Problems on Systems of Conservation Laws
1. Consider the system

OtU+O0xU+0xv =0
OtV + OxU+ 20V + Oxw = 0
OtW — OxU+ 20xV = 0

(a) Write these equations in matrix form and show that the system is strictly hyperbolic
(b) Find the eigenvalues and left eigenvectors for the system
(c) Find the Riemann invariants of the system (there are 3 of them).

2. The equations for 2-dimensional steady state gas dynamics are

Ox(pu) +0y(pV) = 0
UOxU + VOoyU = —%6xp, UOxV + VOyV = —%6yp

p(Udy + vay)(ﬁ + 5 (u?+ vz)) + Ox(pu) + Oy(pv) = 0

(a) Write these equations in matrix form AdyU + BoyU = 0, where T = (p,u,Vv,p)
(b) Show that the system (i.e., A=*B) has 4 real but not distinct eigenvalues when
u?+v2 > yplp

(c) Find any Riemann invariants thay may exist.

3. Consider the system

Otu+ Uuodyv = u v
OtV + Voxu = V.Ju

(a) Write these equations in matrix form and show that the system is strictly hyperbolic if
u,v > 0.

(b) Find the eigenvalues and left eigenvectors for the system
(c) Find the Riemann invariants of the system

4. Consider the system

OtU+ UdxU+ 2voxv = 0
20tV +VOoxU+2Uoyxv = 0

(a) Write these equations in matrix form and show that the system is strictly hyperbolic
(b) Find the eigenvalues and left eigenvectors for the system
(c) Find the Riemann invariants of the system






