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llhe thcsla reporta the theoretloal antl erperlnental

etudlee cerrleil out by tbc enthor oa the appllcatlon of

tresonance scatteriag of l-rays, neutroas antl electrong to

lone problena on the phyelor of the Eo11at and llqu1rt etateg

of nattcr.

llhe phenonoaon of aaaa.lor or Frro!.tna. .oattcrllg

of X-raya aatl neutrone arlscr uleneycr the frcguency of thc

tncldeDt radlati oa lc clocr to the aDrorptloD reglon. It

lr vcLL bon tbat tls qra-l q3 allsp.rrloD rothoil prdlilce

a porerful tool ln thc rohtloa of thc rpbato probknr ln

c4ratrllojrq\r. lhc flrst.part of the theclc (vlth four

cLeptcra) 18 ooDccmed rltb the aovel applloatlone of the

rclolanoc acetterlag of X-raye and neutrong In the fieltle

of lattlce dyaardcs of eryetale, ctructulo ot blnary al.loyr

aDd a,norphouE Bystems. lPhe'secoad. part of tbc theele haa

three ohapt€x8 and i lealg wlth'the concept of the resonanco

ecattering of conductlon electrone na:dfestlng ltseH lD

tbe reoarkable high preseure behaviour of llqul<l oaseiu.m aDd

oerlua. Erperimental ctuclles of the the::no-electr1o pover

anil realatlvlty of cerlum at hlgh preaour€c arc also reportecl.
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fhe flret ohapter preaents tho barte thcory of

reEonence scatterL[g of l-laJs r ltoutrona aDd alectrons.

llhe regulte of thir theory f,oro the backgrouad natcrlal

for the eubeequent ohaptere. of the theelr. .U-though no

ltgnlflcantly ncw reculta ar€ roporteti 1n this chapter, the

nethod of presentatlon ac fa.r as the author 1l awarc, 1l

essential ly ner. It aco@pllrhee the fo11ov1ng3

(t) lagteaa of cleallng nl.th the phenonena of l-ray aarl

acutron anonelous aoatterlng rcparetely, a unlfleil epproach

has been worked out baaed on the oelebrateil 'optteal tbeoreml

of Bohr, P€1e'13. anal Plactrck, anal the partlal wev. nethod

ln thc eoattering theory. lfhls approach enphaelzcr thc

lnterplay botween the ooherent and the Lncoherent channelr

d.url ng the ecatterlng proces!. She phenonenon of atonaloua

roatterlng ean be lookecl up on aa a nanlfestatlon of eithar

l r€sonant clactlc or lnelaetlc process or of both. I-ret

e,aonaloug acatterlng corleaponcla !o a reaotlon itr the

eLagtlc channel due to a resonant i lnelaatlc proccaa, v1!.,

tbe photoelectrlc absorptloD. Xeutron anoqal. oua eoatterlag

prelentr the case of both the elastlc (nra) antl the laelastlo

(u,. T) proceaaea golng through reaonaacc at the sanc enel6r.

(ff; lhe oonluglon that orlsts 1n the llteratulG regarillug

tbe sign of thc lnagtnary componeut of the scatterlng faotor

la cJ-allfleal. It ls polate<l out that thls illsorepancy
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rea1ly stens fron the dtlffercnt rpace-tinc dcpcnilcnce

esguned for the lncitlcnt waYa in tbe oa6€ of X-ray an{l

neutron acatterln3. I ualfled oonventl on for thc roatterlag

rrplltuiler and the Etructurc factor le alao presentecl'

(f11) L Br.lt-naE fqrllcr tor reaonance roattcrlrg

x.r bcoa il.vcl oped frc flrst PrlnclPles. these reeulte

lte ueed not only 1n neutron aloal' oug aoatterlng but also

fo! tleating the rccona.lca .cattcrlng ol eoatluctioa .lectroDt

ln Ilquld caealur and ccrlu.l.

lhe second cbaptor AealE wlth thc problr of tho

d l c t c l o1na t1oao f t hepo1a r1za t1onveo to rgo f1a t t 1oevavc l

uelng the nethoil of aaomaloug ncutron scatterlag. thc

displaoenent of atone fror thelr equlllbrlu:a poaltlous

under tb€ lnf,lucnee of a lattlce 'wave can bc oharaeterlzr{l

by thelr reapectlve clgenveotora. In a crystal contalning

D atons per unlt oellr the polarizatlon rector for a latt loc

rave deflnetl by uave vector q anil polarlzatlon lnilcr J

rcpreaenta a ln cllnenglonal vector constructed out of thl

n cigenvectora. llhe evaluatlon of the coponente of the

polarlzatlon Yector glrcs us 1nf ormatlon about the nature

ea(l relatlve anp}ltudes of vlbratlon of the cllfferent atomg

ln the unlt ocl1. the naln obJectlve ia the stutly of the

Iattlee dyDar0l o s of arystals ic to errlve at the lnteratonlo

f,orci oonrtante whlch can be ueetl ln the understandlng of
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thc varlour physical proportlcr sl thc oryatel' lhe

norgal praotlce 18 to choose the set of forcG oolltent'

ubleh flts the erperlDentally deternlaetl lattloe frequcnolor. 
.

f,owevel 1t hae been {lenonetlatoal by lelgh' Szlgcttl an'l

t ewaryr antl Cochran tbat the lnteratoDlc force constants

cannot be unlquely <letrnl'neil from g knowledge of the

Lattlce frcquenoles afonc. lhla anblgulty ln ehooalng thc

rl ght eet out of arr laflaitc nurber of eetg of foroc 
i

consta.nts, all yleltllng th. raro frequerclee, oan be l

regolved lf one har a bovlcttge of thc polarlzation veotorg

lho. Eonever the ctetcrrlnetion of the polarlzatlon

veotors of lattloe Yavat propagatlag along a general

tllrectlon 1n the oryetal 1r rendereal atltficutt bccause of

, 
th9 rphaee problenr aesoolatetl vlth a corplcr cltalYcctor.

' Ie have propoeecl a nethod based op anoualous neutron

aoattering to sslve thls rphale problcnr vhich roultl caablc

I one to obtaln oonplete Lnforoatlon on e oorpler €l3cDvectot.

The.lnportalt regult of th1g lnrestlgatloa lt tbat ltr a

non-centroeynnetrlo structurt therc vlll bc a differsace ln

, the lntenelty of tbe coherent one-pboaon pea^ke fron oppoaltc

taoes of the eryetat. ulder condltlons of anonaloug neutron

, eoattcrlag. Irt crystalfography the vlolatlou of the

Frledelrg lav b a non-centrosynnetrlc structure lsacla to

f(E-) / I(E) (s belng a reclprocal latt lco veotor) aacl ln

lattlce atJra€nlo s we get the aaalogous result, vlz. '



I(g,g) / I(Erp YborG ! r'pr€sentB the rave-vector of thc

Y

lattlce wave. fhLs breakdonn of

lav la oryatallograPhY lea<lg to

belp of whlcb the rphase problenr aseoclated ulth tbc

deterolnatlon of the lnltial phaee of the eIllptlc notlol

(conpler elgenvcotor) oan be Eolved. Ie also prescnt the

lrgancl tti agran rcpreeentatloa of the ooherent lnelastlo

eoatterlng (one-pbonon proccaa) rhJ'ch helpe 1a vlsuallzlng

the 1nten8lty dlfferenoee betneen a palr of rcflexLong undcr

oooalltlons of anonalous scattcrlng. [he procealures for

ertlactlng the coponents of the polarlzatlou vector ln

no!-oentlos5rootrlo aaal cetxtros5mnetrlc tno aton atructurel

t bere they are ln gcneral conpler antl Ln Sravalr lattlceg

wh6re they a,re alwaye l1nealIy polarlzed, havc been worked

out .

the t$rd chapter 1r concerned wlth the problen

of reparatlng the lntlivlctual gtatlc tllsplacenent a ia a lJ'nary

alloy ayetem ueLng the anonaloue ctlsperaloa nethoal. ft ls

vell-lcaown that ln a bluary a1loy above the ordcrlng teqpe-

rature the atoms do aot oocupy tbe plecl8c nodal posltlong

of the latt loe. thls tstatlc t l leplaoenentr ls alue to two

tsotore, viz., the tllfferenoa ln the sLze of the atona fortllg

tbe a11oy and the non-cerxtloalrEmetrlo aEaagement of the

nelgbboulo 1n the oluster. lbe dlffuee scatterlng asBooLat.l l

utth tbe etatlc ctleplaceuent of atons ootlulateg the ehor'b-

the ler dnllar to Frledelrg

acv telatlone Yl th the
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ralgc oralcl {llffugc roatterlng 1ll a uur u to rete lt

apertodlc ln reclprocal apaoo. the atatlo dlaplacenent

(S.O.) t l l f fuee Ecattellng oam be aeparatetl fron the ehort-

ra.uge order diffuse scatterlng uelng tbe nethod of Borlo

u d s p a r k a . E o u e v c r t h e e t a t l c t l l e p l a c e n e n t c o e f f i o l e n t t

thet entcr tbe erpreaal oa for S.D. illffugr ecatterlng

lnyolY. 
' '- th. rtrl'o it5.4ilacrcnte of both tbe ll anil

BB palr of atca I'a a lB al-loy ayster' l t"rcb of tho

llteraturc reYeal.d the lack of e rtih od of "Dsatlng

thesc lttatlT|ialual colrtrlbutloD. uc propoac that a rrntqrF

nent of tbe ill fluse lntcnsitt atroclateat vith ahort-rangs

olalc! and statlo tllaplacornt ' at tuo ravclengtha D€ ar thc

absorptlon reglon, lcads to a reDrretion of the atclc

illsplacenents atue to A a.nil lB .palrr o! et cr for a glvoa

eoordination ehcl1. lEhe rclevant .8ttre88i' oDa for Fourler

enalysing the dlffuse htensltt lrte rse alao given' It i8

polntecl out that lf oac ur€. th. rrthod ol aacalous neutrs

rcatterlng, thc lateaeity of the tllffuae scatteilng caa bc

eoDslderably enbanoeal at the erpentc of the Breag reflexloD6.

the fourth ohapter deals rltb tJre problo ol

ocparatlon of the partlal gtructure factors 1l a Ilquld or

anorphous blnary systcn uslng the tbree ravclength nethod

of anonalous ooatterlng. Ibe short range qralcr 1n a blnar^lr

ryeten lB le charaeterizetl by the three partlal gtruoturc
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taotolc oorresponallng to AA, lB end BB palrs of atomc'

l, rlnglG soatterlng erperlnent oannot lcad to a seperatlon

of these pa^rtlal ltructule taotorg. hiterby ' North antl

Egelataff w6!e the flrst to aeparate tbe partla1 atructure

faotolr of l1gu1d Cu5Sn, Eystem uEllg the noutlon soattallng

teohalque wlth lsotope enrlch8ant. Uc havl propolctl

another nethod for thls separatlo! rrl ng thc latenslty date

collecteci 1u the r€s onaDcc regiou- thc propoaeal ratho't

Le of general valirlity ar rcge.rdr to botb I-ray enil aeutrrer

sncrloua scatteliDg. lor I-ray scatt€rlDg tr@ blDarT

11qu1ila, ancalous gcatterlng Eethod le perhape the only

tool to aeparatc the different partlal ctructure factolo.

llhe anonal ous neutroa scatterlng nethocl , althouglr lt haa

rany e:rperlnental aclvantages, le ugefirl oaly for a few

systens oonprlslng of crl l  t7, e{57, s.149, Eo151 .tc., wblorh

are r€aoaant ecatterers. .[ noalol oaloulatlon on how the

total coherently scatt€retl J'ntenslty woulcl var1r ln the

preaenee of anonaloua cllaperlon effecte ls alro presented.

fn thc fifth

of the tvlrtual bountl

preasure behavl our of

feature of the phase

aloltl.ty varlatlon of

l lquld becones denser

ohapter, vc dlsouas tbe applloatlon

atate' conaept of 3r1ede1 to the hlg!

llquld oa€slug. llhe nost hterestlnt

dlagran of cacclun 1e the anonaloul

the ltquld wltb pressute, Ylz.r tho

than the closegt packetl lol ld pbarc.
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?hla tl r].ro reflcctedt 1lr the narked reelatlvlty Yarlation

of 1lqu1d caealu.n wlth proaeure. Tc bavc proposed a

theorotlcal nodel to explaln the reslctlvlty behavlour rlth

p regBu rc i ' h l ch lEa lgocons l s t en tw l t h t hcdca r l t y va r i a t l oa

ln the ltguld phaae. llh€ lnpoltant regult of thls stutly

la that al-wavc rcatt€rLug lesonano€ plays a vltal role

ln the hlgb preesure behaviour of llqulil oaesLu'n' In ou'r

theoratlcal moclel th€ 5l-5d relectron collapeet regultg ln

the forrnatlou of a I vlrtual bould stater acc onpanletl by

d-way6 rcatterlng relonance. l lh€ rtno-speclesr nodlel ol

llquld caeslu! hae been exanlleal on the baelg of the ab oYo

hypothesls anal wc euggest that the 5s + 5a dyrramls o onvcral oa

ls tlue to thc tunnoll'ng phenonenon. lfe bave also 'lravn

attentlon to the fact that the hlgh conpresslbi'llty of

caeslum ln conparlson rri th tbe other alEall letalg 1a

re8ponsible for the straDga behavlour of llquld ceeclu!'

llhcoretical oalculatiolc of the leslltlYlty beee'l on the

Zlnanr r fotlnla ar. pBr.cntcd. the Srelt-Il8:rer lollnlac

for reaolarce scatterlD6 8Ail l'-rlidel cur nrlc hrvc bcea uldl

ln eveluatllg the electron-lon foa faotor. lhc lnltial

reaiatLvlty ilecreage leacliag to a sha-Ll ov d&tlu'l ln the ler

pressule regloa obgerved tor the llquial alLalt netale (vlth

the erceptlon of llthlun) hag been crplalaed. Ihe general

features of tbe experlnental :ceglstiYity vtlBua pleasure
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grapb ean be rcoountrcl ln our lodel althougb a substantlal

tllsorepency betveen the theoletlcal ancl 6Ipe!1nental valuc6

exlsts ln the hlgh preecure r.glon- It 1r PolDted out

that tbls nay bc iluc to the breahilovn of Zlnant e resistlvltJr

fo:sule under oondltlonc of resonanca scatterlng.

Durlng the courEc of th.t's lnvestigatlon lt occured'

to uE that a stutty of tho thelDelectric power 91th pressur€

woulcl throw nore llght on the eleetronic behaviour of thege

aubstanoes. the nert tro chaptcn are coacelneil wlth the

<levelopnent of new teohni.quer and u experlmeDtal etudy oIr

oerlum where again the I vlrtual bd rtatet plcture pleye

a vltal role.

tlhe sirth ohapter 18 d€totGat to thc dcvclopnent of

uew techniquee for neas[r*Dt of the therso-efectrio power

and reslstivlty at higb preaa'urer. l, itetailed literature

sulvey revealsal that there lbve been relatively very fer

rtualies oa the::no-eleetric behevl out of lotale rrlth pressura

ae oonpatetl rith the lcElstivitt .stutlles. hrther' lort

of theee etualiee Yara cotli-Eed to preaalrrea uP to oal.y 5 kbar.

Slnce noet of the pherua ol inteleat tale place at atlll

hlgber preaauteEr n bYc developed rt LJ'gb preaaule

tech.lquea tor the reasurareat of the thcno-electrlo powGr.

A tellon therno-power cell ha! bee! ileviecil for tho

neasurenent of the ther:no-pover of sollal and 1tguld netals up
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to ilo lbar pt.rcure anil 25Oo0. Src lala ldtatrtaga ef

thls technlgue ls that the prca.Ere colnunl cat eil to the

eanple ie truly hydroatatlc.

Ia order to lalse the t-Peratute ra'nge of neasurc-

nent, we have clevelopeal r E{D tcrp.ratule-Eigb Plessure

the:mo-power cell -rll. a rolld prcrrure comunlcatlog netllum.

thls alegig! of tbe ccll pea.lt! rcturenentg of the theluo-

pouer up to SOOoC aDal tO bat preaeure. llhe sane cell ean

also be utlliacat fc the resistlvlty gtuclles.
' r i ' '

lLr collectioa of erperhent al data on the::rno-pouer

1g laborlo! a.Ed tt-r courul"g, eapeolally vhen one bas to

goa^! a vitle te&elature and pressure rang€. In orcler to

clreu.nveat tblr problcl, re have constructed an autonatlo

recordlrg .Jratcr for plottlng dlrectly thc therno-power at

e functloo of .lther thc rean tenperature at a given

preaEule or the lEaa8ure at a tpcolfletl nean tonperaturc.

' 
the lr.ct cbapter of the theslE prerents the erperl-

nental rork on the theno-dlectrlc and the lesiativity

behavl our of cerlur at bJ' gh pressures. Cerlul, a rare-

earth metal, ha.r a ud que ph8ta allagra! 1n that a solld-

eolltl phase boundarT endr ln a crltical polnt. lhe l-a

traagltlon in cerlur her beea the subJect matter of numeroug

lnveatlgatione. lnonget the tranaport propertlee, how€vet

only the reslstiTity had been useal ar e probe. Yc havc
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lcarured the themocleatrlc porrr of c.rlur 1n th€

tenperature range 10-400oC aDd pres.ureE up to 25 kbar I

using the erperlnental teeh'rt quet ilotcrlbed la the earller

chapter. fhe iup ort ant resufta of thia erpcrirc:rtal-

atucly are brlefly cuaarlrcd herc.

(f ) the absolute theEo-porcr of T-cerl.ur .rhlbltr I

Iange varlatloD rlth plearu.rc lD rhe ple-tr.Ditl on reglon

rhlcb la 1a aharp ooatrart vlta thc rcaistrvltJr bcLrvl ou.r.

(e) tto t-. lro-.tructurel F|.. t8anttl'ot tanlterte

lttcLf aa a rharp alccleasa i.r' thc Egnltnale of tle thrno-

electrlc power.

(l) tUe theEo-pouer of c-cerlur ibcrr ccntlnnaly

wlth preoeure leadlng to a cha.ge of rl.ga at h16!er lrEaaau:res.

(+) [he tenperature varlatlon of thr th.no-pa.a ot

c-ccrlun exh1bltg a rcnarkabl c behavtour. In the pr.ssure

reglon olose to the 1-c phase boundary, the gaarop orrr of

c-cerlum varles narkeclly rlth tenperature tn negatlvc

valurc at Lower terperaturca to li,rge poEltive valuea et

hlgher tenperatures. t\8thcr thl a rate of vrrlatl oa rlth

teuperature deorearec conslalerably at higbcr preaauBga.

Uc have also obtalned ner data oo the reelstlvlty

behavl our wlth preaeure at a temperature ab oyc th€ crltlcal

polnt. lhe rellstlvltJr y€raua presaure laothern exhlblts
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' 
I broeil Eaxlrur et thc vlrtual bouail rtatc rovcs o otlt lauouE lJr

eclos6 tbe Ferni gurf,ace. th16 verlfleg the earlier

predlctioa of BJ-andln, Coqblln a:ld Fllcatcl conoer:nlng tbe

rcalatlvlty behavlour above the crlt ical polnt'

, llhe erperlnental resultg o! the thcnno-electrlc

power variatlon wlth pleaaure heve been dlsouege'l oa tbo

baslg of the Frleatel-.lntieraon Eoalel a,nal Elret'3 notliflcatlon

of thls model. the behavlour of the l-pha8e can bc accountetl

aatlgfactorlly o! the basls of the virtual bound stetc plcturc

approprlate to oerlum. llhe contlnuoug deorease of therno-

, power wlth pleasure ln the c-pbaee and the anomaloue tenpe-

rature dependence aupport the fraotl onal vslenoy noalel

' o! the lnte!-conflguratlolal fluctuatlon noclel of c-scrlun' :

All the problene atesorlbed in the thesle wcre

: vorled out by the author under the €;uldanee and BupelTlsion

of Profoeror S. Eanrcgha,u, Eead of the llaterlals Scj'encc

Divisi on.

I€t d tlr resEltr ll'rouiacil 1! tihtr thc.lE have

bccl rcported ln the follalng publlcatlorel

I Detellllatiot of the ?olarlzatlon Yeotors of

lattlce lavee by bcl.ou.s Xcutron Scatterlng -

Acta  Crye t .  (1971) ,  Eb t rz .

2 Dcte::nlnatl on of the Static Dlsplaocnent of lt one

ln a Blnary LL1oy S;raten ualug Aaonalous

scat ter lng -  Acta cryst .  (1971) ,  9L,E69.



rllt

?e,rttal Strtroture laotorc la a l,lquld e

Anorphous Binary Systen uslag lnonalous

scat ter lng -  J .Phye.c . (so l l< l  s ta te) ,  (1971) ,

L, ,O29'
trneotron Collapeet aa<l the Rsslstivity of

Ir lquli l  Caeelu! - Phya. lett. (1972), t9A, tog.

Eigh Preeaure Behavlour of llqultl Caeslum

Pranana (1977), !, 21 .

I leflon-Ce1l lleehnlque lor the [cacurement of

tbe Therno-Powe! of Solltl antl llquld Metals at

Hlgh ?ressures -  J .PhyB.E.(so i . '  Ins t r . ) ,  ( '1974) .2 ,  1r r .

? [heloo-Electrlc Power of Cerlun at Hlgh Preeeutee -

Pranana (19?4), 3,, Aprl l  Lseue.

6 llnlfled lpproaoh to the lheory ol Anonaloue

Scatterlng - Paper preeented at the Internati onal
Conference on Anonalous Scatterlng heltl Ln Mailrlfl '
1974.
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