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Research activity of the Department of Theoretical Physics concerns theoretical high energy and
elementary particle physics, intermediate energy particle physics, theoretical nuclear physics, theory
of nuclear matter, theory of quark-gluon plasma and of relativistic heavy ion collisions, theoretical
astrophysics and general physics. There is some emphasis on the phenomenological applications of the
theoretical research yet the more formal problems are also considered. The detailed summary of the
research projects and of the results obtained in various fields is given in the abstracts.

Our Department successfully collaborates with other Departments of the Institute as well as with
several scientific institutions both in Poland and abroad. In particular, members of our Department
participate in the EC network which allows for the mobility of researchers. Several members of
our Department have also participated in the research projects funded by the State Committee for
Scientific Research.

Besides pure research, members of our Department are also involved in graduate and undergraduate
teaching activity both at our Institute and at other academic institutions in Krak6w. At present,
eight students are working towards their Ph.D. degrees under the supervision of senior members of
the Department.

Professor Jan Kwiecifiski
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Research in General Physics

A. Horzela and E. Kapugeik

The research was concentrated on two topics:

1. On time asymmetric Wigner quantization,
2. On generally covariant electrQdynamics in arbitrary media.

Within the first research area, the most general quantization procedure of physical systems with
spontaneously changing Hamiltonians has been developed. The method was tested on the simple
example of free motion. It has been shown that asymmetric character of time evolution shows up in
instabilities of quantum mechanical uncertainty relations. It is possible to describe the whole physics
of such unstable systems in terms of the Hamiltonians and operators responsible for quantum mechah-
ical uncertainties. In particular, these quantities determine the position and momentum operators,
customarily treated as basic physical observables.

As far as the second topic is concerned, a new form of generally covariant Maxwell equations
have been described. The theory may be applied to arbitrary media without explicit knowledge
of the constitutive relations of the media. The results open new possibilities for the description of
electromagnetic phenomena in the whole Universe.


