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DE TAILED EXPL ANATIONS

1. (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

2. (c)
We know that,

an = 0
2 ( )(cos )

T
x t nt dt

T
ω∫  = 

0 02 ( )
2

j nt j nt

T

e ex t dt
T

ω − ω +
 
  

∫

= 0 01 ( ) ( )j nt j nt

T T
x t e dt x t e dt

T
ω − ω 

+ 
  
∫ ∫

an = Cn + C–n [By the definition of exponential Fourier series coefficient].

3. (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∫
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4. (b)

Given, y(t) =
1 * ( 4)
2 2

tx t  δ −  
 = 

1 4
2 2

tx − 
  

 = 
1 1 2
2 2

x t −  

at t = 2; y(2) =
1 1 (2) 2
2 2

x  −  
 = 

1 ( 1)
2

x −

Slope of given signal x(t) is 2.
x(–1) = –2

y(2) =
1 ( 2) 1
2

− = −

5. (d)
The given sequence of x[n] is finite duration. Hence, the region of convergence is 0 <  z < ∞.

6. (a)

rxx(k) = [ ] [ ]
k

x n x n k
∞

= −∞
−∑

4

4
( )

k

xx
k

r k
=

= −
∑ = x [n] x [n + 3] + x [n] x [n + 2] + x [n] x [n + 1] + x [n] x [n] + x [n] x [n – 1]

+ x [n] x [n – 2] + x [n] x [n – 3]
= –2 –5 + 2 + 10 + 2 – 5 – 2 = 0

7. (a)
By Parsevals theorem,

Energy of a signal x[n] is, E = 21 ( )
2

jX e d
π

ω

− π

ω
π ∫

where X(e jω) is discrete time Fourier transform of x[n],

So, sin(2 )n
nπ

DTFT←→
1 ; 2

( )
0 ; otherwise

jX e ω  ω ≤
= 



∴ Energy, E =
2

2

1 1
2

d
−

⋅ ω
π ∫  = 

1 [4]
2 π

∴ E =
2 0.64 J=π

8. (d)
Given, DFT signal x[n]

{4, 1 2 ,2 2 ,3 , 3,3 ,2 2 ,1 2 }j j j j j j+ − + − − + −
7

0
( 1) [ ]n

n
x n

=
−∑ = x[0] – x[1] + x[2] – x[3] + x[4] – x[5] + x[6] – x[7]

(or)

=
8 [4] 3
2

X X  = = −  
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9. (a)

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

10. (b)
For a causal system, h(t ) = 0 for t < 0
Given, x(t ) = 0 for t < –1

∴ y(t ) = ( ) ( ) ( ) ( )x h t d h x t d
∞ ∞

−∞ −∞

τ − τ τ = τ − τ τ∫ ∫

=
0

( ) ( ) ( ) 0 for 0h x t d h
∞

τ − τ τ τ = τ <∫ ∵

=
1

0
( ) ( ) ( ) 0 for 1

t

h x t d x t t
+

τ − τ τ − τ = − τ < −∫ ∵

11. (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,

= cosπt[u(t) – u(t – 1)]
= cos(πt)u(t) – cosπt u(t – 1)
= cosπtu(t) – cosπ(t – 1 + 1)u(t – 1)
= cosπtu(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) = 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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12. (c)
Given, sinusoidal pulse

z(t) =
10 ;
0 ;

j te t
t

 < π


> π
We may express z(t) as the product of a complex sinusoid e j10t and a rectangular pulse x(t).

Let, x(t) =
1 ;
0 ;

t
t

 < π
 > π

Fourier transform of x(t) is X( jω)

∴ X( jω) = ( ) j tx t e dt
∞

− ω

−∞
∫  = 1 j te dt

π
− ω

− π

⋅∫  = 
j te
j

π− ω

−π

 
 

− ω  

=
1 j je e
j

− πω + ωπ − − ω
 = 

j je e
j

ωπ − ωπ−
ω  = 

2
2

j je e
j

ωπ − ωπ −
 

ω   

∴ X( jω) =
2 sin( )ωπ
ω

By using frequency shift property of Fourier transform, we get,

z(t) = 10 ( )j te x t⋅ FT←→  X( j(ω – 10))

∴ z(t) FT←→  ( )2 sin ( 10)
10

ω − π
ω −

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

( )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

− − −
 
  

14. (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)
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2
jt

FT←→  –2π sgn(ω)

2
tπ

FT←→  –j2sgn(ω)

or = 2 (πt)–1

15. (d)
Given x(t) = sin(150πt)

Time period, T =
0

2 2 1
150 75

π π= =
ω π

 sec

3 time periods = 3 × T = 
1 13

75 25
× =  sec

∴ The signal sampled at a rate of five samples is 
1 sec

25

So, 1 sample in 
1 sec

125  = Ts [sampling interval]

∴ Sampling frequency = fs = 
1 125 samples/sec
sT

=

also, Nyquist rate = fN = 2fm = 2 × 75 [∵ ωm = 150π ⇒ fm = 75 Hz]
=  150 samples/sec

∴ The ratio,  s

N

f
f

=
125 5 0.83
150 6

= =

16. (b)
Given,

0 1 2 3 4–1

x t( )

t

2

1

By the definition of Fourier transform,

X( jω) = ( ) j tx t e dt
∞

− ω

−∞

⋅∫

x(t) =
1 ( )

2
j tX j e d

∞
ω

−∞

ω ⋅ ω
π ∫

at t = 0,
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x(0) =
1 ( )

2
X j d

∞

−∞

ω ω
π ∫

∴ ( )X j d
∞

−∞

ω ω∫ = 2π x(0) = 2π(2) = 4π  ≈ 12.57

17. (a)

X(z) = ( ) n

n
x n z

∞
−

= −∞
∑  = 

0

2
!

n
n

n
z

n

−∞
−

=
∑

=
0 0

1
(2 ) 2

! !

n

n

n n

z z
n n

−∞ ∞

= =

 
  =∑ ∑

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= = ≈

18. (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− = −

19. (a)

Given, X(z) =
1

1 2
10 8

2 5 2
z

z z

−

− −
−

− +

= 1 1
2 4

(2 ) (1 2 )z z− −+
− −

X(z) =
2 4

2 1 2
z z

z z
+

− −

X(z) =
4

1 ( 2)
2

z z
zz

+
− −  

Since, ROC includes unit circle,
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∴ ROC of X(z) is 
1 2
2

z< <

x[n] =
1 [ ] 4(2 ) [ 1]
2

n
nu n u n  − − −  

∴ x(1) =
1 0.5
2

=

20. (d)

Given: x(n) = { }2, 3, 5, 3, 2
↑

− − −

Using Parseval’s Theorem,

2( )
n

x n
∞

= −∞
∑ =

21 ( )
2

jX e d
π

ω

−π

ω
π ∫

2
( )jX e d

π
ω

−π

ω∫ =
22 ( )

n
x n

∞

= −∞
π ∑

2( )
n

x n
∞

= −∞
∑ =

2
2

2
( )

n
x n

= −
∑  = (–2)2 + (–3)2 + (–5)2 + (3)2 + (2)2 = 51

2
2 ( )jX e d

π
ω

−π

ω∫ = 4π × 51 = 204π

2
2 ( )jX e d

π
ω

−π

ω∫ = 204π

21. (a)

Given, signal x[n] = (0.5)2n u[n] = 
21 1( ) ( )

2 4

n n
u n u n   =      

From the definition of DTFT, the signal can be written as,

X (e jω) =
1

11
4

je− ω−

X (e jω) =
4

4 je− ω−

at ω = π, X (e jπ) =
4

4 cos− π  = 
4 4 0.8

4 ( 1) 5
= =

− −

22. (a)

Given,

x n[ ]

h n3[ ]

h n1[ ] h n2[ ]
+

–
y n[ ]
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x n[ ]

h n3[ ]

h n h n1 2[ ] [ ]∗ 
+

–
y n[ ]

x n[ ]
[ [ ] [ ]] – [ ]h n h n h n1 2 3∗ 

y n[ ]

From the given figure, overall impulse response,

∴ h[n] = [ ]1 2 3[ ] [ ] [ ]h n h n h n∗ −

= [ ] [ ][ 2] [ 2] [ ] [ 2]u n n u n u n+ ∗ δ − − − −

= [ ] [ ] [ 2]u n u n u n− + − {∴  x[n] ∗ δ[n – n0] = x[n – n0] }
h[n] = u[n – 2]

at n = 2; h[2] = u[2 – 2] = u[0] = 1

23. (d)

Given, h(n) =
7 ( )
8

n
u n 

  
Taking DTFT

H(ejω) =
1

71
8

je− ω −   

H(ejω) =
1

7 71 cos sin
8 8

j− ω + ω

H(ejω) =
1

7 71 cos sin
8 8

j   − ω + ω      
Let half power frequency bandwidth be ω0

0
( )j

w
H e ω

= ω =
max ( 0)

1 ( )
2

jH e ω

ω =

2 2

0 0

1

7 71 cos sin
8 8

   − ω + ω      

 = 
1 8
2

×

2 2

0 0 0
7 7 71 cos cos sin
8 4 8

   + ω − ω + ω        = 
1

32
2

0
7 71 cos
8 4

 + − ω   =
1

32

cos ω0 =
111 4
64 7

×

ω0 = 0.1337 radians/sec
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24. (d)
Given: x(n) = 3n3(3)n u(n)

Y(z) = ( )d X z
dz

−

We know, from the differentiation property of z-transform,
. ( )( ) Z T dX znx n z

dz
−���⇀�↽����

Using time shifting property of z-transform,
1

. ( )( 1) ( 1) Z T z zdX zn x n
dz

−−
− − ���⇀�↽����

y(n) =
( )( 1) ( 1) ( )dX zn x n Y z

dz
−

− − =��⇀↽��

y(n) = (n – 1)(3(n – 1)3 3n – 1)u(n – 1)
y(n) = (n – 1)4(3)n + 1 – 1 u(n – 1)
y(n) = (n – 1)4 (3)nu(n – 1)

25. (a)
The Fourier series representation of signal x(t) is,

x(t) = 0jn t
n

n
C e

∞
ω

= −∞
∑

where, ω0 =
2 2 16 rad/sec

8
T
π π

= =
π 

  

When x(t) is passed through given low-pass filter,

the output is, y(t) = 00( ) jn t
n

n
C H jn e

∞
ω

= −∞
ω∑

∴ The largest value of ‘n’ for which y(t) is non-zero is given by,
nω0 ≤ 170
16n ≤ 170

n ≤ 10.6
∴ maximum harmonics present at the output of filter is 10.

26. (c)

x(t) =

1 2( ) ( )

2 44 cos 40 3sin 20
3 5

x xt t

t tπ π   + ° + + °      ������������������� �������������������

ω1 =
2
3
π

⇒ T1 = 
1

2 2 3
2 /3

π π= =
ω π

ω2 =
4
5
π

⇒ T2 = 2 5
4 /5 2

π =
π

T = LCM of (T1, T2)
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T =
LCM of numerators

HCF of denominators

⇒ T =
3 5 15 sec

1
× =

27. (d)
Given, x[n] is a causal sequence,
∴ x[n] will be zero for n < 0.

y[n] = [ ] [ ]
k

x k h n k
∞

= −∞
−∑

and h[n] =
1 [ ]
4

n
u n 

  

h[n] =
1 ; 0
4
0 ; 0

n
n

n

  ≥  
 <

∴ h[0] = 1, h[1] = 
1
4 , h[2] = 

1
16

y[0] = x[0] h[0] + x[1] h[–1] + .......
1
2 = x[0] (1) + x[1] × 0

∴ x[0] =
1
2

y[1] = x[0] h[1] + x[1] h[0] + x[2] h[–1] + .......

1 =
1 1 [1][1] [2][0]
2 4

x x    + +      
11
8

− = x[1]

∴ x[1] =
7 0.875
8

=

28. (b)

Given, h[n] =
1 [ ]
2

n
u n 

  
Now, we may write h[n] – Ah[n – 1] = δ[n]

as  
11 1[ ] [ 1]

2 2

n n
u n A u n

−   − −      
 = δ[n]

Substitute n = 1, we get,
1 1 11 1[1] [1 1]

2 2
u A u

−   − −      
 = δ[1]

⇒
1
2

A− = 0 (∵ δ[1] = 0)

∴ A =
1
2
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29. (c)
Using Parseval’s theorem, the energy of signal x(n) is,

E =
1

2 2

0

1( ) ( )
N

n K
x n X K

N

∞ −

= −∞ =
=∑ ∑

Here, X(0) = 3, X(1) = 2 + j; X(2) = j
Using conjugate property of DFT,

X(K) = X*(N – K)
N = 4

X(3) = X*(4 – 3)
= X*(1)

X(3) = 2 – j

E =
2 2 221 (0) (1) (2) (3)

4
X X X X + + + 

= 21 3 (4 1) 1 (4 1)
4

 + + + + + 

= [ ]1 9 5 1 5
4

+ + +

E = 5 Joules

30. (c)

X(z) =

 −  
− +

1
3

( 1)( 2)

z z

z z

( )X z
z =

 −  
− +

1
3

( 1)( 2)

z

z z
Using partial fraction expansion,

( )X z
z = +

− +

2 7
3 3

3( 1) 3( 2)z z

X(z) =
   +      − +

2 7
9 1 9 2

z z
z z

ROC : |z| > 2
∴ x(n) is a right-sided signal.
Taking inverse z-transform of X(z),

x(n) = + −2 7( ) ( 2) ( )
9 9

nu n u n

At n = 2, x(2) = + − 22 7 ( 2)
9 9  = + ×2 7 4

9 9
 = 

30
9

x(2) = 3.33


