted front o te ill also
(if high-vacuun systens, and to tle design and operation of contribites to tite flux rit the e-it plane The flux density
lo\-density facitacs. Thle free-molecular tlov nV "infinite ri of molecules entering tol tube is known kfrom tire
tubes" has been cvinsideted in natty texts ,n kinetic upstreamn chamber conditionsl). but lite flux of molecules at
theory, (eg., Ret, I), Kundsen flowj.% in finite iubeslihs been ii point on the interior 1wall rface is not known a priori.
studied by soverltl autitrs, and i survey of tht available This flux is letrtdnked by contribuion!is from molecules
litetlaiure is given in Reference 2f entering tile tube ond lhoe reflected tront the wall surface

Sortci rice experiments for determininglie flov itself, Mathematically. this loads to tile followilg integral !
ratles thlrouglh tulbeslk o11 plelings, o1f I to 5 microns in equation (Cailled file Clainlg equtl~ion) for tile flu, ll5, at$

hdiameter involved tube lertgttt to radius ratios of 100 and the interior surface;
larger (Ref. 3). ien rhe ritio IJR exceeds 10, tihe
iriterica¢l evluation of tie Clausinig equatlon, wltich give, R
the ilux distributron of molecules alottg the interior urflace it, (X, R, dr
of the tube, requiies a great deal of cuiputing time eVell Otl 10I(-xR)u
an IBM 7094, The larger lite L/R becomes, the worse the -

sit,,aiort gets,
1fl1C !irselit work incorporares int tie numerical schene + I'L n (yt, ', ) y..4:olaill ipltpertles I indtiQ'iletd ill file enlsuily, disculssiont)' of -10 (2)"-

tle lutix distihiil tlor alolg (lie interor surfirce of the t irtt,
The computing time is iot only reduced by this schevie, In equation (2). % refers to tire dtilice of the StationI I
but tile reliibilitv uf lite data is also ensured. With te lu.x (wheve tile flux is to le drrferrined) frotm the e ntnce
,al the itl' c-ior sollace of ft le tubo lus obtained, the radial plie, and IN and L are the tadius and lenglh of lhe tube,
flux of molecules at tile exist sectioti is calculated by ii respecively. The fulnctionls t fnd I ari e fromn tie use of
sulailghtfosvard iitegratioi a.lherne. equation ( ) i lie aialysis, and are tlierefore geometric in

Particles ente i1 ighl-eirctrar cylindrical enciosrelire.t character. Nondiensionalizing lire equation by lite use of
lereing flux is assumned to li inifomill across tile (Cpenit~ liet irieisfot r sr

sectioti. Tire ituta-pr ic I fen ree p11tit tS asFAmed to
he slifficietly rge So that tire flow remarints etn illy - - _r

fre-nolecular iit the tube, Further, it is assuined thatt ;. xu, rW and lf .--
re1lection frit the ial surface is diffuse, x

Tiearrival ratc or lbs (at a Unit1 area Celment) of
molecules coiling frot an area elerent fii oc-ted t abe written rs x
distance Vij is given by Ref. I. tir CLlauing eqtion can be wrttet as

fifi u IS I
2t V+ f). y

d n1 if CS0,CS9-y tI {.i . , i tt~kT d7 (3)t

& SN



It cant be camil slsows that

ic imga emlu (3) is s~lved n in ItMi 700-1 tin 3

follow from esqualon si41e '1thidu inrdc tilecttlp
-- n:0 tiiecnidrby Furthrr, thle itceration schlemcl - I

thle fact thai I', 0410 c Y. atid ilieitliv otlCOeI'tf~et Ow_______

coitltitioii UKi ir. pirlitetlurly us-A4' 4 !I'R i5s4 t it
atlVC. I heO results n' alisn checkedl jijsI ther requirunlent -

dusat tile number or mole01cules entecring tile 1010 Is equial In Fgig1 Disfilbteorr of ti noinautar flux slcnslsy Gs tis wYatt of-
the Suml of thle numbert of moleculos leaving thea tube at tile Use rti.-
itxit mecion and theo nu-mber uf miolecules flying straight to

the enrance ~c'4~nutter tiellciil a reflectiun from -

the wvaII surface, Il
11Wc results of thle computations r it'loii (sce ui

Ref.X4'1in FigurestIan wlhich show, nves]ctrvey, li flux '- I 5 1. 1It
Further work to- include intcmwolecular ctilsions is A

being pursed.'

It L'.T t 'I -

(1) Piommt 11, D., 'Nbarttr Thmrof ufcasrs" -Mvizms'itt titlok 1 - 2zuA'
(2 Nareo VZ .fSm 1oti

(3) ledley. W. 11. ct at. "tlosv itimoagli Micsooptinip'..' F l"11 Figore) 2. DlsiuSM0On Of iiso0lueuil I iae uxit piano.
Qluirrif1 IW'grcus flrps'f. I July- 1n6 Nlunvniu Itcesscti
Coipourutiwsl, Daytson. 01io.

0(1) Nijaraja, K. S., -Vsce htulcltlt F-low tinlegli a Circular tube
of Finite Itainju", AP I 6J.01 14. Jane 9614.

Dr. K,rAojtwlf S! o ~'s 'm 4! art wiltn'al .ti-le. m.i f1h Il% L wgN~!r 'S&n
th iil'pivsoii& Resrri /Ata,tn. APIL Ilr has a B.-S train ihe
tjntvcr sf~ of AIs'M~r, finite (1951). ,ln MD.S. 6in nhrnsuwics fnnny
!imnras H/indu, (ilirf. /:lidbf(in ) and a 111:.), fin,,, Plens,

D-er. J'acchiss In cir a exal 19nfrO te e~rj.~t

,crnan flea) F-'rginring. hidian lusrre o/SCicuer. if ngaihnr,
India wheir hre iudsird wttgpla Jo"us lin sci 40Itfl lie1 aSUI-)firol

ti~t'! c'iid ir heaes nh-o ki-eloped all it Stis sic J oh, ala/ny 'w g~q ~ ,~J /
arrodylialir lift distriitfon on ns'aept 'tigs. ~r ~Ia~

flr. Aakfim-a has Jrees; wish AR i se Srpzrnttrer /v(. y e? it~
("rffHlS 6doing recaar'e it; rtyepfd gas dvnafnuc s nd I Se,-1
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a inuitiourose instrument tor
measuri many IIfopefffes ~ ~wprowl. t

si ula eo sl d tetj1

Professor of 1~

Mechantical Engineering, Purdue University

Mutch effort is currently being expended to measure .

and/or calculate the properties of materials over conitji-
nously widening ranges of pressure, temperature and, inl tilegodQh
case of mlixtures, composition. The user of such data is -K-

often confronted with different types and quality of ,_I

infrmtinan innytiic l e scstimate niew values I4i,~ hmm
for a needed conidition. This is true for a single property it
stich ats density, viscosity, etc. Even if data can be found, prsw . ...n

the values usually ate not physically concordant. I
Ofice ofsient invesearioh, ispansartept to dete Frie vt

Thfie pfSentifinvesiation. iponsorcttbyptheoAirterie elwaver"U

simultaneously many propc.-ties of substances inl order to --- -- -

(a) eliminate sample variations in different tests; Lb) secure b~ bM , Cj$r*o

identical Conditions for aIl difforent properties; (C) greatly prniea d

reduce the timie and expense otherwise needed for separate C.*--
mneasuremnents. Most of the data is observed absolutely, 1ch ' "1 *
with Itighi precision over wide ranges of temnpera tutre and
pressure.. This data canl then be used for theoretical studiesMutproeisum n
to verify and chieck models for predicting p~roperties byMuturoeitu et
statistical mnechanics, especially for those ranges of temper-
attire where it is impossible to make measurements.Timeniot sinifcan reslt f th wo k one o dte igurt; 1. Multipmurpose testrurnont 5chtimtie.

ie nh t ca nifake thes l pofert woasremdoe tou date
1.sas been the design and construction of a unique instru-

taneously. This instrument is shown schematically in Figure Properties whiceh canl be determined or measured are as

Iand pictorially in Figure 2. it consists of four major follows:

eai 'i eitcloscu in- ; siiiariy formed !)tt slightiy larger to genierate a, thocitial potential het vcon it and thle
tipper cavity of the cold body wvnich has three parts. The(- cold body wheni thermal conductivity is to be
lower part encloses a pressure-mneasuring device:, valves, lad (determined.

astandard pla tinum- il.resistanice thermiometer which is lo- 2. By establishing an electrical potential differenceI
cated in the lower spherical cavity formied between the b~.lween the hiot and cold bodies, the fluid electrical
lower and[ middle parts of the cold body. The upper part conductivity can be m~easured.

9suspends and centers thle hiot body and houses a feed-in (In1 thle first case, Fouric.'s law is a ppl ied, Ilit the second
device. The system is filled witht test fluid either front case, Ohm's law is ulsed, The geometric constant for both
below or throughi the feed-it device. The instruntent canl be caues ;s determtined by capacitance nmasuremients.)
sealed off completely for constant voluitte useasureits Additional lph)Perties of fluids canl also be determinted
or, ill contnectioni with Outside instrumentation, canl be used absolutely tinder steady-state conditions. These include:
for otlier types Of mleasurmlents. The temperature of the 31. Dielectric constant computed fromi the ratio of
instrument is regulated by therm'ostated fitailas channeled cap~acitaince measured with test fluid in thle systemn
bifilady through passages provided as iitdica~od in Figure 1, to that observed uinder vacuti at the ideittical
The temperature range of the instrumencit is Front 4I90 temiperatuire.
degrees C to +650 degrees C, the pressure range ex5tnds 4. index OF refrttctioit computed froni thle dielectric-
frmvcuIo50amshrs conslant values whenever the square-root relation-

ship to the (dielectric coitatant holds trite,

A rore (e(fr7d desLTcr*Ili ' of some of Uie mnateriat of lis 5. A.C. electrical Coll(flt civity, determined wvith tle
Ppae may be faunia inl R efetvic, 1. aid of .m capacitance bridge.,1



Is

Fttjrive 2. Eq~uipment associated with multipuirpto Insirumnvt.

6. P-V-T p~roperties of Vapor and gases determined by above, bill Willh thle hot body placed off ceniter ill
observing the(, cianige oC pressure wvitht temil atti rer an axial direictioni. i
under various Constant specific-volume Conditions. 14. Young's inodl.his. Pressure cliange of capacitance

7. Specific hecats of liquids and( solids measured by with a test fluid (which has at known dielectric
replacing the heater eleniit wit iii calorimeter constatnt) Is obtaltiod its a funaction of prossure.
containoti Constant hecat input by thc heater will 15. The mneasurements listed tinder 12 above yield the
licat kipl tile sample coattimuisiv. The t eluhirat nre e COnL~j1( voigi iitt!i ofe rv' q- -gCA
rif Willthtle.~ togou imi Wii th icuwti ilipli tl( itile equa~plt ito) tile itio of the area and width ofl#, Sigp
mass of thle sample yield thle specific heoat wheit betwooen thle hot atnd cold bodies.3
thiere are no heat losses. This is assured by the cold Ol tier possibilities not described inl any detail here lead -

b~ody actiing as anl adiub~tlc envelone. it tempera- if th tollowing properties (letertolnabl absolutely or
(tire is regulated so ats to li' Identical to the telatteely by thle presenlt inistrumenit whlen operating under
tempe ratuarc o tile aGI'.~t all timels . aliste4 cud 0 t ta ziiiill conditions:

8. Vapot Pressure of liquids. 1 6. Diffusivity of hleat.j
9. Compressibility coefficient of liquids. 17. Diffusivity oif mass5.

10. Thermiil-expallsion coefficient of liquids. Ill. lilliusivlty of m inonteatuml.
11.i Break-dotvt voltage. I () Critical .poilit conditions.

Iadldition to the properties of test fluids listed AboN e, 20. Phirisechaiite conditions.
several important properties of thle finstrumient itself canl he 21. Jouic-'romrson coefficient.

-. ~ ~ dtemnd isuc eeas:e yosrigtecpctnc fte tclcniin.Fr xmlkohgteid

12. Iliern-al expatisioti coefficient of instrument wall Note that sonme of the properties mieasured are needed--
(representing a composite structure). This pioperty to correct other properties obseivtid under perfectly Mden-

arrangement under vacuumi as a fuinction of tent- refraction of a test fluid makes it possible to correct
~I1 1-trature. thermal-conductivity me-asurements of thle sanme simple for
II13. Thermal expansion coefficient of centering rod. radiant-hieat tratisfer, Likewise, thle oservation of the geo-

Measurements are carried out as indicated under 12 metric constant as ai ftunction of temperature and pressure



makes ulectrieal- and thertnalconductivity values more mid p~roperty measuirements at single coniditions of temper-

coy acsain mayKpnpowingsiuttneosly itis OS- vacum s afuntio oftemeraure Th sctte ofodlaccrat±. ciawidg tretermluepanhonCvet'been an atre nd resurehavSbonmiitited Soe nopetie

Young's moduluis allow,; deviains froim const. at-volumle were observed over wider ranges of thosp, parameters.
conditiont to be correctod wheni P-V-T data are observed. Figure 3 shows the capacitance of the device under
sible, by cross-chocking miieastuemenits of related properties, few thousandths of a percent of the measuired values
to deterralnz if aniy observed anomalous variationt of one around the smooth cuirve scms to idicate that the wiring,
Property really eyists. shielding and guardinig w~ere done properly.

IN Figmre 2, the capacitanice bridge is showni on the Figure 4 shows lte preliminary results of thermal-
riglst-land side, next to it are Lte conductance bridge and conductivity measurenments of helium measured along two
the waster switch. Further to the left call be seenl the isotherms in at limited pressure range. Those measurements
poteaitior'flter. The mnultipurpose instrument itself is were the most critical ones because they wvere used to chieck
mountefld onl a Conlsole shownl in) the ceniter of thie out nkot only the proper functioning of the total system,j___
photograpik. The miounting platform is electricall Insltd but also to prove the qluality of the gold-bond linii. __

from Ihe grotund, and "s pait ol the shield of the bridges. Improper boniing woutd cause inideterintable and Mire- -

The econsole onl the riht-hatid side of the instrumet houses peatable changes of the geomietry of the system. This, in
devices for fillinig and emptying thte instrument, and for turn, would make it impossible to determine mobt of the
pressurizing the test fluid. It also contains pressure- properties listed.
mneasurinig eqipmenit. A vacuum pump and thermostats are The measured values of the therml coniductivity of
located oa the other side of the instrument. Further to the heliuim agree very well with reconuinenided data and seemn to'7
left is .automnatic contiol. unit neceded to heat the cold confirm a very nionilinearpesr eednei h
body t(, a~e temaperature of the calorimeter contier wheni low-pressure range,(5) The observation of data at 25'0C was
specific hetats arc measured. Next to the unit is a Mueller carried out rather napidly. For the 30'C isotherm, more
bridge used to colibrate thle platinum-resistance tlrermom- time was allowed for measurements after each pressure 3

--- eters biflt into thte cell, The cequipmetnt is so arraniged that change. The data scatter was substantially less, which mighlt
- -it can be operatud by a Singple, observer, indicate that a rather long timne is needed to re-establish

The concept of the multipurpose istrument resulted thermtodyinmic equilibrium ini helium. This point will be
- from property research carried out by the authom over the

past 20 years with various kdnds and types of illstrtunents,
Many of which hie developed himself. (2,3,4) In June 1965,
Air Force support was obtained. Althoughi the instrument
was designed, developed and built ini 1 year, it took almost i~

another full year to linie the surfaces wvetted by the test 514
fluid with a I-imum-thick gold layer. By 1968, the laboratory
was completed aild the istrumenit became operational. ii

Since then, all niecessary calibration has been completed, '
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investigatedl further. reduced cost.I
The instrument presently is being used to observe tile

transport, thermodynamic, and electrical properties of R1RNB
other gases, and will be used in tile near future to
determine (toe propertics of liqutid refrigerats and organic ()Lic~sW,"hoyadleinCnicain nDvlp
matter. Ilowever, many other applications are cnvisioned for lag a Multipurpose Instrument for Determination of Twelve
the versatile instrument. Properties," [il. . Hear' and Am 7ransfer. (aiceepted for

For example thie device is ideally suited for mensuring publication) See dlso Proeeedhsgs of 61hi Conference oil T/cirnnal
C'ondiuciivity. Dayton, Ohio (1966).the properties of fluids used as hecat-transfer miedia for (2) Sclualdt, F. and W. Medtnfrost, "Der Etaeluss elektrischer Folder

cooling electronic components in guidance systems, auf don Wimetranspors tin flissigen elecktrischen Nichtloftern,"
iniissile-control and computer devices, highi-speed aircraft Formeha Ing. Was,, 19, 0S-80.

and space vehicles. These cooling fluids must not only keep (3) Kcstin, J. and WV. Loldenfrost, "Ani Absolute ctiloaion of ____
tlte electronic equipnsont at a safe operating temperature teVsoiyo lvnGssoe ag flrnr,

They must also be good insulators. And they must meet adliabatiscson Kallosimiecers zur genlauenll essung Von wVAheen V
certainl requiremnsis with respect to boiling and freaing, spezifisulien Wiirmeia sohileehc Nf wrmcltender Substanzen,' if. ___
and be chentically inert. . Theat andilMass Thmsfcr, i (1962), 267-27S.___Themulipupos intruentis bleto bseve ll he (5) Ito, C.Y. and W. Leidenfrost, "Precise Determination of the

imoran poprtesofthseflids, and so could be used Thermal Conductivity of liellnn Gas at Iligh Pressume and
impotantproprtie of heseModerate Temperatures," lnt. 1. of Hlem and Mfass n)ansJer, I

- t select thle optimluml coolant ill a ilniuu tunle at greatly Monograph (1968), 55-98.

NUCLEAR STUDIES WITH 8-MeV
TA ND EMA A CCELERATOR condtucted in the ARL Nuolear Struc. -

WI L LIAM A. ANDE RSON shlows a rough comparison of this ture Group. __

General physics capalbility to that of the new tandem INSULATING CORE
Research Laboratory, ARI accelerator. TRANSFOQRMER

This report briefly summarizes the
The Nuclear-Strkvot tre Group at design, operation, and increased capa- The insulating core transformeor_____

ARL is cunently engaged in nuclear bilities incorporated in tis new 8-MeV ([CT) is the source of powver for the
spectroscopic measurements related tandem accelerator and its applicaiions acceleration system. It is capable of___
to, and defined by, tile general prob. to the wide area of investigations providing 12 muilliamperes of current
lis of nuclear structure. Thiese nieas-

detailed invostigation of nuclear inter- ~ueeasaeacmlse yte h i
actions induced 1by the charged- ~
particle bomnbardment of selected 0

i target nutclei.----------- ----------- -------------- 1a
In order to initiate a nuclear

,ni ut uV~iged-oarticte bont- WS
bardniont, thle incident particle must
have sufficient energy to penietrae t(lie 6
Coulomb barrior which exists between 8MV TN E C E E A O

thle particle aid the tniget nutcletus. I-C P BLTTfh e re searc h p o te n tia l fo r fu t unre C kXB L T _________

nielcar st~ructure studies was consider. 0: 41_____
sition, by ARL, of a particle accelera- 1
tor of unique design amnd capabilit. MV
Prior to thie installation of this new 2
a1ccelerator, thle talbiaun accelerating VAN dE GRAAFF
cinergy available to tile Group was 2 CAPABILITYI 

__
AloV provided by the standard-chiarge_________________
bell-type elect rostatic accelerator of io 30 4 0 50 0 70

JI Van do Wiaff dein Thsinto

accelerating capability restricted in- ATOMIC N UMBE)ER Z
vestigations to nuclei at tile lower end
of the periodic table having cii atomtic Figure 1. Coniparison of the 2-MoV acoeAmming capability with that of the 13-M9V

numtber 7 less thlan about 20. Figure I am &Aecotrator.H
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TANDEM ACCELERATOR

The ion-beaniacceleration process
lO T I A N E, 8 footlo mng acceleration tube., jo ined

__________staiiidess-&. I termninal. (Figure 3) This

resistance bleeder network snlrt
tile ICT. The elect rode-to-electrodevoltage gradient for thle tubes is estab-lished by a Voltage divider network___ ioure 2. LOwIoM FI network. andi equipotential rinlgs.

III the tanderi accelerator, nega--- at' apotelt'il of 4 illionI 'iOts (MV). trostatic gradient along tile trans. tive ions are accelerated from escThe 3-phanse transfonneor core, con- Former. Bleeder resistors establish the senitially grounld potential to the highsisting of 3 logs having 44 insulated voltages for the equipoteiitial rings and voltage termninal, converted to positivecore segments 15 inches in diamecter, provide a path for termninal discharge. ions by anl electrou stripping process.produces a magnetic path of high The primary power required for and further accelerated to groundldiolactric strength and low reluctance. operation of (he I is 60-cycle, potential. The ions to be acceleraeach core, setment is surrounded by a 3-phase, and is provided by It servo- are originally produced ats p)ositivesecondary coil, thle output of which is controlled variable transtormner, hydrogen ions (1i +, 112+. andrectified and doubled in a voltage 112 H1I +) obtained from a plasmua vesseldoubler circuit. Theo doubler circuits surrounded by a high RF field. Sonmeare connected in series, and tile total TRANSMISSION LINE negative ions are produced frot thle___voltage obtained is terninated at a 
initially urt-ionizcd portion by a,

____ 1igliypolished staltiloss-steel hemni- The terminal voltage generated by charge-cxchiange pi-ocess with thle
sphere at tihe top) of the tranisfornler, thie ICT is coupled to (lie acceleration positive ions in the source.

-- Equipotenitia.1 rings around each triple ^ystem by a hily efficient, low-loss Thiese negative ions are attractedcore section establish a uniform elec- RC network illustrated in Figure 2. to the positively charged high-voltage

Fgr .BWI.C. tade wIlrtr

_1 
2 A'

I, I A



Withi modifications of thle ion to tile 1I, power-supply stabilizer for
5' to . injector, it will soon be possible (o precise rriial-voltage control.j

0 *'~acelerate hleavier particles aid provide Tinitial) Studies With !Ihe neW IffI

~P 150 ~4V AOt SIII puled~beai opertiontandem accolerator showthtiisi
'2efu ;C tool for nuclear-

structure research. Ilearn-energy reso-

~ 4ANALYZING MAGNE!T SYSTEM hation or~ about ± 200eoV or bWtter bas
usedtotben denionstrated onl many OCC3t

1O ~i The 909 Beamn Analyzing System" sions. (See Figure 4) It Is believed to

a: i use toselect positive ions of a be thle largest ultrahighi-resolution ac.

9 paiticular tmss, eneorgy arid charge. It colerator presently in existence.
operates Onl thc princiAple that a '111 natiure of tlie- reselrclm pro-

J charged particl In motion is deflected grain which requires such a sopisti.
by a anei field, aid theat tie angle cted tool involves the continued do.

through wvhich the particle is deflected volopmmu of a svsieniatic stud yof___
F igura 4. DorronstratioR oftca j~ varies Willi the amas", onergy, and 011010 levels of lowInacditun i massK
bemenorgy resolutioni capstolmity. charge of thle particle. Knowledge of nuclei. The nuclear reactions produced

thle exact positive iomm-beam allergy is by thle accelerator beall., wheni
extremely important for nuclear-intec. speetroscopicalty aiialyzc,!, provide

(I-4.V) terminal. Upon artival at thle action experimients. Thcirefore. tile data oru properties of energy level.
terminal, thle iollS palss through a strenigth of the miagnetic field must be The comparison of those dtia is mrade
stripping canl heeteeetosr acaely determined. This informa- with theoretical predictions to deter.

atoon) whe red hectoave acfrenycutr hoeia ula oes
removed by collision with oxygen-gas tion is provided by nuclear magnetic- mine the nuclear structure, nuleax
niolectiles. The remaining partic~js flux measurement equipment and a interactions, and validity of various

onergy corresponding to thle potential Thle deflected, analyzed, positive.-
of thie H.V. termiinal, are repelled away ion bWain passes through ant adjustable

~iI from the teriminal toward ground slit systemn placed in the plane of Mr. W~illianm A. Atnderson is chief tech.
nictan Ili charta of accelerator operations hi

potential, thereby attaining anl ulti- deflection. Ani error signal is picked Lip the .A'uclei Branich General Physirs Re.

ate energy equal to (wice tile by omie edge of tlie slit if thle bea~m seach 9?svro),Ah iLi~e nte

terminal voltage enerTgy changes. This signal is fed bac and wavs anl holtor graduate from the ee-
trlisTed,. School. Ile lols subsequaemtl

asssined to the Strategic it k Command as 0
conutdcotiotr arid Pnai-igatton tachnlician at
Mlarch stF8. CQlljrnk. During a three-year
tour there, hie attended U.8.C. Losrigelas
In his off-duty Itours Ii August 196Z he
itas assigned to AiRZ. arid honorably diss

S charged in December of thw same year.
Ai_ r. Anderson lted ARL as a eteltan

it January 1963. lie attend: classes hio.5 nPyi&H stc tho -
I WrghtSt~tc nivrsity, arid will' soon m-

A A,,wrfcati Physical Society 27-30 /prl
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gravity-giradient stabiiizing torques

MAJOR JAMES C. MC SHERRY
Dot. 6 (LOOAfI) OAR

Thec tec nlique of stabiliting satellites by cxploitinig the,
torques generated by differences in the spacecraft muomierts
of inertia is known as Bravity-gradlent stabilization. Tile
technique is quite simpla. By desigoins a satellite to have Th 1vttonlfrei ng(Re) and alway'sacts towards
large differences betwecn the momneuts of inertia about the
spacecraft axes, the satellite, Withi appropriate damiping, W~ill the center of the earth. The centrifugal force is inRw
stabilize about thre local wertical." Thle best examiple of a Whr co is the orbital angular velocity, expressed in radians
gravitygdtstabiimd, satellite is thle nioott. The slight per second. Uixpressed in) vector notation. it is nico x (f x Z 1.
differences in the mioments of inertia of the mnoon create thus its line of action Is paraillci to thle orbitri plate.
sniall torques whgech, over thle years, have stabilized thle
Ittoon such that one side always points to thle earth,

Artificial earth satellites, such as OAR's OVI, use this IORQJE GUNE A TION IN[lElIT PLN
toochnique for stabilization whe~n expeiments require the
spacecraft to viewv thle earth. T[he usual technique is to imagine 3 satellite miade up of two equal niases

extnd erylon slnde ros wth mal tip mlasses to separated by a vory long weightless rod, is skcclivd in
cruatc thle favorable inartia ratios. Onl thle OV I satellite, Figure 2a. The grvavityforce adtieu on maess I is sarller
there are 5 booms. Two are essentially vertical mnd are 62

rJ feet long; the other 3 are hiorizontal and 50 feet long. Othier
satellites ]lave used I to 0 boomis, and lengths hatve been PO
fromi 30 feet to 750 feet. Damping miechianisms vary 'T4jR$Okt*S

j widely, bill usurilly tely onl interaction Withi the earth's /,/x 1

-Magnetic field or relative mnotion betwveen boomns to
disipate onetgy, but, to folly apprec-ite these miechanismis, ~L

7'one mnust first understand tlie baaic concept of gravity. ii r~ ~gradient stabilization: the generation of thia stabilizing . r0L

torques. In other words, how can you expect a satellite to Q,~
stabilize simrply by stickinig out a long rod?

Pi~ure 2a. Pich piano. Gaitonltorquo Imbalanca.

VVthan the force acigolmss2 mTenoment armi through
whlich thle forceac nts is shorter for miass I thun for niass 2.

__ TlIert;Fore, the net gravitational torque will rotate the
b . dumbbell towards the local vertical. Thle centrifugal torques

N'/exActly" cace beas th touvorce ha:s ti,~ d,.-r,-..
armn, a~nd vice vvrsi. (Fig'ur 2b conrtainis a derivation of thisP. cancellation.)

I TORQUE GENERATION IN THE ROLL PLANE4

/The centrif'upal forces :rcting on mnass I and -,s 2
have equal aimls. Therefore, the force imibalance generaws I~iu~1. Sptt~fite baot btwton cetrifugal and 4ravitiltion~t clockwise torque iii this view. Thle gravitational force onl
maiss .2 is less than on maiss 1, and hais ii shorter armi T1he
resulting torque will also be clockwise. Therefore, both

THlE FORCES centrifugal and gravitational forces produce a testniiiig
torque to move the dumbbell into thle orbital plane.

To best explain the miechanismo which produces thle
stabilizing torqUe, We Should return to the basic concept of

Icircular orbits. That is, (t' satellite is- precisely balanced TORQUE GENERATION IN YAWY
between centidfugal and gravitational forces, as in Figure 1.

For visualization of thle yaw torque, imagine tha our
dumibbell1 satellite is stabilized along the local vertical, aid

the O,'nco- earthrapon 1 aeeotee'tro star another mnass andl booni comnbination has been added -

14

1 1
__________________________________ ____________4_



- ~ ~~ ~~~~ - _ _ - _ _ !-- ----

NO& 7AW p(,WdfM 6401k;~
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secnd troges WOI~ibe nOpitc where grfaity Va

the ~ ~ ~ ~ ~ ~ For veoct vortoe isaato in. Note thlt nogaittoaltrue teoqe

e.ist on th is c o izo boomifga The u cent ,cetifugal forces c utontirte toqie proud btarqu. Tie
equal~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~scn so ahnsbtasalagl xssbronte. rl tonship. wgorulg eindpither et gravit aono

The forces can be considered as the resultant of a vertical usually co~isidored), (lhe equations are:

no torque, wt (lie hiorizontal comnponenits are equal and
opposite, resulting inl a couple which rotates the satellite to ~ 0 i 4l(Ptc l:,)0 sl2OQt

alignl tile econd boom with (tic velocity vector.
D PIGTpiteti 3/1 (1 ,,Oal I yaw) w02 sin 2O1iii.ti

It is Obvious that thle torqules generated by thle Tyaw 1/2 (1 piteil, I R,11) ()2 sill 210ya
imbalance of the centrifugal and gravitational forces decpelid
onl thle anigle by which thle boom is offset from thle local where I is thle satellite mioment of inertia about thle
vert ical and the velocity vector. It' no damping is lpresen t, respective axis, wo ib thle satellite's orbital angular velocity.

tile zmtellite would oscillate like n perfect pendulumn from and 0 is lte angular offset from thle desired position. Thesw
its original offset to a position equally offset oi thle other equations were first derived by Liagrange some 200 years
side of thle reference line. Therefore, for true stabilization, ago during his work on librations of lte mnoon. ___

sonie sort of dlamping mnechanismn is essential to tho gravity Examination of thle equations -iows that a satellite in _

stabilization of a satellite. nrua rbit with diss; .. ;!"r "iomntls of inertii Will
eventually be stabilized with its mninimumi moment of

RELATIVE SIZES OF TlIM TORQUES inertia (yaw) aligned with thie local vertical, and its
maximum' mioment of inertia aligned with its instantaneous

From the above analysis, it is apparent that the Velocity velctor.
strongest torqueC is ill roll, where both gravitational and As un be imangined, these torqucs are exceptionally
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* small. flor O.s ipl OAQI.17, i tile~ W0ttick is diiplacod 7" TY.r4to So Off thd desired yaw direction the aetn torqe i
only 0-0000022 (0ot-pound, however, in thle wveighitlesseit1*01oi1et~ of circular orbit, tile disturbances are ailso ntlidiffrences in (lie delicate balance between 8ra1vitu). Iquite small, and this seenlingly inrfilitesimal0 torque is tionall and centrifugal forces in a circular orbit. if r, sriteliteis roprlydeipe tokimie the uogenerlied by tilese

facued that will require no eontinuous pow'er fr itsGravitystabiizc1 satellites lire possible bocause of statbilization,

IHGHriTEM PER ATURE
SE"MICONDUCTOR
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Since tile early I 950s, thie Air OiNl' Research',J i.S soioi baSiC re. Itole CoiiipaiahZte to that Used by'Porw has been vcry interestad in tile warch by Professor 1,'. 11, Itodiker at S&haffer (7) to grow Al,) 3 in t hat itodovelopmtnon of' semiconldut~eor corn, M.I.T. on the conduction moichaiimbt cairier Sascs are usedI rind all reactionsponents that will operate effectiwly it and technology of'inlcvsl stali- and growths occur at low pressure.higher Selliperisures thlar available dJe- nic oxide, Sa) 2 . S.ince SnO3 is ipliYP lThe crystals aire grown h'or thie vi'porvices, Examples of Air Foc-pn cally and chemically stable ot elevated at I 2500C and tit 10 tort pressuresoted progrms to extend the high- tetnperalutes, and is a %Yide-hiind8ap using tile reactiontemeraurelimit of* semiconductor S01m*cond1UMt With a laandgap of 3.7
devlopment of silicon transistors sernmiotduer components which
Which Opelinte at IVetnperatures lip to a Could oporate at temperatures up to The stantim chloride (SnClI4) is ob.Itulit of 200'C' those programs to 501C. twined fromin the reactionl or till "Inddolagillium-a~rstni'Je transistors, WVhilu single crN stils of Sno., have Chlorine Eis at 100"C and tO101land howe t0 develop Components of previously been obtained in theo labora. PressureW.slcncarbidie. tory by several diffe~rent tech. Sn1 + 71 SI)Cl4lIn response to this contlinuing niques, (1.6) tile vapor-phinse growthnood, the Air Porce Office of Scien. te.Cimique, Which is described below, is The resistivity of thle tin-oxi(le serni



WOUrI fig.l conductor Is contrniled by adding so-

A ntlre r- Roq00im or Ivetued impuritos such as antimony to
of 51<1i4  thle tin charge.0

Quaut lube
fff~ur'r IThe crys.*al'-growing apparatus isK ei~l ovreco 5 / shwn In Figuru I. Note tlhat bytint i~~ O O ~ -. A djuslin g t hle rela tive a m o u n t o f eh lo*
;z~nciw" - - ine, flow through: thle "pu1re" reactor,

port Whicontninls onfly (tn, and through2 mAthle doping reactor, the resistivity of
I'~~the tinl oxide 9iovn can be precdetrJij' Imtnedt also, by Varying this relative(Wit qu amount during a run, a desiredi retICoo "Ato lwalor Iity profile can ho Obtained. Thlis an

4l 4i +: ' - Ndl 0. 01other features Of the 'SSteml hanve been
C~ Ct C:~ it O~ t u cld loidescribed m ore thoroughly In a recant

rrmgsiil ai OUMPSIP t'isucaion, in the ,,.,,a, of the E.a lec
ul contolas trochondtIc in.

Figue 1.StMAWDAW CFA photograph of two typical
PRgu. 1.o Ssrowi4 sni ot cto~wwn octuol, uulotblIn0a oeCGntd crystals chlat hanve been grown is shlownlsystem.~~~~Il 1"181ir s o t coe t ein 10i 2, SpectIroche mtilkal a naflyres

of such crystals indicate fluit they aire
(11 ratspure thanl- anly previously reported.

Cl)Pc lctia mesurements have yielded arC. value for the Hall mnobility at 770 K of
__1200 oii/ivolt Wo;, whiich is higherthan any previrlusy reported and is Fx v' t consistent wit the ldher purity. The

- Twin plane (oi) electrica properties of a crystal doped
a tWith antimony to a roono. temperarture

resistivity of 0.1 olunlcm, n.type, arc
shown as a function of temperature In
Figure 3. Plotted aire thle Hiall 1mobility

u, thle reistivity p. anld thie conductionIc~axns electron concentration n Icteninedfronm the e~quat ion. n1 u I /oPp, wheoreU

is thle electronic charge. The electrical
bC characoteristics in r-igure 3 indlIcate thatsinlle crystal SnQ., should be usable InlSemiconductor components whichll

ISSI~n 11010ba~i resarch onl the
conduction mjech1anim and tech-.
110l0M' at-c still required before practi-

V7Cal Silo., ihcmeaur o
ponents can be built.V

(t) hOtorn, 1). F. and 1). A. Wright,,T1 1c-
tritest Pt-ollfiq, of Slngle Crystals ofI -Antiniony-Doped Slannic Mid, Bit.

-- J. .- pI. J
5

Jgp. 17 (1966), 3327.

hiari; en&dndTC
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lOr 0 3 %CcuCts P, o4smot Angelo hltwle litRg
A Unvetttv ~tdeia granit frort lite Applied Mitlicintitc-su~I~ ~u *DIivmon, AFOSR, tim been eonductilip leic il crtom'U~a a),ru didynamiic tinfiu ~it a tis opt ilmli or Ilildit In till Supe-

tsic ypetsornc, arid free-!mlecullr flow :ipica. I11w 1
z1 methods Ul thle 1-micuIus of Varitations m0 unc~ or tw

SERI iependent vaiables havo been empluyvd in ordei to
baptircia~ut mzation nittt'oqdra im.

imptovd minv tica t nique j'lyliabke to probloems
arlsig inmosjaciapplicatnt, -iichii a oplt lial flighl

t tje m es ndopwdaefdyiamiik dhapes. TypietiI aieiilsDR. ANGECLO MIELE cI. micmalical inveSntitiminn include fitst~vueiation
Doportrnont o~f Mochanlcial ontl Aorospinro ivitliodr, wcnd-vttrtation mttids, and two-point
En~llneoring tind Motornks Scioncos Rico Ustivoisity, 1bulldaityvalue piubimois. Ili two recent fepoils, Prol-isor I

and NlMiod dock'svs Aignith'nnt wcoplishivients relatcn. to t1',LT COL PAUL J. DAI LY i ii i covistiauis in holoviuicit p~iblemis. and to JEtrectorato of Mothomatical Sciancos, AFOR pdi'It t fltttuds ~ in aicniatical t Pogliaming. (1.2)
Ini probli:tos dmcribcd by hviontiuc equallulls (enijni

tions which irky bjc alge~braic o~r IFtnsiOldeHtaI). a ntomtinal
state approximating a solutioji (but no! satisfying ail (Ile-

F-Fi i'kf~; C. F. Cyaa". Prof. A. N11010 100114r0 and J. C. 1-14tdkmnn Cyago And Mr. ttoid~mn 11 n date stumot in~ AeroAy vnsr-..tixiij tha cOvnptteR Wdh ti nrieCt optimization protbioms. Mr.
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cquations exactly) may ',e available. Starting from thle This algor itlun, for a quadm atic funcin rduetoliIA
nomiinal state, one may wish to detoeriine a varied state, lFletcher-Reeves algorithin, thtus, quadratic conlvergenlce is
close to the inminal. state aind satisfying all thle equations assured. H owever, for a nonquadratic funictionl, Initial
more exactly, This situation arises ini some of the iterative convergence of this method is faster than that of theA
algorithmns for nilnimizing functions of variables sublecct to Fletcher-Reeves method because -f tile extra degree of
holononsic constraints, namely, frst-variation and seconid- freedom available. A two-dinionsionril search is required at
variation methods. each iteration is opposed to the one-diniensional search of

Pro fessor Miele has developed at systematic procedure the Fletchier-Reeves algorithmn because of this added degree
to change tire state fin an optimal way: this is the of fiecdomn; however, for a test problem, the wamiber of I
re(Itilrenient that the constraints be restored with thre iterations was about 40-50% that1 Of thle lllier-R 'eS
least-square change of the coordiaes. A resulting mnethod, and thle computing time about 60475% tha 't ofth

aigorith'ni has been applied to several numerical examples Fletcher-Reeves method, using comparable search tech-
based onl systems described by p algebraic or transcendentai niques.
equations involving n variables, with ni greater thain p. It is A continued investigation combining the memiorY I~
assu.Lnod that a nominal state, not satisfying all the gradient and restorat ion of constraints techniques hias been
eqtiations, is given. Using a Burroughs B-5500 computer conducted by Professor Miele. Thle preliminary results
and dotible precision aditlunetic, anl iterative procedure is should be available in) report form in the near future.

-- applied leading to a varied state satisfying all of the -
equations to a desired degree of accnrmcy based upon a 4 7
preestablished terformance index. sclr (1) Miele, A. -and J. C. ileideniar, "The Restorationi of Conistraits

While considering the problem of minimizing a sclr iii Ilootooie Protblemis," Aecro-Astronautics Rleport No. 39, '
function f(x) of anl il-vector, x, Professor Miele reviewed thle Riceu iversity (1968). ltpnai

ordinary gradient algoritlini and the ietele-evs ()Mc. an J. W, 0'atrcitl, "Gradlient Metthods iniMterii
ordiaiy gradentalgrith an the Fleche-Reees 2) at Programmntig-l'art 2 - Memory Gradient Method," A4 era-

algorithm. Compared with thle ordinary gradient method, Asriuc RotN.56RceUirit(19)
the Fletcher-Reevs algorithm has the advantage of high
speed sinice it produces quadratic convergence. Compared

-with other conijugate gradient methods (such as tile Dr. Anigelo Al leke has beent a Prof ssor of Astronauiotics at Rice1
Davidon variable-maetric algorithmi), it has thle advanitage of Unriversity, Texas sice 1964. Prior to that, he was a Research <

issistntu Professor of ierontarical Enigineeing at rhe Polytechnic
simplicity of concept and small storage requirement wifle fistinie of Brooklynt [19Z2.1955): a Professor of Aeronautical
yielding comiparable computing time. A new accelerated Engineerig at Purdue tjnirersit, t1 9.55-1959): anid a Visirttig

the emoy grdiet mehod forfining Professor of Aeronaticls and As tronautics at the Unieersity of
gradent etho, tashingtol (1960.19641. lie has also acted as a consultant to thle

rhe mrinimum, of a function f(X) whose variables are Gided MissilesDivi!sion ot'ie Douiglas,,ircraft Co.,, and the AIllisonz
unconstrained has recently been reported by Professor Division of tMe General Motors Corp., anid has- beeni associatce! with

tile Boeing Scientific Research Laboratorles as Director of Astro-
Miele, Thle new algorithmn can be stated as follows: dp',autdicsavpd Flight Mfechaics (1959-1964)

Dr. Mfiele has a Doctor's degree int Civil Engieerig (19414), anld
X x, 8 x = -ag(x) + 038 x' a Doctors degree iN Acroniautical tu pineerig (19416), hotp fromnt

the ilniversint, of Rolle, Italy. Hie has authoredl or coauthored mnore
than: 100 technlical papers in his lel. lie is anl A ssociate Fellow' of

where Sx is thre change in thre position vector x, g(x) is the thle Americani Inistitute of' Aeronautics and Astronjautis, a Senior
gradient of the function f(x ), and co and 0 are scalars chosen Member of the A inerican Astroniautical Society, anid a member of

the Associazione taliania dli Aeroteenica, Associas lone Italiania
at each step so as to yield the greatest decrease in thie Ressi, and Sigma Gammppa Tall. Dr. Allele is also an Associate hEditor
function. The symbol bx' den~otes thle change in the of he four pal of thle A stroniautical Sciences and hdito-inl-Chief of

)()it 1 ecor ortheilraton picedifigflot nd r eeny elected a corresponding Member oj the iterina
consideration.Aaet o'trlautic ..

MEASUREMENT OF UPPER-AIR POLLUTION
OPTICAL PHYSICS LABORATORY, AFCR L

iAir pollution is worsening. So nection, the concentraions of poill from a variety of oilher sources-

everybody says. Bilt is it? And if it is, tants-or aeiosols-t'ound at altitudes volcanic eruptions, meteoric dust, and

tant s from atonobile exhausts prove instructive. Aerosols at these convective currents.) The Air Force is 1
merely balanced the amiount of pollit- altitudes have less day-to-day varia- not interested iii air polluition as stuch,
tants generuted a half century ago by bility antI may provide ai better way of but is interested in) the extent to which

individuial homnes? uirenients of air pollutanits nearer tile from !R and visual sensors aboard
All this is by way of saying that sturface. (In addition to mail's contr ti- aircraft and satellites. It is this prob-

we really don't have any way oft' ions to upper-air pollutants, aerosols 1cmi that gives rise to AFCRL's interest
gaugvinf long-terml tretnds. In this con. in thle tipper atmosphiere have conic in thle field.
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In recent years, a number of affect the results of measurements. scattering response, we have scattering .

researchers concerned with atmos- Researchers to date have ignored the from both atmospheric molecules and
cphrie aerosols have begun to use problem or have assumed the transmis- from aerosols. Not only is it desirablej

lasers to probe the atmosphere for sion of the path to be constant. to separate the relative anmounts of
aerosol concentrations at various alli. Elterman suggests that it should be scattering from each, but one would
tudes, With dhs technique, a laser treated as a variable, also like to know the absolute values
beam is projected upward and meas- of aerosol parameters and molecular
urements are lnade of the amount of 2. The choice by researchers of a number density. This can be done with
light scattered by aerosols and mole- normalizing altitude to be used for proper mathematical treatment; but
ciles at given altitudes. Most of the calibration appears in many instances there must be a uniform set of assump-
reearchers entering this new field have to be arbitrary. The choice should be tions and mathematical approaches.
evolved their own measurement proce- based on tile best current kinowledge
dures independently. Lack of uni- of the distribution of atmospheric 6. Elterman's last reconunenda-
fortuity in measurement procedures constituents. The same normalizing tion for standardization concerns sta. -

makes it difficult to correlate the altitude should be used by those with tistical treatment. Because tile de-
results obtained by different observers, the same or sinilar measurement tected product of laser probing is a

At the Second Conference on objectives. photon count, this gives the overall
Laser Atmospheric Probing held last problem a distinct statistical character.
April 15-16 at tile Brookhaven 3. Altitude resolution is a prob- The use of statistical parameters such
National Laboratories, Louis Elternlan lem in probing the atmosphere because as standard deviation, probable error,
of AFCRL, a pioneer in the measure- laser probers use considerably differing and so on should be an essential part
,nent of aerosol concentrations by altitude intervals from which the laser of standards for laser probing.
light-scattering techniques, reviewed pulse return is measured. Comparison
six areas where standardization is im- of results among laser probers can be If uniform measurement standards

I I portant. -Ie has suggested that the more meaningful if some standards for are set along the line of Eltermans ix
establishment of uniform standards altitude resolution are established, recommendations, -then-we can-begla--
can be based on the following six to collect a consistent body of dataconsiderations: 4. and 5. Elterman treats niolec, from iany laser probers which, with

ular measurements and aerosol meas- time, will permit us to establish trends
1. Atmospheric conditions vary, urernents as separate entities; but his. ad to monitor long-tern increases or

causing variations ils the optical traus- reconuendations in these areas are decreases in upper-atmospheric polu-
rirssio of tile laser path. This can combined here. Contained in the total tants.

OBSERVATIONS OF IONOSPHERIC MOVEMENTS BY THE USE OF
A LARGE AERIAL ARRAY* of the pattern.(2) The statistical theories make certain __

Uaksumptions about tile nature of tile movements, which are

DR. R. H. IRIeGmq ropprtm nt M~f Phyvie difficult to test. There has therefore been some uncertainty
University of Adelaide, South Australia and controversy about what is really being measured in --_

experiments of this type. In particular, it has been
The ionosphere does not behave like a smooth mirror suggested that the movements may not be a bodily motion

for radio waves, but more like an irregular diffracting of the ionization, but rather some kind of wave which
screen. When a radio wave is reflected from it, a random propagates through the ionosphere.(3)
diffraction pattern is formed over the ground. Simple In order to obtain more complete information about
arguments can be used to show that this pattern will move the nature of the novenents, a new method of observation
over the ground with a velocity which is twice tile has been developed recently at the Buckland Park field --
horizontal velocity of the ionosphere.(I) This phenomenon station of the University of Adelaide. (Figure 1 illustrates
call be used for the detection of movements taking place in the principle.) In this method, the radio diffraction pattern
the ionosphere. is sampled at 89 points, and con-,erted into a visibleIn the past, observations of the moving pattern have pattern. The sampling is aclhieved by the use of an arr ay of
been made by the use of a small number of spaced radio 89 radio aerials arranged as in Figure 2. Each aerial is
aerials (usually three). The records obtained from such connected by an underground coaxial cable to a radio
experiments are subjected to a complicated statistical receiver in a central laboratory. The output voltage from-_
analysis in order to derive the best estimate of th- velocity each receiver (which is proportional to the amplitude ofa ___

selected ionospheric echo) controls the brightness of a small
*This article has been adapted fromn a paper which original, lamnp; thus the 89 lamps are arranged in a small array withappeared 01 the Proce .. Lt.ieAtotg ~ a ej, o~f

Autalia loe 1, No. 4 (December 1,7150.L51. the same configuration as the aerials. In order to obtain a
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adivantageous to speetd thtem tip rather thtan observe them in
IO~f'"l' ~ real tulne," It has beent found host to take successive

S photographs at intervals of 0.,25s, mid then to project thle

second. Thse movements are then speeded up by a factor of

lPrefinminllry results give some support to a "wave"
interpretattoni-at any rate onl somec occasionis. Ripple-like

4rf tECI "rrr "wavefronts" are seen to cross thle field of view in various
PULSE directions, thoughi with a preferred direction of movement

on any one occasion. This behavior could arise from a
bodily motion of (lhe mediumn upon which there was
superimiposed a systemi of waves with a random azimnuthal

-~ -- ~ distribution of wave-niormal directions.(3) However, further
N analysis is needed before any firm conclusions can be

drawn. nlss iia ecrig ftedt
-For quantitative aayidgtlrcrig ftedt

fromt the 89 chan111els will be mlade Oil magnetic tape. It will
"A"____ __P__ N thei be possible to evaluate on a comiputer the -

two-dimsensional cross-correlatlon funict ion between the
patterns existing at two chosen instants of timec. This

Figure 1. This dihen. illustrates the principle of the method usiid function should have a maximumi value at a point which
to ma~i th hoizonal iif veoviy oftheionsphre.represents thie vectorial displacemtent of the pattern in the

given time interval and, front this displacem nent, the pattern-
smooth pgtern, a diffuising screen is placed in front of the velocity can be deduced, 1I, canl be shown that this mnethod
array of lamps. avoids some of the arbitrary assumptions wideh were

lxansples of the patterns obtained in this way are inhterent fin the earlier methods of correlation analysis,
shownt in Figure 3. These are suiccessive photographs taken when applied to records fromt three nerials.(4) Also, more
at intervals of 0,5s. The motion of the pattern f'romi one to ravid variations of velocity canl be studied.
the next ("a" through "h") canl be clearly sen. Thte field of Teara ra ilas eue o te xeietrepesnt circle thea grounds wit duanede of te xprneview rersnsa ciceon fiegon iha dimtro in ionosphere and mieteor physics, and for low-Freqtiency
kil. Its ordei to study the movemnents vistilly, it is rdoatooyS

The project is supported by the General Physics
N Division of the Air Force Office of Scientific Research

(OAR) under AFOSR Grant No, 864-67, thec Australiant
+4 -+- + Research Grants Committee, the Radio Research B~oard,

and the University of Adelaide.I
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P-I
'00Oitte 3UIDIO eDi 8, H. Briggs (right) and Dr. W. 0. Elford (left), with a

model of the aerial array. or, Cetford is welt known for his work on
Figure 2. The GaWangg~int of the 89 aerial$ of the receiving array the radio observation of meteor trails, and is interested in the tito of
and the awa~iated tvarisnitting Roriats are shown in this diagram. the array to extend this work to lower radio frequencies.j
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As echolgy dvacc alng MAJOR ROGER A. GEESEY pendent oin only a single time variable.
some "front," a level of sophirstication eoosa Mechanics Division 1itsc a vaineucio isis encountered which requires con. cop htsc oainefnto
sideration of stochastic phomeollna, for FSLknown Includes tile possibility that

refied nalyis.In mder corl. ufficient data is available to accu-refnedanaysi. Imodrricor. inalrately deterninie thle separable form by
use of nany techniques for statistical comiputatio a emirical mthiods, cnutdb h

inference Is nlow classical, with thle The resauthorcatdthteAerospale
auhra il eopc Mechanics*major classifications for well tech- aspe t of Division, FJSRL, has determinedniques being decision theory~ and atcitiltcnquswil ree'

loin in decision theory is to perfor a nifiedI tpr acs ecti%0 l slvn both estimation and
esseimation haiI tho h stieneatpreb a p o deecin sroleing in terms of a for.

obsevatin haing stohastc naure m~ Iulat ion with separable covar- Iand to decide amlong the possiblem~ u
causes which produced it, while tile to problems in, iances. (2,3) This research has enilarged-
estimation problem consists of deter. the body of miathiematical theory ap J
mining values for parameters or es lf timan phicable to estimiation and detectionA
Processes Of interest which are ob. U U by allowing a leis detailed problem
served onl-y reimotely, (1) .8~formiulation and by giving miore ef-anu UIUI~IUIIfective digital computational miethodsIt is usually possible to formulat for soIlutions. Also, the research li s _a problem of statistical inference inl shown more clearly that thle under-

__1_ commuknication or control as consist. again arises inl processing returns, structure f'or tproblorms in estimaion;ing of an observed Process which is tile Radio telescopes and seismnic detection and detection is commnon to both, anod
___sumn of a signal process and a noise systems utilize detectors f'or noise-like consists of modeling ani observed

process. A comiprehesive list of thle sources, Guidance and control sys' stochastic p~rocess as the output of ta11-11important probenis in estimation and terns, which are subject to tinac- causal linear filter, driven by white__I- UetectioiY which arise inl mod0ern. sys. varying disturbances, require anl es. noise, which is invertible on anl arbi-
___tems employed -by the Air Force tiniation of flonstationary stochastic trary, fiirite-timec interval, 'Fie signir.would be too extensive to give here. processes to perform effectively In thle icance of inivertibility in Such a modelThey would include, however, thle con. disturbed environmient. In estimation for an observed process is that thieventlonal communication and radar problems for control, the stochastic observto may tee esl
_____ systems which are lted Ill power signal process is usurally the plant (wiee, n h ouinsfoes

such that the received signal-to-noise output itself. Pattern recognition may tiniation and detection obtained byratio is uniaccep table, and the guidance also be Fonnuated in termis of sto. solving the simpler problem based on Iand control systems with accuracy chastic signal estimation by viewing white-noise observations. "Whiteninglimnitations in basic components. In the the signal as thle statistics of a data filter" techniques have been used pro--more familiar problems, the signal is a subclass. viously, with large success, in engineer-
known waveform (as in digital, As in all engineering which seeks a ing; this research has extended their Isynchronous commtunication. systemis), numerical answer to a physical prob. utility tio a broader problem foriulr.or else thle signal is described by a few lom, it is necessary to express a prob. tion.unknown parameters (as in soen -lef m in terms of a mathematical formiu- The modern Kalman-Bucy theory

u ____symoo....... .... ~ u Whichi anl crf fete! ror estiination ofnnsa~na ~sona3r, and inertial systems). Ihowever, mbathematical theory can be applied to Gaus-Markov processes has received
-the more complex situation, in which yield thle desired numerical solution, It wvidespread utilization. This theory is
-the signal process itself is stochastic in is not suggested that, in every case based onl a problem formiulation whichnature, has more recently become of mentioned above, a mathematical for- includes a complete miodel for theInterest. niulation is known such that ain exist- signal process in the form of a finiteCommunication systenis flow ing theory is effective; but what is dimensional linear system. But tite 'ernploy miedia such as troposcatter known is that a large class of such problem of determining such a dynarn-

mieteor trails or auroral and orbital problems yields a formulation in ical miodel fromi statistical information
chaff belts-randomly varying which the signal and noise stochastic about the process has only recently Ichannels-which give f ise to thle recep- processes have known covarianco func- been effectively solved; and it is rketion of a stochastic signal. For pur- UtinS in separable form. 'lie separable separable form for the covariancePOses of secure comtinicatiort, a meis- form for a covariance function R(t,s) function which yields a process mocdsage may be encoded by random consists of a finite linear combination to which thle Kalmian-Bicy theory is
Processes, hence generating a sto- of terms of th~e form api~be oeetl eerhw

targets,~ lion as s datar, thec puata efort
fh eevr I aa n o r y- itbs,:S; b(t)a(s), t-<s design based on the covariance frac

thestchsti sgnal-etctonproblem where the functions i(-), b(-) are de- for solution to estinmation problems
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Can) be mlininlized by achieving in. appropriate model for the observation matrix Riccali equation, although non-
vertibility in modeling and by using process, and thc whitening filter tech. linear, has been extensively Studied In I
whitening Noltr techniqucs. nlques show that thle cssonftil aspect e-stiration and control, and its fainil.

Although studios basic to detec- or sohutions for both estimation and inrity makes this appioach effective.
lion theory preceded the groundwork detection is (lhe co~immn modelig RrRNE
for mnodern esthiation, theory by half orobtein. ERNC

acentury, the solutions available n Theo desired invertible model and (1) Van Trces& It. L. Detecion, IiswIrnatkum
detection theory have remained dif. the resulting solutions for eqtima- WMomainTcryNeYsk

fictl( t imlemet il prctial slua tio an detctin ar obaine byall 2) reesey, It., "Catiommical tcpontions because analysis has been Con- effective digital Computational scheme nils ofseconid.Ordr Pwtcossus With
centrated onl integral equation for problems havinig thle formulation in Apicratios,"'SRL 69-0001.
formulations. But thie solution for tonus of separable covariances, This (3 tiomy, oft.e anonic al Repme ntatlim

detection can be given, quite simply, reseercm has shown that a mlatrix to Estimation and Dctection in Coloredby use of the whitening fitter which differcrntial equation of tho Riccati Noise," i vci .9yst slm vi. Corrputer
results from anl invertible model of the type many be associated with the sep) ProcC$s~ng In Coiimnfiis,i Poly-
observations, So, as in tile estimation arable covariance to determine thle otilisakeoflrkynNw

* problem. tlie key to solution is the invertible model. Tile initia al ue 6o9-0196). ihd loa ~

M8VAASS SPECTROMETRIC STUDY OF LOW.FIELDI
MOBILITY, DIFFUSION, AND REACTIONS
DR. RALPH E. KELLEY OF IONS IN GASES

Dtretarte f Pysial ciecesFor weondary species, true drift phenomena occurring In thle vippord - velocities can also be obtained when atmosphere. Thle coefficienits ate of
At the Georgia Institute of Tc '- certain criteria, involving the details of practical importal-ce to thle under-

Vnology, Professors Earl W. McDaniel thle profile shapes, are meat. All deter- standing of devices in which gas dis-
and David WV. Martin have developed a mlinations are made over rangecs of charges occur, and to the solution of
unique drift tube miass'spectrometer E/N, thie ratio of electric-field strength conmrunicat ions problems related to
apparatus (l) which is being used to to gas number density, which generally high-altIit(ude explosions, rocketr sttidy thie drift velocities, diffusion, extend from small values, where the exhiausts, and reentry trail ionization.
and reactions of ions ill gases in ions are essentially inl thermal equilib- Information about ion-niolecule
low-to-nioderate electric fields. This rium with the gas, to values where thle reactions, botht qualitative and quanti-
apparatuis produces a high-resolution- departure from equilibriumi is consid- tative, is particularly important for

timeproileof te sarmof ech r~mle.understanding thle propagation charac-
distinct ion species present, as a func- In addition to quantitative deter- teristics of gaseous media Such 33 thetion of thle distance from the ion miinations of basic transport coeffi- upper atmosphere and certain regions
source. The pattern of ion-miolecule cients, the mnethod has thle important of space. Thle propagation characteris-
reactions taking place is elucidated by effect of permitting thle identificat .ion, tics are dependent on free-lectron
comparison of the profiles for the of' ion scispresent and the dluc- den-t . hch intrieedn
Spec es present at various gas pressures tionl of thle ion-molecule reaction on the molecular composition of thie
a -td drift distances. patterns which prevail in various gaseous miedium. Tite rate of electron-

'Primary ions, which are p~rodtuced weakly ionized gases. inrciminini eeal eea
directly in the ion source, are identi- The quantitative determinations orders of magnitude greater for niolec-

tied by their characteristic profile are ofl basic interest because compari- ular ions than for atomic ions. The
stmapes-, and, fronth(le details of the sons of experimental values with theo- nature and rates of ioanmolecule reac-

the per urb ng ffe ts f a y r act ons p os ula ed ion-naolc ule itteraction various m olecula r-ion , species and,

drefift ntysml to e ri e asur ed o etertal th separation distances thierefore, the electromagnietic propa.
drit vlocty o b mesued.For gretertha thsewhich can be tested gation characteristics.
priaryion, echiqus avealrad byt leesuts be ant experiments. A Tis research is Supported jointly

broeil deidths.do thie traners paricllyeo useu way in whichi trans- by thle Office of Naval ReseairchI
tudinal difftusion coefficient from the port coefficients eltange wvitht FIN is through Project SQUID and the Gen.

proilewidhs.Bot th trnsvrse paricuarl usfulin. this regard. The cral Physics Division of AFOSR.
dilftsion coefficient and the rates of coefficients entei also into basic calcu-

H reactions which deplete the primary lations stuch as thle rate of dispersion of REFERENCE
species can be found front thle attenuia- ions by muttual repulsion, and the rate (1) Atbritton, D. L. T. N1. Milter, D. WV.
tion ofil-swarm wih increasing drift of ion reconibination, processes which Martin and E. IV. McD-nmilPhyt Rep.,

distance. are important to the understanding of 17 1, No. I (1968). 94.



disanc T.Itis ereAsume tiatg([) s al isotropic

functionl. indepenident of thle polar angles 0 and *. Once

be determinied experimer t tally. It is very hiard to calculate

g(r) except in some very simple cases. It cani, however, be Ifor detmurined fromi X-ray dirfriction exporiments or front~masuremelnts of macroscopic quanmitics. In the latter

+II4 A Adetermination, g(r) plays the role of anl adjustable parani-
-- , -' -- -- '-Water, although one of tlie miost abuindanit liquids onl

6 this planet, is also one of thec least typical and consequentlyiransi~lon hardest to understand, To begin with,. the specific volumletrans tionof water contracts upon melting and goes through a
miiinium at about 40 C, which corresponds. to a densityin w atermaxunnt., Were one to simply calculate thle fraction of
vacancies in thle liquid, (V - VS)/V, a negative nainber would

DR. EORG 0. IMMEMANresult. A related phenomenon is that, in ice-water mixtures
at thte melting point, the fraction of tile solid is decreased

____Physics Department, Bo~ston University with increasing pressure, while in most substances it

Amcrong other atypical properties of water are its highi

- 1Of thle three classical states of niatter-gascs, liquids specific hecat and, as will be shown later, wheon the results
and solidt-tlte liquid state is the hardest to deplct an a to our sound velocity measurements are discussed, its

____miocosoopic or molecular scale. While an ideal gas could be adiabatic compressibility. Tito adiabatic com~pressibility is3
-- depicted as aft assembly of molecules with a perfectly defined as thle fractionail change of the density upon

Irandom distribution in sptsce as well us in velocity (as long application of pressure at constant entropy. fIn thermio-
as some boundary conditions are satisfied, e.g., the average dyniarnic notation, it is.1 (2p) where p, p. and S are thle
energy it constant, no molecules ate allowed outside ant P pS3
enclosure if (to gas is confined in a container, etc.), and density, pressure. and entropy. respectively. The adiabatic
whiflc anl ideal solid could be depicted as a pertectly cotmpressibility of' water is a mnonotonically decreasing

Ispatially ordered array of molecules, a liquid is depicted as function of temperature fronm 00 to about 740 C, whcere it
sotmething between those two. has a ntinitnuni and then increases to infinity at the critical

Miethods of statistica physics based onl thle concept of point. Thle remarkable fact about this is that water becomes
random distribution, with intermolecular forces added as a stiffer, o r m1ore resistant to comipression, as temperature
perturbation, are highly successful in, thle treatment of real increases (i.e., thle denstty cliange ilwater per ka cling.
Sises, Theoretical methods of milid-state phtysics, based on in pressure decreases between 0 and 740 C). Thus, it seemsa

-the idea of an ordered molecular state. with some iniper- that there are w'ore vacancies in the solid, ice, into which
- ktions duke to thermal, zero-point, and othier excitations nolecu~es canl gc,, when pressure is applied wAith a con-

ade spei tulation aft Slimtlally A'ccessun ill treating 5Cejue~it clag i ueasity, thian there aie Ink die liquid.i
solids. Liquids are treated alternately as partially ordered niormal"~ liquids, comp~ressibility increases with tempera
gascs or is voty rare and disordeied solids. (1) ]In the iatter ture. Thle atypicai properties of water nmntioned abovea

-case, the liquid Is considered as a solid with vacancies wvhose and others, ha3Ve to be explained if one considers the
size is of the order of molecular volume, and thie fraction of molecular theory of water.I
vacancies per mole can he defined as (V.- VS)IV whlere V Several theories of thle miolecular structure of wt ier
and VS are thie molar volumies of thie liquid and solid, have been adlvanced, thle most quoted are those of Bernalt

*-respectively, taken at thle mielting point, and Fowler,(2) Euken,(3) and Pople.(4) Thle starting point
-Theo true moleiculair picture is undoubtedly somewhere of ea',)' is thle mnolecule itself, which canl be described is a

between tile two extremes, with the proximity to either triangle with thle center of thie negatively charged oxygen
dependent on thle temaperature, According to Rice,( ) at ion at its apex, and two positively charged hydrogen ion

-temperatures above but near the melting temperature, thle making an angle of 1090 (thle actual expeiiiiciital detr
!ong-rango order itillerent it a solid is destroyed; but the inination shows 1050). The water molecule will thus possess
short-range ore.ol(i.scale of a few molecular diam- a iernnnemit electric dipole momlent, with thle nlegative
eters, ttill persists, A htigher tenperatiires, this siiort-ranve charge near fie oxygent and the posilive cagsnear thc

order is gradually elinminated until, at the boiling point, we hydrogens', consequently, it is a polar molecule. Because the
hate a niainliy disordered array. The amiounit of order canl be water tnoecamle is polar. i, will attract other polar moleculesF
described by a correlation function, g(r), which describes and therefore becomies the good solvenit that it is. Because
the relative density of molecules as a function of the it is a polar molecule, it will attract other water molecules,
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thus oining ageates, in the liquid. In such an oggrcgate, molecule is associatod with oiny one 3ggregate for only a
the positively ulimiged hydrogecn atom of- one molecule will very short timeo. hlowever, a certain number of aggregates
be attracted to the neutively chtarged oxygen Wiom of exist at any Instant, so that one can describe watrer as
a nother molecule, thus forming a hydrogen bond. Con1SIZtine of a certain sinmber, in ovorege nutuber, of

r The situation becomesr somiewhat moure complicated if aggregates,

I we consider that thie hydrogen atom call do Loch itself from
f 1 tn oiie hrc ope ih te grgt as 41 fntion overagmpraptri ht o w une kin to

an oxygen atom, leaving a hydtoxyl molecule belibd and A changeite vrgpooton fonknd f
nmolecuiles, Expcrinients S.how that thre average timec a cetuin limperuturos as a third-order pliase transition.
hydrogen atoni can be associated with a particular water According to the classiiction of phast transitions, the
n, olocule in the liquid is of the order of lO'l 3 second. N'th order transition is defid suei thlat a discontinuity

If, however, %vc consider the wvater nrolcenle as a strible apr-a5 In tile N'tIh order derivativo of thie Gibbq ftee
efttv, we can describe the liquid, as Bernal and Fowler(2 onergy'. The Gibbs fre -eneorgy is dofined as
do, as a mixture of 2 apgregates. one* is anl aggregate of 4
niolectiles, arrangea as a tetrahedron whert the hydrogen G b VU- TS + P1VV
atomi of one always points at the ox: r-i of its neighbor.
This structure is loosely packed and has a niolar volunic of where U is the Internal energy, T the absolute temperature.
about 19.5 cc, ats compared to closely packewd single ", ter S the entropy, 11 the pressure, and V the volume.L
molecules whose molar volume ca~n be calculated to be 6.6
cc. Another denser structure, also in aggregate of 4 dG =dl) - TdS - sd'r + PdV -1 VdP r- SdT + VdP
Molecules bWt nowv in a rhowboedrml aruumg-ment with a

* molar volumei of 16M cc, is also presnit. Trhe fraction of Thore are two first derivatives of G with tospoot to its
each species of aggregate in water is a function of' natural variables P and 'r
ternperature. Thte density inaximunt at 40o C is explIainled by
the gradual chantge of the tetrahedral structure into the s i
rhom bohled ral, super im)posed on the thermal expansion of F. -IT
both strucWTes. Thus, a pIocOss WhichI infCeSe.S the density
with) increasing temperature, superimposed on a process In a ftrst-order phuse transition, examples of hlich are thle
which decreases the density with temperature, will gen- solid-liquid artd liquid-vapor transition, usually botls S-and
emilly result in a maximumi if the two processes are V are discontinuous. There are three second-ortder defivl __

different functiois of temperature. tiveS: of G
The two aggregates correspond to (lie structures of ice

I uaid ice 11, respectively, Recently, Erlatider(5) suggested aOs -

the existence of a different species of water formeod of 9T P) T
raoriboltcdrtit alggregates only, with different physical
properties fronm those of ordinary water. fie calls the new where C~ P the specific hecat at constant pressre,
Spo'~ies SuperwNater.

Euken(3) suggests that the liquid phase of w~ater a v I
iconsists of four kinds of aggregates whose concent ra tions 71) T =-KT T
vary' Mvill temtperature. The four kinds are single muolceles-

0"O two n'toica.~ (Ii 0aaa)'!, 1 ukil cuialr,({i20)4; anld where X~ is the isothermal compressibility, and
eit molecular, (lOa-lteswith different volumes
per molecule and different energies of dissociation. Those' aV
would account for the high specific heat of water. a

Thte third picture. proposed by Pople,(41) aigrees with
that of Bernal atid Fowler insofar as (lhe existence of Where ol is the thermal expansion coefficient al constant
different aggregates is acknowledged; but the density presstire.
behavior is not explained by the eltange iii the fractional Diseontinujtias in ally of the second-order derivatives
explanation is that the hydrogen bonds bcome mtore order phase transitions are the transition at a critical point,
flexcible with teiplorature. thus allowing the aggreg-ates to thle superconductinig transition at zero m1agnotic fteld, and
fitteipettetrare. This explains the dentsity maximum at 4o the superfluid transition in liquid hielium, A cusit or kink in

Thle supposition conlimonl to the first two theories, thlat any of thme second-order derivatives would denote a discon-
of )3ernal and rowler, and that of Euken, is that the tinuity in a third-order derivative, and thus indicate a
prnperties ofr water can be explained by the transformiation thirdrder Phase transition.
ot ggregaies into ezcih other as a function of temperature. W. Drost-flansen(6) made a survey of experimecntal

The view of this process, given above, is somewhat data on water and claims to have observed such kinks !in
sirl~istic since it assumred tiut the aggregates, are PerT- several ineastited properties of water, among them the
inanent structuires. lin reality, the agtregates are evariescent viscosity and dielectric conIstt lie c4las that theCSe
structures which constantly form and break up. Any one discontiniiieS occur at approximately 15', 36, 45, and
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W . 0 oetiut nd. M.Falk and G. & K61i(7/) have: Ks is in turn related to nT by A
dic ruisor kinks wkert ropottod. Aniong thie prop. R1 X

tIfl erts tno d wore tho vibrtItonal spectruni, comnpres-
that flt, discontinuiis are spurious and within tile Iscatter whr )- is Ele Aai kft pcfchin Insa ress wurd

oflte data. It bI, ndeed istratitve to plot sonic quantities to tal at coathurd rn A ihaset r wol

Ind teo how sch kinks or discontinuitios could have been niaoa1trodePhstaston

Figure I is a graph of the temperatue derivative of ihe
specific IneeL, obtained from thet specific hteat data givon in 5
ltea Chemnical Rubber Comipany's Iiaidbaok oI C'heousir,I =-n CRO GEENSPAN 13 T5CIE00

and 11100,06$1) Ono coni 111s118tne dlseontinluities at S vendj 50 KUL R WItALLE-e
teruprtrs however those are within the precision of MAX STO orv IN

- the data, so dirns no doffie conclusion can be drawn about 49!

-- thefr oxistwo4~ Anothet example is shown In Figure 2
-Wfire thle isothornial coiurprossibiliry of K~ell and

Wltdoly(9) and that of Groonspan wnd I'schiegg( 10) have

-been plotted. No anoolt curve (;an be drawn through lte r
___ ~ (voters of the points of Kell and Mwhlley betwoen V0 mid

V_ O C. 'l11is would suigest a kink i thed quatitity. However, -_I
-thle simooth Curve is displaced by only tile Width of thle

c~rri iepoint; thus, this suggestion cannot be taken .e

Fiur 2.O lsolheim col11IIeoibility nj-. In units of par biar, as olvan

DIGITAL PULSE-
-FREQUENCY FOflMING TRIGGER

115 . GENERATOR
RECORDER NETWORK

* QUARTZ
- -1 fCRYSTAL

!cONTOLLEOGATED

CONTROLLED -- 4p AMPLIFIER

FI~of* 1. ACp/AT= CP obtaind In, tatclnQ the diffefones btwb~n VARIABEIL TUNEI)

spodific-b.,t vologi on*t d~o" apart. The j*ptiek Mat Is taker, fromDIAAMLIRthe CRO Horldbooehd8)L. 1
Several invest inator 9,1 1) have looked for thesw dis---

continuities or kinks, and report no diwontinuities outside Yi YAMI
ever, taken relatively few ponts in any given tempe1.tureF AMLIFIER
range, and a kink or discontinuity, if its affect extonded OSCILOSCOz
overf los thtan one degree, could havt been overlooked.
Because it is jiosible to mieasure the velocity of sourid With ZTK)N
great precision, we decided to siearch for kiniks in thle IIvalocity of sound in water- IPfASE 0CO

TI V110cty o saii, U, is reltiaed to tile adiabatic

compressibility KS~ by

It Fiputa 3. Ofoi-k diawpm of Onx, oloctroile *ppatus for soundj 28



Aliliough the volocity of sound Iii water hla, bcen wnd the deviations of thie points wiic jflottti. This is shown
monsur~d lby othors, the nuffbcr Of points fin any ternporo. lit Figuire 5 for N 2.4 it, ild 8. Tile maini contributiot) to

lure nuip~ was small. We liave takeon 2300 points i the thev deviritions In tile~ fit to thie N -8 polynomial, where thle _

meonts werc carried out by lrninersi a quaftz transducor
tuned to 10 Mliz (whichi also served as a receiver), and a
reflector paridlel to thle (ratisducer, in distilled xvator u *1403.414 + 4.79242T - 3.22874 x IU2TV
conltainetd in a vacuum flask. 'fie water was stirred
contiuotisly (o maInntain temiporoai~re uniformity. vie 1. 188 15 x 10 14 + 4.97534 x IOV V
temperature was measured by means of a platinum resistor.

Thie velocity of sound was measured by -1 pulsod phlase 1.-00377 x 11O6T +1 1. 14602x 0Y
qF coniporitn techique(13) A block dingram of thle ekeo-

imfonies is shown in Pigure 3. hn this tiethod, tile phase of . 0.210 x, 10~ IT4 + 1.79249 x 1O-1 
3

r
8 ~-

th ie Re NoTf a tOLived chio Is brought Into coiimuidence
with that of I. Continuously running inaswi oscillator by is clue to winierture in hornoenelIties in thle water, It cain bc
dclaying tlmo o:uiidutor wvv by tmns of OJI adjustable soonm front I'ijurti 5 that tno anomolies &roritei titan 35 tpm
delay line, rIn our apparatus, the first echo was received at exist. This is within thle scatter of our datta 0mw could not,
about 100 miniioroeconds after the trunisnitted pulse, wleo however, excludo the possibility of kinks at 20'. 25'. 320.

thme tinie resolution of li oh pparatus was 0.2 nanoscond. 38', and 47' C. Inm cur opinion, (lie deviations front thle fit

too

L 1410 2
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Fu re . Vam 6q of Icne urv Nos ae fum io obse e w o this ire spriu and15 0 a11 e byorepeD.nalucrami

Fiiii hmtevelocity of sournd in water as a ~ rmns 2r 1 ~ mr rde_

'~~~~~~~~inks ;I Nater. Ivi.. have to bVereovdbmrepcl;
detect die presence of any discomtinuitics or kinks, tile data eithier tho existenceL Or lionexistence of anomalies because

wsfmttWd to Poyoli'SIn tempeniture of thle forml no expiment call be performied with infinite precisii,
N and one needs that to prove the absence of a phenomenon.i

U 2 A T" Thus, the qutestionl of thle smnmctimc and propel tics of water.

[too the most abundanit andl most atypical liquidl on earth, will

29
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Iktun eartheX P~nt" ihv~of %Id I i95~. 93: piiushed In collaborio ,o16lk. (' htti-.,
NVlitoy. Xv. MI. and C. L, chaw,"Utirsord~ Velocity ant) flefssor Z -u'frnas hirr-seiktion nhiii. idiwrrf

Pr,'.. 1511 (190?),. Sd W-sDviiioou und-n graw I4 l, -I FosR6V 1 /71

Thl-[;- Bi'oche-,,mi1'stry of'
Learning and Memory

Ove a10yer erodbeinibg ll DR. HARVEY E. SAVELY F Yifvi ftoaii rti nc
IQSQthe ir Frce bgronig ~ Diroctor of L.io Soiences, AFOS yilss ttoaiicpoenI

IM ieAi oc Office of Scion- 110onS increased during training, antd
tifle Research hus supported reseach th1at tis Wa3s related to file learinfg
V) & 1"01V 4'* ~ rVI S ) U I 1* $at th i tiC 01 OI vwfYI * iltc. lit 1 t iItili, ii C!. Anl atiiiii fot ribowii'hic
University Of Goteboi0g Oil bio)Cheluical fum examyple, iltc lha nrce 10 tini~ avid (RNA) in the neurons in 3 conirol

* Changes 111at can bt, detected ill nortv numitrous as nerve cells and conshihute ceinter for thec transfer of handedness.
cells after learning. Picifessor lHydA n ore than SO,.- of thle total nmass. ltoCatedl in thle brail lex sho\L1Wed
was atble to conside a problemi of tis Hyddn assumed that such a puvsv that thle .0ceased S)ynthcsi was asso-
kind because hie had developed teh. association surety iniplied oinethinsj cinted Wall tire ievemsl oft Ilandednless.

*niques for biocleienill aalyses of liole t.114an jutj icln lSuppkort, Similar chainge were also fundt in
sino1e Coils. This requited not only and that lte furicticii of' thle neuron braill CenterIs hiiijkd to thle Vesi ibuhir
i)x(ronle Maittial dextefiity ill leasing probably depended irt im1portant ways appauatu5. wich provides senlsory
Out sinigle cells, but also flow ilcro- oil biocheiucal processes in thle glut. input for balanicing and spatcial rjcfjtai-
methods for dealing With thle small Qvi:r thle last 10 years Professor trool, inl ailMs subjected tot new
muass of a MIl. In 1951) Prvolessor Ilyt.d6 and his colleavues have pub- experiences stifiulating ihese *sstemls.
Hyd~n was just beginning (his line of lished 62 papers dealing wrih these Theq neukron-ghna ioteiactmoiis h1 ave
work, whiichi was received quite skepti. two research themies. been shown by an analysis of adjacefil

altt tire tinie li snine neurnphivsi- The biochemicatl correlates Of' ntrve and P~lln cellh that h13"T hee
* ol__gists. learninig were sought in lite hippo. teased Ia[atAase fezm c

Aniother application of thkis tech- campus of the brain (a region known tivty. RNA, anidpoeicnetr-
nique has been to study thle interreia- to be active fin learning) in rats trained veal (la; the netuon is domllinan iromni
tion between neurons (nerve clls) and to Change I'Tol right-handedness to an enrlrq ie fit point of view.
s gia, Which are the cells that surrounid left havidedness. It was shown that thle Rhythmic changes could be shiown iii
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.it otis and glin in the reticular furnn- crV.&C tile tit ihtiil.1 ofeiljty by way after birdi. Prulessor hyden's C41motri.U
tion (if lte brain duringi trantwon or thte rqpiratory biochemini jv l n. butiotis and his slmiilation ol bin.-
froil 5skel to %ak efrilness. ctwugttr ill Pfofeswi Itdevri 'indies ha. dwniwoat nalysis at tile elluw, level
hle hss at wio of RN'A in the itha in st iniula ted a vdr sprend interest it (lhe wvill be a slirlil nt landmark in this

the globaus pullidus prectded shmilr tOuemistry of leatrrnn and im-mory ,a dTn Itire,

clian ittgS their associated nourotis in A rintinba of Ito findings have now
Parkinson's disease (n formn of palsy lin been cotnfirmed inl several Laboratoriis, IttU
Mn asiicated with changes in site. All ot' this is but a first step onl whit (I) tlyttin, WI. "iNA in brijiir 1dit. e
oii brail liiclel sur'lt as thle plubus will ultimately lend to powecrful in%- VtI~(n .G, C. Oupirton.
trallidus), sightts ilitc the brain rmechanimi that 1. Nttneedruk arid P. 0. s~Rulinr.m,.s

*Ill general, thle neuron and its underlie learing andi~ itielnory. One 14m, York-. Tile RockifaoUt nvaslit-

associated guin %vm found to form [I linc of' itivestigton will undoutiiedly (2) 1 INdedn. 11. m i It. WUne --n. lii Lj
,lyiooiat unlit %vhelicte gild shlow proveed toward possible challues inl totah Synotiemi SpeIenrlit Rebted

a iMore rapid turnover of RNA and these mechanisms b% drufis. Ajiotliet tO Mlaitflt," ftor. Alm A,. IC (if,
nI Wrtin mid are apt to take to ainero. hlir is already pointing toward it 'niirl
bic glycolysis under chianged wotdi- of thle effects of nutrition andl toxic ttydminjg am.. !felmeth lte oft
iotns, ott lte other hand, thle neuroin substances oil tile brain during critical stid. Anaicrdgam: Nortlvltild pub.

under die zime conditions woumld in- fierinds of its dElvelopment beforc and lstingt U.. 19611.V

The Institut do Saint LUui3 (I.S.L) tIn thle town of St.IN ) T U TLouis, France on tile Prench.Gertnat barder (soc rgmiro I)

t %vas forniuuly establishod effective 22 June 195 in nocord~DEI SAE1iNV' LOU~1IS: ance with an ugricmnim signad by th Wost German and
French M-oernnients on 31 Mui~ac 1958. Its riisslot, as
Stated in ithe agreemlent. was to ve]( "clog, cooperation of

I m i scientific and technIcal research and development in arma.

e~A ~ tL /A kA iA ment to strongthen lte defense of their countries." By
* ~ .~/~VA44?7V'Prokvr-t0jWrs tour flit iropican '.tyi of A era

Repe otriodtviilt trinat rveirr (ravitirirors it viomrpe.
(it .ttddA, £rrs. Inrdia. and .4ftro. Thvr WWIt r Ine to ien trfa

mrrnt fv ffnrtaaretl pragins mjouble ruv to Air Pistol
LT COL RICHARD T. BOVERIUi, EOAR styintits. iei %te.o (P, N it tile estlajrlilnresrt of

Thil weirkk briefly dewrtbes oneit Ipotat ii ittlon tivirtd"cenrl~r

Y:_4 1 iti CttilA~otS
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if agreement, the Institut is referred to in Cernmin as the
"Deutsch-Franzdsiches Forschungsinstitut," and in French - -
as the "lostitut Franco-Allemand de Rechercles," but quite
often simply as tho "Institut de Saint Louis." Essentially, ' ___ I
I.S.L. is active in cooperative research in such areas as
hypersonic flow, shock waves, and ballistics.

West Gernmany and France cotribute equally to the __

investment and maintenance costs of I.S.L., which has a - .. .. --- I.
staff of 465 people, 92 of whom have scientific or
engineering degrees. The Institute is mianaged jointly by
lg. en Chef d'Arniement A. Aurtol as the French Co-
Dietr n r .Shl a h emnC-ietr Figuro 3. X-ray-flash photography of a copper rod (3 mm 0, 60min=-_Director, and D~r. R. Schall as tihe Gelrna n Co Director. long) pn tratng an aluminum tafoo; inpact 5poed: 1000 m/s.

Major facilities include a hypersonic shock tube, a hyper-
sonic tunnel, a high-velocity light gc s gun (projectile A saniple of X-ray flash photography may be seen m- velocities up to 10,000 ieters/see), conventionl powder Figure 3 which shows a copper rod .penetrating an -
guns with projectile velocities tp to 3,000 meters/sce, aluminum target at a speed of 1,000 neters/second. Also, j
special rnenuremnent and instrun., ntation devices, and an Figure 4 shows the jet formation of a shaped charge i a
IBM 360,:!0%-niputor. ash radiographs, Shadowgraphs of a 9-min

Airlh . LS.L is primarily oriented towards defense sphere fired into an oxygen-air mixture at 1,900 n/s, and
research for France and West Germany, it welcomes of a model fired in atmospheric air at M = 1.8, are shown in
research association with the United States and other Figures 5 and 6, respectively.
countries having nutual defense problems.

ISL. has developed an extensive capability in the ..
investigation of fast processes by photographic techniques & Iembodying electric spark, X-ray flash, and pulsed-type laser

illumination. Twenty-four spark shots can be made at
nanosecond intervals, with the result that high-velocity- rap
projectile travel of only a few millimeters takes place
between shots. A recent improvement in this system
permits the acquisition of as many as 5,000 pictures. I his
process has been used to examine the puncture of armor
plate (see Figure 2); a burning methyl-alcohol droplet in the
presence of a shock (tihe shock wave and wake tear the -- ... ...

flamie from the droplet, which itself is deformed); and h -. , I
bullet moving at high velocity into an exploding gas
mixture, with periodic detonation of the gas ahead of the Figure 4, Jet formation of a shapd charg lwquonce of flash
bullet. radiographs). I

F - 32t

44A.V %f 4
a R kLi I I

7t,., V O

__ jfJrr.AC__
AT/a

Figure 2. Penetration of an armour plate 05Z mm, R-uu kp/Mm2 I;
caliber 20 min, impact velocity 420 rn/a; taken with a 24-spark Figure 5. Shadowgraph of 9-mw sphere fired into an oxyn-i

WOater. mixture at 1900 I"/s. 1]inai
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Figure G. Shadowgraph of a naodel fir d in atmoSPhoeric air at

To analyze trajectories, 90-mm calibur models are solutions can be found, The nuninerical reSults obtainedtired, wvithi their behavior determined by photographic correlate wvell with flight-test data.records made at 10 posit jolts, and] with two orthogonal In addition to work in Lallistics, where the behavior ofvews at tacit position. Velocity profiles are established pootlsfo anht riati en netgtdthrogh he se f mcroave nd opper-ffet tch- arid research in aerodynaitics concerned with hypersonictiques utfilizing special initial-velocity and radar instrunten- phenonterta (between Macih 5 anti Mactl 15), sucht astation developed at l.S.L. enIconit1tered by reentry vehicles, I.S.L. is conductingTile expansion and effect of stroatg and weak shock investigation~s in: the comuposition of' (lie upper atnmosphere,waves, with particular emphasis onl the sonic boom, are using ;nass-spectroscop iitthods; flamec propagation and
under continual study at I.S.L. Otte recentt study was supersonic combuistion; tiv! detoniation of gses and explo.cei tered ott the quantitative analysis of sonic-boomn focuis- sives; thle expansion anid effect of weak and strong shock
me refraction of low-intensity stationary shock waves in a1 anl explosion; htolography; arid thle chemistry anid niechiattic.nonhomogeneous atmosphere was studied. This ivestiga- of explosive mterials. 

_tion was restricted to fihe simple cases of thie two- 4dimtensinal Propagation of an N-sltaped w~ave itt anl ACKNO WLE,-DGMEfNT
saiymfied atmosphere a tand methodste waed n aThe au thor is Indlebted to Profecssor Dr. R. H, A trcerie (fornacrstiailid aalopli. Clcuatio mehod wee bsedoil German Go-Direcor) and Dr. Schall for informaation onr wichl thisshock properties. The refraction of a step wave was article was based to a large exier, arid 10 Inj .cn: Cie d'Annerneni,turiol and Dr. Schall for reviewinjg the originalf ,aniscript of the
described by a differential equatioti for whict, approximate article.
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7sfDOUBLE-QUANTUM DETECTION OF MICROWAVE SOUND
The low velIocity of so iid as riving at a slight angle to the deectngIiradiation huas motivated researcli in to the detecting and generating surfaces)L I R. AULH. ARR sonic delay lines as compact solid-state will partially cancel itself out, leadingf

I nddevices useful in radar signal p~rocess to a weakened signal and therefore anAan i.BU RAUg, calibration, and ter functions. It erroneous estimation of its strength.ALA J BU RE L) is tpossible to opcrate such devices at Parallelism is p~articularly difficult to
A- Microwave Physics nmicrowave frequencies. The initerac- obtain in the GI-z range,, since the

Laboratory AFCRL tion of sound at such frequeucie ( 100 sonic wavelengths are comaparable to
_____MlIz to tens of Gllz) with materials is those of light. A further disadvantage

Aso of considerable scientific initerest, is that, for volumec or bulk waves,
permitting thie study of energy levels p~iezoelectric detectioni can only occur -
and elastic constants. These sound attesml n, oii9gt
waves aie generated piezoelectrically builder of a delay line to a single del ay
from electromagnetic waves of the determined by the length of tlie san.
same frequency, using either a ple.
vacuum-deposited thin filmn of jpiezo- A new method, double-quantun

jmelectric material, Stich as cadmitum detection, overcomes these disad-
Esiffide, or by using an appropriately vantages. In, the presence of a magneti
____oriented p~iezoelectric material as the field, various paraniagnetic ions which

sample. can be added to a crystal by dopig
In thie past, detection hias geri- utndergo eniergy-level splitting. TheI- rally beeni by thie inverse of the same quantumi theory of such a system

process, producing elect romagnet ic reveals that the crystal cari absorb
signals, which can then be p~rocessed sound energy plus elect roinigne tic
by standard radar techniques. There energy as a part of the same process,
are disadvantages to this approach. It provided that their sumn is equal to the
is phasc-sensitive, so that a wive ar- line sp~litting. (See Figure 1) Thusa

(D 4

(9J 4- 319.

8.7

0 .02.

MNIAGNElC F1 EL D (kG)
Figure 1. Energy level diagram ot double. ferrous iron, a's a functioki of magnetic f tld.
quantum detection, The sloping lNua and Detection of phonons of 3.1 and 9.3 Gtfz,
the contrs't line ropresent vis epitig of tho bjothi using 0.7 GHz continuous-wave
energy levels of a parerngnotie iee, here Photons, is $flown.A
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W qualittill of Sound (pho)100 Pluts at continuous-wave (CWl) elect roneagnotic wave, without the need for piezoelec.
quantumi of elect romagne tic energry wave by thc sarrple is mnotitored. ti netWrsion.
(photon) which together have an When a phionon arrives, it provides the
energy equal to the energy gap) are additional energy required for the DQ lit these experiments, microwave

I absorbed ;in a single event. hlence the process, and an increased absorptionl pulses front a miagnetron were fed to a
I descriptive tenin, double-quantuni of the CW signal occurs. Thus, the resonint cavity containing a cadmnium.-

K DQ) detection. In practice, at a given presence of thle souind signal affects$ ufd izeeticfl rndcro
magnetic field, the absorption of a die intensity of an elect iomlagnet ic the- end of a inagnesiumi-oxide rod, as

shown in Figure 2. Thc UdS film ___

_____________-~______________generated phonions which traveled-

- SUPERHET
SCOPE XEADSAORECEIVER DOUBLE-

Lillilk MAGNETRON 'E ______

z
~ I~ T ID;IELET IIC C VU/)L cT  I

WAVE- 0 10 20 30 40

lil -~,..~.. Figure 3. Double-quarntum versus piozoelec-

triI dtection of suwceive echoes in the
doubia-quentumi detector loads to an ex-
ponential decay in spite of the noapiiral.

-.- i r sme ocuAbm awema enrg defetionuayti:n

N along the rod and were reflected back
CdS ILMand forth from thle ends. Thus a single

21 dS IL puilse propagated many times the

SAPPHIE-F IL ED sih of' the rod. The detector con-P, S P PHRE-ILLE sited f asapi tire-loaded cavity reso-
Nt.i--C VT , nant at 8.7 GHz. The reflection ofI HELUM D~AR - photons at this frequency was nioni.

LEIU DEWA tored. and in the appropriate magnetic
field produced a signal ton each
phionont pulse. The paramagnetic ion
was PrOvided by doping with ferrous
0Ionis. Note that the detectot is no,

1Wnecessarily a! thie end of thie sampleTA
rod an cn eenbe moved mne-

rwutre 2. Elactronics (top) and experimesntal this vavity genearates phonons. Each time a iclytprvdavrabeea.
apparatus (below the dastiod lineO) used for phonon pulio pastes through the sapiphire- The insensitivity of the DQ de-
picizoolatrie and doubie-quantUn' expori. filled double-quoantum detector cavity, it tector phase eliminated the poor decay
mente. Microwavo pultes in the 3 to 9 GIlJz causes a change in the refloctivity of that
range excite the reentrant cavity, The CdS cavity, thereby modulating thme Signal pattern frequently seen in attenuation
film transducer int the high-fiold region of coupled out through the waveguide. experimnents (Figure 3), and thereby
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allowed more precise attenuation Dr. Paid 11, Carr is a g4peiviswr re. Physical Society-, and( fill ass~cirate mebe
11u01%lienients. Accuracy in sucht data searcha p/,vsicisf(l l ate), find (chief of of Sigma Xi. Ile las publislied vvideli rth
will further rescarch in the pyica theu Alkcrowaee Acousties flrc h, licroliviae fichd of micro ware acollstics.

1Ph),sls Loboratori'. AI'CRl. Ile eCcejiedmechanism of attenuation, and there. l,'orh his B.S. in Phrysicst1J95)antdhis'iI.S.

foei rdcn delay line: witl n hsis( 9Y61 fomA T. diu s P.1.

lower los es tsi Dre Carra~s lire i, deriv ditiihthons.ir lnJ Biicuisarsac
aortesatmo reasfond tesue bes pca Is(Lt, and was asigne tio wheAred phuc eith tlilde n vrise Phca gs - -.

meris wee alo mde o (li attn. Miss'is ma ibrofi Cther eia a s sralonA L pu l cei his B.S.di n

resarc 1h1iif hr i okdolIe% hsisJo 1.1 l 0 .dldhsWA
___n indfeet ___C filgejjl lchlqe'o h airto facl irmHradili.9 i oka dioxie ndcoreate wthtie ualty ermeer. ifrtc ad ptcaldrecor, ionl ea o gadue or (t11k

oftei rytl tucue smesre ti aciimgugs Peeni__i,_smaig_ _eri, mIigth trcur f a

itmotirwr hnnfIetnigth eil vt nvoaeqcrsor

liaparyatos. resarc for experiments minnvoling.Ilexplailable y defets in h cr stals, Cearr ias a tieyo the iria n has seeaCpbiatostohscrdt
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