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representations, and (iii) the ability to achieve a finite, arbitrary accuracy.
Algorithms with the last two features have been developed for non-oscillatory
kernels and have been used to solve problems in quantum chemistry (see
Harrison et al. 2003, 2004; Yanai et al. 2004a,b). Since these algorithms for
oscillatory and non-oscillatory kernels may be considered within the same
framework, we intend to build a unified software framework for their application.
We expect further development in this direction. In all cases, we obtain
representations of Green’s functions that lead to fast adaptive solvers for
corresponding problems.

Our approach (with minor modifications) is also applicable to the case kZ0.
However, using multiresolution, both the interpretation and the application of
the operator may be kept entirely in the spatial domain and we plan to consider
this case separately.

A natural application of the quasi-periodic Green’s function is in the
computation of band gaps in crystal structures. We plan to investigate these
applications with particular attention to potentials (indices of refraction) with
singularities (discontinuities) since, in such cases, the efficiency of our algorithms
does not degrade significantly.

We note that our method extends to problems where the lattice dimension is
less than the dimension of the embedding space (sometimes referred to as
gratings), which will be described elsewhere.

Finally, we note that our results shed new light on Ewald’s approach of
splitting between spatial and Fourier domains, which we use as a tool to obtain
semi-analytic, separated representations for Green’s functions.

This research was partially supported by NSF grant DMS-0612358, DOE/ORNL grant
4000038129, DOE grant DE-FG02-03ER25583 and AFOSR grant FA9550-07-1-0135.
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