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Abstract M. Bertsch & R. Dal Passo proved the existence and uniqueness of the
Cauchy problem for uy = (@(u)¥(u;))z, where @ > 0, is a strictly increasing function
with lu:n -a,{Jl: ) = 1o < co. The regularity of the solution has been obtained under the
Eﬂndltlﬂﬂ @' < 0 or p = const. In the present paper, under the condition " < 0, we
give some regularity results. We show that the solution can be classical after a finite
time. Further, under the condition " € —ap (where ap is a constant), we prove the
gradient of the solution converges to zero uniformly with respect to x as ¢ —+ +00.
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1. Introduction

We consider the problem

{H-g = (p(u)P(tiz))e for z € R, t € (0,00)

(I)
u(z,0) = up(z) forz € R

where ¢ : R — R™" is smooth and positive, and ¢ : B — R is a smooth, odd function
such that ¢/’ > 0 in R and
lim (s) = Yoo . (1)

S—00

The initial function ug : R — R is bounded and strictly increasing. W{uh) € C(R)
(where (1) (20)) = W if ug is discontinuous at zo).

In view of the condition (1), the function 4 belongs to L*(R), ¢’ is not uniformly
bounded away from zero. Hence the equation (1) is of degenerate parabolic type. We
call (1) is strongly degenerate parabolic type if the stronger condition (1) is satisfied.

M. Bertsch & R. Dal Passo solved the Cauchy problem {I} with the solution sati-
sfying entropy conditionl!!, Later, R. Dal passol?l got the uniqueness of the solution.
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They also gave some regularity results. They proved that if " £ 0in R, then u is
not necessarily continuous, even for ug € C*(R). In the present paper, we prove that
if " < 0 and up € C?(R), then u € C2(R x R*). For general ug(z), we show that
the solution becomes classical after a finite time. i.e., if " < 0 and 9'(s) 2 cs™2 as
s —+ oo (for some constant ¢ > 0), then there exists a T = 0 such that « belongs to
G2 (R x [T, 00)). Further, we discuss the asymptotic behaviour of the solution under
the condition " < —ag (where ag is a constant) and prove the gradient of the solution
converges to zero uniformly with respect to z as & — +00.

The present paper is organized as follows. In Section 2, we list some related results
up to date and our results. In Section 3, we prove the results.

2. Main Results

We first list the hypotheses and definitions:

H, % e CHR)NL®(R), 0 < v < ¢ in R for some ¢, > 0, $(0) =0, P(—35) =
—4(5), ¥(8) = Yoo a8 5 — 00

H; @€ C¥R),¢>0inR.

Hy ug € L(R), ug is strictly increasing in R, 9(ug) € C(R), Puh(z)) — 0 as
z = oo, '

Definition 1 A function u € BViee(R x [0,00)) N L®(R x R*) is a solution of
the problem (I) if

(i) For any t > 0, u(.,t) € BVip(R) and there erists a coniinuous function ¥ :
R % [0,00) — R such that

Fiait) = Eﬂw(u{m + h, tf;l— u[m‘,t})

(ﬂl:ﬂ.." + h, t}h— u{:r+,t])

for any = € R and t > 0; here u(z™,t) respectively denotes one-sided limits.
(ii) For any x € C'(R x [0,00)) with compact support,

—[-/:TE:-:R.+ (uxe — p(w)xz)dwdt = — fﬂx{ﬂ’ 0)ug(z)dz

o

The definition of the entropy condition is as follows.

Definition 2 We say that a solution u of the problem (I) satisfies the entropy
condition (E) if at any point (z,t) € R x [0, oo) in which u is discontinuous with respect
to z, and

—(s—u7) +plu7) (2)




