Mathematics 325 Exam III Name: Jr. G-row
Summer 2009 (1pt)

P . & 8sin((2k +1)x)
1.(33 pts.) (a) Show that the Fourier sine series of f(x)=x(7~x) on [O,Jr] is 2 =
k=0 (Zk + 1)

(b) On the same coordinate axes, sketch the graph of f and the sum of the first three nonzero terms of
the Fourier sine series of f on [0,7].

(c) Based on the graphs in part (b), does it appear that the Fourier sine series of f converges uniformly
to f on [0,7]? |

(d) Assuming that the Fourier sine series of f converges pointwise to f on [0,7:] , use the results

above to find the sum of the infinite series 1ﬂi+L—i+
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2.(33 pts.) (a) Find asolutxésto u,—u @0 in the strip 0 <x <7 and 0<? <o satisfying the
boundary c%dmons u(0,0)=0 and u(z,t )@0 for 20 and the initial conditions %(x,0)="x(7 - x)
and u,(x,0)=0 for 0<x<7z. (Hint: You may find the results of problem 1 uscful )

(b) Is the solution to the problem in part (a) unique? Justify your answer.
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3.(33 pts.) Consider the operator 7' = -gx—; on the space

V={feC'[01]: f(O)=0=/Mand f(0)=0=f"D}.
(2) Is T symmetric on ¥ equipped with the inner product (f,g)= i[ f(x)g(x)dx ? Justify your answer.

(b) Are all the eigenvalues of 7' real? Justify your answer.

. () Are eigenfunctions of T', corresponding to distinct eigenvalues, orthogonal? Justlfy your answer.
(d) Are all the eigenvalues of T nonnegative? Justify your answer.

Bonus (10 pts.): Determine all the eigenvalues and elgenﬁmctlons of T. I 'U' )a
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