
Math 210C Spring 2005Fourth Homework Assignment1. This problem deals with solving the three-dimensional wave equation. The approa
his similar to the one in problem 3 of the last homework assignment. Although theapproa
h here is not exa
tly the same, you may also wish to 
onsult the treatment inByron and Fuller, 
hapter 7.8).(a) Show that as distributions we have Æ(x) = 12� R 
osxydy (Hint: Consider the formulafor the inverse Fourier transform).(b) Find the inverse Fourier transform of sin j�jtj�j . (Hint : Use spheri
al 
oordinates. More-over, you 
an assume that the inverse Fourier transform is a fun
tion only dependingon the length jxj of the ve
tor x. Hen
e it suÆ
es to 
al
ulate the inverse Fouriertransform for x being a multiple of the z-unit ve
tor.)(
) Find the solution of the initial value problemutt ��u = 0; u(0;x) = f(x); ut(0;x) = g(x):(d) Find the fundamental solution E(t;x) su
h that Ett ��E = Æ3(x)Æ(t). (Hint: Con-sider E(t;x) = H(t)F�1( sin j�jtj�j ), where F is the Fourier transform, and H(t) is theHeaviside fun
tion.)2. Find the fundamental solution of the one-dimensional di�usion equation with drift,given by Et � Exx + vEx = Æ(t; x);where v is a real 
onstant. (Hint: Let E = F (t; x)exp( vx2 � v2t4 ).)3. Consider the fun
tion f(x) in L2(R) whi
h is x when �1 < x < 1 and 0 otherwise.(a) Compute the 
oeÆ
ients akj in the expansion f(x) =Pk;j akj kj , where  kj are theHaar basis fun
tions.(b) Compute the Fourier 
oeÆ
ients in the expansion f(x) =Pn 
ne2�inx. Compare howqui
kly the Haar 
oeÆ
ients akj and the Fourier 
oeÆ
ients up to 
2k go to zero.4. Suppose that �;  are the s
aling fun
tion and wavelet for a multiresolution analysis,that both are real, 
ontinuous and have 
ompa
t support, and that R �2(x) dx =R �(x) dx = 1, and that R  (x) dx = R x (x) dx = 0.(a) Show that these 
onditions imply the following for the 
oeÆ
ients in the s
aling rela-tion �(x) =Pj �(2x� j):Xj a2j =Xj aj = 2; Xj (�1)jaj =Xj (�1)jjaj = 0:(b) Verify that one solution to these equations isa0 = 1 +p34 ; a1 = 3 +p34 ; a2 = 3�p34 ; a3 = 1�p34 ;with all other aj vanishing.


