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Section A
Answer allthe following (1.5 marks each)

t. Provethat2(*): tN < z,E* >;0 < ml N -!.
2. tf B : {Rznu}Y_ o'U{R ruW;' is a first stage wavetet basis tor l?(Zw), then

represent the construction of lz)s for any z e 12 (ZN) by a filter bank diagram.

3. Describe the analysis phase and synthesis phase of a filter bank using diagram.

4. Prove that the sum of the number of components of all output vectors of the analysis
phase of the pthstage filter bank = N.

5. lf N is divisible by2p, with the usual notations define fi,gforl: L,2,3,....,p.
6. lf tfs-i,t*: Rzik f iand,d-j,t : Rzi*gj, prove thatrfs_ i,s : fiandd-j,o : gj .

7. Define the absolute convergence of D ut(n).

8. When we say a complex valued function f defined on [-zr, rr) is square integr.able over

l-r,n)t.
9. Define the down sampling operator D : 12(Z) -+ l'(Z) and the upsampling operator

(J : 12(z) -+ t'(Z).
10. tf z : (r(n))"rz e 12 (Z), prove that DoU(z) : z.

(1.5x10=15)

Section B
Answer any 4 (5 marks each)

L1.. (altf z: (z(0), z(L),,...,2(N - 1)) e 12(ZN),whatisZ?

Prove that (7)^ (*) : 2A,{ - *) :0 I m < lf - 1

L2. Suppose z,w e l'(Z*). Prove that
(i)(z*w):2xi:.
(ii) [D(z)]- : D(2),1f N is even and
(iii) [U(z)]- : U(z)

L3. Suppose N is divisibleby 2e . Suppose utt.,lt, e 12 (ZN) are such that the system

matrix A(n) of ?/1 and r.r1 is unitary for all n.

Define ut(n) : Z'i:i-'"r(n t fr) ,na ,,(n) : >'i:i-tr{n + #) *t



l:2,3,...,P. lf we define ft: ut and g: u1 31td forl:2,3,,..,p if we
define ft : gt-t * (Jt-l (u7) and gt : gt-t * II|-L (u),
Then prove that U1, Y t, l)2, V2.... Up, Vo is a Pth stage wavelet filter sequence.

t4. i) When we say {r*}f*(M e Z) is a Cauchy sequence in 12 (Z)?
ii) Prove that 12 (Z) is Complete.

L5. Suppose u1u e It (z) are such that lR2*u)*e, U lR21*u)kq, is a first stage wavelet
system tort2(z).Supposealsothat u(n):u(n):OVn < 0 and n> N -'1,.
Define u(a4,o1a,r; € l'(Z*) by u1r,r1 (n) : u(n) and ug1(n) : u(n) for

n -- 0,L, . . .ltr - 1. Then prove thatl&2l,u@1{:; U fR2pulxl{:i is a first stage

wavelet basis for l'(rr).
16. (i) Let w e 12 (Z).Ihen prove that {R21,ut}n.z is orthonormal if and only

if <w, R2pw> = l- if k = 0

<WRzkw>=0ifk*0
forall keZ.
(ii) Suppose 2,, ru €. l' (Z).Prove that

liSU(z * u) : U(z) *U(*).
(u) [u(z)]- : u(z).
(c)(z*w)-:2*6.

(5x4=201

Section C

Answer any 4 (10 marks each)

L7.7. (a) When we say a linear transformation 7 : t2 (Z N) -+ 12 (Z N) is translation
invariant?
(b) Let T : 12 (ZN) -+ 12 @il be a translation invariant linear transformation. Then
prove that each element of the Fourier basis F is an eigen vector of T.

OR

2. (a) Suppose z,u) e l'(Z*). Then prove that for each m,
(z*w)^(*) : 2(*)rfr(*)
(b) Let z=(L,O,L,Ol rn6 yy=(0,L,0,1-) be two elements of l'(Zn).Find z'x w.
(c) Find (z * u)^
(d) Find 2 and Ti' and verify (z * u)^(*) : 2(m)it(m) for m=O,L,2,3.

18.1. Suppose N is divisibleby2p, z € 12(Z1s) anduLt,t)tt'uzt,u2t...,up,u, are such

that u; , ut, € P (Zk-i) for l=1,2,...,p

(a) Define frL,,fr2,...., frptUl,a2,.... rAp
(b) Define h, f2, . . -. , fp, gt, g2,. . . . ,,gp

(c) For I : L,2, . . ,p, prove that
tt : Dt(, * i r) and y1 : Dt(, * i)

OR

2. Describe real shannon wavelet system.



19.1. .(i) Suppose H is a Hilbert Space, {ai],yz is an orthonormal set in H and z e 12 @).
Then prove that the series D ,U)"i converges in H and

jez

llDr(il"ill':tlr(il]'.jezjeZ
(ii). Suppose H is a Hilbert space, {ai}yz is an orthonormal set in H and f € H.
Then provetnat{< f ,ai >}i.z €12(Z) and t | < f ,aj ) l' < ll/ll'.

oR 
jez

2. Suppose f , l-n,zr) -+ C is both continuous and bounded, say

lf @l < M forall 0.tt < f ,ei"0 ):0forall n € Z,provethat/(d)=0 forall
0 e l-r,n).

2O.L. (i) For k e Z, define the translation operator Rp : t2(Z) -+ t2(Z).
(ii) When we say a linear transformation ? : t2 (Z) -+ 12 (Z) is translation
invariant?.
(iii)SupposeT : 12(Z) -+ l'(Z) is a bounded translation invariant linear

transformation. lf we define b e 12 (Z) OV b : T(6),then prove thatT(z) : b x z
for all z e 12 (Z).

OR

2. Suppose u1,a1 e l'(Z) foreach/ e l/andthesystem matrix At(0) isunitaryfor
all 0 € [0,r). Define ft : ut,gL :u1 andforl e N,l ] 2, define

fi: gt-t *[Jt-t (t,7) and g: gt_L *(Jt-r("r).nwe define V_1for I e l/as
V:l\ z(k)Rrtkgt: z: (z(k))xez e 12(Z)landif lV_.1: {0},provethat

keZlelf
B: {R2t1rfi: k e Z,l € N} isa completeorthonormalset in12(Z).

(10x4=40)


