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Abstract:
Over past three decades, a lot of efforts have been put on the extension of fundamental
thermodynamic concepts (such as what constitutes a quantum isothermal process) and
the applicability of the basic laws of thermodynamics in mesoscopic and quantum
systems. It’s revealed that, on the level of ensemble averages, the laws of
thermodynamics still apply to small systems. E.g., the efficiency of a quantum heat
engine does not surpass that of a classical one. However, the statistical thermodynamics
of small systems exhibits new features: under arbitrarily far-from-equilibrium conditions,
fluctuations in thermodynamic quantities become significant, and the distribution
functions of these quantities satisfy a set of rigorously valid identities, These identities
define what are known as fluctuation theorems. Fluctuation theorems recast the familiar
second law of thermodynamics from an inequality into an equality, with the second law
emerging as a corollary. This talk will briefly introduce some developments in
mesoscopic statistical thermodynamics, including mesoscopic heat engines fluctuation
theorems, and extensions to quantum or special relativistic regimes. We will also discuss
experimental verifications of these theorems in both classical and quantum systems.
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