QUALIFYING EXAMINATION
AUGUST 2003
MATH 523 - Prof. Tournier

Each problem is worth 20 points.
1. Find the solution of the problem

2, _
Uy +uzz =0

u(z,0) = z°

2. For 22 + 92 < 1, let

(2 2 2w ;
o, y) = 1— (2% +y%) cos 0 sin 6 o
o

27 x — cos0)2 + (y —sinf)?

Find the explitic formula for v and justify your answer.



3. Let B1(0) be the unit ball in R3. Suppose u € C(B1(0)) N C?(B1(0)\{0}) and Au =0
in B1(0)\{0}.
a) Show that / w(@)Ad(z)dz = 0 for all ¢ € C° (B (0)).

B1(0)

b) Give an example of a function u € C?(B1(0)\{0}) such that Au = 0 in B;1(0)\{0}
and such that the result in a) does not hold. Compute / u(z)A¢(x)dx for

B1(0)
¢ € C5°(B1(0)).



4. Let u be bounded and continuous on R™ x [0,7] and u; — Au =0 on R™ x (0,7).

a) Show that sup wu = sup u(z,0).
R" % [0,T] zE€R™

Hint: Consider v(z,t) = u(z,t) — e(nt + |z|?).

b) Write a formula for the solution u of

uy — Au =0

u(z,0) = g(z) where g is continuous

where ¢ is continuous with compact support in R™.



5. Find a formula for the solution of
Ut — Ugy +u =10 in R x (0,00)
such that

u(z,0) = f(z)
ut(xa 0) = g(l‘)
where f,g € C§°(R).

Hint: Let v(x,y,t) = h(y)u(z,t).
Find A so that v solves the 2—dimensional wave equation.



