
XO i a  nsw w a l  tha* in orlgaaio 

croipoun8r wi%b 30- amd narrow r o X t m u l ~ s ,  the a0518 

phaslo daer aa9 ClisuuUy g~o war t o  the ordinarg 

(isotropLcr) 1lq\ l id  $hare wkea heated, but pcrsaar 

t)rsough om w acao intsrrsrsdiate phaeea. I h e  f t l m ~ a  

'Uquld  @xptda gat a gemrarl rsaerre @van t o  theare 

intemsdiat8 phraaar. They am aleo o a l l ~ t l  mcamnrorpkia 

plwes or meropha#er. 

A 8obstanw An th is  phsrse c~rhibitr soam 

eoryrf.TUae8 pmpsrtisa a m  ovs aa.teotropy in 

dletli~otricr srrrd dliorracp@rtbo gropertiaezr , optic& and 

elastie proprr%lea, eto. an& some *UquXd' propertha, 

6wb lo v$aigoadO~, 8urfaaa tmoion ,  atia. Heme in 

geaaral, lt harrr propartier whiob a m  iatoraebiata beisweea 

thorrr af cruryrtU8 Uquiclte. 

UptlU1 arystda whtcrh orrc6 sbtaia~vd by +9ryi.og 

the a;~lar~1,xa%ture o f  the ~ruqile are o a l ~ d  tberatotrqio 

Xiquit!  erqptaI.8. Her~loe~ospbSim csua a80 be AMweQ by the 

i ~ t m n o e  o f  aolventm. &oh lLquld crystalk a n  eelled 

lyotmsla Uquid oxyrfals. Tn %frhiLI t h e ~ ~ i l *  we sh&Z be 

aorr~oemd only w & t h  tbrao.tmpicr l i q u i d  asptdls. 



lir;riedel ( I  922) olae8Afied dhermotropiu liquid 

cryetala broadly into three groups (1) nematic, 

(2) ohole@trrio, and (3) ameetio. 

$fiematie l i q u i d  orgatah 

Xn thls phaae, the aiolacule. hove no long soage 

tronrlartional order but have a hi@ degree of oxienta- 

tioncsl order. Heno+ the zuoleoules tent! t o  be parallel 

t o  aoma oommoa direofion ofills8 the 'direator', a 

dimsnsion1e.a tlnit reotor r@prasentad by f; (fig. 1.3 (a) ) 

Elperirental r e ~ u l t ~  indioate that 3 ilr .bdrrm 8 

and -3 are SnBistiqguiarhobler. A nemarticr 11 qaald 

orys fe l  i s  optioally uniaxial, p o ~ i t i v e  and s t r o q l y  

birefri  went. 

2he ~aollsreules in thia phrase are opticrally aotfre. 

Nence the molaruulclra a r e  arrmgeb in s h e l i x  with the 

surew a f a  (2) perpendiuukr t o  the preferred noleoular 

direotion ( 3 ) ( f i & .  1.1 ( b .  lwally a cholcstcria 

i~3 olimilar t o  a nematia but 18 not oowtant in 

spaoe. The strvo turn 18 periodiu along Z with a period 

L (half the pltoh) .  The apdral arran(;tsmun% give& riee 

t o  some U q u e  properties rruah mi soleotio% raf'lectloa 

of aizuularly polarissd llight and rory large optical 

rotatory gowere. 
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3mectia l i p i d  o r y s t d s  
a 

The msleoulora a r e  a s r ~ ~ @ d  in Izyore w i t h  ,wall 
L 

dsfined interlayer spactiw. There are m a y  ty&es of 

smeo tios deysndiqg upon the raolecdar trrsawsient 

wf thin the layor. We w i l l  d e ~ u r i l e  only those, which 

w i l l  be referred t o  in later Chaptors. 

In Smectio h the moleoulea w a  arrari;sd norial  t o  the 

l&%y@ro (fig. I.l(al)). I ~ i d a  each luy@r the nclccular 

o~ntroe of gravity have no low,  range tranalatiorul 

order. The s y a t a  i o  o p f i o d l y  uniaxPLtl, the opt ic  

ax la  being normal t o  the layarc. 

Cawctic C ( f ig .  I. I (c2))  oan be considered ao c tilted 

smectla A. The moleaulers in el*oA layer ssrct: t i l t e d  with 

rersgcat t o  the layer norm1 Z .  I;*ne systea is optically 

biaxfnl .  

I n  addit ion t o  theae two t ypes  ~f umac%lc l i q u i d  

crystals,  o s . a b s r  of other a u d i f l c s t i o m  have been 

i d e n t i f i e d  and alaesif led on tire baais of ie iscibfl l l ty  

~ t u d i e 8  (~u0kmtSrtn ~8 bmue I t  73) ~FPEI  ;t:m~+i~Y d i Z f r a ~ ~ t i o n  

u t u d f c s  ( d a  Vr iea  1575). The c9lrucfuro8 of rr;i.lxly of the 

mwly d i  actovered phaase are not yet knom with aijy 

oertnint;y. 

dn erestanti a1 requirement for rnosomor~h9~s in 



the aniootropio shape of the moleculaa ( ~ w X 1 y  low 

and narrow). ua1I(LLtlJ o neatmtopeniu 

oompound has moleculer, oontdning 8 r i g i d  arooaeio 

part with -1 or r i k o x y  group 8ttsah.d t o  one or 

both end&. 

A well known oompound which b o w s  the aemstio 

phase l o  N-p-ne thcxy beneylidene-p-buty l a l i n e  (XBBA) 

(Xelker, Coheurle 156%) 

Thero are aompourufe whiah @how golymeoomozphiea 

also. For example, ~ero~hthd-bia(-p-butylan1l ine)  

(TBBA) ( D O U C Q ~  ~t a. 1971) 

Urder parmeter 

The order parameter oharaoterieing s nc;imatfo 

l i i l ~ i d  oryatal  lo tho orlentational order parweter B 



defi-d as (Zwetkoff 1942) 

where 0 ie the a ~ l e  that W the long taxis of the 

molewle make8 with the aireotion of rrvarwe orientat- 

t ion of the moleoulee in the medfwn, i .e. ,  the dl reotop 
and tha, bar represent6 a etatistioal average. 

AB the temperature 02' ar rrsmatio l i q u i d  oryertal 

i s  inorea~eb,  8 deareaeoe orrntfnuously m d  at the 

nematio-ieotropio tranei ti on point i a l l e  discantinously 

t o  eero. Noat of the propertfee obractoristio of a 

nematio om be related with  the  order gmamater. 

f n tbfo theale we shall be arainly aonaerned with 

the e l w t i o  properties of ns~ratia l i q u i d  o r y ~ t d e .  

Elaetio yropertiee 

A nematf a liquid oryatd  posreeees ourvature 

elastioity. In a afoatmly oriented, m o n o d ~ n  sample 
A 

ol: mlaatio l iquid  cryetal, the dlreotor a i s  i n  the 

erne dlrootion throughout Bhs s~ebium,  When a weak 

distortion is  laduaed i n  the a e d l l u  3 = ( r )  and the 

derivatives of f exist. Wen m alastio restoring 
4 

torque oomss into  play tending t o  restore a t o  the 

undlatarted atute. The distortions in a nematicr aan be 

deeoribed by o oontlnuum theory, 



Oeem ($933) gave a theory a4 ebctatioitg 

assuming tha t  t k o  intar~lolecrulazr foraesr are of 

short x a o  nature the demity of the subetanca 

i a  aonstant throu&hout the nediun, The theory 

W ~ L B  I C B B X E L I E Z ~ ~ O ~  ha%%r by 2zr-k (1558). 

With a f u r t h s r  assunptloa t h a t  the lwtd 

value of 3 rt~2tstm oemtmt in an wa&ly distortcsd 

med;tm, we a m  wri te  dvwn the U~eury of elar~tiafty.  

We choose a aoordinrirte ayatesn euch that  the Z 

4 

axio i e  along n at the origin.  Por weak 

dlatortlona n. can be nseunad t o  be a conatant 

.;t: 1 in t h ~  firert appmrlmotion. 

We can now wr;lte, at ang ;,oint (x, ye  a) 



The e loat lo  fret cnergy par unit volugle e m  be exprssaed 

In the form 

ki has the dimamion of  foroo/Jlstimnae w d  k 
1 3  ' of farce. 

In a medium where there a r e  no intrinsio 

deformations ki = 0. In o choleetario l i q u i d  orystal 

where there iu in tr ine ic  t w l e t  )r2 0 .  Neyer (1965) 

oonaldered wedge ahaped and banam shaped p o l i s  moleculee 

forming a nonatic l i l f u i d  crystd  and p r e d b s t ~ d  Plexs- 

electric bohaviour i n  them(andogous t o  piezo-~1ectric:ty 

in certain cryatale). 2n such umsa, *,en the director i~ 

oriented uniformly in one direofion, mighb ouring 

rnolecuZets arrange in aucsh a way a~ t o  mu their shtipe 

-isotropy, ffowe7es, w!mn a dler9;ortien i ~ t  izduccd in 
-* 

the mdium, the state. and -n ara no longer 

stric9;ly epuAvdont. G a e r  (1574) has ehown Lht~t Pa 

these aurPse the aplay arid bend(oontr2butsd by the 

molecular ahape anA6o"topy) iaffaet the elast ic  csmt;uzt8. 



However, for the  p q o e e  sf thie theel8 we 

ahall  ignore this effeot and a l s o  oosume $ 0 

(Frank 19g8). Talcin& into ~ c o o u n t  the cyrindrforal 
-> 

tymmetry of the raedlwa about n rrnd the equivaleme 
3 

o f  a and -n the expre8eion tor  the c l a ~ t l o  free 

(1.3)  

where V A  : ~n * E 8;. 

[Roter - Aehring and Saupe (1571) argued that the second 

derivatives of fi make contributione t o  tRe s last ia  
rirgt free energy comparabl@ t o  the  square of t h y  erirativs. 
L 

When t h i s  is talcerr into  oocount tho elautic free enorgy 

denaf t y  expreselon hae the f o m  



The values of splay and bend oozmtmta exgerFmentally 

dehe-1-d u e  a o t d l y  k i l  m d  kjj. BOW@W' there 

i s  no method of deterainAn$ kII  eeparately. Beno. 

for  the bake of e imgl io i ty  we slhall hereafter take 

k i ~  * .nd kj3 kp3 sad w e  Prankt. expression 
for  We t o  derlre exprs~sionr for the critical nagnetlo 

f i e l d  H,. 1 

~&iokmn (1 962) ha* ahown that (v.3 )2 + 
(fi v x ii )2 - vn r v r  i d e n % i c o ~ j  aat ie i ies  the 

Baler-Lagrang@ equation and heace kZ4 doe. not oontri- 

but. q t h l -  t o  the equ~t io-  o f  e q ~ i l i b r i w .  kZ4 
involves ourfaoe foroes and torqueb uhloh we need not 

ooaaidar if the direotor lo etrongly anohored at the 

surfaces. Hen08 the laaf f era 3a the equation (1.5) 

i s  ignored, 2hen the e lmt io  free energy density i a  

Henoe a nematio l i q u i d  oryetal hae three independent 

elastic constante dmoted by k l l ,  k5J and kZ2 e~rreapon- 

ding t o  apluy ( f l g .  1.2a). bend ( f ig .  1.2b) and twle t  

( f ig .  1 -20) dietortiom rarrgeotively. 

Edeaeurerngnt of e lne t io  constants 
- -- - -- -- - 

Por an .rpokiaental datern2nation of e l a s t i o  
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where AX 18 the allPsotropp of diamae;netlo ewoepti- 

b f l i t y  par unlt voluma. It opn be notiocd that if 
3 

i s  norm1 or parallel t o  the W i s t o r t e d  n , then 
0 0 whila Ida i@ negative when is parellel t o  

ID 
* n . The dietortion of the direotor i n  We ample i s  

datermirrcbd by balanoiq the m(~not1o torque a(~afmf 

the eZostio torque. Aa we ahslrll ~ e a  below, *era i a  

no diotorf ioa in the eenple upto a ' u r i t i a a l  field1 

*fa . A t  Aa 4 h  medium undergoes a * transition 9 t o  the 

bimotortcb8 stm0a, known a8 g2medsrioksls t ramit ion ' .  

(Preeder1oL.s and Repiaw8 1927). Above Be the 

distorblan la the s a p l a  inorea~es  with inorewing B. 

Bor  e unLforarly orlerrted dirsotor in the 

WlsCorted state, there are three poeeible geonretriea 

in &iah the Precsderiokse t r ~ t s i t i a n  oern be s tud ied .  

In a l l  the oaeee we araeumce that  there i c s  utron& anuhoring 

at the tsurfaoee holding ti:@ ample.  

Geometry I ( T w i s t ~ t  We shall oonsider a 

homogeneousl~ a l i g n c s d  scample contofned between two 

plane &as8 plates and ohooae the ooordinate ey@%saa 

ruch therf  the tnrrgnotfc P i o l d  is applied along Y axie  



and tha Wimtorfed direo0or $6 slow IE. (fag. f 34). 

xo is the 6amplo thioknemu. In the dis torted  . tote,  

let p(x) be the ~ n g h  between lwal director 5 (x) 

and 2 suir. Zho atsrtortlon i c  a pure $wlat. Heme 

the oquatLaa (1.4) raduoe8 f a  

9 Z =  (0.  H, 01, n - ( 0 ,  s i n  ip .  cos 0 ) .  9 rarisa 

only along ]I. 2herefors 

A z ( Z * ; ) 2 .   ha mgnetie exmrwJ-t vol\ue wm - - 2 
marefora tho total sncrgy/unit -1 

The free emrw p@.r writ rirrcbr aoroaola the sample *ick- 

ma. $8 ( w d r  . 
Por squfUbrlum thir energy ehould be a niaSmura. The 

l2uler-&agmmge aquati oa i r  



where O is, a o o m t m t .  

T o  Batermine the rolua of C, we can moks uue of the 

b oundwy condition, 

a 2 2 k, (Sl2 + AX tl ( s i n  9 - s i n  9,) a 
~2 dx 



~I~UTO 1.31 
The tbres principal geometries i m c  etudying the 
Freederickss traneitl on related to the (a) twist, 
(b) splay, ( 0 )  bend slaotic constarnts. lIoleoular 
alignment (I) below 8, and (11) abwe He an, shown. 
In the usual ex erimentdl oonfiguration, the light 
be- is incident normal t o  the glam glatee. 



now putting s i n  p Q s in  ~ , e o i n y  , e q u ~ t i a n  (1.10) 

can be writtcsn or 

To deternlne the orltloa2 f i e l d  oorwepondlng t o  

Freederiok@a tronaition,  vm --+ O *  

Then the spurtion (1.1 I )  reduoee t o  

Theref ore, the or i t ioa l  f i e l d  

How, the L.R.9. of eqn. (1.11) In an e l l i p t i c  inteeral 

of the f irat  kind. Uaiw aquotAon (1.12) we can write 

If (fl - no) 3.8 msU, p, i e  amoll. Then 



Por any value of A above H,, the deZornation at the 

mld - p h n a  of the ample i a  given by tfhie equation. 
(aee e. p. ,  Oruler & a. 1972). 

Georaet- ( n ~ l a y  aml bend) t Oarwider a 

homogeneouoly aligned sample bstween two plane glaes 

plates. The gctoaet~g in this case i r s  given in figure 

(1.Sb). The mrligietio f i e l d  i a  applied along X taxis. 

The undleforted direotor le along Z axis. L s t  ~ ( x )  

be the angle between the lwal dirsotor m d  Z axla. 

Then 

In geaoral the dlatorf ioa i t s  a corabimtion of splay 
3 

bend. a varier d o =  X only,  Thsref oivr 

Prom equation (1.4), the elaetfo energy,"undt volume f s  
n 

R 2 
I(k oos * + kj5 sin2 9 )  - H r t  



Therefore t1.m t o t a l  cucr&! per unit volwe ie 

Uslw PulcrLagrange equation and eimplifrlog: as in 

the prsvious case, the dcfora;rtlon st the mid-plane 

of the oa%ple otPn be ctalcillated using the  relation 

2 ~r oos cp + L ain2 p ~r (.Az---- *o ( A?; ) 
I) 

--+--) dip '7 
s i n  - i n  Q 

0 

Putting oln cp = s i n  tp, e in  i and simpUiyia&, 

9 
=, A% * 

2 d T '  (5) (1.16) I - s i n  ip, .ein2y 
0 

where 

The a r l % i o d  f f e l d  As given by lottiw ipm --+ 0 in 

o p u ~ t i s n  ( 1  .[j] y io ld iw,  



Using thls equation kt, oan be calculated. Now 

a~udt ion  (9.16) can bs written as 

The dietortLon 9, at the mid plana of the  sclwpla at  

a y  f i e l d  B above Bo oen bc obtained from t h i r  equation. 

The intregrd is tan e l l i p t i c  ilrfce~rd of t!la wscoarrS kl&. 

For a n d l  values of 9,t 

The equation imolves both k,, and k33. Bcnoe by 

etudylng the d i s t o r t i o n s  above Ho, kT3 OM a l so  be 

dcterained* (see Gruler a. 1572). 

Ceoopetry 11% (bend and a ~ l o r ~ ~ ) :  Consider a 

hoa~otroplaally aligned sample between two pPam glass 

plat ca. 2he geometry for thter QaBe is shown Pn figure: 

( 1 . 3 ~ ) .  The diraotor in the unrlliutorted smyle 3s 
3 

a l o n g  Jt Pnla. B i s  along Z axls. If y(x)  fo  the  



angle made by the local. director with X axis 

3 

n t a r l e a  along X only. Therefore 

0- ( * , O  0 0 ,  

In general, the distortion Le a conbination of bend 

surd @play. 

The eloetia energy per  unit volume from equation (1.4) 

i o  

3[n thla osbs, the tiqu~iltion of equilibrium is obtained 

by wrrLy intsrchPngix& k l l  and k3) In the equation 

o t  eq\liUbriwa o f  the grav iow 0~02;io;ti. tierzce ws, get 

where 



Por 8msll value o f  v,, 

%here hae been a o m i  derrrble intereerf of later 

in the aeasurement of elastic conetanta of n a a t i o  

l iqu id  orystals alma ehort r w e  order in the medium 

these ooastaatr .  In simple nsmatict8 the elastic! 

ooaatstntr oarr be related BPreatly t o  the orientational 

order parameter 5 by wing the mutu3 fio3d approxisation 

( ~ o u p e  9 9 6 ~ ) ~  3gnoring the weak volme Bependenus 

'Ti4 8. ~enos the retios of the s last io  conetanta 

should then be aeeentially temperature in8opondent, 

Thie $8,  is faot, round t o  ba marly 80 for PAA and 

PAP (6ntlar 1973). 

A sirapler ond airsot  method of d o t s r a r i n i ~  

e h ~ t i c  constpnta is t o  rngoadre the cr i t ioe l  f i e l d  no 

22 



uslng an optical eet up t o  dstoct  the diefortion. 

Option1 datection of Ha has the advantage in that 

sr sln&X well diened region in the e;lmpls can be 

ohosen for obasrvertion. For sp lay  and bend, the 

oeunple AE taken betwoan two p1-e gPasr plate@. The 

l ight  i o  allowed t o  f a l l  on i t  normally. A pair  of 

polwioreres and s quarter wars plate suffioient 

t o  detect  Barn However undsr norraal conditioru o f  
t h e  

obasrv~tfon whsreih light fall& a o m a l y  on the L 
sruaple contaimd botweea two plolae glaee plate@, this 

method ie: not buitable  for d f t t e m i ~ ~  the twist 

constut  kP2 f o r  reaooas whLch w i l l  be dlscu~aed now. 

L e t  a h$rsrok;enoougly a l l ~ n a d  s a n p l s  be oontikiwd 

between two g h a s  plates, We o m  thfnk of the sample 

as ~ a d e  up o f  a number of thin s e o t i o n s  (eaoh of 

thicknoos -- loo7 cm, say)  p . r a ~ t ~ l  t o  the glass 

platea. Canslider a oass in which a rsap%tfo f l e l d  

duet above %he onritical f i e l d  i~ appl ied  norlanssr t o  

the undistorted dizeetar  a8 in figure (1.3s) t o  

prsduoe 8 t w i s t  deformation. The director orientatioa 

within each a e a t i ~ n  i a  taken Lo be o o m t a t ,  She 

nzid -3lane of the slrample has the maximurrr defomstion 

( giror: by the o ~ u a t l o n  (I. 33) 



zf the applied f i e l d  i u  1s nbme a,, then -- 0.2 

rodl-. If tha'th1-s. of the medium I. -- X) x 10-4 

am, then a6 a rough order crlC spqpltuda tbe average 

twist per layer! p - P s 10-5 mu~iima. x i  the 

bim~irincc;~~me af t;be mrraertAo l a  -- Q.2, the p m e  

mtardatlon a betwe= tkr, odlt3'~wy a d  8xt;rerorblnary 
2 

rql. per iq).or - P x 10.3 Z O ~ ~ I U ,  .o that  or/^ -- 10 . 
Aocrorbiqg t o  thr *rdlebatio t.hieof(wse (Hawla 1911) 

under suah u i ~ t u l a e a  the noF;iaar3 waarctar are two 

Ilmarly polrrioeb nvea  (one gaW.ldZ an8 the othsr 

parpondlu~Lu t o  the Qiraotor) urd henu. these tn, 

btrscMon6 of p@lsriejation rota*@ M%h the Q:motasr. 

ounulustorr a m  eillo be &ram fraa tbe optical 

Oheory o f  llght prog.@aU@a %?mu& nuah r d L a .  PUZ 

Anmtm~e. em. da Vr%e# (185*). (1FbanBra04kha & &.(j97J). 

Bmguuth a t  al.(1973)]. *s a nmlO e n  d e n  H 7 8, 

$he efwx.&:~nt Ugh* b e  %ha b & ~ ~ ( b  B tab@ of p ~ f  &sat f an 

a8 that in the undfu8ortrr3t aaebwgls. X t  Sa prrrrticuhkrlg 

eimple W aplgreoiats t N a  r e a l $  In $ema~ o f  fbe  

*Poirrrswa mbre' ( s w  Apganfflgx X) ,  

Let  the AmAdaat Ltght laem, reprss~n2;mI by 

P (ligun 1.4) be lin*wr/!&axiss& along the director 

mi c of the Sirst rsrsUun. EAots 16@%50a 06 the 

e s g h  A% ii T U % U ~ ~ B X . .  X f  A magnutla XSsZt?. 

dllglrtly Pbm. NO 46 appUeb %&a d i r s o t o n  



(a) The states of' polarization of l i gh t  beam whiah is 
incident normal t o  the plates, a. it trarers.8 s weakly 
dietorted nel~ntlc in the conventional geometry shorn 
in figure l.3a. 'Phc d e t a i l s  ate shmn in (b): see texF. 



in adjaosnt aeotions ore, s l ight ly  t i l ted  w i t h  

reapeot t o  eaoh other. %!he tilt i s  emdl oanpared 

t o  the retardnUon produoed by eaoh ssotion. For 

example, PA1 (Ilgurr L4b)  ie the rotation by the 

first aeotion. With AI u, centre, P is rotated on 

the aghere through an angle equal t o  the retardation 

du@ t o  bhr ficut mctlon. PI rapreeenta the state of 

polariaation when the l ight emerges, out of the f i r a t  

layer. ShnLlar statements hold good for the points 

P2, P3. eta. P, raprosant. the state  of polari- 

eation when the l ight beam rcaohee the mid-seation. 

Am e m  be 84en in the figure when a >> P , tm the 

light tr~1versea s weakly deformed medium, the 

polsrieatios is dragged along by the dfrcsotor. In 

tha o t l~or  half of the ample, the tilt of 5 between 

adjaoent cectione i a  in the opposite dirootioa wU1e 

the retardation ooatlnuaa t o  be in tho  agio sense, 
rohaniatioelly 

The d o t t e d  Zine ahowe the polarisat ion ays tho 19&t L 
traverse& the nrotUuar beyond the mid plane. Therefore, 

a8 the light smergee out of the last  section the 

polariaation f r r  grwt ioal ly  at P. In othor words, 
R- 

the d i r ~ c t o r  drags tho of polarieatlon. A n  L 
exaotlp similar ar&gumat czan be used for fha  polmi-  

sotion perpendiculerx t o  the dimotor.  Thus with t h e  

experimental set  up in whioh the dirsotor i r ;  anohorad 



to the walls, when light; is incident nolmd .Lo the 

sample film, the s t a t e  of polarization of the emergent 

beam is practioally the same as for the  untwisted 

medium o M  the t w i s t  deformation uannot be detected 

optically. Beoaune of t h i s  d i f f i c u l t y  these have 

bean very few attmpts in the paat t o  determine kZ2. 

The a i m  of the preeent work is t o  detennlne 

a l l  the elast ic  constants  of ho;arologo~ 

series of compounds (Chapters 3 and 4) .  We chose the 

Preederlcksa tranlsiticrn technique as it is eimple and 

yiol.da road results. In the  ncxt Chapter we? sha l l  

describe a s i m p l e  ant, direct method t o  determine k p p  

by a l l o w i n g  l i g h t  t o  enter  -the staple at arm oblique 

angle thereby makine; a and 9 of comparable ma.e;nitude 

in the d i r e c t i o n  of obcervation. 

In drny3.e nwlatics the elhetic oonetauts are 

expected to f o l l o w  the prediction of the mean f i e l d  

t heo ry ,  However, in the case of a nematio l i q u i d  

orystal which exhibi ts  ~liaeatic A phase at lower 

temperaturee, the short range order or the rnoleoular 

diwtribution function is temperature seneltl.vt3. As 

the emectlc A-nematic t ransi t ion point  (Tu) i a  

approaahed, smectic like short range order b u i l d 8  up 

in the nematic. 



The smeatic atmotuse l e  YoysreB. Bend and 

d w i a t  deformetione whioh tend t o  ~ J t e r  the layer 

thloknees, are foxb i86a  l a  this phase. Tharef ore, 

as T2LN Is approached, bend iind twiet defonnationo 

baoono d i i f i a u l t  beoauso of the omeotic like BomEpins 

b u i l d i n g  up in the n ~ a e t i o .  A 8  a result kap k33 
diverge ss Ta 18 approached and tend t o  i n i l n 2 t y  if 

the tramit ion  ie quasi seoord order (da Gcnnes 1572). 

The a p h y  deformation does not d t e r  the. Zaysr thick- 

nesa and heme 16 ullowed in the suectio &we. Bonoe 

k 1  1 i e  not renormolized as TllN is ~~jrorrohed .  Thhis 

w a s  ex~srimentally ror i  t i e d  f o r  L3g by Gheuw a. 
(1573). kc hare lode aoms mailat-iranents on k2? and 

for some cospoucds which ehow onectlo h and =;ontic 

phanco, The rseults are aiacuased in Chapter 3. 

Pn grinaiple an eleotric  f i e l d  can be aoed 

instead of a magnetio f i e l d  t o  dafora a nmafic l l c p l d  

crgrc;tal (Zwetkoff 1537) and hcnoe t o  determine i t o  

e l a t l o  oon~trants. There is an exact analow betwe- 

the elcatric a n d  magnetic f i o l d e  as frar ae the 

threehold condition i t 3  concerned, but at h i ~ h e r  f i e l d e  

the problem is more oomplex in thc electric field uasu 

bceaure of local  f ieLU corrsotdons s tho olucttrf G 

P'2eW8 at any point in the smple is ~ Q I  Pa the 8-e 

direction as the a ~ p l i o d  a lootr ic  f i e l d .  (Grulcr ad 



3'reederiolesc t r ~ a l l t i o n  wzd~r an @ l e c t x l ~  

f i e l d  ha@ been deteoted by optic& method ( ~ w e t k o f l  

1897# Grulerh BLeier 1?72), ka important prccautisrn 

t o  be taken in them Prcsederiokea; transition measure- 

ments i s  that the ample  ha8 t o  be very pure t o  avo&& 

conduotion f adwed inrstubilititas, E b o f  rbcd 

oondwtanos mra8urmente (Weulich 32 &. 1575) and 

aepacl tanoe maneurcl~~ents (Gerritsmo a. I 571 ) 

have al80 been uaed t o  detsat the oriticii l  f i e l d .  

However a er3ight d i  eadrssntage wibh t b s  b a t  two raafhod~ 

1s that they nee4 s esmyle which i o  well crli~ned in 

the eatirs area between the eleotrodes. 

In general when an e1eotrLo f i e l d  is uesd t o  

dafarn the ample the dle leotr io  ~ l i g m a n t  9s Irequemy 

de~endsnt  ((9ruler an8 C h a w  1975). kihen rt conponent 

of' the alerrtrlo d l p o l e  dong t h e  30x43 axis of the 

iirolac!;lo esxlrsts, the ro ta t ion  of  t 3e  nalccu3et about a 

short taxi8 of the saoJemle bccoaca O i i l i c u l t  a8 the 

frequenoy is inoreased (Heisr and Saupe 1966). As a 

result ,  c,, (dielectric conatant parallel t o  the 

df  rector) r ~ l a x o e  at u fairly low frequency ( -- MDIe) 

coapersd t o  e, ( ~ a i e r  ti Neier 1561 ). Therefore the 

turi~otrogy of diar1eotr.A~ ~aactmt and hence the 



ctrltllolsZ f ie ld  for a Preoderiokas trshneition is 

f'rtbq~renay dependent. By studying the arltiornl. f i e l d  

a8 a funation of frequency .trhe dis l sotr io  relautatfon 

o m  be otudied. %hie w S 1 1  be bi~oueoleb in Beta31 l a  

m p t e r  7. 

Usrudly a ~4nat;io l iqu id  crrydstsl $8 a good 

e l s o t r l o  lrmdator.  Rowerrerr, there a28 81way8 

ion fo  i;npur%tics uhicrh give rim t o  elmt rirzal 

coa(tut4on in the ample. In eimple nonutics theae 
4 

ions move &.on$ # mars, eao i ly  than noma3 t o  it. 

T h i ~  caueee an anisotrupy in tha @leetrio oonbuotion. 

a, > a, (Wedberg 1514) where a,, and o, m e  the  
4 

aoaduativity along and nomml t o  a rsspoativoly.  

llauever, l o  oompounde exhibiting bcth umoatio an8 

n w a t i . ~  phssea, there i s  cun~tderablc  ameatic-like 

ahart tan&@ order in the  medium a l l g h t l y  above TAM. 

In eruoh omee i o n s  f iud  theorsaLocs tsaalrr to move 
4 

parnllel f o  the layera than d o a g  a , ae a seault 

of whioh a,, < u (itolldelee 1572). 

*&on the srrrirsotropier of dieleetrio aonotwt 

and e leczs ia  aonduutivity are of oppoaito sign, tbs 

sllgning offeat o f  one i s  oppooed by the! other, giving 

ria@ t o  e l e o t r o h y d r o d y ~ i ~ 1  in8tcbf l i ty  above a 

vcr1tatl;e threehold (~eederlckas and Zolim 1933). 



are seen in the f i e l d  of vlew in a 'aundwA@ &eonretry 

w i t h  a nematic l i q u i d  orystiil of mgalivo dis laotr ia  

anisotropy and pos i t ive  rroxkluctivify anisotropy taken 

betweon two glase glateer. Therefore, in o r i t ; l o a l  

f i o l d  areaeuemsnts the, irequencry of the eleotria 

f i e l d  and the C O ~ ~ O U P S ~  should be progsrly okoeen r o  

tha t  the offecrto due t t u  dleluctsfc  ~ai:uration and 

elocst~oh;~dradynaui~ insttd:ll%i arrs o m  ba cogleotsd . 
Ha have made aom@ cew obsel'vi~tlona of elcctnrohydro- 

dymmf a i a o t r ~ b i l i t y  f n one garti o u l n r   somet try which 

w i l l  b@ d:aaurnssd An Chapter 8.  
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