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Abstract—The numerical solution of partial differential equations solved with finite-difference ap-
proximations that mimic the symmetry properties of the continuum differential operators and satisfy
discrete versions of the appropriate integral identities are more likely to produce physically faithful
results. Furthermore, those properties are often needed when using the energy method to prove con-
vergence and stability of a particular difference approximation. Unless special care is taken, mimetic
difference approximations derived for the interior grid points will fail to preserve the symmetries
and identities between the gradient, curl, and divergence operators at the computational boundary.
In this paper, we describe how to incorporate boundary conditions into finite-difference methods so
the resulting approximations mimic the identities for the differential operators of vector and tensor
calculus. The approach is valid for a wide class of partial differential equations of mathematical
physics and will be described for Poisson’s equation with Dirichlet, Neumann, and Robin boundary
conditions. We prove that the resulting difference approximation is symmetric and positive definite
for each of these boundary conditions. Published by Elsevier Science Ltd.
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1. INTRODUCTION

Mimetic finite-difference methods retain or mimic the main properties of the continuum problem.
We have developed a discrete analog of vector and tensor calculus [1-3], based on the Support
Operator Method (SOM) [4-7], that can be used to accurately approximate continuum models
on nonuniform grids for a wide range of physical processes. The SOM defines discrete mimetic
approximations of the divergence, gradient, and curl operators that satisfy discrete analogs of
the coordinate invariant integral identities, such as Gauss’ or Stoke’s theorem, responsible for the
conservative properties of the continuum model. These initial discrete operators, called the prime
operators, then support the construction of other discrete operators, using discrete formulations
of the integral identities. That is, we use the formal adjoints of the natural operators to derive
compatible divergence, gradient, and curl operators with complementary domains and ranges of
values.

For example, if the initial discretization is defined for the divergence (prime operator), it should
satisfy a discrete form of Gauss’ theorem. This prime discrete divergence DIV is then used to
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