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Amplitude Modulation1

T1. Sol.

The signal s(t) = AC [1 + µ cos (ωmt)] cos (ωct)

The signal can be represented as s(t) = ( )( ) ( )Re
2

c c m c m
j t C j t j t

C
A

A e e e
ω ω +ω ω −ωµ + +  

complex( )s t = ( )( ) ( )
2

c c m c m
j t C j t j t

C
AA e e e

ω ω +ω ω −ωµ + +  

( )cs t = ce( ) cj ts t e− ω  

(where, c( )s t  = the complex signal s(t) and ( )ces t  = the complex low pass equal of the signal s(t))

∴ ( )ces t = [ ] [ ]cos sin cos sin
2 2
C C

m m m mC
A A

j t j tA
µ µ

ω + ω ω − ω+ +

Putting the conditions given in the questions we get:

( )ces t = [ ] [ ]1 1
cos sin cos sin1

8 4m m m mj t j tω + ω ω − ω+ +

( )ces t =
3 1

1 cos sin( )
8 8m mt j t+ ω − ω

∴ A envelop =

1
2 2 23 1

1 cos( ) sin( )
8 8m mt t

    ++ ω ω        

T2. Sol.

Expression for AM signal

VAM(t) = cos cos( ) cos( )C c C a c m C a c mA t A m t A m tω + ω + ω + ω − ω

∵ PC =
2

100
2
CA

=

∴ AC = 14.14 V
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Also η =
2

22
a

a

m

m+
 = 40%

or 0.8 + 0.4 ma
2 = ma

2

ma = 1.154
∴ B = AC ma /2 = 8.16

T3. Sol.

25 kΩ

RC ≤
211

n

− µ
ω µ

C ≤
211

nR
− µ

ω µ

C ≤
2

4 3
1 (0.5)1

.
0.510 2 25 10
−

× π × ×
C ≤ 1.1 nF

T4.  (c)

x(t) = m(t) + cosωct

y(t) = ( ) 2 24 ( ) cos 10 ( ) cos 2 ( )cosc c cm t t m t t m t t + ω + + ω + ω 

= 2 10 10
4 ( ) 10 ( ) 4cos cos2 20 ( )cos

2 2c c cm t m t t t m t t+ + ω + + ω + ω

after passing through filter
y(t) = 4cosωct + 20m(t)cosωct

= 4[1 + 5 m(t)] cosωct
µ = 5 × M

0.8 = 5 × M

M =
0.8

0.16
5
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Angle Modulation2

T1. Sol.

Maximum instantenious frequency

fi = ( )
2

p
c

K
f m t+

π
�

0 2 4

2 × 104
m t( )

115.95 ×103 =
5

410
10

2 2
pK 

+ × π π 

105 =
410

2
pK 

× π 

10 =
2

pK 
 π 

Kp = 2π × 10 Hrtz/Volt
Kp = 10 rad/volt

T2. Sol.

–20

40

0 1

K m tf ( )

2
t

s(t) = 10 cos [2π × 106t + 20π[4r(t) – 6r(t – 1) + 2r (t – 2)]]
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Standard FM expression is given by:

s(t) = cos 2 2 ( )c fA fct k m t dt π + π ∫

2 ( )fk m t dtπ ∫ = 20π (4r(t) – 6r(t – 1) + 2r(t – 2))

kf m(t) = 10[4 u(t) – 6u (t – 1) + 2r (t – 2)]
∆f = maxkfm(t) = 40 Hz

T3. Sol.

Maximum frequency deviation

∆fmax =
max

(t)
2

pK d
m

dtπ  = 
2

2
2

p tK
t e−

π

= 1/28000 1.2. .
2 2

e−

π

2 1
max2 is at

2
te t− + =  

∵

= 3.43 kHz

T4. Sol.

Compairing the equation with the standard equation.
s(t) = A cos[ωct + kp m(t)]

∴ kp m(t) = 0.1 sin(103πt)

m(t) = 30.1
sin(10 )

p
t

k
π

= 0.01 sin (103 πt)
Similarly

s(t) = cos ( )c fA t K m t dt ω + ∫
( )fK m t dt∫ = 0.1 sin (103 πt)

( )m t dt∫ = 30.1
sin(10 )

10
tπ

π
 = 

3
30.1 10

cos(10 )
10

t
× π π
π

 = 10 cos (103 πt)

T5. Sol.

Am = 5 V, fm = 100 Hz }  ∆f = kf Am= 1 kHz
Am = 10 V, fm = 50 Hz } ∆f = 2 kHz
To get ∆f = 30 kHz
frequency multiplication factor should be 15.

T6.  (a)

BW = 2[β + 1]fm
β = kpAm = 5

Am is doubled ⇒ β = 10 ;fm = 
1

kHz
2

BW =
1

2[10 1] 11 kHz
2

+ ⋅ =
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T7. Sol.

βf = max { ( )} 100 k 1
100

1k
f

m

k m t
f

×
= =

BWf = 2 (100 + 1) 1 k =  202 kHz.

βp = kp max {m(t)}

= 10 × 1 = 10

BWp = 2 (10 + 1) 1k = 22 kHz

Bandwidth required for channel

= 202 + 22 = 224 kHz

T8. Sol.

The phase modulated signal can be given by,
s(t) = Accos[2π fct + kpm(t)] = Accos[θ(t)]

The instantaneous frequency of the modulated signal,

fi =
1 ( ) ( )

2 2
p

c
kd t dm t

f
dt dt
θ = +

π π

Given that, m(t) = 100sinc(1000t) V = 
sin(1000 )100

1000
t

t
π

π

( )dm t
dt

=
2

1000 cos(1000 ) sin(1000 )
100

1000 1000

t t
t t

 π π π− π π 

At t = 1 ms, ( )dm t
dt

= 5
3

100cos( )
10 V/s

10−
π = −

So, fi = 51 100 2( 10 ) 100 kHz
2 2c pf k ×+ − = −
π π

=
100

100 kHz = 68.17 kHz−
π
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Sampling and Pulse
Code Modulation3

T1.  (d)

fm = 100 Hz

Qe =
2
∆±

fs = 1.5 × fm × 2 = 300 Hz

2
∆

≤ 0.1
100 mA×

2

2 2
m

n
A
×

≤ 0.1
100 mA×

⇒ n = 10
rb = N n fs = 8 × 10 × 300 = 24000 Hz = 24 kbits/sec

T2. Sol.

Sampling frequency (fs) = 1.5 × 2 × 4
= 12 kHz

step size (∆) = 10 mV
To avoid slope overload distortion in Delta modulation;

sT
∆

≥
max

( )dm t
dt

i.e.,
sT
∆

≥ 2πfm ⋅ Am ...for sinusoidal message signal

Am ≤
(2 )s mT f
∆
π
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(Am)max =
(2 ) 2

s

s m m

f
T f f

∆ ⋅∆ =
π π

=
3 3

3
3

10 10 12 10
19.09 10 19.1mV

2 10

−
−× × × = × ≈

π ×

T3.  (c)

To prevent slope overload

δfs ≥ ( )
max

dm t
dt

δ × 200 × 103 ≥ 2πAmfm

δ ≥
3

3

1
2 (10 10 )

2
200 10

× π × × ×

×
δ ≥ 0.157 Volts

MADE E
ASY



© Copyright www.madeeasypublications.org

4

T1. Sol.

Average energy = 2 2 21
4( 2 ) 8( 10 ) 4( 18 )

16
a a a + + 

= 2 2 21
[2 20 18 ]

4
a a a+ +

= 10 a2.

T2. Sol.

Let signal I be represented as

S1(t) = 1 sin ; 0

0 ; 0

t
A t T

T
t T

π ≤ ≤

 ≤ ≤

and signal II be represented as

S2(t) =
2

2

sin ; 0

sin ; 0

t
A t T

T
t

A t T
T

π ≤ ≤
 π− ≤ ≤

The average energy of signal will be

Pavg1
=

2 2
1 11 1

(0)
2 2 2 4

A A 
+ =  

Average energy of signal (ii)

Pavg2
=

2 2 2
2 2 21 1

2 2 2 2 2
A A A   

+ =         

Digital Carrier Modulation Schemes
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∴
2
1

4
A

=
2
2

2
A

⇒ 1

2
A

= A 2

T3. (b)

Sampling frequency (fs) = 1.25 × (2fm) + Guard band
= 1.25 × 2 × 10 + 1
= 26 kHz

Bit rate (Rb) = n.fs = 4 × 26 ...[L ≤ 2n]
= 104 kHz

∵ Bandwidth of channel is 100 kHz i.e.,
B.W ≤ 100 kHz

Rs(1 + α) ≤ 100 ...[For M-ary PSK (BW)min = Rs(1 + α)]

∵ Rs =
2log
bR
M

...[Rs = symbol rate]

∴
2

(1 )
log

bR
M

+ α ≤ 100

2

104
(1 0.3)

log M
+ ≤ 100

log2 M ≥ 1.352
M ≥ 21.352

Mmin = 4 (∵ M = 2n)

T4.  (d)

A

0

–A

s0

s1

s2

s3

φ2( )t

φ1( )t

d1

d3

d2
2A

Let the energy associated with the symbols s0, s1, s2 and s3 are E0, E1, E2 and E3 respectively.
Ei = (di)

2 ; i =  0, 1, 2, 3
From the above diagram,

d0 = 0

d1 = d3 = 2 2 22A A A+ =
d2 = 2A

So, E0 = 0
E1 = E3 = 2A2

E2 = 4A2
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The average symbol energy of the modulation scheme can be given as,

Es =
3

0

( )E P s
=
∑ i i
i

 ; P(si) = probability of occurrence of the symbol si

= 0(0.3) + 2A2(0.2) + 4A 2(0.4) + 2A2(0.1)
= (0.4 + 1.6 + 0.2)A2

= 2.2 A2
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