tarks)

farks)

.,

.(ll) Determlne t_he postﬁltered output SNR for ‘the srgnal of Part (1) 4 ~(g Ma}ks.) e

{c) Dxpl Ain with relevant rnathematlcal relatlons a DM transmltter and recelver :

.~(a) Consi

b” ll‘ldo mbll [SECARYE :cclmu lgy

- Ty
me o C e
e = ~
]

o V..

Electronics & Commumcatxon /Telecommumcatlons
Digital Communication

Txme 3 hrs] . | _ g | ) [Max.Marks : 100

Note Answer any FIVE fu]l questions. '

(a) Explaln with a neat block diagram the essential and nonessentral features
of a digital communication system : - (6 Marks) -

(b) Obtain an expression for Fourier transform of a sampled signals, assume

ﬂat top samphnd o . , - (6 Marks) °

) A srgnal g(t) consists of two frequency components f1 = 3.9KH:z and
- f,.= 41K Hz in such a relationship. they cancel out each other when g(t)
s sampled at the instants ¢ = 0,7,2T...... where T' = 125us. The signal

t) is defmed by g(t) = cos [27rflt + ) +A eos[.’lu fat + (IJ} Find the values
‘ ‘of amplrtude A and phase @ of the second frequency component "(8 Marks)

) 4Der1ve an expressron for the ratio of average srgnal power to

average quantv,atron noise power m a PCM system _ (6 Marks)

(b) Show that, with a nonuniform quantlzer the mean squa:e value of the

4quant12atxon error is apprommately equal to = Z Alp; where A; is the -
it" step size and p; is the probabrhty that the mput sxdnal amphtude lies
thhm the i** interval. Assume that. step srze is srnall compared w1Ln the

¢, -+ . excursion of the i/p sxg_nal RO R ¢ Marks),,

" (o) Explam the need for nonumform quantmatlon Also e\'plam g - Law and

A - Law compandmﬁ LT e . (6 Marks).

(a) Explam the concenpt of Time dmsxon multlplexmg of PAM srgnals by drawing
a relevant block diagram. ... . - ows o (6Marks)

(b) A DM system is designed to operate at 3 times the Nyqurst rate for a s1gnal

- with a 3-KHz ‘bandwidth. ‘The quantrang step size is 250 mV:

| - (i) Determine the maximum amphtude ofa 1- KH& mput smusord for whrch L '

the (lelta modulator does not show slope overloqd

(6 Marks)

onsi ra test” s1dnal m(t) deﬁned by:
m(t) ="A'tan h(ﬁt) where A and B are ‘constants.: Determine the minimum
step size A for ‘delta modulation (DM) of thlS srgnal which- is requrred to
avord slopc overload. o . = (7 Marks)
(l)) Eyplam Intersymbol 1ntcrfercnce (ISD).by (llawnm a blocl\ dladram of a

binary baseband transmission system. Also expl 1in N}, qmsl solutlon used

for curing 1Sl curing 1Sl L . ; (s M-m,b)'

(¢) What is an equalizer? Explain an adaptive equalizer? : (o \Iaxlcs)

<‘<,,~.:.fx.,... P
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5. (W Discuss (he hasic issucs involved in the design of a regenerative repeater
for pulse codc modulation. {5 Marks)

The binary data stream 001101001 1s applied to the input of a duobinary

systen. Construct the duobinary encoder output and
corresponding receiver output. without 2 precoder.

(b
{G narks)

s a time reversed and

%atched filter 1
(9 Marks)

(¢) Show that the impulsc response of a

delayed version of the input signal.

6. (a) Skeich {he wavelorm of the MSK signal for the sequence 101101, Assuimnc
that carrier frequency s 1 25 tmes the bit rate. (7 Marks)
{H) Find the output ol the matched fitter and determine the maximum value of
pulse of amplitade A and

'y if the mput S(y) is @ rectangular

<)
duration T. v (8 Marks)
(c) Briefly explain the properties of a matched filter. (5 Marks)
7. {a) Apolar sinary signal S(tyisa L1V or -1V pulse during the interval (0.T). .
Additive white noise with power spectral density 7 = 107*W/Hz is added K
to the signal. Delermine (e maximum pit rate that can be sent with a ‘1}
hit error probability of P. 10”'. Take 9{3.71'3 — 107" where Q(Z) =
. Rt : : '
—V—,‘-}; J M RAN . v (7 Marks)
for probability o

(b) Derive anb expression of bit error of a binary coherent FSK £43
receiver . (6 Marks} .
(¢} Anon off binary systeim uses the pulse waveforms

" - e (21E
) so{ty =0y Oétf_T
Let A = 0.2 MV and T = 2ps- Additive white noise with a powerl spectral
density 5 = 10~ W /Hz 1S added to the signal. Determin¢ the probability
: : ST e e ¢

of error when P(s)) = P(sy) = 1/2. Take Q'Y 10} = 7.83 w 1071, (7 Marks)

8. - \Write short notes 01 the following -

(i) Limitations of a Delta modulator: )
) (i) Line codes ' &
' S (i) Maximum Likelihood estimator . ‘

{5x4=20 Marks) \

(iv) Eye patterms ~
wx K RE . ‘

- mAeL PP
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Note: 1. Answer any FIVE Jull questions.
2. Permutied to use G funciion or erfc function table.

1. (a) State and prove sampling theorem for lowpass signals. (S liasks)
(b) A bandpass signal with a spectrum shown in figure is ideally sampled. Sketch

the spectrum of the sampled signal when fs = 20, 30 and 40Hz. Incicate if
and how the signal can be recovered. .

N

-2C e O o 2a2c f'?

XCE)

(8 Marks)

(c) What are the advantages of digital communication compared to analog
communication. ‘ (4 Marks)

2. (a) Derive an expression for signal'® quantization noise power ratio in a PCM
system. ' (6 Marks)

(b) Explain the working of DPCM transmitter and receiver. (8 Marks)

(c) 24 analog signal each having a BW of 15KHz are to be time division multiplexed
and transmitted via PAM/AM. A guard band of 5KHz is required for signal
reconstruction from the PAM samples of each signal.

1)  Determine the sampling rate for each channel.

if) Determine the transmission bandwidth. (6 Marks)

3. (a) What is ISI? Explain baseband pulse shaping for zero ISI. (8 Marks)

(b) Explain the need for a precoder in a duobinary signalling. For input binary
data 1011101 obtain the output of precoder and output of duobinary coder.
Explain how data can be detected at the receiver. (8 Marks)

(c) The output of a digital computer is at a rate of 641<bps. If the roll of factor (i)
a=1 (i) =05 (i) « = 0.25 (iv) @ = 0, find the band width required to

transmit the data in each case. (4 Marks)
4. (a) Explain the desirable properties of line ceide. (4 2ineie)
(b) Binary data is given by 1011C1 represent th» data using

I Re-polar i) rmy uuipolnr i RZ iHueine iv) Bi-nhasce format, (s
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9.

6.

7.

\
2 EC/TESTZ
; Designa binary base band PAM system to sransmit data at a bit rate of 2200
bits/sec, with a bit error probability less {han 1071, The channe! rospons: i3
given by
- - L]
) O(A :ﬁ f ' . DR O
H(t(f):{ or | f| < =40
’ 0 else where .

The noise power spectral density is Gn(f) =107 watt/HE. (12 narna)
(a) Explain coherent and noncoherent detection of binary FSI{ waves. {3 Miarks)
(b) Derive an expression for the probability of bit errcr in a PSK systen. (8 Marks)
(c) Explain the working of QPSK transmitter and receiver. (10 Marks)

(a) Show that the impulse response of a matched filter is a time reversed and
delayed version of the input signal. ' (10 Marks)

(b) Briefly explain the properties of matched filter. o {5 Marks)
(c) A bipolar signal Si(t) is a+1V or -1V pulse during the interval (O,T). Additive

‘white Gaussian noise of n/2 = 10~5W/H Z is added to the signal. Determine
the maximum bit rate that can be sent with Pe < 107%. Take Q[S.Tl] = 107",

(5 Marks)

(a) Explain the working of direct sequence spread spcctrum transmitter and

receiver. (8 Marks) P
(b) Explain minimum shift keying. " (6 Marks) 44

(c) Find the output ofa matched filter for a rectangular tube input shown below :

- /\g (i’)

(6 Marks)

e

- Write short notes on the following : (4 X 5=20 Marks)

._«,.?'_:,:‘gng: g ——s

i) Delta modulation
iiy Adaptive equalization
iii) Eye pattern

jv) Non-uniform guantization
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Note: 1. Answer any FIVE full questions.

2. Use of complementary error functions tables permitled.

1. (a) With the help of ar.

2 reat block diagram, explain digital communicaticns system. Bring out
merits and demerits of

digital communication over analog communication. (6+4 Marks)

(b) A signal z(t) = 9C 054007t + 6C 0564071 IS ideally sampled at [ = 500H ;. The
sampled signal is passed through an ideal LPF with cut-off frequency of 400Hz.

)  Sketch the frequency spectrum of the sampled wave.

i) ~ State what frequency components will appear at the output? (4+2 Marks)

(c) What is “Apertur= Ctiect’? How is it eliminated? ' (242 Marks)

2. (a) With neat diagr explain the oper'ation of DM transmitter and receiver. (8 Marks)
(b) Derive an expre ..n for SNR of DM system. (6 Marks)

(c) A DM system it tested with a 10KHz sinusoidal signal 1 volt peak to peak at the input.

It is sampled at 10 times the Nyquist rate.
i) What is the step size required to prevent slope"_o_\terioad?
- i}~ What is the cdrresponding SNR? (4+2 Marks)

3. (a) For a given binary sequence 111000110101, draw the digital format waveforms corre-

sponding 10 :

i)  Polar Manchester coding waveform.

i)  Bipolar NRZ waveform.

ii) 8-ary signalling waveform. ) (24243 Marks)

(b) Explain T1 carrier system with compounding detalils. . (6 Marks)

() Discuss the intersymbol interference problem and explain how Nyquist pulse shaping
criterion is helpiul in eliminating it . (7 Warks)

4, (a) Discuss base band transmissicn of M-ary data. | (6 Marks)

(b) What is “Eye pattem™? How is it helpful in understanding the IS1 problem? Explain with
a suitable binary sequences. . : (4+4 Marks)

(c) Write a brief note on “Equalization”. ' (6 Marks)

5. (a) Show that the prob;biiity of bit error of a matched fiter receiver is given by
Pe = 1? e'/'fc \ N: » - (8 Marks)

Conld.... £
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(b) Specify .a'matc'ned fiter recs vzr for the signal S(t; +.c.. . n tigure below and skewch the
filter cuizut as a function ¢ ‘me. ’ (5 Marks) .

- ~— = iy
4— -3 6 ‘ L ,\,:I,
S¢ C:'ll{.}d;\
(c) With a rzat diagram, explan 78 generation of BPSK wavefcrm using ring modulz1zr.
‘ {3 tdarks)

6. (a) With the relp of a block diagre™, explain the operation of QPSK transmitier. Indice:
QPSK ouiput phase for difierent Q and | binary input and the phasor diagram.
assumed input binary data give e QPSK output waveform. -

(b) With nea: dlock diagram, exizn coherent detection of ASK waveform. (5 Marks)

(c) Binary daia is transimitted over 2 microwave link at a rate of 10° bits/sec and the PSD of
noise at the receiver input is 10—10 watts/Hz. Find the average carrier power recuired
to maintain an average preceriity of error Pe < 10~ for coherent binary FSK. VWhat is
the required channel band:icin? (6 Marks)

7. (a) With neat block diagram, exziain ihe transmitter and receiver of slow frequency hop scread
M-ary frequency shift keying sysiem. (6 Marks)
(b) A slow FHMFSK system has -~z following parameters.

The number of bitsMFSK symbol = 4
The number of MFSK sympols per hop =5

Calculaté the processing gain cf the system in decibels. (4 Marks)

(c) Distinguish between slow-freauency hopping and fast-frequency hopping. (4 MMarks)
8. Write explanatory notes on:

a) Bandwvidih of digital data and bandwidth dilemma.

b) DPCI.

c¢) Duobinary signalling.

'd) Properties of Matched Filter. {4 X 5220 larks)

%% k* k%
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Note: 1. Answer eny FIVE full su
. 2 Error function table wiil &
\) _ 3, Any missing data may suitati

J

NMax.Marks Lo

C

o
asyon
g 5up
=3

sssuimed with approprizts comments.,

i

3.
vifed
Ib -

3
2

1. (a) With a neat block ciagram, briefly cescrics 2 hasic signal processing cperations invezsd
. in a digital commun:cation system. : (7 Larks)
\\? (b) State and prove i sampling theorem icr an analog signal, &) of finite energy and
x draw the spectrur cf the analog signal and the sampled signal fer 2 sampling rate
. = 2W, where 117 is the highest frequency component of the signal. Assume that i)
is bandiimited to 7" Tz. (8 arks)
(c) The signal g(t’ ‘27t)cos(2007t) 1S sampled at the rete cf 250 samples per
second.
i)  Determing .oectrum of the sampied signal.

i) Whatis tF -iyquist rate for the signal g(t)? (5 Marks)

2. (a) What are the advantagés of digital representation of analog signals? (4 Marks)

(b) What is the difference between PCM & DPCM? Briefly explain the <peration of the DPCM
system-with-a neat block diagram. (11 Marks)

I N

) (c) Consider @ DPCM system whose transmitier USEs & first ordar predictor optimized in the
minimum mean-sguare sense. Calculate the prediction gain of the system for the following
values of correlation co-gfficient for the message signal.

. Rz (1) P Rz(1) 3
= 22 ) - 0.825 ; =2zt 0.9
(7') P1 Rm(O) (7'7‘) Vpl Rr(O) Y
py equals the autocorrelation function of the message signal for lag T, normalised with
respect to the mean-square value of the signal.- , (5 tarks)

3. (@) Whatis delta medulation interms of DPCM? With a neat illustration explain how DM
provides a staircase approximation to the oversampled version of an input baseband

signal. - : (6 Marks)
(b) Explain briefly the followihg as applied to DM systems: |

0) Scope-overioad distortion

ii) Granular ncise. (6 Marks)

{c) Wnatis adaptin daita modinaton? Froiain the transmitier and receiver schemes ¢f an

¥ I'i‘ |
=, A aal .
ADrA eysici. (7 Marks)
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4, (a) Stete and prove Nyquist critericn for distortionless baseband transmissicn. (8 Marks)
(b) Discuss the features of ideal Nyquist channel. (6 Marks)
(c) A Einzry PAM wave is 10 rs {rznsmitted over @ low-pass channel with an ebscuie
mXimum pandwidth of TSN Iz The tit duration is 10 microseconds. F d araissd
cosing spectium {nhat satisfies these requirements. (6 taiks)
5, "(a) Vinatis digital modulation? ko are digital modulation technigues classified? Win real
bi~ck schematics for Ilustraticn explain briefly theofol\o‘.ving:
i) BINARY PSK Transmiter. N .
(12 L21%s)

i COHERENT BINARY FSK Receiver.
- second. During 8

(o) An FSK system transmits binary data at a rate of 2.5 % 100 bits per
course of transmission, white Gaussion noise of zero mean and power spectral Censty
1020 walis per hertz is added 10 the signal. In the absence of noise, the ampitude y

cf the received sinusoidal vave for digit 1 or O is one microvolt. Determing the average
probability of symbol error zssuming coherent detection. (8 Marks)

4 mean by an “OPTIMUM RECEIVER Wit reference to a digital modultion \!
1

6. (a) \Wnatdoy
eiver and describe its features. (6 Marks)

scheme? \Write the scheme of a correlation rec

(o) A bandpass data fransmission scheme use @ PSK signaling scheme with

so(t) = Acoswet, 0St< Tb;’ we = }70%-

s1(t) = _Acoswet, 0<t< Ty T, = 0.2mSec

at the receiver input is one millivolt and the power spectral density

The carrier amplitude
of the additive White Gaussian noise at the input is 1011 watt per henz. Assume that

zn ideal correlation receiver is used. Calculate the averageé bit error rate of the receiver.
(8 Marks)
(c) Estimate the power spectral density of the binary PSK signal. (4 Marks)

7. () Wiite the equations for the transfer function and impulse response of a matched fiter.  — g
What is the reason for Calling the filter as @ matched filter? Support your answet with ' ,[

necessary equations and illustrations. (5 Marks)

b) What is spread spectrum communication? What is its primary advantage? What eré the
(5 Marks)

commonly used spread spectrum techniques?
c) With necessary sketches for illustration, describe an idealised model of baseband ¢
(10

spectrum transmitter and receiver.

S

pread
tarks)

8. Brigfly explain the following:

(a) Binary data formats. (6 Marks)
(b) Correlative coding signaling scheme. (7 Marks)
(c) Adaptive equaliser. (7 Marks)

*k ¥ k¥
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Note: 1. Answer any FIVE full questions. Libraiy, akgeldrd™ TR
2. All questions carry equal marks. T e TGN AR AUt o
- 1, (a) Bring out the salient differences between analog and digital communication systems.
' {4 Marks)

oy

' . L. PEEER N Ty [ P
(b) With a noat block diagram explain the variqus elements of a digital communication system.
- e L I IR H Y (‘(](6 Marks)

(c) Describe in detail the process of amplilude modulation when a rectangular pulse h(t) Is
modulated by an input signal g(t). Obtain the_overall lr'e,qg,en,c’y:do'm_ain expression of the
PAM signal. © o o ' © (6 Marks)

"1' , . (d) Explain how practical sampling is different from ideal sampling. (4 Marks)
T{ 2. (a) With neat block schematics explain the process of differential pulse code modulation giving

' emphasis to the need for using a prediction filter. . - (10 Marks)

(b) Explain the concept of TOM. S (4 Marks)

~(c) A PCM system uses uniform quantizer and a 7-bit encoder wilh bit rate of 50 MBPs. Find

maximum message land width. Find the output SNR for fin of 1MHz. - (6 Marks)

3. (a) Explain how quanlizing error is introduced in digital communication system. Obtain the

signal fo quantizing noise ratio at the oulput for sinusoidal modulation. + (10 Marks)

(b) Describe how ISl is introduced in digital systems. Obtain the raised cosine spectrum for

tho analysis of ISI problems. , : - (10 Marks)

} 4. (a) Explain how S| can be dtilized to increase lhe signalling rate with reference to duobinary

_ signalling scheme. N . (10 Marks)
- () Demonstrale the operation of duobinary scheme for transmilting the data stream 0010110.
. S : (5 Marks)

(c) Explain how eye pallerns are used lo measure the amount of ISL. (5 Marks)

5. (a) Distinguish between ASK, PSK and FSK digital modulation techniques. . (6 Marks)

(b) Describe the working of a non-coherent ASK system with neat block di‘agram. (9 Marks)

(c) Binary dala is transmitted over a communication link of bandwidth 3000Hz. Maximum
SNR measured is 6dB. Find maximum signalling rate and probability of error, Pe, for

o coherent ASK. If data rate is reduced to 300 bps show thal Pe reduces drastically.

< (5 Marks)

Conld.... 2
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0. (a ) With a noat block schomatlc doscrlbo.tha oporullon ol a dilforontlally cohoront PSK,

" (6 Marks)

(b) For an input stream of 110100011 explain the encoding and decodrng process,whan DPSK

is used. (4 Marks).
S e e et Y b s et 'rer)ﬂJ"\r‘

(c) Doscribe the concept of minimum shift keylng, MSK. Show lhat MSK Is another example

.....

of quadrature multrplexrng ' Draw coded waveforms for debils 00, 10, 11, and 01.(10 Marks)

i
7. (a) Describe how an oplimum receiver is formulated. Derive the expression for maximised
oulput SNR. G e e 4 cojold (10 Marks)
ey WS

(b) State the important properties of maiched filters.! (4 Merks)

(c) Obtain the -output Fourier transform of a malched hlter for a rectangular pulse. {(s Marks)

8. () Describe the, concept, of spread, spectrum syslen]s‘ e et e vy (¢ (@ erks)

i

(b) Wilh a neat block diagram explain the worklng or a lrequency hopped transmlller recelver

combinalion. o sy et s 3 il el (10 Marks)
U .'r ity
(c) Show how fast- -frequency’ hopprng lmproves the system performance ’,. N '(! (4 Marks)
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E o Note: 1. Answer any FIVE full questions.
o 2, Use of erfc tables permitted.

1. (a) State and prove' sampling theorem for band-pass sigﬁals (8 Marks)

(b) The signal g(t) = 10.cos 20wt - cos200xt is sampled at the rate of 250 samples/sec.
i) Determine the spectrum of the resulting sampled signal.

. i) Specify the cut-off frequency of the ideal reconstruction filter so as to recover g(t)
t{? from its sampled version.
iy What is the Nyquist rate for g(t)? © (4+141 Marks)

(c) What is “aliasing error"? Explain in brief any two correclive measures to remover the
effect of aliasing in practice. (2+2+2 Marks)

2, (a) What is the necessity of non-uniform quantization? Explain the two companding methods §
used in practice. ' (3+3+3 Marks) '

(b) With a neat block diagram explain the operation of a PCM transmitter receiver system.
(7 Marks)

(c) A telephone signal band-limited to 4kHz is to be transmitted by PCM. The signal-to- :
quantization noise is to be at least 40 dB. Find the number of levels into which the signal .

has to be encoded. Also find the band width of transmission. (3+1 Marks) - - l
( 3. (a) Discuss the various properties of line codes (digital formats) (8 Marks)
& “(b) For a given binary sequence 1011000110, draw the digital format waveforms corresponding

to
i) Unipolar Manchester code
ii)  Bipolar RZ waveform

iiiy  NRZ polar signalling scheme. (6 Marks)

(c) What is the necessity of a precoder in Duo-binary signalling scheme? Explain with a
suitable example. (6 Marks)

4. (a) With a neat block diagram, explain the base-band binary transmission and reception
system.

(8 Marks) - &

(b) What is “Eye pattern”? What is its use in digital communication systems? (6 Marks)

Conld.... 2
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(c) Explain briefly “Adaptive equalization”. ' | ; (6 Marks)
5. (a) With neat block diagrams, explain how a BASK wave can-be generated and detected.
. (6 Marks)
(b) Explain “Integrate and dump filter” with the help of a block diagram. (8 Marks)
-(c) State and prove the properties of matched fitter... .~ (6 Marks)

6. (a) The bit stream 1011100011 is to be trardmitted using DPSK technique. Determine the
’ encoded sequence and transmitted phase sequence. Also draw the block diagram of the
modulator and demodulator for the same and explain. . " (2+42+4+4 Marks)

(b) Obtain an expression for the probability of error of a BFSK system. (s Marks)

7. (a) Binary data is transmitted over an RF band pass channel having a bandwidth of 10 MHz
at a rate of 4.8 megabits/sec, with a 1 mV carrier amplitude using ASK technique. The
channel has a noise psd of 10715 Watts/Hz. Find the error probability of the system.

(6 Marks)
(b) A fast FH/MFSK system has the following parameters :
The number-of bits per MFSK symbol = 4
The number of hops per MFSK symbol = 4
Calculate the processing gain of the system. (4 Marks)
(c) Explain the aplication of spread spectrum technique to
i) Code-division multiple access ii) Multipath suppression (5+5 Marks)
8. Write explanatory notes on :
a) Aperturé effect
b) Delta modulation -
¢) Raised cosine spectrum
d TDM ' | ' (5x 4=20 Marks)

*k k% k%
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Note: 1. Answer any FIVE full questions.
2. Use of Error Function tables permitted.
1. (a) State and prove sampling theorem for low pass signals. (6 Marks)

(b) The signals g1(t) = 10cos1007t and go(t) = 10cos50t are both sampled at times
{ — nTs with a sampling rate fs = er ~ 75 samples/sec. Show that the two sequences

s

of samples obtained are identical in both time and frequency domains. (3+5 Marks)

(c) Discuss the advantages and disadvantages of digital communication over analog commu-
nication.

(6 Marks)

2. (a) With a neat block diagram, explain the operation of a DPCM transmitter receiver system.

(8 Marks)

(b) With a neat block diagram, explain the three major operations performed in a regenerative

repeater in a PCM system. (4 Marks)

(c) Show that for large values of p = A, the p-law and A-law have the same companding
gain Ge. (8 Marks)

3. (a) With a neat block diagram, explain the operation of time-division multiplexing of PAM
' signals. (6 Marks)

. (b) Six independent message sOurces of band widths w, w. 2w, 2w, 3w and 3w Hz are to be
w transmitted on a time division multiplexed basis using @ common communication channel.

i)  Setup ascheme for accomplishing this multiplexing requirement, with each message
signal sampled at its Nyquist rate.

i) Determine the minimum transmission band width of the channel. (8 Marks)

(c) For the binary sequence 0110100011, draw the unipolar, polar and bipolar formats for
both RZ and NRZ types. (6 Marks)

4. (a) What is ‘Raised - Cosine -Frequency - Spectrum’? What is its necessity? (8 Marks)

(b) An analog signal is sampled, quantized and encoded into a binary PCM wave. The
number of representation levels used is 128. A synchronizing pulse is added at the end
of each code word representing a sample of the analog signal. The resulting PCM wave

is transmitted over a channel of band width 12kHz using a binary PAM system with a
raised cosine spectrum. The roll - off factor is unity.

i)  Find the rate (in bits/sec) at which the information is transmitted through the channel.

i)  Find the rate at which the analog signal is sampled. What is the maximum possible
value for the highest frequency component of the analog signal? (7 Marks)

(c) Discuss the usefulness of EYE PATTERN in digital communication system. (5 Marks)

Contd.... 2
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5. (a) With neat diagrams, explain how a coherent binary FSK wave can be generated and
detected. (8 Marks)

(b) Show that the impulse response of a matched filter is a time reversed and delayed version
of the input signal. (7 Marks)

(c) Consider the signal S(t) show in figure 5(c).

45
o
2-
>,
0 1;'&- i '
~2 L
2
Fig. 5 (&

)  Determine the impulse resgonse of a filter matched to this signal and sketch it as a
function of time. :

i)  Plot the matched filter output as a function of time.
i} What is the peak value of the output? (5 Marks)

6. (a) Obtain an expression for the probability of bit error of a binary ASK system. (8 Marks)

(b) A bandpass data transmission scheme uses PSK signaling with

51(t) = ~Acostwect )
Sy(t) = Acostwct 0<t<Ty

with we = X7 and 7} = 0.2m — sec.. The carrier amplitude at the receiver is 1073
Ty b

volts and the PSD of the additive white Gaussian noise is 10~11 watts/Hz. Assume that

an ideal correlator receiver is used. Calculate the probability of bit error at the receiver.

(6 Marks)

(c) Binary data are transmitted over a microwave link at the rate of 106 bits/sec and the
power spectral density of the noise at the receiver input is 10710 watts/Hz. Find the
average carrier power required to maintain an average probability of error Pe < 10~ for

non coherent binary FSK. What is the required channel bandwidth? (6 Marks)

7. (a) Define ‘SPREAD-SPECTRUM:'. Briefly explain the necessity of spread spectrum modulation.
(4+6 Marks)

(b) Discuss the advantages of fast frequency hopping over slow frequency hopping. (s Marks)

(c) Explain the different types of ‘JAMMERS' encountered in practice. (5 Marks)
8. Write explanatcry notes on :
i)  Bandwidth of digital data and bandwidth dilemma. (4 Marks)
i) T1 system. (8 Marks)
i) Duo-binary signalling scheme. (8 Marks)
*k % k%




4

GF OF £4 AR
@ L

Srnivas Insttute 0 {eonnology
o o1 Library. Manqalore

EC/TE6T2

USN i
, B
Sixth Semester B.E. Degree Examination, January/w 2005

Electronics and Communication /Telecommunications Engingering. -
Digital Communications

Time: 3 hrs.] [Max.Marks : 100

Note: 1. Answer any FIVE full questions.
2. All questions carry equal marks.
3. Use of complementary error function tables permitted.

1. (a) State and prove sampling theorem for bandpass signals. (7 Marks)

(b) A signal z(t) = 10cos(5007t) cos?(80071) is ideally sampled at fs = 2000 sam-
ples/sec. The signal is passed through an ideal low pass fiter with a cut off frequency
1000 Hz.

i)  What is the Nyquist rate?
i)  Sketch the frequency spectrum of the sampled wave
iiij State what frequency components will appear at the output of the filter. (8 Marks)

(c) What is bandwidth dilemma encountered in transmission of digital signals? (5 Marks)

2. (a) Distinguish between mid rises and midtread quantizers. (4 Marks)

(b) What do you mean by “REGENERATION” in PCM systems? With a neat block diagram
explain the three major processes involved in regeneration. (9 Marks)

() Asignal z(t) = 3s1n500t is sampled and quantized using 10 bit PCM.
i) Find the (SNR) in dB, step size and the number of levels.

iy If the above signal is quantized using N-bit PCM, find N rcquired to achieve a (SNR)
of atleast 50 dB. Also find the new number of levels and the new value of step size.

(7 Marks)

3. (a) What are slope overload error and quantization noise (granular noise) in DM systems?
Derive the condition to prevent overloading for a sinusoial input variation. (10 Marks)

(b) A DM system is designed to operate at 15 times the Nyquist rate for signal with a 3 kHz
bandwidth. The quantizing step size is 250 mV.

i)  Determine the maximum amplitude of a 3 kHz input sinusoid for which delta modulator
does not show slope overload.

i)  Determine the post fitered (SN R)o for the signal of part (i). (6 Marks)
(c) Compare DM with PCM. (4 Marks)

4. (a) Explain T-1 carrier system used for long distance data transmission with special reference
to the companding details and bit-rates. (8 Marks)

Contd.... 2
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(b) For a bit-steam of 101100011011, show the encoded wavefcims for

()
)

7. @)

®)
)

8. (a)

()

)

i) Polar NRZ signalling scheme
i) Bipolar RZ signalling scheme
iy Polar Manchester isgnalling scheme
iv) 4-level natural coding scheme

v) 8-level Gray code signalling scheme (7 Marks)
Discuss the various properties of digital formats. (5 Marks)
Derive the necessary condition in base-band binary transmission for achieving zero 1S
(7 Marks)
What is raised cosine spectrum? What is its necessity? Briefly explain the features of
raised cosine spectrum. ' (7 Marks)

A communication channel of bandwidth 75 kHz is required to transmit binary data at a
rate of 100 kilo-bits/sec. using raised cosine pulses. Determine the roll-off factor and

specify the complete raised cosine spectrum. (6 Marks)
With neat diagrams explain the DUO-BINARY signalling scheme and obiain the transfer
function of the DUO-BINARY filter. (8 Marks)

What is PRECODING with respect to duo-binary signalling? What is its necessily?(5 Marks)

A binary data 0010110 is applied to the input of a duobinary coder.
i) llustrate error propagation
i) Construct the precoder output

iiij Determine the duo binary coder output with and without precoder. (7 Marks)
Show that the impulse response of a matched filter is a time reversed and time shifted
version of the input signal. (8 Marks)
Explain generation and coherent detection of BPSK waves. (6 Marks)

The bit stream 1011100011 is to be transmitted using DPSK. Determine the ancoded
sequence and the transmitted phase sequence. Draw the block diagram of the modulator
and demodulator for the same. (6 Marks)

Obtain an expression for probability of error in binary ASK system using coherent detection.
(8 Marks)

A received PSK signal is +1mV for Tj secs interval with equal probability. The signal is
accompanied by WGN with a PSD of 1019 Watts/Hz. The receiver integrates the signal
and noise synchronously for Tj secs duration and decodes the signal by comparing the
decoder output with zero. Find the minimum value of T such that P. = 10 (5 Marks)

With neat block diagrams, explain the transmitter and receiver portions of frequency
hopped spread spectrum system. (7 Marks)
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(@) Explain the term quadrature sampling of band pass signal with help of spectrum and block

diagrams. (6 Marks)

(b) The signal g(¢) = 10 cos (207t) cos(2007t) is sampled at the rate of 250 samples
per second.

)  Determine the spectrum of the resulting sampled signal and sketch

i) Specify the cut-off frequency of the ideal reconstruction filter so as recover f(t) from
the sampled version and also find the Nyquist rate. (6 Marks)

(c) The spectrum of signal g(¢) is defined as

G(f) = ——
( Vit f?
This signal is passed through a pre-alias filter before sampling having a transfer function

H(f)- (lfs)' The resulting signal from the pre-aliasfilter is sampled at 2.5 sample/sec.

Calculate the SDR. Compare your result when pre-alias filter is not used. (8 Marks)

(¢) Explain the following terms with reference to PCM and bring out the importance
i) Dquantizing i) Synchronization (6 Marks)
(b) A binary PCM system uses polar singalling with symbols ‘" and ‘0" represented by +¢

and - £ volls. The additive noise is a Gaussian process with zero mean and noise power
spectral density No/2. Evaluate the average probability of symbot error. (6 Marks)

(c) Explain the T1 - carrier system and bringout the commanding characteristic of the quantizer
in this scheme. (8 Marks)

(a) Explain and prove the Nyquist criterion for distortionless base band transmission.
‘ (10 Marks)

(b) A computer gives a binary data at the rate of 56 kbps and is transmitted using a base
band PAM system that is designed to have a raised cosine spectrum. Determine the
transmission band width required for roll-off rates i) & = 0.25, i) & = 0.75. (10 Marks)

(a) Explain the following with reference to digital modulation
) Quadri phase shift keying
i) Minimum shift keying
ili) Differentj.al phase shift keying. (12 Marks)

[\

Contd.... 2



Page No... 2 - ' EC61

) Compare the average power requirements of binary non-coherant ASK, coherent PSK,
DSPSK and non-coherent FSK signalling schemes operating at a data rate of 1000 bits/sec.
Over a bandpass channel having a band width of 3000Hz, /2 = 1070w /Hz, pe =
1079, (8 Marks)

5. (a) Explain the function of correlation receiver. (6 Marks)
(b) Explain the following criterion of estimation of signal.
i) Minimum mean square error estimate
i)  Maximum likelyhood estimate (6 Marks)

(c) Apulse s(t) = 10’ e(;si;:uige It is proposed to approximate a matched filter for this

pulse by a low pass RC filter defined by the transfer function H (f) = —2>——. Where
1+3(Z5)

fo = g4y 18 3dBBW.
i) Determinet he optimum value of (fo) for which the RC filter provides the best
approximation to the matched filter.

i)  Assuming an additive white noise of zero mean and psd = No/2, what is the peak
output signal to noise ratio?

i) Determine the increase in the transmitted energy so as {o realize the same performance
as the perfectly matched filter. ' (8 Marks)

6. (a) Define the spread spectrum and develop a model for the base band spread spectrum
system. ' (6 Marks)

(b) Explain the following frequency hop spread spectrum systems

i)  Slow frequency hopping '

i)  Fast frequency hopping , _ (8 Marks)
() A slow FH/MHSK has the following parameters.

no. of bits/ MFSK symbol = 4
no. of MFSK symbols / hop =5

Calculate the processing gain of the system. S (6 Marks)

7. (a) Explain with a"nea_t block diagram adaptive subband coding. : (10 Marks)
(b) Explain the following
) Eye-pat'(em.
iy Adaptive eqpalization , (10 Marks)

‘8. Write short notes on the following :
Robust quantizaiton
Gram-Schmidlt orthogonalization
TDM

Inter symbol interference. , (20 Marks)
*k * kk

8

(2]

=3
~ =

=8
S




Page No...

! lenary, Moo mlEGé

NEW SCHEME

Reg. No.L I 1+ T[] i ]_

Sixth Semester B.E. Degree Examination, January/February 2006

EC/TE/BM/ML
Digital Communications

Time: 3 hrs.) (Max.Marks : 10C

Note: Answer any FIVE full questions.

1. (@

®)

©

®)

(c)

(o)

©)

()]

i)  Determine post filtered ou'rput SNR for the sugnd! of part (i) (6 Marks)
Exglain with sunoble block diogram how ADPCM is used to code speech at low bit
rate. (6 Marks)
What is ISI? Derive an expressrow for Nyquxs? pulse shaping criter’a for d|sto. tionless
- baseband bmory tfransmission. (6 Marks)
What is correlative f*oomg° For input binary datc 1011101 coiain the output of
precoder in- a duobmor?x&gnolhng and also the output of cecoder. (8 Marks)
Contd.... 2

With neat block diagram explain the operation of digital cc~munication system.
Explain the functioning of each biock. : (6 Marks)

State and prove sampling theorem for wide sense stationcy message process,
whose power spectrum is strictly band limited. (8 Marks)

A low pass signal z(t) has a spectrum X (f) given by
1-|f]
; < 200
0 ; elsewhere
) Sketch the spectrum Xg(t) for | f |< 200H z if z(1) is ideally sampled at
fs = 300H 2. .
i)  Repeat part (i) for fs = 400H z. (6 Marks)

With a suitable block diagram, explain the functioning of a PCM sysfem (6 Marks)

Derive an expressxon for maximum signat fo quonhzchon noise ratio for PCM system
that employs linear quantization techniques. What will be the S/N];p if the
destination power and signal amplitude are normaiized? (8 Marks)

A PCM system which employs uniform quantization and produces a binary oufpu*
is given an input signal whose amplitude varies from +4 Volt to —4 Volt. and having
average power of 40m. Watt. Colculo‘re the member of bits/sample if the required
signal to noise ratio is 20 dB. ' ‘ (6 Marks)

Exglain the principles of Delta modulation. With relevant figures and mothemoflco!
expressions explain the functioning of DM transmitter and receiver, (8 Marks)

A delta modulator is designed to operate at three times the Nyquist rate for a sighol

with 3 kHz bandwidth. The quantizing step size is 250 m.-Volt,

D Determine the maximum amplitude of a 1kHz input sinusoid for which the deltd

modulator does not show slope overload. .

Contd... 2
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(¢) For a binary sequence 111000110101 draw the digital format waveforms corre-
sponding to

)  Polar Manchester coding waveform
i)  Bi-polar NRZ waveform
i) 8-ary sighalling waveform. (6 Marks)

5. (o) Explain the working of a BPSK transmitter and receiver. What are the drawbacks

i

of BPSK system? (8 Marks) 2

(b Estimate the power spectral density of a BPSK signal. (4 Marks)

(¢) Describe the concept of minimum shiftf keying. show the coded waveform for bits E
00, 10, 11 and 01. , (8 Marks) t

6. (a) Explain the concept of maximum likelihood estimation. (6 Marks) i

(b) Consider the signals S;(t), S3(t), Si3(t) and S4(t) as given below

l
|
ste BTN 50 5.4 : \*‘
t ] ol ] 1
o TH Ot ) 27 & o T TE o T
Find an orthonormal basis for ‘fhesé set of signals using Gram -Schmidt
orthogonalization procedure. . ‘ (10 Marks)
(c) Briefly explain the properties of matched filter. : (4 Marks) |
7. :(c) What is spread spec:'rrum technique? How are they classified? (8 Marks)
ib) ‘Explain the working of direcf sequence spread spectrum transmitter and rgch%vri;j
(c) A slow FH/MESK system has the following parameters.
The number of bits/MFSK = 4'and
The number of MFSK symbol/hop =5
Calculate the processing gain of the system. (4 Marks) (
8.  Wiite short notes on the following :
(q) A‘permre effect and its remevdy ‘ ‘
(b) Adaptive side band coding e _ | . |
(c) Correlation receivers L
(d) Linear predictive vo coder ' (5% 4=20 Marks)
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Note: I. Answer any FIVE full questions.
With a block diagram explain a typical digital communication system.

(06 Marks)
Explain different channels used in digital communication. (06 Marks)

State and prove sampling thecorem as applied to low pass signal. (08 Marks)

Explain the principle of quadrature sampling of band pass signals. (06 Marks)
The signal g(t)=4cos(47tt)cos(4007tt) is sampled at the rate of 500 samples/sec.
i) Determine the spectrum of the resulting sampled signal.

ii) What is the Nyquist rate for g(t)?

iii) What is the cut off frequency of ideal reconstruction filter? (08 Marks)
Three independent message SOurces of bandwidths 1 KHz, 1 KHz, 2 KHz
respectively are to be transmitted using TDM scheme. Determine:

i) the commutator segment arrangement.

ii) the speed of commutator if each signal is sampled at its Nyquist rate.

iii) minimum transmission bandwidth. (66 Marks)

Obtain an expression for Yhe signal to quantization noise power ratio in the
case of PCM. Assume that the amplitude of signal is uniformly distributed.

. (06 Marks)
A speech signal of maximum frequency 3.4 KHz and amplitude 1 V is applied

to a delta modulator whose bit rate is 20 Kbps. Determine minimum step size
for the delta modulator so that there is no slope overload. (06 Marks)
With a block diagram explain an adaptive delta modulator transmitter and

_receiver system. (08 Marks)

A binary data sequence is 0110011... Sketch the waveform for the following
formats:

i) NRZ unipolar  ii) RZ polar iii) NRZ bipolar iv) Manchester coding.

Discuss the merits and demerits of these formats. * (08 Marks)
Obtain an expression for the power spectral density of NRZ polar waveform.
(06 Marks)

The binary data 001101001 are applied to the input of a duo binary system.
Construct the duo binary coder output and corresponding receiver output.
Assume that precoder is used. (06 Marks)

Contd... 2
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Explain a coherent binary PSK transmitter and recciver. (06 Marks)

Assuming channel noisc to be ‘Additive White Gaussian, obtain an expression
for probability of error. (06 Marks)

Explain the principle of QPSK system. Compare binary PSK and QPSK
schemes. (08 Marks)

With block diagram explain the principle of detection and estimation.

(06 Marks)
Give the properties of matched filter. (06 Marks)

A signal s(t) of duration Tsec is as follows ©

s(t)=+% forOSts%

=- % for%<t_<_T.

i) Determine the impulse response of a filter matched to this signal and
sketch it as a function of time.

i) Plot matched filter output as a function of time.

iii) What is the peak value of the output? (08 Marks)
Explain the sequence of PN sequence. (06 Marks)
Explain the principle of direct sequence spread spectrum communication
system. : (08 Marks)

In a direct sequence spread spectrum system, a 20 — stage feedback shift

register is used to generate maximum length PN sequence. What is the
processing gain? (06 Marks)

Explain the principle of frequency hopping spread spectrum system.

(08 Marks)
Mention the advantages of spread spectrum communication system. (06 Marks)
A slow FH/MFSK system has the following parameters:
The number of bits MFSK symbol = 4 '
The number of MFSK symbols per hop=6.
Calculate the processing gain of the system. (06 Marks)
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Note: I. Answer any FIVE full questions.
2. Error function table to be supplied.

2. With a neat block diagrani, describe the basic signal processing operations involved
in a digital communication system. (07 Marks)
b. State and prove sampling theorem for low pass signals. (07 Marks)
c. A signal m(t)=10cos 2071 cos 200/ 1s sampled at the rate of 250 samples per
second. 1) Determine the spectrum of the resulting sampled signal.
i) Specify the cut-off frequency of the ideal reconstruction filter so as 1o
recover m(t) from its sampled version.
iii) What is the Nyquist rate for the signal m(?)? (06 Marks)

a Derive an expression for output SNR of the quantiser and show that

(SNR)o = 1.8 + 6R in decibels if 2 sinusoidal signal is quantised . (10 Marks)
b. With neat diagrams, explain the operation of DM transmitter and receiver. (10 Marks)
a. Discuss the various properties of line codes (digital formats). ‘ (07 Marks)

b. For a given binary sequence 01101001, draw . the digital format waveforms
corresponding to 1) Uniform Manchester Code. ii) Bipolar RZ wave form.

iii) NRZ polar signaling scheme. (06 Marks)

c. Discuss the inter symbol interference problem and explain how Nyquist puise
shaping criterion is helpful in eliminating it. (07 Marks)

a. Discuss base band transmission of M-ary data. {06 Marks)
b. What is Eye pattern? Explain how it is helpful in understanding the ISI problem.
(07 Marks)

c. Write a note on Adaptive Equalisation. (07 Marks)

a. How are digital modulation techniques classified? With neat block diagrams explain
iy BPSK transmitter and

ii)  Coherent BPSK recetver. (12 Marks)
b. Derive an expression for the average probability of symbol error of coherent binary
FSK system. (08 Marks)
a. State and prove properties of Matched filter. (10 Marks)
b. With the help of a block diagrams, explain the operation of QPSK transmitter and

receiver. (10 Marks)

a. With neat diagram, explain the (ransmitter and recetver of slow frequency hop
spread M-ary frequency shift keying system. . (10 Marks)
Distinguish between slow frequency hopping and fast-frequency hopping. (05 Marks)
c. Explain the application of spread spectrum technique 1o code-division multiple

access. (05 Marks)

Write noteson @ 2. TDM b. Duobinary signaling c. DPCM. (20 Marks)
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Note : 1. Answer any FIVE full questions.
2. Make suitable assumptions wherever necessary and state them.

a. With a neat block diagram, explain the basic signal processing operation in digital
communication. (07 Marks)
b. Define the sampling theorem for band pass signals with necessary diagrams. Explain
the generation and reconstruction of band pass signals. (07 Marks)
c. The signal g(t)= 10Cos(20m)Cos(200nt) is sampled at the rate of 250 samples per
second.
1) Determine the spectrum of the resulting sampled signal
i) Specify the cutoff frequency of the ideal reconstruction filter sO as to recover g(t)
from its sampled version.
iii) What is the Nyquist rate for g(t)? (06 Marks)
a. With a conceptual model, define and derive an expression for signal to distortion
ratio. ' (08 Marks)
b. Prove that the Shannon’s channel capacity theorem can be easily achieved by
increasing the average power in PCM systems by K*N2. (06 Marks)
c. A PCM system uses @ uniform quantizer followed by a 7.bit encoder. The bit rate of
the system is equal to 50 % 10° bits/sec:
i) What is the maximum message bandwidth for which the system operates
satisfactorily?
ii) Determine the output signal to quantization noise ratio when 2 full load
sinusoidal modulating wave of frequency 1 MHz is applied to the input.
(06 Marks)
a. With a neat block diagram explain the delta modulation transmitter and receiver.
(08 Marks)
b. Explain Inter Symbol Interference (IST)- How it is avoided? (05 Marks)

The binary data 01 1100101 are applied to the input of a modified duobinary system
i) Construct the modified duobinary coder output and corresponding receiver
output without a precoder.
ii) Suppose that due to error in transmission, the load produced by the third digit is
reduced to zero, construct a new receiver output. (07 Marks)

What is an ‘Eye pattern’? How is it useful in digital communication system?
(06 Marks)
With a neat structurc cxplain the concept of the adaptive equalization process.
(06 Marks)
Explain the operation of Binary Frequency Shift Keying (BFSK) transmitter and
receiver with necessary block diagrams. (08 Marks)

XY Contd.... 2
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7

a.

b.

For the binary sequence 01101000, explain the signal space diagram for coherent

QPSK system. Draw the respective waveforms. (06 Marks)
With neat block diagrams, explain the DPSK transmitter and receiver. Illustrate the
gencration of DPSK signal by assuming binary input sequence. (08 Marks)

A binary FSK system transmits data at a rate of 2 Mbps over a AWGN channel. The
. ) .. N - . -
notse 1s zcro mean with power spectral density —20- =107 W/Hz . The amplitude of

received signal in the absence of noise is 1 V. Determine the average probability of
error for coherent detection of FSK. (06 Marks)

With a necessary illustration when N =2, M = 3, explain the geometric interpretation

of signal. (06 Marks)
In brief, discuss the properties of matched filter. (08 Marks)
The finite energy signakS(t) is as shown below in fig.6(c):
A s(+)
I ot
- ~—>-
0 Fig.6(c)

1) Sketch the impulse response hope(t) of optimum filter matched to signal S(t).
i) Determine the value of the output signal at t = T assuming noise is zero and
input is S(t). (06 Marks)

Explain the concept of Wiener filtering and derive an expression for minimum
squared error E ;.. (06 Marks)
Three signals S;(t), Sy(t) and S3(t) are equiprobable and are given by,

S;(t) = \/ZCOS(E), 0<t<T
T T

S,(t)= ECos(ggt), 0<t<T

S4(t)= \/ZCOS(B‘-’E), 0<t<T
T U T

i) Sketch the signal space diagram and the decision boundaries for the signal set.

i) Show that the signal space can be reduced to have 2 dimensions. (08 Marks)
Discuss the pseudo-noise (PN) sequence with a neat diagram showing the maximum
length sequence generator. (06 Marks)
Explain the frequency hop spread M-ary FSK transmitter and receiver. (08 Marks)
In brief discuss the applications of spread spectrum techniques. (08 Marks)

In a direct sequence spread spectrum modulation scheme, a 14-stage linear feedback
shift register is used to generate the PN code sequence.
Find: i) The period of code sequence

ii) Processing gain. (04 Marks)
*khkk
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2. Assume missing data suitably.

Explain vasious communication channcls for digital communication. (08 Marks)
Bring. out merits and demerits of digital communication over analog communication.

(04 Marks)
Explain quadmature sampling of band pass signals. (08 Marks)
What is. flat top sampling? Derive an expression for the flat top sampled signal.

(07 Marks)
Explain time division multiplexing (TDM). (05 Marks)
A signal x(t) =2 cos 4007t + 6 cos 640wt is ideally sampled at fg = 500H7Z. If the sampled
signal is passed through an ideal low pass filter with cut off frequency f, = 400HZ find :
i) Xf) and sketch its spectrum.
ii) Sampled signal Xs(f) and sketch its spectrum.
iii) The components that will appear at the filter out put. (08 Marks)
What is the necessity of non uniform quantization? Explain two compounding methods
used in practice. (06 Marks)
With diagrams, explain in detail, the operation of DPCM transmitter and receiver.

(10 Marks)
A telephone signal with hand width 4KHZ 1s digitized in to an 8-bit PCM; sampled at
Nyquist rate. Calculate PCM transmission band width and signal to quantization noise ratio
(SNR). : (04 Marks)
Explain Ty carrier system. (06 Marks)
Explain, bow raised cosine spectrum can be used to reduce ISI. (06 Marks)
A binary data sequence is 10011011. Sketch the wave form for the following formats :
i) Unipofar RZ ii) Polar NRZ. (04 Marks)
The output of a digital computer s at a rate of 64 kbps. Find the bandwidth required to
transmit the data using a binary PAM system with a raised cosine spectrum if the roll off
factors e. = I and 0.25.

(04 Marks)
Explain Duo binary signaling schemes and obtain the transfer function of the Duo-binary
filter (without precoder). (07 Marks)
Explain the need for a precoder in duo binary signaling. For input binary data 1011101,
obtain the output of precoder, duo binary uncoder output and decoder output. (09 Marks)
Write a mote on “equalization’. (04 Marks)
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6 a Withadiagram. explain FSK coherent detection.
b. Lxplain:
i) Quadrature Phase shift keying 1) Differtial Phase shift keving.
c. Explain M-ary modulation techniques.

7 a. Show that the probability of bit error of & matched hilter peceiver is given 0
Ey
No

b. Explain maximum likely hood estimator.

P, =Lz erfc\J

rCol

(0" Marhesd

(08 Marks
(03 M arks)

{08 Murks)

(Lo Marks)

c. A binary data is transmitted using ASK overa AWGN channel at a rate of 2.4 Mbps.

The carrier amplitude at the receiver is 1 mv.

N,

The noise power spectral density i 107" Watv/Hz. Find the average probability of

error if the detection 18 coherent. (Hint: take erfc(5)=3 <10

(06 Ma rky)

§ a. Define spread spectrum. Explain the principle of direct scquence spread spectium system.

b. Explain:
i) Slow frequency hopping.
‘i) Fast frequency hopping.
c. Aslow FH/MHSK has the following parameters
Number of bits/MEFSK symbol = 4
Number of MFSK symbols/hop = 5.
Find the processing gain of the system.

KR KKK
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Sixth Semester B.E. Degree Examination, June-July 2009
Digital Communication

Time: 3 hrs. Max. Marks:100

Note:1. Answer any FIVE full questions, selecting
at least TWO questions from each Part A and Part B.
2. Missing data may be suitably assumed.
PART - A

Obtain an expression for Fourier Transform of a sampled signal. Assume flat top sampling.
(08 Marks)

A bandpass signal g(t) with a spectrum shown below figure Q1 (b) is ideally sampled.
Sketch the spectrum of sampled signals at f, =25 and 45 Hz. Indicate if and how the signal

can be recovered. (08 Marks)
leNcy

AL,

~25 -5 < A
Fig. Q1 (b)
What is ‘aperture effect’? How is it eliminated? (04 Marks)

Explain the need for nonuniform quantization. Also explain p-law and A-law companding.
(08 Marks)

If E denotes the energy of a strictly bandlimited signal g(t), then prove that

1 © n
E=— —
0 2 g(zm)
The signal g(t)= 2cos(2000xt) - 4six}(4000nt) is quantized by rounding off, using a 12-bit
quantizer. What is the rms quantization error and the quantization SNR? (06 Marks)

2
, where @ is the highest frequency component of g(t). (06 Marks)

Consider a speech signal with a maximum frequency of 3.4 kHz and maximum amplitude of
1 volt. The speech signal is applied to a D.M. with its bit rate at 20 kbits/sec. Discuss the

choice of an appropriate stepsize for the delta modulator. (05 Marks)
Compare PCM and DPCM. (04 Marks)
Obtain power spectral density of NRZ bipolar format and draw its normalized PSD.

(11 Marks)

Design a binary baseband PAM system to transmit data at a bit rate of 3600 bits/sec, with a
bit error probability < 10~ . The channel response is given by,

107 |f} <2400
Hc )= { l ‘

0 elsewhere
The noise power spectral density is G, (f) = 107" watts/Hz, Q(y) <107, y 23.75, parameter

p= % . . (10 Marks)
A binary data sequence is 01 1011. Sketch the waveform for the following formats:
i) RZ unipolar ii) NRZ Bipolar (04 Marks)

With a neat structure, explain the concept of the adaptive equalization process. (06 Marks)

10f2



o

po o

06EC61

PART -B
Explain with a neat block diagram the coherent QPSK Transmitter and Receiver. (08 Marks)
A binary FSK system transmits data at a rate of 2MBPS over an AWGN channel. The noise
is zero mean with PSD, _1212_0_ =10 W/Hz . The amplitude of received signal in the absence

of noise is 1 uV. Determine the average probability of error for coherent detection of FSK.

Take erfcv/6.25 =0.00041 (06 Marks)
Show that the energy of signal S,(t) is equal to the square of length of the corresponding
vector ;. (06 Marks)

What do you mean by an optimum receiver with reference to a digital modulation scheme?
Write the scheme of a correlation receiver and describe its features. (06 Marks)

Find the output of the matched filter and determine the maximum value of —NS—— if the input
0

s(t) is a rectangular pulse of amplitude A and duration T. (08 Marks)
Calculate the bandwidth efficiency of an M-ary signaling scheme. (06 Marks)

Consider the set of signals,

f2E T
== —]— 0<t<T
S.()=4\ T cos(2nf_t 14)

Isewhere
0 elsewher

wherei=0, 1, 2, 3 and f is an integer multiple of %

i) Determine the dimensionality N of the signal set.
ii)  Determine a set of orthogonality N of the signal set.
1ii) Determine the coefficients S;j of the signals S;(t).

iv)  Give the signal constellation diagram. (10 Marks)
What is spread spectrum communication? What is its primary advantage? What are the
commonly used spread spectrum technique? (07 Marks)
Write the applications of spread spectrum technique. (03 Marks)
Write short notes on: *

Duobinary signaling.

Eye pattern.

Correlation receiver.

TDM. (20 Marks)

* %k k k *
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1. On completing your answers, compulsorily draw diagonal cross lines on the rerr;\;.. dng blank pages.

Important Note:

50, will be treated as malpractice.

2. Any revealing of identification, appeal to evaluator and/or equations written eg, 42+8

Srinivas Institute 01 1ecnNnGci0gy

PSR |
Librarv. M nre

USN

06EC61

e

-

Sixth Semester BE Degree Examination, Dec.09-Jan.10
Digital Communication

Time: 3 hrs. Max. Marks:100
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Note: 1. Answer any FIVE full questions, selecting
at least TWO questions from each part.
2. Missing data may be suitably assumed.

PART - A

Explain merits of digital communication system over analog communication system.
(04 Marks)

Obtain the expression for Fourier transform of sampling function h(t) used for flat top
sampling. Hence explain aperture effect with the help of spectral diagrams. Bring out the
differences between aperture effect and aliasing effect. (08 Marks)
Four messages bandlimited to w, w, w and 3w are to be time division multiplexed, with w
being 2000 Hz. Se up a TDM scheme for the same and find speed of the commutator in
samples per second. (08 Marks)

A signal x(t) is uniformely distributed in the range * Xmax. Calculate signal to noise ratio for
pulse code modulation of this signal. (08 Marks)
Draw the output of midtread type uniform quantizer for one complete cycle of a sinusoidal
modulating signal. (06 Marks)
A 10 KHz sinusoid with amplitude 1V peak is quantized to have SNR of about 45 dB. Find
the number of bits required per sample, bit rate and bandwidth of the system if sampling
frequency is twice the Nyquist rate. ' (06 Marks)

Explain DPCM with neat diagrams for transmitter and receiver and relevant mathematical
equations. (07 Marks)
Derive the condition for no slope overload distortion in delta modulation system. Hence
derive the expression for post filtered signal to noise ratio. (09 Marks)

Draw the output of a delta modulator for input m(t) = 0.01t when sampled with fs = 20 Hz.
' (04 Marks)

Define intersymbol interference and explain ideal solution for zero ISI. (08 Marks)
Explain modified duobinary coding with precoder. (08 Marks)
A binary PAM wave is required to be transmitted via a channel having bandwidth 75 kHz.
The bit duration is 10 psec. Find a raised cosine pulse spectrum that satisfies these
requirements. , (04 Marks)

PART -B
A binary signal transmitted using PSK has the bitrate of 100 kilobits per second. Sketch the
PSK wave form for binary data 110 if carrier frequency used has frequency f; = 1/t;, where
3te = Tp. (04 Marks)
Explain coherent PSK receiver. Obtain the expression for probability of error for PSK with
coherent receiver. (10 Marks)
A binary data is transmitted using ASK over AWGN channel at a rate of 2.4 Mbps. The
carrier amplitude at the receiver is lmv. Noise power spectral density is No/2 = 10

" watts/Hz. Find the average probability of error if detector is coherent. Take

erfc (5) =3 x 106 ' (06 Marks)
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Give the steps used for finding basis functions using orthogonalization procedure, for N = 2.

(06 Marks)
Define MAP criteria in a receiver and explain how ML criterion is used in correlation
receiver. (14 Marks)
Derive the expression for SNR for a matched filter. (10 Marks)
Explain fast frequency hop spread spectrum system. (10 Marks)
Write notes on:
Robust quantization (07 Marks)
TI system (07 Marks)
Notion of spread spectrum system. (06 Marks)

* %k % % %
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Digital Communication
Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.
PART - A
1 With a block diagram, explain the basic signal processing operations involved in a digital
communication system. (07 Marks)
Explain ‘flat-top” sampling, using waveforms and equations. (07 Marks)

The signal x(t) = 2cos 400t +6cos 640t is ideally sampled at fg =500 Hz. If the sampled

signal is passed through an ideal low pass filter with cut off frequency of 400 Hz:
i)  Determine the spectrum of the sampled signal and sketch.

ii) What frequency components will appear in the filter output? (06 Marks)
Write a note on ‘TDM’. (04 Marks)
Show that the signal to quantization noise power ratio of a uniform quantizer is
[SNR],; =1.8+6n andn= number of bits/sample. (06 Marks)
‘What is the necessity of non uniform quantization? Explain compounding. (06 Marks)

A teléphone signal band limited to 4 KHz is to be transmitted by PCM. The signal to
quantization noise power ratio is to be at least 40 dB. Find the number of levels into which
the signal has to be encoded. Also find the transmission band width. (04 Marks)

With neat diagrams, explain the operation of DPCM. (07 Marks)

A DM system is tested with a 10 KHz sinusoidal signal with 1 V peak to peak at the i/p. It is
sampled at 10 times the Nyquist rate. What is the step size required to prevent slope

overload? (04 Marks)
Explain T1 — carrier system. (05 Marks)
For the binary bit sequence 10110100, draw the waveforms using: (04 Marks)
i) Unipolar NRZ ii) Unipolar RZ iii) Polar NRZ iv) Bipolar NRZ.

Describe Nyquist’s criteria for distortionless baseband transmission. (06 Marks)

Explain the need for a precoder in a duobinary signaling. For i/p binary data 1011101, obtain
the ofp precoder and o/p of duobinary coder. Explain how data can be detected at the

receiver. (08 Marks)

What is equalization? Explain adaptive equalization for data transmission. (06 Marks)
PART -B

Explain the working of:

i) Coherent BFSK transmitter and ii) QPSK transmitter. (10 Marks)

The bit stream 1011100011 is to be transmitted using DPSK technique. Determine the
encoded sequence and transmitted phase sequence. Also write the block diagram of the
modulator and demodulator for the same and explain. (10 Marks)
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A binary data is transmitted using ASK over a AWGN channel at a rate of 2.4 Mbps. The
carrier amplitude at the receiver is 1 pV. Noise spectral density No/2 is 10™"° Watt/Hz. Find
the average probability of error if the detection is coherent. Take erfc(5)~ 3x107. (06 Marks)

With a diagram, explain the model of digital communication system. (08 Marks)
Explain geometric interpretation of signals. (06 Marks)
Explain the detection of known signals in noise. (10 Marks)
Write a note on minimum mean square error estimate. (04 Marks)

A polar NRZ waveform is to be received by a matched filter. Binary 1 is represented by a
rectangular positive pulse and binary 0 is represented by a rectangular negative pulse. Find
out the impulse response of the matched filter and sketch it. (06 Marks)

Mention the applications of spread spectrum system. Explain the principle of direct
sequence spread spectrum system. (08 Marks)

Explain the frequency hopped spread spectrum system. (08 Marks)

A slow FH/MFSK system has the following parameters:

The number of bits / MFSK symbol = 04

The number of MFSK symbol / hop = 05

Calculate the processing gain of the system in decibels. (04 Marks)

* k ok % %
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