King Fahd University of Petroleum & Minerals
Department of Math. & Stat.

Math 668 - Final Exam (132) Time: 2 hours 30 mns

May 25, 2014
Name ID #
Problem 1 /10
Problem 2 /10
Problem 3 /10



Problem # 1. (10 marks) Let Q be a bounded and smooth domain of IR".
Consider the problem

w(z,t) — (Jo |Vu(z, t)’dr) Au(x, t) = f(z,t) in Q x (0,+00)
(Py) u(z,0) = ug(x) in
u=0 on 02 x [0, 4+00)

where ug € Hj(Q2) and f € L* (2 x (0,+00)). Show that (P;) has a unique weak
solution u € L? ((0,+00); H} ()).



Problem # 2. (10 marks) In a bounded and smooth domain of IR", consider
the problem

ug(z,t) + A%u(z, t) in Q x (0, 400)
(P2) {

0
u(z,0) = up(x), ug(z,0) = uy(x) in Q
L =u= on 09 x [0, 4+00)

If up € HY(Q) N HZ(Q) and u; € HZ(Y), show that (P,) has a unique solution

u e C ([0, +00), H(Q) N H3(€)) N C" ([0, +00), HF(€)) N C* ([0, +00), L*())



Problem # 3. (10 marks) Given the nonlinear problem

u(x,t) — Au(z,t) + h(u(z,t)) =0 in Q x (0, 400)
(P3) u(z,0) = up(x), ut(z,0) = uy(x) in Q
u=0 on 08 x [0, +00)
where 2 is a bounded and smooth domain of R", uy € H}(Q), vy € L*(Q) and
h :IR — IR is such that

Ih(s)| < afs| and H(s) = /0 hE)dE >0,  a>0.

a. Use Galerkin method to establish an existence result for (P3)
b. If h is increasing, show that the solution is unique.



