
Numerical Simulation and
Tensor Representation of

Liquid Crystal Director Configuration

Deng-Ke Yang



Equilibrium State
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Equilibrium State

Force

In the equilibrium state
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Equilibrium State

Numerical calculation: relaxation method

τIteration order:Relaxation constant: α
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Equilibrium State

Numerical calculation
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Liquid Crystal Director Configuration
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In the equilibrium state, the free energy is minimized
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Liquid Crystal Director Configuration

Numerical simulation

!-D case

Divide the LC cell into N layers
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Liquid Crystal Director Configuration

Derivatives
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Liquid Crystal Director Configuration
Updating

Relaxation method

Loop for calculate change
For i=0 to N

calculate the derivative
calculate 

End loop
nr∆

Loop for update
For i=0 to N

update 
End loop

nr

Iteration 1

Iteration 2

• Slow relaxation
• Longer computation time
• correct dynamics
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Liquid Crystal Director Configuration

Updating
Over relaxation method

Loop for calculate change and update

For i=0 to N
calculate the derivative
calculate 
update 

End loop

nr∆

Iteration 1 • Fast relaxation
• shorter computation time
• wrong dynamics
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Vector Representation
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Vector Representation
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Vector Representation
Electric energy
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Liquid Crystal Director Configuration

Problem with vector representation
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Physically Same

Derivatives different



Tensor Representation
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Express the free energy in terms of the tensor and its derivatives
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Derivative

(3)
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Derivative

(3)
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Derivative

(3)
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Derivative

(3)
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Free energy

Variation of free energy with respect to ni
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Variation of Free energy
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How to calculate derivatives numerically
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Liquid Crystal Droplet
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Liquid Crystal Droplet

Radial droplet, LC director



Liquid Crystal Droplet

Radial droplet, optical pattern

Polarizer

Analyzer



Liquid Crystal Droplet

Propeller droplet, LC director
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Liquid Crystal Droplet

Propeller droplet, optical pattern

Polarizer

Analyzer


