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ABSTRACT

The study of wave propagation described by linear hyperbolic equations and systems is, in
the main, dominated by the linear superposition principle. Mainly through the influence of gas
dynamics, the study of wave propagation has shifted away from linear systems to quasilinear
hyperbolic systems and hyperbolic conservation laws, with the early contribution by Peter Lax
[1] playing a prominent role. At around the same time, important contributions were being
made by various R ussian aut hors, | argely m otivated b y q uestions from gas d ynamics, of
whom mention must be made of B.L. Rozhdestvenskii and N.N. Yanenko [2]. Despite the
significant progress that has been m ade in the intervening years, various questions remain
unresolved, and one objective of this paperis to draw attention to some of these questions
that have important implications in the study of nonlinear wave propagation.

An early attempt was made by Zabusky and Kruskall to examine the propagation of a wave
through a nonlinear elastic crystal lattice, with a view to examining some anomalous nonlinear
conduction behaviour first identified by Fermi, Pasta and Ulam. Their approach was based on
a nonl inear h yperbolic equat ion, but t hey di scoveredt he pr opagating wave bec ame
unbounded after a finite time, showing that a nonlinear hyperbolic equation could not describe
the physical phenomenon that had bee n observed. T his work stimulated further interestin
the breakdown of solutions of nonlinear quasilinear hyperbolic equations, but also interest of a
different k ind t o di scover t he c orrect equa tion t hat d escribes w ave pr opagation t hrough a
nonlinear c¢ rystal lattice. T hel atter ques tion was ans wered b y Z abusky and K ruskall
numerically, who wentt ot he f irst hi gher appr oximation abo ve t heir no nlinear h yperbolic
equation, as a result of which they arrived at the KdV equation and observed numerically and
for the first time the b ehaviour of solitons. A nother objective of this paper willbe to trace
these ideas to the point where weak solutions of quasilinear hyperbolic equations need to be
introduced, along with so-called entropy principles to select a physically realistic solution from
amongst the many possible purely mathematical weak solutions.

Finally, some obs ervations will b e presented c oncerning no nlinear s uperposition principles,
where it will be shown that they are not as special as they might seem at first sight.
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