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Types of alignment in LC cell (without electric field E)

homeotropicplanar

Rubbing parallel to the 
short side of the cell

Rubbing parallel to the long 
side of the cell



Second harmonic generation (SHG) experiment
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5CB, director 
alignment is along 

field direction
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5CB, initial director 
alignment is 
orthogonal to the field 
direction

Parabolic-like shape,
homogeneous isotropic

liquid

Parabolic-like shape,
homogeneous NLC

Meander-like shape,
possible explanation:
inhomogeneous NLC
several layers of NLC

 in the same cell
 with abrupt change

of the director alignment 
along laser beam.

 Contradiction: abrupt
changes (i.e., narrow
borders) are believed 

impossible inside NLC 
 

Horizontal axes - pump incidence angle, deg.
Vertical axes - SH intensity in arb. units.



Frederiks transition

Frederiks transition - reordering of the LC director in relatively strong electric E or magnetic H field

One-dimensional model

θ (z, t) - deformation angle,

Distance between glass platelets: d = 100 
µm

5CB parameters:

K = 3.60⋅10-12 N,
∆ε =  11.5
 γ1 =  0.064 Pa⋅s 



Numerical method



One-dimensional case solution. There are smooth changes 
of deformation angle. No layers and no borders between 
layers. Most part of the LC is effected by electric field. 
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Phase matching SHG 
angles correspond to 
unperturbed director 
alignment (0°), i.e., 
significant part of LC 
is not effected by  
electric field

Conclusion:
One-dimensional model is in 
contradiction with the experiment and 
have to be replaced by



Two-dimensional model: 
the effect of electrodes

Cell dimensions:
Distance between glass platelets: d = 100 µm
Distance between electrodes: L = 2 mm

Border conditions:
as in previous case, at the surfaces of glass 
platelets:

θ(x, 0) = θ(x, d) = 0

In 2D case additional borders are introduced, 
the surfaces of electrodes with the alignment 
approximated by:
  
θ(0, y) = θ(L, y) = π /2

Electrodes disturb 
NLC alignment 
introduced by glass 
surfaces



The size of distorted region is comparable to the distance between glass platelets 



Solutions for cross-section y = 0



Frederiks threshold
 for point (x = 0, y = 0)

Alignment is governed by
coverage of glass surfaces

Alignment is governed by
electric field



Alignment is governed by
coverage of glass surfaces

Alignment is governed by
electric fieldElectric field magnitude,

V/m

Alignment is governed by
surfaces of electrodes

light

dark Discrimination
 level

Side light
stripes

Central dark
region



Polarisation microscopy images of NLC cell.
Central undistorted region (dark) is between two distorted regions (light stripes). 
Opaque electrodes are outside of light stripes. The electric field was applied: 
1-st image - initial, without field, 2-nd - 2 min, 3-rd - 4 min, the last- 16 min.



Explanation of SHG results:
This is an aperture effect.
Laser pump beam passes  
LC regions with quite different 
director alignment and produces several SH beams.
The interference of SH beams results in observed 
complicated angular dependencies. 

Explanation of another contradiction:
Needed narrow borders at this geometry are 
due to glass surfaces, not between different parts 
of the NLC.



Summary

Two-dimensional model of Fredericks effect was used for the investigation 
of the static electric field influence on nematic liquid crystal director 
orientation in the side–electrode cell. The solutions were obtained by 
finite-difference methods. 

The programs for numerical solution of two-dimensional parabolic partial 
differential equation were developed by using both FORTRAN and C/C++. 

Fredericks transition threshold for the central part of the cell, as well as 
dependencies of the distribution of the director orientation patterns on the 
electric field and location were obtained. The results of the calculation were 
compared to the experiment.
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Thanks for attention!
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