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Detailed Explanations

1. (b)

Carrier power = 2 2
rms( ) (50) 2.5 kWA = =

∴ Total power =
22 (0.6)µ1 2.5 1 2.95 kW

2 2cP
  

+ = + =  
   

2. (c)
θ(t ) = 108πt + 5sin(4π × 106t)

0

( )
t

d t
dt =

θ
= 108π + 5 × 4π × 106

fi = 8 6( )1 1 [10 5 4 10 ]
2 2

d t
dt
θ = π + × π×

π π

fi = 8 6 7 71 [10 20 10 ] 5 10 1 10
2

π + π× = × + ×
π

= 6 × 107 = 60 MHz

3. (b)

s(t) = [ ] [ ]µ µcos 2 ( ) cos 2 ( ) cos(2 )
2 2

c c
c m c m c m c

A Af f t f f t A A f tπ + + π − + π

Thus, µ = 0.5

4. (c)

The amplitude of uniformly distributed is equal to 
1 .
K

∴ E [XK – 1] = 1 ( )K
xX f x dx

∞
−

−∞
∫

= 1 2

0 0

1 1 ( )
Kk K

K Kxx dx K
K K K

− −= =∫

5. (a)
Since, Y = 2x

Thus,
dx
dy =

1
2

fY (y ) = ( )
2X X
ydx dxf x f

dy dy
 =   

∴ K =
1
2

6. (c)

H = 2 2
1 1log (1 )log

1
P P

P P
+ −

−
dH
dp = 0

Which gives as P =
1
2
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7. (a)

P = 2 1[ ( )] ( )
2 XE X t S d

∞

−∞

= ω ω
π ∫   = 

1 8[5 1.5 1.5] 1.27
2 2

+ + = =
π π

8. (b)

9. (c)

Tb = 5
6

1 10 s
0.1(10 )

−=

fb = 75 kHz = 75 × 103 Hz
Now, α = 2fb Tb – 1= 1.5 – 1

= 0.5

10. (d)
(SNR) ∝ (2n)2

∴ 2

1

(SNR)
(SNR)

=
1 2

2
(2 ) 4
(2 )

n

n

+
=

11. (b)
fI = fc + 2(IF)

IF = 10 MHz

max

min

C
C

 
 
 

= 2

1

2
Lo

Lo

f
f

 
   

In order to avoid image frequency

1Lof = 1
88 10 98 MHzof IF+ = + =

2Lof = 2
108 10 118 MHzof IF+ = + =

∴ max

min

C
C =

2118 1.449 : 1
98

  =  

12. (c)
y(t ) = 4x(t) + 10x 2(t )

∴ y(t ) = [ ] [ ]24 ( ) cos( ) 10 ( ) cos( )c cm t t m t t+ ω + + ω

= 2 10 104 ( ) 4cos( ) 10 ( ) cos(2 ) 20 ( )cos( )
2 2c c cm t t m t t m t t+ ω + + + ω + ω

∴ y(t ) = [ ]4cos( ) 20 ( )cos( ) 4 1 5 ( ) cos( )c c ct m t t m t tω + ω = + ω

Now, { }max ( )m t = Am

∴ µ = { }max 5 ( )m t

µ = 5Am
0.8 = 5Am
Ac = 0.16
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13. (c)
s(t ) = x(t) + y(t) which is transmitted

∴ s(t ) = ˆcos( ) ( )cos( ) ( )sin( )c c c cA t m t t m t tω + ω − ω

= [ ] ˆ( ) cos( ) ( )sin( )c c cA m t t m t t+ ω − ω

The output of the envelope detector is represented as ( )s t  which is equal to

( )s t = 2 2ˆ[ ( )] [ ( )]cA m t m t+ +

( )s t = 2 2 2ˆ2 ( ) ( ) [ ( )]c cA A m t m t m t+ + +
∴ Ac is very large

( )s t ≈ 2 2 ( )c cA A m t+

( )s t ≈
1/2

( )21 ( ) 1c c
c c

m tA m t A
A A

   
+ ≈ +   

   
( )s t ≈ Ac + m(t)

14. (c)

so(t) = 2 2 2( ) cos ( )is t Aα = α θ where θ = ωct + βsinωmt

=
2 2 2

[1 cos2 ] cos2
2 2 2
A A Aα α α+ θ = + θ

∵ The output so(t) is passed through a BPF, thus

y(t ) =
2

cos2
2
Aα θ

∴ y(t ) =
2

cos2( sin )
2 c m
A t tα ω +β ω

15. (d)
Y(t ) = X(t) – X(t + τ)

and 2( )X t = RX(0)

Also, we have to obtain the mean value of the random process Y(t) as
E[Y(t )] = 0

2
xσ = 2 2 2[ ( )] [ ( )] { ( ) ( )}E Y t E Y t E X t X t − = − + τ 

= 2 2[ ( )] 2 [ ( ) ( )] [ ( )]E X t E X t X t E X t− ⋅ + τ + + τ

= RX(0) – 2RX(τ) + RX(0) = 2RX(0) – 2RX(τ)
= 2[RX(0) – RX(τ)]

16. (c)
X (t ) = 6eAt

RX(t1, t2) = [ ] 1 2
1 2( ) ( ) [6 6 ]At AtE X t X t E e e=

=
+

+   
=   +    

∫
1 2

1 2

22 ( )
( )

1 20 0

136 18
2

A t t
A t t ee dA

t t
 = 1 22( )

1 2

18 [ 1]t te
t t

+ −
+
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17. (a)
The procedure are identical, let ∈ = e,

The above value should be non-negative, this will happen only for oT t
T
− 

  
 and also since x can

have only two values A and 0, thus

Here, ( )XF x eε = = { }P X x e≤ ε =

=
( ) ( ) ( )o oT t tu x u x A

T T
− + −  

Because ‘x’ can have only value of zero and A.

Thus, ( )Xf x eε = =
( ) ( ) ( )o oT t tx x

T T
− δ + δ  

fX(x) = ( ) ( )Xf x e f e de
∞

ε
−∞

ε =∫

=
( ) ( ) ( )o oT t tx x A

T T
−   δ + δ −     

18. (a)

Given, 1 ( )
2

y x x= +

when x > 0, y =
1 1 2( ) ( ) , 0
2 2 2

xx x x x x y+ = + = = >

and y = x, y > 0

∴ FY (y ) = 0P X y X ≤ ≥ 

=
[ ], 0 ( , 0)

( 0) 1 ( 0)
P X y X P X y X

P X P X
≤ ≥ ≤ ≥=

≥ − <

=
≤ ≤ −=

− ≤ −
(0 ) ( ) (0)

1 ( 0) 1 (0)
X X

X

P X y F y F
P X F

∴ fY(y ) = =
−

( )( )
1 (0)

X
Y

X

f yd F y
dy F

19. (a)

( )Xf x dx
∞

−∞
∫ = 1

0

xCxe dx
∞

−∫ = 1

0

1
1 1

x xe eC x
∞− −    

−    −     
= 1

C(0 + 1) = 1
∴ C = 1
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20. (0)

P(X, Y) =
0.25 0.25
0.15 0.15
0.1 0.1

 
 
 
  

P(x1) = 0.25 + 0.25 = 0.5
P(x2) = 0.15 + 0.15 = 0.3
P(x3) = 0.1 + 0.1 = 0.2

and P(y1) = 0.5
P(y2) = 0.5

P(X ) = 1 2 2 2 3 2
1 2 3

1 1 1( ) log ( )log ( )log
( ) ( ) ( )

P x P x P x
P x P x P x

+ +

= 2 2 2
1 1 10.5log 0.3log 0.2 log

0.5 0.3 0.2
+ +

= 1.485 bit/symbol

and, H (Y ) = 1 2 2 2
1 2

1 1( )log ( )log
( ) ( )

P y P y
P y P y

+

= 2 2
1 10.5log 0.5log 1 bit/symbol

0.5 0.5
+ =

H(X, Y) = 2 2 2
1 1 1 1 1 10.25log 0.25log 0.15log 0.15log 0.1log 0.1log

0.25 0.25 0.15 0.15 0.1 0.1
+ + + + +

= 2.485 bits/symbol
I(X, Y) = H(X ) + H(Y ) – H(X, Y)

= 1.485 + 1 – 2.485 = 0 bits/symbol

21. (a)
fs = 10 fN = 10 × 20 = 200 kHz

δ fs ≥
( )Max dm t

dt
δ × 200 kHz ≥ 2π fm Am

δ ≥

3 12 (10 10 )
2

200 kHz

 π× × ×  

δ ≥ 0.157 Volts

22. (c)
According to MAP criterion

1( | )
( | )

X

X o

f r s
f r s

0

1

H

H

<>
1

oP
P

Now, fX(r | s1) =
2( µ)1 exp

oo

x
NN
−−

π

and fX(r | s1) =
2( 1)1 exp

oo

x
NN
−−

π
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fX(r | s0) =
2( 1)1 exp

oo

x
NN
+−

π
∴ ACC to MAP criterion

2( 1)exp

( 1)exp
2

o

o

o

t
N

t

−−

+−
= 0

1
2P

P
=

4to = 2ln2

to = 1 ln 2 0.346
2

=

23. (c)
Pe = 1 – Pc

Now, since we are using ML criterion, and the input symbols are equally likely, then we can
directly choose the output based on the maximum value of the transmission probabilities.

Pc = P(y1) P(y1 | x1) + P(x3) ⋅ P(y2 | x3) + P(x1) ⋅ P(y3 | x1)

= 1 7[0.5 0.5 0.4]
3 15

+ + =

∴ Pe = 7 81 0.533
15 15

− = =

24. (b)
To create an optimum quantize of 3-bits all the message symbols should be equiprobable thus, the
area under each quantized value must be same

f mm( )

1/4

1/121/12

–4 –3 –2 –1 1 2 3 4 m

Thus, for a 3-bit quantizer we need 8 levels. From the graph we can observe that the quantization

level can be chosen as 
1 3 5 7, , and ± .
2 2 2 2

± ± ±

Thus, signal power, 2
mσ =

4
2

4

( )mm f m dm
−
∫

=
1 43 3

0 1

1 1 112 Watts
4 3 12 3 3

m m    
 + ⋅ =   
     

Quantized noise power,

2
qσ  = 

1 2 3 42 2 2 2

0 1 2 3

1 1 3 1 5 1 7 12
2 4 2 12 2 12 2 12

m dm m dm m dm m dm
        − × + − × + − × + − ×                 
∫ ∫ ∫ ∫

= 
1/2 1/2 1/2 1/2 1/2

2 2 2 2 2

1/2 1/2 1/2 1/2 1/2

1 1 1 1 12
4 12 12 2 12

d d d d d
− − − − −

 
 λ λ + λ λ + λ λ + λ λ + λ λ
  

∫ ∫ ∫ ∫ ∫
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=
1/2 1/2

2 2

1/2 0

12
12

d d
−

λ λ = λ λ =∫ ∫

(SNR)9 =
2

2
11/3 44
1/12

m

n

σ = =
σ

∴ (SNR)9 (dB) = 10log10 (44) = 16.43 dB

25. (d)

Considering the given PDF with quantization regions, as follows:

f xX( )

–2 –1 0 1 2
x

1/2

1 2 3 4

1/4

Slope = 1
4

The quantized samples exist at the output of the quantizer with the probabilities as follows:

P (y1) = Area of region – 1 = 1 1 11
2 4 8
× × =

P (y2) = Area of region – 2 = 
1 1 3
2 8 8
− =

P (y3) = P (y2) = 
3
8

P (y4) = P (y2) = 
1
8

Entropy at the quantizer output is,

H (Y ) = 2 2
2 6 8log (8) log
8 8 3

 +   
 bits/sample

= ( )2 2 2
6 3log (8) log 3 3 log (3)
8 4

− = −  bits/sample

= 1.81 bits/sample

26. (a)

No = 2 2[( ) ] ( ) ( )q q XE X x x x f x dx
∞

−∞

− = −∫
Now, since the input is in the range of [–3 to 2] the PDF of the input signal can be drawn as

–3 2

1/5

f xX( )

x
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∴ No =
0 2

2 2

3 0

1 1( 1) ( 2)
5 5

x dx x dx
−

+ + −∫ ∫

=
0 23 3

3 0

( 1) ( 2)1 1
5 3 5 3

x x

−

+ −+

=
1 1 17(1 8) ( 8) W = 1.13 W

15 15 15
+ + + =

27. (a)

G =
1 0 1 0 0
0 1 1 1 1
 
 
 

∴ P =
1 0 0
1 1 1
 
 
 

∴ H =
 
 
 
  

1 1 1 0 0
0 1 0 1 0
0 1 0 0 1

Hence option ‘A’.

28. (c)

(SNR)0 = 2
2
max

3 2 nP
M

⋅

P = 30 mW = 30 × 10–3 W
Mmax = 3.8 V

10 log (SNR)0 =
2

2
max

3 210log
nP

M
 ⋅
 
 

20 =
3 2

2
3 30 10 210log

(3.8)

n− × × ×
 
 

∴ n = 7

29. (b)
3-bit quantizer means 8-levels.

f mm( )

1/4

–1–2–3–4 1 2 3 40
m

1
12

The eight levels can be chosen as the midpoint of the amplitude level for optimum quantization.
Now, the signal power is equal to

σ2
m =

−

=∫ ∫
4 4

2 2

4 0

( ) 2 ( )m mm f m dm m f m dm

=
1 43 3

0 1

112 W
12 36 3
m m    

 + =        
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Now, the quantization noise is equal to

σ2
q =

        − + − + − + −                 
∫ ∫ ∫ ∫
1 2 3 42 2 2 2

0 1 2 3

1 1 1 3 1 5 1 72
4 2 12 2 12 2 12 2

m dm m dm m dm m dm

σ2
q =

         − + − + − + −                

1 2 3 43 3 3 3

0 1 2 3

2 1 1 1 3 1 5 1 7
3 4 2 12 2 12 2 12 2

m m m m

σ2
q =

1 W
12

∴ (SNR)q =
σ

= =
σ

2

2
11/3 44
1/12

m

q

∴ (SNRq)dB = 16.43 dB

30. (b)

∴ (BW)QPSK =
2log (4)
bR

⇒ (BW)QPSK = 50 kHz


