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... In recent years the properties of percolation models have been studied intensively,.

These investigations have usually been confined to the' study of idealized lattice models, and

have generally limited themslves to obtaining the critical exponents and other "universal"

data. The purpose of our project was to develop a gencral theory of percolation and clustering

between particles of arbitrary size and shape, with arbitrary correlations between them. The

goal of such a theory includes the treatment of continuum percolation as well as a novel

treatment of lattice percolation. We made substantiatl progress toward this goal.' -

The quantities basic to a description of clustering, the mean cluster size, mean number

of clusters, etc.-were developldd in the general case, in terms of a power series in particle I
delnsity. We gav.concise forumnlasA for the terms in such series, and proved', A least for

sufficiently low densities, that the series are absolutely convergent. These series can now be

used to construct Pad6approximants that will allow one to probe the percolation transition.

A scaled-particle theory of percolation was d(lvelopedwhich gives analytic approx-

imants for the mean number of clusters in a large class of two and three dimensional per-

colation models. Although this quantity is essential in many applications, e.g., explaining

colligative properties, and interpretinrg low-angle ligh-scattering data, no systematic studies

of if, have been done before this work. Apcrecently carried out detailed compitter simulations '

that show thn't the mean number of clsters is given lo high accuracy by several of ouy ap-

proximations. Extensions of this work will allow c; iculation of the complete cluster size
distribution. This work should be of practical imporl ance in studying systems ranging from

colloidal dispersions to nano-scale metal clusters,.
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We found, as we had hoped, that our general formalism leads to novel and effective

approximation schemes for lattice-percolation problems as well as continuum-percolation

problems, and we have summarized our results in this direction in a paper5 that will appear

in J. Phys. A. They lead to a new method of approximating the pair connectedness function

for bond percolation problems.

A ubiquitious feature of physical clustering in a wide variety of random materials is the

size polydispersity of the elements or grains that constitute the materials. We have developed

a powerful approximation method to characterize with high accuracy the microstructure of

such polydisperse material and have applied it to two important porous-media problems for

polydisperse media - the determrination of permeability' to fluid flow in such media and

the determination of trapping rates7 for diffusion-controlled reactions in a fluid diffusing

through such a medium that reacts with the fluid. Out new results include assessments

of permeability and trapping rate that constitute an upper bound on pcrmeabilitics and a

lower bound on trapping rates that are sharp (i.e., exact) in the limit of high porosity (i.e.,

vanishingly low volume fraction of medium).
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