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Abstract of Dissertation

Numerical Methods for Block Copolymer Systems with Long Range Interaction

In this doctoral dissertation, we present second-order stabilized semi-implicit meth-

ods for solving the penalized Allen-Cahn-Ohta-Kawasaki (pACOK) and the penalized

Allen-Cahn-Nakazawa-Ohta (pACNO) equations. In the numerical methods, some non-

local linear stabilizing terms are introduced and treated implicitly with other linear terms,

while the nonlinear and nonlocal terms are treated explicitly.

For a square domain, we consider two different forms of stabilizers and compare

the difference regarding the energy stability. The spatial discretization is performed by the

Fourier collocation method with FFT-based fast implementations. Numerically, we verify

the second-order temporal convergence rate of the proposed schemes. In both binary and

ternary systems, the coarsening dynamics is visualized as bubble assemblies in hexagonal

or square patterns.

On a disk domain, we study the second-order stabilized semi-implicit method for

the binary system in polar coordinates. We impose the homogeneous Neumann boundary

condition on the boundary of the unit disk. The solutions are approximated in Fourier

basis for the angular direction and Chebyshev basis for the radial direction. A difficulty

introduced in the disk domain is that the solutions of pACOK are not periodic in the radial

direction, while the angular direction remains to be periodic. In the numerical method, we

use the ultraspherical spectral method which is advantageous when used with Chebyshev

series. Similar to the binary model in square domain, the coarsening dynamics is observed

as single bubble assemblies. Meanwhile, without the periodicity in radial direction, half

bubbles are observed at the boundary of the unit disk and full bubbles on the interior.
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