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1. ( 40 %) For each of the following statement, you have to prove it or 
disprove it. 

(1) Suppose U c JR3 is a bounded smooth open set. If u E W 1·P(U) with 
p > 1, then u E Lf::c(U) ? 

(2) Let U = (0, 2) C lR, and 

u(x) = { ~ if 0 < X ::; 1 

if 1 <X< 2. 
(1) 

Do you think u has a weak derivative in Lf
0
c(U) ? 

2. (40 %) Let ry(x) E Cgo(BI(O)) be a nonnegative function with 

r rJ(X )dx = 1. 
}JRN 

Set rJE(x) = E-NrJ(~). 
(1) Suppose u(x) E LP(U), where U c JRN is open and bounded and p > 1. 

Show that llrJ*U- uiiLP(JRN) -t 0 as E -t o+, where* is the convolution 
operator. 

(2) Suppose u(x) E Wk,P(U), where U C lRN is open and bounded, p > 
1 and k is a positive integer. Show that there exists a sequence of 
functions Uj E C 00 (U) n wk,P(U) such that 

.lim lluj - ullwk.P(U) = 0. 
J-+00 

. 3. (10 %) Let n = B1 (0)\ {0} c JR3 . Find 6 different solutions for the 
following equation 

{ 
4u(x) = 0, for X E 0 , 

u(x) = 3, for lxl = 1. 

4. (10 %) Solve the equation 

{ 

Ux 1 + Ux 2 = u 2 for X2 > 0, 

u(x1, 0) = -exi. 
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