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A statistical mechanics based formulation to describe weakly nonlinear optical systems, is the so
called Optical Thermodynamics. By considering a grand canonical ensemble approach we obtain closed form
expressions for the equilibrium fluctuations. Out-of-equilibrium behavior is also investigated.
Quite recently, a self-consistent theoretical framework has emerged, what we call ”Optical Thermodynamics”
[1–6]. The equation of state, the entropy and the Rayleigh-Jeans modal occupancies distribution was
derived axiomatically either on thermodynamical grounds [2–4] or equivalently on statistical mechanical
foundations [5, 6]. Such an approach has been applied to various setups, for example in quasiperiodic and
disordered lattices [7,8] and the role of tensorial symmetries has also been investigated [9]. These
aforementioned studies are not relevant only on a theoretical level, but there are several recent experiments
[10-14] in the optical domain that establish Optical Thermodynamics.
The first part of the talk is devoted to the understanding of the role of equilibrium fluctuations. In particular,
based on the grand canonical formalism [5] we directly calculate analytical expressions of the fluctuations of
relevant quantities. On the second part of the talk, we are going to present recent results regarding states far from
equilibrium, and develop a Langevin type of approach in order to derive effective stochastic equations that
govern every individual supermode's dynamics. Our analytical expressions are compared with direct numerical
results of system-bath simulations, in all cases, and the agreement is excellent.
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