Applications of Edelen’s dissipation potentials to mechanics and
transport phenomena
J.D. Goddard
Department of Mechanical and Aerospace Engineering
University of California, San Diego

Abstract
This talk deals with the application of generalized dissipation functions and the associated
dissipation potentials to a variety of strictly dissipative mechanical and physicochemical processes.
As generalizations of the classical Onsager-Rayleigh forms, dissipation potentials have
been employed in plasticity theories for some seventy-five years or more. Arguments for the
existence of such potentials have been based mostly on appeals to special microstructures
and/or on the dubious assumption of maximum entropy generation [4]. By contrast, in a
remarkable but largely ignored body of work, Edelen [1, 2] offers a purely mathematical
construct that yields a generalized force-dependent velocity (or “flux”) as gradient of a dissipation potential, modulo a non-dissipative term representing a “powerless” or “gyroscopic”
flux. When the latter is absent, one obtains non-linear Onsager symmetry and a hyperdissipative response that constitutes the mirror image of the hyperelastic response of reversible
processes.
Casting Edelen’s formulae in a simpler form, the speaker [3] provides the extension to
Legendre-Fenchel dual potentials, emphasizing the special role of homogeneous potentials
and laying down correct variational principles.
Following the above general review, some recent applications to symmetry relations and
variational principles for other processes will be discussed, including visco-plastic drag laws,
networks of chemical and biochemical reactions accompanied by diffusive mass and heat
transfer, and biochemo-mechanics. It is conjectured that the latter exhibit gyroscopic behavior, with breakdown of non-linear Onsager symmetry.
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