Exercise Problem Sets 8
May. 7. 2021
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Problem 1. For positive integer n, let P,(x) (z2—1)". Show that {P,}*_, is an orthogonal

set on [—1,1].

Problem 2. Find the cosine and sine series of the following functions.

1 if0<z<1/2, 0 #f0<zx<m,
1. f(z) = . 2. f(z) = .

0 ifl/2<z<1. r—m ifr<zr<2rm.
3. f(z)=cosz, 0 <z <m/2. 4. f(z) =sinz, 0 <z <.

Problem 3. Find the Fourier series of the following given functions and find the value of the Fourier

series at the discontinuity to conclude some identities.

if —m<2x<0,

L @) =

0 if-mr<x<0,
1 if0<z<m.

1
z if0<<e<m.
1

2. f(x) {
N f(x):{ 0 if-7m/2<x<0, . f(@z{ if —7/2<x<0,

cosz if0<z<m/2. sinz f0<z<m/2.

5. fla) =

6. fl(x)=¢",0<z <.

0 if7m<x<0,
e fo<e<m.

Problem 4. Find the eigenvalue and eigenfunctions of the following boundary-value problem
Lo2?y" +ay’ + Xy =0, y(1) = y(5) = 0.
2. 9" +y + 2y =0, y(0) =y(2) =0.

3. i[(1 + 2y’ +

¢ 0, 5(0) = y(1) = 0.

1+ 22 y=
Hint for 3: Let x = tanf and then use the chain rule to rewrite the equation.

Problem 5. Consider the special case of the regular Sturm-Liouville problem on the interval [a, b]:

d
@y + @)y =0, y'(a)=y'(b) =0.
Prove or disprove that A = 0 is an eigenvalue of the problem.

Problem 6. Use the method of separation of variables to find, if possible, product solutions for the

given partial differential equation.
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