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Abstract: Within the linear theory of the electromagnetism for the ionosphere

we give a general closed expression for the minimum free energy in terms of
Fourier-transformed quantities, when the integrated history of the electric
field is chosen to characterize the state of the material. Another equivalent
expression is derived and also used to study the particular case of a discrete
spectrum model.
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1 Introduction
In a previous work [14] we have considered the problem of finding an explicit form for the
minimum free energy of a linear conductor, characterized, in particular, by a constitutive
equation for the current density expressed by a local functional of the history of the
electric field.
This hereditary theory, which well describes the electromagnetic phenomena in the
ionosphere [8, 9, 18], has been studied in particular in [10], where some thermodynamic
potentials are derived, as well as the maximal free enthalpy and the maximal free energy;
these representations depend on the choice of the state variables and several possibilities
are considered. In [13] we have also considered a different constitutive equation, between
the current density and the electric field, which associates the presence of memory effects
with the actual action of the electric field; moreover, in particular, in this work we have
derived the thermodynamic restrictions on the assumed constitutive equations.
As we have done in [14], still now we follow Golden’s lines of [12], where the analogous
problem is studied for a linear viscoelastic material in the scalar case, and the procedure
used in [11] for the same problem always in viscoelasticity, see also [7, 15, 19].
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