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Problem Sheet 9
Question 1

(a) Prove Theorem 47 from the lectures: suppose g € C%(R), h € C'(R). Define

T4t
u(t,z) =1[glz+t)+g(z—t)] +1 [ Aly)dy. (tz)e(0.00)xR.
z—1
oy Then
(i) u € C2([0, 0) x R).
(ll) Upp — Uype = 0 in (0, OO) x R.
(i11)
li =
o g{o‘l”“) ult, =) = gl . ) (0 : w(t,z) = h(zy) forallzp € R.

(b) Now let f € C'((0,00) x R). Prove that the function v(t, =), defined (as in lectures) as
T+ Z+L—8

it.a) = oo+ +ole—0) +3 [ hdurd [ fowayas,
T—t T—t+s

satisfies vy — v, = f in (0, 00) X R (i.e. v solves the inhomogenous wave equation in one
dimension). »

- Question 2
Let f € C*((0,00) x R), g € C*(R), h € C'(R), and consider the initial-value problem fo:
the one-dimensional wave equation: -

u“-um=f iﬂ(OOO)XR
u=g w=h on{t=0}XR.

(a) Show that the solution for f = g = 0 is given by | 5
e, ) = [ K2 =) dy,

where K (t,z) := 3 H(|t| — |z|)sgn(t), and H w!he
[0, 50) (the “Heaviside function”). 5

Hint: Use d’ Alembert’s formula,

(b) Use Duhamel’s principle to determine the s



: Question 3

Prove that the general solution u € C?(R?) of

Uy (2,9) =0, (z,9) €R?

is given by u(z, y) = &(x) + ¢(y), where &, ¢ € C%(R).

Question 4

Let u be the solution of the oscillating string problem on R, as covered in lectures for
g € C*(R}), h € C'(Ry). Prove that if ¢ (0) = g(0) = h(0) = 0, then u € C2([0, c0) x R;).

(Recall R, := (0, 00), Ry = [0, 0).)

Deadline for handing in: 0800 Wednesday 17 December

Please put solutions in Box 17, 1st floor (near the library)

Homepage: http: //www.mathematik.uni-muenchen.de/ soneji/pdel.php
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