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Abstract: Previous studies mainly solved the Poisson equation for homogeneous dielectric when solving the electrostatic
potential field and lack the analysis on the inhomogeneous effect of the dielectric coefficient. In this paper, we turn to solve the
modified Poisson equation for inhomogeneous dielectric and investigate the effect of the inhomogeneous dielectric coefficient on
the electric potential field. First, we develop an efficient and accurate spectral-method-based solver for the Poisson equation in the
system of polar coordinates, and get excellent agreement between numerical and analytic solutions with small grid number points.
Next, we focus on the error brought by solving the electric potential field with inhomogeneous dielectric when using the
homogeneous-dielectric-based Poisson equation. We find that this error exists with the gradient of the dielectric coefficient in either
radial or circumferential direction. Furthermore, this error is more contributed by the circumferential gradient than the radial
gradient of the dielectric coefficient, which would break the distribution characteristics of the original accurate solution meanwhile.
Finally, we accurately solve the electric potential field with inhomogeneous dielectric, find that the circumferential gradient is more
significant than the radial gradient and obtain the asymptotic solution with the gradient of the dielectric coefficient approaching
infinity.
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