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Exercise 1: [5 points]
Compute the solution to the following initial value problem for u(x, t) :

ut − 4t3 ux = e−t , x ∈ R, t ∈ R+,

u(x, 0) = 1 + sin(2x) x ∈ R .
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Exercise 2: [4= 2+2 points]

a) The functions

u1(x, t) =

0 x ≤ 1 + t

2 x > 1 + t
and u2(x, t) =


0 x ≤ 1
x−1

t
1 < x < 2t + 1

2 2t + 1 ≤ x

are both weak solutions to the following initial value problem

ut +
(

u2

2

)
x

= ut + u · ux = 0, u(x, 0) =

0 x ≤ 1,

2 x > 1
x ∈ R, t ∈ R+.

Determine and justify which of the two weak solutions is the entropy solution.

b) Given is the initial value problem

vt +
(

v2

2

)
x

= vt + v · vx = 0, v(x, 0) =

2 x ≤ 0,

−2 x > 0.

Determine and justify which of the following functions v1 or v2

v1(x, t) =

2 x ≤ 0
−2 x > 0

v2(x, t) =

2 x ≤ 2t

−2 x > 2t

is the entropy solution to the initial value problem.
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Exercise 3: [1+1+2 points]
Given the differential equation

4uxx − 2uxt + 4utt = 0 for x ∈ R, t > 0

a) rewrite the differential equation in matrix notation.

b) determine the type of the differential equation (elliptic, hyperbolic or parabolic).

c) transform the differential equation to a diagonal form α · ũηη + β · ũττ = 0 .
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Exercise 4: [6+1 point]

a) Given is the initial boundary value problem

utt − 9uxx =
(

x

2 − 1
)

sin(t) for x ∈ (0, 2), t > 0,

u(x, 0) = x

4 for x ∈ [0, 2],

ut(x, 0) = 1 − x

2 for x ∈ [0, 2],

u(0, t) = sin(t), u(2, t) = 1
2 for t > 0.

Using a suitable homogenization of the boundary data, transform the problem into
an initial boundary value problem with homogeneous boundary data for a function
v(x, t) .
Provide the new initial boundary value problem (differential equation, initial conditions
and boundary conditions).

b) Determine the solution to the initial boundary value problem for v(x, t) from a).
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