
HreVuEY a(x , u) = f(u)

GaterlinUneVn alUn ,Un) = f(u) NUnEXh
Method

Quasi-optimality.IIn-bully ->inf I-vla

Starting now
,

we construct spaces Un via polynomials,

the Finite element methodChapte 2

hiteelement method inD

2 = (a , b)

IN-1,
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Yn = [UEV : Unle Pr(i)=↑
polynomials of defree
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/ functions in Un mustV = Hole)
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be continuous then
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Remark :SPYV
because ita

WhEYn I try to write it as a linear comb ofhxil
N- 1

W(aj) = <j IXi() is equal to we

(wn-cixj) eve

(wn-xi)/= Wha- <jxi(ax) = Wula -a= 0

= ak #K

# Wn-Ecixi = 0 in every Ij
Ij

-> Whe Spand-Xh
,

definition: degrees of freedom

5j(f) = f(aj) j = 0- N (1)

definition : the set of degrees of freedom high
is called UNSOLVENT in Un iff

& (v) =0 j = Y = 0
.

the reom Ej} as defined in 11) are unisolvent

in Yn.



Noot : exercise for you.

r= 2 Y = 44Ho (t) : UnlEj) Hi
· construction of a set of basis functions .

lagrangian basis (based on point evaluation)
PK , 2

-
b

a as 9N -1

Si
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i = 1
..

N-1 attached to vertices Aj

& K
,
2

k= 1 =
x attached to MK

o if I

E Yiz (91) = Diy [1 i = ]

Y (mp) = 0 XK.

22 (Me) = JerT*l= k (bubble

Yk2(aj) = 0 Xj ,

proposition Yn = spard Pie ,Ul= 1
--N

·
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the set of degrees of freedom for Yn (r= 2)

ig

(2)
& (f) = f(Xe) Xe

remark & &11 , 42
, 1

- --
2 , 182- Yeh-

= 34
, 4 ... Yah L= CN-1

Ge(Pei) = Feel = 2 % e = el

e + e

Proposition (2) is a unisolventset of

degrees of freedom for Va

For the space H(t)

Fl

#, & I tobeded !

-1, 2 toadded!
Yu = Span 441-Punh N = chm(Xr)



a(Un
,

Yn) = f(x) AVnEVnUnEVn

this problem becomes a linear system !

un = 244 ; Yn = Ye

2 cja(4i , Pe) = F(te) He

* = altjitel Ac = F
je I -

> the or

load↑(E) f(4e) stiffness matrix

2.2 Finite element in 2D

Tu partition of to

& indeed we partition in

triangles ,
andIn is called

mesh
.

% anadrangles are alsopossible

conforming mesh non-conforming mesh,



det In is a confirming mesh.
-

Ki
, kj two elements ofTh

kinkj = [Pertex ofTh
a full eolge

remark :

InEID In is made off tetrahedra

but also gools are possible.

meshing
Mocess ,

Map to the reference element

#
i

ence dement



p
= (a)
k = (32) -

*
x

= Bx + bk Ex = &

Br = (a bS

F
hi = diameter of K

diameter of the outer
circle

IK =
diameter of the
· ner circle

inher diameter ofh

I IBII 1

Bill
I det BK = E Ik

area of K .

exercise (in the excrise session)

definition

-Robe saythista17

* ke In hi CpSK



-Fo Thatanot ok,

In h = max hi
KEIn

Constration of finite element spaces

REIR In a family ofsheshes
paramelited in h

Yn = & Unt Hole) : Unl
,

= IPr(1) HiETh]
H() &

polynomials
V = 1 for the time being. of degree

on K
.

Remark IP (k)
A

84 (15) = Spani , 1-g]
-# baricenting
cornate

of is
, =Y , Y = 1- y
Basis functions for (k) are constructed as :

4j (FY) = (*)



Y
, 42 % are the baycentric coordinates oth
As

X Yi (aj) = Sij ·
-Az
& I

Theorem Yn = span & Yo ,
v internal vertex

-

ofEn 4.
where Y En , qu=doall other

vertices of In

#
Yulk = barycentric ecordinate of in K for the

vertux V
.
#K that has v as a

vertex,

Rootthetheorea internal vertuxh En easy,

·In &Span Se ... 4. should be

Moved
(next time)

dim (Vn) = Nn = # internal vertices of Un
.



-egreesof freedom 5j(f) = f(Xj)

Ij = thej vertex ofTh.

Dof ,
are used to define

II

interpolation"operator .
Nu

f ((d) Thf(x)= Yv(x
Degree I

.

Tef is called interpolation off on Yu
.


