Accepted Manuscript e —

First- and second-order energy stable methods for the modified phase field Computer
crystal equation et

Hyun Geun Lee, Jaemin Shin, June-Yub Lee and

PII: S0045-7825(16)31874-6
DOI: http://dx.doi.org/10.1016/j.cma.2017.03.033
Reference: CMA 11390

To appear in:  Comput. Methods Appl. Mech. Engrg.

Received date: 22 December 2016
Revised date: 24 March 2017
Accepted date: 25 March 2017

Please cite this article as: H.G. Lee, et al., First- and second-order energy stable methods for the
modified phase field crystal equation, Comput. Methods Appl. Mech. Engrg. (2017),
http://dx.doi.org/10.1016/j.cma.2017.03.033

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.cma.2017.03.033

First- and second-order energy stable methods
for the modified phase field crystal equation

Hyun Geun Lee?, Jaemin Shin®, and June-Yub Lee ©*

& Department of Mathematics, Kwangwoon University, Seoul 01897, Korea

b Institute of Mathematical Sciences, Ewha Womans University, Seoul 03760,
Korea

¢Department of Mathematics, Ewha Womans University, Seoul 03760, Korea

Abstract

The phase field crystal (PFC) model was extended to the modified phase field crystal
(MPFC) model, which is a sixth-order nonlinear damped wave equation, to include
not only diffusive dynamics but also elastic interactions. In this paper, we present
temporally first- and second-order accurate methods for the MPFC equation, which
are based on an appropriate splitting of the energy for the PFC equation. And we
use the Fourier spectral method for the spatial discretization. The first- and second-
order methods are shown analytically to be unconditionally stable with respect
to the energy and pseudoenergy of the MPFC equation, respectively. Numerical
experiments are presented demonstrating the accuracy and energy stability of the
proposed methods.
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1 Introduction

Material properties are controlled by complex microstructures exhibiting topo-
logical defects, such as vacancies, grain boundaries, and dislocations. One of
models for simulating these defects is the phase field crystal (PFC) equation
proposed by Elder et al. [1,2]. The PFC equation is derived from a free energy
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