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Abstract

In this paper we prove that the solution of explicit difference scheme for a class of
semilinear parabolic equations converges to the solution of difference schemes for the cor-
responding nonlinear elliptic equations in H' norm as ¢ — co. We get the long time
asymptotic behavior of the discrete solutions which is interested in comparing to the case
of continuous solutions.
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1. Introduction

Let © be a bounded domain in R%, © = {0 < z < 1,0 < y < I}, and assume f(z,y) €
L (Q),uo(z,y) € H*(Q) N HF (), p(u) € C(RY) satisfies

0< ¢ (u) < |ul® +ps,

where k, 1 and pe are positive constants.
We consider the following initial-boundary value problem:

O = Au— () + f(y) i QxR
_ (1.1)
u |39— 0

u |t=0: 'LL()(CU,:I,I), (ZL“,y) €.

02 02
where Au = 2% + SALEN Laplace’s Operator.
ox? = Oy?
By the usual approach([1],[2],[3],[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 nonlinear elliptic

equations (1.2) as t — oo.

{Au—¢(u)+f(w,y)=0 in (1.2)

u |QQ: 0.

In [6],[7], the authors discussed the explicit scheme for (1.1) as f(z,y) = 0 and only the estimate
in L? for discrete solution was obtained. In this paper we consider the asymptotic behavior of
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discrete solution of explicit difference scheme for (1.1) which is very interested in comparing to
the case of continuous solution. We also prove that the solution of explicit difference scheme
for (1.1) converges to the solution of difference scheme for (1.2) as t — oo, the estimate in H*
for discrete solution is gotten.

2. Finite Difference Scheme

l
Let h, At,, be the space stepsize and the time stepsize respectively, h = 7 where J is an
integer. We denote the discrete function which take value w}} at (z;,y;,nAt) (z; = ih,y; =
jh,0<i,j < J,n=0,1,2,--:) by wy, define

n n n
Wity Hwity ;2w

1, n __ ij

Ahwij = 72 )

n n _ n

A2y — Vi1 T Wi — 2wy
Wi = 72

We introduce the following notations:

lopll> = > (wiy)*h?,

0<4,5<J
|0wp]|* = [(why, ; —wh)® P —wh)?
rIlT = Z wity ; —wiy)” + (Wi —wi)7],
0<i,j<J—1
lawpiP= S (Abwh + AZwl) R,
1<4,j<J—1

The explicit difference equation associate with (1.1) is:
U?J'Jrl _u?j 1, n 2, n n
AL - Apuiy + Ajuiy — d(uy) + fij (2.1.1)

fori,j=1,---,J—1and n=1,2,---, where f;; = f(2;,y;). The boundary condition of (2.1)
is of the form
uty=ui; =ug;=uy; =0, 0<id,j<J (2.1.2)

and the initial condition is
ug; = uo(wi,y;), 0<i,j<J. (2.1.3)
The difference equation corresponding to (1.2) is:

Apuiy + Djug; — ¢luf;) + fij =0 (2.2.1)

fori,j=1,---,J — 1. The boundary condition of (2.2) is of the form

ujg=u;;=ug;=uy; =0,0<i,j<J (2.2.2)
Let the discrete function uj and uj be the solution of difference equation (2.1) and (2.2)
respectively. For u; we have the same notations to the previous. Forn = 0,1,2,---, the discrete
function vy is defined as vj; = ujy —uj;,4,7 =0,1,---,J. Then vy satisty
'UTL,+1 —
7, 7 1 2 *
= Apvis + Apvis — [o(ugs) — d(ug;)] (2.3)
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