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Instructions: Show all work. Justify answers as completely as possible. If you are asked to prove
something, mere computation is not enough. You must explain your reasoning. Be sure to state your
conclusion clearly. Incomplete work or justification will not receive full credit. Use exact answers unless

specifically asked to round.

Math 2415, Exam #3, Summer 2014 Name

1. Find the eigenvalues and eigenfunctions for the differential equation y” + Ay = 0,y'(0) =
y'(L) = 0. Be sure to check all three cases (1 < 0,4 = 0,1 > 0). Determine if the solutlon in
each case exists, is trivial, and/or is unique. (20 points)
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2. Give examples of two functions with a fixed period (and state the period for each), and two
functions that are fundamentally non-periodic. (8 points)
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3. Find the Fourier series for the function f(x) = {)(C)' g< ;C<<78 f(x +2m) = f(x). Be sure to

simplify the coefficients as much as possible. (25 points)
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4. For each of the functions below, rewrite the function so that j:he resulting function is a) even, b)
odd. Sketch the graph in each case. State the length of the p’griod. (10 points each)
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5. Under what conditions does the Fourier series contain only sme functions? Under what

conditions does it contain only cosine function? When must it contain both types of functions?
Explain your reasoning. (9 points)
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6. Determine if the partial differential equations below can be solved with the method of
separation of variables. (5 points each)
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7. The solution to the heat equatioH is given by u(x,t) = 3%, cne L7 sin (n:x) where ¢, =

—f f (%) sin (-—~) dx. Find the qolutlon for the case when the rod is 50 cm long and both ends
are maintained at 0°C for all t > 0 Suppose the initial tempenature distribution is given by

0, 0<x<10 |
u(x,0) = {40 10 < x < 40. Assume that a? = 1. (20 points)
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8. Consider a bar 30 cm long that is made of a material for which a? = 16 and whose ends are
insulated. Suppose that the initial temperature is zero except for the interval 5 < x < 10,
where the initial temperature is 25°C. Write the set of equatjons and initial conditions for the
problem with proper notation, Tou do not need to solve. (6 points)
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9. Suppose that the solution to a Fourier series is given by f(x) ~ $N_, — 2(7“1) sin(nmx). Sketch

the graph of the function using N % LN=2N=3N = 5,NE= 8 (you will need 5 graphs, and
you may use your calculator to ob‘;ain them). (20 points) i
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