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Answer FOUR questions only. .
(01) () If fx) is a periodic function of x of period p, show that f(ax), a#0,isa

periodic function of x of period p/a.

(if) Consider the periodic function f defined by
' B i, when O<x<=m
f®= {2, when mw<x<2rm ‘
and f(x+27)= f(x).
(a) Sketch the graph of Ax).
(b) Find the Fourier series of f{x).

{c) Using part (b), show that

] (_1)r+l _E
,Z;(Zr—l) 4

(2) (i) Define each of the following:
(a) odd function,

(b) even function, .

(c) half range expansion.

(i) Find the half range expansions of the function

2, 0<xslf
21-x), %<x<1.

Jx)=




(iii) Obtain the Fourier series over the interval —x to « for the function
Ch(x)=x(4-x). :
(3) (i) Define orthogonal functions and orthonormal functions.

(ii) Show that functions 1, cosx, sinx, cos2x sinZv...form an
orthogonal set in the interval -7 < x = 7.

(iii) Find the corresponding orthonormal set for the functions of f:art (ii).
(iv) Verify that the given functions are orthogonal in the given interval .

with respect to the given weight function p(x) and have the
indicated norm. :

@ g =1 g@=% HE)=2-1 -1sx<l

p(x)=0- <y A
and |ia} = V7. | = Je:l=74 -

Mg, (=1, g()=2x g)=4"-1 -1<x<l,

P = (-2
and ol =l = ek =7

(4) For the following boundary value problem:

dzy
+uy=0
a2t Y

»(0)=0 y(1)=0,
(i) show thatitisa Sturm-Liouville problem,
(ii) find the eigenvalues and eigen functions,

(iii) obtain a set of functions which are mutually orthogonal in the interval
0<x<1 and

(iv) obtain a corresponding set of orthonormal functions in the interval 0 <x<l.

(]




(5) The Bessel function of the first kind of order n, J,(x), is given by the

expansion' J,(x)= Zﬁ}%;l_)(%J , where I is the gamma

function.

Prove that, for all valid n,

() %(x“"Jn (1)) ==x"T,.,(x)

(if) %(x".]"(x)) =x"J,_ (%)

Hence, show that

J'x.]f,2 (x)dx = %xz{‘]u: (x)+J2{(x)}+c, where ¢ is a constant.

(6) (i) The Rodrigues’ formula for the #n" degree Legendre polynomial is given by

! G2 -1y, -1<x<l,

P =
(%) 2"n! de" )

{a) Using Rodrigues’ formula find F,(x), £(x), F,(x) and F(x).

(b) Using part (a) above write down the function f{x)= 2%’ +5x% +x+1 in terms
of Legendre polynomials.

(i) Show that the following functions are harmonic:

(a) lf(x:Y)=x2“y2,

(b) u(x,y,z) =3x*—2y* +5xy+8xz— 22,




