
THEORETICAL STUDIES ON THE 
PROPERTIES OF THE LIQUID 

CRYSTALLINE STATE 

Thesis submitted to the 

UNIVERSITY OF MYSORE 

for the Degree of 

DOCTOR OF PHILOSOPHY 

BY 
U. DEVAPPA KIN1 

Liquid Crystals Laboratory 

RAMAN RESEARCH INSTITUTE 
Bangalore - 560006 (India) 

March 1977 



Z Wareby dmlarr tihat the fhesrP8 

w u  aonpraed by m ind.peadenflf .nd, that 

A* h u  i-b the baaia for $he award 

o f  D . ~ o ,  D l p l ~ ,  A..ooL.t..hip, 

mai~~w UE other 81ri1.r title. 



aa~aposara by Hr. U. -tagpa Unf bared on 

l a r a s t i g a t & o ~  ~ a r r i a d  mat 'Is$ a* the %&quid 

tbisr theaia; has nart proriopsly fog-4 the baria 

of the ewsrd o f  any dogrcle, Upbaa,  arsocriate- 



9tha wsxk reported in $ h i m  t b r f n  wur ourria& 

@u$ \3~1dUF the l t A W U 1 1 3 6  @QOEDbl* ~f B1P&8800~1 81 

-n&rasekhar. %!ha author ir  gpr.tofu% t o  bLpr far  

him oonartant enoou?agmasd; &&tin+ aad aooga1~8.t;ion. 

!the aufho~c aXso wAlirIre,a t o  thank Dr. B.$.-tih 

for varlweb3le b f e ~ u e r r r i o ~  uad hrXp sead~red dur;Lng 

fhs, csoura~~t of thicr work. 

The work waar done budag WIe $mare o f  

Reaearcih Peallowahips from tha Indian I l a f iona l  Mlrerncre 

Aaademy aurCl *he RasuaRescraro!h Ym%itate. %he au%hor 

taatlg f he author o f  fm his $kink 60 

Mr. S. Ihghavmhar for %ypXrrg the mmusoxlpt o f  the 

thesir. 



Olont%mmm !J!heozrf of  the 
Bpdlp08aohaxri@s o f  #w~rr f io  

&&eU%d -$a8 0 * 



h r e  tb. 'rahw&o.l  propertia~a of a f luid (e. g. , 
d.oo.itf, 8UTfcr0e tnui~n,  ate.) at tha 

fbrr rrhw agtiual, dicbr8etrio and diar~rg;nati@ uriaotropy 

ra$har lib 8 oxyetar 9hir dygs o f  behorlow 58 Bw 

t o  fha p r r r f u m d  Ili$aa@nt of hi&hlf. &eotrsplo 

elongatad bQZ.cbmalea ~f whi~h these mat~rfafb are 

c ~ ~ ~ p ~ + a m  I B ~ ~ C P O ~ W I C I  l iquid o r p f d 6  w e  olaaei f ied 

bxoWLy &&%a t b e r  Bypear neaaticr, oboleeteria eind 

mma$iar Pa Ph8 nefiultgq tygq the m0le~~1188 a m  

uXlgned .ppsox%mately ~~arsllleZ t o  em another wlfh 

no pmftSanel mQrrr. rPhs $ B O ~ ~ I I ~ ~ ~ D Z ? ~ Q  type ie 

00~0n3;A8%4 r. ma0.d nawrrrrtio with $he axir af t w i s t  

no-I t o  tho preiarncsd roleaulaz &fxeo%onc, In 

slarotios fh+ auleauler are paokeU f n layere with 

thelr Zary~ u a r  arunarl ax t15Xted with rsagtacrt t o  the 

p2anara of Zhr layerr. 

t o  nr) d r a b  w i ~ h  the oontimam theory or mra*io. 

rrnd @holeut.riua~ Part Zws (O$aptsrr PJff lsad XX) 
ke 

urbodia8 m h r ( l L 8  oa, optlorl propartira of oholeaterloa. 



zs!&.J 
&ap%er 1 giver r br5eX dersorription o i  We 

Brioksmn-&errlie rra9nij;imua theory for ixurrlrarprearsiblr, 

~r~rr~catier (Erteltrm $962, Xisafe t968) whfoh i e  e~aent ia l  

to o f  tha p r d l n r  aonaidered hex.. In th i r  thmq 

the p r e f m d  bAs~@M@~a a2 ertenta%ion $8 dencrrSbeb by 

o U f  trotor $1814 @&.led UIa directnr, 18 assumed 

t0 be of Uoa8*& rrgplftudr. Oonssmation lay11 are 

wr5ttra do- f o;lc aarr , lineax rmi~atum, uagalrr P P O J P ~ ~ ~ U Q P  

aab eaaucgy an8 %ha tqtaatXolrr governing fhs rate of change 

bodp tosques i n  $emu @$ there ~ a s i a b l r r ~  For inataao6 

Ohr fkee erurql brmmttj rrhuuZd bepen# only on *he 

direator urd jtrr mltorntr. Ulso otreaeeo an& body foroar 

cur be re~oXv.rcla into eguiUbri\u (rtatlo) and no-epuiUbrAwm 

(b;ldrod-1~#?&$8~ Zha eqallAbsiwm past8 w ahanr t o  

be related t o  f k a ~ t i o a d  derivative8 o f  the free aarw 
darultg, dhilr %ha acj)*aqoSUlsrium pUCfia ~ a a  b4 ~XS)EOBI~& 

the d&rr,@$or, 



air aeamBiolr u"r fhr fo2lariagt ( 4 )  Ih. 8tnr.r diemor 

for a nwmfio: 1 but one of  @irr clrZarrtics aaa8f ant8 has 

no p u t  t o  p l s ~  in tha oquutiona a f  mo9ioal (3) Pho 

Q r r e ~ ~ a n k  rlutlol .ty %Rrozy o t  aua$iau (0rq.n 1933, 

(4) f n  any llLow problr  the ecp.tio~a i a?  the direator 

orisat~fiion anb Bhoaa for Xha vrrlcHiriq XteXd fravs t o  be 

rolved rrrinuJltme~uelg. IIP~SIP f rr r Btrsotr - cronrrepuenoa 
Chs 

of tntimte aougXing betwetlm thr r+loolitj ulBl direator 
L 

f is ld8,  whioh 8uranSfecrte Stself in the nolll-Bt#wt@nian 

bshaviourc of t iqu id  srystgdLa. Illre tirrrow toorqaxes .rJhioh 

txy t o  defonn dha dirratorc orientation rrr! oppooed by 

fhe restcrrlng @laatfa torques &&ah axle* lroa tha 

rmahoriag of the bireotor at fhr: bo-trjr~~. Illany o f  the 

probI .e~  in this theale 4a.I with daO.il. o f  thi6  non- 

Ilrwtorrfan flow. QBI b i f  P a ~ m l i i a l  rquat8orm Ri aatSoa 

u s  in generail hl@y n o n - l i n e  und oaana* b s  rolrcrdl 

rxaatly. DOuoerloaJ, tmhniqucbr ~ 4 8  au the four% order: 

Buq~e-Kattta mthod und the orlha(lorrl oollooation method 

have been w e d  in fh is  theais for  rolvAn& the equortlons. 

%he $ha* $&ow of nerraratier (flw betworn two plane 

pa;zraSlsl platear with oae plate rnovinglt rellatircs t a  e e  



other with a eoxmtBXYt te3aaAty) $6 one of the ejaplest 

o f  the flow geo~rstrier wheroin fobaturcps of the 

studie. ma th in probln (Porter .nd Johnson 1962) 

Indioate8 tBa* at h;L& dheax raterr the ~ ~ a r e n t  tirrrrroeity 

q (Bsfimd a# fhr PaeSo oi qpplird shear t o  the average 

r @ l o o i t y  gmdient) appro~ob.8 a ooortant ri lur , indepsndont 

oS elwar rate and #e bir~etocte brtwcren $he plates. tarslie 

(1968) ahowed that thin brhvioG can be acoounted for 

on the besir 05 tho oonfS~up0 theory, He e v a  workad out 

(Srr l ie  1973) bhr a S i 4 ~ t  o f  a m ~ ~ g n e t g ~  f i e l d  appri ed in 

the g l m  .of @hoaxr lulerioat2 @&auTjartioaa of apparent 

viroosity Aa thrr prrrenocr o f  a ~lrarg!mt;icr f i e l d  f n  one 

pa~ttoular geosetm (perpandioulu dlreot or act ant ation 

at  the pXa%er orrd a aa@eM8 f ie ld applied perpeadicrulor 

Oo the plat..) vu o d e 4  oat by iinlyraon (1974). 

However a rroarlplet8 &xeis o f  $be prob2em need6 a 

detailed croarlberst,tcra a i  other posreibls geosaetrlcsr for  

flarrotion o f  rhem raZe and af  smtg~ndtirs  f1e14, for iiajldrr 

rrpplieb el the^ parallel as jpel~psndlarlar t o  the plrafets 

the pla%es. 1~llllliI%r AII right plorakble geanrstr;te~ \ 



t o  both the relolrritiy and t a  tba rsltwity gradient and 

in *&oh the dimatic~r daas no$ Z?le i n  a plane are 

d f f f i m l t  tie nrul;~r~a aiad brave not been aonsidered. IPhe 

oeher i a u r  $8or8triaa have besn treats6 In betaS1. Thr, 

@xtho&ondl aoU@aa*i@n nethad has besn uaed fsx  so ldng  

the 4 i S i e r m t i s l  aquatioars, Sebough the oaloulaitianr 

perlrain t e ,  PAA %he csoffolrurions are &@nar~aZ. I t  i r  found 

tha* for aynetr&cr direcltor orientation q &a# a r a w  

Q whhih hi. isdepaaben0 of #hew rate at low ahear rate.. 
- 

Rowever a% $he shear sate i e  incrrearsed q dacrtbaraesu t o  

lower valor8 syl,prmuWqg ragan a crons2;carrt 3imiting value 

Q,, at very Ugh 8hq.r nte.. Par the uymetr&o c~r.2 

cruxas f o  the gbtm inorreas~e q w h i b  a f h e l d  appUed 

along t b  flaw dlr.otlcrs droreasrsrs A%. Mother interesting 

xe~bult 2. O h a t  at law shear ratcis for the sym~aetr%~ 

bowPdarg oonbit io~  wia a m a p t i e  fl lald parallel t o  tha 

flw s t Ud A. indqeaant  o f  the i i e ld  till the f&e1(1 

beyond Ifo q d e a n ~ e a  .pproaohin(t the value q ,, a$ r e v  

srbeent In the odtsa a f  arpmetrf cral dimator allgmslld;, 

Orientation aZM v(ll005t~ proifleb at  4lfferlbffP; f i e l d s  and 

aksar rate. far  bow Cyper of  boundar~r crondXtSon a l r m  



shear ra*e or f i e l d  atmngfh, aireator orientation i n  

.the f lu id  @hang.@ from the eqaiXibrium value. A$ high 

value8 of #ham rate ar f ia14 applied aloa(l the f l o w  

the dirrabor orieriaatioa i s  netmly parallel t o  the flaw 

exoepf rrcscnr the botJn8arS~s where i t  revertre b a a  *o the 

bow¶arg +aloe. Zhe2r are inUAcrtat ims oi bouadaxy layers 

exiartiag a6 hi& enough rhoax rates. 

In Ctbaptsr III fho n o w  of m nsauatio i n  a a i r e u h r  

tuba (t ie.,  P@S#ruillr Slou) haa been rtuclied. The 

experirntal i h # $ l g a t i  on8 o f  Piahsr and Predriok8oa 

(1969) In&$oatrr: dhst q $8 a semitivet funatlon of &ear 

raea slrd dlreol;ar: aligmmt st* the waJ.1 of We tuba. 

a e f r  obeemrrt5one wera juaQZg 8ocrountad for  by Zreng 

e t  a. (1972) Jho 8olvad i w e k ~ o a l l y  the differential epuatiom - 
0btpilp.d by (1970). In this ohapter the eZf .st o f  

~onsibared. By 8 prapes @o@rd&nerte traasforaatioa the 

equationr o f  motion oaxr br rol.re& mmerAcrr3ry by the W ~ B -  

ltufta m8thod t o  yilrld b i l ~ e ~ b ~ x  ~zientatAon and ~lr-Tooitf  

profiles. Qalaula~Aone of q a8 a fumetion o f  the rafe o f  

i l w  for) dffisrulrf rdLuss o f  thrb oogaetio fAe1.d ahw: eromo 

inte~csxeting reuul$r. liven for rna&aetb@ i ielt lrr 0;3) moderate 

.treng$li q dearraaar eoas5dertibly due t o  the icrligmeaii 

ef teat8  of the i ia1U. A$ q rheo ra6e,f nare&q Oh8 



efZe~t on the raXeoitg and osieatatiom proftlarr 

taloaity prai i la  beaomer parobollo urB. misnta0im 

proiile ilat at vary Ugh flrldr. It law d u o  bean 

found that in thl9 f ie ld  free oracre no~h0lsoot;r~pi~  

direotsr alignment a% the Wbe w a i l 1  eonrridersbly dlt;emr 

q ircm i t s  value gar %he honraoirro@Aar Q~LBI.  %Mu feature 

of t;he oraloulatiom ira i n  qudlitatd~e ~ e e t a s n f  w i t h  the 

Qhggter IV d e a r  wifh Qaucrt.tie f lew o f  nemer~crs, 

i e s e r  fhe f l o w  oonf%ncrd do 4he Q X M ~ U ~ ~ P  rrpsoe between two 

ooourial oyliaders w M a h  mf ata with difieranQ anmlsrs 

velouitierr. Porter aa8 Johmon (1962) 5s thafs Qwettr 

tiaolometria: arfudiss on P M  Pound $&a* TJ, a* raw hi@ 

ahem ratepi aft&m a vatla which 48 fa&opeadeza* of' 

shear ra%e and that  it irrurztearrao w i f h  decrraarf- amp 

widdh. Atikin and &aslie (1970) m k d d  out the exrat 

theory i n  the fie2d-f~aar @are cnd foruatd qua2ltaf;lrcr 

agreement wifh tb obsetratiom o f  Bortrrr urd Jehnaon. 

Gwr is  (1970) extraded their theory *o iaaluds the rffeots 

of a mrrgnatlcr f i e l d  and invesetiga%ed r mm&ar o f  posdb le  

solutioaa o f  the equati snar o i  ollotAon* Bewsvar ha, d i d  

aot  inoestfgate apparent vierssoslty. Xn War ohapter the 

diffrrential equations oE Couetts f l o w  an t;he prarseaos 

of r a d i a l  or aerinruthal magne%ie f isldr hare bem m i r e d  



at  in a more rirap2.e aranner, 891d have been aslved 

nur~sriodly~ Ucrloulrfio~ o f  1) aa a funotion o f  rheecs~ 

rate, of fho rat& Q af radii o f  the rrylinderrr and o f  

amgaet4a g i e ld  for 8yam%rfo urd asya~aaetria dirautor 

orientatSon at the tvs tlylfJlberra ham s lro  been prcssented. 

me &&portant rreulC8 ara (1) q desrrraursr when the =tie 

of the oubr  cryliadier $0 a e  inner em imreaasa. 5 d a  

i s  in qualitatire m e m e n t  wfth the results of Porter 

and Johnaon, (&A) In gmrral, &'or any value o f  the s h s u  

rate o r a i d  f i e l d  anhlutoar q whereera an azimuthal f i e l d  

d ia in ieh~#  it, (fii) Par geqp widthe whish axe ma= 

aomgat31.d t o  the av8xage rradlur, the xsrultar of the ei-18 

ohear f l o w  aro reoarexad. !thus f o r  example An the 

perpendiuular direator  orientation, at fow values o f  

ahear rate *an ur admut2a.1 f i a l d  B/S 1. app1i.d a 

arit ioal  ra2ua 13 I)* i a  f o u n t .  Por B ( BQ g athtgb 
t D 7 B  7 

ulW.r~t.1~ at t r in lq  the ~ d l u e  q,, for hlgh f i . 1 4 ~ .  

!&is oriltfaierl behariowc Is ubssnt iox! esymmetrio dArsotos 

oxientptioa at the eyllnderu. An aqma.ion for 11, ha8 

be- derlLred ham for the first t h e .  X t  irr found t o  

depesd on tho ratto lI1/l$ of %ha ndii o f  %he inner .nb 

artax oylinderm. Mul R 1 4  A ~ ~ . ' e a s w  iron a low value 

3, 81.0 L D O X ~ P . ~ ~  *in for Of 81/82 appZOo@hin(l, unity, 

B, approaohe8 Ifot the oorra8panding value o f  the o d f l o i l  



f i e l d  in shear flow. Orientation and velocity prof i le~r  

also a h i t  borne i n t e r e s t i ~  feature@. For mall gap 

widthra and $or symmetricr alignment of  direcrtor at the 

w a l l 8  of the cylinders, the orierrt;ation profiXepr are very 

nearly apmetrio, In general the &8t  o r t i  on inurearses 

with imreaeiag sheax rats and asimuthal f ie ld .  A radial 

f f e l d  tends t o  deoreasre the extsnt of distortion. But 

f o r  gap widfbQ osnparprble t o  the radi i  the orientation 

profi le  i a  dist inctly.  aeynme?tric,the asymetxy decreasing 

wi th  the- ratio &/Rtl,. For the a@pmetdc ease the 

~xSente,tton prof i l e  beoomea more and more dltrstarttad with 

inoreaefng 8hear rate an8 with inoreasing vaZus o f  

a%imufhal or xa&iaS field. 

Zhe mn-XUewtonAian behaviour of  cholex~t e r r  trr liquid 

cryefa le  i s  strikingly different; from that of nematioe. 

For exanple r] o f  eholeetcarfoa can incsrease a million-fold 

aa, the rhear rate deoreaaetii t o  a low value, Melfri~h 

(1969) proposed an explanation of the aaornalously high 

value of q f or  low shear ratee i n  the Poiseuillef flow 

geometry by aaarrua;lag that; the choleert%ricr flow8 along 

its helical  axis with the moleculer~ srpiralling as they 

move down this axis (but without the he1iuaZ atructxre 

itnrelf moving due t o  the anohoring effeot% of the boundarg) 

and that the rcbloaity profi le  is fL&.  He ahowed that q 

should then be direot ly  proportional t o  the aquare of. the 



tube radiru llrnd intorrely propor%loasl t o  

the rguurr af the pi%& and indeparrdent of 

the shear ratio, P U r  bsbhoviumr ha8 been 

a~ml~rrrcrb fa  Qhpter V b~r tusfng the aontinuunt 

theam ef crhelrrtrriorr given by Xlselle 

(196Ba). !be main feahursr @f BeUriah'e 

it bsiw a e o e r r a ~  t o  aalca ~aunrpt ions  about 

tho aaahozdq of fhe rtruotwte at %he 

rurgli@'bl?y fhfn layer mar Wir bow- .  

JUsa $ha u ~ e r 8 i o a X o s  ~r) $02 Poiscruillr 

f l o w  rM9aer '0@ that by 8elfr5a& t o  e 

very U&1L 6egzeo OI ~ Q C ~ \ E C D W .  2ha aaae of a 

slae1rrter;llo aowSrsg rallan$ the heliaal eJi8 

between two f ixed ; p e r r l X e l  plater under the 

aafiaa o f  a prrrmre gradirat harr aZso been 

worlrcld ou* i x r  $hl8 Qbapter. Again $ha apparsnC 

viaoorr i t j  urd the wlcmit;y proflle exhibi* ua 

aaauP'lapl behatiow. 



Ohole8te1:do f l o w  perpaadiaular t o  the b L i a a l  

u i a  waa theoratiorl ly  studied by LeuUe (1969) f o r  

tha 8hesr flow geomet~ .  PW theow R ~ @ d ~ a t ;  that 

af: v e q  high ahear rater q rhou3U attain a a08mtazif 

V I  the dUfersnt&al  ~~quatLonr of  Iierrlie have be- 

nur~~ztcr&Lly 8olved by the ooUo6a%%~a mChod f o r  

shear f lw nonnaf. t o  the iEerliosZ us: c!f Iwiaateb 

u a  notion ef the veloolty Y oi fhs amgrag pfafe,  

A t  low @.hear rates (or apaivrlantly for l o w  value8 

O f  V) r) tewZLsl -989; 801111$49f. & o ~ r e ~ % W  

the #hear ra te  d o r o  P aeFt.111 eritfor2 ralru (1 

deoreoses oad at Ugh &boar rzatar a%tea i~  sr 

ooru3tanf lower limiting fikSua. 2Ma 1111 i a  ~ual i -  

tatirrs argrsemexrt with the experimental rem;l%te of 

aaabau 2fr a. (1973) on the ~ o i ~ e ~ i l x a  n o w  of 

twie~fea neaatic Memk XV. 

2he varkation s f  q with tlro piteh si the 

rfruoturs 1s a380 equalZg in%crrurUag* 20 fa~ilitsrte 

an analyticd rotueion the sagSon o f  rexy lw Bb~bliir 

rate hag been ooasli4ered l a  Cllrrs iollowAng g~oxp6triea 

(i) a m  between plater with om p h t a  r r o r i ~  



2ehfi lpr  the 9thert (12) Eoi88uill. 

(Illhirr b e  hea aorutdsred here fez the M r a t  

 me). rrb~urpI t&o 4 f S i e r r ~ a t i d  equations for 

8eneral. ralrur. 61 f i e -  r a t s  asra quite aonpUcatcsd 

trhay braon v w  .imp18 at 1- ahear satar w b r v  

dia0orUow orua rrlro be r r r n u ~ r d  t o  be law,. %he 

re8uXtr foz law rbar rater urr the followiagt 

(1) q 18 Ardepllbrmt of the . h e u ~  rate, (2) q i a  

a fuzwtion af f;hs pit&, fa a gIvtrn gap width 

(aoll tube sadlur). A8 the pitiah ir ils~~reaerd 

q srthiB;lfs aa osctf2latozly barharfotlr! fha ooa1.llations 

b s o o a r j ~  ma70 and a-o gxonouoocrd O i l 1  at a 

particular r 3 9 e  ai the p i t o h  (detemnimd by the 

ssulple t h i o b w e )  $ ehaota to  a peak value a and 

then b a a ~ a u e e  loo&ttrnsowJ.y ry)proaahAng the ra;2ue 

'I I, crorrerspondiiryt $6 fhe o~rartarg aeraetio at  

pitohe8 apgrt8.oh&ly i*bAw, (5) me peak v&W 

qM ean be a# high a8 l r  65 q ,, in Poi8euZlL Rw. 

It rohouldl be pwaiblr, t o  obs.1~10 thase ixrkereriltiw 

$a far %ha ~ r o ~ ~ 1 ~ 1 6 l  propestisre of aeaaraticrr 

and ahdlerrtmAor heir@ berm bSaousse4. Zn Glhapter 'BXf 

r ra  oomidrrad arerfaln rtratia diatoxtionrr i r r  l~laanatior 

whlah give f i r e  tcp arhurao9aristis optisdl tuxtamerr when 

a ahla f i l m  911 fM Uquld o r y r t a l  f s  t iawed throuigEh a 



polariaixrg miotosoopo. ICheee textures arise Cram Una 

uir&&@aritltr# whiok have b@e t o  ba tanned cae ditauli~O5ana. 

A biscrlSna0ton $8 aurigned a strength e 4arfiaa4 a8 one 

four th  +he nurbar of (bzight or  dark) bmehee et~u?fSng5 

from gf .Pb a olgpa whioh 5s poaib;ivs or negative depend5ng 

upon whefhor, when the polbriserrr tarre ratatad, the bruehas 

rofiarte in $ha #ear dtseotioa or in the opposite dfrecraon. 

2he moleau%ar &@ima~at around them diac3Unatioa~3 -re 

deuoribd by Oaraa (1933) and hank ( 1958) aod their 
- 

propertiiea we= ilweartigated in greater bela;LS. by lstahring 

ond Sap.  (1 972). crPlt p-- Bowlaver the aorumpti on 

that i s  usudkly asad* in fhese discrurssione f rs that the 

why and b a a  alartio @omtanto are sgwal. %his 

aammptiorr $8 g@nera312y not aecsucerftb and in parfiaular 

fail6 aompSetcely naar a sanecrti o-nematia tramit ion poinf 

(exhibited for instance by CBOOA) whrrr the bond oZaafio 

oonstaat; l*rurrrrarro t o  very high rsnlusa. Under these 

airauuircaoer maso of the featwebs exhibit~ld by dSsalimtiolas 

may be axp~s t~14  t o  @haage drastically. Xn GhapBer VST 

fhs d l f  ferclnt;ia3. rotquatiom 8;overning the direat02 oricexrtr%lm 

around a siquluitj. has been set  up for  the ggentarerl om@ 

ox ux#qu&l #play urd bend e%arrtio ooa~rtacats, 2ha equation 

whish A6 maZin8ax bar been rrolvad nus(~rla&ly b;l the 

orthogo& aollotra~lon method for  aBWA wia$ tha ,xperl- 

nenW %at. for the e&a@tio ooniltaat~ of thia ooQp0PIld 



efJ(BrWr bntsravrrtSan (bzst~xrgy and the direofor orientation 

at d i f f  went tuparafuF4s An t;he nsrS&hb,owhood sZ t;h@ 

cshwws gmduIl.4 r r  fhr t4mprl)xat;UTe appxcmakee the 

tgmtaSt50& 314 gar%Adid~ the lollwiw sesults ore 

warthy of rrp.olil awdionr  i )  m* Lntecaotion enexw batmen 

+) mit 3 8s-u;. ~IWI;P.W~. much nore x a p i d ~ ~  than , 

UIot brtrnen +i and -1 u tha c e o t i o  phase reanhed, 

rsbowixq that %he forrnef pa& has a greatex grreob&Xlity 

of  briw axuUi2srteb than the latter tlmx the ~BBLQUO~Q-  

those of -1 anU 44 dmguladf iea inor6ta.e many-fold u 

z3hxiLU 

!!he eeaegd par$ QX t;hasfs deal8 wSth so8e 

thesrelicaZ work @a the ogttcral gropertiear of dholertrarri@r, 

fa  pedioular  $ha rean o f  large pi t&,  aucsh loxger than 

the W Q V ~ I ~ ~ W &  o f  %8 O O W M ~ X ~ *  %he o ~ % $ u ~ X  

propertiear fn thSr re&sa have been lrtudisd srper5amtall~ 

i n  Qeta&l i n  eStl0wer or' Hgh4- raaCl lefB-haaded @holerr%ef:icre 

whore pitoh ~ p n  be rrooti&aotusLy varied (Made& 1922) r 



.trmsp+caZura and coloorpositisn, For 4ny pxWmlar 

icrsrnpaaitian the pitoh approeLcrhr8 inf%niv ati a garfitm3.a~ 

tagenture ( a i l l a d  thr aaat iq  +iem~*$aWq+ be~@nd 

whIalL i t  ~ h a ~ l l ~ ~ e e  haa&@dne8dlr 2h1) @p*t@al mf a00ry power 

rmder;e(oea 
the p* Zn,l$ 

invereion u the trpera%uza i e  w i i d  .orear ' 

has been Ctarlslaped, Chandrarakhar md 8rAnfvermra Eao (1 968) 

wed  Joncrs c~aloulua fos working gut M e  'optisdl behav5aur 

has been srxtended bere 40 ma elas* a t  omuprrrraatslrd 

ehoXeatori08. The irwSefed ilSruo*urrr i s  trssated as a 

belLcaidZ mrk;aak;lag of bireSrA~enf layers. jonsr ~lertriaea 

of fibs varioul layers are W P i p U o d  fa$eWer k, gat the 

givers the po2arriaest;lon stpate o f  a8 sl~elegea8 light for  a 

given izmideat rtatca of poSerxixsaQXon. %he dl8 Vriera 

equation lor optleal rota.i;org powr (whish had@ far  

pP > 2 ) (~\p)P,where p i a  tha average refraotlvr index, 

';1 tho wavelength, P the pitoh a d  p the blx~fxingsnos) 

has bees shown t o  be vaUd 90l~ tare@era.tUrs@ wbloh ara far 

w o v e 8  lron T g e m d  no% in the vA'ioinLty o i  Ta where ths 



that 
of  the temperature. f t  i 8  found on beating the optioal 

L 
ratat~rp power incoraaol*+, rtf J n s  s mila31.3srura before 

faliq$ t o  HZO at Zg. On tbrthe~: heating the r o t a t o q  

p o w w  ~hmq$er eim, inaxar~in$ t o  a seeond aaauiaw before 

dro~piag ~ a l a  Do l s n x  values. Alsro M tho ample 

Wrlakmso i a  Inrrremcrb the tanp~ratu~es aorqmpoading tro 

the rwiu af optleal rotatory power approaoh %he 

raurima alas faolpsasr in nagaitsds w f f a  inoreaarin($ srls~~ple 

t;hiokncbrrr. AX1 thrrc, ~ormZusf om ara in ooaforsslity with 

the detailed rxplslrirental obsarrstf olae crerrrried out 

r.oentLy by Sureah (1976). 

ehoXeart~ricrra i s  the eubJeat marttor o f  thle XX Obptarr. 

$aokmmn sad Vaaa (1 972) observed tha* when Unerasly 

Biuhroio ma3e@uZei# a m  UAsrrravcrd ha a oholatmtarla the 

oogtpenarl;rlsd ahaXerderfas, wlith rbsoeing dm moleouler 

dislrolvsd An Zhes, have be= o a r r i r d  out rsasntly by 

( 9 6 )  -a it i r  f w d  fhat -8 de Vrierr 

equration axtenilrd $0 abaorbingl syra t~Zal l8  t o  aotroun.b 

fox the behariollr mar Z1. f n this ahaptrr, fbre rfgorourr 



$hao~j  devuloped fa  tlhapt er B f f  f ha@ been extandad *o 

iaala4e th. r i f r o t  ot rbsorp4ion. CiraaZor dlohrolo 

power hu bemi orJlou2ated arr a fimtforr of temperature 

ruld o i  rruple thirrlcmsrr. Ilbe di(ahro1o power, like %he 

rotatarj pawar, im#raas;tbe on inrrrrparriw Phr, tamp@ ratwe, 

aftrim 8 aaxknou anb than deorrarrars baood21& sero art 

the muti@ tuparatwr !I!=. On inoreasin& thr trperstrrr. 

f'uxthrrr tha & o b i #  power ahangem aiepr, again attrrirarr 

a ~WLUUI ulb then dra1:eassr alppraaahfng ra ZQW value. 

!the dicphroArr power erhibita we& oorolrl~tions at 

temperature& f u  M O Y ~ ~  from !I!#. Alao at any @van 

oeuillatisno when the thkakneab i e  varied. %ha theosetioal 

prediafionrr u a  in quditat;Sre ae;~eemea.lb with the 

S m  af tha reaaaXto %assaribad above hatrcs been 

1 I 9?heorj og the 6 p t i e d  grops.r"tiar of  noxl-abar@@bing 
eapgemotsd aholesterie l i t p f d  o r p a t d r  ( w i t h  
8. Qhanbsardkhatx, Q.gl.-sma%& and P~A.Elurodr) - 
no&. t i p ~ i &  a r ~ t .  (1975) a, 201. 

4? OpfioaX p~opert;fes e f  mixture8 oli ril&hf-Web aad 
l e f t - W . 4  oholeoterio l iqvl id  @ryeto218 (with 
O.8, Rarrga~WQ~, 8, 4Zhan8xaaekhorrl 3C.A. Sure& and 
S e  lh~...hur) - Ohme Phgso (1973) Iq, $56. 



3 Qlreatlar 8iahreiao in a5Jfusas oE right- d left-  
hanated ~1holrcstericrr ( w ~ t h  G * 8. -anal&, LA. k s &  
m d  8.R. I4aJyoprl.n) - Infernationd hiquid Ox?ystal@ 
Confe~acra, Bmagrlorrl, 1975 - Pramana %q?plemnf 8o.1, 
p* 353 

4 IIWfeot lof un aUJmagpletie field on the 2oirruiUe 
flaw O* a m a t i .  U q a d  cr)..tal; (riDh @.l.l&igan~~h) - 
PX.~UU (1975) &, 19. 

6 Che effocr* magneticr, fi  ddrs aad bou~;dsuc~ oaudit$om 
on tha Oouette new o i  ammatiom - Pramma (1975) 2. 225 

7 ll'he effaiot sf ropnrrtfo f i e l d @  and boundary aon6rLtio~ 
on tha rhcu n o w  o i  nolsatio. - ~rantuta ($976)' 2; -378 

8. WnguXariPIa, ;Ln narpaticrr - the effeole o f  slrastia 
aoarrtmt taxArtion (with CC*S,Ptanath) - Net. Cryat. 
Llpoid Q r y m t .  ( in  prcra). 

2he preaont writer &a &lea rr rro-euthor in the fallowing 
publieatSonrt 

9 %he *heor). af nfleliexk an4 tramu$smioo by pLsnr 
parallel  oholesterla iilu (with Rajama lityamu.kda) - 
Int smwtional Uqpid Cryrrtala Qoniarlincre, B ~ a Z , o m  
1873 - P-~ul, w ~ l m s a f  BQ* 1, 9. 311. 
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