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J u l y  26 ,  1973 

Thi s  i s  t o  c e r t i f y  that E r i  G. Vasudevan 

c a r r i e d  out  some s t u d i e s  i n  our Laboratory on 

t h e  o p t i c a l  p r o p e r t i e s  of c h o l e s t  e r i c  l i q u i d  

c r y s t a l s  as a p a r t  of t he  experimental  work 

r equ i red  f o r  h i s  d i s s e r t a t i o n  f o r  t h e  iC.Sc. 

Engineering Cegree ( ~ a d r a s  ~ n i v e r s i  t y )  . 
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Chapter - XV 8 

Chapter - V 8 

Optimal Pr~prlt~ee of Chaleaterio * 
Liquid  Crystnlr Prevlaus rtudicm. * 
'Sheem sf Lirczht Prap~~f l t tcm wlmg 1) 

the Optic! Axir of R Chaleeterla 
Liquid Cryertnl - Infinitely thfck e 
~ ~ e e l m t m .  * 

Theory of Ltght Prannrqtlm along a 
the Optic Axie o f  rt oholestesfc 
liquld cryetnl - Fllrna of fCnfte * 
thtakneee. 

u 

Pafncnre sphere and Jonss Cnlculua. * 



The dlac?atter;y of the chalcetsrtc t m e  sf l?qutd 

dryfttnl colncfdee wlth the diecavery of the l tguid 

I 

the firfit few cagapounde were aster8 of chaleeter~l. 
, / /  I 

/i' 
Ths chaleeterlc nhakie h n ~  n atrueture in ~h-foh 

,/ , the maleculee are nrrnnped in layere ench l n m r  cmniat-  
/ 

in@ af m@lee\lles ~lified anpraximtely nhrF?th5% t o  

one another. However, the directtan af nlfrnwr~t nf 

the mr>leculss retstee conti.nuatra~y an qovinp: R]~@W with 

the narn-1 t o  the tnver~ (fin. ). A hom@~enflus rpecl- 

man (referred t c ?  ne 'P1zme teaturo9 or *~tmtotuso h 

nlnns* ~f thte phaee) exhtbfta certn?n unraua a-ticnl 

nrop~rttea that  r ~ n A i l v  dtsttnm%eh its tram the other 

two l i q u i d  cryetall?ne phnses. In th'e  elneatcnl 

memoir on lfqutd e r t t ~ t n b  FPdedel de~crtbed the 

prmerttes of t3e p lme atructgre in thc Pallming 

word6 ( 1933). 

"LR stmeture p l m s  dee carps ahaleaberfques 

possede d@a cpr hcteree trea pnrt?cullers, en nnrtia 

reafirgtlea ilenuCe long temp, et qut fmt Re In phase 

chaleetertque un tripe de m t l e r  bten ~inmlter. llfe 

eoqmrte, en nremier 1-u, dea plrt~ea  ~wtffamee, qui 

d m e  1st etruct~tre n plnne mrft?.f te-ent r~gtllr era r xistent 

aelvea e t   ant artentees nnrwlement n lnxe ontlque, 



cem p l ~ c c s ,  onsrrweear en Zu~rieve nntllrelte, nr.s 

reflsxlanlf d f .'fieen t de v4 vce ca~llevra vcrtnbt~n ~elrme 

l'lnel4esnca. Entre ntcale, ellea montrent dc BPB 

cavlevr~ qua ne chstn~ant m s  wr rntctron *a  1~ n l ~ . t t n e  

et qui eont duea en pnrtie a un nouv4tr rotrtaive en 

~ s n c r n l  excaneivament fort, a t  en wrtt ~ 1 ~ 2 ,  come 

nous verre?r@, n une evtre, cnuee. Bletn rerulterere, / l l , e ~ ~  

sa mantrent, drzna des condltiona cmren~bXes dgab ervp- 

tian, oomopeeem de ntrrte~ 4 ' s ~ ~  es asniasevura Ztrnftsee t 
nnr Aes surircea 8s A~acantinuitc ( p l ~ n s  Ae nr"ndje~m) 

ces trwia cnrcctarem, 4 ~ 9 f 1 1 ~ i n n  de c aul~ur~, souvoir 

ro tn fa lve  eZ ~ r e ~ a n c o  4en nlnne Ae ~r"t?ljenn vent 4n- 

tlmammt 1%as leun n l'rautre st n'exta"ent 7~18 Ittan 

a m s  l ' n ~ t r e . ~  

Since ' i t s  d-lcavery there have been R nunbr r pi 

experimental fnvr~ti~nti m e  nn4 R few t~-enrdttc~:l 

etudies an the rswr?~ehle anticnl prnpertlaa a f  Lhtw 

phoee, but f.t vtauld be f ~ i r  t a  any thEt nray o v n r e t ~  3P 

theme phena~ornrc? hcve not yet  hl m fully u n d e r v t ~ o d .  

A brlef sumnry of the prliant; rew~ltrs of there fnveptf- 

&%la is R~VETI ~ ~ I C J W .  

Xn Chnpter (i) fire% J.(PV!CW the e x n c r l ~ c f n t ~ l  f r .ctd 

rc~nrdtnv thr m t t c n l  nr-nertiee nf chaletcric I t q u l d -  

crv~tnl, viv., the  verv h 5 ~ h  ~otftary nl)wer, t h ~  ~elcctlve 

refleetton nf cfrculnrly -olnrt-d light ~t n c r w l  . 

incident ant? the mor?olaua rntrtary d~anere lm " rnmR the 





In chapter TI we A i ~ a u e a  a new -arronch n?tt 

fomnrrf by Mnndmeekhnr ~ndfl SIPlnivRea Rr?a (1968) far 

&mlr,nin~ the ant ! c ~ l  prapcrt! ea af chale~teric ltqurd 

c r y ~ t ~ . t a  far ltrht pronannt%m alone v f t h  antfa 2xts 

for tnfinjtely thfck enecqmnn. The gffeet o f  n nlnte 

of anfeatranlc mtertnl such ns n crvstnl, en n ~ n T l t -  

mnted  hem of pal~rfecd l t ~ h t  t w ~  he ~enreeented 

math mnticnlly n@ n ltnenr tr~nsfarmrtf~n of the 

cempanente nf t h c  electric vector of the l i<7htr  'Fhe 

affect of h retnrde$lan blnte ,  or Pn nntaatrantc 

al\rarberl ar of R ervetnl ~ O P S B B S ~ ~ E  ~ptZeq1 ~et+oZty 

m y  be reraserented ha a mntrix operator whlch m c r ~ t c a  

on t h e  c?'lsctrlc vector of t% fncfdtnt l.L@~t. A nlnnna 

wave of Light ehnra~terterd by the phnses mil mwlttudaa 

of the two by twa matrix, wtth mntrix clcments in -@nerpl 

connlex. Yne fibatre fdeas t?ere f lret 4eve l~ned  tn 

detn i . 1  vaith vrrj-sub apnller.ti.anls by R.C. Jones -h n 

series of pfipsrs (1941 - 56) m d  the ~ ~ t e ~ ~ t f e n l  mrthnn 

came t o  he b u ~ n  ae the d m e s  c~lculurr. Wi? ahn?l 

now develsn n theory of the avt lcr l  prapertiea ef m 

inf lni ts ly  thtck chalaateric l i q u i d  cryfttnl ?er 7 l t ~ h t  

vrmaqqt ian ~ I o n n  thc aptic Rxt t?  by the nnnlicr%itrn 

of the J m e e  Cstculus. 

Xn Chneter t i t  we) ~ l h ~ l l  A4preltae t h ~  cxtendttm nf 

the fibavs tkewy t a  i i l t n s  of Sintte  thitkne~e, RB 

encountered 2n nctunl pmottce, nr% ~ i v e n  by Chrnrlrr~elmr 



~ n d  Shnahidharn P r n ~ a d  ( 1990). The, fipt tort1 ~ r n n e r t  TPP 

of thtn Phlme! mny be expected to bri, ~lf.srhtl;tt n?ffsrent 

from thnt of v0r-\r thlek b ~ ) ~ ~ i q e n .  We ahel?. thrr~foro  d 1 C C  us3 
C ~ ~ ~ Q - S J O ~  

sxdsznd the theclry of reflectfan, clrc7rl-?r 4ich~erjeern 

Tn chnpter iv we shrsll ~ i v s  s o w  dat f7 i l cd  ~x-erf-  

menta data Ear ratntory pmer md reflectfm. 4-8 tve 

ehnl l  eec, the theorctqc~l bredEctim~ crt In -!-.pee- 

ment wtth the e'bperoed phansnenn. 

In Chnnter v ws d+r?crreer thk theory of 1itx:Frt; prn-a, 

g ~ t i t m  nnrrlrzl t o  the ontic R X ~ @  of r\, ch~Pecstc.r.Xe 

ltquid crystal. Re hwe an f n r  tnveett~nted thrare 

tlcr!lly mA exnerimntably the wrnpaff-tlm of 1f~ht 

n l a n ~  the oatic nxjs af  the ehaleaterie liquid cmetnla. 

The qanerftl @&reemant between thcorv nnA exgos2vnt  

canffrn thnt the mndel t h n t  h ~ e  bcen ~esumed i e  c @ B ~ = -  

t i n l l y  correct. In t h ? ~  chngter we eshe.11 cnnaftJer 

the prwogrttm af l"ht nt  rC~ht nnnles t o  the v t i c  

~xie. 

When 1 L ~ h t  %a !netdent narnnl a t  thr serrp "xi8 

o f  ~ 3 1  homcvne~ua sneci-en af chblcateric Itqua& 

~rydtnl, come intcre~tin+c effect@ nrc nneerae4. Tf 

the fnelzlent: h c a  i s  nnrcllel il%frrtct.lon nntqt;sme are 

f a r ~ e d  on R 4 i a t m t  bereon s a n ~ w h ~ t  ~ l m f l n r  t o  &Pose 

produced by m optlcnl nrnttn8. The88 nnttsrna sere 



observed by Sackmann, Meiboom,Snyder ,Meixner and Die tz  ( 1  968). 

If t h e  specimen is  observed by through a mic roecope , a l t e rna t e  

dark and ( r e l a t i v e l y  ) b r i g h t  bands a r e  seen. Uhen t h e  microscope 

i s  moved e i g h t e r  c l o s e r  o r  f a r t h e r  away from t h e  spec iman, there  

i s  a r e v e r s a l  i n  t h e  p a t t e r n  t h a t  is, t h e  darker  r e g i o n  becomes 

b r i g h t r r  and t h e  b r i g h t e r  reg ion  dark. These were first observed 

by Robinson and Ward ( p r i v a t e  communication ). We s h a l l  now 

d i s c u s s  t h e  t heo ry  of l i g h t  propagat ion t o  t h e  screw a x i s  and 

exp la in  t h e s e  e f f e c t s  i n  some d e t a i l .  

Subsequent work of R. Nityananda (M.C.L.C i n  p r i n t  ) h a s  

BBen shown t h a t  Chandrasekhar's model is equa lan t  t o  t h e  continuum 

MODEL When t h e  t h i c k n e s s  of t h e  l a y e r s  a r e  ve ry  small. 
* 

I n  Chapter V I  we d i scuss  e l o b a r a t e l y  t h e  a p p l i c a t i o n s  of  

t h e  c h o l e s t e r i c  l i q u i d  c r y s t a l .  We have d i scussed  f o n r t e e n  appl-  

ca t ions .  

I n  t h e  appendix we have d i scussed  e l a b a r a t e l y  t h e  Po inca re  

Sphere and Jones  Calculus.  





3. g Q g J & # 3 1 ?  

The cholester~c mesavhnse f a  rr turbld mt9 mob* ma+ 

phaee' f t  is rendlly bisttnqu3eheb from the two ather hhnees, 

becnuse af f ts tmtque ovt9.aal dranertqee gutte dtfferent fran 

thaea of the nther two. The roeaulnr n r r ~ n ~ e ~ s n t  is aQ the 

nermffc t p a  alth helicnl t rw i r r t  auperimbaed m Ct ~ a ~ r w n d i -  

cuPw tt., fF@ ? . r l ~ ~  &?XI C. nf the  nt(92ccutea. PC atruct~xre rl?.v 

bc cJe: crftse3 11r E n i l c  ~f tB1n tjflae~~.fnp~?qt Ifivare, the nrtn- 

cipt.1 :.xc,n gf the R ~ . Z C C ( ~ P S ~ Y F  IPPCSF tu.m~d f~ -~u?) I  F- en-nI.1 

rst.,rflfc (~*-~i .?(b)) .  

h the P t m t  two or three Aecndea f o 2 L m a t n ~  the d*aca~tlary 

of the ckeblss&sric liquCd ar-yet~l severnl 4e.fnJ.ted. stu4 ieB 

on f.tc .trbttanl 3ra-erffee rpcr,-6 "rrrde by F! nvn!?azr of WI?F~BL?B,  

ns%~bf,f by Emam (1969, 3890, 1900), Caahest (1919., 1913, 

a @ole~.tgz tr: ~ t ? m r ) . i x ~ A  ?a heeted f,rm the erl*.q 1;~tLl.tnar tm the 

mblj6znr*%J;.lt e % R t ~ )  (SP coaled from the  le.-7tr?cxn:tr .T;o the sesaor- 

phio s?tn.to, rtthoue nnp dtstwhnnos of the a~~errerLip, one of 

33" rtermn2 t;+t:tt~r*~u q?jl)n.tetl IF" the e&...c~ll.e+! ~3ac l  em4 c 

tcxZuren. TIY t h l @  tentura the areparatim cmt~fns  ?rsnns~nmt 

af 92ne dmk Iinca rhleh are crbaerved bath bsztween crnsetd 









8ubaequmfly there were soma studter an the apttenl 

properf %as of  pure skoleater~e l i q * ~ i d  eryatnle nnb Jab nf 

mixturerr of nemtfc m d  eholes'tsrte eamomde, but Ct wna mly 

in 1936 thst  batailbd qunntltrtiva, m ~ ~ u r e ~ n t s  a2 the 

rotatory d f s p e ~ a i ~ n  r i ~ h t  throuMthe ref h o t  tm bnnd, the 

ellfpticity af the trmsmittsd light, zmd tAe  circutcr 

Uichraisw, mR 09 the e f fcot  a t  t k e  tcmeraturc m theae 

praperticacr were carried out by Kathbeu (1Els38). Ba use& 

fixma of ellanmete, nroy?~nnte, h e n ~ a c t e  ?nB ~ e 2 c r ~ r n ~ t e  nX 

oho'2eetern1, !?'ha bmrd C O E C ~ U E I C C ) ~ ~  drmm by Methieu from 

li?,~ eznctrcimlnazta t-4-er I) ?he rePI+cted I.2~:b-t r . ~  nfiranl 

IncbiRaneo 3s ~lrett;larTy coEcrl~ed* TY:e sp.gietml nidth af 

the raPleaQion f ca  R ~ Q U ~  &3Q At the rcflcotett fr,tcnrcrt.tg hnlar 

a m x i m  RC the cwwtre ol $he 3and s.:-33 3 -Lia::*hes~ rnpl d l p  

on et%her side.  

Tho: -t irmm~ltfcd light IE t h  la spebts~.!. rs~f,asr ~ I P  +Il.fp- 

ticaPly p ~ 3 ~ t t i s e d $  the l1;~ht  becamrs ctsca?.~rly nnlc?rtseb 

if the thtukneae of the chn l se t s r i~  In;jer fs auff4aCentty -- 

3 )  Tire rc\t\crfcry povor r_c rsr  ztLminu rn bnfht'l b t v e  value, but 

decreneee nmdun 117 9s the  aqval~nnth  a-srnwhsa became 

sera alaee $8 euld thm rerosr~rtps et,m m % l a  other rrfde. 

Fha results are reproduced in the l? I~n ,b  m d  6 far cho?ee  

teryl cbirvzamte, 



crancluafana dr*.wn by Mathfeu were further aonftrmd 

by the etudiee o f  levy (1948) an ahaheatsryl oleate ~ n d  

of 2er~aacrr-l 61966) an mixture of ben~a~.~C;e, tdcctnt;s m% 

A sSm?~ianr??: eta*, 4n the txn4e3rsC~n9tq~ a f  the fivtQeq1 

he)\qtvf~*r?a of *ha, C I ? ~ I C ~ ~ Q ~ P + C T  ~ ; q h ~ t ~ n e ( s e i  V * L ~  ""41 htf P-lrnup~h 

(2911 ? .W3)  ?n 3"lt ~ate;amt t e  exnIa3a ~:n *ntcreettn~ 

fgattase fib T ever insnt  -4th 91 ncsetSty I . f q ? ; ? A  ~ r n * ~ f " l ,  

v-?*aw)J,met;f i  C ) R P P ? C ~  ~ 8 %  by h1m. r n i w  o h ~ ; ~ r n t t a n g  

were T R A e  8% *.ho??t the anme t j m e  .tnr)even4~nt%v by Lehmllul: 

(1912, 1928)' Ra fomd tWt  ~ e - n t ? ~  L+qu.*r? arwstnl 

vlnesd t e t w f l m  Chp two elanr v>lntsa f ? e t ~ *  5 f : r 4 r r : 1  4~9sdtng 

r:In.cn the n f q t e o  Pjrp rct~+r@,? ln clr)nrrnth.e 8 i y q s ~ ~ ; ; ? ( a n ~ ~  T h i ~  

f;v?e -9 :*C;m~rt.vyl? ~ h - * ~ n  n-kf crl rotr*;? UYI r,f' * l ~ - r l c  n o l ~ ~ L p e &  

Z i c ! ? t r r  W**zavtn 4r-Ied to cxqlr-fn t h ? ~  X f l r * , ~  f%f rr~tt;htim 

aeeravina *n F , e ' I ? ~ a l l y  t ~ + d ? * l !  h t ~ e t - r i n p n f ;  -.edI?a.nr u ~ i n *  

t h e  Po3?~crce s n h p ~ e  nn? rolljns cnnc, 



inaident on the, medium m a t  he rcaoloed b C r ,  PU& 

prober a~rcoe cad them wnvers nre then prcnnqr*n9;erl thrrnl-h 

the rnetli*~, inRew?nflentlv of sooh ~ t h s r .  27?e dtr~cttnna 

sf Che! eleatric vectors of thaae two bPQh@P ntwvee remnln 

canatant cfv~r.ln~ t h e f r  trnneni~uion of the twdCum for th5t 

ptzrtleu'lnr dtrectlon. Maubn;~xtn a e ~ m e  the nsfnrtnnl 

dirootfms to r o t n t e  conttnuou~ly cbaut t%c dtr6ot lm nf 

vrsnng~%.Eon of the tight RFI the  mdtum -iff t;~~rnrt?ed. lPhe 

Poincme anhers mthad usod Zy Rnuta;uin is E nethotl nf 

senreeenttnp: the ~vianath MA e l l t d t i ~ f t y  nf '1501~rised 

lfght an the surfnae of E anhere. 

Zn P i m e  ?(a) Bhe nafwt%h of the elaotrda veatar or 

plans wemw nrnnngntad ~lcme the X d t r e c f t m  4 e  dan4xtd by 

a and ite ellipticity by $, ThIa cnn be renraaented m 

t h e  Pofnonre a-hera ps fallmrs a- 

Clhaaahq m y  paint A m thr equator a i  Lhc a-hore rm¶ 

mnrktng af 2% from a? r @ m d  the equfttar a d  39 round thr, 

meridfan from the point  thue rarehed,  na tn figure ~ ( b )  

n wtnt P $a a ~ s i v e d  at, whloh sspreaente 85~';l(a). hecard- 

ing f a  t h J ~  netation, the equator ranrewmf 8x1 qlnne 

p a l ~ . r i a a d  light @ - 0 m d  tha nates o l r ~ u ~ ~ s l y  pol~rtaed 

L1gh.d; of ovae i te  rsansts of rnt~tim #I * %/z  ,/points a t  

oabasite end of n 4tt~ltleter in ryenernl renreaent ('crae~ed 

e12igscrs8) L e .  ell iprea ai the ~ n m  form with onnastte 

sensee ni rotfition n d  wtth thcqr ~ 1 3 ~  nxe8 ~t rdght rmrrtrlg. 

1). xlcr- sf point@ fit either end8 of nn e q u t ? t ~ ~ I ~ l  dlcmter 



repreeat a satr ai nlme polnrised wwes aith their ehactira 

axes mtually nernendi.oul# as (proper watterer)ai a bfrefrtn- 

qent ??eAtun. 

tihuguin (1911, 1919) rhowe thrat the cerffaat r r i  irghtm 

btrefrfa~ent p l ~ t s  a i  t h t e h ~ s s  * d t o  mil btrefrtn~anee 

(~h) f a  simply t o  ratkltrs the m i n t  r@bresent?nzr: the 4nelrlent 

l ight  h l ~ o w ~ d  m s q u l t a r i ~ l  Atnrnetdr tnktne it t o  a m e  fither 

point an the epiiere, the ende o f  which rsnreeent t h e  vlnne 

bzslnrdsed nrnner R P ~ B  of the talnte, m d  t h e  .~flGnttan tn 

where )t - w?vel€!n~th air l ight  tn me-sum+ 

The p ~ i n c i n a l  diErecticrne of the, suat?.oaalvus nlaten 

a i  the heltcslly trsletsd birefringen8 l n p ~ r ~  In x the 

ateok wtlh be rebreeented hv tho nrrtfite A2 dl? ... An 

MU the dtnmtr l r? l ly  oaposl t r  ooints Bie**Bn am 1n ftmrre 

8. Par plates of the sam Chf.cbesa 

4 - At As ... - A* - 1 % =, 00 

The effeet o f  th i s  atnck af b9.rafrl?l~ent Inyers m the 

t h e  incident light by m mgle dj# nround 4 4 and by d# 

nrowrd A B etm. ttucoeaafvely. Thte c m  be Arne e h ~ t l y  
2 e 

by cons+derfng n re~ulnr sbher lc~ l  nalvfp? ench @+Be of 

whieh is af lenath tda and whom latertar anglee R r a  the 



'Phe upherialrzl nalygm tr nlnued an the surinae ef the 

ephers .a that the m e  vertex l i e .  m Ai nnd onre rtde lied 

an the emtor t a  fhs rjgM of Ale The paint P reamsent- 

the boibenie light Cs rigt4ly carmeartst4 t ; ~  the asaly&an 

and Che balygan ir nllcmed t o  roll round m the equator 06 

thnt It8 vwrtloaa fall. em A1 A* ... An. The p01ygan 

retates abauf enoh paint itn turn and the ZWUI of R Z# the 

required m e  (~Lg.9). 

Whare F - pltah of hellx. 

Tbsref ore do/&# /p ( b n) if dcr QtU d$ * 0 ,  kecpinp: 1 
p and Dn eonstant the po2p~cm bsaamr n eirele of tulrmlar 

( See*  Phe eirale aub$enUs n cane af aemtmgl.a w nt the centre 

of the rphere). Any point p m the @quntflr md rflrlidly 

the oane ro l l s*  The r ~ t s  of rntatisn ramd the? egtmt~r vt1X 

be gawraad by the ratio of the alraureierencs af the anp 

of the cane t a  the otrawaierencs nf the egu6%fos. k t  r8 the 

sphere hj3ve unCt rndius. Hence, it@ clmmm$!erencs w t f l  bar !l?%, 



The otraunierence of the onp +a  %?u sin w s b c e  the radium 

of the e m  t a  8tn w. 

4 dirtanoe P/R a l q  tho 2 nxim aorreebands %a r etruet?~r~al 

twlat  of x rr.diurr. bar thts mount  of twist the erne wtZl 

make m a  oanmlete revoluflm E r q u n A  the equntcrr * in the 

8 I s  the apttoel ratntian md h ~ m  fl negntivc- aim hccnu~se 

i f  is in the onnosite sene8 t a  the atmrot~~rnl twlat. 

L! 2 Ern  ii ( A a)' p 1. amn11 aomnred t a  1 > ernmO* 

e the root eafl raDainin8 an l j  flrst parer* ef ( A n) p / 4 he 

2 & gives 6 * .( ( ~ n )  p / 4>' .&? ) 

The aptioerl ra0atfan per unit thlcknees ~ 1 1 %  ha 
a e o -R ( a n )  p / 4 re rndtans e.43) 

Wegleatbq? the dtsracsrr)ian of btrafrlneenoe, Fa aee from ( 3 )  

thaf the ratntory power vareua the reciprmnl. nf the suu~xr" 

oi the wrrmlen~th ~ l v e r  n ~trfght 1-6. 

and the re~rsarantatiuc paint P w t t h  m m  RP-UTI~ the equctor. 



I%& f irnt  ~ t t e m v t  t o  mrLfy gumtLtnZ;P~*ely Rnu~.Tn*+ 

t??coryo;E~t hy R o t ~ ~ m ~ m  wit! K f ~ ~ t i  (1967). ZPhoy dlsoowsed 

that aelut tma o f  eome polpeptides  in c e r t ~ t n  orgrate 

salomts for emmple pol? -f- bemsyl-I~@.utmmt. (P~YJ)  

In biaxnn, mathy7 m e  chlaricls, ehlareiara w-crebal a t  

oestttttr corrcentrntlcmas an>m%aneouely beeam btrafrJnaanf. 

Uadlas 6axifabl.e canditlona, the cpalut2ana eei,h?teit eqttl- 

t ! ! p q ~ ~ d  wltern~te dark nn4 H ~ h t  l inee  when .?Baervad through 

atcraacave. The l l n ~ s  any Fo Zntsrpretcd ae a view of 

the stmtc*ture ~ . t  rt&t rn(t'te8 to the %eliarl, ~xtsr. 

Rab Lnron eonff.smetl t h t  s tntar~retst 2013 hy a??etrvpstiane hrt- 

ween a s a ~ ~ e d  pnlar$24~ n s l  *?FO %lp  eft qi (XURPCR nadr~a, 

Tho ret~x641ttCcsn p ln t t ed  ~ q n h a t  S?stPace LP. 5: 4trcsctfm e t  

x l ~ h t  nrr&tella t o  .t%r 1 t r . e ~  kp:l an t.ect21. tki v - ~ U G .  t91e~~by 

canf irtrliazkr; that elrysac+;ed Iran Tkte 8tr~~ctdrge * me I,w-e 

8 p c ~ ~ r t  a: the rolypent tees cmlA be c ~ ~ L * @ P !  :.825~.2;2. VPIX.~ ed 

by altarfng the eoncrntrntimr ~f +he ec+l.;vr,~:L, When vtew 

ral~ng t!ic heTT4,cr:l. axtb: nra ? h e &  v(rrre eeest, )?;?.E. 3 7ery hlgh 

optfan1 ratntorj power wna - resent8 IP~.LWT . v t f u r e  t h ~  

apt!coZ P C ~ Q ~ O F ~  pmer mriaua weve2cnqt-h~  fa"^ fsurtsen 

dt f i sr tant ;  aaluticns oaverinq r. rmre of to%% c m ~ ~ n t r n t  im 

md sal~rmts end Zhrrebg for P vrlucs rwr;,!~ Pram i b R O O . r ,  
-2 

Xn a11 c&arcea the prt-~ortfcr~. ~ l Z t v  to vtr'~ f ~ z m : l  tn hat& 

aver the vtaible 3neatrum. 'Phfo h ~ e  been rapraAuced fqr 

PHSb in ohlorafamb in fiwro (13) .  



next they subetttuteb the vnlues cdf rat~tam nmcer 

end bitoh in the Unu~utn'a equation ( 3 )  m d  a ~ l c u l n  fb tCse 

lnyer blrafrin~enoe aer volume fmotlm af fhe nolmersttcie 

In satufien. It turned out RR 00686 M A  sna renarkably 

oonstm.4; deepfee the w t n g  vcluee of f a d  90 'P)l@@ 

they prepared a reoa.rmJe mfxtura ecmtaintng ieq1281 qunnti- 

t tea,  of the B sr.4 L enanti mcvhs (PP* n n O  FBW) wh.t ch 

too  u.t~iter cer%t?t~ con&2t?on 3doptsd thp spontc.nectuerlv 

b?.~afrZn*enP nhcae. Only, in thtu @flee it w e !  not the 

twisSa4 chalertaric etructu~ct, but khc u n f ~ f ~ t e d  namnttc 

efraotusa* They mt;~aarre3 the bl~efrln-PETE ~3ssctty nnd 

sbtn filed @?IF 4sa,Prfnni?%~ice nns  val.ume! frRat%.mr 25? 000P90 

T h t e  o p a  .rcysst,auclble 4~ m y  cp-eee. Thua the emrtmnts 

af Rohtr~san qnd PzrA chow quite  cctnaluaively %tin% Zhc model 

i e  nn *cl'c?trpte rer".r~;emf3tfm OP the r~iirm3;me of the 

elialaeterh 3 13q?.~qA C F V P ~ % ~ .  

ChntcLndn a d  Caaa(l961, 2969) hnve mde ~xt;ensivaly 

m@reursmonte of rotatory ymrer nn mlxtuses a t f  tnkaleeterig! nnd 

nelrt~ltfcr autblstmaea. Whenever n ~r&t.r:?'l q~armtf ty crf *,ha 

aholos terte swbetbftee nr C~VBP: r ~ .  nrn-m~snnnn~~?h+ e ant tc?lly 

aabim ~11%@3rnce t~ ~Qdac! t c  a nenntra comsqmd * t  %#is%@ 

t h e  e);moture *a f a m  h C?I~IBB~(JSQC tvbre fi,P %?q~'l.fl  erytetnl. 

They Pave ~ e a e u r a d  r~tqtcrry *+~r.eretor' .-IS p: ':<?fr%ure ehcw 

lesterle B~?n*.a~te  m d  p-@~~c?rphentto%@ f n r  .mriorf8 ~nn@entt;~*- 

t'lons end t~vpcr7.6;vres. They st~trr; ale0 aala:~'l.crt;ab ro2;tWwy 

power 'iccorRj%q tl? In.ua;uil?*a f?rmrl.n (3) POP ~ R I S ! ( ? V ~  %T 



mtverl~thrr urlna the expertmental v~lucls fif the nfteh m d  

~seulaiw the leyer btrefrlnttence of the a t e u r e  t o  be that 

o f  p-as~xjphenetole~ 'Ehir aasurnntfan t e  w l f d  t a  a sac4 

~ n ~ r a x i m n t ~ m ,  aince the btref rmende of the d r ~ ~ ~ o x y v h e r i ~  

tale %a very Lar~e cornwed t o  t h r t  of ahaleeterla hslr~apte 

m d  the emall qumt2t$ nf the latter oenrpc)md ~afieets the 

bfreirinqaace of the ~lirture cmly very ~lt t@~tlv .  'Pablem 

a i  tbc mf?eusffd v l u a s  rn8 c ~ l o u l r t e d  vf>.tuea a t  rat~tarp 

A t a n e ~ ~ i m  pra piven tn Tnhlea X find IT fox F rnl~ture 8/i00 

a i  ohalont~rta benee-te m d  p-mawkansf#%o. 

Tabla ri a - Mee#~arer! vn'I.uss of rotc to ry  CispsrsiaR Par d 

mtxtura 8/106 of ohalastsrSo ben~onte  an:? BWF (ullrztelain 

md O * ~ J I O ~  1984) 



Tab!e I! 8 - Caloulnt4B v ~ l u e a  of ro2ato~a ACareceCaxr far a 

mixture e)/i00 of choleeterfe hsnsa~te pad PAP ( 

(Bha'telatneb ama, 1964). 

'Phs s3cpr rlareatir of' R~blnerm pad Wax% @a% a i  Chatasbin m d  

Cane #haw qafta acmclu~ivetly thht the Mrnwfa'a mRs1 18 a 

s~tlsZaa%ary duecrlntim of tho ohalcstcrx~ta atr(retrara+ The 

M;~IZ&U+%I*@ thcrory ant, haaemr, t%ke ???fa ? a a m t  the sPfea* a i  

~ePleatfme the bteriaas between the l-nyrrrc, whtch twe b m d  

dacw whm the ~r". .rs len~+h sf the ta8ilfttitqr 'fJt the mdiun 

beearnee eonsrmble t o  the w 4 - t 0 h  o f  the he'?x. X t  Ze teable 

t a  sxplc".h the  aml lour ra2~t.ary 4ioner@ta.un ~ a u n d  a str~fagl 



In prtneipla the yeaera1 nroblea a m  be salmd by ( ~ s n  

~ l w m  bn the lfterature. One auck! t s  by Qaeerz (2933) who 

fop the rtratified ~rrngernent aZ the drsacljesm plms 

n@%f%tbe a u b ~ t m a @ ~ .  The tFcary CE nreaented tar very 

gmtirml tsme we t he t  no v a ~ ~ f f i e ~ t t m  ~ E L T  heen mds. 

aucsaeebed Zn giair& a b r o a  sxpl+mhttrxn ai the relatian 

be tlrlos dsr kvea m eqfzil t t on r0llrit inr the hvt tan1 

ratstory power tc the *.t,teh a l  the heltxo $he w w e  length 

0% 1ighB md the bir~frinflanoa tzktna R ~ R Q  Into ~acounO 

%ha aslec+l.tra, ref leot to~r  at Bhe 'Lntarf+:ce3 WMlrl~n the 

l a y s ~ o ,  which plnva Pn Imart~nC snts nhc2 b . 1 ~  qttah ni 

Bha hr~lloo.td81 strucr.tum nf the wdar of tb5 ~"velsnflh 

a f  1llr;ht m the medP~rn. 

46 frtge f fret nePurixsar the 1.lguid arystr?l t o  amkttet 

of R f w ~ t  numh~r nf thfn anfaatre-fe Z F L W ~ P ,  Che -rInalwnl 

axes of eucceasIve Inmrs turnad throuprh ~n Ftble fl. 



It is well known thet refleotlm ~t the bnmdary ai two 

layera whloh make optical epn occur only when there I r  n 

fi tfferm~e 3% %he refr~ef ive indtosrir ~ . t  the 4n3erf pee * 

Ii rigbk ct~cuXwly p01:rtaed 1lght ba incatdent n l m ~  the 

aorew axis af  a rtqht hnnded stmature, then re~alvtrqy 

+ha, an# into Zfnanr'ly b a l n r f ~ s d  aam~anents, bath l t n a ~ r  

comgonemrta w I Z 1  @xperi@nae n channa af rcZr~:cthve iadet 

when wuatng fram m e  lnyer to the nsm. 'Phe affeaf o f  

this t# thnt me linaw aom3m~tnf wtlb he refleeted with 

phase raverefit m d  t h e  nthsr  wtthmt ph~as r s ~ ~ l i . e 6 s l r  

Therefere viewed nlapr? tlta tlfr~fat20ti eP ~ ~ y t e ~ n t i r m  of the 

rsflaated ltaht, t3a sense of' efrsulw nnlwianttan 

rsmaina fhe snm a& %he% of the fnotdent IJqht. This 

i a  lrrlkntrouly t o  wBat Sa ubaantcbil in ~afZecrs;*un iron nwmZ 

d ieleaC~%as* 

Rcnr ~ k o i t l ~ ~ r ' f y  pcrh~faed Light m y  W regarbed na fine 

which the t f p  of the electric m c f m  deasortbos ba kppiral 

path na it 9s 7 r ~ n q y t e i I ,  T% 1s cvSfienC %hp+ ti $he 

pitrah OX thte hel.?x i e  exnat;ly ttth eqrm 9 8 ~  thetf; of the 

he22onI etruattzro, rofieat inn from ~ R ~ ~ O P ~ P J ~ S  lffe I.~,mra w'C_tl, . 

take pRsoe 'anbar rdenetcnl o l r ~ a w t m a a e ~  ea t h n t  the 

rsilected m v e e  i ral: t9c rs*itaces~.lm Enursm %I'll e~nartr*x+ 

ttvgly b t o ~ i e r r !  tr, lq iwc rfrta tr, f l  mx2m;zme Tn sther 

wardm the nr?n@iti.m far refleettcm t a  h * pn, whem 

n a man rdtfrnctitm tndrsx of the mctti*?r;l wnd g * ~tteh 



of h e l b .  On the other hmd tf left atrctalw lIgh2 be 

i a e i d c m f  an the ri@hC handed etmatura, ouch fin interfee  

enae mf-xim~t w i l l  not aacur, Thue m e  ctlsau'hw eampanent 

wLY.1 Be sexmala raflectae, while the ather art11 be 

tr-wsmittod wfthaut ohmpee 

A n  axprc)esim far the ratntor.8 pawar t e  abtnfnsal ~8 

fallme r 

Aeasrdtng t o  ?tge(12) X nrnd P a m  If!?-d ~ l m g  Prhe 

electriarl axes ci the ifrmt I R ~ ~ P ,  m d  8 , ~  a n a  are 

al- the, eorr~~r)rndln~: Afreetiondl a$ the C P O ~ ~  lsger 

tarhleh fa  %mm~Cf through ml~gIe g + Zr03 +?;he? n@rmlly 

lndidnnt 2inenrl-r *o?.r-rlsed w?re he + %xp 3i(th -ad> ) 
with tGe einatrtc rect5& *kiny; RE m ~ 7 . e  h i t h  reeneat 

t o  X s x i o .  Trcmcfw-rw ti,!rr eqult?m ipifo < mcl 1 
anse, the re tn t ima between t h ~ a  era 

Inserbw the ralutton = A 
B r a 3  'I 
L m O  

exp ?*ittR - msIX ) 

% 



a t r c d n ~ ? ~ p  the qvnntltfes 

Expmiting Cn eerfes the tr;o raata of -:hq squrzfm 

aP 
0' = 1 $ - --- 4- .......*.. 
1 e xc i  ->'I 



do tries shows t h ~ t  the nrsrrer mvee out R:@+ the r e ~ t m  

of refleetlon m e  etroulnrly p a l ~ i i a e l i  wig%, oppaaite s I L q a  

of rafnttcln ern6 hav- different vela;tCtLrel* n 4 - 8  b ~ f . ~ e s  

fibatat rt xb2;etl.m of ths plane of p o l w 2 ~ ~ t f a n  of a llncarly 

golwlseb bat= whtoh em be cf)'baid@~*ed a@ reeuttine irm 

t h e ~ e  no- mvee .  The d treat ion of the reeultfng vee$c?r 

is the Btseotor a i  t h e  R*?KXE bctF:ee?rl s3m~tnaeaua peaft tma 

a$ $736 tm ~atb%img ~8utme.  (1al2.2ng %??& annelt?a of these 

Ch~eeb veetara wC%h the X V&WMJE;J: n x f ~  t e ~~ 
rargeoGivaly, t 3 ~  ~9Cntinp vvnes is 

Eon ( d  Y / ~ B ) *  cmmi8ts of tvto newt@ 8 f t e  ratntim Ln the 



~i th? ronrtrnt~ rrc!tact .! ih.rv~len~th h f~ Borne typical values 

of t h e  constants. 

0.03t g * 0.4 

We rrec ?slon fhe curme t l t ~ t  the rrlir%%tary- rsmPr;,rzr trY;".+2*,a3 7 % ~  t o  

R ?tn4-te mxfmun velue, ctAverEkep v t q ,  9rt 5 ' : ~  84des fiQ %he 

~ e f l e o E 4 . m  hfjrd ?n4 Aoesc.vten .?s.$A?1at2~. 

do Or%als hne also dirsouisaed ths th.?nr? rtE the anflee- 

ttm a% the baund~rica of fhe X t q ~ l d  C,T??'L, -s? well 

a8 the ?ofI.retic?n f ~ a m  thin l ~ . v e r s ~  n.5 k - ~  e h c ~ n  



thso~eeieally t h ~ t  the rsfleated fntenettg Pas n. thfn 

adeatam ir  Fa r\anctbn of thc tWo'h-eaa d 8 ~ 9 A  ex"&enda beomd 

the regbon o f  total refleafion from art fnS2nitcly thfok 

l i q u i d  c ~ @ t s l a  

Xn the next ehisptcsr we ctbcuarz n r:ew annroneh mt f0.r- 

fnr  IlgM prep-ation aa along the apfio *xis. "]effb 

-8. We ~ h n t l  .In the nsxt clrnp%s~ extend $he 
I 

fhdary af iilara OR fiarl.1;e th.tcbose, ss mczfimtered fa 

I Tn nazt Chmtetr we a ~ h ~ ~ l l l  glee P O ~  acts\ 1 lad swsrineintnl 

dafer m.rr,~t&Zory ~CIWBF, r ~ f l e ~ t i m .  A 0  WB s h n l l  me*, %he 

thsoretiaal bradiottans nrs in w ~ e e m t  n2tb the  o3aer~rsd 
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FIG. 13. Refleckion dud rckokory pcwer as a funct ion of reduced wove \ength  hl (de Vries- 1951) 
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