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Pattern Formations in the Spatially Discrete
Cahn-Hilliard Equation
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We consider spatially discrete nonlinear diffusion equations similar to Cahn-Hilliard’s or
Allen-Cahn’s. These equations have a Lyapunov function and solutions bring about checker-
board or striped patterns for various values of parameters. Through the analysis of the
eigenvalues of Jacobian matrices and the construction of the invariant sets around the equi-
librium, we investigate the relations between the parameters and the pattern formations.
These equations are numerically unstable, and the methods for numerical simulations have to
be carefully constructed. We use the implicit trapezoidal method for the analysis of nonlinear
diffusion equations on a parallel computer. In solving the linear systems of equations that
arise from the trapezoidal method, we use an iterative solver, the BiCGStab () method, and
the algorithm for it is easily implemented on a parallel computer. Finally, numerical simula-
tions on a parallel computer Fujitsu AP1000 present the pattern formations for the various
values of parameters.
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Fig. 1 The parameter region corresponding to the stable
state of the equilibriums in the spatially discrete
Allen-Cahn equation (10), (11), from eigenvalues
of Jacobian matrices (The horizontal axis is a+,
the vertical axis is o>, p =2, ¢ = 2).
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Fig. 2 The parameter region corresponding to the stable
state of the equilibriums in the spatially discrete
Cahn-Hilliard equation (7), (9), from eigenvalues
of Jacobian matrices (The horizontal axis is o™,
the vertical axis is a*, p = 2, ¢ = 2).
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