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Abstract. We present a new method of analyzing the gas of hard core spheres. We
investigate analytic properties of the thermodynamic function over the circle of
convergence of the cluster expansion and describe the way in which phase
transition occurs.

1. Introduction

Our aim is to investigate the analytic properties of the thermodynamic function
when intensive variables take values on the positive axis not only in the circle of
convergence of the Mayer expansion or spectral radius of Kirkwood-Salsburg
operator. We use the explicit form of Mayer series coefficients patterned on the
cluster expansion [2] and find furthermore their new formulas for the case of hard
core gas. We formulate an identity for operator valued generating function and
apply it together with an analytic version of Fredholm alternative. Next we explain
how the phase transition can occur. We find new regions of analyticity for a
thermodynamic function. Our method may be utilized in statistical mechanics and
Euclidean field theory.

2. New Form of Mayer Coefficient

In the case when the interaction is a translation-invariant Mayer expansion
coefficients have the following form:

n η [o, i ] n - 1 m^n-\)

x "ff Φ , +1 ~ 3 W e x P -βWin\σn- x) (1)
i 1


