


the f~r incfwl  refr~at  ~ V P  indi oss qf wrch P:::'OF 5 
wid n, (9 r renter  than n,). 

4. 

~ i t h  %Iectric reator boiartasd - a . ~ n l l e l  ?u 02 hes  the 

rePr-.at tvn i ~ d c u  c:ms i3r all 1 ~ . ~ r r ~ ~  *q*!f:l. .G- np m d  is 

therainre b ~ ~ . s m i t t e ( l  cphally ?a t h ~  ~rfltc?r*- r?p. &:e 

wnvct **1?3 thua n n m r t r  t o  encmmter no ZnhnmrrinmeQtie.e In 

the merdium, On the other hmR, w w e  :.*ft;h c7eetr4e vedtnr 

pn1arEaed nrznllel  t o  OX I .e. vevtv t@*mx1~~*  t e  QZ will en- 

eowrter a ref~?ctf.m inrlex wht eh v?sSsm @c%fc~q.ly from 

1111 t e  n a l o n ~  the Z bimcttan. A alma wvefro~t  ncl. =:r2led 
P 

pnrnllel t o  OX w i l l  therefare, u. t t f fe~  ner?nd?c ehnnpels Br 

of ~unplftucts,  ere W ~ P  f LPE* f i a lan l~ t r r te3  h$ Vaad (1934)~ due 

t o  the faot Zhlnt narnllel. rr?ve ~ c q u l . ~ e  r: r:?q,!?'l?f c ? I x v ? ~ - . ~ ~ P ~  

when tra 've l l in~  ia c wet!quar 4n a'hfeh the s~rio.di(snt of the 

rafrnctlve index l a  narmcl t? the d.freetS.~wl q f  ?x'o-t%s\-~stfrn.. 

Thus, the e",m'LftuCla and ?hem nf' thr:  ._-seri~*cnt wg*tte frmb 

w t 1 . l  mry Img 0% vtth .?z ver-tc?Rfc P/P - h-.!PT the n?tah 

of h s l t e n l  strttctwe PnU v:tI  1 a;r i~e  . ~ F E  t*, ' ' m f ~ - ? ~ b f m  

aifeats.  ?'he ~benownrn is ~naZe~al ta  ?r 9 1 4 -  diffrt4?'tf.~~ 



of light by ctltrr'.rmXc lrnver mA em ha e~11ved by ~ n b l ~ w  

the theory a f  Ramcur nn8 Iwmdrn Rnth (1938). 

TBe wrfeztion of the refrncttve Index w%lI (ram@@ s o w  

vnrte af the w. w front t o  nave fnblbib~ than the other end 

the asoe front w t l l  ~ u q u i s c  aasug?lntllag nnrl the ama~@fent 

wnve frmt my be exnrere RO 

where A - P/$! 
The dLf#raotZan Pran auah R wnvefrm% atill cvtdentlf 

givs ria6 t o  m x i m  at; a n ~ t e e  

8 ( A n 0, t(, e* S..... 

wklrr~e > ira the waoalmgth af l ight  nnd hnXk the p%b of 

helix, Pa evaluate tha Pamter coefffa?en&~ and hanac the 

intensWksa NQ t?te bfffr~ct im maxim %n ganrtrrcl C X ~ W  

tr  rather R c(rm2eC probteus, mb ~ l e  a;+m,wf wc, \npe t3 

aZhe v..-ril-t%m a? t h ~  rcfr:;ctava RnClr?~ adth WCet f-r the 

I)feutr+.c vcator dol~fts~d ~1?1r8171&1 tc ,  OX %a e?vm by the wall 



( eao Rfrnnchr~nllr~a m d  Rnw.aashnxi (1 9131) $%at th% R cm.nat 

be dfreet Zy 11tirc.rA %f S,hnt~t t??bf 4euI.t~ 125 thc fler1,mt ion 

of the t?y:o~**q. 80  wo wh9l.1 ~o~'lt~nt;tr R ~ t m t e  ~rpreeetarr 

%at the ell lpaa0d PA with Centse '6' be the e-t:cn'L 

t n d i o ~ t ~ t  of Lthr w?terfal. r4?: t s a  goin-k e rim,. the  2 fWxte, 

md brX be %Ire dinea%Cm .?f ~~(3pw"t P rn r3f' %he $xl;mordbnnry 

rcy rsh*ch hnc ?.t,g ?Ieetr<.c mettar f t ~  t?28 n41ar:rr sf the wwr 

Fiere  (1). The lsenffths - and sR re3r t~?@at  the br?nn91naZ 

reirsative intlices ~i mlterlnX % yra  nd4 The reffrwtim 

fadax f o r  tm @ x t r ~ , a ~ R ~ ~ w  r ~ y  ~rqe@t@Q ~~ OX t a  ~ t w m  

By 03 v?.te'tr. J p  the l~rqyWi nf thn 41tlmtSsr a%w@nte, Oe alt* 

Consider the raotong~:m ex#. t\nn 7 Sat the eq!~nt3an 

of aa be 

7 42, .. ...*.(?) 

2Q.E 8 Qptlaal Ind+c*trtx t35 t h ~  -?*cr?nt *t a 

p a b t  B ~ p h ~ r t  = t?n 9 r tw exgyp rmd thnt eZ 0'3.7 "3 

9 4  +.... &*(3) 

d i m e  a@ a Zrr end ap = P I  we h ~ v e  @ * a d  jl n t  R 

Riatmce 'Z* a h q  t k e  !4 ~ x l a  tu ( ~ " ~ s f p ) .  lChs c m d i t ~ a m  

Par thoas l Inca t a  t e  cm$xtg*+e 4lmp ~ G F B  of the 



F I G I  -- Optical -- ind~cat r ix  -- - -  of the mater ial  a t a p  _c\\onq z axis 
- .- - , 1 



i* t~*~  4 4 - 44/$  ( ~ r o s  iln+lyt~eixl C G O M ~ ~ V )  9 ~ B ~ Z M E  

the vnlue nf  ~ $ 9 )  tumm out nr 

oonbhm (4)  and (8) tbe ca6rdWctec .zP B t*= cat 

X t  o a  'be e%~~lliied by trkiaq ~ i m . t ~ i g e  CQ the fa& 9bat 

% and 9 w e  very nanrly equal by putt- % % * ( A n )  

a d  s x ~ ~ t ! l I q  ( 6) in ~mers of ( A a) m d  nelr;l@atln# the 

t e ~ ~  fii the order (d n)e nnd hlq?vr  *e -st 



The error between ( 7 ) '  kurd (1) tat qui te  emall. $or examla 

wiOh 4 * 1.8 mc n, = 2.5 the wrlmm errw in a 3 0.14 
r: 

per cmt ;  with 14 + 1.8 W np * 1.6 it ? @  %.I! p.r cent wlth 

(4 e P) m d  np: = 1.6 l a  3.6 per ern*. 

Im accardin~ to the model % chnnpem d+-sermtlnu~~vsly 

on ~c?I@QI.~~ from ont l R y s ~  t r l  t b ~ )  rert, buf ar Adecueaed tn 

t h ~  tberzq e f  1JvF.f incitnn-t .crnp~lZ~rY. t o  %he rsp.tie nxfr the 

rslgis Setyeen thc~ pr1301dL ~xgrp efL e?*~cceerbr@ ~ a l a a ~ ~ l n s  

Inpaere i n  the tbeiio~2 etractr~rat $9 m l y  elf tr t ja~  of 

1 0 ~ ~  zadlrn* Insrr, r o  the.% t o  r. nand np-~or t r r r~ t id l l  ( I )  

nay be ?,tt3-ah t o  Sn cc~~%-ian~t~cz~lp tePi~y4ng funaf Cmr Qna 

fu~tkzer fq?nror$~wttm 1 ~ 4 9  fp! i;t&f: %he cur-rttgtupe f,f 

FP-? 13 ti75 q + $ p i l ? ? ~ q  RYLTICI ~ m ~ y t ? ~ ~ ? t ;  i l h " 1 , ~ ~  b - 4  the ? 7 ? 4 ?  2$:.168 

e-re ntp1t::fFXe. Ja" nrty -the s " + r ~ t  fen arflers af r~-?l"frm= 

tfgi ' 1 ~ 9  of t n f ; e ~ ~ ~ q i ~  t h ? ~  nryrnx.lm%lon is mlf4 w+m 

( h / ~ )  ? e  ;*w.ll. (Rnnnn nnlr asgrnlrrn Xath, 1958). liter 

~saz?inw t')rr*rr.rh ra ~ e l t  nf thjcirnesr XI, the Z~~naank&%tzB wave 

btC fa F,eSzPqES * vtt'f. be gtrew By 



the eon~g8flan ax the w~'1.w frmt e?.m& the Z r ~ t e +  90 1% 

r e w r  c t t v e l ~  p.a 
d 

I1 c f i e  (trr si? 0 )  cos ( v a3m br) - (PF 8?1 9) 
-4 

F?? (1 813 h ~ )  1 F r  

hhnt the cos f f  l c i s ~ t  0.t' f : e 7ir 7 f Lt+rt of tt.lc 9'  :.., p +r- rye. 

I) I (o) ~ - e o s  (~ar sln  9) r o r  {elar! G *  
PS -4 

d 
J w ,  (v) jl..lI1 !a3 rtn a) sin 4% 

4 



g i n  { ju  a4n Q - 2 2 'J) 4 
-.lprUC..lre-.)lClC- 

ju ain 3 z- & rb) 4 

+ears lllC 

Wl u ~ i s b ~ ? r + I ) b . d  

Xp Q E@ JoF(v) /-- sia In? 89.11 9) COB ( R T ~ O F )  d q  
4 

md s i ~ p l m ? x i t l  f a  t t ? ~  t%ro.rloue w.ap the d b ? E f ~ ~ o ? t % ~  tvtegml 

f, turns out. er: ?ern. - 



'OIe sccc %hat the mgn?.luda aF enah .inR+ivdcfusai tern 

in (8) r\Wbai-;lrlr 3.6s ht3hccrt * ~ x t r n w  (%I!@ rsth*~ w&r%ma 

b6Lng nafll.igib2y mall ~ l o r n a r ~ ~ t i  t o  the h9ghc~t) wbem 

i t s  denumhk.tctr -m?rahnrl. Also wa beat tk42t v:hm my 

one of the to.zar; .:8 ~-&;91.iwa $51 the a t h ~ r a  'ti~tvri~ q?@g- 

l i g f b l s  mlaae  as tha nwrutar of' @hob c m a t  exceed 

unity awn 4;M bezmtnntns la  eomu . i rz%+3~~~2 na~.$~ai!ah3ng 

mr i't;in'l~ aP tT vTz!c:q 2s t3awti-:.ofe~tL: f-wce. Fr? "I;@ 

naxtnwr ag 4%:- rfln.rri*ttda, sf (3)  aorrespc~nds kc t'b 

maxim:; r.: ? ;.f$:~!-i:i t i f %  3 ~ e t . r  \ifjt;@n 

'12 i;;w: 'j + $y+?J 3 9 

eJP Whein 

u a i ; ~  $:z (2; .: I) B 0 

that ts3 



!Phu*, the  rslnttm iatmait  lea af the rth aimpanfnt t o  
th 

ths  n sawpa%ent %.aet 8hr ratto oP the tnte~aPfiau 
th th 

o f  t h e  8t e.pQ n O;C~+CB is 

fa tbe ?sa%roa?c @ere (An) w nl. - nq 0 0 

fn tke care 6.11 the ntber ~ P ~ O F S  V ~ ~ B I I  exfie-% %he %ere 

m ~ : ? e e  tcu t n e  avt5fo  n x ! e  af 9 1 : q ~ I d  crv~t~t l43c~.~  

vary = a $ ~ l s n f y  PifdZd~ ?rr pXr?ncsr sn:? +kc ~ P ~ P P :  ' F ~ v , ~ R  



index &.zd actdB ns m optfcnl  ~ r n t  tng. Bhsn the, haam 

of H ~ l i ~ , t z ~ t ) p , g ~ ~  Sracr (831~8  A )  waar dlreoted an the 

enmdle pwpe?rdf @.zTP.F t3 t30 i181EI d i f f r w l f a n  

patterns **cP~ fib3errdA (PQ*!?) (~esekmann eto. ( I S M ) ,  

R.W. Wand 1934). 

The cho%@rsterlp?. chloride arrd the aholr?at@err*'pl 

nyrie%&%e ham hellon1 struotures a i  onvasfte Erfiesg, 

so thnl  th t  pitoh of the Ltqutd crp&nl?n@, mdxture 

could be c * L ~ c s ~ &  by the ch*slsgbr; the tc.mpe~dfiwr * 

Thsr~by the palritimt~ sf %I!@ dzf-tr'czt4.m epdiss ifla6 

.hi i%ad ~-cest.rSZnalj. The 8CSErhat tan l~~txxttiuz tswe 

atror .~ ly  ?qIn.ri-ed ?i ? th -fr?:e: c hec!r*io ~#ic.Lcr~ ?,:arnend%eu- 

la? $6 *rba sc~cn. n.xi~',- ao -It t o  Fs o x p a a t ~ d .  Pclrui"eet 

solrsstlm~?~n crw,lb not be i n ( 3 1 ~ i . t ~ ~ ~ d  ~ C C W B B  ef @OR!@ Ab- 

polnr ir~  ttm duc t p .  aar.tt.or2ng. l o  Intmbr"tf y -&awe- 

agmts hnse h~mr, .r@q~rta(!  b~ t%ca. A t  n cartz:b t s e  

paw turs, thesa acczrred lur axw t ca-sy@nsqttan 3f the 

twa at;pocjr.l.t.@ ~ermd 8t;rtactura and t h ~  irc-rnnla Feo~nee! 

nemntic with P * -, then a ? l  the mofee't~ltw ~ 2 %  *? 'mlltel 

fa m a  ~rutnther ~nt! ?~r~endiculnr t o  the c a ~ r e t i a  Z?r ld .  

Under );ham c lsoumt~nc@ the ccntrrk opat wea 

prerent r 



u%eb a as11 a i  thiekncbas ]t - 4.OQb am and ItelCu't* 

196m Laaes beam ($sN A). The layer birsfrtnnmcs 

4 - in aholeateria 1.Lquid aryafetl ueuatly l i s e  5n 

bhe rmns 0,008 t o  0.9. EaubrtLCuttnR there w-tnerr 

of L, ( ) and % - np kr the sr~rasaiom for inten- 

aifies af AfffrnatZm wttsrn and u o t a ~  fhe well h m 

axpnnsian 

the rbfatltve 2;ntmrsfrtiea 0 the aero first r m A  sramd 

arder wsxim ham Been nlotted.  olcrrr are abovn in 

P i g w e 8  3 gn% I far a fer values a t  9 - n ~ ~ m k ~ h g  
2 

fmm 6.668 bo 0&!9 whlah carratsgond t c . 3  o r~txlf?i.nfl d ~ a r  

6.& t o  310.3* The cn~aulnRims 122ustr~te the pro- 

Ve 4188 notice fraa the ff.quro t h a t  tkc scf ,?t?ve 

intexstties af the dCifrncCCm Wtxlm w i l l  no%; lesd %a 
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an rmcubiguaus experimrtal dt?termln*.tion of % - n * 
t 

But by an sxgerlnw3nt with %we dtffarrsnt t h 2 0 h e ~ d 8 b  

and under exssrimntal canUit.tanu (n - n ) urn 
1 2  

bd~ deCemineU* 

k16; deaer?ibsd ln 0hapt;or 1, Rob2nean axe3 QMffim 

mbre (POfi?, 19@, tW$, m d  sr nrimtc 00-1 ofsttbl~)  

diaaovsrsG thr?t oerBnln p a l m p d i 3 e s  dtoaalved tn 

argmfo ~alvmts  nRaptsd the ahalastarto etr:1cE3ra, 

uaually o f  vwy inrge sttch 100rabow a cnrt?tn o m c m  

tsn%tcrm, T%&+e aruth~r~r a%ecrtrrrd $PI+, whm k'trra~ 

hcrerrm4~ntfsfy .?l?meci prneafwmt~ arb v i ~ ~ r d  Yerc~tr~-h a 

~?c~roaaepe ~t r!pM " n ~ l a s  te tho entic axts, 9 ~orJes 

02 ~ q t a i R i . ~ t ~ ~ t  n ~ r n l l c l  Rhrk 1 lnes (with nrantnp.3 a t  

Zh@ Q P B ~ P  cf Oc% $9 O*OC)I, 1Zirn) i ~ t 0 r ~ b t ~ 8 ~ ~  Xf.ja:ht@~ 

I ?VB, nmxliri~ ?ernm4tc.~t a.c tc, t 3 e  h s l l e ~ l  (or OF% Zc) 

a x i s  cro PGC???, wlierh %)la li~r13t w w  polarf sad w2.J;h the 

cll+etric mcf.f;tpx *tcr.rrtnnc? tcu3.a~ tr, tha helt~rrl.  RK?R.  

!l%tlt Rtatmcr, hbtw@ea t)lh ~Ln.laaent; dark (C)P h ~ f , ? ! ! ~ )  

Itnee we- ]P,/P~ me ttnee ~ ~ . m + t ~ h e d  when the atectrta 

vector w9a .reln.lr;ad e- qea tn be n m n l l a l  ts %Be b~L!crnZ 

UJ?.S. It ho~l k : m  frwther ~baerve6 (fsbrii, 1957, 

p r l w t e  oam?mrzsSmttm) t%t w h ~  %he l tqht w*:c >?lrr!re& 

wtth thc i..Icat;rtc ves tar  ?,eretar,$ iculcr t o  Qt'z;6! ' '933 teal 



axlr ,  m d  the naiasslroope wna raeked srlaorllp upaf3urAa 

(or* down wczdiis) the 'Liner nO first bacarrte blra~rrd &?d 

welca th6~1 PCEPLEIC~CI by EI a h t l n r  mi: of ltnhts 4 qa?n2++c?ed 

efdar ways film the Yeltcnl, axler by ~ 1 4 .  6n rncktw 

t 5 a  niar@3cmc c l i t t l e  Pzrther t h ~  l - tna~  q n q a  

tr18mro!l 9xii Pt%:*.lLy ~cpl~rced by r b a t  of @qaiv?I~nt t@ 

the ~ r l q ~ , a l ,  mer ';Phto rtleqltemce could hc renantad 

a a n r ~ L  ttma *a4 the vavaet -errad wse submtmttntly 

~ons%mt.  ?ha mufhce hqs dsrcrtbed tbta effeoO aa a 

*faeuretF ~sr4aQlaify'. 

s f  the acU@i dZecusa%d enrlf~r. X ~ J  bertv?Bg %'ria 

thaorv, ws r ~ s u % ? j  the ZnetAent bsns t a  be n~efsafLy 

pcrsxtllel :md n?+gl?uted may d e ~ l r t t i m ~  in the -ssttb of 

.the r&ya m travrrsreixza *,ke TBJIW, Qlll $he oll :cr hmb 

i f  there l o  cz very sTLi~ht dtvrsrgence in t 3 e  hers%, the 

r&ye k i l l  bs dsvintsb, hs ear demmatrata0 by ROW 

b e e * %  Ba~.u?;i P t r l  emasimenl~ OE R.W. Wood ( 3  ~ 3 4 )  

with Che Sallcrwtwz set  u?. 
- 

A iy'l~lss %hraugh 80 am. 1- by 19 emme k-fgh wid 

Q oatar., wide wlLh plats qltrnar endr I n  P"t1Zab t o  the 

depBh af 3 am. wtth plate nlaes ends, b r  %iZLed t o  the 

dep9h af 3 amrr, wtth a strow 8alutian of alum* 

OB thfe 1.. n o r t s d  a Layer of rpter cmtnininrr 26 * /a  

af aloahol, whtch i e  very mah Itqhtsr gh-n tho nltm 



aeluf iaat, thou& hating about f he same refzwcf bva 

lndax. A mixbars of ~lyoarf.ne m d  81) per cent alcohol 

oanesqusntly it 3s oorstbla by Rwma o f  R glass 
I 

s i p h a ,  dram d m  t o  a a m 1 1  abarturs which le 3cnt 

the Icyero tntc srch r i + F ~ r  c.-z he 4 ~ q f 3 t c r d ,  nLc"Ee 

havti. ale a rr:vIB, c ?nadf,ttrn 17: r-%3t?h the  rsfr."c?i J @  

t'*,Cex t%aran~s$ ~ F C I T  the a:iria;ee t ~ * ~ ~ : - r 3 ~ 1  thfr ~ a 3 1 c m  

~ I P T ~ ~ F ~  snd thm Oecrewacrr~ Pr TT  %tl js  r3.~:ne f:%*a -r& ?he 

b n t % o ~ ,  

H a o r ,  If n wr;v nwrm Farm a i  V g h t  fraa pa 8%- 

lamp* nnde n m 2 l o X  'by wane :?i R amdmat.r-g 1 6'"itBr 

be f k i r m  o'bltguely Zltfn one end m i  the thewhe *% 

w i k l  be aaen %a BrrFwrae $he 1 fqu14 Jn %Fp ffir.a pi' R 

~014t)i bea?~L?fhI. b l , ~ ~  W r  Per, the c ? m B ? w b  oft cI!:@? 

vrrtss wt.tl., the mslc ~t prh?c)IX the rrv l r n t e r ~ ~  A ray 

of light Brrtwllf~~g .Zn n etns curpa $8 bh-fi 4.n -?lp. 

6(a  cad  b). ( 





The altc3m~ate eaavargmas nnd d.i.ver(ltsnas of 

rap, m d  Gha sucosr~aive faei was obtntned by er'klm- 

ing Q nssaply parallel bundle of rarh t o  anfer " ( ~ 9  a d  

aP the -ugh in a horlrrantel Uiraeflgn. It 

n I - l l r r r - r t r r r r r r - -  






