‘Aoxnon 2. Iopddoon: ITéuntn 23/3 oty té&n

1. Ilencpacuévo otoiyeio cOvdeong P — P,
Yo tplywvo avagopdc T', Yewpolpe toug 4 Baduolc eheuvdeploc Lagrange : M (0,0),
M5(1,0), M5(0,1) xon My(3,3) mou amotehodv 10 6Ovoho X xan tot ToAUGVUPA P =

QNT) = {az + by + cay + d}

(o) Aetgrte 6t (T, 3, P) elvou éva nenepaocyévo otowyelo Lagrange.

(B") Bewpolye pLo tprywvonoinom tou aroteheiton amd o Topoxdte Telo otouyeia (BA.
EXOVAL).

(11,34, P1) = T\ ye xopugéc My, My, M;
¥ ={My, My, Ms, My}, 6mou My eivou to yéoo tng mhevpde Mo Ms.
P = QD)

(T, 39, Py) = Ty ye xopugéc My, Ms, M;
Yo = {My, My, Ms, My, Mg, M;}, 6mov Mg xou My eivor to yéoo twv
mhevpdy M3 My xon MoMs.
Py =P*Ty) ={ax®> + by* + cxxy +dx +ey+ [}

(T5,%5, Py) = Ts pe xopugéc My, Ms, Mg pe Mg = (—1,0)
Yy = {M, M;, Ms}
Py = P(Ty) = {az + by + ¢}

T, T,

Mg M, M,

(Y) Kartaoxebaote to ywpo Vi, mou opilouy autd ta tpia tenepacuéva ototyela. Eotw
Q=T UTyUTs. Eyoupe V;, C C%Q) 7 (ehéy&te T cuvéyela oTic TAEVEEC ..
Vi, C HY(Q) ?

(8) Hotde té&nc Yo elvon n mpocéyyion evoc mpofiiuatoc Dirichlet pe avtd v tpt-
ywvornoinon 7

2. Q2-serendip finite element On the unit square C' of R?, we consider the degrees
of freedom ¥ consisting of the following points:
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M, (0,0), Ma(1,0), My(1, 1), My(0, 1), Ms( 5
).
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And let My be the point with coordinates (%,
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Show that every polynomial of degree 2 satisfies,

4 8

Ap(Mo) + Y p(M;) =2y p(M;) =0, Vp € P*(C) (1)

i=1 i=5
(Use Taylor 2nd order)

We denote (7;);=19 the usual basis functions of the @ finite element and we
indtroduce the functions

~_ 1 <
Ti =T — 4T, 1=1,...,4
T, =Ti + 579, 1=295,...,8

Verify that 7;(M;) = 6;; and that they satisfy (1).
We introduce P = {p € Q*(C)s.t.p satisfies (1)}. Conclude from the previous

points that the finite element Qs-serendip= (C, 3, P) is a Lagrange finite element
of second order.

Consider a mesh composed by n xn square elements. Estimate the number of non
zero terms of the rigidity matrix for the standard (), elements and the ()o-serendip
finite element.



