
mas i*a$ 

in %ha Isao&mgia phaa of &utrrrr%hrr warn p r f ~ l f f ~ l ~ ~ d  by 

%doo-%hn4 cur PM. bBa ahon4 that Ln t b  nJ@ottrc 

hood af 4x the rrg~rutlo bfxaRTageaoa om be u rmoh 

ara ~~ tWes gzewk~t! Wan in ~ 4 i m ~ y  00c"gmArr UlqfriUs 

Ukr~  alt;robamaw* %%As Ir a d l t~eot  ex2ijamr cr% ehe 

parrrrlsttsaoe uf a s  nrsm$A(bi-Wrb rrbe$ rc-a ordar fa 

%he Saotropia pharlrer @v(jtlrli at9mar rkhei vwshing faf f;hs 

long range ~ d e c  r4i THx. 31~wm~ in 1933 obsamd 

that: %he nuen@m2Sa birdk--qarmrl, i s a  $ha Srotmpico philsae 

rr~t~itm~ a (2 - P)" dap*m~qoe this b a h r i n i r  

i a ,  arosfsry mdkoa;ow 90 W;aQ o f  a imsmagJIDat gbws 

dhs Qt;rriar tampra.fslrar. I U w  anorraXiss ars o'baw'prad 

i n  *a altaatzZa birtllSz&=maa u b d r  !l?twm ahort stawe 

oxdar alCStw4a An .the irao$rtop&a pbae  ern bs Beaaariba4 



=a t- o t  ordax 83 i. not prrcludeit by ayrmnetr~r 

elnor, ar and =# awpmatsnt %WQ mBirsly UPfrrramt 

phyaiaa or 

(6.1) Oo a f&8% ordm ph-8 $ranlli%i~& DUO 

when S O bha, jxrtw&ticrrx Lar at a6aoM oJrdas auacO A my 

bo t&n aua 

A a(% - p) , 



i- ca n(a) vlta P zuw n p n 0 * = * 4 ~  

a Bggofka.bia&L sscand osdsr OznsLtioxr point; fligh*lg 

belac %Hz* f o r m  oi h(2) &a d a t e ~ d l  by th. 

; 6 ~ 2  thaf A vmlierMa att trm$tda~r p&l&, baSw 

po~dtivca an or#, aMa a f  the f m w i U a a  emd mg&.t;dW 

Bath b and b ~ i a a  +aailrh a% abr 9 ~ ~ ~ 1 ~ i f i o n  point 





p u d l a l  aligr~na,Irb (a 1). Herr w ham ar@.otd 

$he h i g h e r  pmemr aC at elme Cha aagmQiQaXlg ihdwad 

order (afl) e.trapely we?& ( ~ $ 0 ~ ) .  5 % ~  oond(tioa 

3se~Ids 0 leads t o  6he r?ers\nS$ 

whetre A? i a  $he mA@strrqy o f  aptd0a pohri&cblbilify 

o i  the aoloaulo and I the ao%or V a l u u *  *W A% 



a t8 AX* IQ4.2 X 10- a a l t  I 55,900 ~C~BLUB.' $OX PAdr 

r3.eatixlo b44?alrlwda~e 05 PAA r 300dlt afd%jjrisl maul$ 

~t w a s  shara bp mwutrori and ~ w r a s c l m ~  thrt 

Xa #r pll~awnar, uf cul a3orafria fAeld P the 

wiea0ational e~nt,a?gy heas #ontrLbat%om iron (a) thg 



The electric birefringenoe [o) (after isvelkov 
and ~ ~ u m t s e v ~ O )  and tho r e c i p r o o d  of the magnetic 
birefringence (9) (&tar ~sdoc-xahn3) i n  the 
i so trap ic  phaae of P U  versus temperature. The 
linas represent the theore t ioa l  variations as 

9 caloulated by Madhusudana and Chmdrasekhax . 



(b) *hr n@Z pclmmawit dlpalkt u nt p. Ehab av(5rage 



'NI 
Temperature (OK 1 

%he e lec t r ic  birefringence (0) (af t a r  2soetkov 
and Ryumt.evf9 and the rcciprocd of 1 tihe m a m t i c  
birefringence (9) (after Zadoc-X-9 An the 
i so trop ic  phase of PQA versus teroperature. The 

l ines  represeat the theocet iaal  vsriations as 
9 calculated by Madhusudana and Chandrasekhax 



lEBa vr2wa of p sauril rJ for PAA me setimted t o  

raesntrr Ja $he 5aatmpSo p b w ~ ,  !2&fw s 5.65 a* 

TNf + " 8  I9 A, m 23. 10 *24 my, I! r 12kV[m elow 

wit& We vdLmc4 of 'aa am! THz - @ darited iMn the 

mgpatio bPajetr1qpaer 110~1bas\uerrmarnts), &&mudm 

mu ae~i4i$ramrs# faf the a@srtion t o  the W u a  af p. 



Urrrre Zhers, i r n r  r oangsCifasn btwm aer polariak- 

bL1f ty the p(~rm¶wn$ jW3pole maenti ~ ~ r r t r j l b u % A ~ ~  

even B mall amcoa i n  fl u f l l  rtwaas w argpeecaiabka 

s h i f t  in the fmp?mPtur# nt wh%oh A % 412 i's. 

Aoooritiryt $a (6.9) * f QE d l  ~s jJu~s  cr9 p 

the ralua oi Aap i r  porrltiva at P1 OetoperetWes. 

!l?lwx~ the tarpwatun variation o i  A% lnwt be 

eesentially @i.iZu t o  that o f  A%. SmaU values 

o f  g are r e a l i d  Xn moleclrulss %rabving a lwg+ prrzrrPJletl 

cr~~~lporrant o f  BipaS s moorat, Whm~ .B;ho molb(itlio 

Uwid cr~yratraZ As emposed of' akuah stmq@y poZw 

a r d u  (4 to4 aw la&#) baa born AnPucsd by PO .~t@mP1 

(allaotixiilo; tar &&o) SirrXd* This mrodkil prediode -.ti 



shootad 1#rgerrr2aam%- 3!%r %he i f r e f  U d l  thn* 

both A% UYI A% -bit P (2 - I)-' depeademoa 

with me .pllr rprvr of P* conz-ing tho Uleoretlcnl  

sr~a;le, B M h  @as amplara wars sxnt;b?essfe+d in our 



b. Rathod ob gurwetaaa4 

rebs e x p e r ~ l l r 3  bet qp wed fgx the 

IsimEzLryjarne a a w e ~ ~ 1 3 t u  Ls &om tacWmatiosjilly 

&a XAawa 6.& a ;rJcssl psimu warn wad &a goPas:Aaro 

$h@ ugh$ fiop 8 B*.Ia k s ~  ( s P ~ @ & Z @ ~  Phj&@&, Hada 

$32) a.t; am ma+ oX 4Si* % the fir2M (ebstwlo chx 

in Oh* saalpb wm rourrpouzled as Q soi;atAon 00 5;be p l m  

of p~Jlaximtioa wfng r qusrtm-wan plate whoar 

prinaipnX cuas wsrce 1xmUned tr% an w l e  cri 45' ta 



Polarizer Hor E Anaiyz~r 

L a s ~ r  
Sample tube 

plate 

L o c  k- i  n- 
amplif ier 

Oscilloscope 

Schematic diagrcm ahawing the axpexirnental 
set  up used for the  eroctrio a M  magnetic 
birefringence rneamromeuts. 



photmultipller Cube  hili lips PY 4 1 1 1) in oonjunctAon 

w l *  e lwk-ia(l~ls~pUSier (Uaipan=&tl~of Ztre IJanoooZt - 
amtog tin* 22Tr Mop1obga~ WotiFier YoZtmc~tax il;yp% 

2928). #a& r n a t i ~ u s i ~  A% tho inoi4.nt Ugh$ was 

mo%uloar%lrb s a&coppar) erar Qlealzoao ahoppar 

(Amriaan ! F i n  PmbueW typa WGUO) at 4r)O lia ww 

uard i n  the om* of 6QDEI an4 to variarb3r apea4 abroppr 

(~cimeton &pus4 Reaserch H ~ d e l  1512) at  500 BB WB. 

ueed for 8 OX(IPQ. A 14 an, @leotroma@%@t (UDS ~ ~ a l o r a )  

ww wed at 40 am pole a.parot&on. In Arrp xwamre 

~lrren?io the A?J . lar~trlo ffsld i t ~ r a l f  amoreti arr f-ha aPdlut 

3atAon. d rL5m-marre g~smPsrZor (Orion - 100640, I.Iuwary) 

B1JL%h o maf uhrsrd step-up It; 

t LV t a t  500 Ha. S f a ~ s  *ha Srahuaed b4mXzi~sg1&xr~1e i a 9  

gxup~xdbonoaS t o  63us sgmrs o f  Wa dapg%is& IfiePJ, 

datsotf oa had $0 be dons af 1 Idis. 2hg alootrPosh 

-20 cronduativAtAosr ~f the amclrsa wwa vexy Low ( d  10 

ohrd" ma*') .21(1 tb.r.iara Oh* problenur o i  e l ~ o t r c -  

or hstauny o f  the amp3e CfSd 



o. g c t r ~ z n t r i ~ ~ i Z a  

ouU rusd few A% mmsnr.ents of 6- 

haat3 t? OQmtPQ $8 erkiamn 8ahemmrrdiorlalXy 28% l?&gurcer 6.5. t f  

~b~X%Bf#t8d Qf 4&Xh 0pt$4#a o ~ 1 5  of r(tb*fS%l$u~8~ ar438ei- 

eea8.tron inl;o -ah non?l.-rnti~ stuAnX%e~~ mete91 elecfr*o&sa, 

mmr 9xr;llrwtsd w i t h  tsnaa aporgflz$~. Phs elautro49 assearSb2y 

mw MZb rA&dXy 58% pcmibion by $wo bia8tPmg oomws. 

B e  alarcrgmde rspo~r~t isn  wsrs 0,212 om 6- a&d 

0.255 for 8 OHCIPO* tZha 2+w# of %ha eleotrados, 



m s  6.3 

Sohemati0 d i a m  of the, oell wsd for elttotria 

birefrAzagexmrs raszasurem~nta. 1. O g t i c r a l  cell 

2. Pon-magnetlcr atiarinltslse-steel ele~trodrs 

3. TefhnsparrarrP 4& Olam Wtrtd~k~a in the 

heater 5, ahromQ1.-ealmal thermooouplr 

6 ,  'PcrfZon waahez: 7. S p r i n g  moun$e8 sC;uds 

8. Nossle ge Binbigs s C r m 8 .  









r Gabem .fife &a a;f &ha m&@wkirp b tx~f fSngf~m8 
tor (a7 6CB a m  8 OEIGPC. 1. lefLon fuba 

2. Copper jacket 3. Ola~c p;latcse 4. Coppox nzts 5. Teflon 
wpf~krega 6, Bt;ed~Asas-s%~~5 tubs 7* GLarsra w3lndows 8. Wsatar 
9. @hsmoaoupl.ess $0. &oe&es. 



h e n  w i t h  onZy o m  wAadots was XoctbU m& the sierrtpXs 

O P O I F ~  .tb9 w aAx bubbZe i e r  Srtt;robuaarb the gprooearla. 

aour*d no% ba fA1Jsd 5naibe Z b  ltaS'3ioa tube without; 

Oo be wed fa: this oompound. $Us 0Il1 (iiguz. 6.4%) 

ad; mde a l ~ n g  $ha % e m  a t  -a tuba hapea in 

An thea Mader so -0 the ltmr ra2wqys p w i t i ~ d  

the d o %  at the fop* Tare, opitSr~U2ft f&t ert;rrain 

free g5&w plattb~t wax63 f i x&  $0 the two C@ thrs 



%%a w8slr d&mm&crm o;F Zwa imma%t;ia 

b l r l a r f r A ~ ~ ~  osfJr vme -61 lsl~ tbaZ a a0003e~0n 

harertsr: oould 'br, Sar both QP than* %ha kfmG(33: ww 

l ade  oi o L.p capp.r tuba (30 or lox&) of h r g a  thsrnnial 

O V ~ S  UO~ &W&UQa wire ts~rrr VOW~I* %ha ~PladSw 

wm S~nsula;B@b ;isooa b d y  of fbe )LeinDax by ra rcnhssrt o f  

aaa .  %ha a d &  wim poglItioraa4 cert Wia! mantra r ~ f  tha 

hwktr~llr risl~lng copgaax btagf~rsrrr. !2br heater wm slrsaZaU 

by glt%~# d a m & .  $ ~ ~ E E o . ' W ? U  ths ampla @uuI.U 

be ~)wnwsC;eXg aantroUclrr2 by fiaa ~ d a 9 i s ~  of a s  



& ~ w ~ S . W  t~ .tpoOi~m (6.6) urd (6.9) t$r 

bfr~f'rAq~1108 ( A% Aag) wade. a. the eqyar0 cd 

.tha 2;5al(l (magper%ia or a2grat~fo)~ $%me thtr mattmuxed 

tmg19 of ~ l t a t i a a i  (R) &a pr~poarSo& t o  bfrafriqgeaoe, 

Xn i i o ~  6.7 m ham g&&trtl both A% 

A% u "m0iwm of tmpratun for 6LB l~caavsd at 

Olbe U@~orrf lti62ab;* BoZh W b S P ;  Vepg ketmw m a r e s .  



H~ ( Gauss  ) 
2 

R~$ation versus equnrc o f  the msrntic f l c l d  a% 
&tf Perent f ~ p e t a t u r e k  f o x  6Gi3. 



Rotation versus square of tihe el@at;ric f i e l d  at 
dL,*feretn% tmpsra%ures f o r  6CB, 



F i a u ~  6.7s Magnetio (@] and electria bfrefriwencs (0) 
as funations of tamperature for  6Q3. 2he meawing f i e l d s  
wsre H - 6900 Oeues and E 3 d 2 5  k~/cm, 





(A%)-' versus temperature for 6G%. H = 5600 (a) and 

6900 (b) Gauss. = 29.1 *C)  %@ = 28 *c). 





~hown in $&(ye*. 6.45 urd 6.14 rdth 3" r 70 . 3  @C and 

- b) 3.4 *a. 

3 lt barn mcpdmn%Uu weltJ ssO&UaEPab 2 P"QT 

tht A% e i b i t .  a (P - Pj-' d.peMaaaa. on 

u t h r  hand, A f  @a $to asopouMr -4 had bem 

Mudi6lr;l aot bnlp t a  drw . n ~  definitr  aoaolu- 

~ 2 o n  on lu*lm oi it. ~qrn=a*ca 4speM.ace. PM" 

*hand ia r.rar*ll Ls 4hr .i@ aC A% o il.w d*g$w# 



rret 6 * l O  

RotatZon versus a p w e  of tho o a ~ e t i c  Eield 

at &iff sxlent temperntursa X o r  8 WCPCf * 



Rotation rw?sus squoro o f  fhc olootrSo 

f i e l d  aO diilsrenti t mperakres lor 8 OMCX.  



M ~ g n e t i o  (e) and a lea t r ia  bireiriqgcnee ( 0 )  as 

functions o f  tmpernfura f o r  8 OHOPQ. The 

measuring f i e l d s  were B - 6520 Gauss a d  

E a 3*92 k ~ / m .  



Inverse of A% VBI.BW temperature f o r  8 OHOPO. 

g 5600 (a) and 6520 (b) Oauss. (TBI 71.7 @0,!2~ = 70. J O(1) 





r.port.d that the trspcahuca %opsnd.nc. of Anp &a 

t w m b i ~ ~ ~  that both A& wad A% h: ~stroqgly 



7G0 crlro. ?mm a log-log plot u i  A q l  urd Apg 

wmaw (I - P) the 810~. o i  a i c h  e r a .  the acponent, 

flsw &9;4Ja o vmlrte as 1 lux y wax a Wlba 8-0 09 

tilplpu?r~1l~~& Hwmm t;bey &-a ar 8;Lowrr var%a2toa 

for t m ~ p ~ ~ ~ W e 8  be~oad * 20 *U. We did not 

f$n& awy nroh ai allbps for 6QB in the tgmperaku:rr 

ssWb;L5rb.d tht both A% usd A% in the i.otropiu 

pharer* d! 8 Wlml(rAa O b q  $ha taMau uf Uaao~pESoa 







(e) m/2314 9 



p e e d a d  by a .motlo A p b a 0  at lmer tcznpcrstlrre 

Qhe pitah Smcmms~bs very rap;ttI%y as B;ho aaa.pZa 113 

c ~ ~ r e a  M the u o ~ a  A - b & e a t u i o  tramllion point .3 

rPhiar i s  &ae lm gmwW @f m m ~ q l o  Ub CIX'UIEOIQ~Z:~ 

Anthachol*8terloghua. 6 4 1 ~ ~ ~ ~ ~ ~ d ~ L a m d ~  

$ypr, air @aemmaarogiwih mile1 Sio 8asea%ba tho 

uhera Po &a fb. Mdlpll2.a pstoh in the abrmoa a€ Ulo 

mmotio-llka eonnlatiolu &ad t i. the apparent smoW 

oficbr amemf i a  A - ~ ~ u b ~ ~ r f  Q f;r?am#iZif #a puint. InvMn& 

tha ranclllew US* mp6~f&taAarr &a @mms prdicr%rsd t b  

vaua of  the oxitiedk expama% 9 .a 2 / ~ .  



~el , lmm w ocpuorScers +I1 brr msrrurett the 

pitoh M a Ihrmfiton o f  pr~mwa, far a nwibss oiC 

caho&atst.carlr~s hvlmg a oaaofia A pSleasa at  lwes Qaaapcer- 

rabwa~, 9 % ~  ehwab Zha pfCab Incrrabwssba rapitUy 

t95%h PSearsurier epX#%~@hAZk# inSf X3Afy ltiit #Y?A*SC& 

gre@mre pa vBtw d.pslld8 OIL tha t ~ p e r ~ k l m  AI 

%he rerrsu~3r&-ar abo&%at~rsJoa rtudSs4 bs $h~~ia Y ~ Y  

aholsatu'gl &key5 a&o=%a (COO), ohaleataxy1 

ayr ia t .k  (w)" .ad n21turuo8' @f 000 utd OQ. %?h 

pitah mmm pramuca plota to j :  ane Q$ trkenr ( ~ c / ( s Q  * 





p ( b a r s )  

WaveLeqgOh o i  marimurn reflection vemus p a s w e  for 
a lnhturs of  oholeeteryl olegl ocub m u t e  (COO) end 
&oZeaCergl ohloride (CC) at  diiisrent tc~lperatures * 

9 WC/C?C I 8J.0/170 mole $. (aftor POL- and Stegomeprr ) 



aid 

oows3skem $0 -8 @p&tLon M hare ~7aluet.d 4 

Xn all *or oraJouUhtaa3e: ths WOOB&Q~(?;& of maxlaua~ 

rerS2mt;larr i~ w W  imtesb of the @holaa~t@~iu piQicrh 

(m, a 0$h8l~ VI#Pbbr W 0  YMB&@o$ we #Psdn3& OkUbW1 ah, 

6hs refrmtlva indu d P b  prasmn arrd wrrnlangth). 

With tlh* daQa rrrariSlabZa i t  ww mat pe#rAb%o t o  r@M- 

mate %he ZnWiaic pitoh Po &a the &aenoe oi the 

emeatio pb.ee. Bawwer, the depelence oi 5 on 
temperaturn an8 p r s r l ~ n  arag ba sxpeatlrd t o  brr q a f s  

amla snd thwr w oasry jwit~~fiab;ltat me40t m r i a ~ o n  

in tho mmXl can&% (d iatemat mar po ond write 

YI haw artiut .d a ~ / a p  the .axr*ntpl 

ourroa COO at tuo t.~pera*ums (59.6 *a .nd 64.5 *G)r 

of 084 at 115 '(3 me3 oS fhrresa @ampfwit;iuaa @a" Q PabcW~?8 

coo ona ao [(i) m/w es.o/i?.o rd~ .  S at 25 @Q, 



crxpZa;trrr * a  rargtd Snsreaaia of tha p/tc?h vlOb grae-o 

ps dw t o  gbs build wp oi. #labat&@ like &orti r q e  

osdass i a  Jtlre cbhslabatcarr$a pharsa* 



p,- p ( b a r s  1 

&ug-Sog plo% oi 3Piap mal t .  (pg - p) a x  006 at 

(PI 59.6 *o be *1 11960 barer) an8 fb) 64.3 O C  (P, a 

2266 barer), 



,p'Asfure 7.2 

Log-log p lo t  of ap/ap versus tp, - p) fa 

choleetergl rqyristate (CM) at 195°C (P, = 1570 bars). 
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~ o g - l o g  p l o t  of a ~ / a p  versus (go - p)  for a mixture af 

COC and CC (80.7/19.9 mole i6 ) .  pa 900 bars 



L ~ X O ~  fiat a ~ h p  tersu. (pa PI Sor: &*r@ 
P 

r 200 b a f d  (b ?0*0 (P* 1650 bars) an8 ( 0 )  15*0 
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