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In [2], we have developed a numerical method for the N-dimensional sine-Gordon equation
ug(Z,t) = Au(z,t) — sin(u(z, 1)), w:lag,b] X - x [an,by] x RT CRY x RT = R, (1)

based on the confluence of two powerful ideas: The first one is the concept of a differentiation matrix,
which has been proven to be a very useful tool in the numerical solutions of differential equations [3] [4];
and the second one is the solution of matrix differential equations [1, Chap. 10]. Indeed, by means of
differentiation matrices and taking into account the boundary conditions, (1) can be discretized into
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for some time-independent matrices A1, As,...,Ay. We have applied a fourth-order Runge-Kutta

scheme with integrating factor to (2), avoiding Kronecker tensor products.

Our method is very intuitive and easy to express, and can be implemented without toil in any number
of spatial dimensions. Although there is currently a vast literature on the numerical treatment of the
one-dimensional sine-Gordon equation, the references for the two-dimensional case are much sparser, and
virtually nonexistent for higher dimensions.

We have tested it with two-dimensional problems taken from the literature, showing that it largely
outperforms the previously existing algorithms; while in three-dimensional problems, the results seem
very promising.

Références

[1] R. BELLMAN, Introduction to Matrix Analysis. Second Edition, STAM, 1997.

[2] R. F. DE LA Hoz AND F. VADILLO, Numerical simulation of the N-dimensional sine-Gordon equa-
tion via operational matrices, submitted, 2011.

[3] L. N. TREFETHEN, Spectral Methods in MATLAB, STAM, 2000.

[4] J. A. C. WEIDEMAN AND S. C. REDDY, A MATLAB Differentiation Matrix Suite, ACM Trans.
on Math. Software, vol. 26, no. 4, pp. 465-519.

Francisco de la Hoz, University of the Basque Country, Departamento de Matematica Aplicada, Plaza de La
Casilla 3, 48012 Bilbao (Spain)

francisco.delahoz@ehu.es

Fernando Vadillo, University of the Basque Country, Departamento de Matemdtica Aplicada y Estadistica e
Investigacién Operativa, Apdo. 644, 48080 Bilbao (Spain)

fernando.vadillo@ehu.es



