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Abstract

A class of nonconforming finite elements is considered in this paper, which is
continuous only at the nodes of the quasi-uniform mesh. We show that there ex- |
ists an essential estimate which indicates the equivalence relation, independent of
S the mesh parameter, between the energies of the nonconforming discrete harmonic |
extensions in different subdomains. The essential estimate is of great importance
in the analysis of the nonoverlapping domain decomposition methods applied to
second order partial differential equations discretized by nonconforming finite ele-

ments. »

1. Main Result

Let © be a bounded connected open domain in R? with a piecewise smooth bound- -'
ary 99, a;;(z),i,j = 1,2, piecewise smooth bounded functions in (2, and (ai;(z)) a
symmetric, uniformly positive definite matrix in 2. Q is divided into two open subdo— 3

mains 2,2 by an open smooth curve I' | which satisfies
(2 Ny = @, ﬁ1Uﬁ2=ﬁ, Q=8 uUflul.

We make the following definitions:

. ou Ov
a(u,0) = | 3 % B s (1)
2 ou Ov
ﬂk(ﬂ,‘l}) . /k iJZ;lﬂIJ 6331 amj k= 11 2:

Vi = {(vi,v2) : vi, € H' (), vkloq.nen =0, wvi|r = va|r,
ax(vi,0) =0, VO € Hj(%u), k=1,2}.

v is called the a; harmonic extension in Q,k = 1,2, if (v1,v2) € V. Using the trac:e
theorem and a well-known priori mequa.hty[l ﬁ], we obtain 5
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Theorem 1. There exist two positive constants o1, 71, such that
T1a2(v2,v2) < a1(v1,v1) < o1a2(ve,v2), V(vi,v2) € V.

| In what follows, for simplicity, we assume that {2 is a bounded polygonal domain
" in R? with a quasi-uniform mesh Q = {e}, where e , a triangle or a quadrilateral,
. represents the typical element in €2, . Let ) be compatible with the subdomain
. division, i.e.

enT=¢, Yee

f  Let S"(Q) be a conforming finite element space, e.g. the space of continuous piece-
- wise linear or bilinear functions defined relative to the mesh €2;. We define

S5(Q) = S*(Q) N Hy(Q), Th=Mlr,
M) = Sg( g, *k=1,2,
Sg(ﬂk) = Sh(ﬂk) n H&(Qk), N=3 2

Ve = {('Ul 1'”2) '”k € Sh(ﬂk): '”illlf'h = Uzll"m

»
ak(vﬂ,ﬁh) =0, VO, ¢ Sg(ﬂk), k=14.3)

* v is called the conforming discrete ax harmonic extension in 2, k = 1,2, if (v}, v) €
~ Vo. Concerning Ve, we have

Theorem 212, If the mesh Q, is quasi-uniform, then there ezist two positive con-

E

. stants 09, T2 , independent of the mesh parameter h, such that
h _h o
raaz(vy,vy) < a1 (v, v}) < oaaa(v3,v3), V(vi,v3) € Ve

i_; Theorems 1 and 2 are the foundations of the analysis of nonoverlapping domain
?decompusiticm methods applied to second order partial differential equations in the
* continuous case and in the conforming discrete case respectively. The aim of this paper
:is'tc: show that an estimate , similar to Theorem 1 and Theorem 2, is ture for a class
of nonconforming finite elements.

Let T"(Q2) be the set {v" : v* = wh + uh,w" € THQ), uv*|. is a finite order
01)’1101111&1 Ve € Q4,ul(z) = 0,V node = € Q} , where TH(Q) = {+" € C(9) : v"|e is
2 linear function if e is a triangle, or a bilinear functmn ifeisa quadnlateral VE € (4 }.
'__1- ere, a node = € (2 is defined to be the vertex of some e € 4.

1 Th(Q) is a class of nonconforming finite elements, which is continuous only at the
nodes of the mesh (2, and many practical nonconforming elements possess this property
(e.g. [3], [4], [6]). In what follows, we assume that the nonconforming approximate
solution of a given problem exists uniquely and converges to the exact solution of the
problem. | |




