
CHAPTER - If 

me eifaat of a plate ef at~atrop.16  ~atarlnl aaeh -8 

a orylaCa1, on iit r?csllimtod bmla ci rtelnrLrss8 Itghi: m y  be 

rapsasentsd w- th@vqtteelly f e  * lfnanr tsmsde~-~et  tm nf the 

aampaments of the e'teatria vea3ar o f  *ths lt'qht. $he 

effaat  of 8 r ~ t w 4 ~ t t m  D ~ R ~ A .  ar nn ~n9.satrcrpd.c ahawbsr, 

or of w 0rymim1 pornet~being apfiw?. ~ a t 2 v t t y  m v  kc? ran~eaentad 

ha ar matrtx a~erlntar nhfch ansra-kca rr OF2e C ~ Q O ~ S ~ C )  ~ C I C C ) P  

OP the incidmf limt. % plme w ~ v s  -i Iqgh4 oharnatarioeb 

by %ha phaeee ;?nd tlmpli-tudeo 0% the two tr"lrmmPse ~umpment~ 

of the e'leetrlc vcotar, cen be represated by a *a P-trix, 

wt);'t\, s r t r ix  52te2911$o Cr: aor\.esal ce?n-t@x, !!!he abcm f d l ) ~  

wsro i t r a t  davslo?ad in datefl, wtth wri.a:w P ~ P ~ ~ O R % ? ~ Y T ~ Q  

InfbJfely ttutok chaleuteric! liqu$d cmwtsl tor I f a t  

pronagattan ~Xang the m t f a  sxts Bf the annticpP fqm *f ths 

danaa sa'lculur. 



layarm, neglaettng at f i r a t  the effeat of sefleatCm. f* 

I s  hcna thnt e ~ ~ h  laver fa unly pr f e w  angatrams thtek. Ti 

the pitah i a  tomarable t o  the r R v e  1snFth of liaht the 

nnelc betrcsn adjncent I n r a n  rill be of She order ZO* 

radimi. Raw, the queettm misee whether ~wbh thln l n p e ~  

m y  be looked upan ens birefrtn.~ent nlateca* But It  1. well 

P m m  ChnQ when ra elea.ltroxnnl;fnet fo ar ve nrarses through R 

aitecat af Sao$rsr>.Lc rcatterfn~ nmtsslal it toquires m1P 

~~~~~~~l p i ~ a a  % where -lqo i 8  tha eanplex amnlaitu&@ 

aoci4iterard bv tha layer in the excot fomewfl d treetiem* orhen 

sr pLme w ~ v c  of ?n?t asrq:~! tarla fptile dn h t *  Yh-fe la crqut- 

mtsnt to  : ~ ~ , 7 r l b + ! . n ~  r. refrn.ct?i~e index LP the I.mt?r. The 

wgu*wxt m y  %e extendeb t o  ~nlsatrcbnic l~v@re ns ~ e l l r  

We n@f!ne r. q*aar,t:ty fwhfah ronreaarts 9 r l i  the qhihnmsa 

dtfferlnrace b c t ~ o e n  nrvc.s pc?Zer-ire4 Z I . ~ , ~  %?I& *PO ~ P ~ . X & C - ! ? Q ~  

axes a f t e r  o?a~tnc t h s o q h  layer of thfa'k~ieas p 

Pr@m .the a+rsflab'l.e data far -are ch0I.t3~4*erfe I ~ U ~ B ~ ~ ~ L I  

(Am ) * (a - n ) is of the order of 0.0111. 91u8 f i6 
1 

1 0 4  OF lee. i.e. an order 02 anpnftude sn*.l lrr than 

Wc enpty the .fmss calcubtre t o  such r: st?et;arn loe~azsZag 

the ltght tc', bt? lnctdant normal to  the Letyere iee. flea8 



mfl2e I wtth respaut t.0 OX an0 OY. If the Smea rstn,rba- 

teen m~%t;,n?x wffh ssrsneot t o  the -vrtrre¶,~nl L ~ m s  4 6  

where Sa t?cf b a d  by ( 1 ) .  

Tire rrrtnrdntfm rmtrix tpa% resnti~): to QIC rnd  W 28 

W ~ ~ P S  
aas @ 

I fm the rotnttm rastr lr ,md 8' r 9-I i s  She trrnepase of 8. 

80 thnt 889 = 8% X: the, unlt mtrtx (8mra 3941, RuraZstr 

and daater 1343, asr, alga Rmneh~~dmn ~ m d  PtMmsashm 1%31)* 

Klsn, m a  t a  intosras?c4 mly in 419~ stti-f;~! y.f +*~?*r r !e~%f . tY t  

of the elernmt ?@?al * r  B x c t * ~  exp ((ir)), w%.nrev = r(% 4 np)p/ 



brlefrwenf layer whoae prtncipal nxes w e  .Lnellned at 

@ with resaeot t o  OX a d  OY. The Janela, m~trix far thta 

layer is 

8(@)6se(Q$) - B'OR~~ 

find tho emergent ~ s o h o r  tr 

D2 - s b s * &  - B%S*%GB@ 0* 

=here a - L ~ ~ ( Q S @ ) ~  1. the appraprinte Jane. wtrix ~ Q P  E 
thia eyetam af two layers. In r~caneral~ bf a mile a i  'a* 

fh l ~ y e r r  Iff ocmafdered, where the brineignl Rmr ai the a 

layer are fnelinsd at  with ruawef t o  OX* UY (r 1, be 3m.a) 

tha Jmas m t r l x  far  the p i l e  ta  evidently 

We now need t o  onlculate Jn e~pllcltly. We adobt R direct 



Alma we aee that ad - be 1 e *  .*. e .*(2) 

Theraf cre A is m ~ a i l u l ~ x ~  The ahcu(aeter3 sst %a squat C a n  

giver the elgsa mluem 

-*@ 
b.lexqgin(~ remgeattmly t o  the ~ i q m  mlues &' and e * 



Usiag ( a )  and (3) and %he mlartian 

- n ( z ) ~  - o(nr)r 
.*+*....(4) 

n - 1  n - e  

B a r  In the areaant problem ear 0 - (a * d)/2 elre. 

car 0 - (a * n)/e = cor B eoe 7 ...( a) 



The aame reault was Aertvad by dbelee (19%) uebg the 

fiqran~a:sdylweter lnter~olntion formln* Bern  and Wolf 

( 1 8 ~ 9 )  hare also derived t h e  above result *tsing m Zdentlty 

nnb hfim used it tn A i ~ o u 8 a h n  the Itqht ?x"ap~lqntim in 

A m  the inotor A fn (4) ta the e f f a d  ~i R alnelcd Inye&?* 

l?hhersfnre, as i ~ r  8s tha tota l  *ifeat af @ne' lqnen 16 

Purthar, sin 43 md # m (slra asnnlk, the.-$* of @a order n i  

mln 8 % atn  p % ts 

aba 0 aas 81 % % 

Qn eimltf lrrrrt tan 

( 0 8 ~ ) ~ -  
cras n 8 

:Toncb 
aos n $ 

'n = P ( ~ p ,  eas n0 



d irr j u ~ t  EI. rbt8tfon mtrtx ~ r t h  the *mnXe of ratrrticrn ncr 

a - n(p .I 6 ) .  Therefore we Rse thct  the @free$ of 'a* 

Inyere fs t o  nroducs a ra tn tbm af the botdant  wetar t.n 

the paai t ivs Bi rect laa .  

Xf On* i s  the number af layers per turn af the helix of 

pitoh p 
1 

n p 2 %  anbap * P 

Subatltutinff fro from ( 2 )  Zhe rotntitm ?er vitdh ir 

and the rafr"rtory power in rndtmr nar \ntt Z@nr?.th i r  



IFhe negative sfp,m ~ n t t t o ~ t e s  thnt the efgn 3f rcrtetim 

l a  oppoaita t o  thnt of the he l ica l  twlst as the structure. 

!Phi@ farantla and nlaro that dertved by Jrmoer t o  demon- 

strcte, some ~ p p l l c n t t m a  of h i s  theory unr'er the neme 

*80hnekeea theory o f  ogticnl nattotty' by mnumtn~ a few 

lnyera Ln the ln t t l~ l  calautattcm md then erhmpolatlng 

Par lm&e number of levera. Thts i o m l a  9s fdendt~nl w2th 

the m e  Aerfveb by ?dl-win (5911) nad nlaa aqutmlent bi 

the de Prias srqu~tian when ~ * g ?  << 2 

The reaults of the tbanry Rlacu~at@d in the nravtaus 

eeoCfan 0hsw thnt the Ilqutd crystal hahftrra PF if it hns 

cfraulhr birefrinpence; jm ether warlles rLqttt cmil l e f t  uI.rc~Znr 

We eharr ncm glve a simple n~the~f l t l c tab  tntsr~rstatian 

of the refleetian of e l r e u l ~  l i ~ h t  from B U O ~  R @tmet-~re$ 
1 

l e t  right circulnr 1 t ~ h t  givon by Do * referred to OX  ad 
I 

OY, be 3neiRmt narwlly an hhet surt~tce aP the l i q u i d  cr~?stnl. 

We ahnl l  suppose thr t  tho structure ?a rtqht h~,;nAed t e e *  

Inyer~,  rrtah o f  thicknees *pf i ,  the lt~ht ~ c a t a r  w f I . 1  be 

Do exp (-I#) where # = f ? ! e ~ # / ~  , nn * tha reirnct?ve bRex 

for si&t o+trculnr 1 f ~ F . t ;  m!l ) the wnmlmqth in vr;euVm. 



Ta aoloulnte fhc reflecttan at  the boundary hntwsm ma rrnd 

(a + ilM %eyer we re~o11r. the l i ~ h t  v e e t a ~  a ~ m ~  the qrinaf- 
tk 

pet1 rrrxsrr of the a laver we n which nre tnclfned ~t m 

8limly with rsewct t o  those of the mth lnycr an. of the 

cospmenta o f  (8) rill, on energing fror the mtb l~yer. 

n t d ~ e e r *  metdlum. T ~ \ I B  ma oommmt at11. get rsf%aCeB 

wt&hsuf tmy chmae of bhaas and ether with a ahownca af rahaes 

remains the same niter rsilsetian. Referre& t o  the 

nrinainnl n*e@ of the oth layer, the raneetad wpm an rerrab 

lag the surinoe w i l l  be 

of the layer. T~maforanI.ng back t o  OX ~ ( 9 )  beeame 

-"*] oaa dl [:I *-PI@ , -H~J 



whtah is a right circular wave oroneqptslt ~ l m g  the nearztlw, 

direation of 0%. Whan - a P, R ad pIh - br a 
d 

$ - @ 8 h c e  np P em6 nQI I?K where 'n* %a $ha nuwbar af 

molemalac lapera ner turn of the hsltx. Tha nhaee faatnr 

asp ti(@ - jf) in (20) then bseemalr uni$y, i r r s s p e e f h  of the 

vnluea of ar nnd the wr?rerr refteats6 by the auecesstw, l ~ ' t ~ e ~ s  

w i l l  all as.lerpemate t a  give rf8e t o  B ~ t r m g  tnterferenae 

mtrxianua* On the other hand, t i  the a3truahrra l a  l e f t  harmdad* 

1.6. f9 is negative, (.b - #) doe8 not mqsh vhm * 

!%ar@icsss, ths ref leated wrms iron 4.2ifermt 2nyers wtll 

e a t  be in phaue and the dbratten w i l f ,  he +rwsr+ttt& 

tulohmgsd. 

ft h@a hem ~ s ~ u m b  i n  ( 9 )  (10) that the ~ e f t e e t r n  

aaafftctnats far the two lfrrsnrfy nol~rri~rerd aamtnments FLW 

%he a m .  mny be qutts tme and tt .la paratb'lrls t h ~ t  

right oircrttlar 1tght aaqutrer a alight ell?pttcity n f t e ~  

refleatian from a a1ngI.e Layer* Hewe~cr, ti the ~ ~ 1 9  tuQs 

of the wnma reflcoted by dlffsrent Znvara of *ha heltaal 

rtmref ure are ~ R d e d ,  the ra~ultmt rsi2ect;ed nrve wt%Z 

evident1.y be cirdtll~~ly pctlnsfrsed. 

A m  t h e  averngcs, reflescttm aaslffcdent m ~ y  be cnleqllnted 

a~praximtelg 8a fallows t Par en nrbitrfim direation nf the 

elactria vector, 4 % ~  reflectton caaif+.o~csnt ~t the hc)~n4am 

betram the mth a a d  (m * l)th l n r e n  of tho ~ i l e  of helloally 



n'r * 1 - nem 
191 = . r ,  .I r , ,  .*.... (21) W.SC *r '4  nl, 

where ne md n', fire the refrnatire %ndq.ccs qfb + I) th 

Ch a d  ra lnyer far a given Ilirctcstian nf thr ~ I a d t r i ~  ve@tm. 

Tha gensml expresaton for fhe~mr?ntZrun af a* w t t h  

direet tori i a  elven by the wall. knm equattm 

(gee e&* BRanchandrrvl rind Rmaeehan, 1962) vhere 3 and ne 

ma! the ~sinctpn) refrnattve Indices. We o b s a m  t h r t  

whm the btrairlngence fa  not too 3a~ge. (22) my be 

I$! we nar wsrr t h ~ t  

n'.*i - n A m  2 P ( ~ 4  



Gin~e r 2w, where 'n' i l ~  the number rrf mlemal~r hpere 

per pitah of the hel ix* A better aonr~xtnntian, 10 t o  -*Ire 

uee of the full em~er8ian (13). 8ubrtit;rrQhg ( 5 5 )  3n ($1) 

m d  a9em$bg over the d i f  l4xwn.t. Iwvers, we hnvs 

?PRc ~ m p 2 e t s  salwtfan of the nsablem h ~ a !  C- take tnfa 

aecr~ttnf af mlt tpls reflcsratlanar. It ccn ha dms by sctttrtg 

un differatnos equw0t9lrt. tn a wcvlner olosely s2atEar f a  O h ~ f  

uaed by Z)rulaisr (1814) in h l s  dyh(1aiaa1 *hc.isg e f  X-ray 

dtffraattm. 8ueh et pra~edtlra I s  val id  ba$ar~re, atrm~lnrly 

palaz5tisB comvments trrrve'l tn the  mdi.ua rr.t,tPlalrt chnnce -f 

forn w d  the interference ai mtilttnly refPa&ed wr.(lrb8 ~ I t h  

anrs mather rmd wtth the nrimrv w p m  em. he a m l u ~ t e d  B+matlya 

%ow fop the ptrrpom of de~erlctafn~ & h l ~  tt?crory, we ehr.r.11 

first regard the l i .quid  o r n ~ t n 2 ,  f-8 e rn~+s%inf f  nX fl aet  nf 

prarn'f.tttl platen rgrrcaed r t  R dfstnnos @PW apRrfe Errah ~ ] 1 ~ n e  

tharsfcre mgltntsee the n-mleeul~r Inyera, -02 tvrn o f  the 

i 



helix of pitah P. Olsnrly -1Q repreaenta the over a'lh 

effeat o f  the refleotiano from the n-ntalecglnr lavcml mzd 

18 rslntetl to -lq, the reflaratton ooeffia2etxrt of R s%nele 

maleclilw layer, f.n e x ~ ~ a t l y  the a ~ m e  rctj ~'ls the etruoture 

inatas B of n cryatal ir  re l~ted  t a  the aarfter- factor 

see f af am B%OS. dine8 B of a orymtrrl La relntad t o  the 

ra*t te~%ng faator f of rn atom, 8Lnae lMrw%aoa Ohenry 

mma be &pplied t o  R I I ~  C C $ . ~ L % ~  merely by suBert%tut%n& % far 

i, Bhfs mabal sho?altl be Rdaqu~te far debuab$ the gulfdpla- 

refleetien chamatsrlsties of the ltqutd emaCeIe H ~ F B  the 

r e f l eo f i~n  etame 1s dertvad rra a function 0% w ~ v e  lenqkh 

instsad af the B F W ~  mgla im the orlafnrsl themy. me 

rtnratura i s  ~asulnad t o  be rwt handed mQ thnt rieht 

o~roular Hght %a inctdmt  n o m l l y .  MO 9, cod  8, be 

the aanrglex m l i t u d e e  of the nrlm%ry an& ~efleafeil wa~~be~ 

reepaotfvely a t  n p o u t  juat abom the plma* (The tap 

m a t  plane l a  daatgnrated bg the ser,.I;~l 

differmae lequatime, saritnbly modlftatd t o  %ha mtf fn l  ~ F ~ B B ,  

esstxmbg *hat abaarntim 'Irr nagltglble em ba w~q2tcrsla pier 

(are ag+ Jkoxmea (1964) 



where # = Ssn$/h and nd ie the refrmotivc fndex for rl@t 

olrcrulnrly palwrleed light. The milsetion caefffctent $8 

here taken t o  be the same cn both atdea af the blfine. 

Rep1aaf.n~ r by r-1 t .  (I?) and uslnr: ( $ 6 )  rsnd (17) 

As we have eem enrlter the refleatien eandft tm tr 

"2 = X o  or do rn 



s e t  uat put 

'1FbI.a muq~eats that t h e  nacd~hba~hoad of refel~etlan we my 

gut 

x m  em i ? .... ( ~ 5 )  

 sin^. (34), (18) tee) ma putfin& V 1 0 we o h t ~ ~ n  the 

ratla of the reflectab t o  the Zneident ~mlttutlss 

and hence 
R * 1 B ~ ~ ~ I '  - f 



The reflection * a  therefore t e t ~ 1  wtthfn thra r-e. dutetflet 

thie rnnga the refleatian deareRsae rapCdly nnd annetrro~2lp 

an either aide. It w i l l  be seen from (23) thrct when 3 8  

gre~ter than )\o , 8 is n e ~ ~ t i v e  mtl eo the negntlve onlae 

o f  the sguturc root in the dsnarntn~tor af ( t T )  hwa t o  be 

taken, becn~se R o w  never excss4 m?tg. B i ~ l l m I ~  when A 
i a  1e.e than )o the p n n f t t m  vv-711e h-s t n  bc trkm. 

Zn the dPsauestan above we hnve . I I I I C U ~ Q I  %he 11qd! 

crq?etaX t-- oonaiat af a @cat; aP pamllal gl~rzlcs with a reflee- 

tfon abeffla,tsnt -iQ. C l e ) w r l ; ~  - i Q  rebreaente the over l s l l  

effeof a i  raflectim fraa n-malccuLcrr la-ess m d  t e  artitatad 

t o  -1q *he reflection aacSf.latcnt ai n sFneZe aal@ouln~ 

layer &a follmm 

where 

6 fm@/n> B/n 



8 = 4 L e o  from 

The a.vecrtrrc1 width of refleet;dan (A h ) f a  therefore 

Row usivp: (14) we &ret )- ' P A n  Zn sxaat fiqreewnt wtth the 

In Che ertlut'sm of d+ffermce aqzr.nt9.m we h%ve assumed that the 

amplitr~de qf the ?rlmr.ry bsm is chrm~ed bp s fratnr rxp (- 4 ) 

on bnrilrsing from one o b t e  t o  the nanrtt. Wf&%fn %he t a t n l  
B railectton Q I. ~rontar thm, 3' 80 t ~ t  6 ir renl end 

prtmry axt b a t  f on tnksa ~ l w a .  To sv%ln~.te the extinction 

aaefPictmt we IIr~1t ~ R R c u I ~ ~ o  the nem vtt271s n i  ~ b t ) r i n  the 

f a f  91 ~ e f l e a t ~ g  PRMP@o 

The btsnmtty fnllo by n factor en ,  (-9: <) an nnsstnq through 

a t h l c h a e a  P as by em (-x?/BP) ncs wi't 'on~th.  

Outsine the r a ~ l a n  of total railcctin, & i s  im-rrinhry 



theareli@ally emeoted mfgt2tudes of s?eatscl wrdth fiE total 

ref Leiattan mA ttrlmry extfnctim far  x 80-3 tmlcnl v n f ~ s a  

of the ~ Q B S i f t ~ t $  h ~ 0 l ~ 8 d .  TakIw % 0.3 m d  

6 x 10~'eas m d  * 1.8 a d  P 4000 A t7-n afdth of 
d 

refleetion turns out nB .d I 9 1  A. ~ I R  ~ d t n ~ t t n n  eoafftcient 
3 turns auZ ce 8.92 x 10 . Thw the *mten@l"t.t l a  reduest! 

where j# ( j# are the nhree r n t a r d ~ t l c n r  m d  ad nnd 3 the 
d 1. 

re$raativ@ fndtce~s f nr rich* pnC l e f t  ctrcu%~r rf'bratima* 

(me amventton ado~ted * ~ b l ~ m  2 % ~  -CT# %i;k m m  
h.~. fal that E ~ l o o k w i ~ ~ e  X ' C ) % ~ * ~ W ~  fiI 8eCYII 

along the Airaoticm of rr~an~tg.rtf.mt of l.Cg%t 'e tnlpon .% 

positive). T-n the re~tan a f  raflaatfm t;F.e rtlpnnmfcal 

theory shma %halt the rtght c ircrzt~r ccavcnmt n u f f e r ~  hn 

aAdttlm.al phnea~ r@Cwd%tfrtf 2 ~ 8  ~ l s a  a~nitael;. eatBnZn atrcum- 

a%~aceo arttanwtttan 8s it t r ~ v e l a  thrnuph the m~9ium. 

hi t  ~ireufar li~ht an the nfher h a d ,  axhtbits nnmal 

bshnvfow throuphwt nnd n p  r emsaquenca t 3 c  ~ a t n t a r y  

disperafon fa mann~\laur~ nrnund the rt?f2ec~t;+m reqlan, 



Aacordfjldl; $0 (28) the nmplitude of .the riqhf; atreulnr wrwb 

s8 it barsaes fron one place to the next $8 ~ i v e n  by 

m~rne t h e  totally reflecting rmrre < $.a rep? rvrd therefore 

The naimtath af the T R ~ C P  axta udt the etRtp~~% aitarr mu3rsIng 

thraugh a fh%o?cne@rs B tu 



which i~ mltd a f tb in  the rmge >- Q < )jc),$ 
a 

Outaids the raplar. ~f datftl rhfleatfm. 
2 I/* Outs It92 the b t n l l ?  rnflcct!m rmm n i(@ - Q ) 

ar,d d y  Ba n o d  t tar*  P r  nepettoe rtenend4,n~ m whether C 

@.lven by (23) i s  ~aeCtfvw el: negnttva* !Eheref are 

and rotntqy power tn ffo~rsss/naa~ turns nut t e  be 



aurvs for e m  typtcsl wluca of t h e  c m a t ~ a t e ,  tnkin6~. fnto 

constd@rt!ktian the relntton between Q0 md ( An) and nlao the 

varlntZm of (om) w i t h  h (~ig.1). * 
A D =  sow aot ad - 1.5 

The lnycr btrefrinrrence tp nsrun;c,d t o  vnm Zinonrly frarn 

0.2 at  40- fa 0.0'16 RC 6000 b md e x t r c p l n t e d  t o  lower 

ravelengfhs. The c u r v ~  gives the rotntbry pmer (in d s , m e s /  

mm) ag a r.Lght hnndsd s%ruct;irre autng tho et~nclnrd o m  .entian 

aocardin~ t o  nihtch n cloclmiae rcrtnf I on ae ~ e s n  by m abesemr 

loaktng lot the enrwca of light ?e t ~ k m  danf ttve. Excebf 

%ha% the theory ~ l v e e  ar! ~ m r c r a r i ~  fer thr ~cstntnry pmer 

%nettle the r e ~ t m  -f rs f l~ot im,  3b.e e~mezr w e  rtmllsr to 

what i@ emdeftad from the Be Qries eqwtfm* Taae r&ptary 

power Ir,side the regton of x s t l ~ o t i m  e ~ n n ~ t ,  ~ W E P ~ F ,  hb 

oaefaaurs3 for rr verw t h t e ~  ci~ct..cen, 9 b c @  Cloe of the fftrctzZnr 

ooasparam.fe iaa oaznp3etetg abteauatr?d. Fe~ertkeleae,  +;he reeutt 

i@ therettemllg eimiiiamt in 2hr.t $t hrfs s aut: hm %be 

phaslle dfffermce bebreo?; the two onmaaite c-freullnr wnma 

( or aquSvn2enCly hhcw the nilr;imth -f tT?a *%.lor fixta 62 the 

el~iptienllg palerf sed w - w e )  m r h s  writh ), wlthtn the refletw 

t ian  bead. 






