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Preface 

Physicists firmly believe that the differential equations of nature should be hyperbolic so as to 
exclude action at a distance; yet, the equations of irreversible thermodynamics-those of Navier
Stokes and Fourier-are parabolic. This incompatibility between the expectation of the physicist 
and the classical laws of thermodynamics has prompted the formulation of extended thermody
namics. 

The main ingredients of extended thermodynamics are 

- field equations of balance type, 
- constitutive quantities depending on the present local state, and 
- entropy as a concave function of the state variables. 

This set of assumptions leads to first-order quasi-linear symmetric hyperbolic field equations, guar
antees the well-posedness of initial value problems, and permits the treatment of shock waves. 

Several tenets of irreversible thermodynamics had to be changed in subtle ways to make ex
tended thermodynamics work. Thus, the entropy is allowed to depend on nonequilibrium variables, 
the entropy flux is a general constitutive quantity, and the equations for stress and heat flux contain 
inertial terms. New insight is therefore provided into the principle of material frame indifference. 

With these modifications an elegant formal structure can be set up in which, just as in classical 
thermostatics, all restrictive conditions-derived from the entropy principle-take the form of 
integrability conditions. 

Also the modifications made by extended thermodynamics render the theory fully consistent 
with the kinetic theory of gases, in particular, Grad's 13-moment version of the kinetic theory 
of gases. In fact, extended thermodynamics is most restrictive for gases or, more generally, for 
bodies whose constituent particles have large mean free paths. Most of this book, therefore, deals 
with gases: classical ideal gases, degenerate gases, relativistic gases, and mixtures of gases. It puts 
into perspective the various phenomena called second sound, viz. heat propagation, propagation 
of shear stress, and the second sound in superfluid helium. 

Phonons and photons may have large mean free paths as well, and therefore, they are amenable 
to a treatment by extended thermodynamics. Two brief chapters describe the present status of the 
systematic theory in this field, which is still progressing. 

A certain disappointment with extended thermodynamics of 13 or 14 fields is created by the ob
servation that it describes resonance experiments and light scattering data ouly slightly better than 
the conventional theory. These data require further extensions to many fields, as is demonstrated 
in the last chapters of the book. 

We may now say that extended thermodynamics provides a hierarchy of symmetric hyperbolic 
equations that are relevant for the solutions of iuitial and boundary value problems provided that 
the frequencies and wave numbers of their Fourier spectra do not exceed the appropriate limits. 

Berlin, Germany 
Bologna, Italy 
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Ingo Miiller 
Tommaso Ruggeri 
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