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Analog and Digital

Communication Systems

Revised Syllabus of ESE: Random signals, noise, probability theory, information theory; Analog versus digital
communication & applications: Systems- AM, FM, transmitters/receivers, theory/practice/ standards, SNR
comparison; Digital communication basics: Sampling, quantizing, coding, PCM, DPCM, multiplexing-audio/
video; Digital modulation: ASK, FSK, PSK; Multiple access: TDMA, FDMA, CDMA.

1. Analog Communication Systems

m Explain how frequency modulation may be obtained from a phase modulator. Diagrammatically
compare the amplitude modulation, frequency modulation and phase modulation in respect of change
in amplitude, frequency and phase when the carrier is modulated with a step function.

[8 marks : 2004]

Solution:

Frequency modulation from a phase modulator:

mt) Im(a) do| phase | ! 9 (D)
m. (t) modulator | |

The waveform m(1) is derived as the integral of the modulating signal m(1), i.e.,

t
m(f) = k’_fﬁ m(o)do
where K’ is sensitivity of phase modulator.
Output of phase modulator is
v(t) = Acos [ot + K" m(1)]
where k” is sensitivity of phase modulator
W) = Acos [mct vk m(oc)o’oc}

where k = K'kK”
The instantaneous angular frequency is

o = i[o)cl‘ + kf;m(oc)doc} =, + km(t)

! at
The deviation of the instantaneous frequency from the carrier frequency w_/2m is
k
Af = f—f = —m(t
i (o] 275 ( )

Since the deviation of the instantaneous frequency is directly proportional to the modulating signal, the
combination of integrator and phase modulator of the above figure constitutes a device for frequency modulation.
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Diagrammatically comparison of AM, FM & PM:
o(t) m(t)

ANWANWANS
VARV ‘

Carrier signal Modulating signal
(Step function)

AM signal: sy = A (1 + K, m(t)) cos2nf t
= A1+ K,)cos2nf_t
Sand)

Af1+K,) - /\ /\
—A1+K,) \/ v

t
FM signal: Sey(t) = ACCOS[anCH 2an_|. m(t)dtJ

= Acos(2nf t+ 2nKt) = A cos[2n(f, + K)t]

Sem(t)
\/ \/ \/ Frequency = f, + K¢
PM signal: Sp(t) = A cos(2nrf t+ K m(t
=A cos(2nf t+ K )
Spu(t)

/\ /\ Frequency = f,
Phase \/ \/

shift

m In a radio broadcast transmitter, the carrier signal is sinusoidal with amplitude of 3 volt and frequency
of 15 kHz. The carrier signal is modulated by a square wave that does not have any dc component,
yet does have peak-to-peak amplitude of 2.0 volt and frequency of 2 kHz. Write down the mathematical
expressions of the carrier signal, the modulating signal and the modulated signal. Neatly plot those
waveforms as a function of time. Obtain the plots in frequency domain as well.

[10 marks : 2004]

Solution: v(t)

Carrier signal, v (1) = V_sin ot 3V

= 3sin(2n x 15 x 103) V = 3sin(30 © x 1031) V

t
1
\/ﬁ m
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1, O<t< I
Modulating signal, v, (1) = 2
T
-1 —<t<T
2
here T ! !
Wi , - —=— =
f, 2x10°

=5x10"*sec

Vin()

+1

NI

-1

v,(t) is an odd signal with half wave symmetry. So, its trigonometric Fourier series representation has only b,

terms for odd values of n.

%

b

n

So, modulating signal,

Modulated signal,

a,=0
5T o [T
J' Dsin(nw,,t) dt = = .[smnwtdt J'smnm ) dt
Ty T 72
Q[M};n=1,2,3 ,,,,,,

nm

isin2m‘mt + isin67tfmt + isimOnfmt +...
i 3n 51

v

S(f) = (v + v, )sinot 4
where, v, (1) as defined (i) 3 AM ﬂL
: s(f) = [v,+ v, (D]sinwt
Plots in frequency domain, for carrier signal \/ \/ \/ \/ \/ \ t
V() | | |
3/2 | 3/2
—f, 0 f, f
Vi)
2/n 2/m
2/3n 2/3n
-3f,, £, 0 f, 3f, f
Modulated signal s(t) = [V + V_(D]sinw_t
S(f)
3/2 3/2
1/t 1im 1Ir 1im
‘1/37[ ’1/371: '1/37{: ‘1/375
EJE e & & O WE O WE w0 B LE f
1) | [ N 3] 1) | + + 2]
| o s + | o WO +
W “I‘ | EN W “-F + w°
| | + +
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m A 50 MHz carrier delivers 100 W power to a load. The carrier is now frequency modulated by a 1 kHz
modulating signal causing a maximum frequency deviation of 6 kHz. This frequency modulated signal
is now coupled to the load through an ideal band-pass filter with 50 MHz center frequency and a
variable bandwidth. Calculate the power delivered to the load when the filter bandwidth is

(a) 1 kHz (b) 2.1 kHz
Comment on the result. Given:

J0(6) =0.1506 ; J, (6) =-0.2767 ; J2(6)
Jg (6) = 0.2458 ; J, (6) =

Solution:
Given that:

We know that,  Modulation index (B)

(c) 12.5 kHz

0.1296 ; J, (6) =

(d) 145 kHz (e) 20.2 kHz

=-0.2429 ; J,(6) =
0.0565 ; J, (6) =

0.1148 ; J,(6) =
0.0212 :

Carrier frequency, f, = 50 MHz, f_= 1 kHz, Af= 6 kHz and P_= 100 W

Af _6x10°

= =6
1x10°

fn
Ac Y J(B)
K=—o0

oo Ag
P
PJZ(B)
0
f.x£0 =T,

cos{(w, +kwy, )t}

)

K = —oo

= P_x 2(B) = 100 x (0.1506)2 = 2.268 Watt

1and -1

=f+xf =1MHz +1kHz

= (1)"J,(B)ie. J,PB)=

Equation of FM, (D)
So, power P
Pk
For k
Frequency component =
PO
For k
Frequency component
Also, J(B)
P

1

Ji(B)

= P_xJ3(B) = 100 x (-0.2767) = 7.656 Watt
Similarly we can find out the power of other frequency component.

0.3576 ; J;(6) =
0.0060
[15 marks : 2008]

Jig (6) =

0.3621

k | Frequency component (f, £ kf,,) | Power (W)
0 50 MHz 2.268
+1 50 MHz + 1kHz 7.656
+2 50 MHz + 2 kHz 5.900
+3 50 MHz + 3kHz 1.318
+4 50 MHz + 4 kHz 12.788
5 50 MHz + 5kHz 13.112
+6 50 MHz + 6 kHz 6.042
7 50 MHz + 7 kHz 1.679
+8 50 MHz + 8 kHz 0.319
+9 50 MHz + 9 kHz 0.0449
+10 50 MHz + 10 kHz 36x107°
The magnitude spectrum, for positive frequencies, of a wideband FM signal is,
iJO(B)
A, 70 %JNB) A,
A, 2> J2(B) 2 2B A,
A, - J3(B) 5 5B A,
LB ‘ Fh®)
f,—4f, f—3f, f—2f f.—f, f,  fo+f, f+2f f+3f, f+4f, f
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Case-1 BW = 1kHz

Then it will pass only single componenti.e. f,

SO P=2268W

Case-2 BW = 2.1 kHz

So output of filter will contain 3 frequency component

i.e. fof =1,

So P = 2268+ 2(7.656)
P =17.58 Watt

Case-3 BW = 12.5kHz

So output of filter will contain
fof et fox2f f +3f f +4f - f +5f  f +6f
so power delivered to load
P=2268+2(7.656 +5.9 + 1.318 + 12.788 + 13.112 + 6.042)
P = 95.9 Watt
Case-4 BW = 14.5kHz
So output of filter will contain
fof xffox2f o f +3f  f «4f . f +5f  f +6f f +7f
so power delivered to load
P=2268+2(7.656+59+1.318+12.788 + 13.112 + 6.042 + 1.679)
P = 99.258 Watt
Case-5 BW = 20.2 kHz
So output of filter will contain
fof et fox2f o f +3f f +4f S f +5f  f «6f  f «7f f +8f f +9f f +10f_
so power delivered to load
P

2.268 + 2(7.656 + 5.9 + 1.318 + 12.788 + 13.112 + 6.042 + 1.679
+0.319 + 0.0449 + 3.6 x 107°)
P = 99.99 Watt

O Comments on the Results:

e Thetransmission B.W of an FM wave as the separation between the two frequencies beyond which none
of the side-frequencies is greater than 1% of the carrier amplitude obtained when the modulation is
removed.

* Asthevalueofn_, increases here the power delivered to the load may also be increased. Because as
the modulation index (B) increases, the B.W occupied by the significant side-frequencies drops towards
that over which the carrier frequency actually deviates i.e. carrier power decreases and sideband power

increases.

m With the help of a block diagram explain the working of a superheterodyne AM receiver.
[10 marks : 2009]
Solution:

Aradio receiver is an electronic equipment which picks up the desired signal, rejects the unwanted signal,

amplifies the desired signal, demodulates the modulated signal to obtain back the original modulating

signal.

= The usual AM radio receiver of superheterodyne (mixing) type is represented schematically in figure
below:
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/.

oz Frequency
Ant Converter
ntenna prT
i |
H f, =f, o—f5)
RF | f i Gha )| Demodu- Output
AM wave — L - . P
plus noise Section i AR ; Section lator Signal
i i
i £ i
f Lo 3 IF signal Power
f Local f Amplifier
! Oscilla- |
i tor 3
| |
AN

(Superheterodyne AM Radio Receiver)

Basically this receiver consists of RF section, a mixer and a local oscillator, an intermediate frequency (IF)

section and a demodulator.

Working:

e Theincoming AM wave is picked up by the receiving antenna and amplified in the RF section which is
tuned to the carrier frequency of the incoming wave.

e The combination of mixer and local oscillator (of adjustable frequency) provides a frequency conversion or
heterodyning function, where the incoming signal is converted to a predetermined fixed IF (usually lower than
the signal frequency). The mixer-local oscillator combination is sometimes referred to as the First detector,
in this case the Demodulator is called the Second detector.

e The IF section consists of one or more stages of tuned amplification. This section provides most of the
amplification i.e. sensitivity and selectivity (B.W requirements) in the receiver. Because of its narrow
Bandwidth, the IF amplifier rejects all other frequency except intermediate frequency (IF). Actually, this
rejection reduces the risk of interference from other stations or sources. Infact, this selection process is
the key to the superheterodyne receivers exceptional performance.

e The output of the IF section is then applied to the demodulator, the purpose of which is to recover the
baseband or modulating signal. If coherent detection is used, then a coherent signal source must be
provided in the receiver. The final operation in the receiver is the power amplification so that it make
activate the Loudspeaker.

e The Loudspeaker (LS) is a transducer which converts this audio electrical signal into audio sound signal
and thus original signal is reproduced i.e., the original transmission is received.

= Typical frequency parameters of commercial AM Radio receiver is as follows:

RF carrier range = 0.535 - 1.605 MHz
Mid-band frequency of IF section = 455 kHz = 0.455 MHz
IF Bandwidth = 10 kHz.

= The advantages of superheterodyne receiver make it the most suitable for the majority of radio
receiver applications like AM, FM, communications, single-sideband, TV and even Radar receiver; all
uses superheterodyne principle.

m In a FM system, when the audio frequency (AF) is 500 Hz and the AF voltage is 2.4 volt, and
frequency deviation is 4.8 kHz if voltage is increased to 7.2 V, what is the new deviation? Now, if the
AF voltage is raised to 10 V and AF is dropped to 200 Hz, what is the deviation? Find the modulation
index in each case.
Mention two disadvantages of FM over AM.

[10 marks: 2010]
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Solution:

Audio frequency f = 500 Hz
A, =24V
Deviation Af = 4.8 kHz
We know that

o Af  48x10°
Modulationindex,p = — = ——— =9.6
b T 500
and Deviation Af = kA

48x10° = k;x 2.4
K, = 2x10%Hz/V

(i) Now A, =72V
Deviation Af = kA [where k, = frequency sensitivity]
Af = 2x 103 x 7.2 =14.4kHz
Af  14.4x10°
Modulationindex,p = —=—————— =28.8
b fn 500
(i) A, = 10V, f =200 Hz
Deviation Af = kA =2 x 108 x 10 =20 x 103 =20 x 10° Hz
Af = 20 kHz
Af  20x10°
Modulationindex,p = —=———+— =100
b= 7 =200

Disadvantage of FM over AM:

1. Threshold effect is more pronounced in FM than AM.

2. Circuitis more complex.

3. FMrequired more bandwidth than AM because bandwidth for FM is 10 times greater than AM.

m Consider a modulating signal
m(f) = 10 sin(2r x 10%1)
that is used to modulate a carrier frequency of 25 MHz.

(i) Find the bandwidth for 98% power transmission for phase modulation and frequency modulation
using Bp = 10 and B,= 10.

(ii) Repeat (i) when modulating frequency is doubled.

(iii) Repeat (ii) when amplitude of the modulating signal is halved. [10 marks : 2011]
Solution:
Given that message signal
m(t) = 10sin(2n x 10%)

. f = 10*Hz = 10 kHz ()
Carrier frequency f, = 25MHz

(i) Giventhat B, =10, B;=10

K A
We know that, B, = ’; i

m
Where Kp A,, maximum phase deviation

_ pr‘IO

o 10*
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~ 10x10*

- =10%rad (il
K, 0 N (ii)
K,— phase deviation constant

K A, .
B, = 7 K; - frequency deviation constant
m
K, = 10*Hz/V ..(iii)

Effective bandwidth of angle modulated signal which contains atleast 98% of the signal power is given
by Carson’s rule
B.W. =2(B+ 1)f
(i) for phase modulated signal
B.W. =2(B,+ 1)1,
B.W. = 2(10 + 1) x 10%
| BW. =220 kHz | for PM.
. B.W. of frequency modulated signal will be same
- | B.W.of FMmodulated signal = 220 kHz | for FM

(ii) When modulating frequency is doubled
ie. f, =2f =2x10*Hz
.. New modulation index for phase modulated and frequency modulated signals.
,_ KoAn _10%x10

Bo = £ 2x10t
. KA 10* x10
Bf = ,m = 7 = 5
f 2x10
. B.W. of phase modulated signal
B.W. = 2B, + f,
BW. =2(5+1)x2x10*
BW. = 240 kHz | for PM
Bp = Br

B.W. of frequency modulated signal
| BW. = 240 kHz | for FM

(iii) Now amplitude of modulating signal is halved.
A =Am/2=10/2=5
New modulation index of phase and frequency modulated signals.
5 KoAn 10 x5
P £ 2x10

New bandwidth of phase and frequency modulated signals

=25=25

BW. = 28, + iy,
BW. =225+1)x2x10*
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BW. = 140 kHz | for PM

Bp:f’f

= B.W. for both signals will be same.
. B.W. of frequency modulated signal will be

| BW.=140kHz |for FM

In an AM Transmitter, antenna current is 8 amperes, when only the carrier is sent but is increased to
8.93 amperes when carrier is modulated by a single sine wave. Determine the percentage of Modulation.

Also evaluate the antenna current when the percentage of Modulation is changed to 80%.
[10 marks : 2012]

Solution:

We know that, for single sine wave modulation

where,

3,00

U

~

P

c

F

2
m
=P |1+

Total transmitted power
Carrier power
Modulation index

I?R

= IR

Substitute the values of P, and P, in equation (i)

I?R

N

1

Given that

S o~

So,

5%
©
@

5 3 N‘Ph r\)|3\) ’\’|§b

2
I?R(Hm—J
2
2
m
21+ —
m2

I[ :IC 1+7

8.93 Amp.

8 Amp
?

+ﬁ
2

[e¢]

1

893 =1.116
8

1.246

0.246

0.492
0.7014 Ans.
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%m = 0.7014 x 100=70.14% Ans.
Given that I, = 8 Amp
m = 80% = 80 _ 0.8
100
I, =7
m 2
We know that, I, = Ic,/1+7 =8 1+(O'28) = 8J1+0.32 = 81.32
I, = 9.1913 Amp

m Find the carrier and modulating frequencies, the modulation index and the maximum deviation of the

FM wave represented by the voltage equation

v =12 sin (6 x 108t + 5 sin1250t)
What power will this FM wave dissipate in a 10 Q resistor?
[5 marks : 2014]
Solution:
v(t) = 12sin(6 x 108t + 5sin 12501)
Single-tone F.M. modulated wave equation can be given by,

v(t) = Asin[wct+kffvm cos(mmt)dt] (1)

Where, o, is carrier frequency and V, cos w,tis modulating signal.
For single tone modulation the above equation reduces to

V. = Asin[od +Bsin(oqf)] (i)
where, B = modulationindex:?—f
m

Thus, comparing the equation (ii) with the given equation, we get,
w, = 2nf, =6x 108

8
r= 210 g5 a9 My
Ui
f= 1250 =198.94Hz
2n
B=5

Now, the frequency deviation can be given as
Af=1 -B=5x198.94 =995 Hz
Power dissipated in 10 W resistor
p_ Vn_ 12°

= ﬁ_2x1027'2W

m (i) The antenna current of an AM broadcast transmitter, modulated to a depth of 40 percent by an
audio sine wave, is 11 amperes. It increases to 12 amperes as a result of simultaneous modulation
by another audio sine wave. What is the modulation index due to this second wave?

(ii) A certain transmitter radiates 9 kW with the carrier unmodulated and 10.125 kW when the carrier
is simultaneously modulated. Estimate the modulation index. If another sine wave, corresponding
to 40% modulation, is transmitted simultaneously, find out the total radiated power.

[5 + 5 marks : 2015]
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Solution:

(i) Given that,
depth of modulation, 40% = 0.4
Antenna current, I =11A

2
2 o]
t = ICL1+?}
=1 12:11%=1O.58A
1+ 81 1+7(O'4)
2 2
Now, given that

antenna current I,=12A

Let the second modulated wave be of modulation index p,

2 2
12 = 1§(1+%+“—22j

F
I

~
N
|

~
Il

2 2
(12§ = (10.58)2(1+ ©47 &]

2 2
From here, u, = 0.64
(ii) Giventhat, Carrier power, P, =9 kW
Total power, P, = 10.125kW

Let modulation depth is u,

2
P=p|1+HL
= e[ g

2
10.125 = 9[1+“—1]

2
From here W, = % or 50%
Simultaneous modulated with u, = 40%
P = Pc£1+“—2‘2+%§] - 9(1+ (0'25)2 " (O;)Z ]kW = 10.845 KW

m Explain and differentiate between baseland communication and carrier communication. An audio
FM system with audio frequency of 1 kHz and audio frequency voltage of 4.8 V is used with frequency
deviation of 7.2 kHz. Calculate modulation index. If the voltage of audio signal now increased to
8.2 V, what is new deviation? Now if both audio voltage and frequency are changed to 10 V and
200 Hz calculate deviation and modulation Index.

[10 marks : 2017]

Solution:
Baseband Communication: In a baseband communication system, the source information (baseband signal)
will be transmitted to the destination in it's original frequency range. No modulation is used in this
communication technique.
Carrier Communication: In a carrier communication system, the source information is modulated on to a
high frequency carrier signal and the modulated signal will be transmitted to the destination.
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S. No.| Baseband Communication Carrier Communication
1. No modulation is used. Modulation is used.
Signal should be transmitted through Signal can be transmitted through
2. a private physical medium (co-axial cables, both physical mediums and free space.

twisted pair cable, waveguides etc.)

3 Frequency division multiplexing Frequency division multiplexing
: is not possible is possible.
4. Time division multiplexing is possible Time division multiplexing is possible
Example: Public addressing system Example FM and AM broadcasting
Given data:
Audio frequency, f,=1kHz
Audio frequency voltage, A,=48V
Frequency deviation, Af=7.2kHz
The modulation index B of the FM signal with above parameters can be given as,
Af 7.2
= —=—"=72
T 1

When voltage (A,) is increased to 8.2 V:
The frequency deviation (Af,) for the modified voltage (A,,) can be given as,

Af 7.2kHz
Af1 = KiApi = A_X At = 48V
m

x8.2V=123kHz

When both audio voltage and frequency are changed to 10V and 200 Hz respectively :
The frequency deviation (Af,) for the modified voltage (A,,) and frequency (f_,) can be given as,

Af _ 7.2kHz

Af, = mxAm2 A8V

Af _15kHz _ 15000 _

f.o 200Hz 200

x10V =15kHz

Bgz

m Consider a message signal m,(t) as shown and message signal m(t) = sinc(2 x 10*t), in volts.

(i)

(iii)

m,(t)V

105}

3 4 t(sec)

1

0

If m,(t) is frequency modulated on a carrier with frequency 106 Hz with a frequency deviation
constant (k;) equal to 5 Hz/V, what is the maximum instantaneous frequency of the modulated signal?

If m,(t) is phase modulated with phase deviation constant (kp) equal to 3rad/V, what is the
maximum instantaneous frequency of the modulated signal? What is the minimum instantaneous
frequency of the modulated signal?

If m,(t) is frequency modulated with k.= 108 Hz/V, what is the maximum instantaneous frequency
of the modulated signal? What is the bandwidth of the modulated signal?
[10 marks : 2018]
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Solution: my(t)V
(i) Carrier frequency, f.=10°Hz
Frequency deviation constant, k.= 5 Hz/V
5
For frequency modulated signal, the instantaneous 107 : ,
frequency (f) is given as | i
fi= f,+ kim0 | e
f. will be maximum when m, (1) is maximum 0 1 3 4 t(sec)
my(t) . = 105V
Therefore, frooe=lot kfm(l‘)| =108 +5x 10° = 1.5 MHz

max

(ii) When m,(1) is phase-modulated with phase deviation constant (kp), the instantaneous phase of the
modulated signal is given as
0, = 2nf t+ kpm1(z‘)
Hence, instantaneous frequency can be written as

1 .d6, 1d kp d
f=—"Pl=— " (nft+k,m() = £, + . —m(t dm,(t)/dt
= om gt omar Vel HRemi) = oG i 10° 1
Maximum instantaneous frequency,
oo prke el < 100+ x10° = 1.048 MHz
! 2n dt max 2n 0 1 3 |4t
Minimum instantaneous frequency,
T
k, d 6 3 5
= k= = 10°+—x(-10°) = 0.
fimin = fo ¥ 5 Cﬁf‘m(z‘)min 5 X(-10%) =0.952 MHz

(iii) my(f) = sinc(2 x 104t), k.= 103 Hz/V

Maximum instantaneous frequency of the modulated signal,
froax = T+ Kimo(D) | = 10% + 10° x 1

1

[~ Max. value of sinc(x) = 1]

f = 1.001MHz
10° x1
Modulation Index of the FM signal, p = AT kfm?(?”‘ax = f =0.1
fm(mx) 10 10

Itis a narrow band FM signal. Therefore,

Bandwidth = 2 =2 X 10% Hz = 20 kHz

max

m Let the AM signal at the input to envelope detector, has the modulation index of 0.5 with the carrier
amplitude of 2 V. Message signal, m(t) is a tone signal of frequency 5 kHz and the carrier frequency
f,>> 5 kHz. If the (two-sided) noise PSD at the detector input is 10-8 watts/Hz. What is the expected
(SNR), of this scheme? By how many dB, this scheme is inferior to DSB-SC?

[10 marks : 2018]

Solution:

AM signal : Carrier amplitude and A, =2V
Modulation Index, u = 0.5

Message signal frequency, f = 5 kHz

Noise power spectral density, (two-sided)

0 _

5 108 watts/Hz = N, =2 x 108 watts/Hz



14 IEEZEDA Electronics & Telecommunication Engineering « Paper-|l Conventional

Solved Papers

Single-tone amplitude modulated signal is given as
Syl = A1 +ucos2nf f).cos2nf t
Noise signal can be written as the sum of in-phase component n(f) and quadrature phase component nq(t)
n(t) = n(t).cos2nf_ t+ nq(t). sin2nf t
The input to the envelope detector is
(ED)I./p = St + n(t)
(ED)IA/p = {(A,+ Aucos2nf t+ n(f)lcos2nf t + nq(z‘).sin2nfct
Output of envelope detector is

(EDjop = \J(A, + Acrcos2nt,t +n (1) +(n, (1))?

The effect of quadrature component of Noise is zero.
(ED)op = A, + Aqucos2naf, t+ n (1)
DC term will be blocked at the output of detector. Therefore

(ED) = Aucos2nf t+n,(t)
oF Signal Noise
. Au? 4x0.25
Signal power = 5 = 5 =05W
and Noise Power = N, x Bandwidth of AM signal

N=Nyx2f =2 x108x2x5x103=2x10* W

2.2
Therefore, (SNR), = ﬁcv’; =5 01'50 - = 2500
0o'm x

The figure of merit for the scheme is given as

_ (SNR)q
FOM = )
A a2
(SNR) = Power of AM signal o ) R2qy )2
7 Noisepower 2Nf. 4N,
2 2
Hence, Fom = K 5= 0.5 2=l
2+uc 2+(05° 9
In decilogs, FOM = 10log,,(1/9) =-9.54 dB

For a DSB-SC signal, FOM = 1.
Therefore, this scheme is interior to DSB-SC scheme by 9.54 dB.

m Two speech signals m, () and m,(t) are used to generate a composite signal as:
s(t) = my(t) coswt+ my(t) sinw t
Assume both the messages are low pass in nature and have W Hz bandwidth.
(i) Draw the block diagram and show the generation scheme of s(t).
[8 marks : 2019]
(ii) Propose a demodulation scheme in the form of block diagram and show the recovery of the two

signals m,(t) and m,(t). Assume w,>> 2nW.
[12 marks : 2019]

Solution:
(i) The composite signal is given by,
s(t) = m,(t) cosw t+ my,(t) sinw t
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This is a quadrature multiplexed signal in which we - () x4(0)
can transmit two different message signals using 1 e
single carrier frequency. This composite signal can —@ cos(f)

x,(t) = my(t) cos(w ) and x,(t) = m,(t) sin(w 1)
S(t) = x,(t) + x,(t) = m,(t) cos(w_t) + m,(t) sin(w 1)  my)

be generated by using the scheme shown below. 90° G) 0
X

O/ x(t)
(ii) The composite signal s(t) can be demodulated to recover ’

signals m,(t) and m,(f) using the scheme shown below:

f
@ “O e A0)

4@ cos(mt + ¢y)

S(t) o——¢ 20°
20 e
X LPF Yo(t)

</ =

The cut-off frequency of both the low-pass filters (LPF) is W Hz.
z,(t) = s(t)cos(wgt + ¢1) = [rmy(t) cos(wyt) + mu(t)sin(ogt) | cos(wgt + ¢4)

% my(t) [cos ¢4 + cos(2m.t + ;)] + %mz(t) [sin(2wgt + ¢1) — sind; ]

S(t) sin(of + ¢4) = [my(t) cos(wgt) + mu(t)sin(wt) | sin(wet + ¢4)

N

—~
~
~
I

= %m1(t) [sin(Cw.t + o) + sing, | + %mg(t) [cos ¢, — cos(2m.t + 4)]

After posing z,(t) and z,(t) through LPF, we get,

1 1 .
yy(t) = > my(t)cos ¢, — Emz(t) sin¢;

Yo(l) = % my(t)cos oy + %rm(t) sino;

If o, = 0°, i.e. there is no phase difference between the transmitter carrier signal and the receiver local
oscillator carrier signal. Then,

Y1) = —my(t) o< my(t)

N —

D) = malt) = mof)

Hence the message signals m,(t) and m,(t) can be recovered from s(t) when ¢, = 0°.

In a particular AM system, quadrature modulation is used where the inphase carrier modulates
(m,(t) + V,)) and quadrature carrier modulates m,(f), where m,(t) and m(t) are low pass band-limited
message signals and V, is constant.

(i) Write the expression for quadrature AM signal.
(ii) Assuming V, is large, show that m,(t) can be recovered using envelope detector.
(iii) Propose a coherent demodulation scheme and show the recovery of m,(t).
[4 + 8 + 8 marks : 2020]





