MAP 3306 eMath2 Test 3 3 Aug 2007

Directions: Show ALL work for credit; Give EXACT answers when possible; Start each problem on a
SEPARATE page; Use only ONE side of each page; Be neat; Leave margins on the left and top for the
STAPLE; Nothing written on this page will be graded;

1. For each solution below, give the type of equation (wave, heat, Laplace) it solves, the number of
space dimensions (1, 2 3), the coordinate system used (rectangle, polar, cylinderical, spherical),
and the region (square, rectangle, disk, infinite line, sphere)

A, u(r,0) = r"sin(nd)

B. u(r,¢) =r"P,(cos @)

C. u(r,0,t) = Jp (A nr) sin(mb) cos(cAm nt)

D. wu(z,y,t) = sin(mnrx) sin(nwy) cos(cmv/n? + m?2t)

(

E. wu(z,y,t) = sin(mmz) sin(nry) exp(—c?m?(n? + m?)t)

2. Use Fourier Transforms to solve u; + 5uy = 0; u(z,0) = f(z)
3. Show u(p,0,¢) = 3pcos ¢ — 3p3 cos ¢ + 5p> cos® ¢ is a solution to
2 1
Upp + ;up + ﬁ(uw +cotp ug) =0
with the boundary condition
u(1,6,4) = 5cos® ¢

—5r |z <2

4. Use the integral definition (3) to find the Fourier Transform of f(x) = { 0 otherwise

You might need to use (18) and/or (19) to simplify your answer.
5. True or False and a brief reason why or why not.
(a) F[V2me = /V2 = 2mew"/V2
(b) If f(x) = @, then the convolution f* f = 23/3
(¢) The solution u(x,t) to the heat equation on (—oo, 00) with initial temperature

a0) = 1(a) = {

1 Jz| <2
0 otherwise

has u(10190,10-190) > @
(d) The Laplace transform of u,(z,t) is 2U(z,s) and the Fourier transform of u,(,t) is iwt(w, t)

(e) The Fourier transform of #22% is non-zero for all w with |w| < 4
(£) If f(z) => o) -y sinma and g(y) = > - + sinny then

F@)g(y) = Z Z mlgn

(g) The notation J,,,(z) is used for the Legendre polynomial of degree m.

sin ma sin ny

(h) In polar coordinates, using « = r cosf and y = rsin 6 then

Upg = —TUgg COS O8N0 + Uy cos? 6 — TUyg sin® 0 + T"Uyy Sin 6 cos 6

(i) The first three Legendre polynomials are z, 3(3z — 1) and 1 (52® — 3x).

(j) The PDE u,, + %u,,« + T%uag = uy is linear.

The Fourier transform formula’s are on the other side.



FU@)](w) = Flw) = —— / Y f)e v da

Var )
Ffwle) = = [ Fuje du
Flu(w, )] (w, 1) = (w, ) = J% : w(z, e~ da
F(w, )](z, ) = % /OO Aw, )™ du
Flaf (@) +by(@)](w) = af(w) + 45(w)
F'@)w) = iwf(w)
F" @) (w) =~ fw)
P (e, 0)(w,1) = iwil(w, 1)
P e ) w,t) =~ 1
FL e, 0w, 1) = S, 1)
FLL uta ) t) = S,

Ffxg]=V2rfg
flx—a)=F e ™ f(w)]
1 —w?
ex = ——exp(——
fexp (~ar)] = = exp(—)
eiwa _ e—z’wa
sinwa = -
21
eiwa _’_efiwa
coswag = ——
2
1 iwe 2 sin aw
— e dr =/ —
V2 /_a T w

z {smax} _ \/g if |w| < a; 0 otherwise
x
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