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Abstract
In this paper, the Spectral Element Method (SEM) is adopted to numerically simulate the
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propagation of seismic waves in three-dimensional media. The analytical solution of spherical
waves excited by a point source in a three-dimensional infinite homogeneous medium is used as the
theoretical reference. The numerical model is spatially discretized using hexahedral elements.
Gauss-Lobatto-Legendre (GLL) nodes are arranged within each element, and high-order Lagrange
polynomials are employed for spatial approximation of the wavefield. An explicit difference scheme
is utilized for time integration. The results show that under the established three-dimensional ho-
mogeneous medium model and computational parameters, the wavefront maintains good continu-
ity. At observation points, the waveforms of numerical solutions are in good agreement with ana-
lytical solutions in terms of first-arrival time, positions of major peaks and troughs, and overall os-
cillation characteristics. After peak normalization, the root mean square error (RMSE) between nu-
merical and analytical solutions is 1.01%, demonstrating that the proposed numerical model and
computational program can well describe the propagation of seismic waves in three-dimensional
media.
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Table 1. Specific parameters of 3D homogeneous medium model
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Figure 1. Numerical spherical wave
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Figure 2. Middle slice along Z-direction
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Figure 3. Comparison of normalized amplitudes
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