MA 52300 QUALIFYING EXAMINATION
August 2018 (Professors Phillips and Wang)

1. (15 pt.) Let u € C*(R") such that

Hu>0 on R"
i) Au=1 on R™

2

Prove for each ball B(p,r) C R™ that sup wu(z) >
z€B(pr)

g3



Problem 1 more space




2. (15 pt.) Let [ € C2(B(o, 1)) where B(o,1) C R3. Set w(x) = ' % f(x) where I'(z) is the
fundamental solution for the Laplacian in R®.

a) Estimate w(z) to prove that there is a C' < co so that

w(z)] < for |z| > 2.
vl =g
b) If in addition we have
/ f(z)dx =0
B(o,1)

prove that there is C; < oo so that

lw(z)| < ‘—S—ll-z— for |z| > 2.




Problem 2 more space



3. (30 pt.) Consider the three problems:
i)
Uy — Uy = 0,

u(z,0) =1,
u(z,0) =sinz.

i)
U — Ugg = 0:
u(z,0) =1,

u(z,0) =sinz.
i)
Uy + rul’l,‘.’l) = O:

u(z,0) =1,
u(z,0) = sinz.

a) Determine for each of the three problems if there is a bounded solution u(z,t) € C*(R%)
where R? = {(z,t)] = € R, t>0}. Justify your answers.



Problem 3 continued.

b) Determine for cach of the problems if there is a local solution u(z,t) € C*(By(0,€))
for some € > 0 where

Bi(o,e) = {(a,t)] z*+1* <€, (>0}



4. (20 pt.)

a) Given f(z,t),3(2), M(z) for z € R and t > 0 write down the representation for the
solution to

'L~Lt5~ﬁm:f(:c,t) Q:ER, {,>0,
w(z,0) = g(z) x eR,
iy (z,0) = h(z) z € R.



Problem 4 continued.

b) Let
E={(z,1)]0<z <00, 0<t <00}
Given
I € Ci(E),
g € Cz({oi OO)),
h € C*([0,00))

such that g(0) = h(0) = 0 and f(0,¢) = 0 for ¢ > 0 solve

Uy = Ugg = [ for x>0 and t>0,
u(0,¢) =0 for t>0,

w(z,0) =g(z) for x>0,

w(z,0) = h(z) for >0

by extending f, g and h for < 0 and using a).



5. (20 pt.) Solve

2xyu, + Uy = u? for (z,y) € U C R
uw(z,0) =2* for x>0,

where U is a neighborhood of the positive z axis.



Problem 5 more space
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