Harmonic Analysis— Excercises( 2 )

1. Show there exists at most one smooth solution of thisainitilue problem
for the telegraph equation

Ut +dUy — U = f  in (—00,00) x (0, T)
u=g, uu=h on (—oo,00) x {t = 0}.
Hered is a constant.

2. Show there exists at most one smooth solution of this proldbr the
beam equation

utt+uXXXX:O in (071>X(07T)

U=ux=0 on({0} x (0,T))U ({1} x(0,T))
u=g, ,=h on(0,1) x {t=0}.

3. LetG(u) = A |u|P~1u. Show that forp any odd integer and > % any real
number (note thait may be complex-valued):

(1) G: u— G(u) is a continuous map oA S(R?);

(2) For anyu,v € HS(R?), there is a functior.(x,y) which is nondecreasing
for each independent variables> 0,y > 0 such that

1G(U) = G(V)[lnsre) < LA IUllsray, |V s(re) ) 1U = Vs

4. Show thaH1(R") is dense irH 2 (RM).

5. Assume that € ./(R") N L}

ioc(R") andu(x) > 0. Show that ifu"e
L*(R"), thenu € LY(R") and

Ul agny = 10]|Lo(rn)-

Hint: Considerug(x) = x (X/k)u(x), with x € CZ(R"), 0< x <1,x(0) =1.



