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31 Postal Coaching Solutions

- 0 b8
0

Do Y4(0)=0
— yu(t) =0

28.
Sol: x(t) =4+ cos(4nt)—sin(8nt)
(@) (1) h,(t)=sinc(5t-2)

: 2
h,(t) =sin C|:5(t — gﬂ

By Applying Fourier Transform

A 1 —jmz
—e
5

>

-5 5w ®

y(t) = 4 + lcos(4Tct —1.6m)
5 5
(2) h,(t) =Sinc’t cos(5nt)

H(f) =

Tri(f — 2.5) + Tri(f +2.5)

2
H(f)

2n 4n

sin Smt
Smt

sinc(5t) =

| —

-5m 5w ©

Sinc’t

35 25 15 | 15

This filter compass only cos(4mt)

Output = 0.25 cos(4nt)

35
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(b) Ans: (d) o
, i E:LHX(oﬂzdm:E:—
G(f)=e™ H(f)=e™ 2m Ton
_ __—2nf?
Y(f)=G(f)H(f)=e -
. -1/2 /
2. Ansz. © ) Sol: E= L{ | ndo + T T do+ j.ndm} 3
Sol: e™ &e™ 2n| 7 e s 8
From frequency shifting property
x(t) =™ e™ x*(=t)=x(b) 34.
. Sol: Eyq=1/4
-conjugate even symmetry
2 1
30. o) =325
Sol: .
2 2 _
® Y(o)=3[X(o-0,)¢X(0+ 0, RNV - oo
int s _ L Lo 1ol
(b) x(t) _ smtt n sm(tt/ 2) E o= e JSyy(m)dm = ) tan [2)(“
T T ¢
{ o, = 2 rad/sec
X(o) = —{rect(gj * nrect(gﬂ
2n 2 1
1 35.
X(®)= 12 4
/ \ Sol: ¢ g y -
| | | I >0 o +4
-3/2-1/2| 1/2 372 ; } ,
8 4
31. [o(of +4) dm:zjimz +4j do
‘ X(o)
Sol:  [x(t)dt <> =+ 71X (0)8(w) { - )
- Jo = —(2n)j e 2" dt
rect(c/ 4m) 2 o0
o reetleldn) o s(o)
Jjo
_T
32. 2
Sol: sin_(at) < rect(ﬁj
m 2a X(w) 36. Ans: (a)
Sol: E= J[X,(F)df = 210"
> - 3
-a a
yace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams 32

.
Onllne Enjoy a smooth online learning experience in various languages at your convenience




z

[
N
5
v
v 4’
N ineeri i cati
\=99.” Engineering Publications

3

33 Postal Coaching Solutions

37.
Sol:

(@) x(t)=12sinc(4t) =

y(t) = cos(2nt)

j 12sin(4t) cos(2mt) = —— j [38(w—27) + 3nd(w+ 27m)|dw =
%/_/ %/_/ 27‘[: b

- x(t) y(t)

(b)

Apply Plancheral’s Theorem

rect(t)

A

1

~12 12

Tri(t)

-1 1

jSinc3fdf = jsmcf Sinc>fdf = j rect(t) Tri(t)dt =+ + - = >

0 X(f)

| X(w)
12sindnt  pr 3
4t ) §
—4n 475‘ ®
Y(w)
o
Y(o)
27 27 ©

X(@)d(0 - 0,) = X(0,)d(0—0,)

j x(t)y* (t)dt = iTX*(m)Y*(m)dm
2 7,

—00

Plancheral’s Theorem = .[X(f )Y (f)df

3n+3n

3

Y(f) —
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@ ACE 34 Signals & Systems
38. Ans: (¢) 42,
—® Sol: The condition for distortion less
Sol: /H(w)= 60 30 <o <30m transmission system is magnitude response
is constant and phase response is linear
wp =101 [H(10m)|=2, £H(10%)= _n function of frequency. These two conditions
6 are satisfied in the frequency range
B B _ —13m 20 to 30 kHz. So, from 20 to 30kHz no
mo =261 |[H(Q26m)|=1, Z/H(261)= Sistortion.
y(t)= 4005(1 Omt — EJ + sin(26nt - 13_11)
6 30 43. Ans:8
Sol: Given input signal frequencies are 10Hz,
39. 20Hz, 40Hz. Only 20Hz is allowed.
Sol: 6(w) = —cog)( ) So, y(t) =
-0(®
t, (@)= =t L 8cod 20nt + - 20° | = 4cod 20t + =~ 20°
@ ( ) 2 4 4
—do(m 2
t = =t .
g (@) do 0 Power in y(t) = (4) =8
Both are constant 2
40. 44.
Sol: Sol: The condition for  distortion less
(i) Ans: (c) transmission system is magnitude response
1 is constant and phase response is linear
H(f)= ——— function of frequency.
1+ j2nfRC ) .
For —200 < ® < 200, there is no amplitude
|H(fj _ 1 distortion.
1+ 4n2F2R2C2 And For — 100 < ® < 100, there is no phase
distortion
>
[H(f1)] > 0.95 x1(f)
fi=522Hz ® =20 and ® = 60

(ii) Ans: (a)
0(f) = —tan '(2nfRC)

()= —do(f) 1 {

dif  2m
tz(100) = 0.71 msec

2nRC
1+ (2nfRC)?

41. Ans: (¢)

Sol: y(t)= ﬁ cos(100(t =10 ))cos(10°(t—1.56x10"°))

ty =107 t,=1.56x10"°

So no phase distortion and no amplitude

distortion.
Xa(t)
ow=20, =140

Amplitude distortion, do not occurs.

Phase distortion occurs.

[ ©=140]

x3(t)

o =20, o=220,

Phase distortion and amplitude distortion
occurs

[ ®=220]
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45. ) y(x):%e‘“
Sol: R, ()= [x(t)x(t—T)dt |
0 y(0)= 6
A2
R _(1)= Tcos(mor) =18cos(6m1)
Power = Ryy(0) = 18 49- P
16 Sol: rxy(r):x(t)*y(— t)=e u(t)*e’ u(-t)
Sol: 1_(¢)=x(t)*x(—t)=eu(t)*e u(~1) () PRI S Vi S T
Y l+jo3-jo l+jo 3-jo
F.T 1 3y
r (1) S lo)= T)=—¢
xx( ) XX( ) 9+(02 xx( ) rxy(r):%e‘fu(r)+ie3ru(— ’C)
47.
Sol: 50.
(@) |H(03]2 _ 1 1 - X((DY 2 - 1 : Sol: Given x(t) = smcmlOt
to 5 5 to Sinc t <> rect (—j
Syy (@)= |X((o)| |H(oaj 2n
T . 1 ®
(b) y(t) =x(t) * h(t) = [e '~ e *Ju(®) sinc(10t) ¢> —rect| ~—
N , 1 10 207
E = dt =—
y(t) _{JY(tX y 12 1 a
1 (03): —rect] —
Eq== 10 20T
X(t 4
1 O | i
E,,= EEX(t) H(o)= 3rect(§je 2
48. . Y(w) =X(w) H (o)
Sol: —irect[— 3rect(ﬁje_j2‘D
i) Ans: (b) 1 10 207 8n
x(t)=e™u(t)*e ™ u(t)= Eefw $1/10 23
e x
16) 164e . L,
i) Ans: () -10= 10w —4n T
2 1
846 (@) =[Glo) = TP _ irect(gje_ﬂ“’
1 10 8mn
Sca (O) = a .. output energy

ii) Ans: (b)
y(t)=e™u(t)*e"u(-1)

1=
= E “Y(mlzdm
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@ ACE 36 Signals & Systems
1 47 9 o0 1 +00 TC
- [ £)* Y 8(t—10n) <> X, (0)— —n—
s (0 28100 X o) 3o 0-n |
R X(o)= 16 3% f{0-nZ )
2n 100 ==
36 X(e) = =] === +X,(0)8(e)+ X [ Z o 0T |+
Output energy = EJ “)=70 | I &
51. X{%}S(@_%}X{% 6[0)—3?“]+————}
Sol: 1 X1(w)
(a) On=2007 Xl(ﬁj:le 2n o,
5 5
s =400 7 rad/sec >
—200m | 200m % (3_nj_x (4_TEJ______0
1 - 1 - -
= 4 5 5
(b) Om 400 7t Xz((}))
s = 800 1 rad/sec X(m)
| >
—4007 4007
5 .
(©) x,(t)= E[cos(SOOnt)+ cos(3000xt )] o5 s O w5 oms ©
®m = 5000 7 The maximum frequency in above signal
s = 10,000 7 rad/sec is
o Om = 271/5
d X,lo)= rect] — =
(d) 4( ) 6+ jo (23) 2nfy, = 271/5
_ fn=1/5
On=a ;
a Nyquist rate = 2f,, =2/5=0.4
f =—
"o2m 52. X(o)
a Sol:
f =2f =—Hz
T
(e) on=120m, f,, =60Hz i >
(fs) = 2f, =120 Hz ~—® “0
(f) Ans: 0.4 X1(w) 2 2
Sol: o 5 (a) X(w)+e'”X(w) no change in frequency axis
Sll’lgt — (ws)min = 20)m = o
x,(t)=2 o ax(t)
it —1/2 /2 (b) T > Jco.X(co) s = Mo
> 8(t-nT,) & £, D d(w-no,) © x(3t)o %X(?j
n=—o0 n=—o0 I | i
— I & T 3o -300 30
ot—10n)¢>— > Ol w—n— 0, =2x—2=3@ -0
n:z—oo ( ) lonzz_w ( SJ s 2 0 2 >
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@ ACE 37 Postal Coaching Solutions
@ lX(co+ w0)+l X(w+ 030) The frequencies present in the sampled
2 2 signal are
n=0=+f,+6,=+120,+60
n=1= f+f], f; + 1, =320, 80, 260, 140
| oio N n=2=2f + i, 2f, + f> = 520, 280, 460, 340
2 2
Oy =2 3% =3w,
53. The above frequencies are passed through an
Sol: ideal LPF whose cutoff frequency is 100Hz.
1 () N
(@ x,(2t)e EX{EJ
In this operation maximum frequency
becomes double. So, fi, = 4k, fy = 2f,=8k -
M) x,(t-3)e e X, (0) ~100 100 f
In this operation maximum frequency does )
not change double. So, f, = 3k, f = 2f,,= 6k The frequencies present at the output of LPF
©) Xi(m)+Xx(o) are 60 Hz, 8'0HZ.
In this operation maximum frequency is So, the maximum frequency present at the
max(2k, 3k). So, f,, = 3k, fy = 2f,= 6k output of low pass filter = 80Hz.
(d) Xi(w)*Xz(w)
In this operation maximum frequency is 55. Ans: ()
2k + 3k. So, fi, = 5k, fy = 2f;, =10k Sol: f,=200Hz, f, = 300Hz
© X ((D.)'Xz(w) ) ) _ The frequency in sampled signals are
In' this operation maximum frequency is = 200, 100, 500, 400, 800.
rrlnn(Zk, 3k). So, fm = 2k, f; = 2fm =4k Cutoff frequency of filter is 100 Hz.
() E[X1 (0+10007)+ X, (0 —10007)] Output frequency = 100 Hz
fm= 2.5kHz, (fs)min = 2fn= SkHz
56. Ans: (b)
54. Ans: 80 Sol: The sampled signal spectrum is
Sol: Given X, (f) = 1 ZX(f —nf))
x(t) = 2 cos(180xt) cos (60xt), L=
f, = 200Hz If f=f,,—The spectrum is constant spectrum
x(t) = cos (240xt) + cos (120xt)
) = 240 @ = 120 S7. Ans: ()
fl = 120Hz f2 = 60Hz Sol: fm < fc < fs— fm = 5< fc <9
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@ ACE 38 Signals & Systems
58. (a).Ans: (¢) We can recover f(t) if o, — o, > o,
Sol: f,, =100, f; — f,, = 150 ®, > 20,
f; =250 5
T
TS:i:4msec f>2mc
(b) Ans: (a) T ot sT <
Sol: Let f(t) <> F(®) ®, ®,
Conclusion:
(1) NR = ((’OO)min = 20‘)m
(2) Frequency at output of sampler
o lp o @ o, Tnw, (or) f *nf
. (3) To recover X(»), o, <B<w,-o,
P(t)= D 8(t—t-nT,)
Applying F.T 59. Ans: (d)
o _ 1 1
P() = 2T_“ 3" 8(0— noy)e Sol: f =—=—=10=1KkHz
s N=—o 0
X(0)d(ow—m,)=X(0,)d(0—0n,) T . (nm
e sin 3
2n —jnm,t C =—|3. _Jnmotdt ==
:T—ZS(m—n(oO)e ! T _J;O e -
s 6
y(t) =f(t)p(t) .. Ch=0forn=3,6,9 .....
Y(0) 1 [(F(0)*P(0)] C#0forn=0,1,2,4,6,7,8, 10......
®)=—I[F(o)*P(»
21 R o i i} +fEo6f;....
_ L{F(m) *2_7526((D », )ejno)or:| Are not present in signal
- 0
2n T +400 + 3 (1000)=+3.4 K, £ 2.6 K
Y(o) = 1 iF(c‘) —ne,)e So options with 3.4 K and 2.6 K are wrong
T = So (¢) and (a) are wrong.
Y(o) 3.6 K is out of the given range [ 2.5 to 3.5]
So (B) is wrong
So (D) is correct.
60.
(i) Ans: (b) 4 X()
H Sol:
)
—weT0 e | P ~1000x 1000n o
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Output of multiplier is = x(). cos(1000mt)

_ %X(m—lOOOn)+%X(®+1000n)

4 Output of multiplier
2000 0 2000m ©
sin(15007tt
ht) = Sn(1500m)
it
H(w)
~1500n O 15000 ©

Y (0) = X(w).H(o)

1500n ©

—-15007 0

The maximum frequency in y(¢) = 1500 &t
®n =1500 7
fi=1750
(fmin = 2f, = 1500 Hz
= 1500 samples/sec

(i) Ans: (a)
Sol: x(t)= cos(l Omt + gj

fy=15 Hz, ws = 2nf, = 30 tHz

h(t)= (sm mt J cos(40nt - Ej
it 2

r

sin it 1
—>

Tt >

h(t) = sin 7t {cos(40nt) cosE +sin 40mt sin E}
Tt 2 2

h(t) = sigrt .sin 407t

it

> 1| sinnt QH0m _ sin 7t o0t
2] mt it
A H((D)
1/2i
417 -391 .o
39w 41n
—1/2]

x(t) = cos(l Ont)cosg - sin(l Ont)sin %

x@»:_%@da@+1mo+s@y4onm
—7%{%@@»4m0—&m+um»}

Sampled signal spectrum

X,(0)=f, 3 X(0-no,)

n=-—oo

n=0, oy, —on=-107, 10w
n=1, os— on o0 + oy =20n, 40n

n=2,2ms— O, 205 + ®y = 5071, 707
only 40nt frequency is allowed output of
filter is
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Y(0)= %[TJS(w+4On)+2—JS(w 407:)} =—\5{m(t)5r( j Jm(t)co{ ﬂ —jonft
EL a4 )—?C}Jé(cw%n)} =_ﬁm(t){c05(m_ﬂ+Jsm(m_zﬂ Py

15 T T _ ”[mkj 1'2”[%}
=ﬁ{—2—jS((y)+40n)+2—j§(w—40n)} = —2m(t)e 3o
- %[T (e — 40m) - Eas(m + 40n)}

:1—5{—16(@+40n)+36(m—40n)

V2| 2] 2]

+ gﬁ((o — 40m)+ gé‘)((o + 4071:)}

jm

J\/Em(t) e_jz = \/Em(t)e_?

_ \5( sin(mt / 5) ]ejz
nt/5

62. Ans: (b)
Sol: Givens(t) =e™ cos[(®, + Aw)t]u(t)

Complex Envelope 5(t) =s, (t)e '™
Y(w)=L2 [ [5(c +407)+ 5(c0 4011)]} Complex Envelope S(t) =s, (t)e
V212 S(t) =[e e/ y()Je
__ _—at jAot
N Zﬂ [8(0)— 40n)— 8(co+ 4071)]} Complex Envelope =e¢™ e u(t)
J
151 I . 63. Ans:8
y(t)= 3{5 cos40mt + Esm 40nt} Sol: Y() = X(0) H(w)
A
y(t)= el c0s 40t cos — + sin 40t sin — $X() H(w)
2 4 4 ]
2
y(t)= Ecos 40mt— =
2 4 o >
21 2n '
61. Ans: (c) E
Sol: x(t) = m(t) c(t)
Where c(t) is carrier signal and m(t) is a Y=-2] 0<o<2n
base band signal and f, > fy (where f; is =2j 2n<w<0
carrier frequency, fy is the highest L |
frequency component of m(t)) .[|Y(t)|2dt . j |y(0))|2d03
%(t)=m(t)e(t) it 2
Where f (t) is Hilbert transform of f(t). _ ZL[ I4dm+ _[4d0)}
For the above problem c(t) = sin(nt —E) -2
4 e 20
. = —|2n+2n
and m(t) = _\/E(sm(nt/S)j o
mt/5 167
Complex envelope n
= [x(0)+ &} -
yace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams 40
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64.
Sol:

65.
Sol:

Ans: 10 kHz

m(t) — band limited to SkHz

m(t) cos(40000ntt) — modulated signal we
require least sampling rate to recover
m(t) > 2x5kHz = 10 kHz.

Ans: (¢)

Aliasing occurs when the sampling
frequency is less than twice the maximum
frequency in the signal, and it is
irreversible process.

So, Statement I is true but Statement II
is false.

66.

Sol:

Postal Coaching Solutions
Ans: (b)

Sampling in one domain makes the signal
to be periodic in the other domain.

It is true.

Multiplication in one domain is the
convolution in the other domain.

Both  statements are correct and

statement (II) is not the correct explanation
of statement (I).
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Chapter > Laplace Transform

01. _ (s+5)t,
1 Gls)=—2 " 5.5
Sol: ¢ u(t) <> ——,6>-a S+3
Ss+a A:—l,t():—l
-1
e'u(-t)<>——,0<a 06.
s—a Sol:
e (=) <> o> 2 (@) x(t)=5r(t)—5r(t—2)—15u(t —2)+ 5u(t —4)
sta 5 5e 15¢ S
1 X(s)=5-"5- +
M) X,(s)=—+—5.0>-1 s s s s
s+1 s+
1 1 (b) Ans: (a)
() X,(s)= P —2<c<4 Sol: x(t) = r(t)—r(t=1)-r(t-4)+1.5r(t—6)—0.5r(t-8)
S+ S— B 1 e—s e—4s 3 e—()s 1 e—Ss
(3)no common ROC so no laplace X(s) = o = + 72 9§
transform  for x3(t). |

So,D=-—=-0.5
2

(4) no common ROC, no laplace transform

(5) no common ROC, no laplace transform
07.
1 1

6) X (s)= ——-——, ~1<o<I o
( ) G(S) s+1 s-—1 p Sol: Y(S —Asz—el

C(s+1)s+2)

02.

Sol: ROC=(c>-5)N(c>Re(-P))=0c>-3 s2+3s+2> 522 G
Imaginary port of ‘B’ any value, real part of §13st+2
‘B’ is 3. —3s-2

03. s

. -3s-2 4

Sol: The possible ROC’s are = 4{1 + ( > ) } — ©

6>2,0<-3,-3<0c<-1,-1<0<2 (s+1)s+2)| (s+1)fs+2)

04. Y(s)=4{1+L- 4 }—4eS{L— ! }

36 3 s+1 s+2 s+1 s+2
Sol: Y(s)—

T s+l s+2 L
Y(t) = e‘(t—S)_u(t — 3)_ e—2(t—3).u(t _ 3) LLT

y(t) = 48(t) + 4e " u(t) — 16e > u(t)

05. —4e Dyt D +4e Du-1)
Sol:
@ x(0)=e ult—1)e o X@) = oss | 08 Ansi(Q)
st S+ Sol: X(s) = L
(b) g(t) = Ae "u(-t—to) (s+1)s+3)
w ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams 1

.
Onllne Enjoy a smooth online learning experience in various languages at your convenience




& ACE

43

Postal Coaching Solutions

09.

Sol:

10.

Sol:

11.

Sol: (a) X(s)z

1
Gis)=X(s-2)=—+——
(8)=X(s-2) G-1)s+1)
G(w) converges means ROC include

joaxis —1<o<l1.

G(s) = X(s) + aX(-s), where X(s)= B

s+1

G(s) = Bs—PB— OLBS—O(,B 2s

s?—1 s —1
B—oap=0

(X’B_B:_la
a=-1,p="%

— (o) Moy
SY(5) = —2Y(s)+] - (1)
sY(s) = 2X(s) ------ 2)

solving (1) and (2)

dy(t)
dt

4, 4 44
s+2 (s+l) (s+1)2 s+1

x(t)=-

2 uft +4—e “u(t)

)
—4te™ u(t)+4e uft)

-2
€

(s + 1)3
x(t)=—(t-2) e u(t-2)
t* 1

?e U(t) <> W

13.

Sol:

e—Zs
Xl(t—2)<—> s+2’0>_2
—3s
Xz(—t+3)(—) _S+3,G<3
eZs e3s
Y(s)= . ,—2<0<3
S+2 —s+

14.
Sol: sY(s)+4Y( )+3¥ =X(s)
-1 3
H) = o) 521 503
h(t)= %le—au(m ; e u(t)
X(s)= i +1= STH
Y(s) = X(s)H(s) = ﬁ
y(t)=e ")
15. Ans: (d)
Sol: X(s)= H% +e ", H(s)= 5
1 efés
Y(s) = X(s).H(s) = m + T

2 u(t)]+ u(t—6)

12. 16.
Sol: y(t) + y(t) * x(t) = x(t) + 8(t) Sol: H(s) = 52+84
N S™+
Y(8) #Y($)X(s) = X(s)+1 5/7 12/7  —s+4
s+1 s+8 (s+1)(s+38)
y(t) = 8(1)
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—-s+4 21.
Y(s) =X(s)H(s) =———
®)=XEHE) = = 61D Sol: (a) x(0)= Lt sX(s)=2
—-s 1
==t X(w):SE%SX(S)=0
- —t.
y(O)=—cos2t+e ;120 () X(s)= s +5 improper function
17. Ans: (b) 3
X(s)=2 =
sot: ) _ 1 Yls)_ 1 =2 %
X(S) s+1 V(S) s+1 neglect the constant ‘2’ in the above
H(s)= Y _ 111 function.
X 1's+1 ’
(tS) N (S+1) X(0)= Lts. 3 =é
h(t)=te . u(t) s> 2541 2
2
18. x(e0)= Lt sX(5) = Lt 4; +fs =0
Sol: y(t) = x(t)*h(t) = e u(t)*sint u(t) O OH TUoesT
it Final value theorem not applicable,
: ) .o because poles on imaginary axis.
s
Y(s)= & = +— (d) x(0)=0
S +1Xs+l) s+1  s"+1 x(0) = —1
1 . | 1
_ N kst
s+1 s*+1 045,
k(s +1) 1
Sol: H(s)=—~—"— X(s)=—
binr / (s) (5+2)5+4) (s) S
y(t)= le‘tu(t) Lo tu(t)+ Lsint u(t) Y(s) = H(s)X(s) = k(s +1)
2 2 2 s(s + 2)(5 + 4)
19. K
Sol: s”Y(s) + asY(s) + a’Y(s) = X(s) y(oo0)= Lt sY(s)= g I1=k=8
1
H = - p—
) s?+as+a’ H(s):—4+ 12
o2 s+2 s+4
G(s) = ~ H(s) +sH(s) + aH(s) h(t) _ _4e—2tu(t) +12e .u(t)
2 2
G(s)={a +5 +soc}[ : 1 2}:
s s +oas+a 23.
Number of poles = 1. Sol:
20. Ans: (d) @ Hljo)= 22
Sol: Change the initial condition to —2y(0) (jo) +4jo+4
and the forcing function to —2x(t) x(t) = 8 cos 2t, my= 2
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. -1 1
H(J@o)=J4—j SVRL
1 T
H =—— /H ==
o)=L 21(0,) -
y(t) = %cos{ﬁ + %j =22 cos[2t + %)
(b)
Sol: = in(1
x(t) = 1+0.1sin(10t) 100 y() =a +bsin(10t+0)
L —Ge)= L a=(h()=1
s +0.1s+100 b=(0.1)(100) =10
o,=0 ,=10
s=0 S = JIO 100
G(s ———
) =0 100
1
G, = -
=10 —100+0.1(j10) +100
~ 190 100 £ 90°
J
24. Ans: (a) (ii) Ans: 0.5
, —o° +1 H(s) = !
Sol: H(jo)=—77+———
o H(jo) —0’ +2jo+1 d .
sin
oo = 1 rad/sec x(t) = ?u(t)
H(wo) =0 .
y(t) = 0 for all sintu® © 5
sintu(t) 7 1 TN
25. t H!szﬂ ds = tan I(S)L
Sol: T .
(i) Ans: (d) =57 tan " (s)
2 1 I|n
H = X = - =—| —— -
6)=o— O X(s) = [ , ~tan (s)}
Y(s) = X(S).H(s) = 2z _11 tan~' (s)
s(s +1)s —2) 2w
S =2 pole lies right side of s-plane H(s) = Y(s)
y(o0) = oo unbounded X(s)
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3

= Y(9) = X(9H(s) = B -~ tan” (s)E

y(0) =1limsY(s) = lirn[l 1 tan”' (s)}
50 s=0| 2 T

27. (a)

26.

Sol:

Signals & Systems
Ans: (d)

For an LTI system input and output
frequencies must be same, there may be
change in phase.

Given that input is a;sin(o;it + ¢;) and
corresponding output is a,F(w,t + ¢2).

From the above condition F may be sin or
cos and ®; = m;.

Sol: IR h(t) = 2e™* costu(t)
o/p y(t) = cos2t

x(t) = Acos(2t+0)
ip x()=? o,=2

Ca s+a
e cosbtu(t) «—=1— = 3
(s+a)” +b

H(s)

2T (2420 +(1) 1+8 g .r
%f_/

K
KA=1
Piaz1= A= /%
65 32
(b)

Sol: Assume,

2j2+2) _4+j4 N4 +4 LTan_l(ij—Tan‘l(gJ
4

H(s) = 2(s;r2) 2 y(t)jcos2t
(s+2)"+(1) = KAcos(2t + 0 + ¢)
KA =1
0+¢p=0°

¢

45°-83°=-53°

v, (t) =KAsin(nt + 0 + ¢)

x(t) = Asin(mt + 0) S—T
— H(@)= st 0+¢=0°
KA =1
y .
-1 — T—T
Tan (—) HE),, =
O m+
a(y .
n—tan”| = —T+ 7
U HEs)_, =——2"
— 900 . TC + JTE
K=1 4T 4T
H(s)| . =mn—tan 1(—} —tan 1(—}
s=jm
T T
T
5 ¢
X(t) = sin(nt —90°)
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28. o > +1 causal unstable
. s+2 Does not exist in this case a causal & stable
Sol: Given X(s)= - system.
y(t)=—Zeu(-t)+=eut) 30. Ans: (¢)
Sol:
211 (a) A system to be stable & causal all the
Y(s)= 3 s—_2+§ e u(t) poles of the system should lie in the left
half of s-plane.
Y(s)= 2 ‘ 1 n 11 (b) Any system property like causality,
38-2 3s+l stability doesn’t depend on the location
U of zero’s. It depends only on poles
6<2 o>-1 location.
(¢) There is no necessity that the poles lie
Y(s) ithin [s| = 1
(a) . H(s):— within |s]
X(S) All the roots of characteristic equation
1] 2(s+ 1)+ s—2 means all the poles of the system should
3| (s—2)s+1) c< 2,3 >-1,6>0 lie in left half of s-plane.
B 2
[H} c>-1 31. Ans: (a)
s—2 ] q
1 3s Sol: Y(s) = —,H(s) gy
= s+2 s+1
3s+1fs+2) o) YO) _ s+l 213 13
s =50~ 62 2B,
- o> -1 s) (s 1)(s+2) s—1 s+2
(S * 1)(5 * 2) Stable input 2 <o <1
b) The input is e™* V't
(b) The inputis e | x(t)=—Ze'u(— )+~ e u(t)
~. the output = H(3) x input 3 3
_ 3 32. Ans:-2.19
4x5 4
3 Sol: Y(s)=1-——
y(t)__e3t S+6 ]
20 y(t) = 8(t) — 4 ¢ *u(t)
y(0.1)= —4¢"°
29. =-2.19
2
Sol: H(s)= shs=2
s+3
1 s+3
H. S)= =
w(5) H(s) (s+2)s—1)
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Chapter

Discrete Time Fourier Transform

01.
Sol:
11191 h(n) 91 |
X { sin((D(N1 + J]
. 2
I »n &
N N sin &
. [703}
S 7
)
sin| —
2
Here N; =3
1 r { 1 h(n) [ 1
3 'y
h(n) # 0 n <0 — non — causal
(b)
Here N =1
After applying time shifting property
1 ol ol
012 "
h(n) =0 n <0 causal
(¢) h(n) = 8(n—3) + d(n+2) - non causal
02.

Sol: (a)a" u(n) < —

y(n) = G]nu(m

03.
Sol:

(@

(i)

Y(ejo)—l_%=g
4
(b) X(eJm): ix(n)e_mm
X(ejn)— ix(n)(— 1)" = cos®(3n) = -1

(c) H(ej‘”)z 1426719 43¢ 7210 4 4¢3

DC gain H(e/®) = 1+2+3+4 = 10
HF gain He™)=1-2+3-4=-2

X(e®) =14 4¢7 +%[1 +c0520)

) ) ) 2jo -2jo
X(e™)=1+¢ +e p3p et
2 2

X(ejm)=1+e-jw+ejw+%+%62jm+ieij

X(ej‘D )= i x(n)e’j‘*’n

n=—oo

X(0)=1+%=§, x(H)=1,x(-1)=1,

x(2) = %, x(-2) = %

3.5.3
X(Il) Z[Z,I,E,I,Z:l
0
x(n) = 28(n + 3)— 38(n — 3)
X(e]m) — 2e3jm -3 e%jm — 2[e3ju) o ef3j(n] o e73jm

X() = 4jsin(3w) — ¢ I

. 1 i i
Q) . .
Y(eJ )= T Given X(¢/®) = asin(bw) + ce'®®
_ el .
4e a=4j,b=3,c=-1,d=-3
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04. A .
sin(jnj jEn \ _Tc/\n o
Sol: £ > > - —
nn | T 3n 2 2 1
S DA
sin(Tc nj (") 1 2 2
— .T[: -
) | A
m™m -3n - | ° Tt prom o3
e 2 2 2
4 Y =1, Y™ =1
Y(&?) 06.
Sol: l u(n) © ;
~ 2 1- l e o
—3n -n |n  3n "o
4 4 4 4 From time scaling property
® 4 - ~jon 2 10 1 —jlow
Y(e)= o Bohe I—-—e
nmw 2
(m 07. Ans: (b)
Sm(4j - Sol: x(2n)= {1, 3, 1}
y(n)=2 cos 7 0
n
T x(2n) = 8(n +1) + 38(n) + S(n—1)
05 d(n—n,) <> e
Sol: — FT [x(2n)] = 3 + 2cos®
(a) H(e™) 08.
Sol:  H,,(e")<>h,,(n)
| .(nnj
> sin| —
—c ®c _ 4
g(n)=(~1)"h(n) 2 0 5 © mn
G(ej“’)= H(ej(‘”‘“))
G(e')
. | g
o H,(e™)
I -, ™ nl+o;c ] “‘1 .
Ideal HPF | R
. . . -t 3m 0 3n = (&
) Vo)< Xfe o x(et) S
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H(e™) > Hp,p (") 11.

JILFT

. (nnj
sin|
h(n) =(-1)" B

sm(zj H,(e™)
him)=h2n)=——= < |12
27n
o mo
09. 2 2
Sol:
12
M B N S
X(ej“’)= _7]8(03+ (01)+%8(m—(01)
1 & 27d(w)
1e™" < 2n8(0—o,)
By applying inverse DTFT
x(n):L Zlgiten ] gjom
2n| 2 2
— L Le_j(’)ln _Lej“)ln
21| 2j 2j
1 .
= ——sinon
2n
10. .
Sol: tH(e)
>
6 6
. : T T
Input signal frequencies are 2

Then the output is y(n) = sin[gnj

Sol: H(ej(” ) -

Sol: For an LTI system input isx(n)=e®"
then output is y(n) =e’*" .H(ej‘”“ )

H(e™) = ih(n)e’jm“

H(ej“’): 842 cos2m — 4+4/2 cosm

W, =—
0
4

12.
Sol: (a) y,(n)=x}(n)it is not an LTI system.

(b) Input frequency and output frequency
are same. So, it is LTI system.

H(e®) =2
(¢) y3(n) = x3(2n) it is not an LTI system.

13.
Sol: H(e")=2 o cosm + P

He] o =0 H(e"] .. =1

w=—" 0=

ov2+p=1
1

1442

DC gain = H(") = 30 =

p
3

1++2

14.

b+eJ?

1—ae™J®

H()] = 1 = H().H*(*) = 1

b+e I | b4el® 1
1—ae J® | 1 —aed®

Only whena=-b
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1S.  Ans: (a) 40+4(2)cos(ﬂ+5—5)
Sol: H(ej“’): 1+ 0e I 4 pe i 4 2
m T
x(n) = 1 + 4cosnn =40+ 8COS(T a Z)
xi(n)=1w=0
0V = 14 o + 0y 18. Ans: (b)
[H (€D =1+ a+p £H(E) =0 Sol: Anti symmetric, k =2
=1l+a+
yim=1+o+p 0(0) = 20
xz(n? =4cosnt ®=T | Slope = -2
HEM|=1-a+p LHE™) =0
y2(n) =4 (1-a+p)cosnn 19. Ans: (b)
¥ =(1+a+B) +4(1 — o+ B) cos nm Sol: x(n) = cos[Slnj _ cos(ﬁnj wg =X
y(n) =4 only whena =2, =1 2 2 2
H()| = 1 LH(ej(”O ): -z
16. Ans: (a) 8
R y(n)= COS(E _ E)
Sol: Y(e2)= 3 x(a) S h(n)=15LB 28
n=0 W 20.  Ans: (b)
. Sol:
7. x(n)
",'P
Sol: y(n)=x(n) +2x (n—1) + x(x-2) 1
Y(&®) = X(e°) [ 142¢3° + ¢ 4] 1] | ]
HE)=[1+e™ ] 21012345
_ .. 2
- [ 1+ cos © —j sinw] x(n) is symmefric about n = 2
(a) [H(¢ )\_ =12+ 2cosm| £X(e”)=2m
ZH(@E®) =- : _
) =-o ZX(eJm):_z(zj:_n
[H (@) 42
A 4 H (e]o))
1 21. Ans:3
0 4-2e 1— Lo
2
‘LI.F.T
(b) Output of given input 10 +4cos LT s x(n)= 31 u(n)
2 4 2\2
x(n)=10,H(c"”) =4 = » &(3V(1)"
y(n) = 40 By = 2[xn) = Z[— (—j
n=-—oo n=0 2 2
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O3 (1) "
4n=0 4
9 1
_1
411 A —n/3 /3
22. : nm .
Sol: , Sin— sin—— p
| 3 11 1]
A (&) - Py 5 d(o
1 X () =~ 2nn Snrn 2¢m ‘[£2)(5
_ L
-~ o 0 40
(b) Ans: 8
o n)=2"uen 12
E—_ [1d0="2 i’
2n T
23. 2
Sol:
1
(a) Ans: — W T -
40 10 1 2 ]

By plancheral’s relation

i X(n)y(n) = iJ‘X(ej“’ )Y(ej‘” )d(o

n=-o T

ym)=2"2un+1)

. [ NTT . (N1 n
Sln(4j 1 Sln(4j Y( )
x(n) =— 4
2nn 2 nn }’
(1,
12 -1 0 1
: (nnj
s ——
_\4) o Use Plancheral’s theorem
2 n 1 2n ) ) +00
— IX(eJ‘” )Y(e‘“” )do) = Z X(n)y(n)
—1t/4 /4 27[ 0 n=-w
2
— n-1 ~A-n+2
- = le 2
1 Sim 3 n;‘
y(n)=-| ——= = ) 2=2+2+2+2
5 Tn ~
=38
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Sot: L2
N / /4/ }/
(a) X(eJ ): > x(n)=6 /2/}/}/
n=-o0
w / /2/ }/
) X(e")= n;o(_l)nX(n): 2 g = {2.6,9.6,2)
o = g(n) is non causal and maximum
© X" Mo =2mx(0) = 4 value is 9.
TR 26.
@ [X(e* k¥ *do=2mx(2)=0
“r Sol: 2nX5kg®32nX10k
. ; ; 40k 40k
© [jx”) do =27{ > [x(n) }=28n Fs = 2f, = 2x20k = 40kHz
2 %smsg
) J. diX(ej‘% do = 271[ Z|nx(n]2}
—n ® n=-ow
~158x2m =316 2%, “amsi@)
(®) AX(ejm ) o= 26 (a=2) Sol:  x(t) =cos(2,t)
N L Qn |
25. Ans: (d) x(nT, ) = cos(Q,nT, ) = COS(IOOOJ (1)
Sol: f(n) =h(n) * h(n)

f(n) = {%, 4,8, 8,4} = causal

g(n) = h(n) * h(-n)

h(-m)={2 2 1}

A
h(—n) ranges fromn=-2 to n=0
h(n) ranges fromn=0 to n=2
.g(n) ranges fromn=-2to n=2

Given x(n) = cos(%} = cos[%%nj ------ 2)

By comparing (1) & (2)

QO _ E
1000 4
Qy=250m

Q, 9n
> 1000 4
, 2250%

28. Ans: 2.25 kHz
Sol: H(e™)=0.5+0.5¢7*

o= L is 3 - dB cutoff frequency

2
_2af

o= =

fS
2nf T

9kHz 2

T
2

f=2.25kHz
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Chapter@ Z - Transform

01. 06. Ans: (d)
Sol: (a) finite duration both sided signal 0 < |z| < o0 Sol: poles = j, —j, zeros =0, 0
(b) finite duration right sided signal |z| > 0 X(z) kz?
Z)=
(¢) infinite duration right sided signal 7z’ +1
(2 >1/2) (|2 > 3/4) = |z| > 3/4 X()=1=k=2
(d) (|z>1/3)N(|z|<3)\(|z| > 1/2) =1/2< |z|<3 2,2
02. X(z)= =5
Sol: a"u(n) <> . i i ke a Given right sided sequence so ROC is
. > = > 1
—a"u(-n—-1) < .|z < |a| 5,2
‘K X(z)= 5, ROC isz| > 1
ROC=(z|> 1) n(z|<|a))=1<|z] <2 z°+1
Only when o = £ 2, “ny’ any value
07. Ans: (b)
03. Ans: (a) Sol: X(@)=Y 27"
Sol: ROC = (|z| > |a]) N (|z| < [b*]) common ROC n=0
exists only when |a| < |b7| =l +722 4+l e
04. i) Ans: (b)
Sol: - ROC = (|2] > al) A (2] > [b) (Jz] < [e]) =4 ool
=[b] <|z| <lc| 4 2
if) ROC = (1Z) > [a) (12| < |B) , |
X(z)= Zz  Z Now consider (a) option
Z-a Z- = (2"
o B Yi(z) = Z(%j -
(A)a>p no Z.T —=\3
(b) a <P Z.T is exist 2 R
(c)aa=PBnoZT :HEZ Tz oo
05. Ans: (c) D x(n)y,(n)#0
~1/2 3/2 -
Sol: X(z)= 7 I Now consider option (b)
1—52_1 1+EZ_1 Yoz)=z'+4z 3 +------
101 n 3(_1 n Y2(n) = {09 13 Oa 49 """ }
x(n)=——| = | uln)+=| — n e
() 2(2j ) 2(2j () D x(n)y,(n)=0
X(2) =Y n:_w
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08. Ans:r=-1/2 If zero=1
L L 1 r
. 1+—z" +r(l-=2z") -
Sol: H(z) = 1 Lt 4 2 4 1
=l el ot s 1ty 74 3 T
2 4 2 4 +r
L N

Consider the numerator

lJrlz’1 +r[1—lzlj
4 2

I r) 4
(1+r)+(z—5j2

Zero =
l+r

09.
Sol: H(z)= 2%
z'—-z+1

(i) h(n) is right-sided

2

If zero =-1

Ir

4 2t r_ .
I+r 4 2

! _—5 = r =-5/2 is not valid

2 4

Because given as |r| <1

2°—z+0)z—4z" -3z =4z + ...
z—1+z"
4+
-3-z"
—3+3z7"' =327
—477' 43772

\
\
\
\
\
\

Compare with Z-transform

H(z) = ih(n)z-“ =h(0) +

h(Dz" +h(2)z7 +......

h(0) =0; h(1) = 1; h(2) = -3; h(3) = 4
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Signals & Systems

(ii) h(n) is left sided

—4+z)1—z—z2(—l+iz—£z2+ .......
4 16 64
.z
4
+
322
4
24 _16
Ep
16

For left-sided sequence

H(z) = Zolh(n)z_“ = ...+ h(=3)Z’ + h(-2)z> + h(~1)z' +h(0)

1 3 13
h(0O)=-—; h1)=+—; h(-2)=-—
(0) 2 D T (2) 7
10. 11.
\ Sol: g(n) = 0(n) — d(n—6)
Sol: X(z)=——| 122422 |1, 0 G@)=1-7°,12>0
1024 1o =~
2 12.
10
L) 0o Sol: X(z)=2z"+2z+ 22
1 2 zZ—-
I x(n) = 8(n+2) +25(n+1) - 2 (2)"u(-n-1)
2
x[n—n,] <>z "X(z) 13.
5Y 10Y"
Sol: x(n)=|>| u(n)+| = | u(-n)
Applying I.Z.T 4 7
1 n 1 10 1 n-10
== “1=1]= ~10 ;
x[n] 5 u[n] (2j (2j u[n—10] (%) u(n)(—)is, 12>5/4
1 4
x[n] = 2 [u[n]—u[n —10]] i
7 z 7
1) — | u(n) &> 7 |z|>—
x[n]=|=|;0<n<9 10 S 10
2 10
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7\ - 7 By L.Z.T
[ﬁj uen & —=— >3 nx[n] = a(-a)" " u[ln—1]
| 10 15.
10" - 10 Sol: X(z)=z'+2z"-2z+2-32"*
(7} u(—n) <> 7 |z|<7
10 H(z) =27
z
Y(z)=X(z)H(z)=2z+2z" — 42> + 427 — 62"
1
2 S y(4) =0
- - T 1 3
4 z 10 Sol: x,(n+3)e Zl Jz|>—
10 o
(|z|>—m|z|<7j 122
-1
z
ROC = > <[4 <2 x,(-n+1)o | z[<3
4 7 1-—2z
3
2
14. Y(z) = z ,—<z]<3
Sol: Y(z)=|—2— |X| -2 (l—lz_lj(l—lzj
z-1] (1/2 2 3
o"x(n) < X(Ej 17. - 3
¢ Sol: Causal system H(z)= _3Z ; |z > =
UzZT a=t I+ 2" 4
2 4
1Y Input z-transform
= k| —
o=t Xe)= g g <k«
1 1 -1 l_Z 3
1Y 27z
=u[n]*| —| 2"u[n
o] [2j ] Y(z)= X(2)H(2)
= (n+Du[n] 2.
_ 3 J3
I.ZT of X(z)=log(l+az"); |z > |a| B 1 3 ) 4775
l—gZ 1+ZZ
Differentiation in
d 8 8
Z - domain = nx[n] (L)—ZEX(Z) ___ 13 . 13
ROC=R 1—:152‘l 1+iz_1
-2
i X(z) = M izt
dz 1+az g /1) " 3y
d az”' n)=——| = uln +—[——j u(n
2o X@) = y(n) 13(3} ()31 -%) o)
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18. H(z)=1-0.25z7 — F.IR filter
Sol: = not linear phase
h(n)=8(n)—dm—1)  x(n)=(~1)" u(n) By applying L.ZT
Hz)=1-7" X(z)= 1 h[n] = 8[n] — 0.25 §[n-2]
1+z!
1— 2! 21. Ans: (a)
Y(2)=X(2)H(z)=— Sol: y(n) = h(n) * g(n)
. Y(e*) = H(e"”) G(e")
L.Z.T ' jo
) = Y(ej‘JJ ) — AC_L
y()=(-1)"u(m) - (1" u(n-1) - 1e_jw
2
19. joy jo 1 —jo j®
Sol: y(n) - 0.25 y(n - 2) = x(n) e gl - e Y(E)
ZT 1
H(z)=Y2) | = g(m) =y = ~y(n-1)
X(z) 1-0.25z7
Putn=1
1 1 1
N 1 :>g(1)=y(1)—5y(0)=5—5
x(n) =2+ cos(—nj —> H(Z) =
s 2 1-0.25z g(1)=0
J’ T
! m;{] 22. Ans: (c)
1 1 4 Sol: H(¢®)=1-¢ =0 only when
H(Z)L:l T 1-0.25 _g_g 60w=2nn(n=1)
4 . T
(2f =t —1-2 3
=l 1+0.25 é 5 2nxf_£
o 4 ok 3
n)= 2| — |+—cos| — f =1.5k
s0-33 )+ 5ol 5
20. 23.
Sol: H(z) = X _ 1+0.5z7" | Sol: X(z)= 1_0%, z|<2
X [11} h{n] x(n) =-0.5 (2)" . u(-n-1)
1+0.5z X(O) =0
= (1+0.527)(1-0.5z"")
2 n 24.
1
Sol: x(n)= neven
025 0 nodd
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_ 2., 4
=>X(z)=1+z"+z+.... NO_Z_nm=2_nm
_ 1 ®, n
1-27 4
_ 1 N() =8m
- (1 _ xl N Z—l) Np = 8 is the No. of samples per cycle
-N
x(oo): Lt(l—z_l )X(Z) Y(Z) _1|1=z
e X(z) N|1-z"
1
— Li(1-2") N=8
Z—>1( /(1 +z7 XI -z ) -8
| Y(e)=| o |X()
_ 2 8l 1-z"
2
Final value theorem
25. y(oo)= Lt (1 -z )Y(Z)
Sol: & R
d(n)+8(n-1)+06(n-2 ” S D e
@ b= 2D o0 =) o)=Lt -2 )2 L_ }X(Z)
l+z'+27 Z2+z+1 1-z*
H(z) = = =Lt X
) 3 Y yle)= Lt——X(z)
2 finite poles, 2 finite zeros () =0
(b) Given x(n) =u(n)
1 27. Ans: (¢)
X(z)=——
@=17 Sol: ¥(z)=H(z)X(2)
-1 -2
Y(@) = H») X(2) = -2 _ A
10{1 —z 1=77" 1 o
(@)= Lt{l-z" )Y (2) =52 (i-2")
y z—1
-1
vz 4z 1 y()= Ltl(l - )Y(Z)
=Lt (1 -z — e
21 10 1- 3
=>A+—=0
(@)= L3 2
Y 10 10 A3
2
26. Ans: (a)
Sol: The output of the sampling process is 28. Ans: (c)
x(nTs) =2 + 5sin(100xxnxTy) _
1 Sol: H(z)= Pz 5 22
T = m 22" —a
. 1 Pole = + .[<
x(n)=2+551n 100X Txnx—— “\>
400
x(n):2+5sin[n7ftj, o, :g \/% <1l = |a| <2, any value of ‘f’
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29. 32. Ans: (a)
Sol: Sol: H(Z): —l+l z
(a) An LTI system is stable if and only if ROC 2 22z-2
includes unit circle. Given stable system. So, ROC includes unit
05<|z|<2 circle. ROC is |z| <2
-1 1/
(b) For an LTI system to be causal & stable, h(n):78(n)—5(2) u(—n—l)
all the poles must lie inside the unit circle. 33
z =2 is the pole lying outside the unit circle. Sol:

So it is not possible.

() [z|>3
|z|<0.5
05<|z|<2

2 <|z| <3 are the four possible ROC’s

30. Ans: (d)
(Z —3ej9j(z —3e‘j9j
Sol: H(z) = 4 3
4
Z PRN—
3

Numerator order > denominator order

: 4
s0, anti-causal system & |z| < 3" stable

31.
Sol:

Ans: (d)

Poles=1-057"'=0=2=0.5
Zetos=1-27"'=0=z=2

If all zeros and poles are inside the unit
circle [|z| = 1] then it is a minimum phase
system.

So given system is Non minimum phase
system if all poles are inside unit circle then

we can say system is causal and stable.
So given system is stable.

(a) Ans (a, b, d)
27° +3

o)
Z+—|z——=
3 3

27* +3=> Zeros at z = ij\/g =+jV1.5
1

z+l z—l :Polesatz=l and
3 3 3 3

h(0) = Lt H(z)
2 -2
214 z°(2+3z7)

i 22(1 + lz"l j(l —1 Z")
3 3

(b) The system is stable
(d) h(x) = Ltl(l -z HH(2) =0

(b) Ans: (c & d)

=2

34. Ans: (d)
Sol: y(n) - 0.8y(n—1) =x(n) + 1.25x(n + 1)

‘LZ.T
Y(z) (1-0.82")=X(z) (1 + 1.252)
Y(z) 1+1.25z

T.F H(z)= %) _
) X(z) 1-0.82"
I 1257
H(z)=
&= o8 " Tso8
‘LI.Z.T

h(n) = (0.8)" u(n) + 1.25(0.8)™" u(n +1)

race
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A
<

As N(z) is of higher order than D(z), the

! 0.8 system is not causal, as d(n + 1) is one of
0.64 the terms in the output for the input §(n).
I T If the N(z) is of lower order than the
T . denominator, the system
0 1 2 3

(i) may be causal or

(ii) may not be causal as it depends upon the
+ ROC of the given H(z).

So, Both Statement I and Statement II are
individually true but Statement II is not the
correct explanation of Statement I

1

lie at z=0. True
(b) An FIR filter is always linear phase.
False
An FIR filter is always stable. True
(d) A causal IIR filter can never display
linear phase. True
(e) A linear phase sequence is always

25
38.
T T g - Sol: (a) All the finite poles of an FIR filter must
> n
1 0 2

Non-negative samples of impulse response. (©

35. Ans: (¢)

2
Sol: H(z) = G i symmetric about is midpoint. True
(z+0.5) (z-0.5) (f) A minimum phase filter (poles, zeros
(1) The system is stable because poles inside unit circle) is not linear phase.
z= % 0.5 are inside the unit circle. True
(g) An allpass filter can never display
(2) h(0) = Lt H(z) =1 linear phase. True
- ZRXE ] 39. Ans: (b) } }
£t 2 () rdZ
) 2jo 0
H(e™) = = 065)(+j(10 v A zgzo Direct Form - |
e +0.5)(e’ -0.
x(n) | P=0 \Z >_’_( Z) Y(n)
36. Ans: (¢) 7 7
Sol: A causal LTI system is stable if and only if

all of poles of H(z) lie inside the unit circle. ( Z)
So, Assertion (A) is true but Reason (R) P Z) ( 0

1s false.

37. Ans: (b) 4(;—@) R

7°-27"+z N(z)

Sol: H(z) = 1 = b 7" z"
2+ -7+
P3 —d3
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No. of delays = 6 ©
Direct Form — 11 Z|h(n)| < oo stable
) , = oo unstable
X\ : ©, . |
0 n
71 Z(a) :E, a|<1
n=0
(Z\ /Z> =00, |a] > 1
N P For b, ¢ cases system transit from stable to
, : unstable system.
7
(2)— (3 | .
- 0 0 N .
Sol: From signal flow graph
z" 1— k 77!
@ y . R L
—d; P, + g V4
No. of delay’s =3 Pole = ‘—_k <1
3
40. k| <3
Sol: y(n)=x(n-1)=Y(@) =z X(2)
» 44. Ans: (¢)
H(z)=z" =H(z) H:(2) Sol: From signal below graph reduction
-1
o 1-0.6z7" H(z :2+z
Hz(Z)—Z {m ( ) 1+2Z_1
_2z+1
z+2
41. Ans: (a)
Sol: H(Z)=1 = _11 — (1) 45. Ans: (b) |
-0.7z7 +0.13z : jo
Sol: H(e“” ) =4 2?@ *l
From the given plot e +2
H(z)= A (2) H(E")[ =1
l-a,z"' —a,z” o
: H(™)| =1
By comparing (1) & (2) ‘
ay=1,a,=0.7, a,=—0.13 H(e™)| =1
So, All pass filter
42.
1 46. Ans: (a)
Sol: H(z)= — Sol: 1-k[z'+z%]=0
h(n) = (a)"u(n) Z7—zk—k=0
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Lk 4K+ 4k From the above block diagram
Z1,2= -1
2 H(Z) _ d+ dCZ_1
1-bz
For causal & stable |poles| <1 By comparing
1
d=-054,c=——,b=0.54
+ + ) )
K10z, 1EVS _1£2236 0.54
2 2
(outside the unit circle) 48.
Sol:

47.

Sol:

k:2221,2:

2i2\/521i\/§

=1+1.732
outside the unit circle

Here k =[-1, 1/2]

- 0.54+7z"
1-0.54z"

xn) 43

H(z)

1 1

&)

y(n)

A
y

H,[z]H,[z]H,[z] =1

L[ 05 JAC+azhi+052"]
1-0.47"

=04
B=0.5
05A=1
A=2

(1+pz™)

¥ ace

Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online

Affordable Fee | Available 1M |3M |6M |[12M |18M and 24 Months Subscription Packages




Chapter Discrete-Time Fourier Series

01.
Sol:
x(nT,) = X[ = } = ACOS[R—H} + Bcos{n—n}
1000 5 )
~L )
Nl = 10 N2 — 4
N-1 . Tc
Ckekaon N _ 20 N 600 _ T
= 10
x(n) :éem)(ﬁjn +éej(_2)(BJn +Eej(5)(ﬁjn +Eej(_5)(ﬁ)n
2 2 b >
A B
C2 :?:CZJrZO CS:CSZE
A
C—2 = ? = C18 C—S — C_5+20
02.
Sol: C,;=Cy,,=C =] C, =Cuin
Ci=Cu=C,=2j =C,,,
C,=Cu=C=3j =Cia

-+ Signal is real & odd, Fourier series Cx will be imaginary & odd C, =0

03. Ans: (b)

2, HF) ' 2 5HeK)
Sol: x(n)z Zake =a,+ae +a,e
k=0
2n  4n j2m
®y=—=— =2+le ?
3 6
j4mn j2m 27
a, =a,,, =1+ 1 +e ¢ wl=e ® e °©
2L3:2L3+3:a()=2
j2mn —j2nn j2mn
au=a =1 =l+e ®|le ¢ +e®
j2mn 2
m
=1+2e ¢ cos| —
6
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04. Ans: (b)
Sol: Given

x( )—1+2Sm(45—nn+—)+481 (?n+—J

n+j
3

=1+2Cos 4—n+ +4Cos
5 4

5
. T T 27 T 27 T 2n T
=1+ e_ﬂ[?)n.efJZ + e_ﬂ( ’ Jn.eJZ +2e 4(?}1 e} +2e (?]n e’
The value of C_, = e_jZ
05.
Sol: x(n)=(-1)"—>N=2->0,=n x(n) = {1,-1}
C,] 1t 117 Jo
c, | 21 -1]-1] |1
Input coefficient — Cy
Output coefficient — C H(e”*) =d,
d,=C,=0
d, =C, H(e™) = (1)(0)=0
06.
N-1
x(n)=ZC gkoon @, —2?75 Ci =Cs
B e C,=C,=2 6
:che i,
=0 C,=C =¢e’
’22—7( —‘ZEn '42—nn —'42—ﬂn
=CO+CZeJ[SJ +C2ej[5] +c4ej(5) +c4ej(5)
jm jam _gn _j4m o g @Bn o o jn j8m
=2+2efe’ +2e %e 5 +e’e’ +e e
= 2+4cos 4—Ttn+E +2cos 8—an+E
5 6 5 3
4 2m 8t Sm
4sin| —n+— [+ 2sin| —n+—
5 3 5 6
07.

Sol: H(e!®)=—-e""—e +1+e7 "+

N=4 = 0,=% = C, =1 vk
2 4

—jkE

Output coefficient= C H(eﬂ“"o)— [1 e 5 +e 2]
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08.

Sol: ej[%]g]n < Cyy,

<—>Ck_E
() + (=) x(n) A
X(n)+(— X(n Y
n)= ->—
y(n) 5 5
09. jkagyn
x(n)e™ ™" < C, _
Sol: x(n)=—(-1)"x(n) o
0) = x(£2) = x(24) =0 o o)
X(0) = X(42) = x(+4) e ) Sl
n=0, x(1)=+1 x(2)=-1 1
x(3)=-1 n=3 W [
n=2, 2(5)=1 0 5{#45671 G
10. Ans: 0.038
Sol: a, =—X(k) O, =%=%
N N 5
1 (2nkj 2
a, =—|l+cos| —||e
5 5
a, =1+ cos O =|ﬂ| —0.0382
5 5
11.
Sol: Example:
x(n)
\’
Period N =3
2n  2m;
0)0 = —
N 3

Possible frequencies of the input are

-
o (Z){)....

This is passed through filter with cut-off frequency o, :g, So output can have only one

non-zero coefficient.
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12.
Sol:

x[n] = ié‘)[n—4k] =C, :% vk

k=—x

Input coefficient — Ci

output coefficient — C H(e')

Sm T T T
y[n]=cos| —n+—|=cos| — +—
2 4 2 4

2n+m/2

L 3, L gols)

C,=—e‘'e e ‘e
2
k=1 k=-1
1 =
C, =—e*
2
1 i} 1 -5}

C,=—¢ *=d,,=d, =§e 4
Output contains harmonic numbers k = 1 & 3
So, fork =0 & 2 = H[ejkz] =0

Fork=1

z

[
z|<=1

n

1
e
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