
 

13J Show that the minimization problem
Find une Van s t f un E FL v t VEVh

where Fcw z aCw 2dx fwd
takes the matrix form
Find f Xj cIRM that minimites

IztAz biz for 2eRM

Solution

pan yj j 1 M Let w

g
yjyj

We then have that

Fat I a njyjYdx I f Einhitidx
GEnieil E.isihyjnieif

IjEE.aninj ayjyidx gihjoFyg dx
For any vector x and matrix A

n'I E.itxiaiixi
M

1zztAq biz b fyjdx j

where n ni T A ay y j



14J Consider the Neumann problem

au U'Cx fix O LX El

Uco o achu'll g
The discrete variational formulation reads

Find U cVu Vu redo y pw linear wir t Th Voto

Th partition Xi iIj such that

A given t all v dx fvdxV vc.vn

Compute stiffness matrix using uniform partition
and assuming f a g

check if the discrete equation corresponding to the

test function ym at x 1 looks like a discrete

analogue of the Neumann condition
Y

Solution 4Mt
Vn 1

o
Xo Xm Xm Xmn I

U Siya and with a g 7 1 L turns into

U'v von Iv u've Iv very

Ii Si yiyj oyjtq.cn



For i 7 Mi y c 1h I
c Xi n Xi

I xi.xii.is
i h

For i Mtn yn x 1h f XM exsteam Anti y'm 1h

Mtl
stiffness matrix CMH lMt7 Yi Yj j

For i j i I m yi yj Zh

For i j Mtn yf jf th

For f it piyin 1h

if 1
Discrete equation corr to 4mm

binti 4mmdx t 4mn19
n

h
m_dx t 1 12 7

Discrete equation

ht5MtthGmt I thz

Elkin Sm E Y Ii Si



U Xmm U XM
y Xmm Xm

XMM XM 2

Let in as finer and finer grid U'Ca _9

Yes the discrete equation Looks like the

Neumann boundary condition I

18J Prove an a priori and an a posteriori error estimate

for the CG a method applied to the BVP

U t Bu't U f in co 7 b constant

Uco ha o

Solution
Recall Apriori Hu un E Smith HuHu

I aposinion e III
Variational formulation

U'v't but UV fV V vc HT.com

CG l Find unEVh VEH oil pew linear on grid 5 t

Uhv't bun v t un v fr fr cVn

Gt Cu Un v't blu un v Cu un v dx O K VEUn

aCu Un v O f veUn



Note that v T biv v2 du't ti t bz r
in

bzda.tv

real cutter INHainan

Apriori Let e u un

tell on Ce't t be'e E dx

e cu un t be cu un t e Cu Un dx ve th

e'fu v t beCu v t ecu v dxt e v un t bear un tea u.nld

0 GL v un cVn
e cu v be cu V te n v dx

Ce
cut
vs t Ce u Cbe u v t C S E

E lela tu ya HelloHu Hu t b letH Hu VHu E atberca7ba

E R2Helly HuVAM t bHell Hu vHan crit b Hella Hu ult

Hell con E FL b Hu vHan I Hi HHiett Ii

Let v n U ltin 11ThHE

Hu vHat Hu VH t Hcu VI Hui

Humulti Humulti tlku n.us HEE'I h't Dh Hu Il
Hell E Rtb Ch i Dh HerHa



Apostolic
Hell Ce't t be'e te dx

Y df
Cane buie tune dx u go

fed since U is the exact solution

fed fine tbunetu.me dxt unltheItbunLnne tUnThedxffthed

fee the dx mi le nie t buice nie unfe me dx

want uh back

split into subintervals
and integratebyparts

fCe the dx bun Un e n e dx t E U'n e the dx

ft un buf un e the d h R un e the dx E

R un
thin 3.2

C s HhRCuuslluo.pl
e
nthelL4on E e

IIHie.ECle'the

E C11hRun IIeconHe'llecon I 41h12mnMeco.nleHHho.n

Kellan E ChHRCun Huong



15J Consider the Robin problem
au Xcx f x 02 21

uco 0 acnu.cn t j na Un ga
j 0 bound head conduct

u given outside temp

gi given heat flux
Variational formulation

Solution
Multiply DE by EV VEH Con cos o integrate

au U x vLx fvdx

ah U'Cx Cx acx U'G Cx f v dx

ah u'd v n t aco uko o t au v dx fvdx

O

ga y UG n since VCO 0

given pull va gu vast a U'v x fv dx

VF Find UEV 5 t

au v dx t gualva fvdxtgrkhtfu.ua






