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i) Suppose f, g € L%(R). Then prove that inequality [ | f(x—y)gly) |dy <

R
holds for a.e. x € R. In thiscase f * g e L'(R) with | f+g |, <] f|,[a],.

i) Suppose f € L%(R) and g € L'(IR). Then prove that [ | f(x-y)g(y) |dy <=

| 14
holds for a.e. x e IR. In this case prove that, f g € L*(IR) with

It+gl=ltll gl
b) Suppose f, g € L% R) and x, y € R. Then prove that

) (Ret, Ryg) =1 Ry 9)
i) (f.R,g)="f*a(y).

14. a) Suppose f € L'(IR) and ? e L'(R) - Then prove that - j ?{g}e“dg: f(x)at
every Lebesgue point x of f. 2n ¢

b) Suppose f € L(IR) and let > 0. Then prove that there exists a C?
function g with compact support, satisfying ||f — gl| < .

15. a) Suppose f, g € L?(IR). Then prove that

) (?,a>=zn<f,g;

) |11l=v2r | fll
b) Suppose f e L2(R). Then prove that f =(f)*and f= ()" (4x16=64)
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instructions : 1) Notations are as in prescribed text book.
2) Answer any four questions from Part — A.
Each question carries 4 marks.
3) Answer any four questions from Part — B without
omitting any Unit. Each question carries 16 marks.

PART -A

1. Suppose z, w € (Z,). For any k € Z, then prove that z = w(k) = (z,RW) ,
where Rw(n) = w (n—k).

2. Let Y. w(n) be a series of complex numbers. Prove that > w(n)
neZ ne Z
converges if and only if, for all € > 0, there exists an integer N such that

—K m

Y win)+ D w(n)

n=—m n=k

<eforallmzk>N.

3. Suppose M e Z,{x,)n_y is a sequence in a complex inner product space X,
and {X, )iy converges in X to some x € X. Prove that {X, )y is @ Cauchy
seguence.

4. Suppose z, w € 2(Z). Then prove that z,z* ¢ 2(z) and R Z e £ (Z), for all
k e Z.

5. Prove that I' (Z) is a vector space with the usual component wise addition and
scalar multiplication.

6. Write a short note on the p™ stage wavelet system for i#(Z). (4x4=16)

P.T.O.



K19P 0175 s

7. a) Suppose M N, N=2Mand w € Z(Z,). Then show that {Hggw}ﬂ;; is an
orthonormal set with M elements if and only if | w(n) ? +| w(n+M) |'~’= 2 for

10.

PART - B
Unit-1

=t - g

b) Define first stage wavelet basis for I* (Z,).

Explain the construction of Daubechies’s D, wavelets on Z,.

()

=

Suppose N is divisible by 2/, g, e #(Z,) and the set {R,.,, 9, k2o~ s

orthonormal with N/2/- ' elements. Suppose UV, € /2 (Z;;] and the system

_ ‘ Gf{”) v,(n)
matrix A (n) in equation A,(n) = B MY & N | | is unitary for all
- ut[m»—J V;[I‘I-‘e——]
2 2!
n=0,1, ... (N/2)-1.Definef =g, ,« U-'(v)and g =g, ,+U""(u). Then

(N2 -

li;msz*'} =3
VP }Ha

g
R.. is an orthonormal set with N/2'-
2k k=0

prove that |
elements.
Unit - I
a) Suppose H is a Hilbert space, {a} , is an orthonormal set in H, and
z = (2(j) ., < F (Z). Then prove that the series Y z(j)a; converges in

2 je &
Y. z(a; | = > 1z0)F.

je Z jeZ

H, and

b) Suppose Z = (2(N)),. z € I*(Z). Then prove that the series Y z(n)e"™
ne &

converges to an element of L? ([~ =, ).

| O

11. a)

b)

12. a)

b)
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Suppose H is a Hilbert space and T : H — H is a bounded linear
transformation. Suppose the series Z X, converges in H. Then prove

neZ

that T[ Z xn] = Z T(x,), where the series on the right converges in H.
ne &£ neZ

Show that the Fourier transform on 2 (Z)is one to one and onto, with inverse.

For z = 2(2), z(n)=(2)*(n) =§1;{ _[ z(6)e""da.

Suppose M e Nand N = 2M. Suppose u, v € [' (Z) are such that
(R,v), ., {R,ul,. » is a first stage wavelet system for 2 (Z). Define

e B(Z,) by up,(n) = Y, u(n+kN) and v (n) = > v(n+kN).

ke Z ke Z
M-1
K=0

Uy Yiu

M=-1 . L
Then prove that {H;,_KV{N}} v {Hgkuw,}“:{] is a first stage wavelet basis

for B(Z,).
Suppose u, v, € I' (Z) for each /N | and the system matrix A (0) defined in

equation A, (0) = 1 ﬁf{ﬁ} v,{0)
I _3 ﬁf{ﬂ-l»n} G,(B'*Tt}

is unitary for all 8 € [0, m).

Define f, =u,, g, = v, and inductively, for /e, I >2, define f,and g, by
equationf =g ,*U""(v). g =9 U'-"(u). Foreach /e N,

define V_, as in equation V_; = [Ekﬁzz{k)ﬂ G0 2= (2(K))ez € F[EZ}}.
Suppose ;. V., ={0}. Define B as in equation B={R,f ke Z,l e N).

Then prove that B is a complete orthonormal set in * (Z).

Unit =1l

13. a) i) Suppose f, g € L¥R). Then prove that inequality f | f(x—y)gly) |dy <=
14

holds for all x € RR. In this case f « g is bounded and | fxg(x) | <[ f [ 9|
for all x € IR.



