
Qepurrllea% in &*moal~ Pm polar mol@atrlerr, th.r*e bo 

a Plrbye Waxa$ic~sr ia$ the r#~&antaQ&en g o b e -  

raU@& A8 8 aoror+qwwe, J%ua OXI, Qltexndiiilfg 

e3e0trlo f1U SAD meb, tho osiftcsaZ r~ltsy6.  ~arm@oadltng 

to XmoUmrrXe&8r trrsar&$iorr hlrro~u+ frrprusrtg dagm3eW 

SIn t!m v%oiaify olt mat mahxaLf;im freqwmy. 

fa  tb+ U&PP#O ~f POW' 

the Dlrbya x!8&uafiolrr fkagouwruy moor8 An tho gl&u h e ~ 8  

~l$Aen* %%a oemaa ttw a2.a & &tMLI@ JoIYIO~PQ. 

Tho ttmqta+ B w r  *# apipU114 f8.N on tha dfg- 

teMSgg; W csrie* the mralmm3a I r  aramtamd by rr 



t f r c w = y  ($I) 4. tm -. - * Yw. thl. ix.glunoy 

*I) tQipoLe rm8W em no Zoq,rr taka paxt in the 

aelsstmtr - re,, Jaw Bimmtor rand a,  W 

ammil polax liqrrib i a  tiha gigQ berts range but e ,, 
exhlbita an a d d i t 2 o z d  diapers&on at fairly l a  

cmponent; of the ~ ~ ~ O P Q B ~ P *  efe~b;rie dipoh.  H & s r  

aad Sswps (1966) inau~guatad thb In %emu af the 

W ' m t a t i o a  91 ~IJUU~;  i t r  atsort axfa. 



the ~ ~ ~ x i ~ a ~  dipale owent by the eXeetrie f i e l d  

is MNar& by oa pot;etn2;9d Barziar due t o  the ants* 

aroltecutlar folnser in taes raa;mtie gharsst. BSakmU&t$ 

$bat pb can orient l t so l f  only by a rotation of the 

Q ~ ~ & K ? P P  ~ S G ~ Q Q U ~ ~ ,  Msler aa8 8a-ups (1966) axtended the 

D e b y e  tbsory o f  BipeLe reftsrration t;o Iturlude the 



The uorual mhthocl o f  etuQpiEg t h e  89e2ectrfs 

r@l;rxzition i s  t o  rreaaetre the tta;aacilanlze of' a waatio 

If quid arystsrl oeXl wtth apprspriate aoXo@ular dim- 
~ C X ' & % *  k'e hat* wad our etet up of d @ f e ~ a n b r a &  dlla~ff Q 

coar;&mtrr t o  studg. tihe 3fcJaeBsic relax;z%ion in s few 

have bean studfat3 by Gmlerr an8 &;'ucfer ( 1572) ~2 



l i q u i d  c r y s t a l  contained be tween two plane conducting 

g l a s s  plates. A magnetic f i e l d  i s  appl ied i n  the  

plane of the  sample f i l m  ( f igu re  7.1). We choose the 
3 

coordinate system such that the undis tor ted  n i s  

along X-axis and t h e  magnetic f i e l d  along Z-axis. 

Let 3 be the e l e c t r i c  f i e l d  applied a long X axis  

and d be the  magnetic f i e l d  so t h a t  a weak d i s t o r t i o n  

takes place in t he  medium. A t  any p o i n t ,  l e t  0 be t h e  

angle made by the l o c a l  d i r e c t o r  with X axis, 8 var i e s  
-+ 

along X only. Hence = (cos 8, 0, sin 8 ) ,  E = (E,o,o), 
3 

H = (0, 0, H) . The equat ion f o r  t h e  f ree  energy 

dens i ty  can be wr i t ten  as 

4 

where D i s  t h e  e l e c t r i c  displacement vector .  

-+ 
We 888uBe t h a t  v* D = 0 and Vx  = 0. Minimising 

t h e  energy of the  medium (similar t o  t h a t  shown i n  

Chapter I) w e  g e t  the following expression f o r  kJg 

where A, i s  t h e  c r i t i c a l  f i e l d  and Ac = &,, - eL . 
V = E *  Xo the voltage applied.  



Sabensertio diegram of the gsoarelq used 
t o  otudy tha ef feot  of araased eleatria 
and ampet;; i i e l t~m.  



Pro= equatioa (7 7) wa sses that at m y  tsligp~ture 
2 nnd &requanay of the oleotrla f i e ld ,  Ha inoraaaaa 

In the abaanaa of' my elecZric ileZd, l e t  be 

+he er;it$e;;iJ ~tlf~4ptefAe f i e l d ,  then 

Pros equa%fons (7.7) m 4  (7.8) r a  can get an expression 

f o s  the aifaotrapy sf &el@o%ria oonstunt 

Aa the iropuemy of the q p p l l c d  voltage Is iacrctwaed 

aad opproaehlrs the relwatlm ireyilancy, c,, doareosa& 

urd hame the t a w  ((B: - 8:)/lfZ) deorrk.es. 

Bow if n ooaetdsr the w u a l  g e ~ e t r y  (Chapter t )  



be &I@ t o  
Bsgoa OZM3 t?Xp%0%8 f 0  8&&y %he t f  8 f ~ t Y k ~ f ~  

L 
relaxation in the two gcopaelriea ueing ~ g n t f Z i a n ~  (7.1%) 

Z!E oomluded that  kl ~ h o u l d  ehcw a l ~ v  ircp%"my 

refaxctioa ( l i k e  c ,,) a b l e  k,., a high f;~"e$pcrear 
,3s 

rslnnntion (lib E, ). 

@a cut uiiaretnnl the rcInx;lti.cn of k I 1  md 'kz 
8 3  

with psxz.~msati d.2pdLer ammate & ~ n &  i"b Sewth {JrrSgu~a 

the B i ~ o l e  mrcaieat tend t o  &.&&a along in ouob s 

way ee $to favot~s the  s b p a  aa iaz s t r~pj  ($i~r";*s*c 7.2%). 

1% %!I@ &her half af Wrs cyc le ,  thc 2Ai,oles 24a~e to 



(a) The alignment of molecules having shape m i s o t r o p y  
in the a b s e ~ c s  of external  electrio or msgnetic iields. 

(b B a )  The molec~Lar alii ,ment duriw the two  halves of 
ow cycle of the a l t e r n a t i n e  electria f i e l d  in a 
def omed s,zm~le. 



li%xm(s 5s ratatrirrylE about the srhort wixa, tha 

O I O Z ~ C U Z B ~ ~  harm fs not o w  work againa t mmstio 

pot&$&& barrier btLt ailao the bamiaf dm t o  the oh8p 

anisotropt. Himaver Dwliag (1574) baa shorrn that this 

efPoat drtas not plZer the o r & t S ~ d  f i e l d ,  fox 

F r ~ l b e d ~ ~ i ~ b s  ZstuzaritSun, aa &a t h i s  ~ & @ e  tPeflon;isa~oss 

i e  m$Liglbly and3* 3aneie dn s w  e~@rAasrzta r ~ r ~  d o  

not expect f a  observe tba relaxation of LI1 and wa 

a+tribute %he 1@aew08 frequea~y dgps5deEi~e t o  be 

antlxeIy due *o a s  bipo'liw rsl~xoticaa. 

%he erst qp kax ar~Prr&s4 ~Xasrt;rha i.smd m u m t i c  

$SsX4lr i+ as1sllr;rr t o  itbe one w e d  for the bt~tbtrsa;l=ffs~ 

o$ *ff ( C h p t u  f Z Z )  exoep'king that,  in the w e a t  

case %fa curid* ereate% &bas gl&%ear sere us@. %he 

slao%x$a ooatirrrrtrr f@rr t b a  &Iimrr platear were @'tf- by 

ma= o f  pXartinaw f@Uar. fPhe~ BaaeoBrrrpio iEbJLi@wtm* 

waer obta5nerS 'bjf %reatin& %#as @as@ gla'kerr with 

aatyx tsd~cblr~e%h$% rjrarrjronLm b r d d e  

Par & w m a t ~ ,  tho ~ ~ P O ~ W ~ U W  ~ f m e a t  wii. 

cobtafzmb by  mu^ d @ p o e i 2 % ~  s-f 3S~orr at ran ubligtza 

raragae. 



fn the k3.j geclnetry wa have nsnoursd the 

cr i t iod  aagnetio field Ha aa a Fsnotlon of the 

I r o p n c y .  Ae axpciotod from equ~lioticn (7.7) e plot 

2 2 of H, re. V i o  e stral~ht l ine .  Figure 7.3 

In the of t C . 2  ve hnvc glow;~rrd ( 

2 an4 PC w f ~ i % c t i o ~ ~  01 frequency at j.$liI - T * 4.C 

(figure 7.4). Thcvahua arsgiircn13lluble 7.2. . 

p ~ l m  group (leaving out t h e  C-5 turk$s),  m& i s  

lIenoo we sxpoct a atAnglo olleJaxati~an proceas am3 tho 

dlsloctric w i o o t r o ~ y  decrceseo C O : . E ~ ~ E F & ~ ~ P  at  fi( 

a t t d n i q  a tmaI.1 valw for f > f:, . 
A; 



v L  voltL 2 
P i w e  7.3r The plot of' W$ ve. V rrharo ile is the c r f t i c d  
nagnetic field when a s tabi l iz ing  v o l t ~ g e  \r is appl ied  across 
tho s w p l o .  The frequency $8 0.5 MUs. Bmple thlcknses 
N 50 pmt c i r o l e ~ ;  6CB (TIIx-T*40C) and trian(;lce; 8 Om 





9 O M C P C  

gimrs. 

Molcoular struc.tures o f  60B and 9 OWCPC 



xaturcc ore cl.cmn in figure 7.6. The values axe 

A E  
which io propcr t ior+al  t o  t o  rcna3.n iMepcn2ent 

A G 
ws ace ($iauz*r 7.6) t h a t  - has a tcndeocy t o  A% 



9 O M C P C  

L O G  f 

2 2  2 The p l o t s  of  (8,-H~)/v (open symbols) and ( f i l l e d  symbols) 

as Ounctions of frequency. TNf -2 = 4 O 0  (circles), 10'0 (squares), 

16O0 (triangles). (Sample thickness * 25 p). 



o c . M n  fnpaszmy I,, depenEtn& qpon t h e  t.npareture, 

a, W o o r e  2.e- tb.n A,. Z h L  msns %bat Ac bsrr 

I?, d e o ~ u e 6 .  lu aQht mntlon here that a rcrarapl 
lother 

f Aa; U r  harm obsilsmeti f n  rr oo~pmz4rrr #s 

w e l l  ruc fiirQuras bjr snrXicr usorkers (or@@ for sxmple 

(figwa "15). There bat w dkk~ixy 8323 &map which ha@ 

hor @paation (7.5) u0 as. that s plot  of  l o g  gB 

+s. t/% lrhou~d be a artmigta~ ~irne, the slope being a 



tM OalmlatM arotirat&en tcmrgy doe@ not change ff 

f ,  La rsp2.c.d by in aquation (7.5). Rareoror, 

Clnce 1, ah& be ulorre t o  fa, we can for our prosant 

purposes i d a n t l a  fo *ith ip. In figure 7.7 we hare 

plotted lw fR n. t / t .  5% odculatml value of 

t o  ca t tdn  irrtarcletlg result&. In tho kl pone%- 

pttarna  in the iloU1 ol view (flgrue 7.8). It 3.a 

for t h i s  @ f i e a t  watfoh orrcrura Qt P~0qutlnaAa18 awh 

fmt, if i a  wraXX k~mm Mat tba @sffiau@tjon ~ra&ae o f  



Lc&orithmlc p l o t  of reluratlon Pret:uency iR versus 
the inverse o f  eb ealu t e  temperature E for 9 GMCPD. 







both wsafly pooitdrr, tm w a l l  oa negative dieZactrLo 

Z t  Ss porsafbU that in. this ragLon the ellec%ro- 

hydrsd-o i8tstabiUti er inflwmrr a t m q l y  art 

ob~etraed OIEdtAoXd i&e14 8 .  

da data andl Itorthouwexe (1974) b v e  i c J m t i f i s d  

a oonducfion rag%- mar the t, of soas rlxturea. 

% b y  obrsatrred djasl;sr%cr (Celht+d;$rigbg at  rol tager orornewhat 

hrger Ohm tha thre.bol4 rnl-e (v*) iot the 

appearlaxme o f  dwmilu .  Fux#er, Ifth M found t o  

iaoreacrs as fhe Zraquan~y res irrorcss.6 &are iQ, a8d 

k ~ g o n d  a asoond &eqwnoy &i.mit go. ehsrrons were alvo 

Ime reo8~1tfi.y~ t&iA%h Sa. (1975) have gain*ad 
8 

lout that svea u&ez rxrritatfoa a$ U@ fzrs3usmfea 

the beamin 11- Qb the ~ O V  pot%$lhn w U 2  be ctomparablre, 

' tQ the %b%&rr~a ~f *be 1&lB~l6 W 3 d 8 ~  a df  f f@f @llt 

o o a l  tf am. (a) -em 3f the m8iw baa a loar pe&&?&ive 

it4eIeketxge anf reoDr"o~i)r, ia fhs h u h  fm~qu@wy =Wrist, 

f b  iruairr diffuaima oulrriurt;o beeam i.slpmtara% iuf: 

i ), 10 IEZJsr, %alcixag tMu effeaii Ant@ aeegl~~~g, .3rnfrrh 



a. (1979) hsro ehwn tho% the d d t h  of the 

dudrrar ( A )  f s  amzaamtdy t s ~ P  .iko the *it?kme@ 

ci tba o w p l o  rB evon An the disleotrlo =@a in 

ge@ae ba uhiah $rlia Q ~ ~ Q B  damity o@cJLllate@ (a@@ 

oleo DubaAa Violetto qf a. 191).  (ghs efi"Bct ai 

%b Ioake b91fiaSen ,%la na* Be= $&@a Aa8a &om=$ 

in or~aean'a &%orog*), (b) Wen A& a wo*&y 

parsitbvo, a w n  there %dXi be aBP1taeUve2y isr o d w a a a  

rtrsgi~o a% kit& fjrssgaaenaSe~ ~Wa~Bwlrrerd by -- xo. 
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Warier, Ye adl $map,  Am 1960 JLls;r't;mf@xeeah;. m, 267. 

S&#, T.W., GaXern~b~ Y., begemP.sal1, S,Te, Dubofa 
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trarlation of fhrwholb f i e l d  H, with the appl lsd  



-=flC g T  --om- 
ta a 22.0 0.44 10 K 22.4 0.51 

300 15: 32.0 (S.44 gl; P[: 2214 b. 51 
200 )1[ 20.7 0 ~ 4 5  100 1 01, 6 o.5;a 
$00 l!C 8 2U.1 0.46 209 K 20.5 @ *  53 
500 E t9,l 0*49 S O U K  19,a 0.56 

4 M 14=3 is, 64 500 Zt Id*? ii.67 
l , a  - 11.2 s*?Q I #  7.6 1.17 
1 8  t4 8*5 0.92 3.2 % 5 4  3.51 
tee O( 6,s 3. .ta 1 .5  n 2.3 2.19 
2.1 ;pb 3.9 1.46 1.63 H O 3. JG 
2.4 Bt 2.1 fi 4.6 4.53 ''7 2.4 W 2.7 n 0 ,  2~ "l -1 ,3 5.  $20 
3.0 a 0.5 Z,SB 2.,r tpx -2.9 t3.00 

g*o Pi -3 0s 10*>(1, 

(&ti) ~ ~ ~ - r = l 6 * C ,  V13.5 Volts, R,*1.78 K$auss 

t X 23.8 0*5? 
10 If 23, I 0.57 
20 lg: 33 *'l 42 *ST 
30 Ir: a . 4  0. 57 
$0 K 2f e 7  00 58 

100 K 20.6 G.61 
200 Ibl: 1608 U a &  
go0 K 3% 1 0.81 
500 K ?.@ 1, 17 

0 # 0.6 5.72 
3*2 84 *a. 1 3*5? 
1.5 8 -5.6 16*W 
1.8 # 4 ~ 3  16,W 
2.3 H 4 . 7  28.29 
2.4 M -7.3 40 * 14) 
2.7 &I -7.3 53*40 
3.0 H 4 . 2  63.36 


