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Abstract—We construct local fourth-order finite difference approximations of first and second
derivatives, on nonuniform grids, in one dimension. The approximations are required to satisfy
symmetry relationships that come from the analogous higher-dimensional fundamental operators:
the divergence, the gradient, and the Laplacian. For example, we require that the discrete divergence
and gradient be negative adjoint of each other, DIV* = —GRAD, and the discrete Laplacian
is defined as LAP = DIVGRAD. The adjointness requirement on the divergence and gradient
guarantees that the Laplacian is a symmetric negative operator. The discrete approximations we
derive are fourth-order on smooth grids, but the approach can be extended to create approximations
of arbitrarily high order. We analyze the loss of accuracy in the approximations when the grid is not
smooth and include a numerical example demonstrating the effectiveness of the higher order methods
on nonuniform grids.

1. INTRODUCTION

Difference approximations that retain the symmetry properties of the continuum operators are
called mimetic. Partial differential equations solved with mimetic difference approximations often
automatically satisfy discrete versions of conservation laws and analogies to Stoke’s theorem that
are true in the continuum and therefore are more likely to produce physically faithful results.
These symmetries are easily preserved by local discrete high-order approximations on uniform
grids, but are difficult to retain in high-order approximations on nonuniform grids. The main goal
of this research is to construct local high-order mimetic difference approximations of differential
operators on nonuniform grids. Local approximations only use function values at nearby points
in the computational grid and are especially efficient on computers with distributed memory.
High-order approximations can often be used to solve partial differential equation (PDEs) to a
prescribed accuracy with only a fraction of the grid points that would be required by a first or
second order method [1].

Because our eventual goal is to construct high-order mimetic approximations in two and three
dimensions, we derive two approximations of the first derivative, analogous to the divergence and
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