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Abstract

In this paper we prove the solution of explicit difference scheme for a semilinear
parabolic equation converges to the solution of difference scheme for the relevant
nonlinear stationary problem as ¢t — oco. For nonlinear parabolic problem, we ob-
tain the long time asymptotic behavior of its discrete solution which is analogous to
that of its continuous solution. For simplicity, we discuss one-dimensional problem.
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1. Introduction

Let Q = (0,1), f(z) € HY(Q), uo(z) € H*(Q) N H} (), ¢(u) = u3, we consider the
following initial-boundary value problem:

ou  0%u i
azﬁ—qb(u)—i—f(x) in Qx Ry
X
w(0,8) = u(l,t) = 0 (1.1)

u(z,0) = up(z), =z €.

By the usual approach® 4 we can get the global existence of the solution of (1.1),
furthermore, the solution of (1.1) converges to the solution of the following stationary
problem (1.2) as t — co.

O*u .
@—qﬁ(u)—l-f(ﬂs =0 in Q (1.2)
u(0,t) = u(l,t) = 0.
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In [6], [7], the authors considered the explicit scheme for (1.1) as f(z) = 0 and only
the estimate in Ly for discrete solution was obtained.

In this paper we prove that the solution of explicit difference scheme for (1.1)
converges to the solution of difference scheme for (1.2) as t — oc.

2. Finite Difference Scheme

The domain € is divided into small segments by points z; = jh (j = 0,1,---,J),
where Jh = [, J is an integer and h is the stepsize. Let At be time stepsize. For any
function w(z,t) we denote the values w(jh,nAt) by w? (0 < j < J, n=0,1,2,---)
and denote the discrete function wgl(O <j<J,n=0,1,2,---) by wp. We introduce
the following notations: Ajw? = wi, —w} (0 < j < J—1,n = 0,1,2,---) and
A_w} = wi —wi (1<j<Jn=0172--). We denote the discrete function
Arwi : L . . Ajwf

(0<j<J—-1,n=0,1,2,---) by dwy. Similarly, the discrete function 12

(0<j<J-2,n=0,1,2,---) is denoted by 5*w}.
Denote the scalar product of two discrete functions uj and v by (up,v;") =

J
Zu?vjmh.
=0
Tk Ak, (1
For 2 > k > 0, define discrete norms ||6*w?|, = (Z ‘ ;k . ‘ h)p, +oo >p>1
j=0
Ak w?
k — + 77
and || 05w | oo _j:O,IR%),(J—k’ o ‘
The difference equation associate with (1.1) is:
Wt —u? ALA W
j i _ j .
At - 12 - ¢(u?) + f; (2.1)
forj=1,---,J—landn=1,2,------ , where f; = f(z;),j=1,---,J —1,

The boundary condition of (2.1) is of the form uf = u’; = 0.
The discrete form corresponding to (1.2) is:

A+A7U;
h2

uy=uy=0

—o(uj)+f;=0, 0<j<J (2.2)

Let the discrete function u} and uj be the solution of difference equation (2.1) and
(2.2) respectively. For n =0,1,2,---, the discrete function vy = {v} | j =0,1,---,J}

is defined as v} = u} — ’U,;k(j =0,1,---,J). Then v} satisfies

o ALA T
LS S ) () (2.3

forj=1,---,J—-1and n=0,1,2,--- Obviously, vjf =v7=0,n=0,1,2,---



