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Problem 6 
Consider the 1d Poisson equation 

−uxx = f in ]0, 1[ 
(1) 

u = 0 on {0, 1} 

with f(x) = sin(φ(x))(φx(x))2 − cos(φ(x))φxx(x), where φ(x) = 9πx2 . Consider a 3­
point finite difference approximation on regular grids (grid spacing h) to approximate 
(1) by linear systems Ah uh = fh. Implement a V-cycle multigrid scheme (ν pres­· 
moothing and ν postsmoothing steps), which solves systems smaller than 100×100 ex­
actly. Solve the linear system corresponding to h = 2−15 by multigrid. For ν ∈ 1, 2, 3, 
show the error in the various levels in the V-cycle. How does the final (multigrid) 
error compare to the approximation error of the finite difference scheme? 

Problem 7 
On the domain Ω =]0, 1[2\[1 , 1 ]2, with the boundaries ΓD = ({0, 1}× [0, 1]) ∪ ([0, 1] ×
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2−� u = 1 in Ω 

u = f on ΓD (2) 
∂u ∂f = on ΓN∂n ∂n 

with f(x, y) = x3y − xy3 − 1 x2 .
2 

1. Write a finite difference code that approximates (2) for various grid resolutions 
h = Δx = Δy. 

2. Implement a good multigrid solver that solves the arising linear systems. You 
can restrict to mesh sizes that are powers to 2, for which the domain boundaries 
fall onto grid edges. 

3. Compare the run times (tic, toc) of your multigrid solver with the run times 
using the Matlab backslash operator and with conjugate gradients for a com­
parable accuracy. 
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