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Abstract

An effective numerical method based on high-order polynomial approximation for second-order
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elliptic eigenvalue problems on arbitrary convex quadrilateral regions is proposed. Firstly, the
function on any convex quadrilateral region is transformed into a function on variable by isopa-
rametric transformation, and the weak form and approximation scheme of the original problem
under isoparametric transformation are established. Secondly, a set of effective basis functions in
the approximation space are constructed by using the properties of Legendre orthogonal polyno-
mials, and the approximation format is transformed into a linear characteristic system based on
matrix form, so that the corresponding eigenvalues can be solved by MATLAB software program-
ming. Finally, some numerical examples are presented, and the numerical results further verify
the effectiveness and convergence of our algorithm.
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Table 1. Numerical results for different N first four eigenvalues
#= 1. STARER N F) 4 MFIEENRESSR

N 2 22 pE a4
15 19.739208802178695 49.348022005446687 49.348022005446722 78.956835208714864
20 19.739208802178712 49.348022005446744 49.348022005446801 78.956835208714935
25 19.739208802178766 49.348022005446659 49.348022005446801 78.956835208714693
30 19.739208802178684 49.348022005446730 49.348022005446971 78.956835208714850
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Figure 1. Error curve between approximate eigenvalue and exact
eigenvalue
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Figure 2. General convex quadrilateral region
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Table 2. Numerical results of the first four eigenvalues for different N
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N AL 22 2 2
15 1.616596334649899 3.748302895783822 4.402988293664503 6.472264359373372
20 1.616594534665141 3.748300803063490 4.402981375127632 6.472257731437732
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35 1.616592965961066 3.748298980732062 4.402975346646498 6.472251961810167
40 1.616592786822725 3.748298772649030 4.402974658233853 6.472251303001002
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Figure 3. Error curve between approximate eigenvalue and refer-

ence solution
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