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CHAPTER 4 

INFLUENCE OF FLEXOELECTRICITY ON THE EHD I N S T A B I L I T I E S  I N  

NEMATICS: A THREE-DIMENSIONAL LINEAR ANALYSIS FOR DC 

EXCITATION 

4.1 INTRODUCTION 

I n  t h i s  chapter we extend the  one-dimensional l i n e a r  

ana lys is  presented i n  t he  prev ious chapter by i n c l u d i n g  

the  boundary cond i t i ons .  In a d d i t i o n  t o  con f i rm ing  the  

r e s u l t s  o f  t h e  one-dimensional model these ca1cu la t i ons  

p r e d i c t  a new f l ow  p a t t e r n  of t he  f l u i d  p a r t i c l e s  w i t h i n  

the convect ive r o l l s .  We a l so  present  some exper imental  

observat ions i n  support  o f  t he  theory.  

4 . 2  THE ELECTROHYDRODYNAMIC EQUATIONS 

The geometry considered i s  the  same as t h a t  i n  chapter  

3 (F i g . 1 ) .  When the  boundary cond i t i ons  are  taken i n t o  

account a l l  t h e  va r i ab l es  i n  the problem become f u n c t i o n s  

o f  5 and Z.  Th t reatment  o f  the problem presented below f 
f o l l ows  c l o s e l y  t h a t  o f  Penz and Ford [ l ]  f o r  normal 

r o l l s  (see chapter 2 ) .  The va r i ab l es  appearing i n  t he  

problem are t he  two po la r  angles 8 and @, t h e  t h ree  

components o f  t he  v e l o c i t y  v v and vz , t he  t ransverse  
5 '  7 

f i e l d  E and t he  pressure p. We assume s o l u t i o n s  o f  t he  
5 

form 



Fig.1. Illustration of the coordinate system and 
definitions of the angles used in the text. 



A 2 3 a 
8 = e0 exp( iq . r )  , @ = @e exp( iq . r ) ,  

2 A - - A 2 
E = E, exp ( i q . r )  , vg - S v o  exp( iq . r ) ,  
t 

2.2, A a 
v = vo' exp ( i q . r )  , vZ = v0 exp( iq . r ) .  
7 

A A 

and p  = P, exp ( i q . r )  where S = 4, 
q1 

The f and Z components o f  the  v e l o c i t y  a re  r e l a t e d  by t h e  

2 

c o n t i n u i t y  equat ion d i v  v = 0 .  This  leads t o  a v e l o c i t y  

f i e l d  g iven by 

> 
Since the  Maxwell r e l a t i o n  c u r l  E = 0, i s  t o  be 

s a t i s f i e d ,  there  i s  a con t r i bu t i on  t o  t h e  Z-component o f  

e l e c t r i c  f i e l d  from the  i n t e rna l  f i e l d  E E .  The t o t a l  

e l e c t r i c  f i e l d  i s  g iven by 

where E a  i s  the  app l ied  f i e l d .  Using t h e  above s o l u t i o n s  

t he  f o l l o w i n g  equat ions descr ib ing  t h e  system can be s e t  

UP - 
1 )  The -component o f  t he  equation o f  motion, 

2 
where 71= t [a++(06+ a  ) C'I, 7 = 7 + ( a 5  +a c  . 

3 2 1 1 



v3= [a6 +ai c P l  s c .  17,=f (a6 +a3 s c ,  

s = s i n  a and c = cos a. 

2)  The 7-component o f  the equation of motion, 

Z 2 2 2 
where T+= T4+ aIc3s, v5= a++(a5 -a2)c + (a6 +aj ) s  +2ats c 

and 7* = a+ + ( a6 + a, ) s'. 

3 )  The Z-component o f  the equat ion o f  motion, 

z a 
where 7 = +Ha, +a, )c -a+],  q,= +[(a, -a, ) c  -a+],  

7 
2 2 2 7 = f (a,+a, )sc. E~ = E ~ + E ~ c ,  u = uac/[uL ( 1 + S  )+sac 1 

4 )  The E -component o f  the torque balance equation, 

2 2 
where M = K,s + K3c , u2 = l-aIc and R = (K,- K,)s. 

5 )  The 2-component o f  the torque balance equation, 



2 
where 710= (a2 + a, )SC , Til = -a +(a3 +a2  1s , 

2 

2 and L = KI s + K 3  c 2 .  

Eqs.(2-6) form a set of homogeneous equations in the 

variables 8, , ,v, ,vd and po . For the existence of 

non-trivial solutions the determinant of the coefficients 

of these variables in these equations should vanish. This 

condition yields the following 1 2 t h  degree polynomial 

in S. 

where S' is the ith power of S. The coefficients of the 

pol ynamial are: 



a,=i(E,/qg)[(R D, -P B, )A  - A 3 D g s  +u,M8 -(e,-e, ) q D , s  

-p c, u,cl, 
2 

a,=-AMI-u,M, -(E,/qS) [A ,B6c /4 r  +(C,+C,)A, +(el-, ) o ,D ,s l ,  

a , = i ( E , / q & ) [ - ~  C,U,C +(R D,-P B, )a, - ( e , - e , ) q D 8 s l ,  
2 

a, =A KIC, - p M l  - [A,C,l, 

a,, = 0 ,  

a,, = KluLC,. 

2 
w h e r e ,  A = o ,  +a,c , A1 = E U  a -aa el A 2  = E ,q  / 4 ~  

A,= (el-e,)A -o,Pc , A4 =s, a a c / 4 r  , A S  =A3 + ( e , - e 3 ) ~  , 

=A, + E ~ A  , As =eaA3 +(e,-e, ) A , ,  P=(e, +e3 )c, R=(K1 -K2 )s ,  

a 2 2 2 
L=K,s +K3c  ,M=K2s +K,c N~ = 75 Y ~ ~ - ~  T4 yIl 
N1 = 2?4 ( v 3 - 7 9 )  + )7,(v7-'1,)  + V6T8 9 

d 

"4, = ( 7 5 a 3  - T6 a, ) C  - 2 ?I4 a3 9 N.+ =?b?m - 274711 9 

N, = ( q 6  - 2 1 +  ~ ' ~ 3  ' N6  = 27+'73+ t- Yq) + 7 6 ( ? 7 - 7 ~ ) - 7 1 ~ 5 p  
N, = 2 9 4 2 - 7 1 7 6  , B ~ = - V ~ ~ ~ L  c , B~ = - N ~ R  + N ~ L  -7 a K ~ C  , 

5 2 

B,=N, (el-, 1s , B+=-N+R +N1K2+N5L , BS =N 4 ( e , - e , ) ~  , 

B,=N,K, C,= v5T8L CI =Nips, C ,  I N2L + f ) 5 V 8 K 2 ,  C+ =N+Ps, 

C5=N2 K2+N6 L , C, =N6 K,+N, L , C, =N, K, , Dl =N, R , D3= N6R,  

D2=(e,-e,)N2s +P N,s , D+=(el-e3)N6s + P N 5 s  , D,=v,r)BR. 

D, (el  -el 
- -a,P CIS , D, -(el-e3)N,s , D,= N,R , 

M 1 = R D s  - M C 7 - K t C 6  , M , = R D 3 - M C 6  - K t C 5  , 

M3= R Dl - M C 5  - KIC, , M4 = R D5 - M C 3  - KiCi , 

M5 =- [P B1+M C,+R P V  alsc],M, =-[  PB1+M C4+K,C,-P R N 3 s ] ,  
5 

M, =- [P  B, +KIC+ -P R N 5 s ] ,  Mg =- [P B4 +Kt C+ -R Dq ] , 

MP=-[P B 2  +M C4 +KlC2 -R D, 1 and Mto =-[P Bi +M C, -R D, 1. 



Note t h a t  a l l  t he  c o e f f i c i e n t s  o f  t he  odd powered terms i n  

t he  above polynomial a re  imaginary and p ropo r t i ona l  t o  the  

f l e x o e l e c t r i c  c o e f f i c i e n t s .  Therefore,  when the  

f l e x o e l e c t r i c  terms a re  neglected, a l l  t h e  odd powered 

terms drop ou t  and Eq.(6) becomes a 6th order  polynomial  

i n  S 2 .  Since the  c o e f f i c i e n t s  o f  t he  even powered terms 

are  a1 1 r e a l ,  t he  r o o t s  o f  S2 t h a t  a re  n o t  r e a l  occur  i n  

complex conjugate p a i r s .  Taking each o f  these r o o t s  w i t h  

p o s i t i v e  and negat ive  s igns  we get  the  12 r o o t s  o f  S .  

When the  f l e x o e l e c t r i c  terms are inc luded,  t h e  r o o t s  o f  

S t h a t  a re  no t  pu re l y  imaginary a re  complex and occur  i n  

p a i r s  o f  t he  form ( a  + i b )  and ( - a  + i b ) .  I t  may be noted 

here t h a t  roo ts  o f  t h i s  t ype  are a l so  found i n  t h e  case o f  

the  Benard i n s t a b i l i t y  i n  a r o t a t i n g  f l u i d  sub jec ted  t o  a 

magnetic f i e l d  [ 2 ] .  

The 12 r oo t s  o f  S can be determined us i ng  t h e  12 

boundary cond i t i ons  t h a t  t h e  s i x  va r iab les ,  v i z ,  8, @, ES, 

vE , V? , vZ have t o  s a t i  s f  y  a t  the  two sur faces.  These 

are  : 

9 (Z = 2 d/2)  = 0 , @ (Z = 4 d/2)  = 0, 

E 5  (Z i. d/2) = 0  , v ( Z  = + d/2) = 0, 
4 

v  (Z = + d / 2 )  = 0 and vz (Z = +- d /2)  = 0 .  
7 



Subs t i t u t i ng  the 12 roo ts  Sj i n  so lu t ions  ( 1 )  and using 

the above cond i t ions,  we ge t  12 equations i n  Sj and 

6 . =  q 1  d/2. For example, t h e  two boundary cond i t i ons  on 

v, lead t o  the  f o l l ow ing  two equations. 

where vj  are a r b i t r a r y  c o e f f i c i e n t s .  Eqs. ( 9 )  and (10) 

y i e l d ,  on adding and subt rac t ing,  respect ive ly  

The o ther  boundary cond i t ions a lso  lead t o  s i m i l a r  

equations. These equations can be w r i t t e n  i n  terms o f  the 

c o e f f i c i e n t s  vj using Eqs.(2-6). Thus we ob ta in  a s e t  o f  

12 equations i n  vj r e l a t i n g  the roo ts  S j  and 6. For the 

existence o f  so lu t i ons  s a t i s f y i n g  the boundary cond i t i ons  

the 12 x  12  determinant associated w i t h  these equations 

must vanish. This boundary value determinant (BVD) i s  

given by 

Dij = 0 ; i , j  = 1,12 (13) 



The elements o f  the determinant are: 

DLj = cos(Sj6),  D Z j  = s in (S j6 ) ,  DSj = SjDIj ,D,j = SjDzj , 
- DSj = Tj  Dlj , Dbj = Tj DIj , D,j - Fj DLj , Dpj  = Fj Dii  , Dqj = GjDij, 

- DiOj - GjDl j ,  Ditj HjDij , D = HjDIj . 
where, 

rJ 3 2 
Tj = (Sj7++ S. 7 ) / (  7* + Sj 1 , 5 = (b j -c j  ) / (d j -e j  1, 

J 4 
r 

G ~ =  F~ / [p(1+sj )  +o, c2]  , H ~ =  f j  g  / e . ,  bj=  m.n S J  J j' 

c j =  pj lj , d j =  r. 1  , e j =  t j n j  , f j =  p j t j  , g j =  r. m 
J j I j '  

m j =  2 TjTll- S j 7 1 0 ,  n j =  R S j  - i(Ea/q5)(e, - e3 ) s  , 
2 1 = (a, - a3 S . )  c  + 2 TiSja, s , 1 L + K z S j  , 
3 

2 2 2 r. J =M+KISj - (~~/411)(E. /q%) Ol(l+Sj)/Oj -i(El/qS)PSjuac /aj, 
2 

t j= R S j  + i(E,/q5) B js  , uj= o L ( l  + S j )  + sac , 
and B j  = ( e ,  - e ,  - P oa  c / oj. 

Eqs.(7) and (13)  together  form a c h a r a c t e r i s t i c  value 

problem and hence any a r b i t r a r y  se t  o f  roo ts  o f  Eq. ( 7 )  

w i l l  not ,  i n  general, s a t i s f y  Eq.(13). I n  order  t o  ob ta in  

the so lu t ions  we have t o  f i n d  a  se t  o f  values o f  Sj t h a t  

s a t i s f y  Eqs.(7) and (13) simultaneously.These c a l c u l a t i o n s  

were done numer ical ly .  For a  given se t  o f  values o f  the  

mater ia l  parameters and a  given value o f  a, we choose some 

values o f  the app l ied vo l tage V, and 5 and t h e  roo t s  o f  

Eq.(7) are obtained. These are then subs t i t u ted  i n  Eq.(13) 

and the BVD i s  evaluated. t h e  value o f  6 i s  then var ied  

t i l l the BVD becomes zero. The ca lcu la t ions  are  repeated 



f o r  d i f f e r e n t  values o f  t h e  vo l tage.  The lowest  va lue  o f  

the  vo l tage a t  which such so l u t i ons  e x i s t  i s  t h e  t h resho ld  

vo l tage V,, . The above process i s  then repeated f o r  

d i f f e r e n t  values o f  a. The lowest va lue o f  V,, g i ves  t h e  

c r i t i c a l  vo l tage  V, f o r  t h e  onset o f  t he  i n s t a b i l i t y  and 

the  corresponding values o f  6 and a g i v e  t he  magnitude 

and d i r e c t i o n  o f  the  wavevector o f  t he  convect ive  r o l l s ,  

respec t i ve l y .  

4.3 RESULTS AND DISCUSSION 

a. Ca lcu la t i ons  w i t hou t  f l e x o e l e c t r i c i t y  

I n  t h i s  case we ge t  normal r o l l s  a t  t he  th resho ld  f o r  

the  standard values o f  the  MBBA parameters l i s t e d  i n  t a b l e  

1 o f  chapter 3 .  However, i f  the  values o f  some o f  these 

parameters are  s u i t a b l y  a l t e r e d  ob l  ique r o l l s  a re  

obtained. For example, i f  t he  t w i s t  e l a s t i c  cons tant  K, i s  

decreased s l i g h t l y ,  w i t h  a l l  o ther  parameters hav ing  t he  

standard MBBA values,  a  nonzero value o f  a can be obta ined 

a t  the th resho ld .  S i m i l a r  r e s u l t s  were ob ta ined by 

Zimmermann and Kramer 131 using s t r ess- f r ee  boundary 

cond i t ions .  I n  order  t o  ge t  a non-zero va lue o f  a a t  t h e  

th resho ld  we have taken K 2  t o  be 2x10-7 dynes i ns tead  

o f  the standard MBBA value o f  4x10-7 dynes, w i t h  a l l  

o ther  parameters as i n  t a b l e  1 o f  chapter 3. F i g . 2  shows 

the  v a r i a t i o n  o f  V,, w i t h  a obtained from the  c a l c u l a t i o n s .  



Fig.2. Variation of the threshold voltage (in Volts) with 
a (in radians). The curves labelled a and b correspond 
to calculations without and with flexoelectricity, 
respectively. 



We have a l s o  c a l c u l a t e d  t h e  v a r i a t i o n  o f  a1 1  the  

va r iab les  across t h e  th ickness  o f  t h e  sample a t  a  v o l t a g e  

s l i . g h t l y  above t h e  t h r e s h o l d  ( Figs.3- 7).  As mentioned 

earl ier,when t h e  f l e x o e l e c t r i c  terms are  neg lec ted  t h e  

r o o t s  o f  Eq.  ( 7 )  occur i n  + p a i r s .  Therefore t h e  p r o f i l e s  

o f  a l l  t h e  v a r i a b l e s  are  symmetric about t h e  mid-plane o f  

t h e  sample. I t  should be noted here t h a t  t h e  a x i a l  

v e l o c i t y  v  r e s u l t s  f rom t h e  ob l i que  f l o w  o f  t h e  f l u i d  i n  7 

r e l a t i o n  t o  , w i t h  a  v e r t i c a l  v e l o c i t y  g r a d i e n t .  Th i s  

s i t u a t i o n  i s  s i m i l a r  t o  t h e  so- ca l led  nematic H a l l  e f f e c t  

[ 4 ] ,  discussed i n  chapter 2.  F ig .8 shows t h e  t r a j e c t o r i e s  

o f  two f l u i d  p a r t i c l e s  i n  ad jacent  r o l l s .  The p lane 

con ta in ing  these t r a j e c t o r i e s  i s  a t  an angle t o  t h e  5 2 

plane because o f  t h e  a x i a l  component o f  t he  v e l o c i t y .  The 

symmetry of t h e  v e l o c i t y  p r o f i l e s ,  however, r e s u l t s  i n  

c losed t r a j e c t o r i e s  o f  t h e  f l u i d  p a r t i c l e s .  

b. C a l c u l a t i o n s  i n c l u d i n g  f l e x o e l e c t r i c i t y  

I n  t h i s  case ob l i que  r o l l s  a re  ob ta ined a t  t h e  

th resho ld  f o r  t h e  standard MBBA va lues o f  t h e  m a t e r i a l  

parameters. However, f o r  t h e  sake o f  comparison w i t h  t h e  

prev ious case we r e t a i n  t h e  va lue o f  K, used i n  t h a t  

s e c t i o n , i e ,  2x10-7 dynes. The v a r i a t i o n  o f  V t h  w i t h  a 

i s  shown i n  F ig .2.  I t i s  c l e a r  from t h e  f i g u r e  t h a t  

f l e x o e l e c t r i c i t y  s t r o n g l y  favours ob l i que  r o l l s .  The 



d i f f e r e n c e  i n  V,, a t  a = 0 between the  two cases w i t h  and 

w i thou t  f l e x o e l e c t r i c i t y  a r i s e s  f rom t h e  c o n t r i b u t i o n  o f  

t h e  f l e x o e l e c t r i c  p o l a r i z a t i o n  t o  t h e  space charge d e n s i t y  

i n  t h e  medium. 

The v a r i a t i o n  o f  t h e  d i f f e r e n t  v a r i a b l e s  across t h e  

th ickness  o f  t h e  sample c a l c u l a t e d  a t  a  v o l t a g e  s l i g h t l y  

above t h e  th resho ld  v o l t a g e  i s  shown i n  Figs.3-7. The odd 

powered terms i n  Eq.  ( 7 ) ,  which are present  when t h e  

f l e x o e l e c t r i c  terms a r e  taken i n t o  account, g i v e  r i s e  t o  

t h e  asymmetry i n  t h e i r  p r o f i l e s .  The s t r o n g  c o u p l i n g  t o  

t h e  f l e x o e l e c t r i c  terms leads t o  a conspicous asymmetry i n  

t h e  @ p r o f i l e  (F ig .5  ) and i n  t u r n  t o  t h a t  i n  t h e  vq 

p r o f i l e  ( F i g . 7 ) .  The asymmetry i n  t h e  v7 p r o f i l e  r e s u l t s  

i n  an open h e l i c a l  t r a j e c t o r y  o f  t h e  f l u i d  p a r t i c l e s  

w i t h i n  the  convec t ive  r o l l s .  Fig.9 shows t h e  c a l c u l a t e d  

t r a j e c t o r y  o f  two f l u i d  p a r t i c l e s  i n  ad jacent  r o l l s ,  c l o s e  

t o  the  per iphery  o f  t h e  r o l l s .  I t  i s  c l e a r  t h a t  they 

s p i r a l  i n  oppos i te  d i r e c t i o n s .  It must however be noted 

t h a t  w i t h i n  t h e  same r o l l  t h e  p a r t i c l e s  c l o s e  t o  t h e  a x i s  

o f  t he  r o l l  s p i r a l  i n  one d i r e c t i o n  and those c l o s e  t o  

t h e  per iphery  s p i r a l  i n  t h e  opposi te  d i r e c t i o n .  T h i s  i s  

c l e a r  f rom Fig.10,  which shows the  two ha lves  o f  t h e  v7 

p r o f i l e  superposed. F u r t h e r ,  as can be seen f rom t h e  

f i g u r e ,  t h e  d i f f e r e n c e  between the  two ha lves  o f  t h e  vg 



Fig.3. Variation of 8 across the thickness of the cell at 
6 =  0, ie, along the vertical line passing through the 
centre of the roll. The labels a and b have the same 
significance as in Fig.2. 



Fig.4. Variation of EE across the thickness of the cell at 
5 =  0. The labels a and b have the same significance 
as in Fig.2. 



Fig.5. Variation of 9 across the thickness of the cell at 
g =  xjq, , ie, along a line passing through the edge 
of a roll. The labels a and b have the same 
significance as in Fig.2. 



Fig.6. Variation of v5 across the thickness of the cell at 
g = 0 .  The labels a and b have the same significance 
as in Fig.2. 



Fig.7. Variation of v3 across the thickness of the cell at 
5 = 0. The labels a and b have the same significance 
as in Fig. 2. 



Fig.8. The closed trajectories of two fluid particles in 
adjacent rolls obtained from calculations without 
flexoelectricity. The ellipticity of the trajectories 
arises from a steep angle of viewing. Further, the 
scales along 5 , 7 and Z have been chosen to be 
rather different for the sake of clarity. 

Fig.9. The helical trajectories of two fluid particles in 
neighbouring rolls obtained when the flexoelectric 
terms are included. The asterisks indicate the initial 
positions of the particles. 



p r o f i l e  i s  r e l a t i v e l y  smal l  c lose  t o  the  a x i s  o f  t h e  r o l l .  

Le t  us denote by T7 t he  n e t  v e l o c i t y  along 7 o f  a f l u i d  

p a r t i c l e  c l ose  t o  t he  per iphery  o f  t he  r o l l .  From the  

above d iscuss ion  i t  i s  c l e a r  t h a t  7 i s  oppos i t e  i n  7 
adjacent r o l l s  w i t h  oppos i te  v o r t i c i t y .  For a g i ven  sense 

o f  the v o r t i c i t y  V7 changes s ign  w i t h  e i t h e r  t h a t  o f  a 

o r  E,, r e f l e c t i n g  the  f l e x o e l e c t r i c  o r i g i n  o f  t h e  h e l i c a l  

f l ow .  

4 . 4  EXPERIMENTAL STUDIES 

I n  con t i nua t i on  o f  t he  s tud ies  on EHD i n s t a b i l i t i e s  

under DC e x c i t a t i o n ,  presented i n  t h e  previous chapter ,  we 

have a l so  made c a r e f u l  observat ions on the  f l o w  w i t h i n  the  

r o l l s .  The t r a j e c t o r y  o f  t r a c e r  p a r t i c l e s  cou ld  be c l e a r l y  

seen on l y  when they were c lose t o  the  pe r iphery  o f  the  

r o l l s .  These p a r t i c l e s  were found t o  move a long h e l i c a l  

t r a j e c t o r i e s  w i t h  p a r t i c l e s  i n  adjacent r o l l s  s p i r a l l i n g  

i n  opposi te  d i r e c t i o n s .  Fu r the r ,  t he  observed d i r e c t i o n  o f  

- 
v agrees w i t h  t h a t  obta ined from the c a l c u l a t i o n s  f o r  7 

given s igns  o f  a, E, and t h e  v o r t i c i t y .  vp was a l s o  found 

t o  change s i gn  w i t h  t h a t  o f  any one o f  these t h ree  

parameters, i n  agreement w i t h  the ca l cu l a t i ons .  

H e l i c a l  mot ion o f  t he  t r a c e r  p a r t i c l e s  w i t h i n  the  

convect ive r o l l s  has been repor ted even under AC 



Fig.10. The two halves of the v,, profile shown superposed 
(a). The difference between the two halves is also 
shown on an expanded scale for clarity (b). It is 
clear from the figure that the net axial component of 
the velocity near the centre of the roll is relatively 
small and is in opposite direction to that near the 
periphery of the roll. 



e x c i t a t i o n  [ 5 , 6 ] .  But our ca lcu la t ions  do no t  p r e d i c t  such 

- 
a  f low,  as the d i r e c t i o n  o f  v, i s  reversed when E, 

changes sign. If the dens i ty  o f  the t r a c e r  p a r t i c l e s  i s  

very d i f f e r e n t  from t h a t  o f  the nematic, then the 

t r a j e c t o r i e s  o f  these p a r t i c l e s  w i l l  no t  be symmetric 

about the mid-plane o f  the sample. This can i n  p r i n c i p l e  

g ive  r i s e  t o  a h e l i c a l  f l ow o f  the t r a c e r  p a r t i c l e s ,  

because o f  the Z dependence o f  the v e l o c i t y  p r o f i l e s .  It 

should be noted here t h a t  t h i s  e f f e c t  w i l l  be present  even 

if the v e l o c i t y  p r o f i l e s  are symmetric about the  mid-plane 

o f  the sample and the motion o f  the f l u i d  p a r t i c l e s  i s  

conf ined t o  closed t r a j e c t o r i e s .  

Recently Thom e t  a1.[7] have a lso  developed a  three-  

dimensional ana lys is  o f  the DC EHD i n s t a b i l i t y  i n  nematics 

tak ing  i n t o  account t he  f l e x o e l e c t r i c  e f f e c t .  I n  a d d i t i o n  

t o  a f u l l  numerical s o l u t i o n  they a lso  present s o l u t i o n s  

based on some t r i a l  funct ions.  It i s  g r a t i f y i n g  t o  note 

t h a t  t h e i r  r e s u l t s  are i n  agreement w i t h  those presented 

i n  t h i s  chapter. 

Thus the three-dimensional analysis,  which takes i n t o  

account the r i g i d  boundary condi t ions,  con f i rm the  

importance o f  f l e x o e l e c t r i c i t y  i n  the  o b l i q u e- r o l l  

i n s t a b i l i t y  i n  nematics under DC exc i t a t i on .  Fur ther ,  i t  



predic ts  a h e l i c a l ' f l o w  o f  the f l u i d  p a r t i c l e s  w i t h i n  the  

convective r o l l s .  This  pred ic t ion  i s  confirmed by 

experimental observations. 
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