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VIT Course code  : BECE 304 L Slot:G1
T TR, Course Title : Analog Communication Systems Time: Three Hours
T Course Mode  : CBL Max. Marks: 100
Emp 1d:11060 Faculty Name :Dr.T.Shankar School: SENSE
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KEEPING MOBILE PHONE/SMART WATCH, EVEN IN ‘OFF’ POSITION IS TREATED AS EXAM MALPRACTICE

General Instructions if any:

1. “fx series” - non Programmable calculator are permitted : YES
2. Reference tables permitted : YES (if Yes, Please specify: Scientific calculators and Bessel’s table
are permitted )

Answer ALL Questions, Each Question carries Ten Marks. (10 X 10 = 100 Marks)

H Unit/
SI No | Question Text %A Module No Marks | BL co

1. - . E |1 10 2 1
a) (i)Differentiate simplex, half duplex and full duplex.

(ii)Specify the frequency ranges allotted for AM and
FM broadcast. (3)

a) )

| . i

b) List the need for modulation in a communication
system and find the practicality of length of the
antenna for the transmission of voice signal at a
carrier frequency of 1KHz and 200MHz? (4)

c) Calculate the theoretical channel capacity if the SNR
is 40dB and the channel bandwidth is 6MHz?  (3)
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a) A modulating signal 10sin(2z x10°t) is used to modulate
a carrier signal 20sin(2rt x10*t). Determine the modulation
index, percentage of modulation, frequencies of the sideband
components and their amplitudes. What will be the
bandwidth of the modulated signal? [5]

b) An AM transmitter has an unmodulated carrier power of
10 kW. It can be modulated by a sinusoidal modulating
voltage to a maximum depth of 40%, without overloading.
If the maximum modulation index is reduced to 30%, what
is the extent up to which the unmodulated carrier power can
be increased without overloading? [5]

10
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It 1s given that the unmodulated carrier power =P, = 10 kW
Max. depth of modulation without overloading =40% .. m, =04

Total power i the AM signal = fy = | 1+ | =104 x108=108 kW

10 avoid overloading, we have to see that the total power in the AM signal does not exceed 10.8 kW
When the percentage of modulation is 30%, my= 0.3

Now, let £} be the maximum wnmodulated carrier power that would make the total power in the AM
signal reach the value 10.8 KW

‘ 031 X
P =10.8x100 = [} ‘[I'lelm.«/;‘
10810}
|45

)
o

=033 kW

Hence, with a modulation index of 0.3, the unmodulated carrier power can be increased up to 10.33 kW
without overloading

The signal x(t)=%cos(Z;r?Ot)+%cos(27z12Ot) is input to

the square law modulator with a carrier frequency of 10
kHz as shown in Figure. 1. Assume V,, =a\V, +a,V;,.

Nonlinear
element

x{) ) C>__. Filter |f—n
Uia [7)

out

Coswt

Figure. 1 Square law modulator
(@) Calculate the centre frequency and bandwidth of the
filter such that this system will produce a standard AM
signal.
b) Determine the values of a and a, such that carrier
amplitude A, =10 V and modulation index is 0.5.

Vi = @ + coswet
t 3
O Vour = @, Via+ 22 Vin
2
Voot = o[ (04 cosupd) + [0 coswet]

. a,,xﬁi\ + Qayoc () Coswct + a, cos®uet
= 1 . n

) +
Ve, # a5t~ a, W) + @, costot F o,[v-!» 3,:'_:. x(ﬂ}casu,/ _®

Geled o FHen contered @ fo-lokHY  wHh @

bonduidth ot Ow = @x120 =24 HS
(max -feg)

gy Fem eguatien ® . He daved dom u
G, [l & Qo xb\% coswet
Q,
— A [,4 2 =t coswet

Griven Ae = eV
|+ a2 ::c('ﬂ] cosw t
IWRES £
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a
. - 20 . 2az
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a) A 400 W carrier is Amplitude modulated to a depth
of 100%. Calculate the Total Power in case of SSB
technique. How much Power saving (in W) is
achieved for SSB compared to AM and DSBSC? If
the Depth of Modulation is changed to 75%, then
how much Power (in W) is required for transmitting
the SSB wave? Compare the Powers required for
SSB in both the cases and comment on the reason for
change in the Power levels.

Case] Given,P =400 W end m=1.
Total power n 858, P, = ( ) ) =100W,

Powersaving (in W) compared to AM =P, =P =500 W.
Power saing (in W) compared o DSBSC=P_ P =100W,

DS 8B
Thus we rquir only 100 W in case of S38 which s one-ixh of tofal AM power

Case? Grven, P =400 Wand =07
Tulpoer 532 =P (] =412 =

The poverceqire nhiscase i hower th = cas. This fes it the ol povwer in 5B ls
dependson thedopth of modulaton, twill b avimum,that i, one-ith o ttal AM power when
m=land lss form < 1

b) Compute the demodulated signal y(t) from Figure 2.
The Double-Sideband Suppressed Carrier (DSB-SC)
modulated, s(t) = 4cos2n400t (2cos 4000xt) where
the Balanced modulated carrier signal c(t) =
2¢0s4000mt.

S| Balanced | ¥2!) | LowPass | Y(©
_’ —.
Modulator Filter(LPF),f,,

c(t)

Figure 2

10
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Consider a message signal m(t) with a spectrum shown in
Figure. 3. The message bandwidth is 1 kHz. This signal is
applied to a product modulator together with a carrier wave

A cos(2zft), producing the DSB-SC modulated signal

s(t). The modulated signal is next applied to a coherent
detector. [10]

M(f)

> f

W 0 w

Figure. 3 Spectrum of message signal

(i) Assuming perfect synchronism between the carrier
waves in the modulator and detector, determine the
spectrum of the detector output when:

(@) f.=1.25kHz

(b) f. =0.75 kHz

(i)What is the lowest carrier frequency for which each
component of the modulated signal s(t) is uniquely
determined by m(t) and draw the resultant spectrum?

10
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(a) Por fc = 1.25 kHiz, the spectra of the message signal a(t), the product modulator

output s(t), and the coherent detector output v(t) are as follows, respectively.

M(f)
/ - — (kHz)
-1 0 1 f
sin

A A
/,‘i\ /N_...f (khz)

-1.25 0 1.25

vif)

/ £ (kiz)
=1 0

(b) For the case when f, = 0.75, the respective spectra are as follows:

M(f)

S(£)

15 -0.75 ‘.3;5 o c:.ﬁ 0.75 1S
vif)
sg Ahcon '
%b)'d \,F?L @ % )
_ -1 - o \1

To avoid sideband-overlap, the carrier frequency EC must be greater than or equal to

1 kHz, The lowest carrier frequency is thercfore 1 kHz for each sideband of the modulated

wave s(t) to be uniquely determined by m(t).

Gl..iu!m:" N;&m=il-{l43

D When P =1-35 Kuz

Pe +W = 1-9skw3+ L ¥NH3
f.:- W = 125kH3 - LKHL = 0:35KN3

2.A5KHZ

"

“PetN = -1 95kKz +AkuZ = - C3sunz
“Pe-W = -1-25KNZ- ARNZ - 235 KH3

/ ) £ (kHz)
1

f (kHz)

£ (kHz)
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A block diagram of an indirect (Armstrong) FM transmitter
is shown in Figure 4. Compute the maximum frequency
deviation Af of the output of the FM transmitter and the
carrier frequency f, if f1= 200 kHz, f; o= 10.8 MHz, Af; = 25

Hz, n1=64, and n, = 48.
i) | —— Frequency Frequency x{0)
| NBFM | multiplier ! multiplier
[ X ny T Y X 1,
fi fi=nf f. fe
Af, af
fLO
Figure 4.
Solution:

Thus, when f; =

Af=(Af;) (ng) (ny) = (25)(64) (48) Hz = 76.8kHz
fy=mf; = (64)200) (10°) = 12.8(10%) Hz = 128 MHz,
236 MHz

fi=fr = o= (128 + 108)(10° Hz ={ 20 M

23.6MHz, then
fo=nfr=(48){23.6) = 1132.8 MHz

When f; = 2MHz, then

f.=mf,=(48)(2) = %6 MHz

10
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Draw and explain Foster-Seeley Discriminator circuit to
demodulate FM signal.

F ostey - sSealey Discnminador:

T
No (k) = V' = Vg

AAvantage g Gupling  Gepalitoc

% DBl the Dcvstioge fom primoasy 45 SeCondans.
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) (ASrly
a) Explain the operation of superhetrodyne receviver with | g 5 10 2 4
neat diagram and it is advantage and disadvantage compare
with TRF receiver. [7]
b) Compare high-level modulation and low-level modulation
of AM broadcast transmitters [3]
A PCS cellular receiver front-end is shown below Figure5. | o | g 10 3 5

The operating frequency is 1805-1880 MHz, and the
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physical temperature of the system is 300 K. A noise source
with noise power Ni=-95 dBm is applied to the receiver
input.

Transmission
Noise Source Line

S

N;i=-95dBm L =1.5dBm G=124dB
T.=180K

Amplifier

Figure 5.
a) What is the equivalent noise temperature of the source
over the operating bandwidth?
b) What is the noise figure (in dB) of the amplifier?

c) What is the noise figure (in dB) of the cascaded
transmission line and amplifier?

N, 3.16 x 107%

a) T, =—= - = 305.3K
BB 1.38x%1072 » 75 % 10°
b)Fa,—.g=1—£= L1806 =2aB
" T, 290
F,—1 162—1
Q) Fpe=1+(L-1)T/T, F,,=F+——=142+ =295 =353dB
R " G 1/1.41

(b) b)Derive the expressions for output signal to noise ratio

for Tandem connection of repeaters
i)Assuming all links are identical

ii)Assuming if any one link is much worse than others

[5]

OR

9b)

b) i) The signal power and noise power measured at the end
of an amplitude are 150pW and 1.5uW If the signal power
at the output is 1.5W and noise power is 45mW.Calculate
the amplifier noise factor and noise figure. [5]

Solution : Py =150 uyW, P, =1.5uW, P,,=1.5W
and P, =45 mW

: p.
Noise factor =—2 x 22 = 3

Pni l:)so
Noise Figure = 10 log ,, ( Noise factor ) = 10 log,, ( 3)

=477 dB.

i) The equivalent noise resistance for an amplifier is 300Q
and equivalent shot noise current SuA. The amplifier is fed
from 150Q 10pnV rms sinusoidal signal source. Calculate the
individual noise voltage at the input signal to noise ratio in
decibels. The noise bandwidth is 10MHz. [5]

Solution: let room temperature so that kT=4x10-21)

And ge=1.6x10-19C shot noise current is
Ina=[2qelEQBN]1/2=4nA

So noise voltage across source resistance is
InaRs=0.6uV shot noise current does not develop a voltage
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across

Rn . The noise voltage generated by Rn is Vna=[4Rn
kToBn]1/2=6.93uV

Thermal noise voltage from source is
Vns=[4RskToBn]1/2=4.9uV

total noise voltage at input to the amplifier s
Vn=[4.92+6.932+.62]1/2=8.51uV

so signal to noise ratio in decibels is
S/N=20logVs/Vn=1.4dB

10a) | a)Explain the generation and detection of pulse position 10 2 6
modulation signal with neat diagram. Draw the various
stages of waveforms during detection.
[10]
OR
10 b) b) 1) State Nyquist theorem and explain the three following three

cases with the frequency spectrum :
i) When sampling frequency is twice the message signal
frequency
ii) When sampling frequency is greater than twice the message
signal frequency
i) When sampling frequency is lesser than twice the message
signal frequency [5]
The sompling frequency should be at least twice the highest
requency contained in the signal,
Or in mathematical terms:
where [, is the sampling frequency (how often samples are taken per unit of time or
space, and f; is the highest frequency contained in the signal.

L Y{{ﬂ)
fs = 2
/\ / \ /\ /\nver samplir
-l 0 Ws 205
E Y{m}
Ta = 2fm
perfect sam,
=W ] Ws 2“.15
. Y[m}
fg = Efm
~lis 0 s 2wz ’

I1) With a neat sketch explain the transmitter and receiver
of TDM. [5]
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