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CJW'ID J 

Dleleotrlo 1tuale8 of aat.rtala baa beea a 

poverlal tool ill aaaeaaiD& tbe avucture an4 1ttbanor 

ot •olecul•r aatmola1• file .-eapo•• ot a utena1 

to ar.a appll..S eleet...,...utlo tt•14 i a delenl-.4 

by tb.e eleotrioal aid aa.petlo p•operttea of •• 

•edt•• J'or a aoa-cuaeeuo apt•• tbe •tptlt~t 

property wblob deteraiat• the 111pectaue oUeftd to 

the t.no:hteaoe ••• ta tile 4lelectrto coutan• of 

the •••• It tb• ...U• ts loaaJ,eUJ"U' ie 

abaorbed as tbe ra41atlo*l peuetratea ict.o the 

•ahrlal. file .tt~~pllta4e ot tbe waYe dec.reaaes ••••• 

atteauatlo'G oooun aa •••r11 la absorbed. lhta le 

aecompard.ed. by a sbtlt In pbaae. Be attezuaatiOil 

and pbaae abttt are ttepelldeut oil t.be 4leleotnc 

propertlea or the •ct1wa obanotedaect by coaple• 

peNS. ttlYlty €~ ot tile mecU• •••••4 u ~'. j f.". 
Here t.' Ia the real pel'llt t.tl'ft ty, the 41eleotrto 

oo11etant of U1 equlYalat 1oas1eaa tllelectrt.o aa4 

E" •••••• tbe loss .laotor. 
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fbe oo•plex per:m1tt1Ylty ta t~eqaency 

depebt'lent. !be gearal b.Uvlor of polar IIOlecal•• 

121 colldtmaed a tate (Pta. t. i) • aay bt ••marl aM 

aa tollOWI 

At low traqu•nciea, t.'cw) 1e equal to the 

atat1o dielectric coutant and G 11 Cw) 1s aero. 

Aa ihe frequency tacreaaea, G
1
Cw) 4eoreaaea ra~bv 

slowly at tira~, wbereaa at bi&ber frequencies of 

electroaaanetlo wavea (opttoul treqtaenoiea) tbeh 

are abarp lmreasea tolloved by a 4eorea••• Tbe 

lose factor f 11
(wJ bas peaks 111 tbe nelpbourhood 

ot the trequenoiea where E' cwJ cba-••. the 

resonance bebanor at hi&b•r trequenolea ana •• 4ae 

to atoaic aad electronic polartaattons, wherea• 

the relaxation bebavlor obse~ed at low•r tr•qu.nolea 

arteea due to ot'lentation polnrlaa'Uon. The aYeng• 

energy dissipated per untt time 1& proport1o~l to 

c;.''cw) • Tbe absorbed energy •al111eata 1taelt 121 

tbe fora ot beat in the qst•• 

For aoat ooll4eue4 aystama the obaracterl•tto 

time of tbe rela.ao.t1on proceae falls 111 the talcro

waYe region. Tnus; tbo atudy ot oriefttatlon rela

xation of sucb systell& ia releYant .tor charact&rt.a

t1ol1 of the et.tect ot caS.crovaYea. 
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Fig 1.1 Dielectric dispersion and loss in a polar 
compound in condensed phase 



B. Method• ot aeaear•ent ol c01121f!! e....,S. '&U":l tr 
t! aiOEQIIIt fEtQ9!D91tl• 
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tbe ooaplex per.tttlYlty ot a med1ua eao. 

in pn :nciple• be eYaluate4 by ••aeurtmenta on tb• 

reflection and/or transaiae1on obaraoteri•tlca ot 

tho material. If at1 el•otroraq:ftetic wave ia 11101• 

<lent on a material, part ot tho waYe enercr would 

be absorbed, another part vould be traniJIIIt tted abl 

the ntttdalllg would be ftflected b4ck. Tbua tbe 

meaaureaent ot traD881aeton or the retleotlon 

coeft1o1e1lt. voul<l be aut1ic1ent tor tb4J eattmatiotl 

of permltttvtty o£ tbe medium. 

A areat Yartety ot experimental procedur•• 

baYe •••n adopted tor the eatiaation of eoaplex 

pend ttiv1 ty of vartoua •edia at atcrowaYe trequers

olea1•'. The au1tab111ty ot any oae ot th••• 
aetbo4s tor a particular aaaple i• ~ be 4et•rmtne4 

on tbe bnala o1 oertn1a crl ted a. 'lhe chotco ot 

the a$th04 ia tnflueuced by the type ot work 

contemplated and the fora tn whicb tbe aWDpl• 1a 

&Yaile.ble or can bo put iu. Apart trom 1 t• font 

and aYallabiltty. the propertlea G1 the aaterlala 

determtoe the procedure that would be adopted. 
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Por uaaple, bl&b 1o•• aaterlale C&~Uaot be •a•Sza*' 

by methods D8ed for low loaa saterlala. 

!be tra4t tioztal aetbode ot 4etenlld.q 

peNt tt1•1 ty are centred aroun4 .. uur•euta ta 

the frequency 4o.a1n1 tbe comaoa feature of all 

aueb •etbods being the faot tbat ooaplex permtttt

Ylty ta ... aured at Yartoua dl•orete trequenoy 

points. Ia general, 'the ••thode can b• olaasitled 

broadly aa 

i) J'ree epaoe tecbni quea 

lt) ~ran&llisatotA ••cbDlques 1za waveau.t.d••l 
oo&ld.l linea 

1.11) Retlecttoza teohutquea ln waTe&uldea 

tY) Cavity an4 Cavity perturbation iech~qaee. 

he tree apace teohDlquea are based on 

aeaaur•ent o:t tranaat. tt.ed or reflected power ,_.oa 

a alab ot the aaterinl. Tran .. la8lon ••thode' 

l~lve aeaaure~eDi ot phase ahitt caueed by the 

aample tor eompntt~ real permtttlYity and .... ur._ 

mer&'& of attenaatlon :tor 4etena1n1na loae taoaeat. 

on •t6n4lq •a•e .. uur•ents ta tree •JA ee or 



ooapar1eoo beJveen dlreot and reflected powew 

picked .ap by au antenlla. lt tbe •aterlal untt•r 

teat ia aYailable tu tbe :fona ot a 1a ra• al'leet, 

tbe method can bo used for Accarate 4eterm11lat1o1l 

of ~' ana tat& s • fbeee saeth04s are widely 

uaed at very hlgb frequeactea (above '0 &Ua)• 

where waveguide and oaVl ty method a are tar 11"011l 

auoceastul. A 41tferent free epaoe •etbo4 tnvol••• 

resonance obtained 1 n tree apace between tw 
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6-8 epberical aicrowaYe mirrors. fl'lla method originally 

developed tor sheets ot solid 4l•lectrtc can be 

uaed for bi&b loae llq&d.de oon:la1lle4 in a capillary 

tube. 

By oouttnlng tbe eleotromagaettc tleld 

wlthla tb• enclosure ot a bollov pipe or coastal 

line, all bou'Qllaey an4 airay e.t:t•ot• disappear 

au'toaat1cally and SJaall oaounta o1 a:ny 41eleetr1 c 

cum be wut4 :tor mea81lrctment v1 th prectsiotl. 

Ybe tranemtaeioD t.ahniquea are a develop. 

me :at of' tbe pllose-amplt tucle balance m etbo4 as 

4eacrtbed by Buchanan.' They ar• particularly 



atd.table for bl&b 1oea ltqal4a. Keaea,..eat• 

are ltlleraTiJ1 kiln by v&rJi q tbe thtckllUa Of 
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tbe liquid aa~~pleer thta oall be aobteYed by .baYlltl 

two taterlaoea t• '&be llllde• oae ot wb1oh ••••• 

relaUYe to tJae ot~~er. 10 An altenattve •tbo4 

iUYOlvea the dlr•ot •••r•e'O.t of the waYeleqtb 

ta the ll.tul4 an4 the deterlllaa tloa of the attaaa... 

tlOJl OOIUitant by •a•IU1. 111 the varlatloa of a~~plt• 

tude witll dlatuoe aloq tbe oell. Por low 4114 . 
••"'• loa• Mtedal• retlecUoD teobatt•• ue 
pr•fertdl as tbey lUV'olYe leeur l.uti'QII•tatloa 

probl•• 

llt!J!III .f•e•!!!AM R!! n&1eoMgD Jl gl4taa 

·the •••• •eraattle •••tao4 lJlt'ol••• .... a,._ 

meat ot the lapsat tapedaaoe ot • •bort olrcult.S 

waYeautde vi th aJJ4 vl t.hou& the auple. ~be aetbo4 

propo•etl 1Jy Roberts at~d Yoa Bt.ppe111 lea4a t.o 

o•plea penltttvtty oa tJ01Y1q a tranaoendntal 

equatioa wh101l lG aoeral ts oaplex rectuoee to 

a re.l equa Uoa tor low loae aat•tela. flit• 

aet.tled 1f.rat -..Jopte4 by Da111u azul won••• tdtla 

coweotlon tor va't'e&ut4e losa• &1Yea accurate 

reaulte Cor •••nals vi tb tall s "" o.t. 
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the dl•leotric parame,er• ot a suple cu 

also be measured when two d1ftereut purely reacti'f'e 

terminations are aYnllable. Surber and Crouob1' 

haYe described a method tn wblcb the dleleotrio 

sample 1s enclosed vithtn a section ot waTeaulde 

t.enalnated by a reflecting plane. tile •tanding 

waYe raUo and t.be poa:t tto'G of the Tol tage rd.ntaua 

are aeaaured for both, a abort circui-t and ® 

open ol rout t terml m tton. Tbla •• thod ts sal table 

tor medium and bigb loss aaterlal. Por lov loaa 

utertal• the frequency of oaotllattona is Yar.t.ed 

until tbe pbaae of tbe voltage re1lect1on coeftl• 

cient at the faoe of the d1electrlc la eltber ae~o 

or ~ ra4iane. The eleotr1oal length of th• ... ple 

vlll tben be e1 tbeJ" an odd af11t1plc of )\d.l -1 ( ~ci 

be1u; \be vaYelenatb ln tbe dleleotr1c) or a multl• 

ple of \i /2.. reapecttvely. Though tbe solution 

ie al•ple• tbe method is not as aceurat• as the 

tran•ced•ntal eq~tton aetbod, st~e the ... ple 

lengtb cannot be optimised tor botb reactive 

terminatto~ •tmultaneously. 

Daaa and neeeor1' rur#e deeorl bod a method 

partloolarly aultable tor low los• 11qu14e. they 



uttd a· apeotally deat1aed Joaa •••&lll4e lSqald 

oell, tbe real part of pend.tttv1ty ••t• d•rlYtd 

fro• t.be cbaaa• la itapedauoe at t.be air•4ielectdo 

leterlaoe ia tb• waveaul4e aD4 t.be t•a11na~ part 

fro• attenqatioa aeaaaremeuta ol'l tbe lltai4 1111•4 

s.ai4e. 

Jlore reoeatly Vaa Looa &at n.u,1' haYt 

4eaorlbe4 a ela&le aetbod for aooarate 4ete.-&.._ 

ttoa of oapla pend.ttt.vity ol lov. •dtu u4 

ld&b lo•• Uqdda. lb.e ••tbod laYol••• coapoter 

aaalyale ot reflected power profile. VaYe propa. 

&atioll c••taat ta tb• Uquld, deqnt..S tty ft. ttiq 

u aalytt.cal curYe to reflectloa profile, 11•24• 

the Yalue ol tbe co.pl.c pera&ttlYtty. 

SIY1D; 194 ea•&k et•&vba:UAA J•!!lplAQ!Il 

Can t.y •aaeur••• qc.._tu•• are baeed oa 

rlaonua tJOlaUou ot t.Jae eleotromaautlc probl•• 

A oan ty eltller reotf.Ul&ular or ot.:rou.J.u, baa a 

aataral treque~cy ot re•o~• aad. will poe•••• 

laterJal 1o••••· Iatro4uot1oa ot a dieleotrto 

lato the eaYtty will obaD&e the -.tar•l treqneDOJ' 

u4 the lo••••• Sol~atf.ou ot Kuwell '• eqaatt.ou 

woa14 tbeD lead to eapresaloD tor dteleot~lo 
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paraaet .... la tel11s ot cllaqea ill tile cbaraot•ri• 

•t:loa ot tbe •'flty. 

llatll ... ttoally, a OMpletely tlll.t weaoaator 

ta tbe et•ple•t elt.aatiota. If tbe, R'b•taa.ce la 

biSbly loes7 a oo•pletely tilled resoa&llt oa•l_, 

will ut 1Ht aut. table •t~o• the qttaU ty taotor Q 

vltb the dleleotl"lc wtll ltaYe a very low Yalue. 

u.ter ettob olrowa•taace• and tu oaae tbe apeottle1l 

ta aYallable ta ,..11 qaaDtlt7• ibe oa't"lQ' Ia 

loa4e4 paf'Ually with \be 4leleotric. Ca\t1ty 

l'eeouatore baY• 1te• Geed b)t Barlow at14 Callaa6 

Staba u4 Btovat7 alfl otben. 

CaYlty penur'batloa aetho4•'' 111 coat~-••• 
to oan ty aetbocle lwolYe approxt•tlou te tllelr 

' 
lol"'lalatloa, wblcb lea4 to aoouak re1alt• attr 

reat:rtcted ooaU. tlou. fbe ...,1. oan be taka 

ill •r coftf'eDleot abape llke roda, dlao•, epbel"••• 

eto. the eaaple should be Yery small a• c011pand 

wt tb til• cartty ttae11 eo tbat ta. lrequeoy shift 

fl'odaoe4 by the tmerttoa ot tb• • ..,1. t.e ._,, 

lll COIIpar1.801l wtt.b tile re•oaa.tSt , ... ,uu.oy of tile 

.. ,..,. oarity. a~ •• ,, aetllod w14el,. ··- IJy 

aweral worllen19-lt i.a blply adlabl• for -11 

tuntl tlea ot ilat.enals wJU.ob Call be p&at tato 
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c. @91• O! d1ele,ctd~ •sa•ur..utn'l• 211 btqloglctl 

u•te• 
The effect of miorowaYes on bioloatoal 

aysteaa hu assumed a11 lntere•ttng d11Qn.1on ln 

recent yeara. l2-17 This at•• tro• the taot tba t 

llicrowaYes are tlD41D& 1racr•••1na u• ln •ecUcal 

diaae•••• and 'lh•rapy. Low •neq1ea auou aa tbat 

of microwave quanta rule out the posai b111 ty of 

direct ett•ct like iotenoleoular bolld brea.kiq 

or letreaolec&tlar alterattooa at the •olecular 

level • tba t are produced by cal traYlolet alld othar 

lolliatng radiat1o.-. Heohant••• of lftteraotton 

of BF and fld:Orowave rad11lt1on wl'h 11Y1ll& ay•t ... 

has been reviewed by stuohly18 aa4 Sobw.u.29 

Tbe poaslble b1olog1cal etteoia of micro

wave exposure can be evaluated quanti tat1Yely by 

conalc1er1ng th• probable lloleoular 111teraottona 

with blo.olecular liquids. At tbe aoleoular 1_.•1• 
the basio aeohtln1811l unaerlytng tbe ltl,eraotloll of 

_.OrGV&Yea with biological B,YSt .. a lnYOlYea tbe 

effect of the t1eld on dlpolee and treo ahara••• 
bobaage ot en•rgy occurs between free oho.ra•• 
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and/or dipoles on one hand and the 1m1dent 

radiatlo~ oD the other. The field •ay also produce 
/ 

a charge redistribution resulting 1n the appearance 

ot induced dipoles. To haTe a teel of the at tua

tion tn the real ~stem it would be pertinent to 

consider the biomoleoules indiYidually in solution 

tom. Such a system is Yery aaaenable to sttl.'ly 

by dielectric aetbods. The dipole absorption 

parameters ot the molecule• and mode ot energy 

transfer would determine the 11eohanisa ot ti eld 

absorption by tbe medina in question. Besides 

tan ~ , an evaluation ot relaxation tiae -c am 
dipole aoaent }A is also reqUired. Dipole molllent 

is a direct aeasure of charge asymmetry, while 

relaxation time provides information re&arding 

the imlledlate envirol3ment of the molecule. The 

effect ot .the aolve:n~ ca~ be isolated by determill

tna the coaplex permittivity in crystalline tor. 

alao. 

Dielectric s tudiea provide aany other 

valuable info .nan t1ou on the structure and proper• 

ties ot biological molecules.30 The aetho4 bas 

been uaed to evaluate the atructure of lipoproteins. 



It prov14ea P14enoe tn favour oJ: lipid bllu7N' 

~odel an4 ls laoo~atent wttb the 11p14 oor• 
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110del. nellx cotl transl Uon ot eloncat.S aao.ro

aoleoule• oaD be a tu41ed aa a tunctloD of tempe

rature or pB. The lara• changea ln dipole ••ent 

and reluattoa \troe occurin& 4e&rtna the transt tloD 

are etrongly r•tleoted tn pel'lll ttlY.l ty aeaa&U' .. enta. 

Whe~ btologloal •oleoulea are preaent ln an aqueou. 

enY1ronaent, tbe water aoleoul•s play a~ 1*POrtaal 

role 111 determining the atruc'lure and properties 

ot tbe blomolecule. Water aoleculea tu the a.t&b

bourbo04 of the moleclllea beooae all 1JStegral part 

ot a atntctural alt. BebaYtor of the atruct.wal 

or bound water is lllU"Ite41y d1.tterel1t tJ'oa tba t o~ 

tr•• water aoleoules, termed ae tree water. The 

dielectric 41spera1on ot boun4 water is expected 

to occur at a lower traqu•noy than tbat ot disper

sion of tree water. This pl'f.tlCiple un4•rU.ea '&be 

use or 41electrlo me~oda for hydraUort atUdles. 

Dielectric aotbod baa beet~ v1d•ly uaed to 

1DYest1gat• aqu~ue solution of blomoleoule•'o-'a. 

ln oontrut to a large volume ot <lata aYailable 
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va •••er aoloble •loaoleoalea llke ..t~d•• 

peptl4ea aa1 pntetae, tbOae oa nt-. lDtrO laltle 

oa•• an ratber few. A Dllll'tler ot aterol4a tholqb 

pre•aat In traoee ta tile lln q ••*• play a 

Yl tal I'Ole ill the 4n'•lo,.eat a114 •atateDa.Dee of 

the oraaut•• lllese ar• tile steroid llonoaea ot 

the adre1'1Bl al:kt soDa4a. fte preouaor tor dl 

tlleae •terotd. lloftloc•• ls oJaoleaterol ayatb.eal.aed: 

'-Y 'lhe dreaal &lad8. Of _,. 8tero1daf preaeu.t 

ia UYlDJ oqanl••• Cboleatenl, Progeaterou 

u4 Teatoatei'Oae are aoluble i.a al•gle DoD-polar 

eolYellte lille beuzeu .Gild. carboc tetra ohlort.cle, 

x .. nr•eota on dllutt solat1oas le aoa-polar• 

uo-.n•ooaa eolYeo.ta ••• to be taterpnt•t'l aoet 

eaally, atace DO parUot~lar effeote 4ut to Ute 

aur l"'lla.tU usa ot the polar 1101eoulea an expeGted 

for tbeae .,..-.. 

Ia tbe preaeet wo~k, dilate aolat&oaa ot 

the thne atero1da ••ttotJed aboYe llaYe beea 

lllf'est1pte4 aa4 cltpole 11011e11t a1l4 relasaUoa 

tl• ••• been det•natad '7 two polllt •ea•ar•nt • 
at '·' GBa an4 9.-\ GBa. SlDDe th• aolattou are 

••17 41late the ctt.el•ctl'lo oo•ta~~t ald l••• factor 
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1uvo1Yed are Yery low. Ronoe ••~bod• apeo1tlcally 

4ea1~Qed for low loa• liquids are partloula~lT 

suitable. The method adopted oonsiata ot aenaure

••llta oa ata.udlng wave patten 111 front of a 

colwan ot liquid ot Yaryi~ leqth m:ul conc•lltra

tton, contained 1 n a abort clrcu.t ted diel•otric 

oell. t'h• techlliqzae wa• first standard1ae4 lor 

pure aolTen'a • benzene and oarbon tetra chloride. 

Ifl addi tton, the perai ttlYl ty of ihe ateroida 

bnYe been de'hnd.t»d at 9.4: Gllla ia. pow4e~r ton a1'ld 

tne crystal valuea haYe been deduced. CaTi ty 

porturbaUon t•obrdque waa tou1l4 most aut. table 

tor powd•r•• 'lbe pow4er tilled in a tbin wall..S 

capillary tnbe waa t••rted tbroqb a •aaU hole 

at tbe centr• of a resonant ca'ri t)' resoaatt~ ln 

tb• tE10, ao4e. The aethod waa atanda.r41aed tor 

bona11 tor .n1ch dielectric paraaeter• are teovn. 

The d1ftttrence 1n Ell Tal•es ot the three 

at•rold• ill the tlio phases ls attrlbt.tte4 to tbe 

<lltferenoe 1 n tbe •edlant .. ot llicrowaYe abaorpUoa. 

Bo11uwer• identical values of ~' are obtatne4. ln 

both pbaaea the loss ls foand to be higb. Local 
I 

ener11 cbant;ee due to ab.,rpt:lon ot elleJ"Q aay ha'f'e 

functioGBl iaplications 1~ a blologioal ays~ ... 
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CBAPUI II 

IBIOili'IICAL IAC&GDOUID 

the dleleotrlo reaponae ot aatter to applied 

el•otromagnetic ftelda ba• been a aubJeot of ext•~ 

a1Ye inveaU,;atlon tor Jiil6117 ye~. Our preaetlt 

anderatandll)& ot the <l:leleotno properti•• of 

aat•riala :la based on tile D•bJ'e ~heoay''•" ot 

reladzta dipole luteractlq wl~ll an applied el•ctric 

field. Early work showed that a eet of exactly 

equivalent, noa-lnt•ract1ng dlpolea cbaracte,.sed 

by a alngle relo.xaUon time -c adequately uploiaa4 

the behaYlor 01 venk dipolar aolutlo~ or dipolar 

aolecule• 1n tb& gas pbaae, bt~t waa 1nst~!t1c1ont 

to account jor the broader frequency range OYer 

wbt ch 41aperalon was obeen..S 1n aoltde and ltqulcla 

in the frequ•ooy range below /"'.J 1010 Be. Thl• 

41f:t1cult.y waa ctrcWJTented by a conalderatioll of 

d1atribut1on ot relaxation t1 .. a 1 like Cole-Col•, 

Fu.oa ... nrkwoo4, Cole.DaYidaoll ud WllUaaa-va:tta 

t.reataent•',_'6 applied '&o tb• oa•• ot. aore int..-... 

aott•• lledl. a. Such ap proacb e• invo l'f' • 1 nterpr eta ti ou 

ot tbe exper1mentn1 aeasa.u·emonts tn lente ot 4esr•• 



•t 11 t to .. ptl'ioal tuncUou. An .. plrlcal 

characted •atton o:t loea 111 aollda and liquid& 
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waa propoaed b,y doQaoher'7 and a aore &•a.rallaed 

e:zpreaalon vas proposed by _,_ · · ~ Blll.:JS the 

Yarloua typea ot dielectric reaponse boa been 

aWIIIarlaed b)' Jgai et. al.S9 At oae enr ... ls the 

caee of non-interacting syat• charaoterise<l JJy 

Debye bebaYior. Inoronsi~t~ neareat ne1gbbour 

1Dteract1ona lead to "barior aa postulated b7 

Cole and Cole or Cole an4 DaY14eon. '''" P1Mlly, 

a• tbe lnt-.raoUou tend to be aore oo•p11oate4 aa 

1n the case ot solids and aol14 like aubatances 

an1v ereal di electrtc reaponaed auaaeat~ by 

Jonaoberl7 ..... io be applicable. 

Vbe~ a aystem ot dipolar •oleculea te pLaced 

ln a atatlc tteld, the polariaatlon will be in 

etu.llibriwa v1tll tho t1eld. I.t ihe t1eld la 

alterDating a~ low trequencles, the polariaatton 

will atill be 1~ phaae vltb tbe electric 11el4. 

It the trequenoy 1e auft1c1ently large th• polari• 

satioD vtll laa behind the applied field leadi~ 

to abaorptlon ot energy aDd tall in p•~ttt•ity. 
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Pella'\ a•awae4 that 1f tbere is a polar1-

saUoll ln the absence of an electr1e field• due 

to the occurenc• ot n tleld 1n the pa•t, the 

decrease ot the orientation polarisation depem• 

cmly 011 tbe valu.a ot the ort-taUon polarlutlon 

at that 1natnnt. As•w:llng t.be rate o.f ohata&• ot 

polarization to be proportiozml to the polurlza

Uon, the di fferontinl •quattou tor tbe orientation 

polarisation ln the absence of on electrlo f1el4 1• 

{2.1) 

wbere. -c- 1 1 s the co DB tant ot proportional1 ty 

whleb baB dimension of a reciprocal t1ae. fbe solu

tion ot eq.(2.1) leeds to a~ exponential to~ 

p c;r( t) • P ( o) e•t/-c or · (2.2} 

ln the roverae sltuatioc when tbe polar1zs

t1ou 1• built ap dao to app11ca.t1on ot a coutant 

external field 

(2.3) 



19 

The total polartzat1oa Pa in a atatic 1iel4 

I aay· be dl v14-' 1 11to two pan• 

p •• pc:O 

where P or 1mlontea tbe part ot P • 4tae to d1pole 

orientation aud P.,o tbe part due k ~be polartaa-

blltty of the part1clea. Heglect1~ tbe t1•• requt. 

red to eetabli Gb. P ce relative to tbe tiae reqalrH 

to build ap. P or' •• •T consider P or to be buJ.l$ qp 

in tb• t1 .. ln vhtob P~ cbana•• toP •• fhe •lectr1c 

dlaplac .. ent D ia related to tho app11e4 fleld B 

and polarisation P. by tbe relat1o11 

51 DOe, 1n tbe ato.tlc ca•• D8 • E B, wbent E • • 
is the eta tic perm1ttiY1 ty of tbe aedlua 

E.! - 1 

•• • I d B (2.6) • 
Stailarly, the retract1Te 1Ddu ll 

00 
1e de.tined in 

tarae of P
00 •• 

a a 
- 1 poO 

oO 
B (a.7) • 

' 
wltb a1 

oO • E . 
oO c 
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'lbe theory ot dlelectrlc relaxaUoil is baaed 

on the aaaupttoJl that eq ( 2.3) 1• also Talit1 tor 

au alternating field. nepreaentl~ the alt•rnating 

field by E(t), •q.(2.,) with the help ot •qa.(2.6) 

and (2.7) beoomee 

f - l A , f B( t.) • 
1i' 

f..o - '"'< ) '1r F •B .. ( !!.8) 

It the field le alterQatin.g wltb a trequ•ncy , 

1 t. can be repreeente4 by 

The 41tterentlal •quat1on for tbe butl4 up ot 

polarization would then become 

t 
'L 

G 8 - Eo0 

' 

fh• aeneral solotton ot tbla equa~lon is 

(a.9) 

••••• (2.11) 
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The lirat tel"'l on the right hnnd aide will 

decrease to an i nt1n1 tely eaall value after some 

time and \here:tore, oan be negleet•4• Thua total 

polarization la 

t 
-+ 'If 

....... (.2.12) 

1\. 

Tbu, .P is a elno.•oi4al tanatlon ot ti .. wl\b the 

aaae frequency a• the applied field but lagging 1n 
A 

phase wttb reepect to c. EU• (a.s) can be ge~o-

lta.a -tor alteraating ftolds. It then leads to 

+ € - ~ ~ a CLJ B J w t 
------------ o• 1 + J w~ 

(9.t)) 

A A 
Bxpr•••lDS collplex dlaplaoen1ent D ae D • 

the complex permitt1v1ty 

* rf_ i r '' f Cw) = ~::. .J t = . 6o() + 

TH-71/ 
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wblcb lea4a to 

I ' 
6 = + ( 1.15&) 

6 1, = 
\ + L() '2- z:; 2. (a.t5JJ) 

€ to • 
at 

tSoa • where aa vt 11 become ~~an•• 

A plot of G' aD! E If agatnat loa w 

would be qmaetrical. A aetbo4 tor cbeok1t~g eqa. 

( 9.15) waa proposed b)' Cole nn4 Col•· Prom eqs. 

(2.15), it 1• evident that a plot o:t E'' Ta E
1 

should be a aealc1.rcle vl tb ra41us ( E • ... E.c() )/~, 

a~ centre being on tbe abaciesa at a distance ol 

( E 
8 

• E.~ )/1 :trOiil th• ortalu. 

c. D!Rftrttlre trom Pstex• BthtY!9E 

Although eqa.(a.t5) ;1Te an adequate desert• 

ptiou of tho behavior ot tbe orientation polarisation 

£or a large nqaber of condensed eyatema, tor mnQY 

other aysteme aarked dev.1at1ons occur. This 1• 
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evident froa the occurenoe ot •ore than one aaxi•ua 

in c=:" aa a tunotlon ot trequency, or trom a 

broader peak in the arapblcal repreaentatiolt ot E" 

aa a t~ction of trequency. the deYiattous occur 

due to a 41 su-tbuUon of relaxation ttaea el tber 

dlat1nct trom enob otber or oloeely spaced aucb that 

they are DOt directly eYldent. Cole-Cole •uageated 

the following empirical mod1t1catlo~ to eq.(2.t,). 

+ ;- ( j w -r) 1-h. (O.t6) 

Tbla leads to depr••••4 a..tclroular arc 

plot ot 6'' against E.' • 'lbe .factor b being related 

to the 4epressio~ ot the oeatre from I 
E: ada. 

Anotbet generalised espreealon was aiven by Davtdaoft 

an4 Cole 

'~ Ecw) - + ( 2.17) 

Col .. Cole plot tor the above equatto~ ie aaymmetrtc 

.an4 1 s oj;ten called skewed arc. At low trequenolea 

the plot crate the r=.' azl• perpendicularly, vhereu, 

OD the high frequency atde at an anale ~p /2. 
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II 
G (.().)) 1a found for a Yalae of 

(.>.) > z::-' • Some of the descriptions of relaxation 

meaaurable tancttona other than 

tor loea factor s 1'cw) were auggeated by Fuoas &at 

JU.rkvoo4, and Jouaoher, and for atep reai}onae 1'unc"t1on 

waa propoae4 by lrlilliama and Watts. Bottcher ~d 

BordewiJkl6 and Btll et al.'' have gi't'en a detatle4 

deaoriptton o1 the various tuncttona proposed tor 

expla1n1Dg the departure troa pure Debye bebaYlor-

D. Dleleotrtc relaxation &n d!lgtt tolut&qnt if 

polar ooDlppund! in M~J-eolar aolYen~a 

To charact•r1•• tbe dielectric relamtlotl in 

the caae o1 41lute solution ot polar coapoun4a in 

tton-polar solYel1ta in tel'Qe ot aoleoular paraae'lers, 

" ve atart wltb molar polarization CP1 

A 

[P] • !! 
d 

* E • 1 
I -

vbere N ia the average aoleoular weight of the 

a1xture and 4 1 ta denai ty. Intr1na1o rela.xaU on 

time ~ • ot molar polarlsaUon ln alt•rraat1n& f1el4a 



" [PJ • 

wttb \_P] • 
r1V 

ant [PJ • • 

[PJ + 
CPJ 8 • LPJ..o 

1 + j l.u L: .ox-

K 
d 

!! 
d 

00 

E..o ... 1 

E.~. 2 

G • 1 
I 

Combinl~ eqs. (2.18) to (2.21) 

t-J 
t:+2. 

lq. (2.82) on stmpl1f1catiol'l, leada to 

* G.c.w) + 
l -t- j w -z: ~ Gs + "L _ , 

Eot;>t-2. 

6s + 2.. 
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(Q.t9) 

(a.ao) 

(a.a') 



Since t.he solation 1s Yery dilute and the aolv•nt 

t s non-polar tbo difference between €- • and foC> 

18 YOr)' acall. Bence -c* ill eq. (a. 92) can b$ 

replaced by -r: • The derivation of •q.(l--.22) t• 

based on the Lorenta tormula tor internal field 

vitb tbe inherent assWDption that the GOleculos can 

be coruddere4 t.o be spheres.. Aaaum1Dg that Debye 

equation for atnttc fields 1a Yoll4 

L.. 
41T ~)\\· (<{· + ~) 
3 L L t 3R.T 

(2.116) 

where, p{_. 
L ond ~i. are the polnriaablltty and 

dipole moment ot tbe 11h particle• the ~Qat1on 

bet~ carried over all particles ot the me41u.. 

for a 41lute solution ot a polar solute in a 

Don-polar solvent eqe. (2.2~) to (2.26) &1Y• 

- u z N· c(· T N ~ I );.l... 

- 3 L L t 3kT 
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wbere li is t.be nwabor o:t dtpolea per ca1 • on 
splitting eq.(~.27) i~io renl and laagtnary parts. 

the 1~glnary part yields 

3 f If w-e 

When the aolutlon la Yery dilate th1s equa t1on caa 
I 

be :tur\ber slapllfted. In tbD.t caae E: 41t.teraa 

only allsh•ly lrom t.be • tat1o value 6 • of the 
II pcare aol'Yent• lllbile f". << fs • Ua1ng tbeee o.lawa-

ptlons eq.(2.A&) 1~• to 

vbe:r• c ta tbe number o1 &raa aoleculee ot 'the 

polar compounds per litre and JIA 1e ~· Avagactro 

JlUJabor. tan b /C t.a called tbe •olar loa• tana•nt. 

aq.(a.a9) can be renxrancea to glve 
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where. S • (2.31) 

!bus• c: 8ll4 )A can be evaluated from a plot of 

w /tan <b T& w'- • This treatment neglects the 

frequency dependence of e1
/ which is permissible at 

Ter,y low concentrations. The solution can be consi-

dered to be sufficiently dilute it the weight fractton 

of the solute in the solution is less than o.ot. 

and, 

For two point measurement •q.(2.l0) yields 

s-c 

S/-c 
w,~ (w 'L I lo:r1S\ - w I /lolL ~~J 

wL 2... , - w.l-

where, subscripts 1 and 2 denote the two points of 

aeaaurement. thus c: aDd A are evaluated us1tlg 

eq•.(2.lt) and (2.3,). Though theoretically the 

loss in non-polar solvent is sero, in practice they 

do exhibit small but tinite loss. Hence the contrt-

button of the solute 1s obtained as • 
tan b aoln - kn CO 801.,. ( L::.. shall be dropped from 

nov on). 
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Attttapta ••• beea •4• to ea:plain tbe 41rKUilc 

bellartor ot •oleoular aya t.e•• ta tt•• 4epetlden t 

tie14a 111 terra• of •olecular propertlo • aGtl t.ahr

acttoaa. lo the earliest att•pt by Debye• the 

aoleculea wen coard4ere4 to be apbel'ee, aay ol 

l"adl•• •• wl til a 41.pole at 1 ta centre iuera.a la 

a alto• a.tt• of Yf.aooaliy t. l'be torqu H 

afpUecJ to tbe dipole by tbe electdo tle14 •• 

••.-.ct to be oouraterbalall0e4 JJT the tnotloaal 

toroea wbich v•re proportional to the aq•lal' Yeloci ty 

of 'lhe dlpol• Mlecule at ateady •tate ooa41Uoa. 

!baa appltcat.ton of Stoke'• Law tor a ntaUq 

apllere leada to tbe tollovl q apreaelol'l for rela• 

satloa tw•"' '' 

• ' 1t' 1\, . •' 
11! 

fte De'bye equation baa t»•• aoclllle4 ia tvo Ure

ottou1 tirat to acoouat for the 4•latioa of 

aoleoula:r abape from spbel'l cal •Y-•ti'F d4 aee»td 

to refillt tile n scod ty t.a t.rrae of l)oth the eo late 

aoleollle all4 the •edt.-. Vhen •olecul•• •r• tar 
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tro• apherloal lt 1 s neoeasary to take their •bop• 

1 nto account. As a 1'1 r• t appro:dma tton sueb litole• 

culea aay be considered to be elltpso14a ot reY01G

t1on. which 1~•• both the prolate el11peo14 

(a > •> an4 tbe oblate •111pao14 (a <. b). Her• 

a and b are the axla lengths ot tiM •lllpeold whicll 

1a oontd.dered to rotate about the a axle \o atv• 
the :J-4lmens.lonal mo4el tor the llOlooale. two 

relaxation timee 8hou.ld be found tor a solution ot 

e&~cb molecules, correspoJldl ng to relaxntlon of the 

a a.rd th• b axes. tb• relattomhtp be'tween the two 

relaxation tlmea and the ~lecular shape and slee 

hna been aalcalat.ed by Perrtu and ta given J»y th• 

equatiou'0 

(a.,,) 

ft ~ ,.ba .. ""a1va t where, s • • 2 ;:. Vi 1ll · 1 t -• !! -
(a- ) 

if a> b (a.)7} 
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( it a ~ - (I,JI) 

and ro ia tbe relo.Batlort tiae of a apllere of tbe 

a1111e Yoluae a.a the elltpaoldt t.e. " -rr 1 ab1/u. 

_ 01'11)' 111 tbe lltd.tl~t~ ootd1Uon thnt the sol

••~t medt• aurroulldiq an tlbeorbing polar aolecule 

repreeents a abifora 11eld le it poaatble to detlue 

a Ylscoal ty ooeff1c1ent t as a property of the 

•edtua aleae. Wtrta considered a aodel ln wbiob 

the solute molecule and tbe olaater ot solTent Qol.

eulea wbtob aurround tt are cona1dered to b• acilD& 

as a tlll1 t ia rotational response to tbe tteld. 4 

different expression tor the friotlonal coefttcient 

waa given by Bill.'' The tonaulat1on baaed on 

ADdrade'a theory of viecoa1ty consider• the reetataaoe 

to rotation vblob a aolecule experience• aa a reaQlt 

of the loa a ot ·-ula..r aomentura wblch oocQJ"a 1 n 

colllslo~ vl tb tta nelgbboGra. 

APal"t trora \lie formula t1ou 41acu•aed; 

seYeral emplrloal approaohea ba'Ye been IIIELde. A 

revlew is al•en bf lll1nger.'1 



F. The difleg\r1Q propertiea 9~ Bttergaent99! 

sr:e!e! 
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t'be atQttc perat ttivi ty of a tvo-om~ponent 

heterogeneous aystem mast lie aoraewber• 'Mtwean t.lle 

two ox vase• oorrespon41 ng t.o a capao1 tanc• who s• 

plates are filled vlih (a) •lxed fibre• atretchl~ 

trom plate to plate, aDd (b) iDterleaYed abeet• 

parall•l to th• pla1ea. Tbe mixture relations are 

baaed on the a~swapt.t.on tbnt a eyat• ot ephertoal 

or ellipsoidal particle• of randoa orientation are 

unttonaly disperaed vitbln a continuous •edtum. Al1 

extendYe reY1ew is given by Vnn 8eek'2 • Of th• 

41rterent mixture for.aulae, Bottcher• toraula and 

Landau-Ltfeb1 •• formula whlcb waa alao independently 

propoaed by Looyenga ar~ tound to provide better 

aare .. .ct between calculated nnd experimefttnl values. 

Dottcher' & tomula 1a baaed on the aaeu.aptton 

that the tleld witb1n each ooaponent ot tbe het.ro

aeneous atxture 1 s 'tnkel'l equal to ~b• field 1 n a 

apbere with tbe dleleotr1o oonstaQi ottha~ component 

1 n a aedium wl tb ~be apparent d1electr1o constant of 

tbe beterog~neous mixture. Tbte leada to au expr•aatou 

for apparent pemt ttt 'Vi t.y E • of the aixtare. wbloh 



1a .,...e'&rtc wltb respect to bo'&h components ot 

'be atxiure, namely• 

33 

where Ta reter• to lbe v-oluc traction of the oompo• 

nent 2 • !tbe Landau•L1 fab1 ta - Looynga • • tonnala 

(2.,0) ts also ayametr.lc v11b reepeot to the tvo 

coapo~nts• but does not S.UYolve the particle allape 

lD it& d.Vlatton. 

Attempt• mo4e to generalize mixture relo.tioZl& 

tor coapl•x permttt1Y1ty baa prov14ed •uccees ooly 

under re•trtoted cond1t1on•·''•'' For small voluae 

:fraot1oJS ot polar solutes in Mn-polar sol•ents• 

•q.(2,,0) bold• tor real peruttt1v1ty. Tho crystal 

alld powder value& ot the compl•s pen:st tti vi ty ar• 

r•lated by tbe expreaetoDa 
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l) 

vb•re aubaortpt p a.n4 • refer to powd•r and C*7at&l 

re•pect1Yely aQd y Is the Tolume f~actio~ occupied 

-Y tbe •oleculoa tn powder form. 
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CBAP~BB Ill 

JL\ftalALS AID KUIIOD 

A. the~ret1cel backmund ot the aetbo4 tgz:,. 

Solu£\ona 

!he aetbod uat ng e tandi DS waYe •easnreuenta 

in front of a ooluwn ot 41electr1o ts baaed on 

the relation d•rlved by Roberta and vo~lppel.tt 

The teobnlque collBiets ot retleoti:og 'tbe wave at 

110nual lnctdence from a colUIIU ot the liquid 

backed by a porfeotl~ reflect!~ surtace, which 

1 e encloaed 1u a. wave&utct• oell. Sto.nd1ng waYea 

are eet up iu the region in front ot the ea~~ple 

ns a result of the aupergosltton of the incident 

ana the retleoted vaYea, propagating 1~ tbe Tn10 
•ode. 

the transverse fleld oo•pocenta B(a)1 
alkl B(x) 1 in air (mediua t) at a distance s 1..

tbe d1el60tr1c sur:tace alona tbe axt• of the 

wa•• g~ide are 

B(x)1 • .. , up( -1, x)+Az.1 up(- .f, x) 

• '\a lop( .f, a)+r0 exp(- .f, a)~ 



B(s) 1 • ~up( ~ x) • ~up (• /, x) 
1 1 

where, ~~ ald ~t are the upli tudea of tbe 

lnotdent aQ4 reflected wave at ibe 41electric 

36 

eurtac•• r 0 ls then "rt/A11 a%ld d.etioea the 

retleotlon coetficient which cbarao\erisee the 

aection of the waveguide contalr.atug the ••dt• a. 
In terms of a coaaplex quantity dp = ~ + j q- , 

r 
0 

le cletlned aa 

fbe vaY• 1Qpedance Z(o) of the dielectric tllle4 

aeot1on is atven by the ratio o1 th• eleotrto to 

the aaanetto 11~14 inteusltlea at the 41eleotric 

surface,. 
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Bealect1123 tbe atteaattoll ln the ai.r ttllett 

&U46, . tbo OOIIpla propaaatlol.l factor I,= ,(, ;- j ra, 

reduce• to 

where, A 1 II tbe waYeleqtb t.n otr iut d• tile 

••••aat4e. Bq.(S.ta.) 1ea4e to •ax:liiWI aal tdftl• 

•• tlel4 amplt.ta4•• of U.e ata1241ZJC wa•• 
.._ • tAt, I (l • \1'0 \ ) • \.4tl (t • e•9 fj) 

···~ 
(,.Sa) 

•••• 

Beuoe, 

If Xc, 1.• tile aeparatlou of the ~t.nt lllal

.fi'OII tbe troot taoe o:r tbe sa~~ple, tbell '\}- S•· 

pYeD by 
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.... (J.1b) 

tb.us, ~ aD4 "t • arut l'leuoe, lepat iapetaace 

Z(o) oan 1Je eapresaecl ill terGs of •aaarallle 

quaatl ties• X0 , 

rle14e 

tile ataruu.as v.-re 11\ the dlelectdo Ia repr•adtfld .,, 

... 
B(ag) • ~ e~~P( { ,rr) • ~ up(• { wW) (:J.ft) 

At tbe abort olrouitt a • -41 Jatro4Q01DS 

tile boaa1a,., oollliUol\ 11(J~a) • 0 at s • -ct •• ,., 

(,.,..) leah to 
~; 
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Fl'Oa eq.( ,.9) 1mpe4atl0e at tbe interface t.e 
' 

E( o) t-exp(-a { 
8 

.4) 

Z( o) • iiii! • Za t+ap(-D ~/a d) 

(l.tl) 

tb• product ot the obnro.ctertatic impedance and '&he 

propagation ®natant of the vave ar• rt)la te4 u 
0 

vhere Jv-2. ia the permeability of the uaedtu. 2. 

Slnoe the medtum is noll-aapet1o A-L• Au of 

lr•• apace• b•noe. 

(:.S.12b) 

( ,_,,) 

Em in · \- 2.1\ X0 -;:::;- - J C),Yi -
1:..1"1'\QY "I 

I- J 
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the mo•t geueral procedure te to aolYe tbi• co•ples 

tra:uacendental eqQQtlou for .; a 4 after the 

11eaau.red valuea ot ~,a1r/Baax• f. 
1 

, 4 and X0 

are obtained. Wben tiie 41 ae1pat1on factor tan 

of tbe dielectric 1a very small, •q.(l.t') can 

be aeparated into real aid lmaglml'f parta.12 

Denotiq S.axl£11111 al ! , tbe real part of 

eq.(,.l,) give• 

- )\ 1 ( r(\1"\ ~ ) · c 1 - \ 1 r1..) 

21Td (I-t- '/f2. · \o.r?· 2...1\ f..c/f..,) 

• 

When <><2..-l aDS V ~ are Sllall, eq. (,.15) reduoea 

to 

2:rr d 
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lq.(3.t6) coQ\aina meaaurable qoant1tle& on the 

left bnnd side aM benoe, can be solYed for ~2.....4• 

Tbe complex propa&·l\tlon tac1or -y·2.a ca.u 

be expre•eed 1:n terms of the pen1tt1vtty G 1 

aut lose foetor E 11 ot the dtelectrlo u 

wh•re. 'A c. 1a tho cut ott vaYelen&tb ot tn• gutde 

tU1d ~ is the free space waYeleqib. Sl¥aee A • 

' arut I\ c. ~ , are co~mec'ed by lhe rela. tton 

t I t--.1-- -

t; >-2- -r- c~1-<l/2.11 cL)1.. 

\j \ 2. + '! I\ 2.. 
(\c_ ~ 

(3.18} 



the solution of eQ.(].t6) for ~2.d ia aul.t1-

Yalue4. The correct value can be ctuJ•en since 

the expeeied value of E
1 ts known. 

, \- 2 2-1\xo\ 
~f'l/f( \+o:n ~} 

L l1 d. ( \-\- \I \ 2.. \a r?- 2..1\ Xo I" I) 
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c\l...cl lo.'r) ~~d - o<l...~ fuY) h 1. P{ l-J"' ~l...ci,_ \o.Y) h c<vl-. ~Ld \o:ljh.P\1-~ ldlr;2_d 

( \t-\o_nh'Lo<l.-d lQn"Lpl...~) (l'{~d?-+~~d2) 

( '·91) 

lqa.(3.t7) aDd ().21) lea4 ~o the followlag expre

e•ioll tor to.n ~')... • 
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Tbe experimentally determined values ot 

the volta&• ata~d1ng wave ratio, x
0

, {\ 1 , 4, 

g1Ye the Yalue of the lose tangeat taD • 

Since thert ls alwaya aoae 11ftlte loss 1ft 

the wnlle ot the waveautde, ~ inoludea those 
• 

loe•ea togeth•r w1tb tbe dleleotrio lossea. !be 

well loeses oan be eliminated ueleg the 41&s1~ 

t1ors factor of the eapty vaYegulde 

tall ~w 
L::,.~ 

' ().2)) • - I 

d + "?- / >--c.2. 

where b. 'f. 1& the tddtb. of the altli•wa of the 

standing wnve a$ 4ouble power po1Dts 111 ~· air 

filled guide. Lose tangeot ot the dieleotr.tc 18 

then obtained aa 



B. ~uretiogl ]!agkaroU!!! ot t!U' oaYi ~z 

terturbat~qp Tecb!dgut 
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A perturbation theory vbioll g1v ea the eba!l&! 

1 n the resonant frequeuoy ( t) and 1oa4od Quo.l1 ty 

factor ( Q) ot • cav1 ty 4ue to a~.~all chana•• tn 

the cav1 ty waa deYelopo<S by Bathe an4 Sohw1nger. 18 

Cons14er tvo cavttle& denoted by subscript• 1 aDd 

a, whiob are 'alaoet• alike. The amall d1tterence 

between the tvo cart ties ia assumed to be in tbe 

permittivity or the permeability of the aatertal 

S t cocta1ne. The con ty waUa are asswaed to be 

loeelesa. ~~ell's equations tor these cavtttea 

theu are: 

J 

where. tbe an~lnr frequencies w. are coaples 
J 

and are understood to reflect all loaaea, ao tbat 

losaes tbrou.gb tbe coupling meohani• are 1ne1U4-.t. 

the tour •quatioc. repreaented by tq.(l.25) lead 

to 
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/ 

s ~ Eic-ey-"~,)- E,· cVlC"\1,)-t- f(£ cVx £, l-;,. c~" EJ t J V 

Vc 

• i j 1 L"'' E.,-"'>. e,) E,- E,. - C "'1 J<•- "'1.}<,) H,·1i1. ( J V 

vc 

0~ appllcatloe of ·Gause•• 4tveraeuoe tboor .. , 

lett batld alte of ••• (,.16) beoomea 

. .J CH,· E,_). J.S . 
sc 

- J c11'2.x "El} · Js 
sc::.. 

• f ) ( H, X E;.) h. - (ill.>< E,) 11. ( ~ s ( 3·2."7) 

S'c. 

Sir:&Oe the walls a .. e perteoU7 ooadact1ag, Ute -ta:aautlal oompotlellt ot 8 I. tt Hn. Bene e, 

1, a iJ oazu10t baYe a ooapo11eut nonaal to se• 

ooDsef!ueutly the lett haad. •tte of eq. (3.86) 

Ia hn. Bq.(3.86) oa l'e~All.lemeut. tben at••• 



w I f c E, E;l· E2. ... A\ i=i',· H2_) J. v 
Vc:: 

-=- UJl. f ( El. ~- E1.- ~l. H,· \f.,_) ~ y 
Vc 

•"••traotl~A~. .aoJJ slde of eq.( , .. aa) IN~~ tbe 

,., ..... al 

U)1. I ( E-\ ~(E.,_-}.t., H,· lil..) d. y 
\ 
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"][CJ..tl--..4,) H( ~- (€:\- E.,_)E,· E.J d. y -:::. -=e.'-------------,, .• ,, f c €;\ E1 ~- J;..l i,· H'l.) ci:v 
VG 

A.aaalD& oavt. t7 1 to l»e eapt1• <e.\ • 6 0 a:o4 

)...,._
1 

• .h.r> toe oa'f1 t7 Ia aaa•ecl to be par'lunet 

by a. •--•aa•ttc aaqnal of peNlt.U"Vlty €'1... .• 

ft• YolQIIiO ot tbe eaple V • la •••••4 to btl 8iall 

•• coape.,re4 to Y0 ,. Vlkter t.beH coa11tlou eq. 

(J.I9) beoomee 

w~-w I E;"'*-1 

2. ,, .• , 
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* <= ls the relative c011plex pel"'d.tttri. ty 

ot tbe sample ill oaYi ty a. 

The coaplu angular trequeooiea w 1 alld ~ 

in eq. (,.30) $r8 reln~ed to measurable qoantities. 

Tbe coaplex angular frequency w associated w1tb a 

dissipative s.ystem can be vrltten aa 

when the tillle variation is taken a& •J w t. The 

real part u..JR is relsted to real frequency f by 

Since energy involve• •quare ot 11eld quantities, 

•Ja w t will be associated wt lh eneray. nenoe, 

energy decreases aa .-a wt. t am the euer.gy loes 

per Uft'tt energy 1• (1- .-a wi, *) or 2 wi,t. Power 

lose per unit energy ia then 2 Wt., •o tbnt total 

aYerage power loss in the systea is 2 wL UT 

vhere UT ia the total average eneru ot tb• 

Q ia dotinecl aa 

Q • "w B (stored energy 1~ ca""!' ty) 

(aYerage pover los•) 

eystd. 



I w· 
L 

w~-w 1 ( w R.2.- w 1<.1 ) +- j ( w i. "l. - w u) 
Bow aq. ---• 

wJ. O)R:l. ( \+ j wi. L. I w R.) ... ) 

o~ application of eqa.().,l) and (3.]4) clvea 
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...... (,.,,) 

-Here, tbe tleld n
1 

in toe eapty caY1 ty 1! pr•••e4 

to be known and on~y the pol"turbe4 field B2 111 

the •utple Yolwae V • remains aa an unknow. Por 

I 
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a cyllndrlcol speetmen placed with tta asia parallel 

to the i fie 14 111 tbe cavt ty, ~ vi 11 be oYerywben 

taageut to tbo unperturbed electrlo field lines tn 

tbe caY1ty. When tbe sample ends with field llnes 

oD the cavity walls, the tangential electri• tlel4 

v111 be conti:nuoas over the boundary of tbe spoot•en. 

Beuce 12 • £1• 

lft the prea•ni arrang ... at, the saapleta 

plao•• to 'i bJ' 1naart1na 1 t tbroll&h a amall hole 

1~ the wider wall of a rectangular e&Y1t7 operatl~ 

in t£10, •od•. The electric field la then given by 

By • 80 sin l\•1 atn l l 1 

where a and 4 are the width and length of tbe 

oavlty respectively. Then 

~ -
Aa&aa!Q& that the snaple ie plaoed where Sa is 

atudaa, 
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Separating eq .• (,.37) 1:ttto real and 1aag1:cary parts 

and aubetltutlng for tbe intearnla usi~ ().59) 

and (:J.ttO). 

- -the relatlYe error ln puttln& i2 • a1 nn4 o'tller 

approximations ls ot the order of ((t1-t1)/t1) + 

( 1/Clt). 

In the proaent atudy the powder vaa tilled 

tn a thill wallect captllary tube. Asau.mi~ that 

the empty oaYtiy 1& not a1gnttlcantly affected 

by the empty tube• cavity 1 Ia taken to be the 

caY1ty perturbed b7 the tube alo~ an4 oaYity a 
aa the cavity perturbed by tbe aaaple tilled tub•• 

Tb• ob~icnls ua.tt ill t.bo atlldy were comger .. 

clally available on4 ver• ot au:ffto1ent purity. 

'fbe aource of th• cbemlcala is tDdicated fable 
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teblt ,,, 

Cbeatcal 

Cboleetei'Ol 

Pro ge siero ne 

Carbon tetro. Cblortdt 

Source 

Stpa 

c.s.x.n. Centre tor 
Btocbemtcale, Indta • 

• 
n.n.n. Analar 

.. 

The 110leoula.r wdght, dtcaens1ons and 4ens1 ty 

ot the steroids ts given below. 

tebl• '"8. 
Molecular Dta•nslons\5 ana Density" o1 the •••rolde 

Nae Mol. wt. Molecular Dl•eulou Denel t,. 

Cholesterol 386.7 

ProgeeteroDe 31,.%. 

Testoeterone 288.4 

20 A0 X 7.2 A0 Z ,.0 A0 1.067 

t2.3tA•x6.9,A0 x5.t,A6 1.166 

ti.OtA•a6.0].A•x5.58A0 1.97* 
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D. beerimental ~roctdlure. 

(1) Meaeurement oD Solut1onsa The co•plete 

electr1ca.l qstec is shown 1!1 aobeaaatlc fona in tb• 

block d1qram, Fi{h ,.1. Keneuremen's were carried 

out at two frequencies. one in the 5-batd (:J.) GUs) 

and the o~ber in the X-band ( 9 .fl Gas) • Wl4er iden

tical condi tiona. Utero wave power supplied by a 

klyatron, po.asee·-- an 1aolator, :frequency meter. 

tum.r, dlreotlonal couple~, alot~•d aectton, second 

tuner and finally lap1Dgea o~ tbe llqnld cell. A 

packaa•d signal gel\erator was ased tn the S.ban4. 

fbe llqut4 cell 1a a section of a vaTegulde with a 

thin mica window. A perfectly reflecting tlat 

plate plunger 18 ueo<J to Val")' the length ot the 

dielectric tilled in the eell. lnltially, with the 

llquld c•ll ierm1~te4 by a QatChe4 load, tbe ef&tem 

is tuned suoh that tbe atan41~ wave ratio obserr•4 

ou the slotted sectton ts leas than 1.02. lleplaci~ 

the abort c1rcu1~1ng planger, the poeltlons ot the 

mtmma are uoted vitb ad vltbout the llqul.d. The 

travelling probe 1& then removed troa the slotted 

aection, and the reflected power wttb and vltbout 

tbe B818ple 1e noted. lt A 1s th" attenuation ot 



1 Generator (Klystron) 

2 Isolator 

3 Frequency· meter 

4 Slide Scr.ew Tuner 
5 Directional coupler 

f). Slott e·d section 

7 E-H. Tuner 

8 Liqu 1 d cell 

9 Klystron. power supply 

10 Matched load 
11· V.S.W.R.meter 

Fig 3·1 Schemot ic diagram of set up for measurements 
on liquids c.n 

~--~--------------------~--------------------------------~--------~~ 



J • U\ilog (A/10) + t 
antilog (A/ao) - 1 

Tbe peraltttvity an4 loaa tana.ot were coaputed 

uaiq the relatioll discussed before. 

Th• method was flrct etMdar4tse4 tor pure 

aolver.rta.. A r.u.unber ot obaeJTa.t1one were taken t.O'r 
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different lell&the of llqu14 coluu that are roughly 

odd multtplea ot 

eonce::1trat1on were then lat'eaUgnted, the aaximWI 

weight 1ract1oD ln each caae being o .. ot.. Lose 

tangent due to tbe solute. tan ~ was plotted 

ngai~at concentration in moles/litre. and aoan 

llOlnr loaa tang.,nt vaa determined. The dipole 

absorption parametera were \hen coapu•ed aa out. 

lined iD Chapter II. 

(11} Ku.al.li'Ot3ent oa Powderaa The acheaaUc 

diapo ot tbe expe r1mental aet up tor meaauregent 

of OOIIplex.permi tt1Yl'ty ot the p-..1•1"• 18 SbOWll 1~ 

ti g. ,.a. tn th1e case the power fi'Oil the aource 

waa ted into a lice consisting of Oil isolator, 



JiJ 

., '7Kiystron Power Supply 6 Frequency Meter 

2 ·Klystron with Mount 7 Slotted S cct ion 
"3 Circulator 8 E-H Tuner 

4 Matche-d Load 9 Adj us to bl e Cavity 

.5 Variable At tenuator 10 V.S.W.R. Meter 

Fig 3·2· Schematic diagram of set up for 
Cavity Perturbation Te-chn:que 
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Yarlable atteauator. freqaenoy meter. alotted 

aeotloa, tuner and tercinated by a waveguld• cavity. 

Tbe caY! ty ta designed to reaonat.e at 9·' GBa ln 

T£103 •ode. A amall bole ls drilled at the centre 

ot the w14er wall ot the cavity auoh that a spociaeu, 

1ntroduce,d through the bole wlll be parallel to tb• 

eleotrio tleld aut dll be in the aaxianaa tleld. 

The resonant trequonoy and Q of the cavity are 

deteratned before and after loading tbe caY1'ty. 

Tb• s•t up vas first standardized tor bone wbtch 

dielectric parame•ere are known. 

The powders w.re paoke4 in a tbiu walled 

glass capillary tube by aentl• tappi~ and the 

de~ity waa note4. Care was taken to aaintalu tb• 

packlftl traction cona~ant tor a particular sterotd. 

The ooaplex penltt1v1ty of tlle povtlera vere 

4et•rm1~a •• described aboYe. The cryetal Yalllea 

were det•~ined using Landau-Lttahl\a-Looyeuga•a 

toraula tor mixtures ae~rallaed tor coa,le& 

peral ttivi tlea. 
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CBAPTIB IV 

BISULTS ABD DISCUSSIOB 

Tbe loas tong•nte ot tbe solatea obeer¥e4 

in different solutions at 3.3 Gf:la and 9 •-' GUs are 

tabulated below: 

Cone. tn 
p/al. 

.0022S 

.o.,.,o 

.00675 

.0()900 

tans x to' 
at '·' GBs 

'·'' .t .o, 
.2.61 .:t .o:s 
'·0' % .o, 
S.Q9 % .o, 

II. Pro&eeterone in nenzetle: 

Cone. lll 
p/al • 

o.o\6 '* .o, 
0.9.,!; .OJ 

,.,6 ~ .os 
1.9, .& .ot 

._.._ ................... _. ........ __ ............... ~ ............. ... 
.00225 

'·'' ..t. .oG o.s6 ~ .o.\ 

.004t50 a.9a .t .o, 1.21 ~ .o, 

.o06f.J '·'9 J'. .o, 1.82 .t .05 

.00900 s.a, £ .os a.4t .& .o, 



III. featoateroue 1n Benzene 

• 
Coao. 1D 
..-.1•1. 

.ooag' 

.00,50 

.0067J 

.00900 

2.,9 ~ .o, 
S.OS .£ .O:J 
1·'1 .:t .o6 
9.98 ,£ .os 

1.12 ~ .oG 
a.at .t .o, 

'·'' .t. .o
". o\8 .t • OS 

n. Cbole•torol 111 Carbon tetra Chloride 

•• F t 1 ' a r= 

.oo' •• 7' .:t .06 o.6a £ .os 

.ooa , •• 9 .& .o, t.D\ ~ .06 

.011 5.)0 .t .os s.aa .t .04 

.os6 7.02 .t. .06 a.so £ .o, 

V. Proaesterou 11l Carbon tetra Chlorl dtJ 

Cot\o. tn tall S z to'S ta~'s x 103 
p/ml at l·3 GHa at 9.1A GHs 

.oo, 2.08 ~ .o, 0.77 ~ .o, 

.ooa t.09 .t .06 1.58 .z .os 

.ota 6.21t £ .06 2.,. z .0\ 

.ot6 8.29 % .o, '·'' ~ .o, 
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Variation of Loss tangent Wlth concentration in benzene 

X _Cholesterol 

+ Prog-esterone 

0 Testosterone 

a at 9·4 Gt-f z 
.b at 3!3 GH 2 

c- b 
.... 

b 

b 

' -~' .. ·. . o~==--.._.;._----=':_.__,:_...___~_;_-......;._~M"'__...... ·, 
-~ ·02 ·03 
~Concentration in Moles/Litre 

Fig_ ~·1 



T 
4 

3 

2 

1 

Variation of loss tangent wilh concentration 
In carbon tetra chloride 

x cholesterol 
+ progesterone 
a at 9·4 GHz 

" b qt 3·3 GHz 
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o~---------.~o~2----------.~o~4r---------.7o~e~·--
--7Concentration in MolesjLitre 

Fig 4·2 
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Plota of tan S Ys. aolar cotWJentratlou tor 

ditlerent solutions are shown ln flae. '·1 and \.9. 

All aeaaareuen~a were carried out at )O•C. Th• 

valuea of dipole ~oment and relaxation tl•e oo.puted 

tro• tbe data presented are tnbalat~ ln Table 4.2. 

Tbe values ot relaxation time oalo~lated usi~ tba 

Debye equation (2.34) are given alongw1tb the obeer• 

Ted values. 

!,tblt t.a 

Relaxation tlae• run apparent Dipole Moaent of the aolu.tea· 

Clloleaterol Ben~ene a,a.) 11.79 152.11 

Proge•teron• Beasene 108.7 ,.2) 93.0 

Teatoeterofte Betlzene ss.? '·'' 77.8 
Cholesterol CCl. l76.t .... 87 227.8 

Progeateroae cc1, t62 .. 1 3.11 .,9.0 

• a'& JO•c .. 

fbe observed ~laxation ti••• ot Progeaterone 

nnd Teatoaterone agree tatrly well vtth tbe valuee 

calculated usl~ Debye'e theory of oicroscop1c rela

xation tlae. Since the coleculee are coaparattvely 



62 

lorge w&tb respeot to the solYent aoloculea 1 tt 1s 

expected tbnt the obsened vallle& sboul4 be close 

to tho Debye valuea.'7•'8 The dlfterenoe between 

tbe obaerved valuos a~ the calcalated Yaluea ot 

Cbolest•~i tn botb solYenta can be a•tributod to 

the longer axial ratio ta this caae (Table ).2). 

For prolate •11ipao14•• the ditferenoe between 

tbe relaxatt.on times about the two axea lncreas•• 

abarply •• the axial ratio becomes increnatngly 

areater tba11 2. All the molecules are prolate 

elllpaotde, the axial ratio ot Cboleateral be1Jll 

areater tbau 2. -z:- oba lor Cholesterol llea between 

the relaxation ttaos ot the long and •bort axes 

calculated naing Perrttf& •quatlona (A.l5) w (2.37) 

- 325.2 s to•12 aeo and t64.6 x to• 12 eec tn Beneene 

anc.t 4S6.t x to•12 aeo and 2,6.o x to• 12 ••c in 

Carbon tetra oblor14e. However, the ra*1o of 

t oba lu Carbon tetra Cblor14e an4 Denaene is lll 

the ratio of the Y1scoa1t1es of the two solveate aa 

predicted by Debye'a theory. 

In thts context, lt aay be aen~loll•4 tba\ 

in auu1;y oaaea dielectric ab.-orptton of the totre.uaole

caalar processes is ttot reatUly separated fro• tb• 
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H.a_c 

HOHC: 

C.H1- CM 

cholesterol 

progesterone 

testosterone 

Fig 4·3 Structure of Cholesterol , Progesterone 

& Testosterone 
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ovuall rotaUcm of the •oleoulea an4 he11Ce 1ntar

pretat1oD ot tho dlelectr.lc data solely on the baaia 

of overall reluxatiou ot tb• ~aoleculea aay not be 

Yaltd. All solutes need in the prea•nt •tudy 

poaeesa a rot3t1ng croup. s.y1h'9 o•aerYea that 

tbe d1electr1c abaol'pt1on 1u aosi aromatic coapoQtlde 

having a rotatable polar group is ohnraoter1sed by 

t.wo discrete reloxaUon prooessea • an tntraaole

culu bart1lg a small relaxntlon time arut a •oleoular 

w1tb relatively large relnxntlon t:l•e. The chara

oteriatto time tor groop reorlentaUone falle tn 

the tar infrared region the value uaually bet~ ot 

tbe or4er ot a 1ev p:lcoa.collde or leas.50 The 

Debye value for overall relnxaUon 'being abou~ two 

orders ot aagDttude greater than that for group 

reorientations, the contr1bQt1on ot the latt•r 

process to the loss taotor can be ~glecte4 at 

frequencies less than a f•w GBz. Thus, it ~Y be 

concluded that the three steroida - Cbole•t•rol• 

Proge•t•rone and Teato•tero~• show a Dear D•bye 

type bebavlor iD a Don-polar enviromumt. 

I~ order to deduce the per.a1tt1vity ot tb• 

solute €' •ol from the solution da'ta •ore 
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concentrated solutions were atu41ed. The data is 

pre•ented tc fable 4.3. The •ol values w•re 

co•puted using equations (a.\0). 

I. Choleeterol 1G Oenzene 

CoQC. tD Volua• B 
a-/al. lraotio~ X 10 I 

E. sol 

0 

.ot6 

.020 

.028 

0 0 

.os6 ).09 

.020 ).86 

.01' \.6, 

.028 .s.~ao 

.OlD 6.18 

E' .. 1 {Proaestero11e) 

s.a5o .t .otJ 
a. Q96 .t. • ooa 
9.)09 .& .009 

2.,11 .;t .009 

2.:S21 .t .oos 
e. ''o .& .oos 

E' 
aoln 

a.a,o .t. .ot3 

9.26' .& .010 

2.a67 .:t .ooa 

a.a71 ~ .009 

2.271t .t .oos 

2.277 .s .009 

• Sih72 z .ot 

-
,.894 

,.908 

,.8,9 
,.802 

,.a~ 

-
a.697 
1.718 

2.7,, 
a.?ft 

2.71-\ 



0 0 

.016 2.83 

.020 '·" .OQij tt.as 

.osas .... 96 

.o,. s.67 

E' aol. ( featoeteroae) 

€' 
aol!l 

a.szso .:t .otl 
a .. a7% .& .ooa 

2.279 .t .009 

a.:aas ..t .oo? 
a.att £ .ooa 
th R96 £ • 009 

• ,.18 .:t .OA 
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I 
E aol. 

-
,.saos 
,.161 
,.171 
).176 

'·''' 
fh• powder 4Qta tor the solute• aud tbe oorreapoadln& 

eryatal values da4•o•d ~ela& eq. (2.,1} are· glv.a 

below tn Table '·'· 

.IA,blt !It~ 

Penrattttnty and Loss factor of tbe solute• 1n •oll4 akte 

•• '·" an. 
Sol"te I r 11 I lacBq L", .-::, n ·-- C' 

.. E P c: P lractioll c: s '-= S ~ 0 

----------------~------------
Cboleatero1 t.eas 0.119 .,98 , .. , ·''9 .t,, 

.t•009 £•00.\ 

Progeaterolle 1·589 0.1,, .\21l 2.70 .\92 .!81 
£•008 -*·00' 

fe1to•terone 1·109 0.211 •• 11 3.20 .aM .rro 
£•011 .t•Oo6 
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lt la toand 'tbat tbe parmi tt1rt ty i~reas•• 

w1 til iZJOreasltlg 41pole ao•ent; (progeaterone ~ 

teetoat•rone ~ oboleaterol}. Tb• small difte

reooe 111 dipole moment of Cboleat•rol and Progeste

rone lu the two solvents may be attributed to solY&Ilt 

ettect. The permittivity ot the aolute obtalued 

troa powder data aarees tn1rly well vi t.h tbe values 

deduced froa solution dnta. Bence, we oan aasume 

that the contl'l button of these aolecules to pe.-mt ttl

vi ty l n any med1 ua wlll be the aaae a a 1 c tM)&oo>po la.r 

media. 

fh• loea factor tn tbe aolld phase ehovs 

wide dtveraeuoe .froa tile losa 111 soluUo:n. 'thls ta 

to be expe()ted alnoe the mecJtanl• ot abaorptlon 1e 

41t.terent itt the two l»&Bata. Dipole reluatlo:n 

acooallt• tor loe• :ln solution tom. Since 4llute 

aolutiona in non-polar solvent• behave like non

interacting *,YStems eq. (2.29) shows tbut the unx1aua 

loss vhlcb is obaerved al the relwcntlon trequency 

la detertili:ne4 by the dipole moment ot the polar 

moleeulee and tbelr concentration. The loss at a 

particular frequency would 4epend olao on the 

molecular envtroaoent. Tbe dependeue• on the 
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aoleeulu enYirozent co••• through tile relaxaUor& 

time wb1cb 1& d•t•rmlned by tbe vieco.ttT ot the 

solYent. In oontraat. loss in tbe sol14 pbaee 

would exhibit Yery little diaperaton at freqaenoiea 

between n tew ~ to a tev GBz. Since dipoles ar• 

not trae te rotate. dipole r~_.1 entation cannot 

conttibute to loes in ~e solid atate. Conatratned 

n 'braUonal and rota1i1o~ atatea of molectalar 

aea-ents may be altered by absorption ot .tcrowa•• 

quanta, there by contributtna to the losa.'1 Only 

it tunneling ia 1aportant, Y1brat1onal •otio%1 vou14 

contribute in the aic~vave reaion. !be rotattoual 

•ta'les are •ore important in th1e context sittce 

tbelr cha.racter1 etio Ume tall• tn tlle aterowa'f'e 

region. Parte of tlle molecules troa the al me of 

-on groupe to large side chaina are otten tree to 

rotate, constrained by existing covalent bollde. 

the relat1Ye or1$ntat1ou of these molecular aegaent• 

io the remainder of the molecule ls 4et•rmtn&d by 

the weak eleotroataU.c interaction potential be'•••n 

the aepent and 1 ts eDYl rollUlellt. Th• potentials 

are in genernl multtwell tuncttona, tbe relntlY$ 

depths ot tbe adrdatn, tbe 41etance between them abd 

be1ghte ot tbe barriers beiq det•nnltSed by the 



••peut and 1 ta cbealcal e1'lY1rouellt. fbe pot en. 

tlal may be aore tb.tln ol\e cU.meualonal. The abso....,. 

ptton of energy ti!OUld then change tbe atat• .trom 

o~te well to anotbert either 4ur1bg reemisston of 

a .tcro-vaYe photon or oause rotational tuuueltug. 

Thou.gb the perm1 tt1v1 ty ot all tbe steroid• 

tbat have boen investigated is .. nll, tbey esh1b1t 

high loee botb in tb9 solid .,.base aDd in aolutton. 

Lose 1n Teataaterone 1s dlstlnetly btgber than tbe 

loa• in Cholesterol and Proa••t•ro•• 
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Tb• 1nt•racttoua of microwaves witb a llvlna 

aystem any bo classified ae primary or eecondar.y. 

Tbe aechan:lsa of absorp'tton ot a1orowa'f'e eueray 1n 

a living aystelil may be oonsl4ered as tb.e main part 

of primnry illteractloll. Sobw!U1 and P1erso15B term 

the overall heatlna produced i:n the systea 4ue to 

absorption of energy ae prtanry heating. Aooordln.g 

to theu eelect1ve heati~ ot biological ••dta ls 

posslbl• tor abort pertoda ot time. Tberaor•aula

tory •eclla.nl sm.a do not p•l"'ll t such sel ec tl ve be a tt ~ 

at aoleoular am oellttlo.r levels, unleas apeoial 

Irradiation technique• are used. S~ertbele•e, 
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cbarl&•• in subcellular etruc tare• due to beau~. 

ettb&T volume or selective, may have profound ooD

••quenoea on btologieal functions attooti~ blocbe

•1 cal renatiou. 

The primary tnteruotlou o.f the tactdut 

rndiatton vttb a 11v1ng aystes vill evoke a re•pouae 

troa 1 t, the effect bet~~g lnflaeuoed by a nlltlber 

of physical nnd pbystologionl par&lllleters. fhe 

the run! ettect would tn-.olve a rl se in temperature. 

Tbla tn turn will afteat the metabolic rate. fberaal 

ett•o.ln tion or the lmpniment ot the f&UlcUon ot 

various organa le to be expected. Looal temperature 

rise• in organa exerting controlli»g tunotiona •• 

•xpeoted to attect the aetaboltam and/or tunotlon 

ot tbe vbole oruantSL'l. A wide range ot e.JCperimeatal 

4ata on biologtc61 ettecta of microwaYe& baa boen 

revt ewed by Darntlllkl and Caersld.. 1 ' A detailed' 

4eaorlpt1on of oardJ.ovaaoular e:t.t•ota, etteot.a on 

central nervoQs $¥Btem 1 endocrine glands, male ana 
.feMale rep~actton systems. blooa and blood tormtaa 

ayetema 1 s prctsented. Accordlasg '$o Michaelson et 

al.''• si~c• tbe temperature intlueaces the aetabo

ltam, microwave heating may lead t.o dlaplaonent ot 
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•1neral equ111brt.-. Many taoluted reports on 

vartoua aetabolie effects •xtst. SoY.uoal authors 

hnYe reported ctaanses 1• blood eerUD proteins :toll

owing •lorovaYe exposure. Reported YarJ.atto" tn 

the albwalD-globaliD 1Udex ln th• bloocl aer• 

following oapoaura. bas been explained ns a resQlt 

of interference vitb llver or a4renal tunottor.a. 

Michaelson et nl•'' have r•port•d changes tu 

endocrine fanctloll and bomone l.vels tn anlllllls 

on •sposure. Cba.naea 11'l plaaaa cort1ooeterone, 

arowtb hormone and thyroid boraoDe levels bal 

been attributed to temperatlU'e tncrenae. 

Gorden nnd Scbwnn'' baTe p0111te4 OQt tbat 

an apparent dtscrepaney extets betweeft tbe tbeore

t1cal explanations available, known effects on 

molecules and isolated component& and tbe effect• 

obeerred in cocplex btosyeteae. To bridge the aap• 

proper understandin& of 1ateraot1on ot aicrovaYoa 

with blolog1onl s,rstem& nt various levels ot orgcnt

setton should bo aoqulrod tbrougb extensi•• b1olo

&1cal, aedlcal and b1opbysloal atl.ldies. Apart 1f'• 

tbe annlyete ot tne oumulnt1Ye and 4elayed •ttecta, 



•~••~•tt.r effects aDI eetlaatloD of 'hreabold 

Yalaea, spatial dtatrtbuUol\ ot abeorbed aerQ., 

effects oocuriaa at the aoleoular ~el requlrea 

attelltlou. 
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aeturDl D3 to the preaeot a'tuq, the two 

pha••• ooaailer~ eablblt a.arly the two extreme• 

ot tbe Yal'tHa types of dielectric reapo~ae• l11 

coDdetuua4 IIBtter aauonect 111 aeot.toa IIA. 1$ 

t. • appareat tllat tbe toba'rior of tbeae ao1eo•l•e 

umde~ pb,fsloloaical coadltiooa would be 4eter.t .. d 

by Yarloue f'actora tuludi ll& the a tate o1 •• 

aolecu.le aat tte t•e4tate enYlroDteilt. file 

41eleotrlc bett.aYlor will be eiptttoaot.ly d'feotM 

by dipolar .trateraotlona vl tb the .arroa.JS411lge. 

Cboleate:t'ol oeou• la all atd.•l oraa11e 

and tls•uee and, aloaswttb pb.oaplaollpids, ia oo:o. 

ceutnte4 la t.be aaa¥~braae traottoza ol the ce11.56 

It ls llaialy toulld lD tile pla81ta, UYe:r, actrenal 

&laid and soae ot.ur eu4oor1ne oraaa• lU&ely at 

••••r• ot lo~ onain latty aoi4a. SeYeral tsasGea 

ba•• th• oapaotty to synU&••••• 1t. Liver coetd• 

llatee preao•laantly to tbe 1eYel ot aeru oboleat-. 
enl. Bile sel.ta ar• eyatbeetaett 11"011 Cbo1eatuol 
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and durtq th• process aome tree Cholesterol aleo 

gains entrance into tbe bile. Pla•a lipoprotein• 

constitute a heterogeneous group ot llpld coaplex 

oonststiQg ot Cholesterol abd ita esters alomg 

vt tb otber coesti tuents. Sld.n too contains fa'ttf 

ao14s esterified with Cholesterol as w•ll as freo 

Choleaterol. 

Progesteroue• and Testoa\eroae are dir.otly 

aeoreted. 111\tl the blood by t.be syntbeaizlng U••u••·'6 

'lbmll.&b c1rculat1on tbe honaouea reach tbetr tara•• 
organs. where tbe hOrmone is aetabollzod or tnaotl• 

vated. Tu aterolde ue tranaported 111 blood atrea 

in aasoolat1on with protelna. Tb•y b1Dd to albualn 

tu blood ~n-epeo1tlcally, while there are also 

apeci:tic b1Dd1ng protelna for soae eterolds. A 

oertnin traction of tho molecule& ls nl.o foun4 1n 

the native state. 

The esterltted Cholesterol and protein bound 

eteroid aoleculea would exhibit a dltterent d1ele

etr1o bebaY1or eoapared to the natlvo molecule•• 

Tbe aterold protein coaples would relax at co~t

dern~ly lower treqnenclea. Tbe rolaxatloa frequency 

of the native molecules would uot be very auoh 4ltf-. 

rent tror.a tbe Vlllue tn non-polar envlrouente. but 
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the lose would be modtf1od by intermolecular inter

actions. The b1:nd1t;tg of steroid to plasaa protoins 

plays an t~aportant pbysiologico.l role• alnoe 1t ia 

only the unbound traction vh1ob is freely exobang .. 

able wl th the estraYascalo.r and 1ntraoellulnr coapart

aente and baa biological acttvi ty. 8abiDOw1 te et 

al.57 obaerve that tbougb tbe aaoroaooplo cUelectno 

properties ot biological 8)11&ema cae be u.Dde.r•too4 111 

t•na• ot the GOleculnr etructure of vator n¥14 the 

&QOUDt of free (6Xl4 bound) water preaent ln tbe ayat•• 

the interaction of the 11el4 w1tb numerically atnor 

but ttuwtlollOlly s1gnit1cnnt bioaoleeulea will have 

ueg11g1ble iaput itlto the dleleotrio constant bqt 

may baYe t~~portaut fgnctioual taplioatlona. 

lu Yiew of the 1oreao1na co .. eftt&, the 

paraaeters 4•'$el'llllne4 tn the preaent atudy aud the 

obaerYation tba t tbe real permt ttivt ty 18 tbe ••• 

- 1JS the aoltd pha•e and in solution •ay help 111 

1deot1tying the eto.\e ot •heae aoleculee uruler 

phyetologlcal conditions and to aacertain tbe natur• 

ot interactio-ns. 
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