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Abstract Consider the degenerate parabolic equation (porous medium equation
with gravity term):

ty = (™) +(u?),, —co<z <o, t>0,m>1

u(z,0) = wo(z), — o <z < oo

The main results consist of the estimation of t] called waiting time, the behavior of

ressure V = ———y™=1 pan 1cal ical f¢; d it1
p = :ar a vertical or a nonvertical part of ¢;(¢) and a condition

of that ¢;(¢) isﬁga:it.]fnu-::usiy differentiable.
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1. Introduction

Consider the Cauchy problem:
e =T )y —00- T i i 0 (1.1)

u(z,0) = ug(z), —o0 <z < co : (1.2)

It 1s well known to us that if initial datum ug(z) is a nennegative, bounded mea-

surable function in (—o0,00) and has compact support, i.e.
up(x) > 0, if and only if z € (a,, ag)
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for —oo < a; < a3 < oo, then there exist two continuous curves z = g;(t) (i = 1,2)
satisfying
Plu] = {(=,%) : u(z,t) > 0,—0c0 < z < 00,t > 0}
= {{z,t);51(t) < z < g3(t);t > 0}
si(0) = a
where u(z,t) is the solution of (1.1), (1.2). ¢i(t)(i = 1,2) is called the free boundary of

nonnegative weak solution u(z, t) for the porous medium equation. Moreover (—1)¢;(¢)
is a nondecreasing function and has uniformly Lipschitz’s continuity in [r,cc) for any
¥

D. G. Aronson, L. A. Caffarelli & S. Kamin!!) and Knerr!?! have made systematic
and profound studies on the properties of 5i(t). Chen Yazhel®! has recently studied
the waiting time for general degenerate parabolic equation in the case of several space

variables,

In this paper, we study the Cauchy problem for the porous medium equation with

gravity term in one-dimension:
U = (U )z + ("), —co <z <00, t>0,m>1 (1.3}

u(z,0) = ug(x), ~oco <z < oo (1.4)

In the papers [1] and [2], the main techniques are: estimating lower bound for V,, in

IP[u| (where the pressure V' =

e Iu’“_l}, carrying similarly transformation for the
solution of the pressure equation which is satisfied by V (see (1.8)) and constructing
some explicit special solutions of the pressure equation for comparison. Because of
adding the gravity term, there is somewhat substantial difficulties in generalizing their
‘method to the equation (1.3). On the basis of [4], we have now further overcome some
difficulties and generalized the main results for the equation (1.1) to the equation (1.3).

We set
Sr = (—o0,00) x (0,T], § = (—00,00) x (0,0)

Definition 1 A function u(z,t) defined on St is said to be a weak solution of
problem(1.3), (1.4) in Sy, of |

(i) u is nonnegative, bounded and continvous on Sp.

(ii) The generalized derivative (u™), € L*(Sg).

(iii) u satisfies the identity

‘/];T{*;ﬁz“um}z +u”| - ¢pujdzdt = -/:c: #(z,0)up(z)dz (1.5)
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