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Abstract

Because of the interactions occurring between the real system components, the statistical
study of the latter is one of the thorniest problems in physics, and it is generally impossible
to find an exact solution. So scientists adopted approximation methods, which give
consistent results to some extent with the experimental results. Cluster expansions is one of
these methods, it is one of the very first ways that rely on the use of graphs to simplify
analytical calculation for statistical problems. This method is suitable for the study of
classical and quantum systems. It gives the pressure and density for real systems in the form
of a power series of cluster integrals. In this dissertation we covered the classical cluster
expansions method to study classical real systems. The method was applied to derive Van
Der Waals equation of state, as well as to find the equation of state for hard-sphere gas,
which can also describe the behavior of most liquids. However this method fails to describe
the behavior of gases at low temperatures, because of the emergence of quantum mechanical
effects especially in the light gases. In such a case the quantum cluster expansions method
is called. For the quantum cluster expansions method our discussion is limited to the work
of Kahn and Uhlenbeck. The Uhlenbeck and Beth formulation is used to derive the second
virial coefficient and in particular is used to explicitly calculate this coefficient for quantum
hard-sphere gas.

Keywords: real gases, Classical Cluster Expansions, Quantum Cluster Expansions, cluster integral,
Virial expansion, van der Waals equation, cluster functions, Bosons, fermions.
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