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We discuss the role of non-integrablity in dynamical systems due to Poincaré’s
resonance in the irreversible process. The existence of extensive quantities in the
thermodynamic limit requires that the distribution function which describes the system
cannot lie within the Hilbert space. As a result, the Liouville operator (a symmetric
operator) may have complex eigenvalues without contradicting mathematics. The
imaginary part of the eigenvalue breaks time-symmetry. In other words, irreversibility is
a rigorous property of dynamical systems in the thermodynamic limit, not a result of
anthropomorphic operation, such as the coarse-graining approximation due to a limitation
of our ability to control systems. We apply complex spectral analysis to determine
interesting effects in several problems, such as the infrared divergence due to the long-



range correlation in Green-Kubo formulae in moderately dense classical gases, as well as
the anomalous decay rate of an excited electron in a donor impurity to the energy mini-
band in a supperlattice in a quantum nano-wire.



