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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 (i) InFM radio broadcasting, the modulation index is 40%. What is the value of frequency deviation?
(ii) Inan FM modulation system, the modulation index is doubled. By what percentage does the total
transmitted power increase?

(iii) For the following microwave coaxial connectors write the full form and the frequency upto which
these can be used satisfactorily.

1. APC 3.5 2. BNC 3. TNC 4, SMC
[2 + 2 + 4 marks : 1999]
Solution:
(i) Frequency deviation, 8= m,f_
where m,— modulation index

f— modulating frequency
So, d=047
(ii) InFM, the total transmitted power remains constant. So on doubling the modulation index, there will be

0% change in the total transmitted power. Because in FM, we are concerned about the frequency not on
the amplitude.

(”I) Mic;c;wn?‘\;it%c:':xial Full form Maximum Frequency
APC 3.5 Amphenol Precision Connector - 3.5 mm 34 GHz
BNC Bayonet Navy Connector 4 GHz
TNC Threaded Navy Connector 1 GHz
SMC Sub-miniature Connector 7 GHz

m A measuring system is used to calibrate the setting on a CW signal generator. Two adjacent nulls are
found on the coaxial slotted line. The scale readings are 12.4 cm and 25.7 cm.
(i) What is the wavelength and frequency of the signal generator at this setting?
(ii) What cutoff frequency should be selected for the low pass filter?
(iii) What must the local oscillator frequency be if the IF amplifier frequency is 60 MHz?
(iv) What attenuator should be selected to reduce the reflected power by 12 dB?
[20 marks : 2000]
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Solution:
. A . .
(i) 5= distance between two adjacent nulls
A
= 5= (25.7-12.4)=13.3
= A=2x13.3=26.6cm Ans.
F f= =
requency =%
3x10'°
= f= :66 = 11278 x 10° Hz = 1.1278 GHz

(ii) Cutoff frequency of the LPF,
f,=1.1278GHz Ans.

(iii) fo=f +fe=1.1278x 10° + 60 x 10°
f, = (1.1278 + 0.06) x 10° = 1.1878 GHz  Ans.

(iv) A resistive circuit whose relation is as 10|og§—’ =12 is used as attenuator.
o

m A 10 MHz carrier is frequency modulated using a modulating signal e, = E, sin 108 nt. The resultant
FM signal has frequency deviation of 5 kHz.
(i) Calculate the modulation index of the FM wave.
(ii) What should be the capture range of a PLL used for demodulation of this signal?
(iii) Derive the result of part (b).

[3 + 6 + 6 marks : 2001]
Solution:

(i) Modulation index, m, = A
fn

where, Af— frequency deviation and f_— maximum frequency component of modulating signal.

5x10° 2x5x10°

m, = = =10 Ans.
" 10%n/2n 10°
(ii) Af=5kHz = 5 x 103 Hz
10°
Input frequency f, = - = 500Hz

Capturerange (total) = 2,/fAf

2500 x 5000
3.162 x 108 Hz = 3.162 kHz

n

(iii) When PLL is not initially locked to the signal, the frequency of the VCO will be free running frequency f,,.
The phase angle difference between the signal and the VCO output voltage will be
0= (0 t+0,) — (0, 1+ 0,) = (0 — wy)t + AO
thus the phase angle difference does not remain constant but will change with time at a rate given by
deo

ar = Ps™ %
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The phase detector output voltage will therefore not have a dc component but will produce an ac
voltage with a triangular waveform of peak amplitude K¢(n/2) and a fundamental frequency (f,— f ) = Af
The low pass filter (LPF) is a simple RC network having transfer function

1

T(jf) =

(1+ jify)
1 2
where f; = is the 3-dB point of LPF. In the slope portion of LPF where ! >> 1 then
2TCHC f]
f
T(f) = -+
(f) if

The fundamental frequency term supplied to the LPF by the phase detector will be the difference
frequency Af=f —f . If Af> 3f,, the LPF transfer function will be approximately

ho__f

Af (6 -1)

T(Af) ~~

The voltage V_ to drive the VCO is
Vo=V xT(f)x A

or Ve max = Vo max X T x A
n)
Vc max qu’(EjA(E) ( Vemax = qu) (7'[/2))

Then corresponding value of maximum phase shift is

i f.
(f_ fo)max = Kva max t K\/K¢(§)A(éj

For the acquisition of signal frequency, we should put f= £, so that maximum signal frequency range
that can be required by PLL is

T f.
LT

Now Af, = (f =)oy
T
So (AR)? = KKy Al
KK, ZA
Af = Jh AR

Therefore total capture range

Af = 2JF AT

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]
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Solution:

Frequency modulation from a phase modulator:

Jm(e) do[ppace i Pew (£)
m, (f) modulator | |

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

m(l) = k’_[_tmm(oc)doc

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

Wi) = Acos[mcwkj;m(oc)da]
where k = K'k”
The instantaneous angular frequency is

®, = %[mct + kf;m(a)da} =, +km(t)

The deviation of the instantaneous frequency from the carrier frequency _/2m is

Af = f—f = %m(t)
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.

Diagrammatically comparison of AM, FM & PM:
c(t) m(t)

Al

/ANYANYANN
VARV f

Carrier signal Modulating signal
(Step function)

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

RNAWAWA!

t
FM signal: Sey() = Accos[anCH 2anj m(t)o’t]

= Aos(2nf t+ 2nKt)
= Acos[2n(f, + K)t]
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Sem(t)
\/ \/ \/ Frequency = f, + K¢
PM signal: Sp(t) = A cos(2nrf t+ K m(t
=A cos(2nf t+ K )
Seum(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_sinw,t Vi
= 3sin(2m x 15 x 103f) V = 3sin(30 7w x 10%%) V ¢
1
—£MS
1 0<t <£ ‘ \/15
Modulating signal, v, (1) = ; (i) v, ()
-1 —<t<T
2 +1
1 1 _4 T T ‘
where, T=—= 7 =95x10"sec 5
f, 2x10 -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.
g=a,=0
;

5 o [T
b = —jvm sin(nw,t) dt == _[sm nw.,t) dt - jsm nw,,t) dt
Ty T 7o

- 2{1‘%8(”")};n=1,2,3 ......

So, modulating signal, V() = %sinanmHe:insin%fmt+%sin10nfmt+...

Modulated signal, v
s(t) = (v,+ v, )sinw,t 4

where, v,_ (1) as defined (i) AM W

s(t) = [v,+ v, (D]sino.t

VAR A -

Il
w
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Plots in frequency domain, for carrier signal

Vi)
3/2 | 3/2
—f, 0 f, f
Vi)
2/n 2/t
2/3w 2/3rm
=3f,, —f, 0 f 3f, f
Modulated signal s(t) = [V + V (D]sino_t
S(f)
3/2 3/2
1/ 1in 1/n 1in
‘1/3T[ '1/37[ ‘1/3T[ ‘1/37-E
E & « & & O WE O WE WO B LE f
1) | [ N I3 1) | + + 2]
| o s + | o WO +
W “T | EN W “-F + w°
T I ¥ ¥

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 (c) 125 kHz (d) 145 kHz (e) 20.2 kHz
Comment on the result. Given:
Jy(6) = 0.1506 ; J,(6) =-0.2767 ; J,(6) =-0.2429 ; J,(6) = 0.1148 ; J,(6) =0.3576 ; J;(6) = 0.3621
Jg (6) =0.2458 ; J, (6) = 0.1296 ; Jg (6) = 0.0565 ; J, (6) = 0.0212 ; J,, (6) = 0.0060

[15 marks : 2008]

Solution:

Given that: Carrier frequency, f, = 50 MHz, f =1 kHz, Af=6 kHz and P, =100 W

3
We know that, Modulation index (B) = f = 6X103 -
fn  1x10
Equation of FM, xeu(® = A Y, Jk(B)cos{(w, + ko, )t}
K=—c0
S AL S 2
So, power P = Y 7'Jk([3)= > Fo-Ji®)
K = —oo K = —oo
P, = PCJ/%(B)
For k=20
Frequency component = f .+ 0 = f,
Fy, = P,xJ(B) =100 x (0.1506)? = 2.268 Watt
For k = 1and-1
Frequency component = f +f =1MHz £ 1kHz
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Also, J,B) = 1), (B)ie. J4(B) = (B)
P, = P_xJ3(B) =100 x (-0.2767)? = 7.656 Watt
Similarly we can find out the power of other frequency component.

k | Frequency component (f, * kf.,) | Power (W)
0 50 MHz 2.268
+1 50 MHz + 1kHz 7.656
+2 50MHz + 2 kHz 5.900
13 50MHz + 3kHz 1.318
+4 50 MHz + 4 kHz 12.788
15 50MHz + 5kHz 13.112
+6 50MHz + 6 kHz 6.042
+7 50 MHz + 7 kHz 1.679
18 50MHz + 8 kHz 0.319
19 50MHz + 9 kHz 0.0449
+10 50 MHz + 10 kHz 3.6x107

The magnitude spectrum, for positive frequencies, of a wideband FM signal is,

A
> JoB)
c Ac
A, 2 Jo(B) 2" 2 40 %Jz( A,
A, - J3(B) - J3(B
LB ‘ S 4(B)
f,—4f, f-3f, f-2f f—f, f, fo+fy, f.+2f f+3f f +4f, f
Case-1 BW = 1 kHz
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. fofoxf
So P = 2268+ 2(7.656)
P = 17.58 Watt
Case-3 BW = 12.5kHz

So output of filter will contain
fof e f  fox2f f +3f f +4f - f +5f  f +6f

¢c’'c— 'm ‘¢ m ¢ m ¢

so power delivered to load
P=2268+2(7.656+59+ 1318 + 12.788 + 13.112 + 6.042)
P = 95.9 Watt

Case-4 BW = 14.5kHz

So output of filter will contain

fof e b fox2f o f +3f  f £4f - f +5f  f +6f f +7f
so power delivered to load
P=2268+2(7.656+59+ 1318+ 12.788 + 13.112 + 6.042 + 1.679)

P = 99.258 Watt
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Case-5 BW = 20.2 kHz
So output of filter will contain

fofoxf o fox2f f +3f - f x4f f +6f  f «6f f £7f f +8f f +9f f +10f
so power delivered to load

P = 2268 +2(7.656+5.9+ 1318+ 12.788 + 13.112 + 6.042 + 1.679
+0.319 + 0.0449 + 3.6 x 1073)
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.

e 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.

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:
//// Frequency
Converter
Antenna prmmmmm e
RF | fs | o)l e Demodu- Output
AM wave —»| . I ' i pu
plus noise Section i HEER i Section lator Signal
E o |
| 1 IFsignal Power
E Local 3 Amplifier
! Oscilla- 1
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.
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=

=

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.

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.

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]

Solution:
Audio frequency f = 500 Hz
A, =24V
Deviation Af = 4.8 kHz
We know that
3
Modulation index p = 2f - 48x107
T 500
B =96
and Deviation Af = KA
48x10% = k,x 24
k. = 2x103Hz/V
(i) Now A, =72V
Deviation Af = kA [where k, = frequency sensitivity]
Af = 2x 1083 x 7.2 =144 kHz
Af 14.4x10°
Modulation index, = —=—7"7-—
b T 500
f =288

(i)

A= 10V, f =200Hz
Deviation Af = k,A_ =2 x 10%x 10 = 20 x 10 = 20 x 10% Hz

Af = 20kHz
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Af  20x10°
Modulationindex,p = — =—————— =100
fm 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(t) = 10 sin(2r x 10%f)
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 (1)
Carrier frequency f, = 25MHz
(i) Giventhat Bp =10, B,=10
K A
We know that, . = 2"
R
Where Kp A,, maximum phase deviation
~ K, x10
P 104
10x10* 4
= =10"rad (i
: 0 N (ii)
er phase deviation constant
B = Kffﬂ K; - frequency deviation constant
m
K, = 10*Hz/V ..(ii)

Effective bandwidth of angle modulated signal which contains atleast 98% of the signal power is given
by Carson’s rule
BW. = 2B+ 1)f,
(i) for phase modulated signall
B.W. =2(B,+ 1)1,
B.W. = 2(10 + 1) x 10*

| BW. =220 kHz | for PM.
Bp = Bf

. B.W. of frequency modulated signal will be same
- | B.W.of FMmodulated signal = 220 kHz | for FM






