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DE TAILED EXPL ANATIONS

1. (c)
The signal x(2t + 3) can be obtained by first shifting x(t) to the left by 3 units and then scaling by
2 units.

t

x t ( + 3)

–1

1

2

–4 –2–3
t

x t(2  + 3)

–1

1

2

3
2
− 1

2
−–2

2. (b)
e–(2t  – 2) u(t – 1) = e–2(t – 1) u(t – 1)

Now, e–2t u(t) ↔ + ω
1

2 j

e–2(t – 1) u(t – 1) ↔
− ω

+ ω2

je
j

3. (a)

sin(200 )t
t

π
π

←→
1

–200π ω200π

sin(100 )t
t

π
π

←→
1

–100π ω100π

x(t) = 
sin(200 ) sin(100 )t t

t t
π π ∗  π π 

←→
1

–100π ω100π

X( )ω

E =
2 21

( ) ( )
2

t dt X d
∞ ∞

−∞ −∞

= ω ω
π∫ ∫x  = 

100

100

1 200(1) 100
2 2

d
π

− π

πω = =
π π∫

4. (c)

Given, ( ) ( )zx n X z←→

by the definition of z-transform,

X(z) = ( ) n

n
x n z

∞
−

= −∞
∑
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=
0

[ 5 ]k n

n k
a n k z

∞ ∞
−

= −∞ =
δ −∑ ∑

The term δ[n – 5k] is equal 1 if n = 5k and equal to zero otherwise.

∴ X(z) =
5

0

k k

k
a z

∞
−

=
∑ [∵ n = 5k]

= 5
1

1 az−−

or X(z) =
5

5
z

z a−

5. (c)
(1 + cos300πt)2 → f1 max = 300 Hz

(sin4000πt)2 → f2 max = 4000 Hz
fmax = f1 max + f2 max = 4300 Hz

fs = 2fmax = 8.6 kHz

6. (b)

Given, x(t) =
sin(10 )t

t
π

π
Taking Fourier transform

X( jω) =
1 ; 10
0 ; 10

 ω ≤ π
 ω > π

or

1

0

X j( )ω

ω–10π 10π

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

2

sT
π

> 2ωm

2

sT
π

> 20π

∴ Ts <
1

10

7. (c)

Conjugate anti-symmetric part of x[n] is 
∗− −[ ] [ ]

2
x n x n

.

∗ −[ ]x n = [2, 1 + j, –2 + j5]

∴
∗− −[ ] [ ]

2
x n x n

=
[ 2 5, 1 , 2] [2, (1 ), 2 5]

2
j j j j− − − − + − +

 = [ 2 2.5, ,2 2.5]j j j
↑

− − − −

8 .8 .8 .8 .8 . (a)(a)(a)(a)(a)
X (e jω) = ejω + e –jω + 2(e2jω – e –2j ω) + 3 (e 3jω + e –3j ω)

= 2cosω + 4 jsin(2ω) + 2 cos3ω = π + π + π2 cos( ) 4 sin(2 ) 6cos(3 )j
= –2 + 0 – 6 = –8

 Xe j π = 8
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9 .9 .9 .9 .9 . (a)(a)(a)(a)(a)

Re {x(t)} =
∗+x xt t( ) ( )

2

∴The Fourier coefficient of x∗(t) are

bK =
π−∗∫ x t e

2
1 ( )

jK t
T

T
dt

T

Taking conjugate on both sides

b∗
K =

π− −
∫ x t e

2( )1 ( )
j K t

T

T
dt

T

∴ a–K = b∗
K

∴ Fourier series Coefficient of Re {x (t)} = 
∗
−+

2
K Ka a

10.10.10.10.10. (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.

11. (b)

Given, y(t) = ( ) ( 2 )t

k
e u t t k

∞
−

= − ∞
∗ δ −∑

= ( ) (..... ( 4) ( 2) ( ) ( 2) ( 4) .....)te u t t t t t t− ∗ + δ + + δ + + δ + δ − + δ − +

Using convolution property of impulse response,
i.e., x(t) ∗ δ(t – t0) = x(t – t0)

y(t) = ... + e–(t + 4) u(t + 4) + e–(t + 2) u(t + 2) + e–t u(t) + e–(t – 2) u(t – 2) +  e–(t – 4) u(t – 4)
+ ...
In the range 0 ≤ t < 2, we may write y(t) as,
y(t) = [... + e–(t + 4) u(t + 4) + e–(t + 2) u(t + 2) + e–t u(t) + e–(t – 2) u(t – 2) +  e–(t – 4) u(t – 4) + ...] (u(t) – u(t – 2))

= ( )( 2) ( 4) ...... ; 0 2t tte e e t− + − +− + + + ≤ <

= ( )2 41 ...... ; 0 2te e e t− − −+ + + ≤ <

= 2
1 ; 0 2

1
te t

e
−

−
  ≤ < − 

∵ y(t) = for 0 2tAe t− ≤ <

∴ A = 2
1

1 e−−
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12. (b)

For x1[n] = 2δ[n], y1(n) = 2y (n) ⇒ n20
1

4

–2

2

For x2[n] = –δ[n – 2], y2(n) = –y (n – 2) ⇒ n2

–2

1

–1

3
4

y(n) = y1(n) + y2(n) ⇒ n
2

y n( )

0
1

4

–2

1

–1

3
4

13. (b)

F(ω) = ( ) j tf t e dt
∞

− ω

−∞
∫

= [ ( )cos ( )sin ]f t t jf t t dt
∞

−∞

ω − ω∫

= ( )cos ( )sinf t t dt j f t t dt
∞ ∞

−∞ −∞

ω − ω∫ ∫

f(t) ⇒ even signal
f(t) cosωt ⇒ even signal
f(t) sinωt ⇒ odd signal

( )sinf t t dt
∞

−∞

ω∫ = 0

( )cosf t t dt
∞

−∞

ω∫ =
0

2 ( )cosf t t dt
∞

ω∫

∴ F(ω) =
0

2 ( )cosf t t dt
∞

ω∫

14. (b)
Given, X(s) = log(s + 2) –  log(s + 3)
Differentiating both the sides with respect to s
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( )d X s
ds =

1 1
2 3s s

−
+ + ...(i)

From the properties of Laplace transform, we know that,

tx(t) ←→ – ( )d X s
ds

Thus equation (i) can be written as,
–tx(t) = [e–2t – e–3t ]u(t)

or, x(t) =
3 2

( )
t te e u t

t

− − −
 
  

15. (d)
Ck = jδ(k + 2) – jδ(k – 2) + 2δ(k + 3) + 2δ(k – 3)

x(t) =
∞ ∞

ω π

=−∞ =−∞
=∑ ∑0jk t jk t

k k
k k

C e C e

= − π π − π π− + +2 2 3 32 2j t j t j t j tje je e e
= 4cos(3πt) + 2sin(2πt)

16. (c)
Given that,

Let, y1(t) = 2 ( ) tX ω =π −ω

We have, y1(t) = 2 ( ) jut

u
x u e du

∞

= −∞

π ∫

Similarly, let y2(t) be the output due to passing x(t) through ‘F’ twice.

y2(t) =
∞ ∞

= −∞ = −∞

π π∫ ∫2 2 ( ) juv jt v

v u
x u e due dv

= ( )2(2 ) ( ) j t u v

u v
x u e dvdu

∞ ∞
+

= −∞ = −∞

π ∫ ∫

= 2(2 ) ( )(2 ) ( )
u

x u t u du
∞

= −∞

π π δ +∫
= (2π)3 X(–t)

Finally, let y3(t) be the output due to passing x(t) through F three times

y3(t) = 32 (2 ) ( ) j t u

u
x u e du

∞

= −∞

π π −∫

= 4(2 ) ( )jtue x u du
∞

−

−∞

π ∫  = (2π)4 X(t)
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17. (c)
The fourier transform of x(t) can be written

X1(jω) = 1( )
1( ) j X jX j e ∠ ωω

Let, 1 ( )aX jω =
1; | | 3
0; otherwise

ω < π



Note that, given X1(jω) is “3jw” times X1a(jω)

∴ X1(jω) =
3 ; | | 3
0; otherwise

jω ω < π



Since, at ω = 3π, |X1(jω)| = 9π and ∠X1(jω) = 2
π

ω = –3π, |X1(jω)| = 9π and ∠X1(jω) = 2
π−

By taking inverse fourier transform,

Thus, x1(t) = 13 ( )a
d x t
dt [By using differential property]

also we can express x1a(t) =
sin 3 t

t
π

π

Thus, x1(t) =
sin 33 d t

dt t
π 

 π 

= [ ]2
3 1 3 cos 3 sin 3t t t

t
× π π − π

π

∴ x1(t) = [ ]2
3 3 cos3 sin 3t t t
t

π π − π
π

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

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

s a+

∴ cos(πt)u(t) = 2 2
s

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

x(t) = cos(πt)u(t) – cos πt u(t – 1)
= cos(πt)u(t) – cos π(t – 1 + 1) u(t – 1)
= cos(πt)u(t) – cos [π(t – 1) + π] u(t – 1)
= cos π tu(t) – [cos π(t – 1) (–1) – 0] u(t – 1)
= cos π tu(t) + cos π(t – 1) u(t – 1)

By taking Laplace transform,

X(s) = 2 2 2 2

ss es
s s

−
+

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

X(s) = 2 2
[1 ]ss e
s

−+
+ π
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19. (c)

x( )t
Σ

d
dt

h t1( )
+

+

y t( )

x ( )t2

h t2( )

Let x2(t ) = δ (t )

h2(t ) = ( ) ( )dt t
dt

 δ + δ  
h1(t ) = e–t u(t)

h(t ) = ( ) ( ) ( )t de u t t t
dt

−  ∗ δ + δ  

h(t ) = ( ) ( ) ( ) ( )t t de u t t e u t t
dt

− −∗ δ + ∗ δ

= ( )( ) ( ) ( )t tde u t e u t t
dt

− −+ ∗ δ

= ( )( ) ( )t tde u t e u t
dt

− −+

= ( ) ( ) ( )t t te u t e u t e t− − −− + δ

h(t ) = δ (t ) ∵ 0( ) ( ) ( )te t e t t− δ = δ = δ

20.20.20.20.20. (d)(d)(d)(d)(d)

H(jω) =
− ω

− ω

+

+

1 2
11

2

j

j

e

e

 = 
− ω

− ω
− ω

+ ⋅
+

1 2 2
2 1

j
j

j
e e

e

H (jω) = 2

21. (a)

Given, X(e jω) =
3sin
2

sin
2

ω

ω
 = 

3 /2 33 /2 3 /2

/2 /2 /2

1

1

j jj j

j j j j

e ee e
e e e e

ω − ωω − ω

ω − ω ω − ω

 −−  =
 − − 

=
31

1

j
j

j
ee
e

− ω
ω

− ω

 −
 

−  

X(e jω) =
2

1 1

j j

j j
e e
e e

ω − ω

− ω − ω−
− −

by taking inverse DTFT,
x[n] = u[n + 1] – u[n – 2]

= 1 ; 1 2
0 ; otherwise

n− ≤ <
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From parseval’s theorem,

2[ ]
n

nx n
∞

= −∞
∑ =

21 ( )
2

jd X e d
d

π
ω

−π

  ω π ω ∫

∴
21 ( )jd X e d

d

π
ω

−π

  ω π ω ∫ =
22 [ ]

n
nx n d

∞

= −∞
ω∑

=
1 2

1
2 2[1 0 1]

n
n

= −
= + +∑  = 4

21 ( )jd X e d
d

π
ω

−π

  ω π ω ∫ = 4

22. (d)
By redrawing the given frequency response, we get,

H( )ω

ω

– 2j

j2
We can write H(ω) = – j2sgn(ω)
We know that,

For sgn(t) FT←→ 2
jω

By duality property
2
jt

FT←→  2π sgn(–ω)

2
jt

FT←→  –2π sgn(ω)

2
tπ

FT←→  –j2sgn(ω)

or = 2 (πt)–1

23. (b)

X [k] =
21 ·

0
[ ]

N j nK
N

n
x n e

π− −

=
∑

g [n] = mod N[ 2]x n −

G[k] =
2 (2)

[ ]
j k

Ne X k
π−

G [1] =
2 (2)1
4 [ 1]

j
e X

π−
 = [1]je X− π

G [1] = [1] 7X− = −

24. (a)
By the definition of Fourier series,

We can write 
0 /2NC  for N0 is even,

0 /2NC =
 π − −      

=
∑

0
0

21
2

0 0

1 [ ]
NN nj N

n
x n e

N
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=
−

− π

=
∑

1

0 0

1 [ ]
N

j n

n
x n e

N  = 
−

=
−∑

1

0 0

1 ( 1) [ ]
N

n

n
x n

N  = real

25. (d)

Given, x(t) = 2 cos(50 )t+ π

Frequency of signal ωsig = 50π
Ts = 0.025 sec

∴ sampling frequency ωs =
2 80 rad/sec

sT
π = π

then, X ( jω) = 4 πδ(ω) + π[δ(ω + 50π) + δ(ω – 50π)]
Let the sampled signal be represented as X s(jω), where X s(jω) is given as

X s(jω) =
1 ( ( ))s
s m

X j n
T

∞

= −∞
ω − ω∑

⇒ ⇒sampled π/Ts

ω

4 /π Ts

π

ω–50π 50π

4  π

–50π –30π–80π

X j( ) ω X js( ) ω

50π30π 80π

X s(jω) =

40 [4 ( 80 )] ( 50 80 ) ( 50 80 )]
m

n n
∞

= −∞
πδ ω − π + π δ ω − π − π − π δ ω + π − π∑

now, the sampled input X s(jω) is passed through a low passed filter having cut-off frequency at
ω = 40π.
Therefore the output Y ( jω) will contain only the components which are less than ω = 40 π.

π/Ts

ω–30π 30π 50π

4 /π Ts

π/Ts

ω–30π 30π

4 /π Ts

LPF

X js( )ω Y j( )ω

80π–80π

Now by putting Ts = 0.025, we will get

40π

ω–30π 30π

Y j( )ω
160π
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26.26.26.26.26. (b)(b)(b)(b)(b)

X (z) = − 1
z

z  z > 1

Y(z) =
−

2
1
3

z

z
 z > 

1
3

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 16 8 [ ]
2 3

n n
u n

k1 = –6, k2 = 8
so, k1 + k2 = 2

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

odd[x[n]] →FT  jIm [X (ejω)]

∴ odd[x[n]] = ( )ω ω ω ω +  
– 2 –2–1 1 – –

2
j j j jF e e e e

= [ ] [ ] [ ] [ ] δ + δ − δ + + δ 
1 1 – – 1 2 – 2
2

n n n n

∵ odd [x[n]] =
[ ] [ ]– –

2
x n x n

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

( )
∞

ω

∞

ω
π ∫

2

–

1
2

jX e d = [ ]
∞

= ∞
∑ 2

–n
x n
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(x[0])2 – 2 = 3
x[0] = ±1

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

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

X(ejω) = 1

ω

ω
( )jdX e
d

= 0

∴ Y (ejω) = e–jω X (ejω)

h[n] =
−π

π
− ω ω ω

π ∫
1 .

2
j j ne e d  = 

π −
π −

sin ( 1)
( 1)

n
n

29.29.29.29.29. (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)

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
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∴ X(z) = − −

−
+

− −
1 1

2 2
3 3

12
2

z z

= −−

−
+

−−
11

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


