
COXPARISON OP THE DYNAMIGAI( THEORY AND THE 

RIGOROUS ELEOTROMAGNETIO THEORY OF LIGHl! 

PkoYAOATIOl? ALONG THE HELICAL AXIS Ofp A GHOLESTERIG 

LrQuIn ORYSTAL 

We have so f a r  aonsidercrd the  op t i aa l  

propert ies  a f  a choleater ic  l iqu id  o rys t a l  of 

p i t ch  much l a rge r  than the wavelaxlgth of l i g h t .  

I n  thim Chapter and i n  the following one we s h a l l  

be  conaerned with the s i tua t ion  i n  whioh the  

p i t ch  i s  comparable t o  t h e  wavalcng%h of l i g h t .  

It is i n  t h i e  region t h a t  a aholestar ia  exhib i t s  

ROma o f  i ts di.st3.native properties.  I n  plane 

textured aholeater ia ,  f c r  nomwl. J ncieenuts, 

al.rcularly polasieed l ight  hervlq handedness 

aame AB t ha t  o f  the hel ix  undergoes sblect ive 

re f l eo t ion  over a  amall. r e g i m  of the apeatrun. 

The slenee of  the  ref lec ted  l i g h t  reaains  the 

same as tha t  of the  incident l i g h t .  Uong the 

he l ix  the medium has an optical. r o t a t i on  of t he  

order of thousands of degree per  mm. and the  

ro t a t i on  shows an anomaly i n  the neighbourhooa 



of t h e  r e f l e c t i o n  band. Aleo, a t  the  r e f l e o t i o n  

band t h e  medium e x h i b i t e  c i r c u l a r  dichroism. 

The genera l  eleotromagneti  c  theory  of 

l i g h t  propagation d o n g  t h e  op t i c  exis of a 

chole a t  e r i o  was formulated by Mauguin (1 9  1 1 ) , 
Oseen (1933) and Be Vriee (1951). Exact leolutions 

baaed on the  s p i r a l l i n g  d i e l e c t r i c  e l l i p s o i d  

model have been worked out .  This  theory  haa 

s inoe  been presented i n  various forms by o t h e r  

au thors  ( J o l y  1972, AihAra and Inaba 1971, 

Marathay 1971 ) , t h e  most r e c e n t  t rea tment  being 

t h a t  derived by Kate (1971) and independently by 

Nityananda (1973). Though these  r igorous  t r e a t -  

menta are v a l i d  f o r  any a r b i t r a r y  th iokness  of 

the  sample and f o r  t h e  e n t i r e  range of waveleag;ths, 

c a l c u l a t i o n s  f o r  any p r a c t i c a l  ~ i t u a t i o n  a r e  

r a t h e r  t ed ious  and r e q u i r e  t h e  use of a oomputer. 

An extremely e legant  approach t o  t h i s  problem 

which l e a d s  t o  simple a n a l y t i o a l  expressions f o r  

t h e  r e f l e c t i o n  c o e f f i c i e n t ,  r o t a to ry  power and 

c i r c u l a r  dichroisrn was proposed by Chandraeekhar 

and Sr in ivasa  Bao (1968), based on a n  analogy 

wi th  Darwin's dynamicdl theory  of X-ray d i f f r a c t i o n  



(1914, 1922). It is  t h e  stin of t h i s  Chapter t o  

p resen t  t h i s  theory  i n  oomplete d e t a i l  (avoiding 

c e r t a i n  i ncons i e t enc i e s  t h a t  were p re sen t  i n  t h e  

o r i g i n a l  f ofmulation) and t o  compare i ts  

prediot iona  with those  of  the exac t  electromagnetio 

t reatment .  Theoret ica l  curves w i l l  be presented 

f o r  t h e  r e f l e c t i o n  c o e f f i c i e n t ,  anomalous r o t a t o r y  

power, e t c .  f o r  t h i c k  and t h i n  samples and i t  w i l l  

be  shown t h a t  t h e  s imple dynamical approach i s  

s u f f i c i e n t  f o r  most p r a c t i c a l  problems. 

2. Dynamical theory  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  

It has  been ahown i n  Chapter I that when 

B )) r (i.e. , 9 << I ) ,  the  oho lea t e r i c  l i q u i d  

c r y s t a l  can be comidesed as a ?ure r o t a t o r .  I n  

suoh a case ,  r l g h t  and l e f t  o i r c u l a r  v ib ra t i ons  

t r a v e l  without change of form bu t  a t  s l i g h t l y  

d i f f e r e n t  v e l o c i t i e s .  Now, i n  a pure r o t a t o r  which 

r o t a t e s  l i n e a r l y  po l a r i s ed  l i g h t  through an ang le  

a pe r  u n i t  th icknese ,  the  r i g h t-  and l e f t- c i r c u l a r l y  

po l a r i s ed  waves undergo phase changea of cpo + a 

and cp, - a r e spec t ive ly ,  where 



pR and pL are  the  ref rac t ive  indioes fo r  

r i gh t  and left ;  c i rcu la r ly  polarised wave i n  the  

medium. 

(a) ginsmatical theory of r e f l ec t i on  

In t h i s  approximation one ignores laulti ple  

r e f l eo t i om from the layers .  Let the pr inc ipal  

axes of the  first layer  be along OX, OX of " a  

Cartesian ooordinate e y s t w  and let; t he  s t ruoture  

be r igh t  handed, i.e., p is posit ive.  Right 

c i rcu la r ly  polarised l i g h t  a v e n  by Do = [: 1 
refer red  t o  OX, OX is incident; along OZ. The 

incident l i g h t  vector i s  resolved along the  

pr inoipal  axes of the  ( 9 + 1 )th layer  whioh a re  

inolined a t  dn mgLe (9  t. 1)P with respect t o  OX, 

OX. The resolved oomponents are  



A t  the  boundary between ( 7 3  + 1)  th and 

( 9  + 2lth layers ,  t he  1 vibrat ion emerges from 

a medium of re f rac t ive  index p, and q vibra t ion  

from a medium of ref raot lve  index p2. Sf 1' 
and 0' r e f e r  t o  the pr inc ipa l  axes of the  

( 3  + 2)th layer ,  then the refleoted components 

a r e  

where Ipl = i s  the ra f l ec t ion  coef f i c ien t  
2~ 

0 
of one l ayer .  since $ = 9 (p I 0  A, 

P N 5000 i) i s  ernall, a i n  p % p . On r e f l ec t i on  

there occur@ a s l i gh t  e l l i p t i c i t y  i n  the beam which 

i s  negleuted. 

Transforming back t o  OX, OX the ref lec ted  

wave on reaching the surfaoe of t h e  l iqu id  c ry s t a l  



w i l l  be 

which represents  a r igh t  c i r cu l a r  vibrat ion 

t r ave l l ing  i n  the negative d i rec t ion  of OZ. Zlhe 

phase difference between t h i s  wave and t h a t  

re f lec ted  a t  the boundary between first an8 

second l ayer  i s  [2(pl$ - % ) I .  

when a , the phase 

and 

Qu = L'$ . 

Henoe the phase f ac to r  exp[2i(9$ - Q ) ]  

becomes unity i r respect ive  of t he  value of 9 , 
and there  r e s u l t s  a strong interferenoe maximum. 

On the o ther  hand, for  a left-hanaed s t ruc tu re ,  

p i s  negative and (v$ - Q~ ) 0 when m pRP . 



Xherefcpie the  waves from the  different  layers  

w i l l  not be i n  phaee and reeu l t s  i n  t o t a l  

transmission. Thus when the wavelength of 

l i g h t  i n  the medium is equal t o  the pitch of 

the sample, re f lec t ion  of  one of the cirouSar 

component w h i ~ h  has the same sense a s  that of 

the hel ix  takes place and contrary t o  reflec?tion 

from a d ie lea t r la  medium, the reflectcsd wave 

has trhe same eense of o h a u l a r  polariaation as 

t h a t  of the inoiUent wave. 

I n  the  kinematleal approximation the 

re f lec t ion  ooeffioient per turn of the  hel ix 

i e  

b) Dynamioal %heory of ref leot ion 

So far only one ref leot ion from eaoh 

layer  has been considered an8 eeaondary xefleoisions 

have been neglecteU. I n  the k ine~la t ioal  



approximation considered above, multiple 

ref lec t ions  from the repe t i t ive  un i t s  oorustl- 

t u t i ng  the s t ructure  hare been ignore8, but 

the complete solut ion of the problem has 

t o  take th i s  i n to  acoount. !Chis is  the 

essence of t he  &ynamical theory. 

Bor t h i e  purpose, l e t  us regard the 

l iquid  o rys ta l  as oonsisting of a s e t  of pa ra l l e l  

planes spaced P apart .  Each plane therefoee 

repl&ces the 'n' birefringent layere per turn  

of the hel ix  of pitoh P. Let the re f lec t ion  

coeff icient  per plane be -iQ f o r  r ight  

c i rcu la r  l i g h t  a t  normal iaoidence. Assuming 

the  kinematical approximation f o r  the  n layers ,  

Q i s  given by (2).  

Let Tr and ar be the  complex amplitudes 

of t h e  primary and refleoted waves st a point 

just  above the rth plane, the topmosrt plane 

being designated by the  s e r i a l  number ~ e r o  

( ~ i g u r e  1 ) . Beglecting absorption, the difference 

equation may be writ ten as 





2% p P 
whem rp = 2 . The ref leotion 

X 
coeffioient h6re is  taken t o  be the same on 

both side. of the plane. Replaoing r by ( r  - 1) 

i n  ( 3 )  and (4). ~ubet i tut ing  and simylifying, it 

leads t o  

where 

Supposing the f i l m  t o  consist of m planes and if 

Sm I 0 ,  then from (6) 



'm-4 - (Y' - ~ Y ) s ~ - ,  , e t c . ,  

and 

rn [ym-1 , k&l ym-3 
1: 

Silnilarly from ( 4 ) ,  ( 5 )  and (7) 

Tm- I = exp(icp)vm 

'm-2 " [Y e x ~ ( i y )  - 113, 

3 - [(yZ - l ) e v ( i ~ ) - ~ l % .  eta.  

and 

I, [f,(y)e*~(icp) - f m - l ( ~ ) l ~ m  (9)  

Since from (31 ,  

the ra t io  of the reflected to incident amplitude i s  



A r e l a t i o n  i n  the form ICr+l = xTr is  assumed 

80  that  x a a t i s f i e e  

The re f l ece ion  oondition i s  yRP = A o  or cpo = 2%. 

Aucordingl y one may w r i t  a, 

where 

whioh i a  a &inall q w n t i t y  i n  the neighbourhood of  

the re f l eo  t ion band. Pheref ore, 

1 
x + j; exp(ie) + exp(-is)  + ~ ~ e x p ( - i E )  

This: su6gests that 171 %he wighbourhood o f  the  



refleotion band one may put 

where 4 i e  emall an8 may be oomplex. From (1  1) 

and (12) 

'i = + (q2 - E2) 
.B . - 

Wlhan 

Y = e x  % 1 + e x -  E. 2oosh 5 , 

the ser ies  i n  (8) i s  given by 

sinh m tj 
f&) 

sinh t 

Substituting i n  (10) and simplifying 



From (9)  and (13) 

sinh m i  sinh - 
sinh t; sinh \ 

CV 
ooeeuh m '5 

^U 

i e  + t o o t h  m t  

T hue 

For a thick specimen, m = a, 

When -Q < E ( Q , i s  real 

The ref lect ion i l s  to ta l  within th i s  range. The 

9h epectral width of the total  refleution bh = 
Q X o  - Using (2) one gets  d h = P ~ p ,  i n  

X 

agreement with the de Vriee theory (1951). 



c )  The anomalous ro ta tory  diepersion 

If multiple ref leut ione a r e  negleoted, 

the op t i ca l  ro ta t ion  pe r  p i t c h  P of the  l iqu id  
1 

o ~ s f a l  1s 7(yR - ?&I and the rotatory power 

i s  given by (1). Near the region of ref leot ion ,  

the r i g h t  c i rou la r  component suf fers  anomalous 

phase re tarda t ion  an4 under oar tain circlunstancear 

a t tenuat ion a s  i t  t ravels  through the medlum. 

Left  c i rou la r  l i g h t  on the  other hand exhibitrr 

normal behariour throughout and as a coneequence 

the ro ta to ry  dispereion i s  anomalous around t he  

re f l eo t ion  region. 

ghick speaimen: 

Prom (10') and (12)  

where 



Inside the  t o t a l l y  re f l eo t ing  range, f 
i a  r e a l  and therefore the  m c ~ d i m  beoomea highly 

c i rou la r ly  diohroia. If very t h i n  f i l m s  a r e  

employed, the  emergent l i g h t  i s  e l l i p t i c a l l y  

polariseti. It i a  readi ly  seen t h a t  the  

e l l i p t i c i t y  '7' produce4 per thioknees P is 

given by 

The azimuth of major furis of the e l l i pee  a f t e r  

passing, through a thicknears P is  

Here y = . Therefore the  rotatory power 
A 



which i s  va l id  within the range 

Outside t h e  t o t a l l y  r e f l e c t i n g  range 

'5 = i ( ~  * - ~2)k. a d  m y  be pos i t ive  or negative 

depending on whether a is pos i t ive  o r  negative. 

Theref ore, 

Renoe the  rotatory power 

[ ~ e r e  we follow the  slg;n convention t h a t  a clock- 

wise r o t a t i o n  a*@ seen by an observer looking i n  

the  d i rec t ion  of propagation of l i g h t  t o  be pos i t ive .  

This i s  opposite t o  the  sf gn convention followed 

usual ly  i n  experiments where a clockwise r o t a t i o n  

as seen by an observer looking a t  the source is 

taken t o  be posit ive.]  



Ih in  f i l m  

Bor a t h i n  film the phase of the r igh t  

c i rcu la r  wave a f t e r  passing throw& 'ml glanee 

can be evaluated from (16) 

where 

E 
t a n  m y  

k coth m '5 

The opt ica l  ro ta t ion  f o r  thickness P i a  

and the roeatory power 

One can see t ha t  the  dynarnical theory 

explainer a l l  the optioal propert ies  (within and 

i n  the nerighbourhood of ), o) of a  plane texture 

choles ter ic  l iquid  c rys ta l .  This theory is  elegant 



and leads t o  eianple formulae f o r  opt ical  rotatory 

power, intenarity o f  the re f lea tea  wave, i n t e m i t y  

of t he  transmitted wave i n  the  ca#e of t h in  as 

well as semi- infinite choleeterio swuylecr. A 

br ief  T B V ~ $ I W  of the e x ~ o t  el~oliromagnetio theory 

ae t reated by Nityasanda (1573) 561 presented below 

an& then t h ~  dy~waica l  theory is coeryared with it. 

3. EIaot electrorsrgntatio theory 

Z b i s  is baaed on Oseenls (191 1)  nodal 

wherein the l iqu id  arysttii  i s  t rea ted  a8 oonti- 

nuou~ ly  twisted ~ s o t r o p i o  dieltrctriu. Locally 

t h i s  can be desoxibed by a d ie l so t r io  teneor with 

principal  axes oa and ob and principal  values es 

and %. Aa one moves along the Z-&xis (say), oa 

and ob ro ta te  i n  the  x-y plans t h r o w  sm angle 

QZ. The p i tch  P i s  the dietanoe along the Z-axis 

uorre~ponding t o  a ro ta t ion  of 2%. 80 that: P = 2r/qo. 

The were equation f o r  l i g h t  propagation aloag 

the Z-aria can be derived from Maxwell'e equations 

and it i s  of the fomn 



t ere a parameter with a bar  represents a 

veotor and t ha t  with ca t i l d e  represents a 

tensor.] 

where 'E! l i e s  i n  the X-X plane and it i s  assumed 

t o  have a time dependenoe exg(-iwt), 

4 

e is a tensor an8 i s  given by 

Transfforming i t  t o  oab axes, which i s  rotated 

throu& an a g l e  yoZ with respect t o  OXY, 

'., 1 s i n  2qoz 
0 - B 00s 2g0z 

where 



Here pa* l;lb ore tho priwigal refraotive 

inalooe i n  the I-Y plane (p2 - ea. 4 - 5) . 
refracttivs, inas,xa 

p is the averwo~and b@ is the blrefrlngexace. 

Let  ue introduoe two new rcf3?iablea El can8 B2 

defined by 

One oan see  the phyaiaal rlgnificranoe of El by 

puttin(& Ea - 0 .  %hen Ex * iEy,  i.%*, Ex lags 

3& by SO* i n  phsee with the exp 
Y convention 

f o r  t i ~ e  dependenoe. Thereiore El, with $a r 0 ,  

represent* right oiroular  wave f o r  pxopagation 

along 42. !Phi# wave i r r  referred r e  ' 1 '  wave. 

8irailarly wi th  El rr 0 ,  IE;! repreeente l e i %  

oiroulao ware for propa(f;ation along -2. %!hie f s  

referred r e  ' 2 '  wave. 



8 Bexp 

Bexp (-i2goz) E 

Bere it i$ n o t  pos s ib l e  t o  remove t h e  space  

dependence by assuming a v a r i a t i o n  o f  t h e  form 

eik* f o r  s i n c e  a l s o  depends on 2. However, 

u s ing  a t r i a l  s o l u t i o n  of t h e  type  (eikz, 0 )  one 
CI 

can show that  t h e  e f f e c t  of eAe dependence of s 

on Z is t o  oonver* a wave of t h e  ' I t  p o l a r i s a t i o n  

i n t o  ' 2 '  with  a. s h i f t  of wave vec to r  down by  2%. 

Simi l a r ly  using a trisl s o l u t i o n  of  t h e  t ype  

(0, eikz;) one finds t h a t  i t  aonver tsa  ' 2 '  wave 

i n t o  ' 1  ' wave wi th  an upward s h i f t  of t h e  wave 

vec tor  by 2qo. Thue i t  i e  obvious that  a 

superpoljit i o n  of  t h e  type 

i s  closed i n  t h e  sense  t h a t  each of t h e  waves 

appearing i n  it i s  converted i n t o  t h e  o t h e r ,  and 

can t h e r e f o r e  e e t i a f y  (26) with proper choice of 



a and b. 2he mixing of t h e  two wave veoCora 

d i f f e r ing  by 2q0 is a oonsequenoe of Bragg 

ref leo t ion .  Subst i tut ing (27) i n t o  (26) gives  

Here the  condition t o  f ind  We r a t i o  a /b  is given 

by 

where K = w/o is the wave vector i n  f r e e  iipaoe 
.1) and K,,, 5 E W/O i~ t h e  wave vector correeponding t o  

frequenoy w i n  a medium of d i e l e c t r i c  oonatant E,  

2 (29) is a quadratic equation i n  k having r o o t s  

The value of a h  oorrefaponding Co each of these 

can be obtained from (28 )  



Equations (30) and (31) completely determine the 

exaot solut ions of equation (23). 

%he ~ o l u t i o n s  a r e  i n t  ergreted physically 

i n  the f ollowine, way. 

When B 0, then the wave vectors of '1 '  

wave and ' 2 '  wave reduces t o  $, and hence the two 

a i rou la r  wave5 t r a v e l  with t he  same velooity i n  

the medium. When B f 0, from (3O), kg, and 

Km - + qO d i f f e r  by quant i t ies  of the order of B ~ .  

From (31). one gets  f o r  the k2 ~ o l u t i o n  

a/b - .B2/9 - B and f o r  k, ~ o l u t i o n ,  b/a ,-J B. 

Thus they a r e  no longer pure o i raular  waves, s t i l l  

one oan continue t o  r e f e r  the k, solu t ion  as '1 '  

dominant (u, ) and k2 so lu t ion  a5 ' 2 '  dominant (u2). 

Each normal wave aonsiets  of a combination of the  

two c i rou la r ly  polariaed l i g h t  with one dominating 

over the  other and d i f fe r ing  i n  wave .vector by 

Therefore equations (27). (30) and (31) cran 



be wr i t ten  aa 

u, - [exP(U,z) ,  d arp [ i(K, - 2qQ)z)] 

u2 [f ~ X P  { i(K2 + 2qo)z) ~xp(iK2Z)1 1 (32) 

where the  wave vectors  of the  dominant components 

a r e  

* *  (33) 

and 

The dominantly r i @ t  c i r a u l a r  and dominantly l e f t  

o i rou la r  wave8 t r ave l  with d i f f e r e n t  wave vectors  

and r e s u l t  i n  opt ica l  ro ta t ion .  

The op t i ca l  r o t a t i o n  p e r  uni t  length i s  



The expreesions (32), (331, (34) and (35) 

a r e  exaot and explain t o t a l  r e f l e c t i on  a s  well as 

anomalous rotatory dispersion i n  a s p i r a l  d i e l e c t r i c  

medium of semi-infinit e thickness. The rigorous 

electroma&netic theory has been extended t o  f i n i t e  

thicknes8 by Nityananda Find Kini (1973). For 

f i n i t e  thickness the  theory leads t o  complicated 

oet of formulae and it i s  very d i f f i c u l t  t o  

ext rac t  measurable parameters. 

4. Uomparison of the dynamioal theory with the  

electroaagnetio t h e o r -  

To oompare the dynamical theory wi th  t he  

exaot theory quant i ta t ively,  one requires  calcu- 

l a t i ons  o f  the valuers of important opt iaa l  

parameters, vie.,  (a )  r e f l eo t ion  coeff ic ient  R,  

(b)  the wave vectors KR and KL, and (c) ro ta tory  



power f a s  funations of wavelength both f o r  

cramplee of f i n l t e  and semi- infinite thioknese. 

%he paranetera ohoeen fo r  a e  oalaullndion a r e  

w = 1.5, = 0.07 and P = 0.3333 pm. The 

calculat lone were made on an  XBM-360 computer 

using Fortran IV language. Figure 2 shows R era 

a function of wavelength. %he semi-infinite sample 

gives t h e  well.-known f l a t  t opprd ourve of t he  

dynmical theory, while the  t h in  sample gives a 

pr inc ipa l  maximum aocompcanied by subsidiary Sringesr, 

which have been observed experimentally (Dreher, 

Meier and Saupe 1971 , Ohandraeekhar and Prasad 

1971). More recent ly,  on the basis  of dynamiaal 

theory, Mazkedian a. (1976) have reinterpreted 

these fr inkee i n  analogy with 'Pendell'bsung fr inges1 

t h a t  ocalsr i n  X-ray r e f l e a t i on  by perfea t  c rys ta ls .  

Fi'igure 2 a l so  presents t he  value8 computed from 

the exact theory of Nitymanaa. I n  the exaot 

theory, the external Zeatrogic medium (external  

t o  the aholester ia  speoimen) is asaumcrd t o  have a 

re f rac t ive  index of 1.9, s o  tha t  the contribution 

of the ordinary B e s n e l  refLeotion coeff ic ient  a t  

the choleeteria/iso%ropio in te r face  is eliminated. 

Figure 3 gives the  wave vectors  KR an8 KL (i.e.,  



Bigurs 2n Reflection coeff ioisnt  R vereus 

wavelength A i n  the non-absorbing 

carse: (a) semi- infinite medlum, 

(b) f i l m  of thickncesar 25 P. Curve8 

are derived from the dynamics1 theory1 

c i rc l e s  represent values comgut ad 

from the exact theory. 
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F i m e  28 %he wave veatore XR and % of the normal waves 
a8 funotione of ), i n  a eemi-infinite non-abasorbina; medium. 
Uurvee are derived from the dyaamical theory8 a iroles  
represent values oomputed from the exaat theory. 



phase retardat ion per  pitch) of the normal waves as 

functions of wavelength i n  the  semi- infinite medium. 

I t  a l so  given the values computed from the exact 

bheory. I n  Bigure 4,  the opt ical  rotatory power 7 
i n  the  semi- infinite and f i n i t e  samples caloulated 

from the dynamical theory and exact theory a r e  

presented. (I am gra teful  to  R. Nityananda and U.D. 

K i n i  f o r  providing numerioal r e su l t e  oomputed from 

the exact theory.) A s  i n  the long pitoh regime (see 

Qhapter I ,  Figure 3) .  the rotatory power i e r  again a 

function of the thlokneee of  the sample. T h i s  h e  

been confirmed experimentally (Hartin & Cano 1974) 

(see Figure 5).  

One can see tha t  the reaul te  obtainea from the  

dynamioal model a r e  i n  conformity with those from the 

detai led electromagnetic theory. However, the simple 

dymmioal approach presented here has oer te in  lirnitationsl 

v i s , ,  (1) it is developed f o r  small c and therefore 

does not hold good for  wavelengths far away from the 

re f lec t ion  band, (2) i t  i s  s t r i c t l y  val id  f o r  in tegra l  

value8 of the pi tch,  ( 3 5 )  it fails  when the film 

thickness i n t  very small (or when the e x t i m t i o n  length 

is of the order of p i tch)  as the  assumption t h a t  the 

normal waves a re  c i rcular ly  polaripled i e  than 

no longer jus t i f ied .  5!heaa limiglitationa can be 

removed by inoluding the e f f ec t  of multiple 

ref leot ions  within the n layers per  'tiurn of the 



Wavelength (pml 

Dinar@ 4s Rotetory power 7 verau8 h i n  the non-absorbing 
aaaes (a) semi-infinite meaiun, (b) f i lm of thioknees 
25 P. Curves are derived from tho dgnamiaal theory; 
o irales  represent value8 aomputed from tho exaot theom. 



Figure St  OptioeJ, rota%ory dirrrperslon In ~ h o l e s t s x y l  
bencoate oonteriniw 50 per aent by weigh$ 
Q-acoxyonleole for various sample thi&nrreeee: 
(1) 1.7  im, (If) 4 im ULa (I111 7 pm. 
C LW and Eano 1919) 



he l i x ,  which ham been neglected i n  the discussion. 

The simple d i f  f erence equation8 then become 

matrix differenoe equatiom and the resu l t ing  

solutione can be shown t o  be f u l l y  equivalent 

t o  those of the rigorous treatment. However, t he  

calculat ions presented e a r l i e r  indioate  t h a t  t h i s  

more elaborate formulation of the theory i s  

probably not neoessary f o r  moat p rac t i ca l  problems. 
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