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It is argued that diffusion in biological and economical systems is better modelled by Cattaneo’s
equation where memory effects are included. Reaction diffusion equations using Cattaneo’s system
are derived for prisoner’s dilemma (PD) and hawk-dove (HD) games. Nonlinear wave solutions
are derived for them. As expected the asymptotic solution for the PD case is insufficient. Hence a
cellular automata motivated by Cattaneo’s system is used to show the existence of cooperation in
the case of local game.
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1. Cattaneo’s Diffusion

The standard diffusion equation depends on the
continuity equation and Fick’s law

j(x; t) = �D∂c(x; t)=∂x; (1)

wherej is the diffusing object (e. g. technology, con-
cept, etc...),c is the distribution function of this object

� Consider equations as parts of sentences!

andD is the diffusion constant. The resulting standard
diffusion equation is

∂c(x; t)=∂t = D∂2
c(x; t)=∂x2: (2)
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A basic weakness of this equation is that the flux
j reacts simultaneously to the gradient ofc and con-
sequently an unbounded propagation speed is assumed.
This manifests itself in many solutions to (2) e. g.

� Write (2) and not eqn. (2)!

c(x; t) = 1=
p

4�Dt exp(�x2=4Dt); c(x; 0) = �(x), i. e.
c(x; t) > 08x; 8t > 0. This is unrealistic specially in
biological and economical systems where it is known that
propagation speeds are typically small. To rectify this weak-
ness Cattaneo [1] replaced Fick’s law (1) by
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