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Problem 1 (4 TP)
Classify the following pdes.

a) −div(α(x)∇u) = 0, α ∈ C1(Ω), α(x) ≥ α0 > 0.

b) ε∆u− ~β∇u = 0, (i) for ε 6= 0, (ii) for ε = 0.

c) (c20 − u2x)uxx − 2uxuyuxy + (c20 − u2y)uyy = 0 c0 > 0.

Problem 2 (4 TP)
Consider the Cauchy problem

auxx + 2buxy + cuyy = d in R2,

u = u0 on γ,

∂

∂n
u = u1 on γ.

with a smooth curve γ : I → R2 in R2. Show that the condition

det(s) = aγ′2(s)
2 − 2bγ′1(s)γ

′
2(s) + cγ′1(s)

2 6= 0

is sufficient to compute uxxx, uxxy, uyyx and uyyy in γ(s).

Problem 3 (3 TP)
Derive d’Alembert’s solution of the following initial value problem for the wave equation

uxx − uyy = 0 for (x, y) ∈ R× R+

u(x, 0) = u0(x) for x ∈ R,

uy(x, 0) = u1(x) for x ∈ R.



Problem 4 (4 TP)
Consider the initial value problem

ρt + vmax(ρ(1− ρ/ρmax))x = 0, t > 0, ρ(x, 0) = ρ0(x) (1)

for the nonlinear car conservation law with vmax and ρmax describing maximal velocity
and density, respectively.

a) Compute the characteristics of (1).

b) Show by a counterexample that smoothness of the initial data ρ0 does not imply
existence of a classical solution ρ ∈ C1(R× R+).


