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

(1) Suppose U C R3 is a bounded smooth open set. If u € WhP(U) with
p>1,thenue LS (U) ?

loc

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

z if0<z<1
- = 1
wz) {2 ifl<z<2 @)

Do you think u has a weak derivative in L}, (U) ?
2. (40 %) Let n(z) € C°(B1(0)) be a nonnegative function with

/RN n(z)dr = 1.

Set ne(z) = e Nn(2).

(1) Suppose u(z) € LP(U), where U C RY is open and bounded and p > 1.
Show that ||nxu —ul| »gvy — 0 as € — 0%, where x is the convolution
operator.

(2) Suppose u(z) € W5P(U), where U C R¥ is open and bounded, p >
1 and k is a positive integer. Show that there exists a sequence of
functions u; € C®(U) N WP(U) such that

Jim fluj — ullwrow) = 0.

3. (10 %) Let Q@ = B;1(0)\{0} c R3. Find 6 different solutions for the
following equation

{ Au(z) =0, forz e Q, @)

u(z) =3, for|z|=1.
4. (10 %) Solve the equation
{ugcl + ug, =u? for z3 > 0,

u(z1,0) = —eot,



