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Question 1

Graded exercise for group 3

Let f € C°([0,1]) and let u € C*([0, 1]) be such that

—u" (x) = f(z), O<z<l, (1)
w(0) = 0, /(1) = 0.
Let N >0, h =

(2)
v and @; = ih, i =0,1,..., N + 1. Let u; be the approximated value of w(z;),i=1,...,N+1. The
finite difference method leads to the linear system Aii = f, where f € RN+ A € ROV+DX(N+1) are defined by
% _% U1 f(z1)
_% % 0 U2 f(x2)
A= : :
0 % % _% uN f(zn)
11
~“n 7 UN+1 Bf(@ns1)

Extend the convergence proof of the lecture to this particular case.
Hint : Use the fact that @ € RY defined by w;

= w satisfies A% > 1 and Question 2, and prove that AU =
where U € RV*! has components u(z;) and

F+

~ 5y (u) () +u(51))
h

1 (U(4)(a2) +u® (52))

7= :
2
_lej (u(4)(aN) 4@ (5N))
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gu" (ant1)
Question 2
Let
(€51 -
—B1 (%) -2 0
A - )
0 —BN—2 QaN—1 —YN-1
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with ; >0,7=1,....,Nand 8; >0, >0,i=1,
Also a; > 71 and ay > By_1-

...,N— 1 and (67 > ﬁi,1 +’yi, 1= 2,...,N— 1.
Prove that A2 > 0= 2> 0.



Question 3

Consider the problem, given f :[0,1] — R, find »: [0,1] = R

—u’(z) = f(z) O0<z<1,
{u(O) =0 wu(l)=0. 3)

Let N be a postive integer, h = ﬁ, x; =1ih,1=0,1,..., N + 1, and the schema (Numerov 1924)

—ui—1+2ui—uiy1 _ f(®i—1)+10f(z)+f(Tigr)
: h? = : 12 = t= 1?"'7N7 (4)
ug = 0 UN+1 = 0.
Prove that Vf € C*[0,1], 3C > 0, V0 < h < 1,
max_|u(z;) — us| < Ch™. (5)

1<i<N



