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Abstract:

The thermodynamic definition of entropy can be extended to nonequilibrium
systems based on its relation to information. To apply this definition in practice
requires access to the physical system’s microstates, which may be prohibitively
inefficient to sample or difficult to obtain experimentally.

It is beneficial, therefore, to relate the entropy to other integrated properties which
are accessible out of equilibrium. One of the motivations is to identify subtle
structural transitions through their entropy change. We focus on the structure
factor, which describes the spatial correlations of density fluctuations and can be
directly measured by scattering. The information gained by a given structure factor
regarding an otherwise unknown system of particles provides an upper bound for
the system’s entropy. We find that the maximum-entropy model corresponds to an
equilibrium system with an effective pair interaction. Approximate closed-form
relations for the effective pair potential and the resulting entropy in terms of the
structure factor are obtained.

We demonstrate the applicability of these relations in several examples. The
entropy inferred from the structure factor is found to be consistent with other
methods, superior for larger system sizes, and accurate in identifying global
transitions. We discuss extensions to more complex particulate systems.
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