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ABSTRACT

A constitutive theory of continuum physics is a theoretical approach to find macroscopic material
models. The two most important basic principles in a constitutive theory that could unify empirical
data are the frame independence of constitutive functions - material frame indifference - and the
Second Law of thermodynamics. At the same time these are the most problematic and discussed
concepts of material modelling.

In the last years we have investigated the formulation and the mathematical representation of
these ideas from the point of view of a rigorous non relativistic spacetime model, that represents
an inherently objective approach. Due to the mathematical structure of the theory the basic
physical quantities are defined independently of an observer. We have concluded, that a four
dimensional non-relativistic formulation eliminates some ambiguities of the traditional definition
of objectivity [1, 2, 3] and can be a suitable tool to construct a frame independent constitutive
theory of classical continua.

In a parallel research we have developed a rigorous and constructive exploitation method of the
Second Law for weakly nonlocal continua (see [4] and the references therein). Now we have
started to unify these methods and build up an objective exploitation method of the Second
Law. Our aim is an objective constitutive theory where the Second Law is applied constructively,
beyond local equilibrium considering nonlocal effects both in space and time. Up to now we
have investigated special relativistic fluids from this point of view [5] and started to elaborate the
method for non-relativistic solids.

In this presentation we show the results of some further steps in this program introducing a con-
stitutive theory of a frame independent first-order weakly nonlocal finite deformation continuum
mechanics with a single internal variable. The resulted set of equations gives a coupling of rhe-
ological and mechanical interactions. We analyse the consequences of our approach to wave
propagation by linearizing the system of equations and shortly compare the results to traditional
approaches.
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