
I.

ntlnrber oJ printcd pages-8

53(EC 603) DSPR

2()15

DIGITAL SIGNAL PROCESSING

I)aper : EC 609

F].lIl Marks : lOO

Timc : 'fhrec hours

The figures in the marglrr indicatc
JulI marks Jor t|ne questiotrs.

Answer ang frue questtons.

(a) Considcr a discretc timc system
charactcr?-ed by thc following input-
output rclation. Deterrnine whethcr it
is lincar, memoryless, stable, causal
and timc invariant
ab)= x(n+z)-zx(n-z)+o 5

(b) An IjTI system is characterized by an
impulse rcsponse

/^\n
r,(")=l*l "(")\4i

Find the step rcsponse of thc systcm.
Also evaluatc output of the systcm at
n=+5. 5



2. (a)

Computc Y(n)= x(n)* h(n) whcrc

x(n)= 4" r,1t 1 h(n\= B" 
i\2)r, r. r-

c

I,et g(n) denotc the convolulion of h(n)

and e(n) where h(n)=fl)^,r(r,) ""a\2)
g(n) is causal sequencc. If y(O) = t and

a0=r/2, thcn lind s(l). 5

Find the DTIT of the following signals

0 x(n)=al"l lol't
@ x(n)= u(n) 3+5=8

Consider the filter
e(n)= o'oe(n-l)+bx(n)

Dcterminc b so that l"(t')l=t

Statc and Prove the time-shifting
propertY of DTFT. 3

Find the inverse DTFT of thc
rectangular pulsc spcctrum defincd

only for -n<wslt 4

(d)

x 6,,)={t
Io

l.l. -"
ut, <lwl< n
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A discretc-time systcm with input x(n)
and output y (n) is dcscribed by thc
relation/ \ ' tnd"L't)

Y \eJ- J= e J'x\er- ) O_
Find thc output C(") if x(n)= 51";

3

Dctcrmine thc z-transform of thc
following signal

,/r\n-I
x(n)='(n'?+n)lll u(n-l) 43 . '\2)
I)eterminc the invcrse z-transform

,(')= r-r#;A.s=
if
0 Roc lrlrr
(i0 Roc lzl<0.5
(itl ROC 0.5<lzlct

whcn input x(n)=,(n)+[-])""("1 o
applicd to a lincar causal time invariant
svstcm, thc output is

,(^t= u [-].]" "("1-uf -l)" "t"l\4.) \3/
(i) Find thc transfer function of the

svstem.
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(d)

tiit What is thc diffcrcncc cquzrtion
(tu 

;:;;;";;*..n of thc "t"t"Tlr=,

A causal l'iTI systcm is dcscribcd by

thc differencc equation

*(^)= as(n -2)-2x(n)+ Bx (n - t)

nino ttt" valuc of. a and P for which

thc system is stabte'

rct x(n) bc a real scqucncc defincd bY

;)10 2' 3' 4) 'without cvaluating its

DFI x(I{) nnd

,r, i x(x)(u Fo
(i0 x(o)

(b) lrt x(n) be rcal scqucncc of lcngth N

t'.' 
*u *'t-n"ttt Dr-[ is given bY x(K)

show that

ir-- "tt-r)=x,-(K)(i, X(o) is rcal

(i.o ir N is evcn, *[]) " 
*t 6

4. @)
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(c) kt x(n) bc a llnite length scqucncc \
x(r()= { o, r +;, l, I - j }. Using thc
properties of Dl-I, find thc DFI' of thc
following scquencc

0 x,(n)="'%" 
"1n1

(io x2 (n)=665 
{(+)"} -At

(tii) x, (n) = x ((n - t))o

(d) Lct X (lr) denotc a 6- point DF-t of a
lcngth 6 rcal scquence x(n) . lhc
scqucncc is shown in thc figure.
Without computing thc DFT find thc
lengfh 6-sequencc g(n) whose 6-point

I)FT is givcn by v(t<)=w!K x(x).
4

*(,..f
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(a)5. Thc transfcr
causal sYstcm

[unction
is givcn

of a discrctc

as follows :

l- z I
u(2.)= r:urz | -o'r5z

(i) l)raw cascade and Parallcl

(b)

realization'

(irl !'ind thc imPulse

systcm'

A lincar timc invariant sysLem is

il;;;"a bY the following inPut-outPut

Tll'ili ro - 2)- 4u(n -3) = 3x (n - 2),

fi"ufv," thc systcm using dircct 
"t- 

t;

realization'

Considcr a ttrrcc-stagc FIII latticc

:;;;;t" having thc cocrlicients :

?,:;;' 
- 

^i:'-,1i ,""Jil3 l,
F)valuatc its imPuts
'.*"* 

^ "*t 
imPulsc 6(n) at its leu:-

;;;t; latticc structurc' Also draw

its dlrcct form-l structurc' 
5+2=7

rcsPonsc of the

5+2=7

(c)

6
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Lct X(u) dcnotc thc F'ouricr tr:rnsform

0f thc sequcncc x{n;=[1) ,('). ,r.,

x, (n) denotc a scqucncc of finitc
duration of hngth I O; ie x, (n) = O for
n < O and x, (")= O for n > lO. 'l'he lO
point Dl'T of x1 (n) dcnotcd by ,,(X)
corrcsponds to lO cqually
spaccd samplcs of X(u) ; that is

& (K)= x(.,tr,,=]f;.. Determine x, (n).

lo
Ilring out thc comparison betwccn IIII
and I,'IIi filtcr. 5

(c) A lowpass filtcr is to bc dcsigncd with
thc following desired frcquency
rcsponsc

--lr,,,\ f.'-,l-1.%tto\e* )=ttoQt;)= |
[o /n.l*|.,

Detcrminc thc llltcr co-cfficients ho (n)

and G(n) if W(n) is a rectangular
window dcfincd as follows

ll O<nS4
wo (")= 

1o orhcrwisc 5
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(a)7.

(b)

Design a digital lowpass Iilter using
Buterworth approximafion by impulse
invariance. 1hc spccifications are as
follows
o'89125<lrI(-)l<1 for Os ulO.2n

f lr(ro)f <o.17783 for o.3a <u)<1t.
l2

Obtain the digital filter equivalcnt to
analog llltcr sho-wn in the following 1fi9.
using
(i) Impulse invadant transformation
(ii) Bilinear translormaUon

Assuming the
r'. = a4 wherc
frequency of the

sampling frequency
,Q is the cut-off

Iilter.
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