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Projekt 1 (5 points). Compute approximate solutions 1, € Pp,([0,1]) to the one-dimensional
Poisson problem —u” = f in Q@ = (0,1) with boundary conditions u(0) = u(1) = 1 by
numerically solving the system of equations

—ult () = f(z), i=1,2,....m—1, up(x0) = um(zm) =1,
where z; = i/m for i = 0,1,...,m. Test the method for f(x) =1 and f(x) = sign(z —1/2).
Analyze the behavior of the error max;—g .. |u(z;) — um(x;)| as well as the condition number
of the system of equations as m — oo.

Projekt 2 (10 points). Define functions f, g, and up such that u(z,y) = sin(7x) sin(7y) is
a solution of the boundary value problem

—Au=f inQ=(0,1)%
u=wup onIp={0}x][0,1],
Ohu=g onT'y =00\ Tp

Solve the problem numerically using a finite difference method. Implement the Neumann boun-
dary conditions by introducing suitable ghost points and approximating the normal derivatives
on I'y with central difference quotients. Compare your numerical solutions with the exact
solution u and verify the quadratic convergence of the method.

Projekt 3 (10 points). (1) For the domain © = (0,1)2, a triangulation is given by 7;, =
{T1,T>} with T1 = conv{(0,0),(1,0),(1,1)} and T5 = conv{(0,0),(0,1),(1,1)}.
Approximate the integral [, f; dz for the functions fi(z) = 2323 and fa(z) = e +&¥
using quadrature over the triangle midpoints, the triangle vertices, and with a 3-point
Gaussian quadrature.

(2) Using the program red_refine, refine the triangulation up to five times. Approximate
the integral with the refined triangulation and determine the experimental convergence
orders.



