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THE FINITE ELEMENT METHOD FOR SEMILINEARPARABOLIC EQUATIONS WITH DISCONTINUOUSCOEFFICIENTS�1)Hui Feng(Shenzhen University Normal College, Shenzhen 518060, China; Laboratory of ComputationalPhysi
s, Institute of Applied Physi
s and Computational Mathemati
s, Beijing 100088, China)Long-jun Shen(Laboratory of Computational Physi
s, Institute of Applied Physi
s and ComputationalMathemati
s, Beijing 100088, China)Abstra
tIn this paper we investigate the existen
e, uniqueness and regularity of thesolution of semilinear paraboli
 equations with 
oeÆ
ients that are dis
ontinuousa
ross the interfa
e, some prior estimates are obtained. A net shape of the �niteelements around the singular points was designed in [7℄ to solve the linear ellipti
problems , by means of that net, we prove that the approximate solution has thesame 
onvergen
e rate as that without singularity.Key words: Finite element, Semitinear paraboli
 equation, Dis
ontinuous 
oeÆ-
ients. 1. Introdu
tionLet x be points on plane R2, and 
 be a polygonal domain, we denote the boundaryof 
 by �
. There in 
 are �nite many broke lines whi
h divide it into �nite polygonalsubdomains 
l; l = 1; � � � ; L. The fun
tion p(x) 2 L2(
) is assumed to have bounded�rst derivatives in all subdomains 
l, while p is allowed to be dis
ontinuous on theinterfa
es �
i \ �
j. And there exists a positive 
onstant � su
h thatp(x) � �; 8x 2 
:We adopt the usual notations of the Sobolev spa
es in this paper, that is, denote byHs(
) and Hs0(
) the spa
es and k � ks the norms, j � js the semi norms.We de�ne a linear operator A byAu = 5(p(x)5 u); D(A) = fu 2 H10 (
); Au 2 L2(
)g;� Re
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192 H. FENG AND L.J. SHENwhere5 is gradient operator. Let f(x) 2 L2(
), u0 2 D(A2); T0 be a positive 
onstant.In this paper we study the following nonlinear initial value problem8>><>>: �u�t = Au� �(u) + f(x) in 
� (0; T0℄u(t; x) = 0 texton �
� [0; T0℄u(0; x) = u0(x) in 
 (1.1)where � 2 C1(R) and we assume further that there exist positive 
onstants �1; �2 andpositive integer k su
h that 0 < �0(u) � �1 j u jk +�2:In se
tion 2 we �rst get the existen
e and uniqueness of (1.1), then we investigate theregularity of the solution, some prior estimates are obtained. In se
tion 3 we present the�nite element method whi
h is suitable for (1.1), some error estimates for interpolationoperator of �nite element spa
e are gotten. In se
tion 4 we obtain the error estimatefor the �nite element solution.2. Existen
e, Uniqueness and RegularityBy the usual approa
h[1�3℄ it is easy to prove that A is the in�nitesemal generator ofan analyti
 semigroup T (t) on L2(
). As in [1℄, [2℄ and [3℄, for 0 � � � 1, we introdu
eoperators A� whi
h are fra
tional powers of A, we denote the domain of A� by D(A�),D(A�) equipped with the norm kuk� = kA�ukL2(
) is a Bana
h spa
e whi
h we denoteby X�.By Gagliardo-Nirenberg inequality[1�3℄, we haveX� � L4k(
) when 1� 12k < � � 1: (2.1)and the imbeddings are 
ontinuous.Analogous to [1℄, [2℄ and [3℄, by the 
ontra
tion mapping theorem, it is easy to knowthat (1.1) has a unique lo
al solution u 2 C([0; t1℄; X�), where 1� 12k < � < 1; t1 is apositive 
onstant depending on u0.Similar to [4℄, we 
an prove that there is a unique u� 2 D(A) satisfyingAu� � �(u�) + f(x) = 0:Now we 
onsider the following initial problem8>><>>: �v�t = Av � (�(v + u�)� �(u�)) in 
� (0; T0℄v(t; x) = 0 on �
� [0; T0℄v(0; x) = u0(x)� u�(x) in 
 (2.2)Sin
e as long as the solution exists, t ! R
 j v(t; x) j2l dx is nonin
reasing for allpositive integer l, it follows from (2.1) and Gronwall's inequality that there exists a
onstant M1 independent of t su
h thatkv(t; x)k� �M1 (2.3)


