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Detailed Explanations

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

Given 88 MHz < fc < 108 MHz

Also,

fLO – fc = 10.8 MHz

or, fLO = 10.8 MHz + fc

∴ 1LOf = 10.8 + 88 = 98.8 MHz

2LOf = 10.8 + 108 = 118.8 MHz

∴ range = 98.8 MHz – 118.8 MHz

2.2.2.2.2. (b)(b)(b)(b)(b)

With equal probability

H(X) = log2 M = log2 27

=
10

10

log 27
4.75 bits/character

log 2
=

4.4.4.4.4. (d)(d)(d)(d)(d)

In FM, the modulation index (β) = 
m

f
f
∆

∆f = frequency deviation
fm = modulating frequency

6.6.6.6.6. (c)(c)(c)(c)(c)

As X and Y  statistically independent,

E[XY] = E[X ] E[Y]

E[X] = ( ) 1Xf d
∞

−∞

=∫ x x x ∵ fX(x) is symmetric about the point x = 1

E[Y] = ( ) 2Yy f y dy
∞

−∞

=∫ ∵ fY (y) is symmetric about the point y = 2

so, E[XY] = E[X ] E[Y]  = (1) (2) = 2
7.7.7.7.7. (b)(b)(b)(b)(b)

Pre-emphasis is used in FM transmitted to boost up the low level signal.

8.8.8.8.8. (b)(b)(b)(b)(b)
∆φ = KpVm

Kp = 68
4mV

∆φ
=  = 17 Rad/V
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9.9.9.9.9. (d)(d)(d)(d)(d)
Frequency modulation may be achieved by voltage controlled devices. Such as varactor diode, PIN diode,
Miller capacitance or multivibrator etc.

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

x(t) ←→  X(ω)

ˆ( )tx ←→  ˆ ( )X ω  = – jsgn(ω)X (ω)

ˆ̂( )tx ←→  ˆ̂ ( )X ω  = (– jsgn(ω))2  X (ω) = –X(ω)

Thus ˆ̂( )tx  is –x(t).

11.11.11.11.11. (b)(b)(b)(b)(b)

M( )f 

–15 k 15 k
f (Hz)

X( )f 

–30 k 30 k
f (Hz)

0–15 k 15 k

After passing through LPF

Y( )f 

–15 k 15 k
f (Hz)

12.12.12.12.12. (d)(d)(d)(d)(d)
For distortionless demodulation

1

cf
<< RC << 

1

mf

6
1

2 10×
<< RC << 3

1
2 10×

0.5 µs << RC << 0.5 ms ... (i)
For option (a) ⇒ RC = 20 ms
For option (b) ⇒ RC = 5 ms
For option (c) ⇒ RC = 10 ms
For option (d) ⇒ RC = 20 µs = 0.02 ms
Only option (d) satisfies the condition given in equation (i).
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13.13.13.13.13. (c)(c)(c)(c)(c)
S(t) = 10 cos (2π fct + 5 sin 2π fmt)

β = Kp Am = 5 rad
When amplitude of message signal (Am) is doubled and fm is halved,

βnew = 2 βold = 10 rad  ∵ β ∝ Am
BW = (1 + βnew) 2 fm (new)

=
1

(1 10) 2
2

 + ×    kHz ∵ fm (old) = 1 kHz

BW = 11 kHz

14.14.14.14.14. (d)(d)(d)(d)(d)
G1 = G2 = G3 = 10 dB ⇒ 101 = 10
F1 = F2 = F3 = 6 dB

or F1 = F2 = F3 = 100.6 = 3.98 ≈ 4

F = 32
1

1 1 2

11 FF
F

G G G
−−

+ +

=
4 1 4 1

4 4.33
10 100
− −+ + =

15.15.15.15.15. (c)(c)(c)(c)(c)
Y(t) = X(t) cos (ω0t + θ)

fθ( )θ

2π
θ

0

1
2π

ACF of Y(t), RY(τ) = E [Y(t) Y(t + τ)]
= E [X(t) cos (ω0t + θ) X(t + τ) cos (ω0t + θ + ω0 τ)]
= E [X(t) X(t + τ)] E [cos (ω0t + θ) cos (ω0 t + θ + ω0 τ)]

= [ ]0 0 0
1 1

( ) cos cos(2 2 )
2 2XR E t τ ω τ + ω + θ + ω τ  

E [cos (2ω0t + ω0 τ + 2θ)] = E [cos (α + 2θ)] = cos( 2 ) ( )f d
∞

θ
−∞

α + θ θ θ∫

=
2

0

1
cos( 2 )

2
d

π

α + θ θ
π∫  = 0

So, RY(τ) =
1
2

RX(τ) cos (ω0 τ)

Average power of Y(t), PY = RY(0) = 
1
2

RX(0) = 
2
K

 Watts (∵ given RX(0) = K Watts)
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16.16.16.16.16. (a)(a)(a)(a)(a)

E [X (t)] = ( ) ( )AX t f a da
∞

− ∞
∫

1
a0

1

f aA( )

E[X (t)] = ( )
1

0

cos( ) (1)a t daω + θ∫

=
1

0

cos( )t a daω + θ ∫

=

12

0

cos( )
2

a
t

 
ω + θ    

=
1

cos( )
2

tω + θ

17.17.17.17.17. (c)(c)(c)(c)(c)

fX(x) =
( 1) ; 1 3

4
0 ; otherwise

k + − ≤ <



x x

E [X 2] =
3

2

1

( )Xf d
−

⋅∫ x x x  = 
3

2

1

( 1)
4
k

d
−

+∫ x x x

=
3

3 2

1

( )
4
k

d
−

+∫ x x x  = 

34 3

1
4 4 3
k

−

 
+ 

  

x x

=
1 1(81 1) (27 1)

4 4 3
k  − + +  

 = 1 180 28
4 4 3
k  × + ×  

=
28 20

4 3
k  +  

 = 
22
3

k  
  

( )Xf
∞

− ∞
∫ x = 1 = 

1
(4)( )

2
k  = 1

k =
1
2

So, E[X 2] =
22
3

k  
  

 = 
11
3

 = 3.67
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18.18.18.18.18. (b)(b)(b)(b)(b)

fXY (y / x) =
( , y)
( )

XY

X

f
f
x
x

fXY(x, y) =

2 2( )
2 ( ) ( )

x y

y e u u y
+−

x x

fX(x) = ( , )XY
y

f y dy
∞

= −∞
∫ x  = 

2 2 2( )
2 2

0

( ) ( )
y

ye u dy e u
− + −∞

=∫
x x

x x x x

XY
yf  

  x
=  

( , )
( )

XY

X

f y
f
x
x

 = 

2 2

2

( )
2

2

( ) ( )

( )

y

ye u u y

e u

+−

−

x

x

x x

x x

 = 

2

2 ( )
y

y e u y
−

19.19.19.19.19. (b)(b)(b)(b)(b)

–50 50
f (Hz)0

sinc(100 )t
CTFT

–25 250 f (Hz)

CTFTsinc(50 )t

–25 25 50–50

M f( )

m t( )
CTFT

0
f  Hz)(

fmax = 50 Hz

Nyquist interval =
max

1 1
s 10 ms

2 100f
= =

20.20.20.20.20. (d)(d)(d)(d)(d)
H(m) = –0.8 log20.8 + 0.2 log20.2

= 0.722 bits/symbol

L = 0.8 × 1 + 0.2 × 1 = 1 bits/symbol
∵ two symbols are there, each symbol can be represented with one bit.

η =
( )

0.722 72.2%
H

L
= ⇒x



© Copyright :www.madeeasy.in

11CT-2019 | EC • Communication Systems

21.21.21.21.21. (a)(a)(a)(a)(a)

Bandwidth = 2 (∆f + fm)

Here, Bandwidth as well as fm is constant.

∴ Deviation also remains the same.

22.22.22.22.22. (b)(b)(b)(b)(b)

Hilbert transformation of xH(t) is –x(t).

23.23.23.23.23. (b)(b)(b)(b)(b)

Entropy H = 2 2 2 2
1 1 1 1

log 2 log 4 log 8 log 8
2 4 8 8

+ + +  = 1.75 bits/symbol.

24.24.24.24.24. (b)(b)(b)(b)(b)

PYY = 21
( )

2 XXP H d
∞

−∞
⋅ ω ω

π ∫  = 61
2.6 10 1

2

B

B
d−

−
× × ω

π ∫

16 = ( )61
2.6 10 B−× ×

π
or, B = 6.15 π × 106 rad/sec

25.25.25.25.25. (c)(c)(c)(c)(c)
AC[1 + Kam(t)]

26.26.26.26.26. (b)(b)(b)(b)(b)

Nyquist Interval, fs(min) = 2fs(max) = 8 kHz

Ts(max) =
( )

=
max

1 1 msec
8sf

 = 125 µsec

27.27.27.27.27. (a)(a)(a)(a)(a)
Bandwidth for QPSK = fb and
Bandwidth for BPSK = 2 fb
where fb = bit rate in bits/second

28.28.28.28.28. (d)(d)(d)(d)(d)

m = max min

minmax

A A
A A

−
+

0.85 =
0.5
0.5

−
+
x
x

0.85(x + 0.5) = x – 0.5

x = 6.17 cm



© Copyright :www.madeeasy.in

12 Electronics Engineering

29.29.29.29.29. (a)(a)(a)(a)(a)

6(2fm) = 90,000

fm = 90000
12

 = 7500 Hz

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

fX(x) =
1
2

e− xx  =  =  =  =  = 

1
; 0

2
1

; 0
2

e

e

− ≥

− <

x

x

x x

x x

fX( )x

x

fX(x) is symmetric about x = 0, so, E [X] = 0X =

2
Xσ = ( )2 2[ ]E X X E X − =  

 = 2 21
( )

2Xf d e d
∞ ∞

−

−∞ − ∞

=∫ ∫ xx x x x x x

=====
3

0

e d
∞

−∫ xx x ∵ 2 e− xx x  is an even function of ‘x’

= 3 2

0
( 3 6 6)e

∞− − − − − 
x x x x  = 6


