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The classical Newtonian mechanics does not imply any limit for the speeds
of propagation of thermomechanical disturbances. However, the physicists
firmly believe that the differential equations of nature should exclude instan-
taneous propagation and, therefore, they should be cast in the hyperbolic
form. Yet, some equations of classical continuum mechanics and thermody-
namics, those of Navier-Stokes and Fourier, are parabolic. Such an incom-
patibility has prompted a new thermodynamic theory, developed by several
authors in the last two decades, the extended irreversible thermodynam-
ics, [1, 2, 3]. In such a theory the instantaneous propagation is removed
by changing in a subtle way many tenets of classical irreversible thermody-
namics. Moreover, some of its basic postulates are inspired by the kinetic
theory of gases. Such an approach seems to be questionable to those sci-
entists who, along with Truesdell, believe and claim that in a macroscopic
framework ”not even the form of the constitutive equations is derived from
the molecular theory, rather the molecular theory so called is forced into
agreement with preconceived phenomenological ideas” ([4], Lecture 7: The
Onsager Relations). On the other hand, the classical ”paradoxical” theo-
ries are able to describe a wide class of physical phenomena. Moreover, as
pointed out by Fichera [5] and Day [6, 7] sometimes their paradoxical nature
is only apparent. In other cases, such as the second sound propagation at low
temperature, these theories are not applicable because the conditions which
assure their validity are not verified [8, 9]. From the mathematical point of
view the parabolic theories are easier to handle and also allow the application
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of certain useful mathematical techniques, such as the parabolic regulariza-
tion method, for searching weak solutions to the hyperbolic systems [10, 11].
The considerations above suggest that in non-equilibrium thermodynamics
it would be desirable to obtain systems of governing equations which contain
some material parameters whose value determines the nature (parabolic or
hyperbolic) of the system itself. To accomplish that task a new formulation
of the causality requirement for the constitutive equations, which is compat-
ible with both parabolic and hyperbolic models, seems to be necessary. This
problem constitutes the subject of this presentation. Starting from Fichera’s
remarks [5] we prove that, if the solution of the classical heat equation is
interpreted in the light of the basic experimental assumptions, then it leads
to a finite speed of propagation of thermal disturbances. The latter result
will help us to provide a weak formulation of the Causality Constitutive
Principle often postulated in modern non-equilibrium thermodynamics [12].
Then we apply the aforesaid point of view to derive a diffusive-hyperbolic
model of heat conduction based on the so called semi-empirical tempera-
ture scale, introduced by Cimmelli and Kosiński [13] in the framework of
gradient theories with internal variable [14]. An extensive discussion on the
diffusive-hyperbolic systems concludes the talk.
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