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1. Introduction

We construct real-valued finite energy solutions of the dissipative nonlinear wave
equation
Ou+ u; ", =0, 0:=82—A,, L<heR, (1.1)

which have singularities that are partially smoothed after a focus. Heté €
R4 with spatial dimensiod > 2.

A striking classical result of Lions and Strauss [LS] shows {bd) is awell-
behaved evolution equation ire 0 in all dimensions. Two underlying estimates
are used in establishing this result. The first is that solutions have nonincreasing
energy. With

w?>  |Veul?
E(u,t) = L  dx, 1.2
(u,t) /];xd 5 + > x 1.2)
one has
Eu, 1) = E(u, 0) /Tf " dt < E(u,0) (1.3)
u,t) = Eu,0) — xdt < E(u, Q). .
0 R4 I’l+1

More generally, one has a contractivity estimate that relies on the monotonicity of
the nonlinear function
Fu(s) := |s"Ys.

Precisely,
T
Eu—v,t)=Eu—v,0) — / / (uy — v)(Fp(uy) — Fp(v,)) dx dt
0o Jrd

< E(u—v,0). (1.4)

The energy dissipation identity is the case= 0 of the contractivity identity.
These estimates lead to the following fundamental results of Lions and Strauss.

THEOREM 1.1[LS]. If {f, g} € HXR?) x L?(R?) then there is a unique solution
u to (L) with
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