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(1) Consider the following scheme
n+l n-1 n n+l n-1 n
Ujt-upt Ujs-Upt-upteug,
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2k h?

which approximate the parabolic equation u, =cu,,

1 2 2
Show that the scheme is of order O(h?) + O(k?) + o((%)z)



(2) Consider the following scheme
n+1 n n n-1 n+1
U= -u: U -U; U

n-+1 n+l
U+ U

(1+0) Jk L_0 —=C I

(where @ >0 ) which approximate the parabolic equation U; = CUXX

Use Fourier method to show that the scheme is always stable

h2



(3) Consider the problem

-V-(avu)+cu=f, in Q

2 =0o0n oQ,, u=0onaoQ,
where a(x)>a, >0,c(x)>c, >0 0Q=0Q,UoQ,

Formulate a finite element problem and then prove error estimate.



(4) consider the following problems

U0+ W) =(f.o) Yoty (g e )+ W ) =(F.0 V7S, 0y
u(0)=v u,(0) =v,

Prove the following theorem

Theorem 10.1 Let u, and u be the solutions of (2) and (1). Then

t
lu, (€) —u(t)] < v, —v||+Ch2[||v||2 +J'||ut||2dsj for t>0
0



(5) consider the following “ @ -method “ (1< @ <1), for the convection diffusion problem

>0,a(x)>0
—eu,+a(xX)u, = f(x), O<x<l, u(0)=u(@)=0,
given by
umt-2u"+u"t u"-unt umt-y-n
—& - +a, HT+(1—9)T = f,

Find a conditionon &, h, an ) 0 which is necessary and sufficient for the scheme to be of positive scheme.
Represent this as a stencil.



(6) Consider the Dirichlet problem (4.9)
—Au="f in Q=(01)x%x(01), with u=0 on 0oQ
with f(x,y)=x+y

Take h=1/4, and set up the linear system arising from the 5 point approximation [DO NOT SOLVE THE
LINEAR SYSTEM]



