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Question 1
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(b)
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where λi, i = 1, . . . , N are the eigenvalues of the matrix A.

Question 2

We have ∫ 1
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so that u−(x, t) = 0 and therefore u(x, t) ⩾ 0.



Question 3

Numerical approximation of the advection equation for N = 99 and M = 80, so that 0.006 = τ ⩽ h
|c0| = 0.007 :

Figure 1 � Upwind scheme. Figure 2 � Lax-Wendro� scheme.

For the Upwind scheme :

N M errinf
49 40 5.58 · 10−1

99 80 4.26 · 10−1

199 160 2.96 · 10−1

399 320 1.86 · 10−1

799 640 1.08 · 10−1

For the Lax-Wendro� scheme :

N M errinf
49 40 3.96 · 10−1

99 80 2.23 · 10−1

199 160 9.09 · 10−2

399 320 2.45 · 10−2

799 640 6.13 · 10−3

Question 4

(a) We show it by induction. The case n = 0 is trivially true. We assume that the property holds true for n and
prove it for n+ 1.
We have
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(b)
|γ|2 = 1− α2(1− cos(mh))2 + α2 sin2(mh)

= 1− 2α2(1− cos(mh)) + α4(1− cos(mh))2 + α2(1− cos2(mh))
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= 1 + α2(α2 − 1)(1− cos(mh))2.
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