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The Navier-Stokes Equations —
a Neverending Challenge?

M. Wiegner, Aachen

Introduction

If one reflects on the development in the mathematical study of one of the

most famous partial differential equations, the Navier-Stokes equations, the first
name coming to ones mind is that of J. Leray. More than sixty years have passed
since the publication of his pioneering paper [L34], in which he layed the ground to
a wide and fruitful field of research to follow, and which is still not at its end. In
this paper he gave important answers to the problems of existence, uniqueness and
regularity of solutions to the (time dependent) Navier-Stokes equations, and posed
conjectures and questions, which are — partly — still today unsolved.
Nevertheless the challenge of these equations has stipulated and influenced the
treatment and improved and refined the methods of research of partial differen-
tial equations to an extent which can hardly be overestimated. Especially the last
twenty years have brought a bulk of achievements, survey articles, books and an
increasing number of research papers. Mathematicians working in this field are
aware of the monographs of O.A. Ladyzhenskaya [La 69], R. Temam [T 77], W.
von Wahl [vW 86], P.L. Lions [Li 96], and the recent two volumes of P. Galdi
[Ga 98] on the stationary Navier-Stokes equations. As a starting point let us
mention the paper of W. von Wahl [vW 78] in volume 80 of the Jahresberichte
der DMV, and its anniversary was one of the reasons to take up the subject
again.

So if one tries to survey the developments of the last twenty years on a lim-
ited number of pages, it is evident that one cannot follow all the twigs of this tree,
that one will possibly overlook someones contributions, which might turn out to be
of future importance, and that it may happen that one emphasizes some results due
to personal taste. Let me apologize for this right at the beginning.

Last let me gratefully acknowledge that a lot of discussions with several col-
leagues have (hopefully) improved this presentation, and my special thanks in this
respect have to go to Hermann Sohr from Paderborn.











































































