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(Received October 14, 1991) 

Abs t rac t  An aper iod i c  h y b r i d  al ignement can o n l y  appear above a 
c r i t i c a l  t h i ckness  i n  a nematic l a y e r  w i t h  weak anchor ing. Here 
t h e  i n f l u e n c e  on t h e  c r i t i c a l  t h i ckness  o f  a magnetic f i e l d  
normal t o  t h e  c e l l  p l a t e s  i s  repo r ted .  Moreover, t h e  ex i s tence  of 
p e r i o d i c  so lu t i ons ,  p r e v i o u s l y  found i n  a h y b r i d  c e l l  w i t h o u t  
ex te rna l  f i e l d ,  i s  d iscussed i n  t h e  presence o f  t h e  magnetic 
f i e l d  and i n  t h e  case o f  s t rong  anchor ing a t  t h e  w a l l ,  where t h e  
easy d i r e c t i o n  i s  u n i d i r e c t i o n a l  p lana r .  

Keywords: hybrid, nematics, alignment, magnetic field 

INTRODUCTION 

It i s  w e l l  known t h a t  t h e  a c t i o n  o f  a magnetic f i e l d  on a nematic 

l i q u i d  c r y s t a l  (NLC) l a y e r  u n i f o r m l y  o r i e n t e d  may produce a 
second-order-phase t r a n s i t i o n  ( t h e  so -ca l l ed  Freeder icksz  t r a n s i t i o n )  , 
which f o r c e s  t h e  m a t e r i a l  t o  change i t s  c o n f i g u r a t i o n  t o  a d i s t o r t e d  

one. I n  a c e l l  w i t h  t h e  same p lana r  (P- )  o r  homeotropic ( H - )  anchor ing 
a t  bo th  w a l l s ,  t h e  d e s t a b i l i z i n g  f i e l d  H must be pe rpend icu la r -  o r  

p a r a l l e l -  t o  t h e  wa l l s ,  r e s p e c t i v e l y ,  t h e  s u s c e p t i v i t y  an i so t ropy  Xa 
be ing  p o s i t i v e .  

On t h e  con t ra ry ,  i f  t h e  NLC c e l l  has oppos i te  boundary c o n d i t i o n s  
(P-al ignment a t  one o f  t h e  wa l l s ,  H-al ignment a t  t h e  o t h e r  one),  t h e  
d i r e c t o r  c o n f i g u r a t i o n  can con t inuous ly  va ry  f rom one s i d e  t o  t h e  
o the r :  t h i s  i s  t h e  so -ca l l ed  h y b r i d  a l i g n e d  nematic (HAN) c e l l .  I n  t h e  
presence o f  a magnetic f i e l d  normal t o  t h e  c e l l  p l a t e s ,  t h e  d i r e c t o r  
p r o f i l e ,  i . e .  t h e  average d i r e c t i o n  o f  t h e  molecu la r  l ong  axes, s imp ly  

changes l o c a l l y ,  accord ing  t o  t h e  i n t e n s i t y  o f  H, w i t h o u t  any 

th resho ld '  '2 .  Furthermore, a HAN l a y e r  i n  t h e  absence o f  ex te rna l  
f i e l d  e x h i b i t s  a d i s t o r t i o n  s i m i l a r  t o  t h e  one which cha rac te r i zes  t h e  
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FIGURE 1. a) Typ ica l  ape r iod i c  d i r e c t o r  p r o f i l e  i n  a HAN c e l l  
w i t h  s t rong  p lana r  anchor ing a t  t h e  w a l l  z = d and weak 
homeotropic anchor ing a t  t h e  w a l l  z = 0. @ and 0 are  t h e  t i l t  
angles c h a r a c t e r i z i n g  t h e  easy d i r e c t i o n s  an t h e  p?ates, due t o  
t h e  sur face  t rea tment .  b) U n i d i r e c t i o n a l  p lana r  c e l l  o f  t h i ckness  
d, s t r o n g l y  anchored a t  bo th  sides, sub jec ted  t o  a magnetic f i e l d  
H i nduc ing  an aper iod i c  Freeder icksz  t r a n s i t i o n .  Note t h e  
s i m i l a r i t y  of t h e  two cases a),  b ) .  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
59

 1
8 

Fe
br

ua
ry

 2
01

3 



INFLUENCE OF H ON SPLAY-PHAN 29 1 

d i r e c t o r  con f igu ra t i on  i n  one h a l f  of a p rev ious l y  un i fo rm ly  a l i gned  
c e l l  subjected t o  t h e  Freeder icksz t r a n s i t i o n :  note t h a t  i n  t h e  f i r s t  
s i t u a t i o n  t h e  l aye r  th ickness plays t h e  same r o l e  as t h e  magnetic 
f i e l d  i n  t h e  l a t t e r  one. I n  f i g u r e  1 a) a HAN c e l l  i s  shown, w i t h  
s t rong anchoring3 a t  one o f  t h e  wa l l s ,  where t h e  easy d i r e c t i o n  i s  
planar.  F igure 1 b )  i l l u s t r a t e s  t h e  analogy w i t h  a P -ce l l  s t r o n g l y  
anchored, undergoing a Freedericksz t r a n s i t i o n  due t o  a magnetic 
f i e l d  H.  

On t h e  o the r  hand, i n  1985 Lonberg and Meyer4 found t h e  existence 
o f  a new k i n d  o f  s p a t i a l l y  pe r iod i c  Freeder icksz t r a n s i t i o n  f o r  a 
c lass o f  polymer nematics composed o f  very long molecules. If such a 
NLC i s  arranged i n  a P -ce l l  subjected t o  a magnetic f i e l d ,  above a 

c e r t a i n  threshold t h e  invar iance o f  t h e  t r a n s l a t i o n  i s  broken along 
t h e  ax i s  normal t o  t h e  und is to r ted  d i r e c t o r  i n  t h e  boundary plane: t h e  

e q u i l i b r i u m  conf igurat ion o f  t h e  d i r e c t o r  i n  t h e  sample assumes now a 
s t a t i c  s p a t i a l  p e r i o d i c i t y .  I n  r e f .  /4/, t h e  authors proposed, as 
explanat ion o f  t h e  occurrence o f  t h e  p e r i o d i c  d i s t o r t i o n ,  t h e  f a c t  
t h a t ,  i n  NLC composed by very long molecules, t h e  e l a s t i c  constant 
associated w i t h  splay (Kll) i s  much l a r g e r  than t h e  one associated 
w i t h  t w i s t  (K22):  thus a mixed d i s t o r t i o n ,  cons i s t i ng  o f  a t w i s t  
superimposed t o  a small splay i s  more favored than a s imple but  
pronounced splay. Lonberg and Meyer deduced by means o f  a numerical 
c a l c u l a t i o n  t h e  c r i t i c a l  r a t i o  r = KZ2/Kl1 f o r  t h e  p e r i o d i c  
Freeder icksz t r a n s i t i o n  i n  a c e l l  w i t h  s t rong anchoring: t h i s  c r i t i c a l  
value ( ~ 0 . 3 )  was subsequently confirmed through an a n a l y t i c a l  
approach . I n  r e f s .  1’5-12/ t h e  e f f e c t  o f  weak anchoring and o r  o f  

d i f f e r e n t  external  f i e l d s  on t h e  t r a n s i t i o n  t o  t h e  sp lay -s t r i pes  i n  a 
P -ce l l  i s  described. 

Could a s t a t i c  p e r i o d i c  p a t t e r n  appear i n  a HAN c e l l  w i thout  
external  f i e l d ?  F i r s t  of a1 1, i t  must be pointed ou t  t h a t  an aper iod ic  
HAN c e l l  w i t h  f i n i t e  anchoring energy can be s tab le  on l y  i f  t h e  c e l l  

th ickness d i s  greater  than a threshold da 13’ 14. Obviously, da 
vanishes i n  t h e  case of s t rong anchoring a t  both w a l l s .  I n  f a c t ,  a l so  
a pe r iod i c  h y b r i d  alignment con f igu ra t i on  (PHAN) i s  possible,  where 
t h e  leading parameter i s  t h e  c e l l  th ickness. The phenomenon presents a 

threshold d < da. Close t o  t h e  threshold d t h e  p e r i o d i c  deformat ion 
i s  main ly  a sp lay superimposed t o  a t w i s t .  
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292 A. SPARAVIGNA, L. KOMITOV AND A. STRIGAZZI 

The f i r s t  exper imental  da ta  were r e p o r t e d  by Lav ren tov i ch  and Perga- 
menshchik15, who discussed by means o f  a numerical  approach t h e  
behavior o f  t h e  t h r e s h o l d  i n  t h e  case o f  no anchor ing f o r  t w i s t .  

Recently" t h e  occurrence o f  PHAN has been t h e o r e t i c a l l y  
i n v e s t i g a t e d  f o r  a c e l l  w i t h  a r b i t r a r y  weak t i l t  and t w i s t  anchor ing 
a t  bo th  wa l ls ,  b u t  w i t h  t i l t  anchor ing s t r e n g t h  1 7 7  g r e a t e r  a t  t h e  

one o f  t h e  wa l l s ,  where t h e  easy d i r e c t i o n  i s  u n i d i r e c t i o n a l  p lana r .  
Here t h e  p lana r  al ignment appears t o  be t h e  p r e f e r r e d  one f o r  t h e  
l a y e r  th i ckness  d smal le r  than t h e  t h r e s h o l d  va lue  d Hence t h e  
occurrence o f  sp l  a y - s t r i  pes was ob ta ined by means o f  1 i near ana lys i  s 

f o r  a l a y e r  th i ckness  i n  t h e  i n t e r v a l  dp<d<da, I n  r e f .  /16/ t h e  
dependence o f  d on t h e  t w i s t - s p l a y  e l a s t i c  r a t i o  r and on t h e  

anchor ing c o n d i t i o n s  i s  shown. Moreover, i n  r e f .  /19/ t h e  case o f  r=l 

i s  analysed, and t h e  p o s s i b i l i t y  o f  PHAN c o n f i g u r a t i o n  i s  repor ted ,  as 
a f u n c t i o n  o f  t h e  anchor ing cond i t i ons .  A lso  t h e  i n f l u e n c e  o f  t h e  
saddle-splay2' e l a s t i c  cons tan t  K24 on t h e  PHAN t h r e s h o l d  i s  
d i  scussed. 

I n  t h e  present  paper we cons ider  a NLC c e l l  w i t h  oppos i te  
boundary cond i t i ons ,  s t r o n g l y  anchored a t  t h e  P-wal l  and sub jec ted  t o  
a magnetic f i e l d ,  i n  o rde r  t o  i n v e s t i g a t e  t h e  behav io r  o f  t h e  p e r i o d i c  
con f igu ra t i on  as a f u n c t i o n  o f  t h e  f i e l d  and o f  t h e  sample parameters 
( th ickness ,  e l a s t i c  r a t i o ,  and anchor ing energ ies ) .  The t h r e s h o l d  
th i ckness  i n  t h e  presence o f  t h e  ex te rna l  f i e l d  has been c a l c u l a t e d  
and t h e  compe t i t i on  between bo th  f i e l d  and c e l l  t h i ckness  i s  
d i  scussed. 

P '  

P 

THEORY 

C o n s t i t u t i v e  equat ions  
L e t  us cons ider  a nematic l a y e r  between two c o n f i n i n g  surfaces, z=O 
and z=d, where z i s  t h e  co -o rd ina te  pe rpend icu la r  t o  t h e  w a l l s .  The 
easy axes a re  chosen i n  o rde r  t o  g i v e  H-al ignment a t  t h e  w a l l  z=O, and 
P-al ignment a t  z=d. The l o c a l  o r i e n t a t i o n  o f  t h e  d i r e c t o r  n i s  

determined by t h e  t i lt angle 8 and by t h e  t w i s t  angle c f ,  which a re  
equal t o  zero when n i s  p a r a l l e l  t o  t h e  x -ax i s  (see f i g u r e  2 ) .  A 
magnetic f i e l d  H i s  assumed t o  be p a r a l l e l  t o  t h e  z -ax i s .  
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INFL,UENCE OF H ON SPLAY-PHAN 293 

FIGURE 2. Di rec to r  p r o f i l e  corresponding t o  t h e  p e r i o d i c  
sp lay - tw is t  deformation (PHAN) occurr ing i n  a nematic l a y e r  w i t h  
opposi te boundary condi t ions,  i n  t h e  presence of a magnetic f i e l d  
H normal t o  t h e  c e l l  p la tes .  The anchoring i s  weak a t  t h e  lower 
w a l l  z = 0, where t h e  easy d i r e c t i o n  i s  character ized by @ = r/2 
(homeotropic alignment), wh i l e  i t  i s  s t rong a t  t h e  upper wa?l z = 

( u n i d i r e c t i o n a l  p lanar al ignment) .  h i s  t h e  !;at!?] Z v e i e n i h t  o f  
t h e  in-p lane d i s t o r t i o n .  

d, where t h e  easy d i r e c t i o n  i s  given o +  = o  
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294 A. SPARAVIGNA, L. KOMITOV AND A .  STRIGAZZI 

We are  l o o k i n g  f o r  t ransve rse  p e r i o d i c i t y  along t h e  y -ax i s :  hence 8 
and 7 are  dependent on y and z .  With t h e  aim o f  cons ide r ing  t h e  e f f e c t  
o f  bo th  H and d on t h e  t r a n s i t i o n  t o  s p l a y - s t r i p e s ,  f o r  t h e  sake o f  
s i m p l i c i t y  we assume t h e  anchor ing a t  t h e  P-wa l l  t o  be s t rong.  No 
r e s t r i c t i o n s  a re  g iven on t h e  tilt- and tw is t -anchor ing  s t reng ths  a t  

t h e  H-wal l  (wGo and wp, r e s p e c t i v e l y ) .  
Since t h e  goal o f  t h e  present work i s  t o  o b t a i n  t h e  lower 

th resho ld  f o r  t h e  occurrence o f  t h e  splayed PHAN-pattern, i t  i s  
convenient t o  l i n e a r i z e  t h e  d i s t o r t i o n  c l o s e  t o  t h e  t h r e s h o l d  i t s e l f ,  
which separates t h e  u n i d i r e c t i o n a l  p lana r  undi  s t o r t e d  c o n f i g u r a t i o n  
f rom t h e  p e r i o d i c a l l y  deformed one. Thus t h e  reduced f r e e  energy G o f  

a c e l l  u n i t ,  i . e .  o f  a NLC box w i t h  dimensions dx, 3, d a long t h e  x, 
y, z-axes r e s p e c t i v e l y ,  i s  g i ven  by: 

H-wal l  (i=e,(p and j=1, 2, r e s p e c t i v e l y ) ,  and h= H (Xa/K,l)' i s  
reduced magnetic f i e l d ,  hav ing  t h e  meaning o f  t h e  i nve rse  o f  
magnetic coherence leng th? .  For t h e  sake o f  s i m p l i c i t y ,  t h e  poss 
e f f e c t  of t h e  saddle-splay e l a s t i c  cons tan t  i s  neglected, assuming 

where A i s  t h e  p e r i o d i c  p a t t e r n  wavelength, r = K22/K11 i s  t h e  
t w i s t - s p l a y  e l a s t i c  r a t i o ,  Lio = K . . / w  a r e  de Gennes-Kl&nan 

e x t r a p o l a t i o n  l eng ths  2 1 y  22  f o r  t i l t- and f o r  t w i s t - a n c h o r i n g  a t  t h e  

t h e  
t h e  

b l  e 

J J  i 0  

K22- 
= -  

The usual  v a r i a t i o n a l  approach23 prov ides  t h e  1 i near i zed  Eu 

Lagrange (EL) b u l k  equat ions :  

K24 

e r -  

( 2 )  
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INFLUENCE OF H ON SPLAY-PHAN 295 

w i t h  t h e  l i n e a r i z e d  boundary condi t ions:  

By0 + LTo -lye -yzo = O 

-1 
Lpyo + L ~ o  eo + OzO = o 

7 1  = O 

el = o 

which are e x p l i c i t l y  independent o f  r. 

Aperiodic solution 
The usual HAN p r o f i l e  does not  e x h i b i t  t w i s t :  consequently t h e  t i l t  
angle i s  j u s t  g iven as a func t i on  O(z). Hence t h e  on ly  EL equat ion 
reads 

2 8,,+h 0 = 0  

w i t h  harmonic s o l u t i o n  

8 = a cos(hz) + b s i n ( h z )  

and boundary cond i t i ons  

( 4 )  

By i n s e r t i n g  ( 5 )  i n  (61, a homogeneous system i n  the  i n t e g r a t i o n  
constant a, b i s  obtained: 

a + h b = O  -1 

a cos(hd) + b s in (hd )  = 0 
(7) 

which has a n o n t r i v i a l  s o l u t i o n  f o r  
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296 A. SPARAVIGNA, L. KOMITOV AND A. STRIGAZZI 

t an thd )  = h Lb (8 )  

R e l a t i o n  (8 )  i s  t h e  fo rm assumed by t h e  Rapini-Papoular 

equat ion24’  25 i n  t h e  present  case, g i v i n g  i m p l i c i t l y  t h e  aper iod i c  
t h r e s h o l d  t h i c k n e ~ s ’ ~  d = da(h) < da(0 )  = Lh (see f i g u r e  3 ) .  

da, c lose  t o  t h e  th resho ld ,  we recogn ize  t h a t  t h e  r e l e v a n t  G ( d )  i s  
a minimum: thus  t h e  a p e r i o d i c  s o l u t i o n  i s  shown t o  be s t a b l e .  

By c a l c u l a t i n g  t h e  reduced f r e e  energy G o f  t h e  c e l l  u n i t  f o r  d &  

0 h 10 

FIGURE 3. Threshold reduced th i ckness  d /L f o r  t h e  aper iod i c  
HAN d i s t o r t i o n  as a func t i on  of t h e  r#du@d f i e l d  h.  When h 
increases, then da/Ler, d imin ishes  as we1 1 . 
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INFLUENCE OF H ON SPLAY-PHAN 297 

Per iod i c  so lu t i ons  
When d < da(h) ,  a d i r e c t  t r a n s i t i o n  t o  p e r i o d i c  sp lay -s t r i pes  w i t h  
y-wave number I3 = 2 lT/A are possible:  hence, according t o  t h e  usual 
procedure5' 16, t h e  r e a l  p a r t  o f  t h e  z-wave number o f  both t i lt- and 
t w i s t  angles 8 (y,z) and T ( y , z )  i s  g iven by k, q s a t i s f y i n g  t h e  
r e l a t i o n s  

= [a1 cos kz t bl s i n  kz t c1 ch qz t dl sh qz] cos By 

(T= b1 cos kz t B1 s i n  kz t C1 ch qz t D1 sh q g  s i n  Ry 

w i t h  t h e  const ra in ts ,  obtained by i n s e r t i n g  (9) i n t o  EL equat ions:  

1 k2 = (h2 /2 ) )  1 - 2 R 2 2  /h t t 4R2 ( l - r ) / ( r  h 2 IJ $ '  i > O  
( q2 = (h2/2) [ - 1  t 2R 2 2  /h t [1 t 4R2 ( l - r ) / ( r  h 2 3  ) ) O  

(9) 

(10) 

The f i r s t  i n e q u a l i t y  o f  system (10) i s  s a t i s f i e d  on ly  f o r  a 
s u f f i c i e n t l y  h igh  value o f  t he  reduced f i e l d  h: otherwise we have 
m = i k ,  w i t h  

m2 = ( h 2 / 2 ) 5 - 1  t 2R2/h2 - [1 t 4B2 ( l - r ) / ( r  h 2 $  IJ ] > O  
L J 

and t h e  so lu t i ons  are o f  t h e  form 

0 = al ch mz t bl sh mz t c1 ch qz t dlshqg cos By C 
? =  [A1 ch mz t B, sh mz t C1 ch qz t D1 sh q d  s i n  By 

(11 1 

(12) 

I n  both cases t h e  so lu t i ons  must s a t i s f y  t h e  EL system ( 2 ) :  hence t h e  
wave numbers o f  t h e  d i r e c t o r  modulation along z- and y -ax i s  are 
connected together  and t o  both f i e l d  and e l a s t i c  r a t  

2 R = ( 1 - r ) ~  kR/(O t r k 2 )  = (rR2 t k2  - r h 2 ) / b B  

T = ( 1 - r )  qB/(rq2 - R2)  = ( rB2 t q2 - r h 2 ) / b R  i 
o by t h e  l i n k s  D
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298 

and j u s t  f o u r  

al = B1/R r 
b = - A1/R 

c1 = D1/T 

1 

A .  SPARAVIGNA, L. KOMITOV AND A. STRIGAZZI 

n t e g r a t i o n  cons tan ts  a re  l i n e a r l y  independent: 

(14) 

dl = C1/T i 
By i n s e r t i n g  t h e  s o l u t i o n s  (91, (12)  i n t o  t h e  boundary c o n d i t i o n s  

( 3 ) ,  and t a k i n g  i n t o  account t h e  bu lk  connect ions (131, (141, a 
homogeneous system i s  ob ta ined again i n  t h e  f o u r  independent 
i n t e g r a t i o n  constants.  Th is  f a c t  imp lys  t h e  van ish ing  o f  

2 4 -determinant o f  c o e f f i c i e n t s  D, which i s  g i ven  by: 

D =  
-1 

R s i n  k d  

-COS kd  

kR) - L T ~  (R/T + 4 )  R 1 

1 /T  Lh (RR + k )  Lb (q/T + B)  

sh qd R cos kd  ch qd 

( l / T )  ch qd s i n  kd  (1/T) sh qd 

L e t  us p o i n t  ou t  t h a t  when 
w i t h  m r e a l  number), and f r o m  ( 

T h i s  means t h a t  D keeps t h e  
determinant elements be ing  r e a l  
= ch md, according t o  (11 ) .  

t h e  

15) 

h + 0, thus  k becomes imag inary  (k= im 
3 )  R becomes an imag inary  number t o o .  

same fo rm descr ibed i n  (151, a l l  
s imply,  s i n  k d  = i sh md, and cos k d  

Hence t h e  r e l a t i o n  D = 0 i s  t h e  genera l i zed  Rapini-Papoular 
equat ion,  p r o v i d i n g  t h e  t h r e s h o l d  d f o r  t h e  t r a n s i t i o n  t o  t h e  

P 
s p l  a y - s t r i  pes . 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
59

 1
8 

Fe
br

ua
ry

 2
01

3 



INFLUENCE OF H ON SPLAY-PHAN 299 

a) 

FIGURE 4. Threshold reduced thickness d /L f o r  t h e  occurence o f  
t he  PHAN p a t t e r n  as a funct ion o f  thehw@t-splay e l a s t i c  r a t i o  
r, f o r  d i f f e r e n t  values o f  t he  reduced f i e l d  h. I n  a )  t h e  
anchoring r a t i o  L /L = 0, and t h e  c r i t i c a l  value r h inde r ing  
PHAN i s  0.31. InfB) ?Re anchoring r a t i o  tu rns  out  toebe L /L 

0.46 and another c r i t i c a l  value r* 
hinder ing P-alignment i s  shown. For a given reduced f i e l d  hyoPHm 
i s  allowed i n  t h e  reg ion  above the  continuous l i n e  and below the  
dashed l i n e ,  desc r ib ing  t h e  HAN-threshold da(h)/LqO. 

= 0.1, rc 'Z L To /L 80 
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300 A. SPARAVIGNA, L. KOMITOV AND A. STRIGAZZI 

PHAN threshold 
The Rapini-Papoular general ized equation 0 = 0 gives t h e  i m p l i c i t  
funct ion d = d(O;r,h,L /L 1.  By computing numer ica l ly  d v s .  0 f o r  

t h e  minimum o f  such a f i x e d  convenient values o f  h and Lfo/L% 
funct ion i s  obtained, p rov id ing  t h e  P AN threshold d ( R  ;r,h,L /Lml. 
The re levan t  wave number R character izes the  sp lay -s t r i pes  
p e r i o d i c i t y  a t  t h e  threshold.  

as a f u n c t i o n  o f  t h e  
e l a s t i c  r a t i o  r f o r  d i f f e r e n t  reduced external  f i e l d  h when Lyo/L,b = 

0, 0.1, respec t i ve l y .  For each curve, PHAN i s  al lowed i n  t h e  reg ion  
above the considered curve (continuous l i n e )  and below t h e  value 
da(h)/Lh (dashed l i n e ) ;  whereas below t h e  curve d /L on l y  the  
uni form P-alignement takes place i n  t h e  whole c e l l .  

Note t h a t  a c r i t i c a l  value rc o f  t h e  e l a s t i c  r a t i o  h inde r ing  PHAN 
appears, p r a c t i c a l l y  independent o f  h and dependent on l y  on L /L * 

i n  f i g u r e  4 a),  r ‘2 0.31, l i k e  i n  t h e  P -ce l l  considered i n  rer: /$: 
There can e x i s t  a lso another c r i t i c a l  p o i n t  r*c, h inder ing  the  
P-undeformed s t ruc tu re :  when r < r*c, thus t h e  PHAN deformation i s  
favored even i f  d 9 0. Such a c r i t i c a l  value tu rns  ou t  t o  be 

o f  t h e  reduced 
f i e l d  h i s  reported, f o r  d i f f e r e n t  values o f  t h e  e l a s t i c  r a t i o  r < rc 
2 0.31, when L /L& = 0, f i g u r e  5 a), and r 3 r c  9 0.46 when L 
= 0.1, f i g u r e  5 b) ,  respec t i ve l y .  Note t h a t  f o r  r 3 rc t h e  curve 
dp(h)/Lh col lapses onto t h e  f u n c t i o n  da(h)/Lao ( l i n e  a ) .  

On the  other  hand, by c a l c u l a t i n g  t h e  reduced f r e e  energy G o f  
t h e  NLC laye r  f o r  d ; 5 d  c lose  t o  the  threshold,  t h e  minimum cond i t i on  
of G i s  recognized, ensur ing us t h a t  t h e  found PHAN-solution i s  
s tab le.  

T o  - 
P P  P 

P 

Figures 4 a ) ,  b )  show the  behavior o f  d /L 
P 80 

P h  

p r a c t i c a l l y  equal t o  t h e  anchoring r a t i o  L 
I n  f i g u r e  5 t h e  behavior o f  d /L a 

P a  

/L 
(30 go* 

P 

CONCLUSION 
I n  t h i s  paper the  cond i t i ons  f o r  t r a n s i t i o n  t o  s t a t i c  p e r i o d i c  
d i s t o r t i o n s  were analyzed, i n  a NLC c e l l  w i t h  opposi te boundary 
cons t ra in t s ,  w i t h  s t rong anchoring a t  t h e  P-wall, i n  t h e  presence o f  a 
magnetic f i e l d  normal t o  t h e  c e l l  p la tes .  The magnetic f i e l d  was found 
t o  favor both PHAN and HAN d i s t o r t i o n s ,  d im in i sh ing  t h e  re levan t  
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INFLUENCE OF H ON SPLAY-PHAN 30 I 

a)  

b l  

0 h 1 0 

- 

0 ,  1 I I I 
0 h 10 

FIGURE 5. Threshold reduced thickness d /L as a f u n c t i o n  o f  t h e  
reduced f i e l d  h, f o r  d i f f e r e n t  values d). &e t w i s t - s p l a y  e l a s t i c  
r a t i o  r. I n  a)  t h e  anchoring r a t i o  L q  /$ = 0, and t h e  curves r 
= 0.1, 0.2 are reported. If r 9 rc =OO. ?, then d /L co l lapses 
onto t h e  l i m i t  d / L  (dashed l i n e  a ) .  I n  b)  t h e  tncR8ring r a t i o  
L /L = 0.1, aRd f i e  curves r = 0.2, 0.3, 0.4 are repor ted.  If  
r%?E = 0.46, then d /L goes t o  t h e  same l i m i t ,  whereas i f  r 
+ r*c = L / L  col lapses onto t h e  h-ax is .  For a 
g iven e lasg ic  i%io r, P R A N ~ s  al lowed i n  t h e  reg ion  above t h e  
continuous l i n e  and below t h e  dashed l i n e .  

t h e 1  d$L 
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302 A. SPARAVIGNA, L. KOMITOV AND A. STRIGAZZI 

t h resho lds  d decreases and t h e  

anchor ing r a t i o  L T ~ / L ~  increases  as w e l l .  The d i s t o r t i o n s  a re  found 
t o  be s tab le .  The PHAN de format ion  i s  f o rb idden  a t  e l a s t i c  r a t i o s  
g rea te r  than a c r i t i c a l  p o i n t  rc s t r o n g l y  dependent on t h e  
anchor ing r a t i o  Lyo/L,, whereas t h e  P al ignment i s  f o rb idden  f o r  
e l a s t i c  r a t i o s  lower than  another c r i t i c a l  p o i n t  r*c almost equal t o  

and da. A t  f i x e d  magnetic f i e l d ,  d 
P P 

LYO’LBD. 
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