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1. Exercise sheet

Attention: This sheet is a warm-up exercise, in which you get familiar with the three pro-
totypes underlying much of the development of the theory of hyperbolic conservation laws.
This sheet will not be discussed in the exercise and does not count for the access to the oral
exam. You can find many details of these equations and hyperbolic conservation laws in, e.g.,
[1, 2, 3, 4].

Ex 1: Eigenstructure

Write down the conservative variables and fluxes (U, F (U)) for the following three systems.
Compute the Jacobian matrix F ′(U) = A(U) ∈ Rm×m, its eigenvalues λk(U) and eigenvectors
rk(U) for k = 1 . . .m either by hand or using a computer-algebra system.

a) Burgers’ equation

ut +
(1

2u
2
)
x

= 0.

b) The isentropic Euler equations
ρt + (ρu)x = 0

(ρu)t + (ρu2 + kργ)x = 0
with real constants k > 0, γ > 1.

c) The full Euler equations
ρt + (ρu)x = 0

(ρu)t + (ρu2 + p)x = 0
Et + ((E + p)u)x = 0

with polytropic equation of state E = p
γ−1 + 1

2ρu
2, and γ > 1. Let c > 0 be given by

c2 = γp
ρ
. Argue that c is the speed of sound.
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