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Chapter@

Introduction

(Solutions for Text Book Practice Questions)

01. Ans: (¢)
Sol: The maximum value of
A. x(n) +2x(-n)={-1,-1,3,1,1} is 3
The maximum value of
B. 5x(n)x(n-1)= {0,5,5,-5,5,0} is 5
The maximum value of
C. x(n)x(-—n-1)={0,-1,1,1,-1,0} is 1
The maximum value of
D. 4x(2n) = {4,4,-4} is 4
B>D>A>C

02. Ans: (a)

Sol: x(t)} X(m)‘

1 | ! > { ! I —>t
-1 2 -2 1
x[i+lj x(—£+lj
e e
4 2 2 4

Non zero duration = 6

03.
Sol: Sifting property of impulse is
ty
[x(03(t—t)dt =x(t,) t, <t, <t,
f
= 0 other wise
(a) to = 4 1s out of the limit so value =0
(b) (t + cosmt)=; =0
(c) cost u(t-3)| =0 = 1u(-3)=0

04.
Sol: x(n)=1-[d(n—4) + d(n-5) + ----- ]
4 x(n)
2 10 1 2 3 "
x(n) = u(-n+3) = u(Mn — ny)
M=-1 n, =-3
05.
Sol:
(a) 4 X
]
1 0 ¢
-1
(b) AX(t)
I
|4 | | AN >t
2|1 2
06.

Sol: (a) as t— oo, amp — 0, Energy signal
(b) Constant amp — Power signal

(c) Power + energy = Power signal

d 1 1
(d) Ee ) (d) Periodic signal — Power signal
t=2
- (e) as t > oo, amp—o0, NENP
(e) tsint| »=—
=3 (f) as t >0, amp—> oo, NENP
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07. Energy of the secondary signal
Sol: = 1+ 2(0.75*+ 0.5> + 0.25%)
@ =275
E.m= Z|X (n)| = 2(0‘(0 5)" ) =2 a’(0.25)" Eiwm >Eqam
n=0
2 0~2
e 2(025) T1-025 075 o
Sol xoc(n)= x(n)—x (—n)
E =Y P=1.5+15=3 ?
x2(n)_n§"2(n)| =lotlo= 1+37  —1+77
. 2 b T’ 2
Given E_,=E_,
o2 09.
075 > Sol: x(t)
o’ =225 t
=15 2
(ii) Ans: (a)
>t
Sol: xi(t)=t; -1<t<1 2. -1 0 1
H=1-t; -1<t<1
xa(t) 1t]; 10.
T=0.25 1
Sees ol: (a) T,=—,T, =—
xi() xa() < U
1
----- b I H_ZicM=3
DN AN e
-t ooy To=LCM xT: = 1/3
x1(n)
| ‘ | (b) lel—?,T2:15
TTFT_TTTH s ¢ T 1
~1-0.75-0.5-0.2500.25 0.5 0.75 | — 14
anniaEae e
. : ~—> LCM=11
-1 -0.75-0.50.25 0 0.25 0.5 0.75 |
T() =LCM XTl =15
. - 2
E =
nergy in x(n) ;O|x(n)| © T = 2n T, = 2
n 1= 3 2 5
Energy of the first signal T, 5n
) ) ) ) — = — irrational number
= 2(1"+0.75°+ 0.5+ 0.259) T,
=3.75 So a non-periodic.
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




s

&:ACE 4

2 W
d) Ty="=== (m)
@ To=75=73 x(n)
(e) It is extending from O to oo
So non-periodic
t)+x(—t) 1
() x.(t)= M =—cos 2mt
2 2
2n  2m
T == = 1
" w0y 2 11.
Sol:
(@) 20— 3 rational, so periodic (A) x(nTy) = 2cos(150xmxnxT, +30°)
21 6 31
o 6 =2cos(—n+30°j
No=—m=-m 4
®0 > _3n
Ny =6 @0 ="
(h)N;=8m = N;=8 Nozﬁm:§m
N, = 16m = N, =16 @y 3
N;=4m = N;=4 No=38
&:ljmzz (B) Ans: (a)
Yo 2 M N —2m:>N =2
LCM =2 173 1
N():LCMXN1:16 2
N2 =—m = N2 =2
. ®Op 7 . wr 7
(i) — = — - rational, so periodic 20
2n 2 N;=—m=N;=4
27 2 25
No= g™ "7 Np N,
®0 —L -1, —L-—LcM=2
N() =2 N2 N3 2
(j) multiplication of one periodic & No=LCM x N; =4
non-periodic is non-periodic on = 2w
0=—==
(k) u(n) + u(-n) = 1 + 3(n) is non-periodic 4 2
x(n) = cos(60)0n) + sin(l4coon) + cos(S(oon)
) 4 X(n) so 14™ harmonic.
©)
N0:2 -2 2 "t
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T=2sec
x(t) = l.singt 0<tL2

2
Isingt dt
Average value = 2 5
2
T
cos—t
G
T
—(2
()
_ (cos —cos0)
T
= %
T
2
Xave -

Energy in one period

—j51n —t dt

2
A J-(l—cosntjdt
2

0

1 sin Tt ?
=|—t- =1J
2 2 |,

(=]

Energy in one period

Signal power =
shap Time period

Y

RMS value = /P,
_ 1
V2

| —

T="17sec
det+j4dt+f 2 dt

Average value = ©

8
7

Energy in one period
2 5 7
=[0dt+[47dt+ [(-2)dt
0 2 5

=16x3+4x2
=56J

Energy in one period
Time period

56

7

=8W

RMS value = [P, =+/8

Signal power =

%
2
1 f
—15|1.5 35 >t
T=5sec
1
x(t)= S(t+43), -15<t<1s
0 , 1.5<t<3.5

Average value
Area of rectangle + Area of Triangle

%
. 5
x(t) Signal 2 1
: 3(1)+-6)1)
- . _ 2
7 ot 5
s |, 2 s =09
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Energy in one period

(;(t+4 s)jzdt

-1 (t+4.5)dt
9715
[ (t+asr ] o
9 3 -1.5 B
P, =~ =14W
5

12.
Sol: (a) [x, (t)+ x, (t)]x, (t-2)+x,(¢~2)]
# X, (t)xl (t - 2)+ Xz(t)Xz(t b 2)

1s non linear

(b)sin[x, (t)+ x, (t)]# sin[x, (t)]+ sin[x, (t)]

is non linear

d _OLXm(t) dez(t)
(©)g Lo (6)+ B, (O] = === ==

is linear

(d) 2[x1 (6)+ x2 (6)]+3 % 2[x (1) + x2 ()] +-6
is non linear

(@) j [ax, (t) + Bx, (t)ldt

X, (t)dr is linear

(0 [ O+ (0F = xF () +x3(1)

is non linear

(8) [a’xl(t)+ sz(t)]cos an
= ax,(t)cos w,t + Bx, (t)cosm,t is linear

(h) loglx; (n)+x,(n)] = loglx, (n)] + log[x, (n)]

is non linear

(1) |X1 +X2 )| |x1 nx |x2 X
1s non linear

() a*x*(n) # ax*(n) is non linear

(k) non linear (median is a non linear
operator )

1 x;(n)+x;,(n)
O Xl(n—1)+x2(n—l)
is non linear

- Xl(n) n Xz(n)
xj(n-1) x;(n-1)

(m) linear (no non linear operator is present)
(n) eima() o ex) L ex) g hon linear
13.

Sol: (a) tx(t—t,)+3 % (t—
time variant

t )x(t—t,)+3

(b) ") = eX"%) time invariant

(c) x(t—t,)cos3t = x(t—t,)cos3(t —t,)

time variant

(d) sin [x(tto)] = sin[x(t—tp)] time invariant

dlx(t-t, )]
© e

time invariant

~ dx(t—t,) :i[x(t—to)]

dt—dt, dt

x*(t—t,) time invariant

(® x*(t-t,)=

(g) x(2t —ty) # x(2t — 2t¢) time variant

(h) 2X(“_“°)X(n —n,)= 2X(“_““)x(n -n,)
time invariant

(1) time variant (time reversal operation is
time variant)

(j) time variant(coefficient is time variable)

(k) all coefficients are constant
- time invariant
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14.

Sol:

15.

Sol:

16.

Sol:

Xz(t) = X](t) — X](t—z)
y2(t) = y1(t) — yi(t-2)

x3(t) = xy(t+1) + x3(t)

y3(t) = yi(t+1) + yi(t)

(a) Preset output depends on present input-
causal

(b) preset output depends on present input-
causal

(c) preset output depends on present input-
causal

(d) preset output depends on future input-
non causal (y(—n) = x(0))

(e) preset output depends on present input-
causal

(f) preset output depends on present input-
causal

(g) n>ng causal, n < ngnon-causal

(h) non - causal(present output depends on
future input)

(i) y(0)= zolx(k) present output depends
k=—o0

on present input - causal

G) y(-1)= Z x(k) future input non causal

k=0
(k) non-causal for any value of ‘m’
(1) oo =1 causal, o # 1 non causal
(m) causal(present output depends on past
inputs)
(n) non causal(present output depends on
future input)

(a) present output depends on present input
-static

(b) present output depends on present input
-static

17.

Sol:

18.

Sol:

19.

Sol:

(c) present output depends on present input
-static

(d) present output depends on present input
-static

(e) y(1) = x(3) present output depends on

future input - dynamic
(f) dynamic (differentiation operation 1is
dynamic)

(g) present output depends on past input

- dynamic

If a system expressed with differential
equation then it is dynamic.

The coefficients of differential equation are
function of time then it is time variant.

(a) linear, time variant, dynamic

(b) linear, time invariant, dynamic

(c) linear, time invariant, dynamic

(d) non linear; time variant, dynamic

If a system expressed with differential
equation then it is dynamic.
The coefficients of differential equation are

function of time then it is time variant.
(a) linear, time invariant, dynamic (a—2)
(b) non linear, time variant, static (b—5)
(c) linear, time variant, dynamic (c—1)

(d)nonlinear, time invariant, dynamic(d—4)

(a) y(t) = u(t).u(t) = u(t) - stable
(b) y(t) = cos3t u(t) = —1 < y(t) < 1 stable
(c) y(t) =u(t-3) stable
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(d) y(t)= dl;it) = §(t) unstable

(e) y(t)= ju(t)dr = 1(t) is unstable

—00

(f) sin (finite) = finite. stable
(g) y(t) = tu(t) = r(t) unstable

(h) y(n) = "= finite stable
(1) y(n) = u(3n) bounded stable

Dx(n)=1=ym)=n—-np+ 1= y(w)=0
= unstable

20.
Sol: Two different inputs produces same output

then it is non invertible.

Two different inputs produces two different

outputs then it is invertible.

(a) x1(t) = u(t) = y1(t) = u(®)
Xa(t) = —u(t) = ya(t) = u(t)
So, non invertible

(b) x1(t) = u(®) = yi(t) = u(t)
Xo(t) = —u(t) = ya(t) = u(t)
So, non invertible

(©) x1(t) = u(t) = y1(t) = u(t - 3)
Xo(t) = —u(t) = ya(t) = —u(t - 3)
So, invertible

(dxi)=A=yi®)=0
() =-A=y()=0
So, non invertible

(e) xi(n) = 8(n) = yi(n) =0
X2(n) =—-8(n) = y2(n) =0

So, non invertible

() xi(n) = 8(n) = yi(n) =0
Xa(n) =—-8(n) = y2(n) =0
So, non invertible

(g) So, non invertible

(h) x1(n) = 8(n) = yi(n) = u(n)
Xa(n) =-8(n) = ya(n) =—u(n)

So, invertible

21.
Sol: Given

x(n)

Unit delay > y(n)

Convert to Z-domain

X(z)

7! > Y(z)

Y(z) z"! 1

X(z): l+z70  z+1

(D x() =35 (n);

Ylz)= X

= vi)= L x()
1 1

Y(z)= 1 =

(Z) z+1 z+1

Y(z)=2"-2

(Z) “ z+1

Taking inverse Z - transform

ym) = (1" u (n-1)

ifn=0,1,2,3.......
Then y(n)=1[0,1,-1, 1,-1....... ]
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(i) x(n) = u(n);

= Y(z) = ﬁx(z)

1 z
Y(z)= ——
(Z) z+1z-1
Y(z) 1 _A B
z _(z+1)(z—1)_z+1 z—1
L
__ 2.2
z+1 z-1
V)=t 212
2z+1 2z-1
y(n) == (-1 uln) + - u(n)

22. Ans: (a,b & d)
Sol: (a) True ex: [e'u(-t)] [e u(t)]=0

(b) True ex: [u(t))][e "u(t)] = ¢ ‘u(t)
[u(-t)][e'u(®)] =0

(c) False
ex:

tu(t) — (t1u(t-1)

v

— power

(d) True

23. Ans: (a,b & ¢)
Sol:
(a) True
(b) True
(c) True
(d) False - Nonlinear system

24,

Sol:

25.

Sol:

26.

Sol:

Postal Coaching Solutions
Ans: (b)

Constant added - non linear

So, statement-I is true.

Time varying term - time variant

So, statement-11 is true.

Both Statement] and StatementIl are

individually true but Statement II is not the
correct explanation of Statement 1.

Ans: (d)
(S-D: y(n)=2x(n) +4x(n—-1)
If x(n) is bounded, y(n) is bounded.

.. Stable. (S-]) is false.
(S-II): h(n)=28(n) +4d(n—1)

h(n)=1{2,4}

A
Impulse response h(n) has only two finite
nonzero_samples. This is the condition for
stability.
2o (S-IL)is True.
Statement I is false but Statement II is true.

Ans: (a)

A system is memory less if output,
y(t) depends only on x(t) and not on past or
future values of input, x(t).

A system is causal if the output, y(t) at any
time depends only on values of input, x(t) at
that time and in the past.

Both (S-I) and (S-II) are true and (S-II) is
the correct explanation of (S-I).

Both Statement I and Statement II are
individually true and Statement II is the
correct explanation of Statement I.
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01.
Sol:
@ ¥(t)= [x(Dh(t- ke
1_MX(r) 4 h(t-1)
"t 2

Case () t2<0 y(t)=0,t<2

t=2 -3(t-2)

Case (i) t-2>0  y(t)= J-e’“dr _l-e ,t1>2
0
-3(t-2)
y(0) =12 u(t-2)
3
b
( ) 4 X(T) A h(t-T)
. 1
e t g
Case (1) t<0 y(t)=0
.. t t2
Case (i) 0<t<1 y(t):jrdr:?
0
1 1
Case (iii) t> 1 y(t)=[rdt = S
0

02. Ans: (b)

00

Sol: x(t) * h(t) = j x(Dh(t—1)dt = y(t)

—00

0

y(2) = j x(D)h(2-1)dt

0

y_
x(7) h(II v
A
1
1/2'__|
ol 2 6 ¢ 4 o 2

04. Ans: (b)
Sol: s(t)= [h(t)dt=u(t—1)+u(t-3)

05.
Sol: Assume — t+a=A =-dt =dA

00

z(t) = J.X(k)h(t +a— X)dk = y(t + a)

—00

06.

Sol: (a)x(t—7+5)=x(t—2)

(b) X(t)* if)(t + Ej - ix(t N EJ
2] a) | a

() x(t)*[28(t +3)+ 28(t - 3)]
=2x(t+3)+2x(t-3)
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(d) Ans: (a)
h(t)= 6 (t) +0.5. 5 (t-4)

x(t) = cos(%j x(t) *0(t-t,) =x(t—t,)

o/p y(t) = x(t) * h(t)

= cos(%j * {S(t) + %S(t - 4)}

Cos(180° —0) =—cosO
Cos(180° + 0) = — cos0

Tt 1 T
t) =cos| — |+—cos| — (t—4
y(t) (4j 5 {4( )}
1 Tmt 1 7t
+—cos| ——Tm|+—cos| —+T
2 4 2 4
=0.5 cos[mj
4

07.
Sol:
(@)eu(1)s(t—1)=¢"'3(t—1)
[From product property]

(b)e™'| =e ' [From sifting property]

t=1

(©) e’(‘_l)u(t - 1) [From convolution property]

08.
Sol:

09.
Sol: (a) Ax Ap=A,, j S(atudt = -
. o
11_A
OL.O(. (00
A=t
o
S L. jsinc(at)dt:l
oo o i o
Aol
o
(©) (1).(1)= AV2 je-atzdt=1
1
A= —
V2
T
d)nxt=2An ——dt=n
@ _J-1+t2
A:E
2
10.
Sol: (i) T=4
Ah(t)
% 4 [0 4 8§ ¢

1 y(O=x(0)*h(t)

ARA
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ii) T=2
(i) \h)
4 2 b 2 4 "t
y(t)
-3 1 1 3 L
11.
Sol:
(a) “X(t) A
1 1
> >{
3 1 t -1 1
ty(t)
T | \ >t
4 2 2

(b) Ans: (¢)
(1) u(t-1) & -5

(t-1)*u(t-1)

-
e
=—
3
S

N | -

© g

/T

(0)= - [ut)-u(t-T)
x(t) = u(t)
y(1)= x()# h(e)= = ()~ (e~ T)]

12.
Sol:

Signals & Systems
Ans: (a)

To get three discontinuities in y(t) both
rectangular pause must be same width. To
get equal width h(t) = x(t). It is possible

only

a=1
13. Ans: (a) rh(t)
Sol: 4

X(t)
5 2 42 2
> !
-1 T 2 02
ty(t)
10 10 10
3 1 3 !
ty(®
10
>t

y(t) =10 for all ‘t’
14. Ans: (d)
Sol: x(t)*h(~t)= '[X(‘C)h(— (t—1))dr

= jx(r)h(r —t)t

15.
Sol: y(n) =———+ x(— 2)g(n + 4)+ x(— l)g(n + 2)

+ X(O g(n)+ x(l)g(n - 2)+ x(Z)g(n - 4)+ -——=

n=2
otherwise

x(n) =8 (n-2) = 1
=0
y(n) =g(n—4)
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16.
Sol: y(n) =x(n)*h(n)
=2(0.5)"u(n) + (0.5)™ u(n—3)
y(1)=1,y(4)=5/8

17. Ans: (a)

Sol: y(n)=[a, b, c,d,a,b,c, d---- N times]
y(n) is a periodic function with periodic ‘4°.

So h(n) must be h(n)= Eé(n —4i)

18. Ans: 31
Sol: x(n) = {1,2,1}

h(n) = {1.x,y}

y(m)=x(n)*h(n) I

y(n)={1,2+x,2x+y+ 1, x+ 2y, y}
y(1)=3=2tx=>x=1
y2)=4=2xtytl =>y=1
y(n)={1,3,4,3,1}

10y (3)+y(4)=10x3 + 1 =31

Postal Coaching Solutions
21.

Sol: (a) h(n) = a"u(n) + B o' u(n-1)
(b) h(n) =0 n<O0 causal
System stable for any value of ‘f3’

except B #ooand o <1, excepta =0
22.
1 n 1 n-1
Sol: (a) (5) u(n)- A(gj u(n-1)=

Whenn=1,A=1/5

8(n)

23.

19. Ans: (d) 1\ 11\l
! . hl(n)*hz(n):(j ()__U uln-1)

Sol: Zh(n)=2a“+2b“<oo 2 22

n=—oo n=0 n=—o0

n

only when |a| < 1, [b[>1 _ (;j 5(n) = 5(n)
20. Ans: (b) 24. Ans: (a)

; ; . Sol: s(t) =u(t) — e *u(t)

. _ [ao0t Bt

Sol: _{Jh(t)dt| = ie dt + _{ce dt <co only when h(t)= dZ(tt) =8(t)- [e"”S(t)— oce"“u(t)]

a<0,>0 =ae “ult)
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26.
Sol:

217.
Sol:

= k=—
= i(ljk n=>0
k=0\ 2
=0 n<0

x(n) = u(n), y (n) = 8(n)

u(n) —u(n—1) = d(n)

y(n) = x(n) —x(n—1)

x(n) = nu(n)

y(n) =nu(n) — nu(n—1) + u(n-1)
=nd(n) + n(n-1)
=u(n-1)

he(t) = hy(t) * ha(t)
[h. (vt = [h,(x)desh,(7)
=h,(1)* j‘ h,(t)dt

se(t) = §'(1) x8,(t) = s,(t) x8', (1)
Sc(t) * Sl(t) * Sz(t)

28.
Sol: (a) True (b) False
(c) True (d) True
29.
Sol:
(a) TRUE
| | R
1_1oL
2 4 45

0

I|h(1:)|dt =o unstable

(b) FALSE
hinv(n)

d(n+3)—— =3(n)

h(n)
——5(n-3)

A4

Causal Non-Causal

(c) FALSE
Stability of LTI system Z| h(n)| <o

n=—oo

If [h(n)|<k +Zw|k|<oo unstable

n=-—ow

(d) TRUE
If h(n) is of finite duration with finite
amplitude then it is stable

1

« h(n)

012 n

2
D lh(n)|=1+1+1=3
n=0

(¢) FALSE
h(t) =e'u(t)

=

0 >t
Causal

o0

J.erdr =00 = unstable
0

(f) FALSE
—15(n+3) » d(n—6)*> =—0(n-3)
Non-Causal Causal Causal
(g) FALSE

Impulse Response h(t) = e 'u(t)
—s(t) = Ih(r)dr = Ie"dt =[1-e"Tu(t)

0
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This step response is not absolutely

integrable

(h) TRUE
u(n) = iS(n -k)

S(n) = ih(n -k)

Ifh(n)=0 forn<0
Then s(n) =0 forn <0
So, LTI system is Causal
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Chapter@ Fourier Series

01.

Sol:

02.

Sol:

03.

Sol:

Ans: Zero

T TT
T =—,T, =—
27 6

L3 - LeMxT =8

T, 2

Wy = 4

x(t) = 3sin (mot + 30°) — 4cos(3wot — 60°)
second harmonic amplitude = 0

Ans: (d)
(a) Given signal is periodic.
So, fourier series exists
(b) Given signal is periodic.
So, fourier series exists.
(c) Given signal is periodic.
So, fourier series exists.
(d) Given signal is non-periodic.

So, fourier series does not exists.

(P) Ans: (b)

Hidden symmetry ay, b, exists

Ans: (b)

Half wave symmetry a,, b, exists with
odd harmonics

Ans: (b)

0Odd symmetry & HWS — sine terms
with odd ‘n’

Q

(R)

(S) Ans: (¢)
Even and odd HWS — ag, cosine with
odd ‘n’

(T) Ans: (d)

ap =0 (because average value = 0)
Even & HWS as cosine with odd ‘n’

04.
Sol:

05.
Sol:

06.
Sol:

07.
Sol:

Ans: (b)
f1 = SHZ, fz = 15Hz
The signal lying with in the frequency band

10Hz to 20 Hz is 4sin(30nt + gj

2
p= (42) =8 Watts

Ans: (b)

At ot = 71/2

x(t):1—§+%_l+___
=tan'(1)= %

Ans: (¢)

0=k, k=1,2, ...,
T

The above frequency terms are absent.
The above frequency contains even
harmonics and also gives that sin terms are
absent. only cosine terms are present
Finally odd harmonics with cosine terms
are present so, x(t) it is a even and
halfwave so,

x(t) = x(T-t) even

x(t) = —x(t-T/2) halfwave

Ans: (a)

T1 = 1, T2 :107'5, T3 = 87[, T4 = ?TC
To =40r

0, = 2n_ 0.05rad/sec

0
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. Ans: h
08 ns: (a) 1 a, :iJIOSintcostdt =
T
S @)+ O)+0)E) 0
Sol: Averagevalue = =— _2 J‘ 10sin tsintdt = 5
6 6 27 o
— 2 2 _
09. Ans: (a) dy=yai+br =3
2n
Sol: a, =L f(t)dt 14. Ans: (d)
2y Sol: wo=m
ap= Average value = 0 x(t)=a, + Zan cos(nnt)+ b, sin(nnt)
n=1
10. Ans: (d) x(t) = A cos (nt)
1
Sol: Ty =4msec f, = — =250Hz °
T, A=a = J.x(t) cos(nw, )dt
5 fo=1250 Hz ’
4
11. Ans: (b) o
Sol: Odd + HWS — sine terms with odd | 1s,
harmonics Sol: ay=>5
1 n
12. Ans: (a) b, =j10sinnm dtzlo[l_nft_l)]
0
1¢ , a, =0
Sol: (RMS) =— [x*(t)dt 20 20
Ta x(t)=5+—sinnt+3—sin3nt+———
_ T T
T2/ 2 T
=1 (ﬁtJ dt+ [ 36dt tH(o)
T[4 T 1 1
i 3
_1[144 ¢ }
T Tz 2 A 47 "
1[144[ T° T
= —| | —|+36] = y(t)=5+§sinnt+§sin3nt
T T 24 2 i 3n
1
= —[6T+18T] 16.
T T
=24 Sol: o, = 3
RMS = /24 =2/6A x(t) = 2+ cos(20,t) + 4sin(5w,t)
TR e R
t)=24+— 200t | * —j200t TSt T —jSogt
13.  Ans: (c) ] M()=2+ e 4 e Y 2i
Sol: A 1 =LJ’IOSintdt:— _ _ 1 4 —4
ol: Average value =75 ) n c=2,¢=1/2,¢c,=—, CSZT,QS:7
J J
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@ ACE 18 Signals & Systems
17. 21.
L . i Sol: 1. x(t) is neither even nor odd.
Sol: ¢ = _[ te "'dt = Ite_lnzmdt =—— 2. x(t) does not have half wave symmetry
2nm . o
0 0 = option (b) is eliminated
co=1/2 3. If we take the time period as 6 sec then
a,=c,+c_, =0 second half of its period is exactly same
b - '(c e ) -1 as the first half. As a result of this all odd
n TG TC )= nr harmonic coefficients vanish and only
18 even harmonic terms are present in
o e o N Fourier series.
Sol: (i) y(t) =d, =e "¢ =e""c =cn(-1)
(i) £(t) = x(t) —y (1) 22. Ans: ()
. d,=c,~(-1)'¢, =, ll_(_l) J Sol: W, is a periodic square waveform with
(ii1) g(t) = x(t) + y(t) period T and it is having odd symmetry and
d, =c, +(~1)c, =c, [1 + (- 1)“J also odd harmonic symmetry (or Half-wave
symmetry).
19. Ans: (b) ) . A .
o A W, is a periodic triangular waveform with
Sol: d, =e™"c +e""c =2cos(nmyt,)c, period T and it is having odd symmetry and
T also odd harmonic symmetry (or Half-wave
Assume t, = 7 symmetry).
. .. Only odd harmonics: nfy, n =1, 3, 5 etc
d, =2c, COS(TJ of sine terms are present in wave forms W,
and W, in their Fourier series expansion.
d, = 0 for odd harmonics )
Note that waveform, W, can be obtained by
integrating the waveform, W.
20.
If c, is the exponential FS coefficient of the
dX(t) th . jnogt
Sol: y(t) = “dt n harmonic component, ¢, e
d,, = jnooc, | o | oc LI In”"| for waveform W,
d,
C, =-
Jne, | Cn | oC — =| n> | for waveform W,
n
1 T/2 —jn@ot
d, =— olt+d/2)-odlt—d/2))e dt
n=t ) -a-a) -
Sol:
2j . (nwyd (a) Polar form of TFS
- ?sm 2 =d, + Zdn cos(nw,t+9,)
n=l
d =
c, =4 do=2|c,
T do=2,d1=4,d=4,d:=4
Y qce India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams
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polar form = 2 + 4cos(mgt + 30°) 25.
+ 4cos(2mot + 60°) Sol: Let us show that this information is
+ 4cos(3aot + 90°) sufficient to determine the signal x(t) to

(b) x(t) > cy
x(at) <> ¢, , ®) = awy

x(t) © ¢,
X(t—tg) <> e "¢,
dx(t) .
—— > (jnw,)c
dt (.] 0) n
24,
Sol:

Ty
(@C, = L j x(t)e " dt
TO 0

1
c,== [reat
2 0

C :1—(—1)
2jnm
e, 1

CO:—J‘dt:E

2 I 1 1
P = C |P=—+—+—=0453W
HZJ n| nz 4 TCZ

within a sign factor. According to Fact 3,
x(t) has at most three nonzero Fourier
series coefficients a,:a,,a,and a_.

Then, since x(t) has fundamental frequency

0, = ZTiT = g, it follows that

jEt —j=t
x(ty=a,+ae? +a e *.
Since x(t) is real (Fact 1), we can use the
symmetry properties to conclude that a, is
a, =a’,. Consequently,

*

real and

x(t)=a,+ae? +|ae ?

Tt
=a, +2Re(aleJ2 J

Let _us now determine the signal
corresponding to.the Fourier coefficients
b, given in Fact 4..Using the time-reversal

e ()

property ‘we note that a , corresponds to

the signal x(-t). Also, the time-shift
property in the table indicates that
multiplication of the k™ Fourier coefficient

by e ?=e corresponds to the
underlying signal being shifted by 1 to the
right (i.e., having t replaced by t — 1).
We conclude that the coefficients
by correspond to the signal
x(—(t— 1)) = x(-t + 1), which, according to

—jkay

= ‘1 [ —ikm 1 (e—ik“ e ikm )] Fact 4, must be odd. Since x(t) is real,
- jk2n x(—t + 1) must also be real.
_ -1 (—l)k _1_1+(_1)k] Fourier coefficients of x(—t + 1) must be
jk2n purely imaginary and odd. Thus b, =0 and
o = 2 [1 (- l)k] b_, =-b,. Since time-reversal and time-
K jk2m shift operations cannot change the average
ck = 0 for ‘K’ even (K=10) power per period,  Fact 5 holds even if
Power = 0 x(t) is replaced by x(-t + 1).
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1
ie., Z!|x(—t+l)|2dt=1/2.

We can now use Parseval’s relation to
conclude that

b+ =1/2 ----(2)

Substituting b, = —b_, in this equation, we
obtain |b, |=1/2. Since b; is also known to
be purely imaginary, it must be either j/2 or
—j/2.

NJow we can translate these conditions on
b, and b, into equivalent statements on a,
and a, . First, since b, = 0, Fact 4 implies
that ag = 0. With k = 1, this condition

implies that a, = e_JEb_l =—jb_ = jb,.

Thus, if we take b, =2 then a, :_%,
and therefore, from equation (1),

x(t) = —cos (%t) Alternatively, if we take

% , then and therefore

bl

e
X('[)—COS[ 5 )

a, =—,

26.
Sol:

(a) Power :%J‘i|x(t]2dt = ZOOZ|Cn

=
= )Eb_.5)2+(1)2+(2)2+(4)2+(2)2+(1)2+(0.5)2
=26.5 Watts

2

2

C

n

() x(t)= icnej"‘”ot

in in
—j4w,t —Bogt .~ 2 -j2 4 —jogt
=C ey C e BN 2 4 C e 2™ 4 £ C eI
in in
joot 200t L4 Bt L 2 j4mot
+Cy +Ce/™ +C et +CuelP™e2 4 C el

. T
Zia —j3opt—
=0.5¢ """ +1e 2
. T T 4
—j2mpt— . Bogt+— J20t+—
+2e 44+0.5eM v 1o 242e 4 +4

= (O.S)[efj%’ﬂt + ej4mnt ]+ 2|:e—j2m0t_

; j2m0t+%
+ ¢
T ™
—j3wyt—— Boyt+—
{e Z+e 2 } +4

= x(t)=cos4m,t + 4cos(2030t + %)

+2 cos(3a)ot + gj +4

x(t) % x(~t)
x(~t)# —x(t)

So, neither even nor odd signal.

() fo=10Hz

oo =271 fy =20 nt rad
X(t) = cos(801tt)+ 4 005(4071‘[ + %)
T
+2 cos(60nt + 5) +4

Cut off frequency = 25 Hz
=50 & rad

(d)

So output of the filter is

y(t)= 4cos(40nt +§j +4

27.

Sol: A. Fourier transform of periodic impulse

train is also periodic impulse train
A—>2

B. For a full wave rectified wave form
2A

c = ,n is even
" (i —4n?)
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28.
Sol:

29.
Sol:

B—o1
C—-3

D. Given signal satisfied half-wave
symmetry so only harmonics are present

D—>4

Ans: (b)

Frequency is constant. So, S; is LTI system,
frequency is not constant. So, S, is not LTI
system.

Ans: (d)

Fourier series expresses the given periodic
waveform as a combination of d.c.
component, sine and cosine waveforms of
different harmonic frequencies as

f(t) = aOJrZ:an cos(nm,t) + an sin(no, t)

n=1
= Ap + A, cos(nmot + ¢n)
So, statement (1) is true.

n=1

A, and ¢, (Amplitude and phase spectra)
occur at discrete frequencies.

So, statement (2) is true.

30.

Sol:

31.

Sol:

Waveform symmetries (Even, odd, Half-
wave) simplify the evaluation of FS
coefficients.

So, statement (3) is true.

Statements 1, 2, 3 are correct.

Ans: (d)
For a real valued periodic function f(t) of
frequency fj

Cn= Cin

Statement (I) is False but Statement (II) is
True because the discrete magnitude
spectrum of real function f(t) is even and
phase spectrum is odd.

Ans: (d)
Si, Sz are not LTI.
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Chapter > Fourier Transform

01. 05. Ans: Zero
Sol: X(f) _ Tx(t)e"jz”ﬁ dt Sol: x(t) =rect(t/2), X(w) = 2sa(w)
- y(t) =x()+x(t2), Y(o)=X(o0)+2X2w)
x(t) units are volts and dt units are sec 2sin® 4sin2®
Y(co) = +
So, Unit of X(f) is volt-sec (or) volt/Hz ® ®
f=1=20=21,Y2r)=0
02.
Sol:
% 06. Ans: (d)
(a) X(0)= jx(t)dt = area Sol: Y(w)=3XQw)
1 ®
=(4x2)- l><1><2 =7 X(at)H—X(—]
2 ol \a
b) 2nx(0) =2nx2 = 4
(b) 2mx(0) = 272 Zdm XGJ © 2X(20)
03. e
Sol: EX(E) - X(2o)
() x(t)=e™u(t)+e™u(-t)
1 1 %) y(t) = 3/2 x(t/2)
X(O)) = — —=— a >
at+jo a-jo a +o
i -2jo 07.
at t)— at —t
(i) eu(t)—e"u(-1) &= Sol: i) 1 275(w)
Asa— 0 ii) Lo 2me™ u(- o)
5 a+]t
u(t)—u(-t) e = ... 2a —alal
: 111 <> 2ne
Jo ) a’+t’
sgn(t) & i iv) L © —jsgn(o)
Jo Tt
04.
Sol: G(w)=1+ 212
o°+9
Apply inverse Fourier Transform
g(t)=5(t)+2e™"
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08.
. (f
Sol: Y(f)= Slnc[—j cos(2nf) s
4
A T
. . o
j2nf —j2nf AT Sa Rt
- X(f){%} <« ( > j
T2 | T2t U
e >, =-1 AT Sinc (“;—Tj
T
e izt _y t,=1 AT Sine(D)
nc
X(t—t,) <> e ?"X(f)
Assume \
X(t
(t) .
I . f
LE.T & - Sinc| X(®)
~x(t+D)+x(t-1) >
y(t) = 5 ~1/8 1/8 Assume T — %
y(®) f
X(f) = Sinc| —
4 (=sine| £
{ LF.T
A | > AX(t)
98 -1 -78 T 78 1 98 't 4
g T8t
09.
| if) n[ij < 25a(o)
Sol: u(t) <> md(w)+— 2
1 n(t—_lj < 2e“Sa(o)
.l +18(t) & 2mu(- o)
Jt o 4
1 | iii) e & -
O ) !
2 _]27[t 672‘t72‘ 4e™®
4+’
10.
Sol: ;ll
_ 3(t-1) -3 ol:
D x(t)=eult ll)e (a) fi(t) = f(t — 1/2) + f(~t-1/2)
X(w)=e e _jo jo
(0)=¢e +jo F(o)=¢ >F(o)+e2 F(-o)
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(b) £,(t)= %f(% - 1} Sin c(t)cos(10mt) <> % [rect (f— 5)
| +rect (f+5
F,(0)=3¢7"F(20) rect (£ 3))
15.

12.
COS(zje2
Sol: 'Y
0 (O)) I+ jo
:“jzsm@

1
I+ jo
x(t) =¢ ‘u(t)

Assume, X((n) =

By applying Inverse Fourier Transform

yl) = [x(0)  x(t-1)

y(0) = [eu(t)+ ¢ ufe 1)

13.
Sol:

i) cosmgt = %{ejwot + e_jwot} < Tc[é(m+ (00)+ 8(0)— 0)0)]
1) sino,t <> E,[B(oa ~ 0, )30+ o,)]

I 1 !
111) ¢ gin o tu(t) <> — -
€ " smow, ()ezj{a-}-j(o)—coc) a+j(0)+030):|

V) Arecf L coswotzﬂ Sal €% |74 gal 2= |7
T 2 2 2

14.
Sol:

Sinc(t) <> rect (f)

Sol: (i) e 'x(t)«< X(w+3)
(Frequency sifting property)
.3

e *x(t/4)o 4X(40+3)
(Time scaling property)
.3t

%e” x(t/4) & X(40+3)

(ii) Ans: (a)
X(o) = 2718(w)+ 1[8(c— 47) + 8(co + 47)|

x(t) = 1 + cos(4nt)

16.
Sol: Y (o)
-1
2n dn ®
—4n  -2n !
Y(0)=X(o+31) - X(o0 — 37)
X(w)
1 .
tEr ST o)
it

By applying Inverse Fourier Transform

y(®=x() & x() &
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- g3 _ g3t . 20. Ans: — —1
e R S0 =
= _2j Sinc(t) sin(3nt) Sol: (1) = L[ FX(w)e dw}
21w
dx(t) 1=, -
17. Ans: (b) it Tn_[OJwX("’)'eJ do
Sol: o
1X(H dx() _ L [ joX(o)do
dt |, 2n-»
2 ]9, . Lo .
= —{hw(— ko + IJO)(J\/;)dO)}
2n o 0
>f _ -1
-2 2 2Jn
1 21.
x(t) cos 2n t <> —[X(f—1)+ X(f + 1)] Sol: 1o < Ji[ 2a } __—4jao
y 2 do|a’ +o’ (a2 e )2
2 .
1 te 1! < —4jo
(032 + 1)2
3 .1 1 3 Apply duality property
Y o < 2mjoe
(t2 + 1)2
18. Ans: (d)
Sol: Output of multiplier i

%x(t)cos@wct +0)+ % x(t)cos ®
Output of the filter is = %x(t)cos 0x2

=x(t)cos®

19. Ans: (b)

Sol:

dx(t)

t =

y(®) m

Y(0) = joX(®)

If x(t) is even function, then y(t) is odd
function.

If x(t) is triangular function X(w) is Sinc’
function, it is real.

y(t) is odd function, Y(m) is imaginary.

Sol:

23.

Sol:

(i) X,(0)=e™X(-0)+e X(-0)
‘e _ l —2jo 9
(1) X,(w)= 3 e X( 3)
(iii) X, () = (jo) e X(o)

(V) X,(0) = i-[joX(o]

x(t) = rect (t/2)
X (co) _ 2sin®
®

@ 3,0)=x(t-1)= Y,(0) = X(o0)
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(b) = ya(t) =x(t) * x(1) 25.
Ya(0) =X(0) X(o) = 28N © 25 © Sol: X(oa) = rect( ® ]+ rect( ® J
® ® o, ®,
sin® ® N
v (0)=4= , [X(© tH(w)
1
.d 1
© yi(O)=tx(t) Yi(o)=j~[x(0)]
1 > (O >
(d) y,(t)=x(t)sinnt <> b [X(w—-7)—X(o+7)] "2 -0 Or o O or
J
© v.0=20 5 iox(e) (@ 0<or<o Y(o)=X(©)MHo)
° dt H(o)
() yo(t) = (t+1) x(t) + 2u(t-1) 2sin o, t 2
t y(t)= =%
@ vy, (t): Yi E ©2Y, (2(0) . L)
-0r (O]
(h) ys(t) = y2(2(t+1)) —y2(2(t-1)) (b) @ <or<m
1 ® g 1 Q) .
Y.(0)=Ly [_ ooy Ly (_jew(l) (o)
’ 2 2 2 2 B
2 2 2 2
> (O
:lY o [ejw _e—jw] -Of -0 O o
2 22
() y ij — l}’z (t)= sin o, t A sin o,t
2 2 Y Tt it
Y, (0)= 2X(2(9)—EY (o)
sino,t sino,t
. 1 C) 0> t)= L+ .
Q) )=y © ozen )=
ylo(t) = Z(H’l) + Z(t) + Z(t—l)
Yio(®) = (1+2cosm) Z(®) 26.
Sol:
(a) X(w)=10(m)+ d(w-5) + d(cw—m)
24. Ans: y(t‘) :tcos 2t x(t) =1 + oISt 4 oIt
sin ®
Sol: h(t)= - H(o)= rect(g) e =T, :2_1: _5
TH(w) A
1 e‘JS‘:>T2=E=2—7T
5 5
- T 5.. .
g0 —- =— is irrational
-4 4 T, =«
y(t) = cos 2t So, non-periodic
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A

(b) h(t) =u(t) - u(t-2)
h(t) rect(t) <>
A 9
)
: ®
sm(n. 2j
T
tt _—
rect(t) < o
>t 2n
0 2
t t(t) . (Q)
= h(t)= rect[g - O.SJ rectitj>sme ——
o cosT <> T [ O(w—m) + O (® + m)]
sin —
rect (t) <> Y, (@)= sin c(ﬂjx 50— )+ 8(0+ )]
9 2n
’ . Y (m)—zsingxn[S(m—n)+ (e + 7))
rect (i - 0.5} 20 202 1 o
2 ® 2 .o 2 .o
( ) i SIN® :—sinExnS(co—n)+—sin5xn8(oa+n)
= H(w)=2e™" —— ) ®
@ 2..x -T
x(t) * h(t) > H(o) X(®) >SS sin = 13(o — 1) + — sin[Tjné(m +1)
X(0)H(w) = [5(0) + 3o - 5)+ 8 - n){Ze”’ S“ﬂ B o+ 2 )
i S _js sin5
= 8(0) Lt 267 0 | (o 5)pe-ts S Y, () =2 a[5(0 1)+ 8(0 + )]
x—0 [0) 5 T
n 8((0)2 oI sin T Taking inverse fourier transform
T 2
SOy (t)= —cos Tt
T

=28() + 267 51%56(0) - 5)[ p SIOX_ 0}
X—>T X

2 5(0-5)

(b) ya(t) = rect(t) * cos 2nt
Similar to above

X(o)H(w) = 28(w) + 2¢
Y, (0)=2sin 2 xafolo - 21+ 8(0+ 25

= x(t)*h(t)=2+2¢ " %aﬁt
= Periodic . _2 sin| & nd(w—27) + 2 sin| 2 (o + 27)
(c) In above problem, convolution of two non ® ® 7
eriodic signals can be a periodic signal _
P & p & = isirl(z—ﬂ)rcS(co —2n)+ 2 sin[ 275}758(@ +21)=0
27. s 2 -27 2
Sol: Y2(t) =0
(a) yi(t)=rect (t) * cos mt
2 . o K ot . . o t
rect(t) <> —sin— | Y(0)= j y(t)e ' dt (c) ys(t) =sin c(t) * sinc 5
Y —o0
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. ) ®
rect (t) <> sinc | — Y, (®) <> 2 rect| —
2n T
sine| -4 | < 27 rect (o) Taking inverse fourier transform
n . t
t Y (t) =sincf —
sin c(—} © 2mrect (o) 2
2m o
_ ® (d) sinc(t) <> rect | —
sin c(t) < rect| — 2n
21
Bt s o0—-37
sing + | o 2rect| £ e”™ sinc(t) <> rect( J
2 T 2n
. ® ® . -
- Ys(0)= rect(j2 rect(} sinc(t)*e”™ sinc(t) < rect(m) x rect(m 3nj
2m T 2n 2n
1 2 1
X ©
X
R ‘(,0
- 0 . —n/2 0 1
e n / /2 - 0 T 0 2n 4n
2
<0
- S Yy(w)=0
> = t)=0
w2 0 Vi y4(®
()
Y, (co) =2 rect(—j
T
28.
Sol: x(t) =4+ cos(4nt)—sin(8nt)
(@) (1) h,(t)=sinc(5t-2)
: 2
h,(t) =sinc S(t ——]
5
\2
¢ = 2
07 g . sin Smt
i . 5 sinc(5t) =
By Applying Fourier Transform Smt
.2 N
pl s 1
5 5
5m T 5m st @
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y(t) = %+ %cos(4nt —1.6m)

(2) h,(t) =Sinc’t cos(5mt) Tri(f)
)
Tri(f—2.5)+ Tri(f+2.5)  >n¢t €
H(f) =
2 >
-1 o 1
H(f)
1/2
/!\ /\ )
35 25 <15 | 15 25 3.5
This filter compass only cos(4mt)
Output = 0.25 cos(4nt)
(b) Ans: (d) 1
2 2 1
G(f)=e™ H(f)=e™ T2
Y(f)=G(F)H(f)=e >
> (0
—10m 27 271 107
(¢) yi(t) = (Sinc(20))’ Y(w)
_ sin2nt sin 2mt 1
2nt  2mt 4
_ 1 sin2nt sin2nt
4 mt  mt .o
—67 271 o 67
Y, (o) = 1 Lrect[ﬂ * rect| —
4\ 2n 47 41
1 o 29. Ans: (¢)
- ETH(E) Sol: e ™ «<e™
From frequency shifting property
Y (o) o
1 x(t)=e™e™ X *(-t) = x(b)
2 -conjugate even symmetry
: > 30.
-4 4
" 0 " Sol:
1
N (t)cos 6mt < %[Y1 (03 - 6n) +Y, (co + 61t)] (a) Y(ﬁ)) = 3 [X((D — O, )+ X(m + o, )]
y ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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sint sin(t/2) 1 % 1 11 e
b t)= - e
(b) x(t) ek By =7x :[Osyy(co)doo: =5 tan [ZJ%
o, = 2 rad/sec
X(o)= L{rect[gj * nrect(gﬂ
2n 2 1
A 35.
X(w)= 12 Sol: ¢! 5 ;
S BN o+
— I ——0o % g 24\
-3/2-1/2| 1/2 372 jw(mz "y d@:z£(m2 +4j do
31 - %(271)? e " dt
sol: [ x(0hdt > @) 1x(0)8(e) -
e jo N
2
o M + 8(w)
jo
36. Ans: B= % G
a
32. 2a
. Sol: g(t) =
Sol: M © rect[ﬁj a’ +t’
Tt 2a —alt 2a
We know ¢ " <> — >
+
1X(w) : (:f
By duality property —— <> el
a +t
H 2 0 2
> Given He_a‘“"‘ do = 0.99“6_"““" do
-a a B 4
0 B 0 ©
B 1 T|X((D)|2d(0 _2a_a = jeza‘”dm+je‘za“’dco= 0.99[Je2”“dm+je’2amdm
2T 2w =B 0 - 0
eZam 0 e—Zau) B eZaw 0 e—Zam @
33. = 2a }B i —2al _0'99[{ 2a }: -2a }J
S 1 E 1 -1/2 d 1/2 Tcd 1 d 5
o E=— 2 =2
271?]: J.1 § 0)+_1J;2 O)+1J271'. (D:l 8 = L[1 efzaB]—L[efzaB —1]: @[1 1]
2a 2a 2
=2 2¢*® =2x 0.99
24-1. N =1 —e25=0.99
ol: x(t) 2 1 — 001 — e—ZaB
X(f = = In (100) = 2aB

Syy ((D) = ‘X((Dy | H((D) =

1

4+

5, =0, <0<,

_ /n(100) 4.605 _ 2.302
===

=B
2a a

ace
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37. Ans: (a) 41. Ans: (¢)
Sol: E= [[X,(F) df = %x 107 Sol: y(t)= ﬁcos(lOO(t—10’3))cos(10(’(t—1.56><10’6))
ty =107 t,=1.56x10"°
38. Ans:
ns: (¢) 12,
Sol: /H(w)= 0 30r<w<30n Sol: The condition for distortion less
60 transmission system is magnitude response
B B - is constant and phase response is linear
wo=10n [H(10m)|=2, ZH(IO’T) = 6 function of frequency. These two conditions
13n are satisfied in the frequency range
wo =26m [H(26m)|=1, ZH(267)= 20 to 30 kHz. So, from 20 to 30kHz no
3 distortion.
y(t)= 4005(1 Omt — EJ + sin[26nt - —nj
6 30
43. Ans: 8
39. Sol: Given input signal frequencies are 10Hz,
Sol: 0(m) = —oto 20Hz, 40Hz. Only 20Hz is allowed.
_ So, y(t) =
tp((’)): e(w):to 1 T T
Q) —x8cos| 20nt+ ——20° | =4 cos| 20mt + ——20°
— de(w) 2 4 4
t, ((D) = =1, 2
do Power in y(t) = (4) =8
Both are constant 2
44,
40. Sol: The = ‘condition ~ for distortion less
Sol: . transmission system is magnitude response
(i) Ans: () is constant and phase response is linear
q ( f) B 1 function of frequency.
1+ j2nfRC For —200 < ® < 200, there is no amplitude
1 distortion.
|H(f)| = \/ SPCp And For — 100 < ® < 100, there is no phase
I+4nf°R°C distortion
[H(f))] > 0.95 x1(t)
f,=52.2 Hz ® =20 and o = 60

(ii) Ans: (a)
0(f) = —tan '(2nfRC)

(. (F)- -do(f) 1

1 2nRC
df  2n|1+(2nfRC)’
tz(100) = 0.71 msec

So no phase distortion and no amplitude
distortion.

Xz(t)

® =20, o=140

Amplitude distortion, do not occurs.

Phase distortion occurs.

[ ©=140]

x3(t)
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o =20, ®»=220,
Phase distortion and amplitude distortion

occurs
[ o =220]
45.
T
Sol: R_(t)=|x(t)x(t—T1)dt
R
R _(1)= Tcos(mor) =18cos(6m1)
Power = Ry(0) = 18
46.
Sol: 1 (1)=x(t)*x(~t)=e"u(t)*e’ u(~t)
F.T 1 30t
DS (0)= 5 S )=t
47.
Sol:
1 2 1
H(o) = ——, [X(0)’ =
(a) | ((0) 130l ((DX 4+
Syy (@) =[X(@) H(o)
(b) y(t) =x(t) * h(t) = [¢ '~ & *Ju(®)
° 2 1
1
Ew=7g
1
EY(t) - EEX(t)
48.
Sol:

x(£) = e *u(t)*e (o) %e
32
16) 16ve
ii) Ans: (¢)
2 1
SGG (0‘))_|G(('01 - 64+C02

1
See (O) = a

iii) Ans: (b)
y(t)=e™u(t)*e*u(-t)

_ 1y
y(f)—me
1
0)= —
y(0) v

49.
Sol: r, (1)=

x(1)*y(-t)=e"u(t)*e"u(-1)

1 1 1/4 1/4
r,(t) > — =
l+jo3-jo 1+jo 3-jo

Yy

: (r):%efu(r)ﬁe%u(_r)

50.
Sol: Given x(t) = sinc 10t

: )
Sinc t <> rect | —
(275)

sinc(10t) <> irect(i)
10

207

3 rect[ﬂjeﬁ‘”
81

1/10 13

A

10~

3 O | e
=—rect] — |e
10 87
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gl

.. output energy

| %
P ﬂY(co]2 do

_14119

27

100

—4n

iS(t—nTJ(—) f iS(@—nms)

n=-—o0 n=-—w

ZSt 10n Zw: (0) n—j
ZS(t 10n) <> X, (o )102 o- nj

—00

Xe)= 10M ( M )

Output energy = ﬁJ 1
putenerey = 1o X() = | ==+, (0)5(0)+ x[ ja(m__j
10 5
51. 2n 3n
mo | e
(a) om=200m - -
ez
os = 400 7t rad/sec »® S S
—2007m 2007
3n 47
(b) ©n=400n Xa(0) X, 5 =X, = =———=0
os = 800 7t rad/sec
X(w)
I I , (0 A
' |
—4007 4007
(©) x,(t)= %[cos(SOOnt) + cos(3000xt )] ©
®; = 10,000 m rad/sec The maximum frequency in above signal
1 ® is
d) X,(o)= T rect(gj o = 271/5
®On=2a anm =21/5
p .8 fmn=1/5
m o Nyquist rate = 2f,, =2/5=0.4
a
fs = 2fm —;HZ 52.
(©) ©m= 1207, fu = 60Hz Sol: X (o)
(fs) =2f, =120 Hz
(f) Ans: 0.4 Xi(o) i )
Sol: 1 ) “o
sin—t 2 2 2
x,(t)=2 o (a) X(w)+te'”X(w) no change in frequency axis
it —1t/2 /2 (®s)min = 20m= o
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54. Ans: 80
dx(t .
(b) & < J‘D-X(@) s = o Sol: Given
| x(t) =2 cos(180nt) cos (60mt),
) x(3t)e E.X(%j f, = 200Hz
—T— x(t) = cos (240xt) + cos (120xt)
0 =252 _3p 0 3% o) = 240m 0, = 120m
2 2 2 fi=120Hz  f,=60Hz
The frequencies present in the sampled
1 1 signal are
() 5X<m+w°)+§X(°’+°’0) n=0= +f,+ b=+ 120, + 60
n=1= fi+1, fi £ £, =320, 80, 260, 140
n=2 = 2f; + fi, 2f; + £, = 520, 280, 460, 340
—
oy 30
2 2
O =2x 3(50 =30,
The above frequencies are passed through an
53, ideal LPF whose cutoff frequency is 100Hz.
Sol: "
1 ®
a) x,2t)e =X,| =
@ x)o x[2)
In this operation maximum frequency .
becomes double. So, fin = 4k, f; = 2f, =8k L2 10 f
(b) x, (t - 3) e X, (@) The frequencies present at the output of LPF
In this operation maximum frequency does are 60 Hz, 80Hz.
not change double. So, fy, = 3k, f; = 2f, =6k So, the maximum frequency present at the
(c) Xi(w)tXs(w) output of low pass filter = 80Hz.
In this operation maximum frequency 1is
max(2k, 3k). So, f, = 3k, f; =2f,,=6k
. Ans:
@ Xi(0)*Xa(®) o oam®
In this operation maximum frequency is Sol: fin=200Hz, f; = 300Hz
2k + 3k. So, f,, = 5k, f, = 2f,= 10k The frequency in sampled signals are =
© X (0)Xa(o) 200, 100, 500, 400, 800. ‘
In this operation maximum frequency is Cutoff frequency of filter is 100 Hz.
min(2k, 3k). So, f, = 2k, f, = 2f, =4k Output frequency = 100 Hz
1
—1X,(®+10007)+ X, (0—10007
0 X )+ Xi( ) s6. Ans: (b)
fm=2.5kHz, (f)min = 2fn= SkHz Sol: The sampled signal spectrum is
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57.
Sol:

58.
Sol:

59.
Sol:

60.
()
Sol:

X, (f) :Ti iX(f —nf))

s n=—0w

If f=f,,—The spectrum is constant spectrum

Ans: (a)
fn <fo <fi—fn = 5<£. <9

Ans: (¢)
fmn =100, f; — £, = 150
f; =250

T, =l=4msec
f,

N

Ans: (d)

f=to Ll 10 =1k
10”

0
. | N7
S| ——
(3j

nm

Ty

6 .
faemiar 2
0T,

6

S Ch=0forn=3,6,9 ....
Ci#z0forn=0,1,2,4,6,7,8, 10......

R o i 0§ o +fE6f....

Are not present in signal
+400£3(1000)=434K,+2.6K

So options with 3.4 K and 2.6 K are wrong

_ L

C

n

So (c) and (a) are wrong.
3.6 K is out of the given range [ 2.5 to 3.5]
So (B) is wrong

So (D) is correct.

Ans: (b) A X (o)

v

—-10007 10007

Output of multiplier is = x(#). cos(1000mt)

= %X(m—lOOOn)+%X(m+ 10007)
4 Output of multiplier
~2000m 0 20007 ©
h(t) = sm(lSOOnt)
Tt
H(w)
-1500r O 15007 ;0)
Y(®) = X(»).H(w)
1500 0 1500r

The maximum frequency in y(¢) = 1500 &t
o, =1500
J»=T750
(fmin = 2/, = 1500 Hz
= 1500 samples/sec

(ii) Ans: (a)
Sol: x(t) = cos(l Omt + %]

fy=15 Hz, os = 2nf, = 30 tHz
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h(t) (sm mt j cos(40nt - Ej
Tt 2

sin Tt 1
Tt > (0
— i
sin 7t T LT
h(t)= cos(40mt) cos— +sin 40mt sin —
it 2 2
sinmt .
h(t) = .sin 407t
Tt
_ 1 | sinmt Q0% _ sin 7t o0
2j| mt it
4 H((D)
1/2i
—41In -39n .o
39 41m
—172

x(t) = cos(1 Ont)cos% —sin(1 Ont)sin%

=L [n(8(c0+107)+ 8(c—107))]

X((o) 5

_%F(S(m—wn)—ﬁ(mﬂon))}

J

Sampled signal spectrum

X,(0)=£, Y X(o-no,)

n=0, O, —On=-107, 107

n=1, ®s— on 0s + oy =20n, 407
n=2,2ms— O, 205 + ®y, = 507, 707

only 40nt frequency is allowed output of
filter is

= i[_—n (e +40m)+ i (- 4075)}
2] 2]

NG
_U{fol_a(@-zx()n)—’.‘(_js(m 407:)}

V2l 2j il2j

Y(m)

- i{— I 8(e+40m) + = 8(c — 4071)}

V2| 2] 2j

_ 1_\/55[‘7“ 8(c— 40m) - gé‘)(m T 407:)}

=£{—36(w+40n)+la(m—40n)

V2 2j 2]
T T
+ Ees(co —40m)+ Eés((o + 4071:)}

15| =

zﬁ{z

oo -40%)-s 407

Y((n)

[8( + 407) + (w0 — 40n)]}

= 1—5 {l cos40mt + %sin 40nt}

Y(t) 212

y(t)= L) 00840t cos— + sin 40t sin —
2 4 4
15 T
t)=—-cos| 40t ——
y(t)== ( 4]

61. Ans: (¢)

Sol: x(t) = m(t) c(t)
Where c(t) is carrier signal and m(t) is a
base band signal and f, > fy (where f; is
carrier frequency, fy 1is the highest
frequency component of m(t))

%(t) = m(t)e(t)

Where f (t) is Hilbert transform of f(t).

For the above problem c(t) = sin(nt—%)

and m(t) = - ﬁ(Mj
mt/5

Complex envelope
= [x(t)+ jR(t)]e 2"

=3 b - |-l 2
= anl o m - = - e
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. m . 1 4
+]| mt— —j2m — |t - T
= _2m(t)e ( 4),6 3) | 2n[2n+27t]
.7 jm
—i - l6n
= W2m(t)e 4 =+2m(t)e 4 = o
_ \/E(sm(nt/S)Jejé‘ _3
nt/5
62. Ans: (b) 64. Ans: 10 kHz
. -a Sol: m(t) —» band limited to SkHz
Sol: Givens(t) =e™ cos[(®, + Aw)t]u(t
vens(t) E( ¢ ) ]l_ljit) m(t) cos(40000ntt) — modulated signal we
Complex Eqvelope s(t) = S, (t)e ™ require least sampling rate to recover
S(t) =[e e u(t)le ! m(t) - 2x5kHz = 10 kHz.
Complex Envelope =e™ & u(t
P P ® 65. Ans: (¢)
63. Ans:8 Sol: Aliasing occurs when the sampling
S l ¥ > — X(o)H frequency is less than twice the maximum
ol: Y(w) = X(w) H(w) frequency in the signal, and it is
AX(®) AH(o) irreversible process.
So, Statement I is true but Statement II
) J is false.
> )
on w2 66.  Ans: (b)
Sl Sol: Sampling in one domain makes the signal
to. be  periodicin. the other domain.
Y)=-2] 0<w<2rn It is true.
=2j 2n<w<0 Multiplication in one domain is the
© | convolution in the other domain.
I|y(t)|2dt =— I|y(m)|2dm Both statements are correct and statement
—0 2n (IT) is not the correct explanation of
1 [ 0 statement (I).
= | [4do+ [4do
27[ 0 -2n
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Chapter > Laplace Transform

01.

Sol:

02.
Sol:

03.
Sol:

_ 1
e u(t)e>——,0>-a
s+a

-1
e'u(-t)<>——,0<a

, -1
e "u(-t)«>——,c>-a

s+a

1 1
) X, (s)=—+——,0>-1
M 1() s+1 s+3

1 1
2) X, (8)=——-— —2<0<4
@) Xl8)=—5 -

(3)no common ROC so no laplace
transform  for x3(t).

(4) no common ROC, no laplace transform
(5) no common ROC, no laplace transform
1 1

(6) X6(S):m—;, —-l<ox<l1

ROC=(c>-5)n(c>Re(-p)=c>-3
Imaginary port of ‘B’ any value, real part of
‘B’ is 3.

The possible ROC’s are
0>2,0<-3,-3<o0<-1,-1<0c<2

_ (s+5)t0
Gls)=—2 " 5.5
s+5

A=-1,t=-1

06.
Sol:
(@) x(t)=5r(t)—5r(t—2)—15u(t —2)+ 5u(t —4)
-2s -2s —4s
X(S):%_Se _ISe +5e

S s? S S

(b) Ans: (a)
Sol: x(t) = r(t)—r(t-1)-r(t-4)+1.5r(t—6)—0.5r(t-8)

1 e—s e—4s 3 e—()s 1 e—Ss
X(S)=—— - +— —-—
©®) s st s 28 2%
1

So,D=-—=-0.5
2

07.

2 -s

C (s+1)s+2)

s+3 s+2> s2 G

_szi3si2
-3s-2

Z 4{1 + (S(; :1;;(;2)2)} s :11;(; 2)

04 Y(s)=4{1+L_ 4 }_46{L_ 1 }
s B s+1 s+2 s+1 s+2
Sol: Y(s)= c ¢
A it
y(t) = e_(t—3).u(t _ 3)_ e_Z(t_S).u(t _ 3)
y(t) = 48(t) + 4e " u(t) — 16¢ > u(t)
Sol:
-s -5 .
(@) x(t)=eNu(t-1)e” & X(s) = €L 5>-5 08. Ans: (¢)
St S+ Sol: X(s)=—
(b) g(t) = Ae"u(—t—to) Gi653)
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1 13.
Gis)=X(s-2)=———
(s)=X(s-2) G-1)s+1) Sl , o ,
G(w) converges means ROC include ot Xl(t - )H s+2 T2
joaxis —1<o<l1. 3s
Xz(—t+3)(—) ,6<3
09. -s+3
B Y( ) e 2s e 3s 2 3
. = _ SR = . -2<o0<
Sol: G(s) = X(s) + aX(-s), where X(s) -~ s s10 —s+3 c
G(s) = BS—B—ZOLBS—OLB _ 2s
s*—1 s”—1 14
ap-B=-1,-p-apf=0 . Y(S)
a=-1,p="% Sol: sY(s)+4Y(s)+3—2=X(s)
S
10. -1 3
dy(t) dy(t) s 2 .2
1: =-2 =2 H(s)= =
Sol: = =2+ == =2x() ) (5+1)5+3) s+1 543
sY(s) =-2Y(s)+1 ----- (1) .
sY(s) = 2X(s) ------ 2) h(t)= 76“ .u(t)+%e_3t.u(t)
solving (1) and (2) | |
_ __S X(s)=auy =311
Y(S)_ sz ’X(S)_ Sz +4 (S) S y S
1
Y(s)=X(s)H(s ) ==——
11. (S) (S) (s) s+3
-4 4 4 4 3t
Sol: X(s)= - t)=e T.ult
ol: (a) X(s) S+2+(s+1)3 (s+1)2+s+1 y(t) (t)
. t
x(t)=—de " u(t)+4- e () 15.  Ans: (d)
—4te " u(t)+4e "u(t) Sol: X(S) = 1 +e H(s) = 1
( ) o s+2 S
(b) X(s)=- —6s
(s+1) Y(s)= X()H(s) = ———+S—
x(t) =—(t—2) ¢ u(t—2) s(s+2) s
1 _
ie_‘u(t) oL : y(t)= 5 [u(t)— e -u(t)]+ u(t—6)
2 (s+1)
16. Ans: (b)
12. 1
Sol: y(t) + y(t) * x(t) = x(0) + 5(1) Sok HO= 05
Y(s) TY(s)X(s) = X(s)+1 Ve~ L 1 2
Y(s) =1 (S)_s+3 s+5_(s+3)(s+5)
y(t) = 3(t)
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x(t) =2 e u(t)

17. Ans: (b)
V() 1 Y(s) 1
Sok X(s)_ s+1 V(s)_ s+1
Y6111
H(S)_ X(s) Cs+ls+l (s+1)2
h(t)=te™". u(t)
18.
Sol: y(t) = x(t)*h(t) = ¢ ' u(t)*sint u(t)
‘LL,T
1 A  Bs+C
Y(S)_ (52 +1Xs+1)_ s+1 ’ s +1
s+1 s> +1
‘LI.L.T
y(t)= %e‘ u(t)——costu(t)+—sin tuft)
19.
Sol: s?Y(s) + asY(s) + a’Y(s) = X(s)
H(s) = o
S s?tas+o’

20.
Sol:

2

G(s) = & H(s) +sH(s) + aH(s)
S

o’ +s? +sa 1 1
G(s):{ 5 ~ ==
S s> +os+a s

Number of poles = 1.

Ans: (d)
Change the initial condition to —2y(0)
and the forcing function to —2x(t)

22.

Sol:

23.

Sol:

AC E 40 Signals & Systems
\‘@" Engineering Publications
Y(s) 2 21.
X(s) = ==
O~ 4 543 Sol: (a) x(0)= LtsX(s)=2

S—>0

x(oo) =Lt SX(S) =0

s—0
(b) X(s) _ A5 improper function
2s+1
X(s)=24—>— =2
2s+1  2s+1
neglect the constant ‘2’ in the above
function.
x(0)= Lts. 5 3
s 2541 2
2
x(oo): Lt SX(S) =Lt 4s” +5s =0
s—0 s=0 25 +1
(c) x(0)=0

Final value theorem not applicable,
because poles on imaginary axis.

(d) x(0)=0

x(00) =—1
g X0
— _ k(s + 1)
Y(s)=H(s)X(s)= m
Y(OO):SI:)tOsY(s)=§=1:> k=8
-4 12
H(S) ) s+2 s+4

jo—2
(j(o)2 +4jo+4
x(t) = 8 cos 2t, o= 2

H(jo)=

ace
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. j—-1 1 1. 1 1, 4
Hijo,)=—=—+— =———tan (s
(joo) PRt St
Y(s)
(o)l Mo )= ©7%)
1 1 1
8 T T = Y(s) = X(s)H(s) = {— ——tan” (s)}—
t)=——cos| 2t+— |=2+/2 cos 2t +— 2
W35 [ 4) ( 4) - i
y(0) =1limsY(s) = lim[— ——tan™ (s)}
s—0 s=0| 2 T
24. Ans: (a) 1
2 =_
Sol: H(jo)=— -2 "1 :
-0 +2jo+1
wo = 1 rad/sec 26. Ans: (d) '
0 _o Sol: For an LTI system input and output
(©0) = frequencies must be same, there may be
y(t) = 0 for all o change in phase.
Given that input is a;sin(o;it + ¢;) and
25, corresponding output is a,F(w,t + ¢2).
Sol: From the above condition F may be sin or
(i) Ans: (d) cos and @1 = M.
H(s)= 2 X(s) =1 27.
s"—s—2 S -
Sol: Given X(s)=
Y(s) = X(s)H(s) = ——2— =52
s(s + 1)(s - 2) 5 1
S = 2 pole lies right side of s-plane y(t)= _gemu(_ t)+ Eeitu(t)
y(o0) = oo unbounded
2 1 I
(ii) Ans: 0.5 Y(s)=5 5 +3¢ )
1
H(s)=—
s vig)=2 L 11
(t) sint (t) 3s-2 3s+l
Xx(t)y=——u
mt U
sint u(t) & — c<2 o>-l
s”+1
sintu(t) 7 1 BUING . _ Y(s)
© ds = tan (s (@) .. H(S)—
R P ©), X(s)
T 4 1| 2(s+1)+s-2
=——tan (s) Sl |0<2,6>-1,6>0
2 3] (s—2)s+1) U
l|m a1 B s+2
X(s)=—|=-t > -1
(s) n[2 an (s)} L—Z} c
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1 3s (b) Any system property like causality,
3 (s+1)s+2) stability doesn’t depend on the location
of zero’s. It depends only on poles
S location.
=~ 0>-1 : : :
(s+1)s+2) (c) There is no necessity that the poles lie
within [s| = 1
(b) The input is ™ Vt All the roots of characteristic equation
' means all the poles of the system should
. the output = H(3) x input lie in left half of s-plane.
__3 o 30. Ans: (a)
4x5 1 s—1
Sol: Y(s)=——/,H(s)=——
y(t)=ie3t ) s+2 ) s+1
20 Y() s+l 2/3 1/3
X(s)=—7-5= ==+
28. H(s) (s—l)(s+2) s—1 s+2
2o Stable input 2 <o <1
Sol: H(s)= shs=2 2 1
$+3 x(t)= —Ee‘u(— t)+§e‘2‘.u(t)
1 s+3
Hinv (S) = =
His) (#2)s=1) 31. Ans: -2.19
o > +1 causal unstable Sol: Y(s)= 1_i
Does not exist in this case a causal & stable =5 676t
system. y(t) =0o(t) — 4 e (t)
y(0.1)= —4¢™
=-2.19
29. Ans: (¢)
Sol:
32. Ans:(a,c&d
(a) A system to be stable & causal all the ns: (a, ¢ )
poles of the system should lie in the left
half of s-plane.
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Chapter

Discrete Time Fourier Transform

01.
Sol:
19191 h() ¢1 |
X { sin(m(N1 + j]
. 2
I »n &
N N sin &
. (70))
Sin 7
(a) H((D)—ﬁ
sin| —
2
Here N; =3
1 r { 1 h(n) [ 1
3 3 0
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) <>

,ju)

Y(ejo)—l_%=§
4
(b) X(ej“)): ix(n)e_jwn
X(ejn)= ix(n)(— 1)" = cos®(3n) = -1

n=-o0
(0) Hle1® =1+ 26710 4+ 36720 4 4¢=30

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

03.
Sol:

() = X(e@)=1+e” +e° +%[l +c0s20]

e2J(» + e—2Jm:|

X&) =1+e"+e 231y
2 2

X(e®)=1+e™ +¢e + 3 + zer“’ + 36’”“’
2 4 4
X(ej‘D )= Z x(n)e’j‘*’n

n=—oo

X(0)=1+%=§, x(H)=1,x(-1)=1,

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

3.5.3
X(n) = _913_>1a_
=330

4
T

—ae (i)  x(n)=28(n + 3)- 38(n — 3)
y(n) = [1] a(n) X(el?) = 2¢¥0 _ 3 g0 = [l _ oy _ o
4 X(e®) = 4jsin(3) — ¢ I©
Y(ej(D )= 11 . Given X(¢/®) = asin(bw) + ce'®®
e a=4j,b=3,c=-1,d=-3
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@ ACE 44 Signals & Systems
04. 4 1
sin(n nj . 1 — /\ > ()
4 jon - T
Sol: £ > | p 3 @ ) 2 1
nn r 3n
4 4 /\ >
‘o b g ®
| (n j e o
sin| ~—n g i
—i%n
4 ) o [ ‘ / .
- 2 2 2
4 jO jm
Y =1, Y =1
Y(e
") 06.
4 Sol: [l) u(n) <> +
3t -n |nx 3n "o 2 1——ei®
T4 o4 s 2
From time scaling property
Sin(nnj d Ly oy, 1
Y(e*) = 4 |:ej2n + eJZH} 2 10 I oo
nn l1-—e
2
. m
S - 07. Ans: (b)
y()=2—— 005(2) Sol: x(2n)={1,3, 1}
T
0 x(2n) = 8(n +1) + 38(n) + S(n—1)
Soi: _ S(n—mn,) <> e ™
() TH("™) FT [x(20)] = 3 + 2cos®
o 08.
- ™ Sol:
g(n)=(~1)"h(n)
G(e”)=n(e') Lin
G(") o |
—TC l 1 (1)1 T
Mm-w. T 1t X(ej“’)= _7]8(0) + o)+ %8(0) ~®,)
®) Y(e*)=X(e* )+ X(el™) 1.e™" ¢ 2718(0 - )

¥ ace

India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams

online

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




@ ACE 45 Postal Coaching Solutions
By applying inverse DTFT 12.
1[—j i Sol: (a) y,(n)=x7(n)it is not an LTI system.
x(n)= %{Tej(w' " +Eew‘n} (b) Input frequency and output frequency
are same. So, it is LTI system.
- L[;e_m —i.ew} H(e®) =2
2n| 2] 2] (¢) ya(n) = x3(2n) it is not an LTI system.
= - %nsin on 13.
Sol: H(e'”)=2 a cosw +
09. . H(eijm:E =0 H(ejmlozﬁ =1
Sol: o u(n) < — ! "
l-ae . o= ov2+p=1
3 e—3ju) 1
o “un-3) o B=
jng ; ( ) { g dilo-/8) b+ \/E 3
e 8o uln-3 —_— S 0y —
1— oo i@ n/S)} DC gain=H(e") = 3a =
in™ d e—}j(m—n/S) I+ \/E
ne o™ (1’1 3)<—)_]d(0|:m:| 14.
. —jo
10. ol H[el®) 2
Sol: tH(”) ‘ 1-ae | |
[H(e'®)|>= 1. = H().H*(®) =1
b+e I | bel® 1
_ > @ —jo jo |
-n T 1-ae 1-ae
6 6 T Only when a=-b
Input signal frequencies are 3 Z
15. Ans:
Then the output is y (E ] ns. (@) . .
8 Sol: H(ejw):1+oce_3°° +Be 2
11. . x(n) = 1+4cosnn
Sol: For an LTI system input isx(n)=e!®" xi(m)=1w=0
then output is y(n) = eJ(’)On.H(eJ(’On H (%) = 1+ a + p ZH(") =0
H(e")= Y h(n)e ™ yim=1+oa+p
N Xa(n) = 4cosnt =T
H(ejw): 8+/2 cos2m— 4+/2 cos ‘ ‘
n HE™)|=1-a+p ZH(E™) =0
®o =7 y2(n) = 4 (1-a+B)cosnm
_ an ym)=(1+a+p)+4(1 —a+p)cosnn
H(CJmO ): —4  y(n)=—4e" 4 y(n) =4 only whena =2, =1
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16. Ans: (a) nm n
) 4 Y(Il) = COS 7 — g
Sol: Y(ejo): x(n) » h(n)=15LB
ngo ( )HZZ:O ( ) 20. Ans: (b)
Sol:
17 At
Sol: y(n) = x(n) + 2x (n—1) + x(x-2) 1‘ N ‘ |
V() = X(E) [ 14267+ €] 1012345
HE") = % 1:6 ] sino]? x(n) is symmetric about n = 2
= COS ® — j Sin® /X(e*) =20
(a) |H(E")| =12+ 2cos0| _
jo i/ = - E = —Tc
ZHE) =—o ZX(e™4) 2(4} 5
| H ()|
A 100
AAH (") 21. Ans:3
6
Sol: X(ej‘”): p R A
~ 4—26 R l_le—]m
‘LI.F.T
3(1Y)
(o) =3[ 5 uto)
(b) Output of given input 10 + 4cos ?+§] is 2\2
2 2n
. . 3)(1
x(n)=10,H(c") =4 B = 20) =2 5) (EJ
y(n) — 40 n=—o n=0 .
9&(1
m T T -2 il
=40+4(2)cos(7+z—5) 4;(;[4j
=40+8COS(E—E) S =3
18. Ans: (b) 22
I: Anti ic,k=-2 :
So nti symmetric, Sol: |
0(w) =2 $X(e")
Slope = -2 1
19. Ans: (b) P B
Sol: x(n)=cos 5—nn = cos| =n 0 =I
2 2 2 L
‘ . _ L _ O
H(@™) = 1 2Heio: )= -3 e _£ o=
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23.
Sol:
(a) Ans: €L
40
By plancheral’s relation

> x(lyln)= 5 [x(e* Ve ho

, (nnj : (nnj
S| — Sm| —
AL A B

x(n) = 2“‘1u(— n+ 2)

n<2

X(l’l
2mn 2 n
y(n)
172 4
. nmw
Sin
) |11
J— H - - R n
2| m T 0 1 '
—n/4 /4
Use Plancheral’s theorem
. nT 1 2n . o +o0
| sm( 3 j ] [X(em)y(e o= 3 x(n)y(n)
y(n)= g =
5 n 2
A 22n71‘27n+2
1/5 n=-1
2
= > 2=2+2+2+2
n=-1
=8
y(n)
—m/3 /3
24.
sin nn sin nn E Sol:
o RN (3 [V o=
&~ 2mn 5tn - 2m Y\ 2 \5 (a) Xle' )= Z X(n) =6
4 n=-o0
1 in © R
o (b) X(e7)= > (-1)"x(n)=2
(b) Ans: 8 © X" Ho=2mx(0) = 4n
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) [X(e* P do=2mx(2)=0

(e) .T|1|X(ej“’]2d0) =2nLi|x(n]2} — 287

1d03 2n[i|nx

n=—oo

(f)fn

=158x2m =

(2) ZX(ej‘” ) =—am=-20

25. Ans: (d)
Sol: f(n) = h(n) * h(n)

26.
Sol: 21 x 5k <o< 2nx 10k
40k 40k
Fs = 2fm
=2x20k
o |
=40kHz
316w
T T
—<O<—
(a=2) 4 2
27. Ans: (a)

Sol: x(t) =cos(,t)

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

h(-m)={2 2 1}

T

h(—n) ranges fromn=-2 to

h(n) ranges fromn=0 to

..g(n) ranges from n = -2 to

7
s
/2/ }//;// Given x(n) = cos(%j = cos(ginj ------ 2)

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

Q.n
x(nT, ) = cos(Q,nT, ) = cos( 1 OOO) ——————— (1)

By comparing (1) & (2)
Qy m Q, 9n

1000 4 ~ 1000 4
Q= 250m, 22501

28. Ans: 2.25 kHz

77

g(n): {27 67 %969 2}

= g(n) is non causal
value is9.

\E\

A ¥ Sol: H(e™)=0.5+0.5¢
n=2 o
® = — is 3 - dB cutoff frequency
n=2 2
2nf m
N=—=—
£ 2
2nf 0w

/4/ 9kHz - 5
/ /z/ /7/ f=2.25kHz

and maximum
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Chapter@ Z - Transform

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

Z
a"u(n) < ,
z—a

z

>[d

z
—a"u(-n—-1) < ,
z—a

V4

<a

ROC = (|z] > ) N (l7 <faf) =1 <[z <2
Only when oo = £ 2, ‘ny’ any value

(a) finite duration both sided signal 0 < |z| < o0
(b) finite duration right sided signal |z| > 0
(c) infinite duration right sided signal

(|z| >1/2) (|z| > 3/4) = |z| > 3/4
(d) (|z>173)N(|z|< 3)N(|z| > 1/2) =1/2< |z]<3

Ans: (a)

ROC = (|z| > |a]) N (2| < [b*]) common ROC
exists only when |a| < |b7|

i) Ans: (b)
ROC = (|2 > |a]) M (|z] > [b) (Iz] < c])
=[b] <|z| <lc|

if) ROC = (|Z| > o) (IZ] < [B)

Z Z
A

(@)a>p noZ.T
(b) a <P Z.T is exist

(c)a=PBnoZT
Ans: (¢)
X(z)= —11/2 3{2
1-—z" 1+-2z"
2 2

x(2) ="

06.
Sol:

07.
Sol:

Ans: (d)
poles =], —j, zeros =0, 0
kz*
X(z)=
(Z) 7z’ +1

X()=1=k=2

27°

X =
(Z) 7' +1

Given right sided sequence so ROC is
> = > 1

27*

X(z)= . ROCis 2> 1
Ans: (b)
o0 31'1
X - 2n
@) ; 2+n “
I S

Now consider (a) option

Yi(z) = i@jz

n=0
T P
3
D x(n)y,(n) %0

n=-—oo

Now consider option (b)

0

2 x(n)y,(n)=0

n=—oo
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08. Ans:r=-1/2 10.
1 1 -1
Sol: o 1, o MhgE i) Sol: (=3 u(n—-2)> 22— |z}>3
1 1 L 1 4 z+3
1-—2z I+—2z (1-=z")1+-2z") 97 1
2 4 2 4 (-3)"u(-n-2)e —— |z =
Consider the numerator z +3 3
1+lzl+r(l—lzlj 11.
4 2 Sol: g(n) = 8(n) — 5(n-6)
a5 G(z)=1-2°,[z|>0
4 2
(1 r) 12.
Zero = 4 2 Sol: X(z)=2z"+2z+ 22
I+r z-2
If zero=1 x(n) = 8(n+2) + 28(n+1) — 2 (2)"u(-n-1)
I r
) 13. Ans: 0.097
42 1 r g,
l+r 4 2 Sol: The poles of H(z) are
-3r 3
—===r=-1/2 i(2k —
2 4 Py = Lexp(mjk =1,2,3,4
2 4
If zero=-1
jn .
1x ponl 51 15 A
u=_131_3=_1_ 2 2 2 2
I+r 4 2 ,
_ 1 = -1
%=—5:>r=—5/2isnotvalid P2:fe4 _7"'5
Because given as |r| <1 3. _ 1 JSTT[ 1
3= ——et =———=
V2 2 2
09. Ans: (a)
z* 11
Sol: H(z)= Pj= —e % =——2
24t 2 2 2
4 o
H(z)# H(Z*I) H(z) = z
h(n) # h(-n) (z— P1)(Z P, )(Z P, )(Z P4)
.. h(n) is not even. B kz*
X(Ej > X(z™) 741 1
m 4
4 1 n/4 n
Z o (— —) u(—j Given H(1) = 5/4
4 1 4 4
‘7 5_ k.
So h(n) is real for all ‘n’ 4 5/4
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=2 1
16 __Z z
N X(z) _§+l_l ROC
=7 4 z 10
H(z) = 16 1 5 10
a1 2> =nlz<—
z' + 4 4
5 10
Given g(n) = (j)" h(n) ROC= 7 <lf<=
G(z) = H(z/j)
25( )\ 15.
Tl 2 Sol: X(z)=z'+2z>-2z+2-3z"
16\ i ol: z)=2"+z" —-2z+2-3z
G(z) = 4J __16 1
(Zj 42 Z4+Z H(z) =2z
J 4 Y(z)z X(z).H(z)z 2242z 47> + 427 — 6277
4) =0
G)= 2 2,4, 2 s, y&)
16 64 256
o(8) = 22 =0.097 ¢
256 z’
Sol: x,(n+3) < Jz|>—=
1- lz_1
2
Zfl
14. xz(—n+1)<—> ] ,Z[<3
5" 10) =37
Sol x(n): — u(n)+ El u(— n) ;
Y(z)= z —<zl<3
5Y z RPN PR
(Zj u(n)(—) 5 |z[>5/4 22 3Z
4
— | u(n) & 2 |z| >— 17.
O 7 10 1- Z_l
10 Sol: Causal system H(z)= 3 2| >
1+ ZZ_I
[lj u(-n) & ) ‘ s L
10 __ 10 Input z-transform
10 1 I
1 X(z): 1o ,§<|Z|<1
10’ 10 I-2z
- um) o 2o <
_ 7 Y(z)=X(2)H(2)
z 10
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<

2 - __ 1 _1_4
_ 3 1.3 ) =025 75 s
| 3.)° 4 4
(1_32 j(1+4z j 4\ 4 (nn
8 8 ~oy(n) = 2(5) +gc05(7]
__ 13 13
l—lz‘l Jr1+éz_1 20.
3 4 Sol: (1) x(n) =z", y(n) = z¢" H(zo)
. y(n)=(2)" . H(-2)=0
LZ.T H(=2)=0
__8(1Y 8( 3) l+a— 1
yin)= 13(3} u(n)+13( 4) () ) a1—j‘z-l
(2) H(Z) = X(Z) y 1
18. I
Sol: K
h(n)=38(n)-3(n—-1)  x(n)=(-1)"u(n) (a) H=2)=0
H(z)=1-z2" X(z)= 1+IZ_1 o —?9
1_ -1
Y(z)=X(2)H(z)=— ;1 (b) y(n) = (1)" . H(1)
H(l)=-1/4
‘LI.Z.T

yla)=— (1)

21. Ans: (a)
Sol: y(n) =h(n) * g(n)

y() = (1" um) - )™ u(n-1)

19. Ok - .
Sol: y(n)—0.25 y(n —2) =x(n) Y(e'”) = H(e') G((eJ ;
o Gle™
SO = Ye)=—1—
H(Z): = - 1—*610)
X(z) 1-0.25z 2
= G() = Y(*) - %e_j‘” Y (&)
x(n) =2+ cos(n—nJ - H(Z) = ;_2 1
= 2 1-0.25z = g(n)=y(n) - —y(n-1)
T 2
- m;z ; Putn=1
1 1 4 o) =v(1) - & L
H(Z)L:l 1-025 3 3 2 2 2
4 g1)=0
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22.
Sol:

23.
Sol:

24,
Sol:

25.
Sol:

(2)

(b)

Ans: (¢)
H(e") = 1-¢ ¥ = 0 only when
6w =2nn(n=1)

<2

V4

0.5
x V4 =,
= o

x(n) =-0.5 (2)" . u(-n-1)
x(0) =0

neven

x(n)= {(1) nodd

=>X(z)=1+z2+z ...

- (l—z_1x1+z_l)
x(e0)= Lt(1-7" X (2)

= — _1\ 1

L o) )
L
2

h(n) = o(n)+d(n—1)+d(n—-2)

10
l+z'+27 B 72 +z+1
10 10z*

2 finite poles, 2 finite zeros
Given x(n) = u(n)

H(z) =

Postal Coaching Solutions

X(z) =
@) 1-z"

l+z ' +27
10(1—z""

y(o) = Lt(1-7" ¥ (2)

-1 )
:Lt(l—z’l 1+z +z 171
71 10 -z

1+1+1 3

10 10

Y(z) =H(z) X(z) =

y(0) =

26. Ans: (a)
Sol: The output of the sampling process is
x(nTs) =2 + 5sin(100xmxnxT)

no L
400
) 1
x(n)=2+551n 100x Txnx——
400
. (nm o
x(n)=2+5sin| — |, ®,=—
(=2t s "] 0,7
N0:2_7cm22_nm
®, z
4
N0=8m

Ny = 8 is the No. of samples per cycle

oa e
8

Final value theorem
y(oo) = Ltl(l -z )Y(Z)

y(o)= Lt(1-2" )%{l = }X(Z)

Z—1 l_Z

1-z°

yle)= Lt ——X(2)
W(®)=0
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27. Ans: (¢) 30. Ans: (d)
Sol: Y(z)=H(z)X(z) 3 3
A 1 z——e" | z——¢
_ n . 4 4
1—z! 1 B Sol: H( ) = 2
l--z (1 -z ) zZ——
3
3
y(oo) = Zle(l =2 )Y(Z) Numerator order > denominator order
: 4
A +5 ~0 s0, anti-causal system & |z| < 3" stable
A = __3
2
31. Ans: (d)
Sol: Poles=1-0.5z"'=0=2=0.5
28. Ans: (¢)
Bz 2z Zetos = 1-27"'=0=z=2
Sol: H(z) == o .
272 — o If all zeros and poles are inside the unit
circle [|z| = 1] then it is a minimum phase
Pole = + \/E system.
2
So given system is Non minimum phase
o <1 = |of <2, any value of ‘B’ system if all poles are ‘1n51de unit circle then
2 we can say system is causal and stable.
So given system is stable.
29.
32. Ans: (a)
Sol:
. . ) I 1 z
(a) An LTI system is stable if and only if ROC Sol: H(Z) = _E i 5 >
includes unit circle. z-
0.5<|z|<2 Given stable system. So, ROC includes unit
' circle. ROC is |z| <2
(b) For an LTI system to be causal & stable, _1 1
all the poles must lie inside the unit circle. h(n)= 75(11)— 5(2) u(-n-1)
z =2 is the pole lying outside the unit circle.
So it is not possible.
33. Ans: (¢)
() |z]|>3 Sol: Poles z = £2j
12]<0.5 |poles| =2
ROC = |z < 2 because system is
0.5<|z[<2 stable (ROC includes unit circle).
2 <|z| <3 are the four possible ROC’s In this case system is non-causal.
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34. Ans: (d) 36. Ans: (¢)

Sol: y(n) —0.8y(n—1) =x(n) + 1.25x(n + 1)

ZT

Y(z) (1-0.82") =X(z) (1 + 1.252)

Sol: A causal LTI system is stable if and only if
all of poles of H(z) lie inside the unit circle.
So, Assertion (A) is true but Reason (R)

is false.
1w
{ ' 125 37. Ans: (b)
3 25z 3 A2
He)= o8 " 1s0.sr” Sol: H(z) = 222 %2 _ N@
2 +lg4) D(z)
izt 4 8
, - As N(z) is of higher order than D(z), the
h(n) = (0.8) u(n) + 1.25(0.8) u(n +1) system is not causal, as d(n + 1) is one of
1 the terms in the output for the input d(n).
0.8 0.64 If the N(z) is of lower order than the
Y denominator, the system
T T o (1) may be causal or
T 23 > 1N (i1) 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 [
1.25
38. Ans:(a)
Sol:Both Statement I and Statement II are
T T 7 - individually true -and Statement II is the
T 0 1 2 >N correct explanation of Statement |
39. Ans: (b)
Non-negative samples of impulse response. P, +PZ" +P,Z"
Sol: H(Z)= -
1+d,Z"
35. Ans: (¢) Direct Form — 1
7’ +1
Sol: H(z) = > >
(=) (z+0.5) (z-0.5) x(n) | P, 2 y(n)
(1) The system is stable because poles . z"!
z= 1 0.5 are inside the unit circle.
N e
(2) h(0) = Lt H(z) =1 Py ) ( 0
Z—>© f 27 Zil
2nx
, ( 2 )—e——
f, f, 2
—1 1
' e2io 41 - 4 7
H(e")=— . ato=—=0
(e’ +0.5)(e™ —0.5) 2 > b3
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No. of delays = 6 ©
Direct Form — 11 Z|h(n)| <oo stable
S . = oo unstable
X\ - ©, . |
a)'=——la| <1
p= 3@ =1l
(Z\ /Z> =o0,|a] > 1
N P For b, ¢ cases system transit from stable to
, : unstable system.
/-
(2)— (3 | .
0 0 3 .
Sol: From signal flow graph
z"! 1— k 77!
@ y . R 14K,
—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 1-0.62" HZ=2+Z
HZ(Z)—Z {m ( ) 1+2Z—1
_2z+1
z+2
41. Ans: (a)
Sol: H(Z)=1 = _]1 — (1) 45. Ans: (b) |
-0.7z" +0.13z . jo
Sol: H(e“” ) =2 21 *l
From the given plot e +2
o
Hz)=—— s - (2) (=1
l-az —a,z o
: H(™)| =1
By comparing (1) & (2) ‘
ap = 1, a; = 0.7, a) = -0.13 |H(e]n)| =1
So, All pass filter
42.
1 46. Ans: (a)
Sol: H(z)= — Sol: 1-k[z'+2z%]=0
h(n) = (a)"u(n) Z—zk—k=0
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47.

Sol:

2i2\/521i\/§

k:2221,2:

=1+1.732
outside the unit circle

Here k =[-1, 1/2]

=054+ 7!

H(z)=————
@ 1-0.54z""

1 1

y(n)

xm 4@

< >

&)

b c
From the above block diagram

(b)

(©)
(d)

(e)
&)

(2

@ ACE 57 Postal Coaching Solutions
+k+vVk> +4k _ d+dcz”!
Z1,2= H(z) = —
2 1-bz
By comparing
For causal & stable |poles|< 1 1
= —0.54, Cc= _ﬁ , b=0.54
1+4/5 142236 '
k=1= Z1p = =
2 48.
(outside the unit circle) Sol: (a) All the finite poles of an FIR filter must

lie at z=0. True

An FIR filter is always linear phase.
False

An FIR filter is always stable. True

A causal IIR filter can never display
linear phase. True

A linear phase sequence is always
symmetric about is midpoint. True

A minimum phase filter (poles, zeros
inside unit circle) is not linear phase.
True

Anvallpass filter can never display
linear phase. True
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Chapter

> Digital Filter Design

01.
Sol:
1
a) H(s)=——
(a) H(s) 12
H(s) —L:H(z) = L
s+a S 1-e Bz
1 1
Where Ty=—=—
FE 2
a=2
1 z
H = =
@ l-e'z' z—¢
(b) h(t)=eu(t)

(c) Y(s)=H(s).X(s)=

04.
Sol:

h(nTy) = ¢ 2™ u(nTy) = e ™ u(%)

G0

s(s+2)_ s

y(t) = %[1 —eJu(t)

yoity) = i lu(gj

H(s) = —— = H(z) = ———
s+a 1—e s
f,=200 Hz , f, = 50 Hz
_2nf, _m
“Tf 2
S
H'(s)=H __ 5
) (S)|H:c 1.57
1.57
H'(s)=
=157
1.57 1.57
H = =
) = 0,7 120,208

S+2

If we want to match the gains of H(s) at
s=0 and H(z) at z = 1, the digital transfer

function is extra multiplied by

05.
Sol:

(2)

! H@)|,, =1.98]

1.98
1.57(1198j
H(z)=—_ -7/
&= 02087

HE) =HE), 1)

T| 1427}

H(z) = H(s)ls_{lzl}

l+z!

H(Z): B 17 > 1
[4 I_ZIH +3H1_21ﬂ+3
_1+z‘ 1+z
B i+ ]
H(Z)—16:1—2‘1]2+12[1—z‘2]+3[1+z‘1]2

(b) Gain of H(s) at ® =3 is

. 3
H(jw) =

U0) = o 130+ 3

. 3
H(jo)| =
i) JB-0*) +(Bo)’

3 3

H(jm)w=3 - 2 2 - 2 2
He) JB3=97+(6) /(6) +(6)

3 3 1
J72 62 242
Given =20 Hz

o 2nxf  2nx20kHz T
fs 80kHz 2

=2.828

H(e")= e )

C16(1—e ) +12(1—e ) +3(1+e %)
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HE™)| . = 3(1-))° Y I N I T
o= 16(1+j)* +12(2) +3(1 - j)* V10901 | ®V10% —1
3(=2)) —6j N= =
16(2j)+24+3(-2))  26j+24 togl3) ogly3)
/ 9999
P 6 6 log
H(e?)= = =0.169 258
(e?) Jaoy r ey 3538 N> _log «/7948 33 ]
log(\/g log \/_)
06  log[89.15]
Sol: " log(1.732)
u . 1,950
@ HE=50 ~0.238
- N>8.19
. jo ]jO
H(jo) = = ~
(Jo) = —o’+jo+l 1-o +jo N=9
|H( ] 0))| _ ® Chebyshev filter:
\/(1—(02)2 + o 01a
COSh_l u
o | [H(jw) 10" —1
010 N2>
o |0 cosh™ {QS}
Band pass filter Q,
_ cosh[89.15] 5,183
07. ~ cosh'[1.732] 1146
Sol: o,=1db, fp=4kHz N>452
os;=40db, fs =6 kHz N=5
FS =24 kHz
Butterworth filter : 08.
Sol: o,=0.5dB, f,=1.2kHz

100.1(15 _ 1
100.1 p _ 1

1 {
(1) order N >

log[Qs}
QP
2 xf » 2mx4 m
w. = = = —
P F, 24 3
_2nxf, _2nx6 _m
: F, 24 2
o tan((,;s) tan(;tj |
S
2% — 3
- 3

=40dB, f;=2 kHz
Fs =8 kHz
Butterworth filter:
27pr 2nx1.2 371
F 8 10

_27‘Efp _27[)(2_

®p =
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6
tan( j tan[ ) cosh™ %
207 _0.509 _ 107 -1
( j tan(ﬁj cosh™'[1.202]
4
N=25 5536
1091640 _ 0.625
log W N =26
N>
log(1.964) 11.
3.949 1 i
> . a3
0293 Sol: z, > €
N> 13.47 1 -
N=14 zZ,=2 =Ee 3
Chebyshev filter: g, R 5
3 1 =
» 100-10‘5 _1 , JE
cosh { 1001 Z4=[Z1I —D¢3
N>

09.
Sol:

cosh™ {QS}
QP
-1
_ cosh'[8911] 9.788

~ cosh™[1.964] 1.295

N=7.55
N=38

o,=1dB, ®,=03n
os =60 dB, ws=0.35n

Butter worth filter:

0lag
cosh™ 100> -1
100.1(1p _1
order N >

0.351
a. ™, 0.612
2 _0012 o0

Q, tan(osnj 0.509

12. Ans: (a)
Sol: H(z) = [ 1+ 2z '+2 2% G(2)
Liner FIR has symmetry (or) anti symmetry
So,G(z)=3+2z"'+z"
H(z)= [1+2z '+22°][3+2z '+ 2]
=348z '+10 z *+8z *+3z*

13.
Sol: (a) H(z)=142z"

H(z)|Z:1 = 2 Band stop filter type — |

(b)H(z)= 1+2z'+2z°+ 2"
H(z)|Z:1 =6 low pass filter type — I

H@),_, =

(c) Hz)= 1-z7
H(z)|Z=1 =0 Band pass filter type — I1I

H@),_, =

(d) H(z)= —1+2z"'-2z27%+2"
H(z)|Z:1 =0 High pass filter of type-IV

=-6
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14.

Sol: (a)h(n)=[2,-3,4,1,4,-3,2]
(b)h(n)=[2,-3,4,1,1, 4,-3,2]
(c)h(n)=12,-3,4,1,0,1,4,3,-2]
(dh(n)=[2,-3,4,1,-1, 4,3,-2]

16.

1 i o s1n£(n—3)

Sol: h,(n)=— J'e*“‘”.e”’“dco: 4

2n n(n —3)
T4

L v 0.54—0.48cos(22n) i((i))_m(n)

0 |0.075]0.08 a=6x10"

1 0159031 b = 0.049

3 |14 |1 c=0.173

4 10225]0.77 d=0.25

5 10159031 c=0.173

6 [0.075]0.08 b =0.049
a=6x10"

H(z) = Zﬁlh(n)z_4

=a[l+z *[+ b[z +Zz e[z 2+ z Y+ dz
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DFT & FFT

01.
3
sol: ap = 10210
N 1024
02.
1 1 1 10 6
1 -5 -1 4|1 —-24+2j
Sol: ] ] = ]
1 -1 1 -—-1|2 -2
I 37 -1 —j|I3 -2-2j

X(k)=1{6,—2+2j, —2,-2-2j}

Given x(n) = —x(N—1-n)
n =0 = x(0)=-x(N-1)
n=1=x(1)=-x(N-2)
X(0) =x(0) + x(1) +.....+ x(N-3)
+ x(N-2) + x(N-1)
From the given condition x(0) and

x(N-1) Cancel each other. In the same way
x(1) and x(N-2) cancel each other.

So finally all the terms will cancel and
becomes zero.

i) x(n) = x(N-1-n)

= X(O)—x(l)+ X 2)+ ..... —X(N—3)+ x(N—Z)—X(N—l)

04.

Sol:

05.

Sol:

06.

Sol:

07.

Sol:

Given condition is x(n) = x(N —1—n)
n=0= x(0)=x(N-1)
n=1= x(1)=x(N-2)

From given condition, x(0), x(N—1) cancel
each other.

x(1), x(N-2) cancel each other. Finally all
the terms vanishes and becomes zero.

x(n) = {6, 5, 4, 3}

a. x([n—2])s= {4, 3,6, 5}
b. x([n+1])4 = {5, 4, 3, 6}
c. x([-n])s = {6, 3,4, 5}

If x(n) is real X(k) = X*(N-k)
X(5)=X*(3)=0.125 +j0.0518
X(6)=X*2)=0
X(7)=X*(1)=0.125 +j0.3018

Ans: (a)
[pqrs]=[abcd]@[abcd]

DFT of [pqrs]=[aBy 8. [aPyd]
DFT of [ p qrs]=[a’ B*y* &7

(@) X(0)= éx(n)= 3
(b) Nx(0) =6x1=6

© 2(-1)"x(n)=21
(d) N{i|x(n)|2} =546
(@) Nx(n3:; =6 (—4) =24
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08. Ans: (a)

Sol: X(k) = X (N-k)
X(1)=X'(5)=1+]jl
X4)=X(2)=2-]

x(O)z%éX(k):%:3

09.
Sol:
(i) According to given signals we can say

X2 (1’1) = X1 ( n— 4)
X,(K)=X,(K)e™ 2?“ 4K

X,(K)=e"7™*X,(K)

N-

x(n
n=0

S
=Y x(n)=4+3+2+1=10
n=0
5 e
J=2.x(n
n=0
_]2

5
=2 x(n)
n=0

-j2n —j4n

=x(0)+x()e * +x(2)e 3 +x(3)e"

=443 _—l—jﬁ +2 _—1+£ +1
2 2 22

2
X, (K) = (=1)X,(K) g3 B 203
N 2 2 2
(i) Y(k)=e ¢ s 3
y(n) = x((n-4))s = {2,1,0,0,4, 3} W=355
5 —]21m(4)
10. Q(2)=X(4)=Zx(n)e 6
N-1 n=0
Sol: x(n)= — X(k)eJ N n=0toN-1 5 —j4mn
N kz;' =Y x(n)e 3
n=0
11. —j4n —j8n
3 _ 3 3
Sol: (a) Af= & = 20><!0 20 Q(2) (0)+X(i)e +x(2)
N 10 —j4n(3)
3
(b) For k = 150, f = 20x150 = 3kHz +x(3)e
For k =800, f= (16 — 20) kHz = —4 kHz _ _
( ) 4 3{—1+£}+2{ ! J‘q (3).(1)
2 2 2
12. Ans: (a) .
Sol: Q(K)f3 point DFT :4_%+J*/§2(3) j%ﬁ.,.l
j2mK
2K s 3
2 2
n=0
2
34 3 q(0)= 27 2 2° 15 ¢
Q(0) = X(0), Q(1) = X(2), Q(2) = X(4) .
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13.

7

Sol: X(0)=) x(n)=A+B+27=20

n=0

A+B =7 (1)
X(4) =) (-1)"x(n)

X(4)=A-2+3-4+5-6+7-B=0

A-B=-3-—(2)

From (1) and (2)
A=-5B=-2

Ans: 3

X(k) =k +1 for 0 <k <7 — 8pt DFT of
x(n)

Using Signal Flow Graph of IDFT based
on inverse radix-2 DIT-FFT

14.
Sol:

® 36

X(0)=1 \ o x(0)=—
o \ ? \/®w4 X o X(4):§84 |
X(2)=3 : C :@ - w8 o ()=
\>O</ /\@W72—£>< 18 o x(6)= 4+4J

o ><><><><@
X(4)=5 ) &
@)

~.__
o SRS
s L NG

Value of i x(2n) = x(0) + x(2) + x(4) + x(6) =

n=0

X(K)=k+1 0<k<7

|z

—1

Mw

X(k) = Ex(n)eﬂ%nk X (k) =

Il
(=}

n

x(2n)e

36-4-4-4j-
8

24
8

4+45 _3

OR

N
—J (2n+])k

+Zx(2n+1)e

N N

P X Jz—“k “ ek
X(k)=>" X(Zn)e N x(n+le N

n=0 n=0
Given N =8

3 _jzi( J—( n)k

X(k) =Y x(2n)e * ZX(2n +1)e

n=0
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X(0)= ix(Zn) +i x(2n +1)

3 3
X(4) =) x(2n)e ™ +e> x(2n +1)e ™
n=0 n=0

X(4) = ix(Zn) —ix(Zn +1)

X(0) + X(4) =2 i x(2n)

n=0

_X(0)+X(4) _1+5 _

;x(Zn) > >

15.
Sol: (A) For 8 point DFT , value at
n =9 means value atn =1

we know

(B) W(K) = X(K)+ X(K +4)

W(K) = X(K) + X(K + gj

O YK)=2X(K) K=0,2,4,6
=0 K=1,3,5,7
= Y(K) = X(K) + (-1)*X(K)

= y(n) =x(n) + x[n — gj

6

2

16. Ans: (a)
Sol: W(k)=X(k).Y(k) =[176, 12+4], 0, 12-4j]

— 3
w(2)= -1 S(-1) . w(k)= 152 _ 5
N k=0
17.
Sol:
(1) f;=10Hz
Sampling Period (T;) = fi = % =0.1sec

Time index for x(3) is 3

Sampling instant for x(3) = 3(0.1) = 0.3 sec
(i1) Frequency Resolution = f_I\SI = % =2.5Hz

Frequency bin number for X(1) and X(3) are

1 and 3 respectively.

Frequency for X(1) and X(3) are 2.5 Hz and

7.5 Hz
18.
Sol: f,=100Hz
f,=200 Hz
Af<0.5 Hz
(a) DFT Af= N
N
N= f, = @ =400
A 0.5

(b) radix —2FFT
N =2" =512 samples (at N = 400)

Af= 200 _ 0.39 Hz
512
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19. X,(k) = [12, 2j, 0, -2j, 12, 2j, 0, —2j, 12, 2i,
Sol: 0’ *ZJ]
fy =25, £, = 100, f; = 800Hz
(a) N=100 samples X1(8) =12, X;(11) = =2j
Af=ds = 390 ¢y, X,®)|_|12]_
N 8 X,(11) |-2j
: 25 1
25Hz corresponding to — =3.125
8 22
100 I
100 Hz corresponding to — = 12.5 Sol:
8 (a)t=1lus
Both frequencies are not relating. N=1024, total time to perform
(b) N=128 multiplication using DFT directly
Af= 800 _ 6.25Hz = (1024)* x1ps = 1.05 sec
128 N
5 (b) by FFT, T = | —log, N | lus
25Hz — i 4 2
: 1024
= log,1024 |1
100 Hz - —6102(; =16 { o8 } "
' =5.12 msec
20. . 23. Ans: 61.44 ms
Sol: X(k) =[1,-2,1 =}, j2,0, -] Sol: f.= 10 kHz, N = 1024, Af = %
(@) X(k)=X (N-kj Over all time required for processing the

X(5)=X'(8-5)=X(3)=-2
X(6)=X'(2)=1+]j
X(7)=X(1)=-2

y(n) = (-1)" x(n)
Y (k) = X(k — 4) last four sample will shifted
to beginning

(b)

(©) g(n)=x(3j
2
Zero interpolation in time domain
corresponds to replication of the DFT
spectrum
21. Ans: 6
Sol: Interpolation in time domain equal to

replication in frequency domain.

x,(n)= x@

entire data = N 10243 =102.4 msec

£, 10x10
Complex multiplications = 4 times real
multiplications

With a radix - 2 FFT, the number of
complex multiplications for a 1024 point
DFT is approximately 512log,1024 = 5120.
this means we have to perform 5120x4 =
20480 real multiplications for the DFT and
the same number of for IDFT. With Ips
per  multiplication, this will take
t = 2x20480x10 ° = 40.96 ms.

The time remaining after DFT and IDFT is
102.4 — 40.96 = 61.44 ms.

¥ ace

India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-]JE, SSC, Banks, Groups & PSC Exams

online

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




Chapter

Discrete-Time Processing of
Continuous-Time Signals

01. Ans: (a)
Sol: Assume x(t) = Cos(2mfot)
= Cos(2n(21)t) f, =

= Cos(42mt)

f =200 Hz

For discrete signal periodicity condition is
®, m

2t N

®, 2lt_ m
2n 200 N
- N =200

02. Ans: (¢)
Sol: H(e”)=10jo;n<o<mn Sampler
x(t) = Cos(6mt) t=nT

X(nT):x 2 |=Cos Sm =Cos 3z =1
10 10 5 10

R 3nn i
H(e 5 JCOS[?+ZH(G 5 D

Output y(n)=

J x(nTy) = x[ij = cos[ 42nnj = 003(217tn
200 200 100

J

an
= 6mCos 3—TanrE Hle's =10j3—n =67
5 2 5
= — 6nSin(3Lnj
5
Continuous output y(t) = —67tSin(3?7T (1 Ot)j
= —67Sin(67t)
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Chapter Discrete-Time Fourier Series

01. Ans: (b)

e,
Sol: x(n)= Zake =a,+ae’ +a,e’

27n
2n  4n !
Wy = = =2+le
3 6
j4m j2m - j2m
a, =a,,, =1+ 1 +e ¢ wl=e ® e °

az=asz=ay=2

j2mn —j2mn j2nn
au=a =1 =l+e ¢ |e ¢ +e ®

j2mn
=14+2e ¢ cos(z%nj

02. Ans: (b)
Sol: Given

x(n )—1+2$1n(4?n+—j +4Sin (?m—J

=1+2Cos 4—nn+ +4Cos —n+—
5 4 5 3

The value of C_, = J“

x(nT,)=x D= Acos| ™2 |4 Beos| T2
1000 5 2

\2 2
N,=10  N,=4

03.
Sol:

fcke”“”‘)“ N=20= o, =—
x(n) = éeﬂ’(%)" LA e“‘”(%)ﬂ +Eej(5)(%j“ B ej(—S)(%jn
2 ) ) 5

:Cm C5=Cy
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04.

Sol: ClS =C14+1 =C1 :j Ck = Ck+N
Cis=Cu=C,=2j =C,,
C,=C,;=C= 3] =C4
-+ Signal is real & odd, Fourier series Ci will be imaginary & odd C, =0
C,=—C,=>C =-j
C,=—C,=C,=-2j
C,=—C,=C,=-3j

05.

Sol: x(n)=(-1)"—>N=2>0,=n x(n) = {1,-1}

Co| 11 L 1] |0
c | 2/t -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 A
Sol: x(n)=) C,e"" ®, = 2% C, =Cs
k=0 u
. NEIN C,=C,=2e °
= Cke-l [ > ] _jjn
k=0 C,=C =e’
A 2m (27 . (2n 2n
= C,+ czeﬂ[s}’ +Ce SN c4ej4(5jn + c_4e_J4(5j“
jn jan L O L S L
=2+2efe’ +2e¢ %e 5 +ele’ +4e e
= 2+4cos 4—nn+E +2cos 8—7Tn+E
5 6 5 3
. |4n  2m . |8t Sm
4sinf —n+— [+ 2sin| —n+—
5 3 5 6
07.
Sol: H(e!”)=—-e""—e®® +14+e7 "+

N=4 = 0,=2 = C, =+ vk
2 4
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8:ACE 70
: ko ik
Output coefficient = C, H(e"™ ) = Z[l -e 2+e 7]
08.
(2n) N
I — =
Sol: e[N](ZJ -C
> Ck N
2
x(n) +(=1)"x(n)
y(n) =
2
C, +C |
- k_j
2
09.
Sol: x(n)=-(-1)"x(n) x(n)e™® 5 C,
x(0)=x(¥2)=x(#4)=0 o
. (2n)( N
jn| — || —
n=0, x()=+1 x(2)=-1 )8 [Nj(2j<—>ck_4
x(3) =1 n=3 1
n=2, 2(5)=1 I [
0o 2 F 456 71 - n
10.
2 Jk(zi]n PEm) 22 @)0)
Sol: x(n)=» ae ‘°’ =a,+ae’  +ae’
( ) ; k 0 1 2 ) 27_[ B 4TC
jz—nn e ? B ?
— 3
2+le i A =3
—1+l+e 6 a,=a,,;=3,=2
i’ a4 = al = 1
P 2
e e ®
LN LI
=l+e ¢ [e 6 +e ¢ }
.27n
=1+2¢ ¢ cos(zinj
6
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11. Ans: 0.038

Sol: ak:&k) @k:@:%
N N 5
1 (2nkj 2
a, =—|l+cos| — ||e
5 5
a, = L4 cos O = 1208991 9350
5 5
12.
Sol: Example:
x(n)
\
Period N =3
_2n_2n
" N 3

Possible frequencies of the input are

ko, = k(z—nJ
3

o))

This is passed through filter with cut-off frequency m,= g, So output can-have only one non-zero

coefficient.
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