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Thermodynamics for Heat Conducting Systems
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We review our recent attempts to extend operational thermodynamics to nonequilibrium

steady states realized in heat conducting systems. The extended Clausius relation, its

"nonlinear-nonequilbrium”" improvement, and accompanying microscopic expression for

nonequilibrium entropy are discussed.
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Fig.1 We consider gas or liquid confined in a container ZAL SR BIRIEL, BT Y VX VIRV F = Ury,....ry)
which is attached to two heat baths. We assume DIE&HZEZ DI ETEREND (LHS D124 =V % &
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After an abrupt change of the temperature and
the volume, the system settles to a new
equilibrium. By AQ we denote the total heat that

flew into the system during the relaxation process.
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Fig.3 An operation to a nonequilibrium steady state.
We again change the temperatures and the

volume.
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Jls(Tl, TQ, X)
Ji(T1, Ty X)

Fig.4 Suppose the the heat flux varies as the graph
after a sudden change of the parameters at 1 =
0. The gray area denotes the intrinsic heat transfer
caused by the change, which is the excess heat
(10). The excess heat remains finite though the
total heat (i.e., the total area defined by the graph)

diverges in time.
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