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Question 1

Let u :]0, 1[2→ R be such that :
∂u

∂t
(x, y, t) +

∂u

∂x
(x, y, t) = 0, (x, y) ∈]0, 1[2, t > 0;

u(x, y, 0) = 1, (x, y) ∈]0, 1[2;
u(0, y, t) = 0, y ∈]0, 1[ t > 0.

(1)

(a) What is the exact solution at t = 0.5 ?

(b) Fill the teansp2d.m �le, run the code with N = 99, 199, 399 and M = 60, 120, 240 to check (eye) convergence.

(c) What happens whe N = 99 and M = 50 ?

Question 2

Graded Exercise for Group 1

Given u0, σ0 : [0, 1] → R, let u, σ : [0, 1]× [0, T ] → R be such that

∂u

∂t
(x, t) =

∂σ

∂x
(x, t), 0 ⩽ x ⩽ 1, 0 ⩽ t ⩽ T,

∂σ

∂t
(x, t) = c2

∂u

∂x
(x, t), 0 ⩽ x ⩽ 1, 0 ⩽ t ⩽ T,

u(0, t) = 0, 0 ⩽ t ⩽ T,
u(1, t) = 0, 0 ⩽ t ⩽ T,

u(x, 0) = u0(x), 0 ⩽ x ⩽ 1,
σ(x, 0) = σ0(x), 0 ⩽ x ⩽ 1.

(a) Verify that u satis�es the wave equation with f(x, t) = 0 and
∂u

∂t
(x, 0) = σ′

0(x).

(b) Let h =
1

N + 1
, xi = ih, i = 1, . . . , N + 1, xi+ 1

2
= (i+

1

2
)h, i = 0, . . . , N , τ =

T

M
, tn = nτ, n = 0, . . . ,M. Let

un
i and σi+ 1

2
be approximations of u(xi, tn) and σ(xi+ 1

2
, tn). We consider the following scheme (Stormer-Verlet,

staggered) :
For n = 0, 1, . . . ,M − 1, set un+1

0 = un+1
N+1 = 0 and

un+1
i − un

i

τ
=

1

2

σn
i+ 1

2

− σn
i− 1

2

h
+

1

2

σn+1
i+ 1

2

− σn+1
i− 1

2

h
, i = 1, . . . , N,

σn+1
i+ 1

2

− σn
i+ 1

2

τ
= c2

1

2

un+1
i+1 − un+1

i

h
+ c2

1

2

un
i+1 − un

i

h
, i = 0, 1, . . . , N.

Verify that the un
i satisfy the implicit Newmark scheme from the lecture.


