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Abstract

This paper investigates the principal eigenvalue problem for a class of two-dimensional linear sec-
ond-order elliptic operators with strong/weak diffusion and convection terms under Neumann
boundary conditions: —DAg—2aVm(X)-Ve+V (X)@=Ap. We focus on analyzing the asymptotic

behavior of the principal eigenvalues as the diffusion coefficient approaches zero or the convection
intensity tends to infinity, paying particular attention to the localization of eigenfunctions, their lo-
cal structure, and their relationship with geometric parameters. To this end, we introduce a moving
coordinate system adapted to the local geometry in the vicinity of singular curves. By combining
uniform asymptotic expansions, local curvature estimates, and refined estimates for the potential
function, we systematically establish the structure of the principal eigenfunction in the limit cases
and derive explicit asymptotic formulas for the principal eigenvalues. The results reveal underlying
coupling mechanisms among diffusion, convection, and geometric curvature, providing a unified
framework for understanding the spectral properties of parameter-dependent elliptic operators
and offering a natural extension of related conclusions in the existing literature.
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