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This paper discusses the influence of piezo-electricity on deformation of nematic Liquids in 
an electric field. 

The deformation of nematic liquid crystals in a magnetic field has fust been 
calculated by Saupe.’ The analogous problem for the electric field is more 
complicated due to  the large dielectric anisotropy of many nematic liquids. This 
problem was solved independently by Deuling’ and by Cruler, Scheffer and 
Meier.3 Both papers, however, did not include the deformation polarization or 
piezo-electric effects. As pointed out first by R. B. hieyer,’ a nematic liquid may 
show an electric polarisation P in response t o  mechanical deformation. In the 
present paper we calculate the deformation of a nematic liquid layer in an 
electric field including the piezo-electric effect. 

For defmeteness let us assume a nematic liquid layer enclosed betweeh two 
parallel metalized glass plates of distance L with the molecules orientated parallel 
to the plates. Applying a voltage U to the plates will cause the molecules to tilt 
at an angle cp which is a function of coordinate z. The function cp ( 2 )  is zero for 
z = o and z = L and assumes a maximum cp,,, in the middle. We can calculate cp as 
a function of z by minimizing the free energy. The free energy per unit area is 
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where 
electric polarization. Adopting the notation of MeyeP we have for P 

is the electric field, 8 the dielectric displacement and&$ the piezo 

-+ - + +  -b + P = e l l  n divn -- e33 n x rot n 

the vector if being the director and e l  I ,  e, being the piezo-electric coefficients. 
Helfrich’ has estimated these coefficients to be of the order of 4- lo-’ cgs units. 
Schmidt, Schadt and Helfrich6 found e33 =3.7-10-’ cgs units for MBBA. We 
can rewrite (1) in thc more convenient form 

L L 

G = 1 (k,, c o s 2 # t  k,, sin2@) (g) -2 dz - 1 U-D, - - 1 I P , . E ,  dz 
(3) 

* o  2 O  

For D, we have 

d# D, = e0E, (€11 sin @ t €1 cos2 t$) + ( e l  , + e3, ) cos@ sin@ - - 
dz (4) 

From this expression one finds the last term in (3) to  be 

The free energy now is 
L 

(e l l  t e u ) ’  cos2@sin2@ C = 1 ~ ( k l 1  cos2@+kJ3 sin2#+ 
2 ,  f0 sin2# + el cos2@ 

I 
2 

- -U.D, 

From (4) we find D, as functional of cp (z) 

€1 sin2@ t €1 C O S ~  @) - I  dz 
D, = 

0 
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NEMATIC LAYERS 283 

The calculation proceeds now exactly as in ref. (2) to  give the differential equa- 
tion 

The constant of integration C is determined by the condition dqldz = 0 and 
p = p,,, for z = L/2. Introducing constants 

(ell +e33)’ . 
k l l  u 1  ’ (8) 

Y =  ( ~ l l - ~ l ) / € ~ ;  ~ = ( k 3 3  -kII)/kil ; A =  

we can write 

From equation (6) we can find the voltage U with the aid of (9) 

em 
( 1 + ~  s i n 2 ~ ) ( I t y s i n 2 ~ ) + A c o s 2 @ s i n 2 q j  

( S i n 2 h  - S i n Z 9 )  ( l+r sin2@)2 I &  u/u, = 3 J l+u sin’@, 11 
(10) 

u0 is a natural unit of voltage2 

From this expression for U/U, we can find the maximum angle of deformation 
for any given value of voltage U. One can observe the deformation by measuring 
the optical phase difference d between light polarized in the y-direction and the 
x-direction. 

L 
1 
A 

d = - (no - n(z)) dz 
0 
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where X is the wavelength of the light and the index of refraction n(z) is given by 

n(z) = ne no / Jn: sin’# t n i  cos29‘ 

For the quantity 6 = d(U) - d(0) one gets the equation 

( 1  t K  sin’ @) ( I +  sin’@) + A cos’ # sin’ @ 

Sin’& - sin’# 
0 

The expressions ( 10) and ( 14) differ from the corresponding expressions of 
ref. (2) only by the term A cos’p sin2p describing the influence of piezo elec- 
tricity on the deformation. Using the estimate of Helfrich’ for e l  I and e33 one 
finds A to  be of the order of 0.1. 
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