Mathematics 325 Exam III Name: Dr., G-(ov.)
Summer 2014 (1 pt.)

1.(33 pts.) (a) Show that ® = {gon (x)}:;1 = {sm (%)} is an orthogonal set of functions on the
n=1

interval [0,1]. (You may find the identity sin (4)sin(B)= %[cos (4-B)-cos(4+ B):| useful.)
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(b) Compute the Fourier coefficients B, ( f ) = of f (x) = x(2 - x) with respect to the orthogonal

set @ on [0,1].
(c) Show that the Fourier series of f(x)=x(2—-x) with respectto @ on [0,1] is given by
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(d) Assuming that the Fourier series of fat x convergesto f (x) forall x in [0,1] , find the sum of
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2.(33 pts.) Solve u, —u, =0 inthe strip 0 <x <1, 0 < <o, subject to the boundary conditions

u(0,£)= 0=, (1,¢) if >0 and the initial conditions u (, 0@x(2 —x) and ¥, (x,O)@O if0<x<l1.
(You may find the results of problem 1 useful.)

. We use S;e‘ua*im of variables . We seek nonbrivial sdubions of the fovm ulet)= X341
‘ 4o 4he komtbzmws ?ar\iou °f Hhe Yrouem: O--0-9. AW(B,,% ® 3;¢\0\5

Ty ‘Xb‘ﬂ—”@:) _ X’/(AT@:) =0 'fov all o4x<l,0< t<od. Re;wv‘mna'ma Hhis leads o
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Since  wlxt)= XYTY) s not wlevdacpuj zevo on 0£xg) oét<oo/ we must
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Nobe. dhat (©-D is an eigonalue problem . We asswme that fhe eigenvalues ate veal .
Case M>0 (Soﬂ A= o where o<>o\', Then @ becomes ZJ/(x)-l-;X(x):o will,
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Case M<o (sey A= -« where x7o): Then (&) becomes X'()- ;X(x) o with
‘}enemj solubion Xxy= chsl\(o(x)-l- Csm?»(o(x) and devivakive 'X'Qq— xe Swh( ) 4 ‘(cc”k(f‘ ).

W(\bma @ %wes 0= X(0)= C |+c 0 -c aua\ .awes 0= Zu) ,(}2'5,,‘3‘(4)_,_ choslt(x)
So ¢ =0 (sine weosha >0 when X>o). Therefwve all slubions are rivial in Hhis case .
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3.(33 pts.) (a) Show that the solution to problem 2 on this exam is unique.
(b) Is the solution to problem 2 on this exam periodic in time? That is, does there exist a number 7' > 0

such that u (x,t +T ) =u(x,t) forall 0<x <1 and all #>07? Ifnot, explain why not." If so, calculate the

smallest positive period of the solution.
(c¢) Is the solution to problem 2 on this exam bounded? If not, explain why not. If so, find the maximum
and minimum values of the solution.
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