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3 THE GALER KIN F EM FOR ELLIPTIC BVP

Motivation 1 Implicit time discretization horizontalmethod
of lines Rothe's method leads to a sequence
of elliptic Brp Numerical solutionof elliptic
BVP is the basic task in the NuPDEs

2 Space time methods aG or dG FEM for IBUP
Find a EEgCQ alum L F v HvEVOCQ r loT

3 1 FEM GALERKIN RITZ Method
with special Trial Ansate Functions

or Recalt Lectures Nu PDEs

Startingpointi 1 Variational Formulation 11.1
1 or

Minimization Problem G 4 1 up

2 GALERKIN a RITZ Method
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Ea Example Solve the VP Vg To 7 410,11

1 1 Find u c Lyon u Vdx f rdx Hereto
y O

u C Vg alum LE v fret
u f C 12191

Vuitton Vgn span Xi i.o.nu C Vi Ldn

III wiki
Ky x dx X l ii e

k Ii I
Hilbert nat

Iii iii
Take far Sen ITT and solve the Variational

problem C numerically
Have in mind that conddth Imminent 0 71Hn

i e condz Hy 15.103 CondelHs 48.105 conddH t.se
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"If the variational problems conta.in derivCilt:i~es not higher
first order the method of.finite differenc.e can be subordinated to the
Rayleigh~Ritz methodby considering in the competition only functi-ons </J which are linear in the meshes of ci. suh-division Gfour 11 .

triangles formed by diagonals of the squa.res of the net.
lyhedral functions the integra.ls become sums expressed by
number of values öf 4> in the net-points and 'be minimum.
become our difference equations. Such aninte ...ati

which provides great flexibility
considerable practical value. Instead of stat't,'
rectangular net we may consider front th~ anyp
faces with edges over an prefel'a.bly tria..
Our i~ltegrals again becorne finite SUlns, dminimum condi!
will be equatiol1s for the values of 4> in thenet-points, While these
equations seem less simple than the original djfference equations, we
gain the enormous advantage of better adaptabUity to the d&t& 0:
problem and thus we can often obta.in 1000 results with
numerical calculation." .
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EiConseg f Idea

11 Great flexibility in fulfilling theessentialBC

2 Due to the locality of the support of the basis
functions the system matrix G stiffness matrix kn
is sparse Obviously we have

al p p 0 if suppfp n supplp 0

3 The integrals for computing the entries of
the stiffness matrix Ku and the load rector In
can be computed elementwise
IT E ITH UpFr quadratureformula
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4 Completeness of the family of FE spacesVon into
D 1 is relatively easy to verify
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in Notations

Ig
master reference element
finite element r E Rh

Edc Rd computational domain d 42,3

or on de Hd multiindex di C 0,1 3 1No i Id

H l da t t G XT XT rXT Xfd 8
S Fa Fca Ela Vol peaces esc I
q 9
Shape Form 4 index set

span pH a c A

space spannedby thespapefunctions

Pr Co54 spaceof polynomials ofthedegreeK
n

Qu AGE spaceofpolynomialsofthedegreeK
inevery coordinate Si i 1,2 d

e g Pa span A Se Ee affine Linear functions
span heSee52 9.923 bilinear functions

Example Courant's triangle A
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