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Amplitude Modulation

N Detailed Explanation
of

Try Yourself Questions

N

The signal s(1)

LA N Sol.

A1 +pcos (w,h)] cos (o)

i A . .
The signal can be represented as = Re[/‘\ce/wct + %M( focrom)t | ef(‘”f‘”m)t)}

[9)
—~
N

|

S(t)lCOmpIex 2 |:Ace/(ucf +%(el(wc+wm)t + ej(oocwm)t):|
s, = [stee™ ]

(where, s(z‘)|C = the complex signal s() and s(t)|ce = the complex low pass equal of the signal s())

- A -
e = Ac+ ASM [cosw,, +jsinm,t] +%“[Coswm - jsinw,t]
Putting the conditions given in the questions we get:

e = 1+%[Coswm+/'sinwmt]+%[coswm — jsinot]
3 1
St)e = 1+§coswmz‘—/§sm(comt)

{(1 + %cos(mmz‘))2 + (%sin(mmt)f}

)%

A envelop

L’X Sol.
Expression for AM signal

Vi = Ascosogt + Acm, cos(o, + o, )t + Acm, cos(m, — o)t

P, = 100=

|

>
9)
Il

14.14V
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m2

Also n = 2 — =40%
2+m32
or 08+04mz2=mp2
m, = 1.154
B = A.m,[2=8.16
LN Sol.
o— o
25 kQ Eé ==
o O
1 y1-p?
RC < — s
o, W
1 1-u?
C < S
1 1-(0.5)°
C < 7 - (0.5)
10" x2nx 25x 10 0.5
C < 11nF
1Y (c)

x(f) = m(t) + coso _t

y(B) = 4(m(t)+coswyt)+ 1O[m2 () + cos? w,t + 2m(t)cos mct]

= 4Am(t) + 10m?(t) + 4cos ol + % + %cos 2wt +20m(t)cosmt

after passing through filter
y(t) = 4coswt+20m(tf)cosw t
= 4[1+ 5 m(1)] cosw t

u=>5s5xM
08 = 5x M
0.8
= —=0.16
M 5
EEER
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Angle Modulation

) Detailed Explanation

- /

Try Yourself Questions

LA N Sol.

Maximum instantenious frequency
f f Ko (1)
= fL+—m
i ° 2n

5 (K
115.95 x103 = £+[—P]x1o4

21 21
K

105 = (—p]x 10
2n

K
2n

Kp = 21 x 10 Hrtz/Volt
Kp = 10rad/volt

L’A Sol.

K:m(t)

40

20 ¢

s(f) = 10 cos [2m x 108t + 20m[4r(f) —6r(t—1) + 2r (t—2)]]
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Standard FM expression is given by:

s(f) =

2k [ mit)at

k,m(t) =
Af =

LN Sol.

Maximum frequency deviation

Afmax =

LN Sol.
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A, Ccos [anct + 2nkff m(t)dt]

20m (4r(t) —6r(t—1) + 2r(t-2))

10[4 u(b) - 6U (t- 1) + 2r (t=2)]
max | k,m(t)| =40 Hz

K K

d 2
Pl = m — _Potet
2n |dt mt )max 2n 2te
8000 , 1 42 ( ‘max2+e " isatt= i)
—2—.€ )
2n J2 V2
3.43 kHz

Compairing the equation with the standard equation.

k, m(t) =
m(t) =
Similarly i
s(f) =
Ke[ mt) ot =
[mt)at =
LIEN Sol.

= Acos[ot+ kp m(1)]

0.1 sin(10%xt)

Es,m(1 0%nt)
kp
0.01 sin (103 mtt)

Acos[mct+KfJ.m(f)df}
0.1 sin (103 mi)
0.1x10°
%sinﬁ o’nt) = Tncosﬁ 0%nt) =10 cos (108 i)

A, =5V, f, =100 Hz } Af= kA =1kHz

A, =10V, f =50Hz}Af=2kHz
Toget Af = 30kHz

frequency multiplication factor should be 15.

(a)

BW =
B =

y
A, isdoubled =B =10;f = EKHZ

BW =

2B+ 11f,
KAy =5

2[10+1]-%=11kHz
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LA Sol.

B, = kfma;( {m(t)} _ 100k x 1 —100

m

BW, = 2(100 + 1) 1k = 202 kHz.

UUJ
Il

kpmax {m(1)}

10x1=10

BW_ =210+ 1)1k = 22 kHz
Bandwidth required for channel
= 202 + 22 = 224 kHz

LE:N Sol.

The phase modulated signal can be given by,
s(f) = A,cos[2nf t+ kpm(t)] = A cos[0(1)]
The instantaneous frequency of the modulated signal,

1 dot) ko dmit)
f= ——-=f+L—2
! 2n dt 2n At
. . sin(1000mtt)
Given that, m(t) = 100sinc(1000t) V= 100—————
v 0 ine(10007 10007t
am() 1000mcos(10007t)  sin(10007t)
= 100 -
at 10007t 1000 7t?
Att=1ms, am(t) _ 100cos(m) — _10° Vs
at 1073
So, f = f+o-(-100k,) = 100~ 190X 2
2n T
_ 100199 k7 = 68.17 kHz
T
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Sampling and Pulse
Code Modulation

N Detailed Explanation
of

Try Yourself Questions

N

AN (d)
f, = 100Hz
A
Qe = iE
fo = 15xf x2=300Hz
A 0.1
— < ——xA
2 100"
2A < E><Am
PUING) 100
= n = 10
r, = Nnf =8x 10 x 300 = 24000 Hz = 24 kbits/sec
1A Sol.

Sampling frequency () = 1.5x2x4
12 kHz
step size (A) = 10mV
To avoid slope overload distortion in Delta modulation;

am(t)

- fa

max

\Y

onf - A ...for sinusoidal message signal

S>>

>
IN

3
o)
N
a
R
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A A-f,

S

o T oy

-3 3
_ 1030 7x12x107 _ 49 095 107% = 19.1mV

2nx10°
LA (c)
To prevent slope overload
8f, = max dm(t)‘
at
dx200x10% > 2nA f
2><n><(10x1o3)><l
§ > 2

200 x 10°
d > 0.157 Volts
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Digital Carrier Modulation Schemes

) Detailed Explanation

3 ;

Try Yourself Questions

LA Sol.
’
Average energy = E[4(«/§a)2 +8(/10a) + 4(\[18a)* ]
- %[2a2 +20a° +18a%]
= 108
LA Sol.

Let signal / be represented as

. Tt
Asin—; 0<t<T

S = T
0 ; 0<t<T

The average energy of signal will be

1(A2) 1, A2
ey = z(?]+§‘0)—7

Average energy of signal (ii)
a0z 2| 2 2| 2 2
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£ A
4 T 2
A
= ﬁ = A,
LN (b)
Sampling frequency (f,) = 1.25x(2f ) + Guard band
= 125x2x10+1
= 26 kHz
Bit rate (R,) = n.f, = 4x26 L2
= 104 kHz
Bandwidth of channel is 100 kHz i.e.,
B.W < 100 kHz
R(1+a) < 100 ..[ForM-ary PSK  (BW) . = A(1 + )]
R
R. = —b ...[R. = symbol rate
s log, M LAy = sy ]
Ry,
1+a) <
IogzM( ) < 100
104 (1+0.3) < 100
log, M
log, M = 1.352
M > 21352
Myin = 4 (-M=2")
1N (d)

-A

Let the energy associated with the symbols s, s, s, and s, are £, E,, E, and E, respectively.

E = (d)?; i=0123
From the above diagram,

d, =0

dy = d3= \/A2+A2 =\/2A2

d, = 2A
So, E, =0

E, = E;=2A2

E, = 4A2
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The average symbol energy of the modulation scheme can be given as,
3
E = Y EPS); P(s,) = probability of occurrence of the symbol s,
i=0

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