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Biomembranes are an adaptive information-transmitting material utilizing nonequilibrium processes. For
example, information transferred between neurons occurs via intermittent voltage pulses-- action potentials
--resulting from perturbation and then restoration of the resting potential across the cellular membrane; the
transient electric polarization of the membrane is a quintessential non-equilibrium process is
physiologically important, yet it is poorly understood. Our work advances mathematics by developing a
new comprehensive model of the action potential that incorporates membrane dynamics far from
equilibrium. Our approach generalizes linear irreversible thermodynamics using large deviation
theory and stochastic thermodynamics (i.e., a mathematical framework developed to connect
thermodynamics and stochastic calculus). Using this new approach, we use data generated from a
non-equilibrium membrane process - in the current work so far, this is data from simulations of
non-equilibrium membrane dynamics - and attempt to directly infer a simple low dimensional evolution
equation. This new way of deducing minimal laws is rooted in previous theories derived by us.
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Using this approach, we have identified low dimensional theoretical laws for membrane dynamics
and shapes, and discovered a significant effect of dissipation in membrane curvature fluctuations [1].
We are working to expand on this approach to include electric effects, and apply it to experimental data
taken by us for fluctuating electrically-polarized membranes. Ultimately, we hope our efforts lead to new
mathematics of the non-equilibrium dynamics of excitable membranes.
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