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Choose 4 from the following 5 problems 

1.	 (25 pts) Consider the following conservation law 

Ut(x, t) + [F(u(x, t)]x = 0 in jR x (0, (0), 
{ u(x,O) = g(x) for x E IR­

(a) Define weak solutions for the equation. 
(b) Derive the Rankine-Hugoniot condition for u along a discontinuity curve. 

2.	 (25 pts) Let n be an open set in jRn. Assume v E C 2(D) is subharmonic, 
that is, !:1v ~ 0 in n. 

(a) Show that 

v(x) ::; IB( 1 )1 ( v(y) dy for all B(x, r) C n, 
x, r JB(x,r) 

where IB(x,r)1 denotes the volume of B(x,r). 
(b) Prove that max[2 v = maxan v. 
(c) Prove that \'VuI 2 is subharmonic if u is harmonic. 

3.	 (25 pts) Assume for (x,t) E jR x (0,00) 

2tut(x, t) + xUx(x, t) = 0, 
{ Ut(x, t) = uxx(x, t). 

Solve u. 

4.	 (25 pts) Solve 

2Utt(x, t) - Uxt(:r, t) - Uxx(x, t) = 0 in jR x (0, (0), 
{ u(x,O) = 4x2 + x, Ut(x, 0) = 1 - 4x for x E IR­

5.	 (25 pts) Let A = [0, a] x [0, b] C jR2 and u be a C1 function on A with U = 0 

on GA.	 . f 
(a) Prove the Poincare inequality: there exists a constant C mdependent 0 

u such that 
2i lu(x)12 dx ::; C j~ l'Vu(x)1 dx. 

(b)	 What is the best constant C? 




