Math 450 (2009) - Homework 8

{THEOUGHGUT USE INTEGRAL TABLES AND ODE SOLVERS AS NEEDED:

Duer Wednesday, Feb. 10, 2010 NAME:

1. {6 pts] Define fi(x) = sin{dx) € L0, 7] for A € IR. Heve A nced not be sn i ie -
a) Compute F(A) =] fi | for all A € IR and show F is constant on the integers.
by Compute G{A, p) =< fu, f. > for A 4p

¢) Show that for nonzero A, i the functions [y and f,. are orthogonal only if

DN =hip)  where ()= PRTE)

Aside from getting you to compute norms and inner products the result in ) enn oo pasd

to show that il one fixes o at some value then there exists A, 5¢ n such that {¢,(z)} =

2. [6 pts] The Legendre polynomials are a sequence of ' degree polynomials { P () sy

defined by:

Pala) = 1 (1)
Pilwy = » C
(n-+ P la) = (n- 1al @) —nlP, (1) hoes 1,2, (3)

a) Use the recursion formula above to write out Po(z), Py(x) and Py(z).

b} It can be shown that {P,{x)} are mutually orthogonal in L*[—1.1]. Use this fact to

determine a, (for all n} in the following expansion

Traota® =3 a, P(r)

3. {6 pts] For every function f(x) € L*[0, %] there are ¢, such that
Cxl
flxy=>" ¢, sin(nr)
=]
a) Compute ¢, for f(z) = sin(3z) where 7 is not an integer (note 1b) above is the same)

b} Use Parseval’s identity and the result in a) to determine a formula for § where

, ) n-
L (;32 - 'f'fzj)g

paid



3/‘ [4pts] The sets
. | |
Sto= {du ()} = {sin(nz)},s

Sy = {n(0)} = {eos(nz)}aso
)
are (eomplete) orthogonal sets on L{0, 7).
a} For each set define (clearly) an (SLP) whose eigenfunctions are ¢, ¥,

b) Find ¢, and d, in the following

o0 o6
1= Z Cy (}‘5)7: (1) = Z drfﬁ“‘ra (?“v")
(A rz(

4. 118 pts] Below are three vegular Sturm-Liouville eigenvalue Problems (SLP)

5 ( Y Ay =0 y{0) =0 (=0 B a <, i-v,{;,« -
(1) a:j’/j Ay =0 pO) YO =0 y(1) =0 ‘*// gy e
(111 L2+ aPE) + =0 u(=1) =0 y(1) =0

Find all eigenvalues A, and associated eigenfunctions . {x) for each of (I)-(I11} above. When
possible find an explicit formula for A, asin A, = n* If you can not find an explicil. formula,

Ay, will be roots of some function f(z) as in f(A,) = 0. In those cases state what f(z) is.
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~where Sk, S (ﬁk)}
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