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RESEARCH IN CONTINUUM MECHANICS
CONTRACT NO. N-00014-76-C-0301

The final report consists of the progress reports of

1976 through 1980.. In addition, Fritz John continued his )
T

work on the blow-up of solutions of hyperbolic equations.

The main results'follow.

. F. John worked on twc different topics during the period P

covered by the contract. The first one concerned the formation

of singularities in nonlinear waves in several dimensions; the

- other one algebraic constraints implied by hyperbolicity of
systems of partial differential equations with constant coeffi-
cients.

For the formation of singularities the number n of space

dimensions is all important. For n = 1 solutions of genuinely
nonlinear wave equations with initial data of compact support
blow-up after a finite time T . Here T is of order 1/e for
initial data of "amplitude” € . F. J. showed (see [1])) that
for n >3 T is at least of order ™2 . For equations of

the type u - Au = F(u) with F(o) = F'(0) = 0 , F"(o)

tt
>¢ >0 the lifespan T is exactly of order l/ez (see [2],
{3]1). S. Klainerman had shown that for equations of the type

u - Au = F(u',u") no blow-up occurs for sufficiently small ¢

tt
if n >S5S . In {4] F. J. showed that Klainerman's theorem does
not hold for n = 3 ; in the example Upe - Au = 2“t“tt

a solution’with initial data of compact support and amplitude

€ can blow-up for arbitrarily small e . The equations

considered play a role in nonlinear elasticity, and the
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results indicate instability of certain elastic media.
For a single linear homogeneous partial differential
equation with constant coefficients conditions for hyperbolicity

take the form of inequalities satisfied by the coefficients.

It is shown in [5], [6], [7] that for systems of equations
hyperbolicity conditions can take the form of algebraic
identities that must hold for the coefficients. F. J. studied
in particular the case of three second order equations in four
independent variables; it turns out that in significant cases
the number of identities assuring hyperbolicity equals the
number of double points of the characteristic surface. A
consequence is that hxperbolic systems are very rare near

some of the classical hyperbolic systems of mathematical physics.
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