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Math 4163 v
5-11-12

Instructions There are 6 problems for a total of 200 points. Work all of the following problems in the space
provided. If there is not enough room, you may write on the back sides of the pages. Give thorough ezplanations
to receive full credit.

You may use any formula that has been derived in the text or in class without having to rederive it.

1. (40 points) Solve by separation of variables:

du &u
E:3<0 2+5u> for0<x<m t>0

with boundary conditions
u(0,t) =0 and u(m,t) =0fort >0

and initial condition
u(z,0) = f(z) for0 <z <.
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2. (80 points) Solve Laplace’s equation

Py Oy

=+ 575 =0 f L,
5$2+8y2 0 forO<z<L,O<y< H

with boundary conditions

0
52(0.3) =0 and u(L,y) = g(y) for 0<y < H

and
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3. (40 points) The function f(z) is defined for 0 < z < 2 by

f(x):{o forO<z<1

5 forl<zz<?2.

a) Find the coefﬁments of the Fourier sine series for f(z)
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b) Sketch the graph of the function to which the Fourier sine series converges on —6 < z < 6. Use x’s to
mark points showing what the Fourier sine series converges to at jump discontinuities. @

Yoy

¢) Find the coefficients of the Fourier cosine series for f(z).
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d) Sketch the graph of the function to which the Fourier cosine series converges on —6 < z < 6. Use x’s
to mark points showing what the Fourier cosine series converges to at jump discontinuities. (_i)
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4. (30 points) Use the method of eigenfunction expansions to solve the inhomogeneous heat equation

ou 82u ]
5{ = AW + 5SIH(3.’D)

for 0 < & < 7, with boundary conditions
v(0,t) =0 and wu(m,t)=0,

and initial condition

u(z,0) = 0.
(Hint: what is the Fourier sine series of 5sin(3z)7) @
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5. (80 points) Find the solution of the wave equation on a disc for a function u(r,t)

mod(E) (et A

inside a circle of radius a, with boundary condition

u(a,t) =0

and initial conditions

u(r,0) =0
and

2 (r,0) = o(r).
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6. (30 points) Use Fourier transforms to solve the problem

0?u  ,0%
?)t_QZC—&L_Q for —oc <z <o, t>0

with initial conditions
u(z,0) =0
and 5
u
—(z,0) = g(x).
- (2,0) = 9(2)
Your answer should express u as an integral involving the Fourier transform of g.
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