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Question 1

Use the method of characteristics to determine the solution u : [0,∞) × R → R of the initial
value problem {

ut − xux = x in (0,∞)× R
u(0, x) = f(x) on {t = 0} × R ,

where f ∈ C1(R) is given.

Question 2

Use the method of characteristics to find a solution u : R \ {0} × R → R (= u(x, y)) of the
initial value problem{

(y + u)ux + yuy = x− y in R \ {0} × R
u(x, 1) = 1 + x on R \ {0} × {y = 1} .

Question 3

(a) Use the method of characteristics to find a solution u = u(x, y) to the Cauchy problem{
x2ux + y2uy = u2

u(x, 2x) = x2

(b) Check whether the transversatility condition holds.

Question 4

Suppose Ω is a bounded, open set in Rn, u ∈ C1(Ω) and ϕ ∈ C∞
c (Ω). Show that

ˆ
Ω

u
∂ϕ

∂xi

dx = −
ˆ

Ω

∂u

∂xi

ϕ dx .

(Hint: Note that we may not have ∂Ω is C1 or u ∈ C1(Ω̄). But note that uϕ ∈ C1
c (Ω): so extend

by zero to all of Rn and apply Gauss-Green to a ball containing Ω.)
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