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DE TAILED EXPL ANATIONS

1. (b)

Given, ( ) kx t cFS←→

0( ) jak
kx t a e cFS ω+ ←→

Put a = 2

02( 2) j k
kx t e cFS ω+ ←→

( ) kx t cFS
−− ←→

02( 2) j k
kx t e cFS ω

−− + ←→

2. (c)

Given,
2

2
( 3) (2 2)t t dt

−

− δ +∫

From the property of impulse 1( ) bat b t
a a

 δ + = δ +  

=
2

2

1 ( 3) ( 1)
2

t t dt
−

− δ +∫

from
2

1

0( ) ( )
t

t
x t t t dtδ −∫ = x(t0) ; t1 < t0 < t2

Clearly we can write,

=
1 ( 1 3) 2
2
− − = −

3. (d)
Given, h(t) = u(t) – u(t – 6)

1

60 t

h t( )

h t( )
x t( ) y t h t( ) = ( )x t( ) ∗ 

y(t) = ( ) ( )x h t d
∞

τ=−∞

τ − τ τ∫

y(2) = ( ) ( )
2

0

2x h d
τ=

τ − τ τ∫
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=
2

0

1 · 1
2

d
τ=

 τ τ  ∫
1( )  from given diagram
2

x τ = τ 
 
∵

=

22 2

0 0

1 1
2 4

d
τ=

ττ τ = =∫

4. (b)

5. (b)
For DFT, the total number of multiplications = N2 = 64
(Given, N = 8)

For FFT, the total number of multiplications = 2 2
8log log 8 12

2 2
N N = =

6. (b)
∵ x[n] is real and odd, the Fourier transform X(e jω) will be purely Imaginary and odd function.
Thus Re{X(e jω)} = 0 and the discrete time sequence corresponding to Re{X(ejω)} = 0.

7. (c)
Given, H(ω) = –2jω
From the definition of inverse fourier transform,

x(t) =
1 ( )

2
j tX e d

∞
ω

−∞

ω ω
π ∫

differentiate both sides,

( )dx t
dt =

1 ( )
2

j tj X e d
∞

ω

−∞

ω ω ω
π ∫

( )
2

dx t
dt

− = �
( )

1 2 ( )
2

j t

H

j X e d
∞

ω

−∞ ω

− ω ω ω
π ∫

∴ Passing x(t) through H(w) is equivalent to perform 
( )

2
dx t

dt
−

∴ y(t) =
( )2 dx t

dt
−

given, x(t) = ejt

∴ y(t) = 2 [ ]jtd e
dt

−

y(t) = –2jejt

8. (c)
From the pole-zero plot, it is shown that r < 1, so that the signal is a decaying signal.
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9. (d)
Given impulse response,

h[n] = , ,p q p
↑

 
 
 

 = pejω + q + pe–jω

H (e jω) = 2pcosω + q
= q + 2pcos(2πf ) ...(i)

Given, H (e j 2πf ) = 0 at 
1 Hz
4

f =  and H (ej 2πf ) = 1 at f = 
1
8 Hz

From equation (i),

0 =
22 cos
4

q p π +   

0 = 2 cos
2

q p π +   
∴ q = 0

1 =
22 cos
8

q p π +   

1 = 2 cos
4

q p π +   

1 =
12
2

q p+ ⋅

∵ q = 0 ⇒ 1 = 2p ⋅ ⇒ p = 
1
2

∴ h [n] = { }0.707, 0, 0.707
↑

∴ DC gain H(ej0) =
1

1
[ ]

n
h n

= −
∑  = 0.707 + 0 + 0.707

∴ H(e j0) = 1.414

10. (a)
x(t)

x( )t

– 1 1
t

0

By time shifting
x(  + 1)t

–2
t

–1
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By time reversal
x(–  + 1)t

2
t

1

11. (b)

− 2
3 ( )( ) H sX s

s = H(s)

⇒ X(s) =
 +  2

31 ( )H s
s

• + ( )2 ( ) H sH s
s = Y(s)

⇒
 +  

12 ( )H s
s = Y(s)

⇒  +     +  2

( )12
31

X s
s

s

= Y(s)

⇒
( )
( )

Y s
X s =

+ +=
++

2

2
2

12 2
3 31

s ss
s

s

⇒ +
2

2
( ) 3 ( )d y t y t

dt
= +

2

2
( ) ( )2dx t d x t

dt dt

12. (a)

x(t) = ( ) ( ) ( )3 1 3 2 3
m

t m t m t m
∞

=−∞
δ − + δ − − − δ − −∑

The period of x(t) is T = 3. The fundamental frequency,

ω0 =
2 2

3T
π π
=

Let ak represents the complex Fourier series coefficient for x(t).

ak = ( ) ( ) ( )[ ]
23

3

0

1 1 2
3

jk t

t t t e dt
− π

δ + δ − − δ − ⋅ ⋅∫

ak =
2 4

3 31 1
3

jk jk

e e
− π − π 

+ −   

For k = 3, a3 = ( )2 41 11
3 3

j je e− π − π+ − =

The frequency response of the LTI system is given by,
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H(jω) = /4 /4 2 sin
4

j je e jω − ω ω − =   

If Ck is the complex Fourier series coefficient of y(t), then

Ck =
2
3 k

j k
H a

π 
  

Ck =
22sin
12 k

kj aπ 
  

Hence, C3 =
212sin

2 3 3
j

j π  × =  

13. (c)

The fourier transform can be written as:
X(jω) = |X(jω)|∠ X(jω)

X(jω) =
3 , 3

0, otherwise
j ω ω < π




Let Y(jω) =
3, 3

0, otherwise
ω < π




X(jω) is jω times Y(jω). Hence,

x(t) =
( )dy t

dt

We have,

Y j( )ω

3

ωo–3π 3π

sin
2rect

2

FT

TATtA TT

ω 
    ←→   ω 

  

Using duality property,
sin

2 2 rect

2

FT

tTAT
AtT T

 
   ω ←→ π    

  

sin rect
2

FTA tT A
t T

ω   ←→      π
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For  T = 6π and A = 3,

( )3 sin 3 3 rect
6

FTt
t

ω π ←→   π π

Hence, y(t) =
( )3sin 3 t
t
π

π

∴ x(t) = ( ) ( )2
3 3 cos 3 sin 3d y t t t t

dt t
= π π − π
π .

14. (d)
From the given data, we can write

X(z) = π − π− −

2

/2 /2( ) ( )j j
kz

z e z e

=
 π π   π π    − + − −            

2

cos sin cos sin
2 2 2 2

kz

z j z j

X(z) = − +

2

( 1)( 1)
kz

z j z j

It is given, X(1) = 1

i.e., X(1) = − +(1 1)(1 1)
k

j j

+1 1
k

= 1 ⇒ k = 2

∴ X(z) = >
+

2

2
2 ROC is 1

( 1)
z z

z

15. (a)

x(t) =
∞

− −

= −∞
−∑ (2 ) (2 )t n

n
e u t n

Let x(t) be periodic with period T.

x(t + T) =
∞

− + −

= −∞
+ −∑ (2( ) ) (2( ) )t T n

n
e u t T n

=
∞

− + −

= −∞
+ −∑ (2 2 ) (2 2 )t T n

n
e u t T n

= x(t)
i.e. 2T – n = –m
Thus, x(t) is periodic if,
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2T – n = –m

T =
− ,
2

n m
 Thus Tmin = 

1
2

x(t) =

∞
− −

= −∞


>





∑ (2 ) , /2

0, , otherwise

t n

n
e t n

x(t) =
= −∞

− − < <∑
0 1exp( (2 )), 0

2n
t n t

=
−

= −∞
∑

0
2t n

n
e e  = 

∞
− −

=
∑2 1

0
( )t n

n
e e

x(t) =
−

− < <
−

2

1
1, 0
21

te t
e

PX = ∫ 2

0

1 ( )
T

x t dt
T

=
−

−
 
 − 

∫
21/2 2

1
0

2
1

te dt
e

 = −
−− ∫

1/2
4

1 2
0

2
(1 )

te dt
e  = −

− ⋅ −
−

2
1 2

1 (1 )
2(1 )

e
e

= 1.082 W

16. (d)
By using convolution property,

y1(t) = 1( ) ( )x h t d
∞

−∞

τ − τ τ∫
From the given first fact,
at t = 5

y1(5) = 1( ) (5 )x h d
∞

−∞

τ − τ τ∫

y1(5) =
5

1
5

( ) 0
T

A x d
−

τ τ =∫
if the lower limit is equal to 1, then the area of the triangle between τ = 1 and τ = 3 is 2 and cancels
the area of the rectangle between τ = 4 and τ = 5.
Hence, the value for T should be 4.

y2(t) = 2 ( ) ( )x h t d
∞

−∞

τ − τ τ∫

= 2 ( )
t

t T
A x d

−

τ τ∫

y2(t)|t = 9 =
9

2
5

( )A x dτ τ∫ (given t = 9)

from the second fact, we have
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y2(t)|t = 9 = 9 =
9

2
5

( )A x dτ τ∫

=
9

5
sin

3
A dπτ  τ  ∫

=
9

5
cos

/3 3
A πτ  −    π 

9 =
9
2
A
π

∴ A = 2π
∴ The value of A × T = 2π × 4 = 8π = 25.13

17. (d)
We can rewrite the given x(n) signal

x(n) = a|n|, 0 < a < 1
The z-transform of the x(n) is X(z)

X(z) =
1

0

n n n n

n n
a z a z

∞ −
− − −

= = −∞
+∑ ∑

(or) x[n] = an u(n) + a–n u[–n – 1]

X(z) = 1 1 1
1 1 1; | |

1 1
a z

aaz a z− − −− < <
− −

(or)

1 1
1 1[ 1] ;| |

1
zna u n z

aa z
−

− −
− − − ←→ <  −

∵

=
1; | |1

z z a z
z a az

a

− < <
− −

 = 

2 2

1( )

zz z az
a

z a z
a

− − +

 − −  

X(z) =

1
1; | |

1( )

a z
a a z

az a z
a

 −   < <
 − −  

This z-transform has poles at z = a, z = 
1 ,
a  and a zero at z = 0.

∴ None of the given pole-zero diagram represents x(n).
Hence option (d) is correct.

18. (b)
Given, periodic signal

x(t) = ( 3 ) ( 1 3 ) ( 2 3 )
m

t m t m t m
∞

= −∞
δ − + δ − − − δ − −∑

redrawing the periodic signal
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–3 –2
–1

0 1
2

3 4
5

t

x t( )

Clearly the period of x(t) is T = 3
∴ y(t) is also periodic with period T = 3.
The fundamental frequency of x(t) is,

ω0 =
2 2

3T
π π=

Let ak represents the fourier series coefficient of x(t). Then

ak = 0

0

1 ( )
T

j ktx t e dt
T

− ω∫

=
23

0

1 ( ( ) ( 1) ( 2)e
3

j kt
Tt t t dt
π−

δ + δ − − δ −∫

ak =
2 2 2
3 31 1

3
j k j k

e e
π π− − × 

 + −
  

at k = 3; a3 = ( )2 41 1
3

j je e− π − π+ −

a3 =
1
3

The frequency response of the system is given,
H(jω) = ejω/4 – e–jω/4

= 2 sin
4

j ω

∴ bk =
2 22 sin
3 12k kH j k a j k aπ π   =      

at k = 3 b3 =
1 22 sin

2 3 3
j jπ  =  

∴ |b3| = 0.66

19. (a)

Given, [ ] ( )DTFT jy n y e ω←→

also, Im[y(ejω)] = 3 sin ω + sin 3ω

We know that, Even{ [ ]} Re{ ( )}DTFT jy n y e ω←→
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Odd{ [ ]} { ( )}DTFT jy n jIm y e ω←→

∴ the inverse DTFT of jIm{y(ejω)} is the odd part of y[n].
Let y0[n]

y0[n] = inverse DTFT{j3 sin ω + jsin 3ω}

= 3 31 1 3 3
2

j j j jDTFT e e e eω − ω ω − ω−   − + −   

y0[n] = { }1 3 [ 1] 3 [ 1] [ 3] [ 3]
2

n n n nδ + − δ − + δ + − δ −

Since y[n] is real and causal (given)
y[n] = 2y0[n]u[n] + y[0]δ[n]

= y[0]δ[n] – 3δ[n – 1] – δ[n – 3]

also given, ( )jy e ω
ω=π

= [ ]( 1)n

n
y n

∞

= −∞
−∑ (by definition of DTFT)

3 = y(0) + 3 + 1
∴ y(0) = –1
Hence, y[n] = –δ[n] – 3δ[n – 1] – δ[n – 3]
at n = 3

y[3] = –1

20. (d)
Given x(t) is real,

i.e., Even {x(t)} = FT( ) ( )
Re{ ( )}

2
x t x t

X j
+ −

←→ ω

given inverse Fourier Transform,
IFT{Re(X(jω)} = |t|e–|t|

∴ Even{x(t)} = ||( ) ( ) | |
2

tx t x t t e−+ −
=

also it is known that x(t) = 0 for t ≤ 0
This implies that x(–t) is zero for t > 0
∴ We conclude that, x(t) = 2|t|e–|t| for t ≥ 0
∴ at t = 1, x(1) = 2e–1 = 0.736

21. (d)
We know that, X(K) is DFT of x(n)

X(K) =
21

0
( )

j nKN
N

n
x n e

π− −

=
∑

=
25

6

0
( )

j nK

n
x n e

π−

=
⋅∑

X(K) =
5

3

0
( )

nKj

n
x n e

π−

=
∑
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= 0 /3 2 /3(0) (1) (2) (3)j j K j K j Kx e x e x e x e− − π − π − π+ + +
4 5

3 3(4) (5)
K Kj j

x e x e
π π− −

+ +

=
2 4 5

0 /3 3 3 33 2 1 0 1 2
K K Kj j jj j Ke e e e e
π π π− − −− − π+ + ⋅ + + ⋅ +

= /3 2 /3 2 /3 /33 2 2j K j K j K j Ke e e e− π − π π π+ + + +
5

3 3
K Kj j

e e
π π− 

 = ∵

X(K) =
23 4 cos 2 cos

3 3
K Kπ π+ +

22. (b)
The given signal x(n) can be expressed as follows:

where, N0 = 4, x(n) = 1 0
0

( )
K

x n KN
∞

=
−∑ ...(1)

x n1( )

1

2

1 2 3
n

0

x1(n) can be expressed as
x1(n) = δ(n – 1) + 2δ(n – 2) + δ(n – 3)

by taking z-transform,
X1(z) = z–1 + 2z–2 + z–3

X1(z) = z–1[1 + 2z–1 + z–2]

∴ X(z) = 0 0 02 3
1( ) 1 .....N N NX z z z z− − − + + + +  [from equation (1)]

= 0
1

0
( ) ( )N m

m
X z z

∞
−

=
∑

∴ X(z) = 0
01

1( ) ;| | 1 | | 1
1

N
NX z z z

z
−

−⋅ < → >
−

where, N0 = 4

∴ X(z) = 1
4

( ) ; | | 1
1
X z z

z−
>

−

(or) X(z) =
1 1 2

4

1 2
;| | 1

1

z z z
z

z

− − −

−

 + +  >
−

23. (b)
The given waveform has half wave symmetry

i.e., x(t) =
2
Tx t − ±  

∴, ak will be zero for even integer values of k.
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24. (c)
x[n] = rect2[2n ]

–1 10 n

1

∴ g[n] = { }[ ] [ 1] 2 [ 2]x n n n⊗ δ − − δ −

= x[n – 1] – 2x[n – 2]

10 n

1

2

x n[  – 1]

21 n

2

3

2x n[  – 2]

0

21
n

1

3

g n[ ]

–1

–2

0

⇒ g[2] = –1 and g[3] = –2

25. (c)

sin on
n
ω ←→

π
0 2ππ

X( )Ω

Ω

⋅ ⋅ ⋅⋅ ⋅ ⋅

–2π –π –ωo ωo

Given : h(n ) =
sin

4
n

n

π 
  
π

∴ H (Ω) =
1 ;

4

0 ;
4

π Ω <
 π < Ω < π

Using DTFS, x(n) =
24
5

0

jk n
k

k
C e

π

=
∑

Since, Ω0 = 
2 2 ,

5oN
π π=  and the filter passes only frequencies in the range ,

4
πΩ ≤  hence only the

DC term is passed.

Co =
1 4

0 0

1 1 3( ) ( )
5 5

N

n n
x n x n

N

−

= =
= =∑ ∑
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Thus, output y (n) =
3 for all .
5

n

26. (a)

Since, 2
j

e
π−

= –j and 2
j

e j
π

=
∴ H(ω) = –jsgn(ω)

sgn(t ) FT←→
2
jω

Using duality property, 2
jt

FT←→ 2π sgn(–ω) = –2πsgn(ω)

or
1
tπ

FT←→ –jsgn(ω)

∴ h(t ) =
1
tπ

27. (c)
For a periodic wave,

F(s) =
( )

1 sT
X s

e−−
where X(s) is the Laplace transform of signal for one time period.

t

x t( )

0 T
2

T

1

–1

X(s) =
/2

0 0 /2
( ) 1

TT T
st st st

T
x t e dt e dt e dt− − −= + −∫ ∫ ∫

X(s) =
/2

2 2

0 /2

1 11
T T sT sTst st

sT

T

e e e e e
s s s s

− − − −−
   
   − = − − + −   

− −

X(s) =

2

2 22 1 1
sT sT

sTe e e
s s

− −−
 
 − + − =

∴ F(s) =

2 2

2 2

2 2

1 1
(1 )

1 1

sT sT

sT sT sT
e e

s e
s e e

− −

−
− −

   
   − −   =

   −
   − +   

F(s) =
/2

/2
1
(1 )

sT

sT
e

s e

−

−
−
+
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28. (b)

X(ω) =
2

2
sin 2 cos2ω ω
ω

 = 
2sin 2 cos 2ω  ω  ω

X(ω) = ω ω24 (2 )cos2aS

Let G(ω) = 24 (2 )aS ω

∴ g(t) =

t–4 4

1
4

–1
4

1

∴ x(t) =
( 2) ( 2)

2
g t g t− + +

( )x t →  

t–2 2

y t( )

–6 65

1
2

1
8

–1
8

Slope

∴ 5( ) tx t = =
1 0.125
8
=

29. (a)
Let, y(t) = x(–t + 1).

( 1) ( 2.5)x t t dt
∞

−∞

− + δ′ +∫ = 2.5( ) ( 2.5) ( ) ty t t dt y t
∞

=−
−∞

δ′ + = − ′∫

t

y t( ) = x t(–  + 1)

0

2

5

1–1
–2.5

–3–4–5–6

( 1) ( 2.5)x t t dt
∞

−∞

− + δ′ +∫ = 2.5( ) (slope of ( ) at 2.5)ty t y t t
=−

− ′ = − = −

=
5 2.50
2

 − = −  
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30. (d)
y[n] = x[n] ∗ h[n]

=

2
sin sin4 c

n n
n n

π 
ω   ∗      π π

Convolution in time domain specifies multiplication in frequency domain

thus, x[n] has a Fourier transform equal to a triangular pulse with width 2
π

 and the width of the

filter H(ejω) should also have a limit of 2
π

 to have x[n] = y[n].

–π
 2

π
2

π
 2

–π
 2

X e( )jω

H e( )jω

1

1

∴ ωc = 2
π

2πfc = 2
π

fc = 1 0.25 Hz
4
=


