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At first, let us recall the basic example motivating the theory developed in this monogra-
ph, as described by the authors in the first chapter of the book. A flow of fluid injected into
a dry, porous rock at the injection rate ft(x) is to be described. Assume that the saturation
6(t, x) at a point x at time t is either zero or we have a complete saturation Q 0 ( X ) > 0. Let
pt(x) denote the pressure, then we arrive at the following moving boundary problem
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where Dt stands for the wet region at time t, Dt = {x; 0(t,x) = 00(x)}. Experimental data
indicate that the permeability k of the rock may fluctuate in an irregular way and it seems
natural to model it as a random field. However, the standard theory of stochastic partial
differential equations (SPDE’s for short), as presented e.g. by J. B. Walsh in his well known
lecture notes, is not easily applicable to problems of the type (1). According to this theory,
the solution to (1) should be a random process with values in a certain Sobolev space of a
negative order and it remains unclear how to interpret the multiplication involved in (1).
Moreover, the noise k should be positive, hence it cannot be the white noise (the derivative
of the Brownian sheet) that is usually used in the SPDE’s theory. The authors, motivated
by Hida’s theory of white noise, adopt a different point of view. Instead of looking for a
distribution valued random process, they consider solutions to (1) as functions x – p t(x)
from a domain D in Rd to an appropriate space of generalized random variables (stochastic
distributions). These spaces are equipped with a multiplication (called the Wick product),
therefore replacing the ordinary products with the Wick ones makes it possible to treat
equations like (1) in the usual strong sense (in the space of stochastic distributions).

The treatise under review is devoted to a careful and relatively self-contained account
of the new approach to SPDE’s. After a short Introduction, in Chapter 2 the authors
develop the tools from the white noise analysis needed in the sequel: first, the Wiener-Ito
expansions are described, and the stochastic test functions and stochastic distributions are
introduced, with a particular emphasis on the Kondratiev space ( S ) – 1 . Then the Wick
product is dealt with and it is shown that the Skorokhod integral can be reinterpreted as a
Pettis integral in the space ( S ) – 1 . Finally, the Hermite transform (and related operators)
are investigated. Chapter 3 is about applications to ordinary (but, in general, anticipative)
stochastic differential equations; the next chapter is devoted to stochastic partial differential
equations (including, e.g., the viscous Burgers’ equation with a stochastic source and the
stochastic pressure equation). A unified method based on the Hermite transform is employed
to find solution to stochastic equations, leading often to explicit formulae of the Feynman-
Kac type.

The whole theory of Wick type SPDE’s has been created only recently, to a great extent
due to the effort of the authors of this monograph. A systematic yet accessible presentation of
the results hitherto obtained as provided in the book will certainly attract further attention
to this promising field of research.

Jan Seidler
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