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Computational Mathematics
ZhaoYuan

The analysis and computation of nonlinear differential equations are among
the most active research areas in contemporary computational mathematics. S-
ince analytical solutions are generally unattainable for these equations, numer-
ical methods have been widely used to approximate their solutions. Common
numerical methods include the finite element method, finite difference method,
and spectral method, among others. Compared with other numerical methods,
the spectral method not only exhibits infinite-order convergence but also ensures

faster computational efficiency when solving certain specific equations.

The Maxwell equations under force-free conditions, as a special class of non-
linear equations, possess high complexity. When using common numerical meth-
ods, the difficulty in accurately expressing the current density term often leads
to rough numerical results. Therefore, this paper employs the pseudo-spectral
method within the spectral approach to solve the Maxwell equations under force-
free conditions, providing a precise characterization of the current density term
and obtaining more accurate results. The main content is divided into the follow-
ing two parts:

In the one-dimensional case, leveraging the Chebyshev pseudo-spectral method
under the rectangular coordinate system, we first solve a class of Maxwell e-
quations under force-free conditions that have analytical solutions and perform
numerical comparisons. Subsequently, we compute equations without analytical

solutions and present the corresponding numerical simulation results.

In the two-dimensional scenario, we utilize the Fourier pseudo-spectral method

under the spherical coordinate system. By introducing a novel spectral coefficient

IT



Abstract

computation method, we solve the Maxwell equations under force-free conditions.
We then conduct numerical tests on equations with analytical solutions, achieving

higher precision results.

Key Words: Maxwell equations; Spectral method;Numerical simulation;

force-free condition
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