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Abstract: To investigate the characteristics of spectral element methods based on Least-Squares
and Galerkin variation, two different kinds of weak formulation for Poisson equation in the polar
coordinate are presented. After discretization by the Chebyshev basis function, the corresponding
algebraic equations are obtained, and the structures of the coefficient matrixes are analyzed. It is
clear that the algebraic equations of Least-Squares spectral element method are more complex
than Galerkin spectral element method due to the introduced auxiliary variables for modifying
second-order partial differential equations into first-order system. However, the boundary
conditions can be more easily dealt with via Least-Squares spectral element method. Numerical
results show that both spectral element methods can get high-order numerical accuracy and the
numerical errors keep almost consistent. When the interpolation order in each element is fixed,

the numerical errors slowly decrease by refining the elements, and the algebraic accuracy can be
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obtained. A faster decay of the numerical errors can be observed by heightening the interpolation

order to demonstrate the spectral accuracy property when the total elements are fixed. However,

if the interpolation order gets a larger value, the numerical errors increase unexpectedly for the

fast increasing condition number of the algebraic equations.

This research may facilitate

understanding these two different spectral element methods for the Poisson equation in polar

coordinate, and further solving flow problems with splitting algorithm.

Keywords: Least-Squares variation; Galerkin variation; spectral element method; Poisson

equation; polar coordinate
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