Electronic Transactions on Numerical Analysis. ETNA

Volume 37, pp. 41-69, 2010. Kent State University
Copyright O 2010, Kent State University. http://etna.math.kent.edu
ISSN 1068-9613.

ANALYSIS OF THE FINITE ELEMENT METHOD FOR TRANSMISSION/MIX  ED
BOUNDARY VALUE PROBLEMS ON GENERAL POLYGONAL DOMAINS *

HENGGUANG LIT, ANNA MAZZUCATOZ, AND VICTOR NISTOR

Abstract. We study theoretical and practical issues arising in thdempntation of the Finite Element Method
for a strongly elliptic second order equation with jump distinuities in its coefficients on a polygonal dom&irthat
may have cracks or vertices that touch the boundary. We d@ensi particular the equatios div(AVu) = f €
H™~1(Q) with mixed boundary conditions, where the matrixhas variable, piecewise smooth coefficients. We
establish regularity and Fredholm results and, under satditi@nal conditions, we also establish well-posedness
in weighted Sobolev spaces. When Neumann boundary comsliice imposed on adjacent sides of the polygonal
domain, we obtain the decompositian= u,eg + o, into a functionu,eg with better decay at the vertices and
a functiono that is locally constant near the vertices, thus proving-pesedness in an augmented space. The
theoretical analysis yields interpolation estimates #énatthen used to construct improved graded meshes reagverin
the (quasi-)optimal rate of convergence for piecewise mmtyials of degreen > 1. Several numerical tests are
included.
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