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ABSTRACT. We consider the Riemann problem for the equa-
tions of isentropic gas dynamics in Eulerian coordinates. We
construct solutions of this problem as limits of solutions of a
“viscosity” regularized problem that is rigged so as to preserve
the invariance of the original problem under dilatations of the
independent variables. The solutions thus constructed may
contain vacuum regions. Using the same approach, we also
construct solutions of the Riemann problem in case the data
contain a vacuum state.

1. Introduction. The equations describing one dimensional isentropic mo-
tions of a compressible, inviscid gas, written in spatial (Eulerian) coordinates
and in conservative form, are

(1‘1) pt+(pu)m =0

—o<r<oo,t>0
(1.2) (pu)e + (pu® +p(p)), = 0

Here, p = p(z,t) and u = u(z,t) stand for the density and the velocity of the
gas, respectively, while m := pu describes the momentum flux in the direction of
the flow. The density p is nonnegative; the regions in the physical space where
p = 0 are identified with vacuum regions of the flow. The pressure p is assumed
to be a smooth function of p satisfying

(1.3) p'(p) >0 for p> 0.

Under (1.3), Equations (1.1) and (1.2) form a hyperbolic system of conservation

laws. The characteristic speeds A1 2 = u F /p/(p) are distinct when p > 0, but
may coalesce when p = 0. The problem of solving (1.1)-(1.2) subject to initial
data

(1.4 (p(2,0), u(z0) = { o 250

1047
Indiana University Mathematics Journal (¢), Vol. 38, No. 4 (1989)



