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Abstract

In this paper, we discuss a posteriori error estimates of the eigenvalue A given
by Adini nonconforming finite element. We give an assymptotically exact error
estimator of the \,. We prove that the order of convergence of the Ap is just 2
and the Ap converge from below for sufficiently small h.
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Consider eigenvalue problems: Find pairs (\,u), A € R,u € HZ(Q),||ullo = 1, such
that
afu,0) = \(u,0), Vo € H2(G) (1)

and their nonconforming finite element approximations:Find pairs (A, up), A\p € R, up €
Vi, l|lunllo=1, such that

ap(up,v) = Ap(up,v), Yo €V (2)

where a(u,v) = 3 [(j,10;0ju0L0v + apgOpudqv) is the symmetric, continuous, HZ-
elliptic bilinear form, (u,v) = [;uv;V} is a nonconforming finit element space associ-
ated with a regular triangulations

T, ={T}, V) ¢ Hg(G), ap(u,v) = ZZ/T(aijklaiajuakaﬂ) + apqapuaqv)
T

are uniformly V}, -elliptic; i,j,k,1=1,2; p,q=0,1,2; 0; = 8% 0o = a% ,00 = id, 0109 =
52

oxdy*

Let( A\p,up) and (X u) be an eigenpair of (2) and of (1), respectivery, and (Ap, up) con-

verge (A,u). In [3], the abstract error estimates has been presented and the following

estimates has been proved for Adini finite element:

v — Al < CR2 (3)
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In this paper ,we discuss a posteriori error estimates .We prove that the order of con-
vergence is just 2, and give an asymptotically exact estimator for Adini finite element.
Consider the steady state problems: Find w € H3(G) , such that

a(w,v) = (f,v), Vv e HZ(G) (4)

In the case of f = up, let u* and uj € V}, denote the exact solution and nonconforming
finite element solution, respectively. It is obvious that u} = Agluh.

Lemma 1. The following estimates hold

=X A
2\ = (U Uh) (U* - ’U/Z,U) (5)
lup — ulls < Cllu* —uzlls, s=0,1 (6)

Proof. Let Py be the orthogonal projection operator of the Lo(G) onto eigenspace
V) corresponding to the eigenvalue A. Taking u:HgT“h%.

(’U/* - UZ,’U/) = (’U/* - Aleuhuu) = A_l(thU’) - )\,ZI(U}“U)
= (A=A (s w)

which is just (5). The proof of the (6) is the same as that of [5, (1.4)].
In the case of f = Au,it is obvious that the exact solution of the associated (4) is just
u and nonconforming finite element solution u% €V}, satisfies

ap(u),v) = Mu,v), Yv eV, (7)
Lemma 2. The following inequality holds
lur, = ulln < llup = ulln + CllAwun — Xullo (8)
Proof. From (2) and (7) we have
ap(up, —up,v) = (Apup — Au,v)
Taking v=uj — u?b, we get by uniformly elliptic

lup —uplli < Can(up — up),up — up)

VAN

< CllAnun — Aullollun — ujllo
and hence

lun —uplln < CliApun — Aullo

using the above inequality and the triangle inequality we obtain (8).



