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A mechanical system with known energy landscape is coupled to various heat baths,
possibly of different temperatures. The coupling to heat baths is modeled by overdamping
and random forces. The stochastic ODE is a force balance between mechanical forces that
derive from the energy landscape, and the bath-derived damping and random forces. So far,
a conventional story. If there are differences between bath temperatures, the stochastic ODE
violate detailed balance. We calculate heat transfer rates between baths: The statistics of
fluctuations is characterized by a second moment tensor. If the mechanical system is on a
lattice, like discrete elasticity, you can think of the second moment tensor as a two point
corollation function. It satisfies a fluctuation-dissipation relation. Knowledge of the second
moment tensor is the essential input to compute heat transfer rates between baths. An
elementary example is worked out. In nonlinear systems with multiple stable critical points,
the heat transfer rates depend on the critical point about which the stochastic trajectory
is localized. Intermittant jumps between critical points are then “seen” as jumps in heat
transfer rates.

Next, consider two-dimensional lattice field equations which are invariant under discrete
translations. If detailed balance holds (all bath temperatures the same, or equivalently,
all nodes are coupled to the same bath), the two point corollation function m(x; x′) as a
function of x′−x is the Green’s function of a discrete Helmoltz operator. Breaking detailed
balance breaks the translation invariance, and how this plays out in the mathematics is
most peculiar: The fluctuation-dissipation relation becomes a discrete Helmholtz equation
for m(x; x′) in the four-dimensional space consisting of (x′, x) in R2×R2. The source term
of this Helmholtz equation comes from the lattice points where detailed balance is violated.
To date, I’ve worked out the details for a two-dimensional diode array. By the time of the
talk I expect to work out consequences for heat transfer in a mechanical system, such as an
elastic lattice.


