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DIGITAL COMMUNICATION

(Common to Electronics and communication Engineering, Electronics and Telematics Engineering)

Time: 3 hours.






Max.  Marks: 80
Answer any FIVE questions

All questions carry equal marks.

---
1.a)
State and prove Sampling Theorem as applicable to band limited signals.                                                                         

    b)    Find the minimum sampling rate and Nyquist interval for the signals represented                      by   (i)  m(t)  and    (ii) m2  (t)  where   m(t)  =   
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2.
Four signals Cos ωot,  0.2 Cos ωot, 2 Cos 2 ωot  and   Cos 4 ωot  are  to be multiplexed in a TDM system.  Find  the minimum sampling rate  fs  , minimum interval and the associated commutator speed.  If the commutator rotates at  fs/4,       and fs/8  revolutions per sec., determine the number of o/p samples of each signal per rotation.  Illustrate and explain this process  with neat schematics for a commutator switch rotating at a speed of   fs/4  revolutions per sec., showing the transmitting and receiving sides.  Discuss the necessity of synchronization for this case.  
3.a)
What is meant by Inter Symbol Interference (ISI)? And how it differs from    Cross-talk in the PAM?

   b)
What is the ideal solution to obtain zero ISI and what is the disadvantage of this solution?

4.a)
Explain how eye patterns are used for monitoring the performance of base band PAM system.

   b)
What is the necessity of shaping transmitted signal spectrum.

5.a)
Derive the expression for quantization noise power in PCM System. 

  b) 
Derive the expression for signal to quantization noise ratio for PCM system      
that employs linear quantization technique. Assume the input to the PCM       
system is a sinusoidal signal. 
6.a) 
Explain the working of delta modulation system with neat block diagram.
         
   b) 
Clearly bring out the difference between granular noise and slope over load error. 
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7.a)   
In the on-off keying version of an ASK system, symbol 1 is represented by

Tramsmitting a sinusoidal carier of ampllitude (2Eb / Tb, where Eb is the signal energy per bit and Tb is the bit duration.  Symbol ‘0’ is represented by switching off the carrier.  Assume that 1 and 0 occur with equal probability.

For an AWGN channel determine the average probability of error for this ASK system, assuming 

(i) Coherent reception

(ii) Noncoherent reception, operating with a large value of a bit energy-to-noise density ratio.

Note:  For large value of x


I0 (x) (  exp (x)  / ((2 (x)



    

 b) 
A high frequency transmitter used in a binary communication system is peak 

Power limited to 1 kw. The power loss in the channel is 60 dB and the noise power at the receiver input ((rb) is 10-4   Watts.  Assuming maximum signaling rate and equiprobable message bits, find Pe for non coherent ASK and coherent PSK signaling schemes.






    
8.a)  
Show that if g(x) is a polynomial of degree (n-k) and is a factor of xn+1, then g(x) generates an (n,k) cyclic code in which the code polynomial for a data vector D is generated by v(x) = D(x)g(x).







b)  
What are the hardware components required to implement a cyclic code          encoder?
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1.a)
Explain the basic principles of sampling, and distinguish between ideal sampling and practical sampling.                                                                             


   b) 
A band pass signal has a centre frequency fo and extends from   fo – 5 KHz   to     f 0 + 5 KHz.  It is sampled at a rate of   fs = 25 KHz.  As f o varies from 5 KHz to 50 KHz, find the ranges of fo for which the sampling rate is adequate. 
2.a)
If  PAM and PPM systems are analogous to  CW modulation schemes, in what       way the pulse modulation is advantageous ?                                                  
     b)
What are the TDM aspects of T1 systems?                                                   

     c)
Distinguish between different types of transmission schemes for PAM signals, identifying the bandwidth requirements in each case?  
3.a)
What are the two key functional operations involved in correlative coding?

b)
i) For the data stream 0010110, find the duo-binary decoded wave form and give    the electrical representation of the data obtained at stages of decoding.


ii) Verify that Duo-binary decoding results in bandwidth reduction during transmission by assuming the message sequence to be transmitted is an alternative 1/0 sequence.

4.a)
Why equalization is necessary is Base band transmission?


Give the block diagram of adaptive filter and explain about each element.

   b)
The unequalized pulse in a PAM system has the following values at sampling times:
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i)
Design a three-tap zero forcing equalizer so that the equalizer output is 1 at k = 0 and 0 at k = ( 1


ii)
Calculate Peq (k) for k = ( 2, ( 3.

5.a) 
Draw the block diagram of PCM Generator and  explain each block. 

   b) 
Determine the Transmission Bandwidth in PCM.
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6.
A Delta modulator system is designed to operate at five times the Nyquist rate for a signal with 3 kHz bandwidth. Determine the maximum amplitude of a 2 kHz input sinusoid for which the delta Modulator does not have slope overload. Quantization step size is 250mv .Derive the formula used. 
7.a)
Derive an expression for probability of bit error of a binary coherent FSK receiver

   b) 
Explain coherent and non-coherent detection of binary FSK waves.
8.a)
Draw and explain a decoder diagram for a (7,4) majority logic code whose generator polynomial g(x) = 1+x+x3.







   b)

Define burst of length (q) and briefly explain about the burst error correcting                              
codes.
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1.a)
Define the Sampling theorem and establish the same for band pass signals, using neat schematics.                                                                                     


   b)
For the modulating signal  m(t) = 2 Cos (100 t) + 18 Cos (2000 πt), determine the allowable sampling rates and sampling intervals.
2.a)
As applicable to analog pulse modulation systems, explain the significance of the terms – (i) anti aliasing filter,  (ii) synchronization,  (iii)Bandwidth requirements of  PAM and   PAM-TDM signals.                                           


     b)
How Synchronization is achieved in PAM System?  
3.a)
Design a binary base band PAM system to transmit data at a bit rate of 3600 bits/sec. with a bit error probability less than 10-4.  The channel response is given by,
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The noise power spectral density is Gn (f) = 10-14 Watt/Hz.

   b)
What is meant by precoding?  Give the scheme of basic precoded duo-binary scheme and explain its operation? Why this scheme is not suitable for channels having poor d.c response?
4.a)
Give the block diagram of a system used to derive a clock-signal from the received waveform and explain its operation.

   b)
Compare the performance of bi-polar coding, twinned binary coding in terms of d.c component, bandwidth required and clock recovery?

5.a) 
A Television signal with a band width of 4.2 Mhz is transmitted using        
binary PCM. The number of quantization levels are 512. Calculate

i) Code word length 

ii) Transmission band width

iii) Final bit rate 

iv) Out put signal to quantization noise ratio 




   b) 
Explain the need for non uniform quantization in PCM system. 
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6.a)
Explain with neat block diagram Adaptive Delta Modulator Transmitter and Receiver.        

   b)
Explain the advantages of Adaptive Delta Modulation over Delta Modulation and 
how is it achieved.
7.a) 
Explain with the neat block diagram

(i) Coherent binary FSK transmitter and

(ii) Coherent binary FSK receiver.  Also explain signal space diagram for coherent binary FSK, system. 




 
     b) 
Give the comparison for FSK and PSK system.

8.a)
Explain majority logic decoding in convolutional codes.




   b) 
Consider a (15,9) cyclic code generated by g(x) = 1+x3+x4+x5+x6. This code has a burst error correcting ability q=3. Find the burst error correcting efficiency of this code.
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1.
Explain the need for sampling, as applicable to transmission of speech signals on telephone lines.  For such signals, establish -  

(a) type of sampling and multiplexing required, 

(b) the bandwidth requirements, 

(c) guard band provision,

(d) sampling frequency  and  intervals at –

 (i) 
Nyquist rate,  and, 
 (ii)
 the typical rate as used in T1 systems.
2.a)
Explain the method of generation of PAM signals using sample and hold circuits.                                                                                   








     
   b)
As applicable to pulse modulations systems, write short notes on the following :                                                                  

(i) Nonlinear aspects of PTM signals
(ii)Single Polarity and double polarity PAM.
3.a)
Compare duo-binary scheme with ideal binary PAM scheme using pulses with raised cosine frequency characteristics.

     b)
Design a quarternary-signaling scheme for transmitting the output of an ergodic source emitting an independent sequence of symbols from a source alphabet consisting of four equiprobable symbols A, B, C and D.  The symbol rate of the source is 5000 symbols per sec.  and the overall error probability has to be less than 10-4.  The channel available for transmitting the data has the following characteristics:
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4.a)
Explain the working of scrambler and unscrambler with the aid of diagrams.

   b)
Explain about optimum equalizer that minimizes the peak Inter Symbol 
Interference.

5.a) 
With a neat block diagram explain the working of a DPCM system.


   b)
The bandwidth of signal input to the PCM is restricted to 4Khz.The input varies 
from -3.8v to +3.8v and has average power of 30mW.The required SNR is 20dB. 
The modulator produces binary output. Assume uniform quantization.    

i)  Calculate the number bits required per sample  

ii) Outputs of 30 such PCM Coders are time Multiplexed. What is the minimum 
   

     required transmission bandwidth for the multiplexed signal.
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6. 
In a single-integration DM system, the voice signal is sampled at a rate of 
64kHz.The maximum signal amplitude is Amax=1.   (16M)

   a)
Determine the minimum value of the step size σ to avoid slope over load error.

   b)
Determine the granular noise power if the voice signals bandwidth is 3.5 kHz.

   c)
Assuming that the voice signal is sinusoidal, determine output signal power and SNR

   d)
Determine the minimum transmission bandwidth.
7.a) 
Binary data is transmitted over an RF band pass channel with a usuable 
bandwidth of 10 MHz at a rate of 4.8 x 106 bits / sec using an ASK signaling 
method.  The carrier amplitude at the receiver antenna is 1mv and the noise power 
spectral density at the receiver input is 10-5 Watt/Hz.

(i) Find the error probability of a coherent receiver, and 

(ii) Find the error probability of a non-coherent receiver.
     b) 
Derive an expression for the probability of bit error in a PSK system.

8.a)
Describe Exhaustive search method of decoding for convolutional code.


   b)
What is an interlaced code? Explain about its capability for correcting errors with suitable example.
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