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Asymptotic Stability of an Equilibrium Solution
of a Hyperbolic Heat Equation

Introduction

In recent years there has been considerable interest [1—6] in
proposing a theory of heat conduction which allows for the
propagation of weak thermal disturbances i.e. discontinuities
in second order derivatives of temperature with finite speed.
Of the various theories proposed, some [4—6] can be derived
from the equation expressing the balance of internal energy
using modern continuum thermodynamics arguments. In [4]
Boegy and NacaDpI study rate dependent heat conductors and
show that, under certain conditions, weak thermal disturbances
can travel with finite speed. However, in the theory linearized
about a uniform temperature distribution thermal waves either
do not propagate or else they propagate with infinite speed.
If these rate.dependent materials are studied according to an
entropy inequality proposed by MtiLER [5] or that by GREEN
and Laws [6] then one obtains in the theory linearized about
a uniform temperature distribution the equation

b6 -+ co = div (K grad o) .

In this equation o denotes the temperature, a superimposed dot
indicates material time differentiation, ¢ is the specific heat, K
is the thermal conductivity tensor and b is a material constant.
We assume that the body is homogeneous and therefore take
b, ¢ and K to be constants throughout the body. The entropy
inequality implies that

cz0, &-KE=0VE,

and allows for the possibility that b be positive. When ¢ > 0,
b > 0 and K is positive definite, the above equation is a hyper-
bolic equation and therefore allows for the propagation of
thermal waves with finite speed. .
For the heat conductor governed by the classical parabolic
linear equation [7, 8] and a nonlinear parabolic equation [9],
BaTRrA proved that the temperature field in the body approaches
in L?-norm the uniform temperature field under rather general
boundary conditions. The motivation for studying the problem
in [7] and for the present problem is the desire to show that for
digsipative loading devices*) constitutive quantities do not
depend upon the initial state of the loading device provided
that the entire past history of its boundary conditions is
known. For this purpose, as explained in [7], it is sufficient



