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DETAILED EXPL ANATIONS

1.1.1.1.1. (d)(d)(d)(d)(d)

2n u[n] z←→  
1

1

1 2z −−

∴ ROC ⇒ 2z >

and (4)n u[–n – 1]
z←→  1

1

1 4z −−

∴ ROC ⇒ 4z <

∴ for the signal to converge

ROC ⇒ 2 4z< <

2.2.2.2.2. (b)(b)(b)(b)(b)
y[n] = x[n] ∗ δ[n – 2] = x[n – 2]

∴ y[2] = x[0] = 1

3.3.3.3.3. (a)(a)(a)(a)(a)

∵ [ ]( )
d

j F j
dt

ω ←→  t[f(t)]

thus at t = 0 the answer will be zero.

4.4.4.4.4. (a)(a)(a)(a)(a)
X(ejω) = ejω + e–jω + 2(e2jω – e–2jω) + 3 (e3jω + e–3jω)

= 2cosω + 4 jsin(2ω) + 2cos3ω = 2 cos( ) 4 sin(2 ) 6 cos(3 )jπ + π + π

= –2 + 0 – 6 = –8
 Xej π = 8

5.5.5.5.5. (a)(a)(a)(a)(a)

Re {x(t)} = ( ) ( )
2

t t∗+x x

∴The Fourier coefficient of x∗(t) are

bK =
21

( )
jK t

T

T
t e dt

T

π−∗∫ x

Taking conjugate on both sides

b∗
K =

2( )1 ( )
j K t

T

T
t e dt

T

π− −

∫ x

∴ a–K = b∗
K

∴ Fourier series Coefficient of Re {x (t)} = 
2

K Ka a∗
−+
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6.6.6.6.6. (c)(c)(c)(c)(c)
From the given figure of x(t) and y(t), we get conclude that,

x(0) = y(5)
at t = 5 sec, y(5) = x(–5a + 20) = x(0)
∴ –5a + 20 = 0
∴ a = 4

7.7.7.7.7. (d)(d)(d)(d)(d)
Given, signal x(t) has energy ‘E’

for ax(t) ←→E a2E

∴ ax(bt + c) ←→E
2a E
b

From the given signal a = 2, b = 5 and hence
∴ The energy of signal 2x(5t – 6) is

E =
×

=
2(2) 10

8 J
5

8.8.8.8.8. (b)(b)(b)(b)(b)

Given, x(t) =
π

π
sin(10 )t

t
Taking Fourier transform

X(jω) =
 ω ≤ π
 ω > π

1 ; 10

0 ; 10

or

1

0

X( jω)

ω–10π 10π

∴ The maximum frequency ‘ωm’ present in x(t) is ωm = 10π
Hence we require,

π2

sT > 2ωm

π2

sT > 20π

∴ Ts <
1

10

9.9.9.9.9. (c)(c)(c)(c)(c)

Given, H(z) = −= >
− − 1

1
ROC : 0.2

0.2 1 0.2

z
z

z z
Since the ROC :  z > 0.2, which includes unit circle.
∴ The impulse response will be stable.

10.10.10.10.10. (b)(b)(b)(b)(b)

For sequence X1[n] ←→Z  X1[z]  ; ROC = R

For sequence X2[n] = X1[–n] ←→Z  X1[1/z]   ; ROC = 1/R

∴ ROC’s are reciprocal of each other.
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11.11.11.11.11. (c)(c)(c)(c)(c)

x(t) .LT←→  X(s) =
2

3

( 3) 4

s

s

+
+ +

y(t) ⇒ ( )dτ τ∫ x  ⇒ 2

3

[( 3) 4]

s

s s

+
+ +

12.12.12.12.12. (a)(a)(a)(a)(a)

xe(t) =
( ) ( )

2
t t+ −x x

∴ x (t) =

x( )t

2

4

1 2 3 t

+ 2

4

–3
t

–2 –1

x(– )t

∴ xe(t) =

x ( )te

2

1 2 3 t

1

–1–2–3 0

13.13.13.13.13. (b)(b)(b)(b)(b)
Y(ejω) = X(e jω) ∗ X(e jω – π/2)

∴ In time domain
Y(ejω) = 2πx1[n] ⋅ x2[n]

now, If X(e jω) ←→  
3
4

n

n  
  

Then X(e jω – π/2) ←→  / 2 3
4

n
jn e π  ⋅   

∴ y[n] ←→  
2

2 / 2 3
2

4

n
j nn e π  π   

14.14.14.14.14. (b)(b)(b)(b)(b)

X(z) =
1

z
z −

 z > 1

Y(z) =
2

1
3

z

z −
 z > 

1
3
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H(z) =
2( 1)

1
3

z

z

−

−
 z > 

1
3

X ′(z) =
1
2

z

z −
 z > 

1
2

Y′(z) = H(z) ⋅ X ′(z)

=
2 ( 1)

1 1
2 3

z z

z z

−
   − −      

 z > 1
2

Taking inverse z transform

y[n] = 1 1
6 8 [ ]

2 3

n n

u n
    − +         

k1 = –6, k2 = 8
so, k1 + k2 = 2

15.15.15.15.15. (b)(b)(b)(b)(b)
If x[n] is real

odd[x[n]] FT→  jIm[X(ejω)]

∴ odd[x[n]] = ( )–1 – 2 –21
– –

2
j j j jF e e e eω ω ω ω +  

= [ ] [ ] [ ] [ ]1
1 – –1 2 – 2

2
n n n n δ + δ − δ + + δ 

∵ odd [x[n]] = [ ] [ ]– –
2

n nx x

Since, x[n] = 0 for n > 0
  x[n] = 2 odd[x[n]]

= δ[n + 1] – δ[n + 2] for n < 0
using parshevel’s theorem

( ) 2

–

1
2

je d
∞

ω

∞

ω
π ∫ X = [ ] 2

–n
n

∞

= ∞
∑ x

(x[0])2 – 2 = 3
x[0] = ±1

∵ x[0] > 0
∴ x[n] = δ[n] + δ[n + 1] – δ[n + 2]

16.16.16.16.16. (c)(c)(c)(c)(c)

t
–1 1 3

5 74

8 9 11

12

f(t)

+1

–1
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The signal f(t) has hidden, odd and half-wave symmetry.
So, a0 ≠ 0

an = 0;  V n

bn ≠ 0; n = 1, 3, 5
Therefore, non zero Fourier series coefficients are
a0 and bn, n = 1, 3, 5,............

17.17.17.17.17. (a)(a)(a)(a)(a)

As, x(t) cos2 t =
1 1

( ) cos2
2 2

t t +  
x

=
1 1

( ) cos2
2 2

t t+x

Now, g (t ) = x(t). cos2t ∗ 
sint

tπ

=
1 cos2 sin

( )
2

t t
t

t
+  ∗  π 

x

∴ G (jω) =
1 1 1

( ) ( 2) ( 2) rect
2 4 4 2

X j X X
ω   ω + ω − + ω + ×      

Thus the given solution will be

∴ G (jω) =
1

( )
2

X jω

or g(t) =
1

( )
2

tx

Thus to get the desired result

h(t) =
1

( )
2

tδ

18.18.18.18.18. (a)(a)(a)(a)(a)
x[n] = δ[n]

X(ejω) = 1

( )jdX e
d

ω

ω
= 0

∴ Y(ejω) = e–jω X (ejω)

h[n] =
1

.
2

j j ne e d
−π

π
− ω ω ω

π ∫  = 
sin ( 1)

( 1)
n

n
π −

π −

19.19.19.19.19. (a)(a)(a)(a)(a)

∵ ( ) ( )Ft X j∗ ∗←→ − ωx

and
( )

( ) (0) ( )
t

F X j
d X

j− ∞

ω
τ τ ←→ + π δ ω

ω∫ x
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20.20.20.20.20. (d)(d)(d)(d)(d)

H(jω) =
1 2

1
1

2

j

j

e

e

− ω

− ω

+

+
 = 

1 2
2

2 1

j
j

j

e
e

e

− ω
− ω

− ω
+ ⋅

+

H(jω) = 2

21.21.21.21.21. (c)(c)(c)(c)(c)
We know that,

Energy, E =
∞ ∞

− ∞ − ∞

= ω ω
π∫ ∫ 22 1

( ) ( )
2

t dt X dx

Now, X(ω) =

απ–απ 0

2/α

ω(rad/sec)

X( )ω

E =
απ

−απ

ω
π α∫

21 2
2

d

0.5 = × απ
π α2
1 4

[2 ]
2

0.5 = α
4

∴ α = 8

22.22.22.22.22. (d)(d)(d)(d)(d)

Given, x[n] =
π π + +  

1
cos sin

4 3 2
n n

Let x[n] = x1[n] + x2[n]
Let N1 be the period of x1[n].

π
π
/4

2
=

1

m
N

⇒ N1 = 8
Let N2 be the period of x2[n].

π
π
/3

2
=

2

m
N

⇒ N2 = 6
Overall time period, N = LCM(N1, N2) = LCM(6, 8)
∴ N = 24

23.23.23.23.23. (d)(d)(d)(d)(d)
We know that,
For X( f ) = X1( f ) ∗ X2( f ) ∗ X3( f )

–1000

X f1( )

f1000 –500

X f2( )

f500 –500

X f3( )

f500

∗ ∗

Sampling frequency, fs = 2(1000 + 500 + 500)
fs = 4000 samples/sec
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24.24.24.24.24. (c)(c)(c)(c)(c)
Given, the Causal LTI system,

H( jω) =
+ ω
1

3 j
and output, y(t) = e–3t u(t) – e–4t u(t)

h t( )x t( ) y t( )

We know that, H( jω) =
ω
ω

( )
( )

Y j
X j

Y( jω) = − =
+ ω + ω + ω + ω
1 1 1

3 4 (3 )(4 )j j j j

∴ X( jω) =
ω

=
ω + ω

( ) 1
( ) 4

Y j
H j j

By inverse Fourier transform of X( jω), we have,

x(t) = e–4t u(t)

25.25.25.25.25. (b)(b)(b)(b)(b)
Given,

0 1 2 3 4–1

x( )t

t

2

1

By the definition of Fourier transform,

X(jω) =
∞

− ω

− ∞

⋅∫ ( ) j tt e dtx

x(t) =
∞

ω

− ∞

ω ⋅ ω
π ∫

1
( )

2
j tX j e d

at t = 0,

x(0) =
∞

− ∞

ω ω
π ∫

1
( )

2
X j d

∴
∞

− ∞

ω ω∫ ( )X j d = 2π x(0) = 2π(2) = 4π ≈ 12.57

26.26.26.26.26. (a)(a)(a)(a)(a)

X(z) =
∞

−

= −∞
∑ ( ) n

n

n zx  = 
−∞

−

=
∑

0

2
!

n
n

n

z
n

=
−∞ ∞

= =

 
  

=∑ ∑
0 0

1
(2 ) 2

! !

n

n

n n

z z
n n
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X(z) =

   
      

+ + + +

2 31 11
2 221 ...

1! 2! 3!
z zz

X(z) =
1/ 2ze

X(1) = = = ≈1/ 2 1.648 1.65e e

27.27.27.27.27. (d)(d)(d)(d)(d)

1 2 3 4 5 6 7 8 9 10 11 12

1

0

1 2 3 4 5 6 7 8 9 10 11

1

0 n

x ( )n

x ( – 1)n 

n

Subtracting the two signal, we get

1 2 3 4 5 6 7
8 9

10

1

0
n

–1

y n[ ]

     ⇒     N = 10

28.28.28.28.28. (c)(c)(c)(c)(c)
We know that the Laplace transform of

cos(at)u(t) =
+2 2

s

s a

∴ cos(πt)u(t) =
+ π2 2

s

s
now, the given function x(t) can be written as,

= cosπt[u(t) – u(t – 1)]
= cos(πt)u(t) – cosπt u(t – 1)
= cosπtu(t) – cosπ(t – 1 + 1)u(t – 1)
= cosπt u(t) – cos[π(t – 1) + π]u(t – 1)

x(t) = cos(πt)u(t) + cos[π(t – 1)]u(t – 1)
By taking Laplace transform,

X(s) =
−

+
+ π + π2 2 2 2

ss se

s s
[∵ x(t – t0) = X(s) ⋅ e–st0, by shifting property]

X(s) =
−+

+ π2 2

[1 ]ss e

s

29.29.29.29.29. (b)(b)(b)(b)(b)
Given signals, x(t) = sinω0t

h(t) = sgnt
from the multiplication property of Fourier transform,

x(t)h(t) = [ ]ω ∗ ω
π
1

( ) ( )
2

X H
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Fourier transform of x(t) is X(ω),

X(ω) = [ ]π
δ ω − ω − δ ω + ω0 0( ) ( )

j
Fourier transform of h(t) is H(ω),

H(ω) = ω
2
j

∴ x(t) h(t) ←→FT ( ) π δ ω − ω − δ ω − ω ∗ π ω 
0 0

1 2
( ) ( )

2 j j

←→FT     π π× − ×    π ω − ω ω + ω    0 0

1 2 2
2 ( ) ( )j j j j

( )ω ∗ δ ω − ω = ω − ω0 0( ) ( ) ( )X X∵

←→FT  − + ω − ω ω + ω 0 0

1 1
 = 

− ω − ω + ω − ω
ω − ω

0 0
2 2

0

∴ x(t)h(t) ←→FT − ω
ω − ω

0
2 2

0

2

30.30.30.30.30. (b)(b)(b)(b)(b)

Given, X(z) = − −− +1 2

1

1 2.5z z
 = 

− − − −  
1 1

1
1

( 2)
2

z z

− − − −  
1 1

1
1

( 2)
2

z z
= − −

+
− −

1
1 12

2

A B

z z

∴ A = = =
−

1 1 2
1 3 / 2 32
2

B = = −
−

1 2
1 32
2

∴ X(z) = − −

−
+

− −
1

1

2 2
3 3

12
2

z z

= −−

−
+

−−
1

1

1 4
3 3

1 1 21
2

zz

Given X(z) is a causal system, the ROC is right of the right most pole.

∴ > 2z

hence, x[n] =
 − +  

1 1 4
[ ] (2) [ ]

3 2 3

n
nu n u n

∴ x(0) = − + = =
1 4 3

1
3 3 3


