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PREFACE

This volume, together with its companion volume (Part II), constitute the Proceedings
of the workshop “Mathematical Aspects of Theories of Gravitation” which was held in
the Banach Center of the Institute of Mathematics of the Polish Academy of Sciences,
Warsaw, between February 29 and March 30, 1996.

The works presented here constitute a representative sample of the subjects dis-
cussed during the workshop. The organizing committee of the workshop consisted of
P. Chrusciel (University of Tours, France and Institute of Mathematics, Polish Academy
of Sciences), W. Kondracki (Institute of Mathematics, Polish Academy of Sciences),
A. Krélak (Institute of Mathematics, Polish Academy of Sciences), and G. Schéfer (Max-
Planck-Society, Germany). The members of the Scientific Committee were Prof. Marek
Demianiski (Copernicus Astronomical Center, Polish Academy of Sciences), Prof. Jerzy
Kijowski (Center for Theoretical Physics, Polish Academy of Sciences), Dr Alan Ren-
dall (Institut des Hautes Etudes Scientifiques, France, and Max-Planck-Society, Ger-
many), Prof. Bernard F. Schutz (Max-Planck-Society, Germany), Prof. Kip S. Thorne
(California Institute of Technology, USA), Prof. Andrzej Trautman (Institute of The-
oretical Physics, University of Warsaw), together with the members of the organizing
committee.

The first part of the workshop, organized by P. Chrusciel, was entitled Global problems
of Lorentzian geometry and of the Einstein equations. Emphasis was put on a) the meth-
ods of differential geometry and of differential topology; and b) the methods of the theory
of partial differential equations. More precisely, that part of the workshop was concerned
with various global properties of space-times. In recent years a number of global results
concerning solutions of the Einstein equations have been proved using methods from the
theory of nonlinear hyperbolic partial differential equations, and one of our aims was to
promote the interaction between the hyperbolic PDE community and the general relativ-
ity community. For this reason we had two series of lectures by J. Shatah and C. Sogge
on the theory of hyperbolic PDE’s, presenting the latest developments of the theory to
the participants of the workshop. We had lecture series by J. K. Beem, H. Friedrich,
G. Neugebauer, and A. Rendall on various state-of-the-art results in GR, presenting var-
ious open PDE problems that arise in GR to the PDE audience. These lectures were the
core of the first part of the workshop. In addition to that we had PDE and GR lectures
on various topics related to the subject of the workshop, as well as lectures concerning
alternative methods to study global properties of space-times.
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The second part of the workshop, organized by A. Krélak, was entitled Mathemati-
cal problems of observation theory in general relativity. The main concerns were a) the
mathematical foundations of the theory of post-Newtonian and post-Minkowskian ap-
proximations; and b) the mathematical methods of signal analysis, including wavelet
methods. More precisely, the main interest was in the development of optimal methods
of statistics and stochastic processes for the analysis of data from the detectors of grav-
itational waves. Such detectors will be built on Earth in a few years’ time as a result
of LIGO (USA), VIRGO (France/Italy), GEO600 (Germany), and TAMA300 (Japan)
projects that are already funded. Moreover there are plans to construct such detectors
in space: LISA (European Space Agency). The purpose of this part of the workshop was
to bring together specialists working on the analysis of gravitational-wave solutions of
the Einstein equations, specialists working on the detection and estimation of the pa-
rameters of such signals in the noise of the detectors, together with experts on statistics
and stochastic processes. Optimal data analysis may be essential for the success of the
projects and will help to reduce their enormous cost. There were lecture series on two
alternative post-Newtonian approximation methods by Blanchet and Schéfer. There were
introductory lecture series on statistics by Zielinski and on stochastic processes by Stet-
tner, as well as on signal analysis by Usowicz. There was a series of lectures on principles
of gravitational wave detection by Ridiger. J. Gil organized a special session on pulsars,
in which area there are similar data analysis problems. Some of the members of the detec-
tor projects, responsible for designing data analysis schemes, took part in the workshop
and presented the current status of the construction of the detectors.

The funding of the workshop was ensured by the Polish Committee for Scientific Re-
search KBN through a grant to the Banach Center. The semester and the publication of
these proceedings were, moreover, supported by the Foundation for the Polish-German
Cooperation (Warsaw). The Stefan Batory Foundation (Warsaw) provided some financial
support for participants from Eastern Europe and from the former Soviet Union. Some
participants were supported by the exchange programs between Poland and France, Hun-
gary, India and Spain. We express our gratitude to all the above institutions.

We wish to thank all the lecturers for their contributions, and the participants for the
enjoyable atmosphere of the workshop.

Warszawa, October 4th, 1996 Piotr Chrusciel, Andrzej Krolak
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