EXAM 1 Name ’&Q"‘V

Math 4163 )
2-13-15

There are four problems totalling 100 points. You may write on the back sides of the pages if you need
more Toom.

1. Consider the differential equation
d?¢
F + Ap =0,

for 0 < z < 1, with boundary conditions
@(0) =0 and ¢(1)=

) (12 points) Check whether there are any negative eigenvalues A. Show all work.
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b) (12 points) Check whether A = 0 is an eigenvalue. Show all work.
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(24 points) Find all positive eigenvalues, and give the mrrcspondmg eigenfunctions.
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2. (28 points) Consider the heat equation
o _, P |
A |
for 0 <z < 4 and ¢ > 0, subject to the boundary conditions |
Ou ou
—(0,t) =0 d —(4,t)=0.
(0, =0 and =(4,1)

and the initial condition

u(m,O)zf(:c)z{l forO0<z <1

foril<z<4’

) Give a series for the solution u(z,t) of the problem. (You do not have to explain where the series
comes from). Include a formula for the coefficients in the series, evalnating any integrals that appear.
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b) Write out the first three terms of the series you found in part a).
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3. (12 points) Suppose f(z) is a function defined for ¢ < z < b, and f(z Z B, ¢, (z), where the functions

¢n (z) satisfy
b
/ G (T)Pn(x) dT = Toppn,

for all values of m and n.
Give a formula for B,, in terms of f(z), and explaln how thls formula, is ot jlned
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4. (12 points) For the equation
0%y  Ou 0%
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substitute u(z,t) = ¢(z)G(t) and separate variables to find two ordinary differential equatlons for ¢(z)
and G(t ( )- You need not solve these equations.
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