Equilibrium vs. non-equilibrium fluctuations and how to distinguish them
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It is a general rule that as a system gets smaller its fluctuations increase.

As a consequence, in small systems, like an enzyme or a colloid particle, thermodynamic quantities like work or heat are only defined in a statistical sense. Exact relations between

the statistical distributions of thermodynamic quantities, known as fluctuations relations,

have been discovered about two decades ago.

Within the linear regime, these fluctuations relations lead to generalized fluctuation-dissipation theorems valid for non-equilibrium systems. These relations also provide a direct measure of irreversibility and as such, they can be used to distinguish in a non-invasive way, passive fluctuations, due to equilibrium processes, from active fluctuations, due to non-equilibrium, energy consuming processes.

