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( b ) Define the following : 2x5 

(i) Ergodic processes (c) Determine the Fourier transform of 6 

(ii) Multiplexing 
x(t) 

(iii ) Energy density spectrum 1 

(iv) Auto covariance 

( v) Quantization noise 

Also illustrate each with a suitable example. 

-1~/~----~~--~~------r-------~ 
' - 1 0 

2. (a) Draw a detailed diagram of delta modulator and _ 1 J-:-' ----' 

explain the operation of it. Also discuss the noise 

performance of delta modulator. 8 

(b) List all the Maxwell's equations (in integral form) and 

describe in detail the Ampere's circuital law and 

Faraday's law. 6 

(c) What do you understand by AFC? Draw and 

explain the circuit diagram of AFC. 6 

3. (a) Discuss the boundary conditions (for B & il) 
between two lossless media. 6 

(b) Define Amplitude modulation and draw the wave-

shapes for following : 8 

(i) AM-DSB 

(li) AM-DSB/SC 

(ii1) AM-SSB 

Also establish a comparative study between all 

the classes of amplitude modulation. 

4FN: EC 403 (1479) ( 2 ) 1. Continued) 

4. (a) Describe the following in detail : 8 

( i) Atmospheric noise 

(ii) Thermal noise 

(iii) Shot noise 

(iv) Partition noise. 

(b) Write detailed notes on any three of the 
following: 4x3 

{i) Poisson's equation 

(H) Gauss's laws 

(iii) Magnetic polarization 

u~l) Armstrong modulator 

4FN:EC40311479) ( :'\ J 
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( v ) Pulse code modulation 

( vi) Square law diode detector. 

GroupB 

S. (a) Define equivalent noise bandwidth (ENBW). 

(b) Describe, in detail, the MMSC (minimum mean 

square criteria) criteria for optimum systems ( detec-

3 

tors/receivers). 10 

(c) What are the performance indiCes of digital modu-

lation systems. 7 

6. (a) What do you understand by account of information'? 

Also define entropy of the source. 4 

(b) Consider that two sources X and Y emit-messages 

Xp x 2 and x 3 and yP y 2 and y 3 with the joint 

probability p (X, Y) as shown in the matrix below 

3/40 

1/20 

l/8 

Yz 
1/40 

3/20 

1/8 

1/40 

l/20 

3/8 

Calculate H{X), H( Y), H(XIY) and H( YIX). 

Also prove that 
H(X, Y) = H(X) + H( Y!X) 

and ~ H ( Y) + H (X!Y) 12 

7. (a) What do you understand by channel coding'? Explain 

any one error detection and error correction code with 

suitable diagram of CO DEC. 4 + 6 

(b) What is a matched filter? Explain the application of 

matched filter in coherent detection. 4 + 6 

8. Write short notes on any four of the following: Sx4 

( i) Synchronization 

( ii) Discrete noisy channel 

(iii) Baseband transmission 

( iv) Timing recovery 

{ v) Envelope detectors 

( vi) Digital RF modulation. 

Groupe 

9. Choose the correct answer: 2 X 10 

(i) Companding is used 

(a) to overcome quantizing noise 

(b) to protect small signals in PCM 

(c) to reduce impulse noise 

(d) to increase the power content 

(.:) Draw and discuss the Adaptive delta modulator (ii) Quantizing noise occurs in 

circuit. 4 
(a) 'fDM 

4FN: EC 403 (1479) ( 4 ) 
( :; ) ( 1!un OvcT) 
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(b) FDM 

(c) PWM 

(d) PCM 

(iii) Balanced modulators are used to 

(a) Produce suppressed carrier signal 

(b) Produce SSB signal 

( c;) Produce PCM signal 

( d) None of these 

( iv) The perce~tage saving in power in case of a 100% 

modulated AM signal transmitted as DSB-SC as 

compared to the one transmitted as DSB is 

(a) 50% 

(b) 33·33% 

(c) 66 ·66% 

(d) 75% 

( v ) Thermal noise is given by the expression 

(a) n=kTB 

(b) =;.n=kT!B 

(d) n = k1~B!F" 

_4FN: EC 403 (1479) ( (i ) 

( vi) Major advantage of Armstrong modulator is,1hat 

(a} It is capable of producing WBFM signals 

(b) The centre frequency (carrier frequency when 
unmodulated} is extremely stable 

(c) A large depth of modulation can be achieved 

(d) None of these 

( vii} In a ratio detector 

(a} Stabilizations against signal strength variations is 
provided 

(b) The output is twice that obtainable from a 
similar phase discriminator 

(c) The circuit is same as in the discriminator except 
that diodes are reversed 

(d) The linearity is worse than in a phase dis­
criminator 

( viii) A current is flowing in a circular conductor in a 

clockwise direction. The coil is in the plane of 
paper, The direction of the magnetic field is 

(a) Away from you 

(b) In the plane of paper 

(c) Towards you 

(d) None of these 

4 FN: EC 403 (1479) ( 7 ) (Tum Over) 
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(d) \1 x (VA)= V Vx A+ V (V x A). 

(ii) In free space E = 20 cos ( wt- 5 x ) ay v /m . 
Calculate the displacement current Jd. 

(iii} Define power spectral density of a wide-sense 
stationary random process in terms of the 
autocorrelation function. 

( iv) Pulse width modulation may be generated 

(a ) by differentiating pulse position modulation 

{ b ) with a monostable multivibrator 

(c) by integrating the signal 

(d) with a free running multivibrator. 

( v) In order to reduce quantizing noise in receivers one 

must 

(a ) increase the number of standard amplitudes 

( b ) send pulses whose sides are more nearly vertical 

(c) Use an RF amplifier in the receiver 

(d) increase the number of samples per sec. 

( vi) A receiver connected to an antenna whose resistance 

is 50 ohms has an equivalent noise resistance of 

30 ohms. Calculate the receiver's noise figure in dB. 

4FN:EC403 (1479) ( 6 ) (Continued) 

l VJJ 1 wenury tne mcorrect statemem 

(a) The zero frequency value of the power spectral 

density of a wide-sense stationary random 

process equals the total area under the graph 

of the autocorrelation function. 

(b) The mean-square value of a wide-sense 

stationary random process equals the total area 

under the graph of the power spectral density. 

(c) The power spectral density of a wide-sense 

stationary random process is always non 

negative. 

( d ) The power spectral density of a real-valued 

random process is an odd function of frequency. 

{ viii} Identify the incorrect statement 

(a ) A source in which the symbols emitted during 

successive signalling intervals are statistically 

dependent is called descrete memoryless 

source. 

(b) With the source alphabet 1; e the entropy 

H (1; n ) = n H (1; ) 

( c:) Limple-Ziv algorithm is intrinsically adaptive. 

( d} Channel capacity is measured in bits per 
channel use. 

( 7 ) (Tum Over) 
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2. (a ) Draw the block diagram of FM detector and explain 

its operation with necessary waveforms. 8 

(b) List the properties of Fourier transforms. 4 

(c) Explain the significance of power density spectrum 

and energy density spectrum. 4 

(d) Discuss the importance of probability density 

functions in communications. 4 

3. (a) Explain the principle of multiplexing: FDM and TOM. 8 

(b) Give the comparative study between all the classes 

of amplitude modulation with necessary waveforms. 9 

( c) What is the function of AFC? 

4. (a ) Determine the Fourier tlansform of a unit step 

function: 

u(t) = 1 for t>O 

=0 for t<O. 

(b) Describe the following in detail: 

( i) Thermal noise and shot noise. 

( ii) Delta modulation 

(iii) Pulse code modulation 

( iv) Ergodic process. 

3 

6 

GroupB 

5. (a ) Describe in detail the maximum signal to noise ratio 

criterion for optimum systems. 

(b) Explain the probability density input-output 

relationships. What is the Gaussian distribution 

function? 

8 

6 

(c) Explain the concept of equivalent noise bandwidth. 6 

6. (a ) Explain the r.elation between systems capacity and 

information content of messages. 8 

( b ) Explain the terms : 
Information, entropy, redundancy and rate of 

communication. 8 

( c ) What do you understand by channel coding ? 4 

7. (a ) What is optimum terminal filter? Explain its 

application in signal detection. 8 

(b) What is quantization? Explain log-PCM. 6 

(c) Explain linear predictive coding used for speech 

signals. 6 

8. Write short notes on any four of the following: 5x4 

( i) Digital RF modulation ; 

(ii) MMSE 

( i1i) Discrete noisy channel; 

( iv) Matched Filter; 
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(iii) Ampere's circuital law, 

with the help of a suitable example. Also, discuss their 
utility in respective applications. 

( c) An elementary short dipole is 10 em long. If the 
10 MHz current passing through it is 2 A, what is the 
field intensity 20 km away from the short dipole in 
a direction of maximum radiation? 8 

2. (a ) Derive the mathematical relation for determining the 
'Noise-Figure' of a receiver with following 
parameters : 

. (i) Receiver has an overall gain A, 

( ii) An output resistance R L, '·. 

(iii) ·A bandwjdth (BW) 60 

~ \.~\.-.. \· .. L. i '.\·:.: \ 

(iv) An absolute operating temperature T, and 

' ( 'v) ·in~~t-l~~~~~~~~ -~~j't~-ih~'~te~a'resistance 
R •. ;. q•<c" ~) 

Also, discuss the .method pf m~uring Ute same. 5 + 5 

( b ) Determine the Fourier transform of-:-. x ( t ) : 10 

X(/) 

4FN:EC403 (1479) ( 2 ) ( C orlllrwed ) 

3. (a) Why are linear amplifiers used in SSB transmitters? 
Give a quantitative response. 8 

(b) Describe the effect of random noise on the output 
of an FM receiver equipped with an amplitude limiter. 
Also, discuss the importance of noise triangle. 8 

(c) Prove that phase discriminator is a FM demodulator. 4 

4. (a) With the help of a circuit diagram, explain how a 
halanced modulator is able to demodulate SSB 

sign!'ls. 6 

(b) Explain the principle of multiplexing and its necessity 
in communication. 4 

(c) Define and discuss the pulse• position ,modulation. 
Also, explain, with waveforms, how it is derived from 

-•'PWM?HowisPWMdemodulated.?.. 3 +4 + 3 

S. ( 11) State and. explain the ~peel of transmission channel 
which is defln~ b~ tli~·shak~~~It~Y law. How 
does noise affect ~el capacity?. , ..... 

'1. .J . '•'- •••• _,_ ,, -

(b) Explain how equalization can improve the ability of 

6 

a transmission channcl to eafty. data-~· · 4 

(c). State and describe the three types oferror detection 
codes and explain ho~ they detect data errors. What 
are the merits and demerits of channel coding? List 
them. 10 

6. _ (a) Explain why quantizing noise could affect small 
amplitude signals in a PCM system far more than large 
signals. Also, enumerate how tapered quantizing 
levels could be used to counter act this effect. 5 + : 

.1FN·FC'40311479l ( 3 ) (Tum Over 
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(b) List the advantages and applications ofPCM. 

(c) What is optimum terminal filter? Explain its 

application in signal detection. 

7. (a ) A source emits one of six symbols <lo• a 1, a 2 , a 3 , 

a 4 and a 5 with probabilities 1/6, 1/8, 1/4, 1/6, 1/6, 
1/8, respectively. The symbols emitted by the source 

are statistically independent. Calculate the entropy of 

4 

8 

the source and derive the same formula. 4 + 4 

( b ) State and explain the following : 6x2 

(i) maximum SNR criterion; and 

· (li) :D:rlnimum MSEcriterion 

with a comparative study and their appli~tions. 

8. Write short notes on the folloWing: Sx4 

:t~) sytic~o~ation and .grecovery:;, 
... , '·'· ~ ' ·~ • ' • • • '. • '; ¥ • • 

. t. 

( ii) Baseband tiansmission; ·' ; · 

(iii) LPC for speech signals ; 

(iv) Digital RF modulation. 

Groupe 

9. Write the correct answer for the following: 2xl0 

(i) In an SSB transmitter, one is most likely to find 

(a ) class C audio amplifier 

4FN:EC403 114791 ( 4 ) ( Continued) 

(b) tuned modulator 

( c ) class B RF amplifier 

(d) class A RF output amplifier. 

( ii) Amplitude modulation is used for broadcasting 

because 

(a ) it is more noise immune than other modulation 

system 

( b ) it consumes less transmitting power 

(c) its use avoids receiver complexitY 

(d) no other modulation system can . provide the 

·necessary bandwidth for high fidelity. 

(In) .. When the . mOdulation index of lllfi AM wave is 

doubled, the ~tenna current ·IS Blso· doubled. The 

AM system being used is . . 
' 

(a ) SSB, full carrier 

(b) VSB 

(c) SSB, suppressed carrier 

(d) DSB, full carrier. 

( iv) In the stabilized.reactance modulator AFC system, 

the 

( a ) discriminator must have a fast line constant to 

prevent demodulation 

4 FN EC 4D:l ( 1479) ( 5 ) (TurnOver) 
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(b) higherthediscriminatorfrequ~ncy, thebetterthe 
oscillator frequency stability 

(c) discriminator frequency must not be too low, or 
the system will fail 

(d) phase modulation is converted into FM by the 
equalizer circuit. 

( v) In order to reduce quantizing noise, one must 

(a ) increase the number of standard amplitudes 

(b) send pulses wh~se sides are mor~ nearly vertical 

(c) use an RF amplifier in the receiver 
-·-'>..:: . __ _.,_ .. '": " .. •-,, c;~· 

(d) increase_the number pf samp~es ~ second. 

( vi) To _.seplllllt,C? ~pets, ,jn • ~~-~¥, ~rer, ,~.is 
necessary~~- u~ff, . 

(a ) AND gates 

( b ) BP filters 

( c ) differentiators 

(d) integrators. 

(vii) In a communication system, noise is most likely to 
affect the signal 

(a ) at the transmitter 

( b ) in the channel 

( c) in the information source 

(d) at the destination. 

:FN:EC403 (1479) ( 6 ) ( Continued ) 

( viii) A pre-emphasis circuit provides extra noise 
immunity by 

(a ) boosting the base frequencies 

(b) amplifying the higher audio frequencies 

(c) pre-amplifying the whole audio band 

( d) converting the phase modulation to FM. 

( ix ) An FM signal with a modulation index, m r• is passed 

through a frequency trippler. The wave in the output 
of the 'trippler will have a modulation index of 

(a)- m,J3 

(b) mr 

(c) 3 mr 

(d) 9 mr. 

(·x ) Indicate the false statement in. connection with 

communication receivers 

(a ) The noise limiter cuts-off the receiver's output 

during a noise pulse 

( b ) A product demodulator could be used for the 

reception of Morse code 

(c) Double conversion is used to improve image 

rejection 

(d) Variable sensitivity is used to eliminate selective 
fading. 

4FN:EC403 (1479) ( 7 ) AG 1,100 
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(b) Explain Gram-Schmidt procedure to obtain 

orthogonal basis of signals. 10 

(c) State and explain Nyquist criterion. 4 

3. (a ) What is thermal noise'? Find out the expression for 

available signal power in presence of thermal noise. 10 

( b ) What are shot noise and partition noise '? 6 

(c) What is noise equivalent bandwidth'? 4 

4. (a) A frequency-modulated signal which is modulated by 

a 3kHz sine wave reaches a maximum frequency of 

1 00·02 MHz and minimum frequency of 99·98 MHz. 

Determine (i ) carrier swing, ( ii) carrier frequency, 

(iii ) frequency deviation, of the signal, and 

( i v) modulation index of the signal. 12 

( b ) Explain the principle of FDM and IDM? What 

is IDD? 8 

GroupB 

5. (a ) What is entropy of a source? How can you find 

maximum entropy of several alphabets '? Define code 

efficiency and redundancy of codes. 

(b) Define channel capacity and channel efficiency for 

a discrete noisy channel. Describe the properties of 

binary symmetric channel and binary erase 

channel. Derive an expression for channel capacity 

8 

in terms of sampling conditioning. 12 

6. (a) What are the differences between DPCM and 
ADPCM from quantization error point of view? 10 

(b) Describe the method of optimum detection of signal 
using matched filters. Derive an expression for 
impulse response of a matched filter. 10 

7. (a } What is intersymbol interference (lSI) '?Describe the 
principle of a receiver which can be used to 
compensate or to reduce lSI in the received signal. 10 

(b) What is the technique for digital RF modulation'? 
Describe the principle and construction of a Modem. 
Derive an expression for bit error probability in terms 
of bit energy. 1 0 

8. (a) Explain Sch,.varz's inequality for two power signals. 
Define cross-correlation and auto-correlation of two 
power signals. Find out spectral density function for 
a given power signal. 12 

( !:> ) What is envelope detector? How can you estimate 
SNR of an envelop~ detector'? Describe the design 
constraint for envelope detector. 8 

Groupe 

9. Choose the correct answer for the following: 

(i) Maxwell's equation 

--\ 

-+ ~ 'dB 
V xE = -­

at 

is actually 

(a) Gauss's law 

W'07:4FN:EC403 {1479) ( 3 ) 

2x10 

(Tum Over) 
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8'09: 4FN: EC 403 (1479) 

COMMUNICATION ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group Band ALL/rom Group C. 

All parts of a question ( a,b,etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answer may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indic.ate full marks. 

Group A 

1. (a) Derive the continuity equation. 

(b) Derive the boundary conditions for conductor-free 

space boundary in electrostatics. 

(c) Calculate the capacitance of a parallel plate 

capacitor having a mica dielectric With E r = 6, a plate 

area of 10 in2 and a separation of 0·0 1 m. 

2. (a) Derive Poisson's equation. 

6 

8 

6 

8 

(Turn Over) 
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(b) Derive the following by using Poisson's equation: 

(l") c . d" c L l . 4 X 3 artesian co-or mates 10r ap ace equation 

(ii) Cylindrical co-ordinates for Laplace equation 

(iii) Spherical co-ordinates for Laplace equation. 

3. (a) Derive Parseval's theorem related to the average 
power, P, of a periodic signal. 6 

(b) What are the types of double side band amplitude 
modulation ? Explain with examples. 6 

(c) Show that the minor theoretical differences between . 
AM and DSB have major repercussions in practical 
applications. 8 

4. (a) Find the power spectrum for randomly phased 
sinusoidal wave and a random digital wave. 6 

(b) Find the noise equivalent bandwidth of a band-pass 
filter (BPF). 8 

(c) Explain a PCM generation scheme with the aid of a 
neat sketch. 6 

Group B 

5. (a) Explain the following with their properties : 
(i) uncertainty, (ii) information, and (iii) entropy. 4 x 3 

(b) Find the equation for coding efficiency by using 
source coding theorem. 8 

6. Find and sketch the power spectra of the following 
discrete PAM signals : 5 x 4 

(i) NRZ unipolar format 

(ii) NRZ polar format 

S'09: 4FN: EC 403 (1479) ( 2 ) (Continued) 

(iii) NRZ bipolar format 

(iv) Manchester format. 

7. (a) Briefly explain the eye pattern. 

(b) Briefly explain quadriphase-shift keving 
modulation. 

(c) Explain the principle ofD~CM (differential PCM ), 

6 

6 

giving its elementary block diagram. 8 

8. (a) Derive the Gaussian channel capacity. 10 

(b) How can a tapped-delay-line filter be used as a 
prediction filter ? Explain with an example. l 0 

Group C 

9. Choose the correct answer for the following: 

(i) The unit of V x H is 

(a) A 

(b) Nm 

(c) Nm2 

(d) A-m. 

2 )< 10 

( ii) The depth of penetration of an electromagnetic wave 
in a medium, having a conductivity cr at a frequ';!ncy 
of 1 MHz, is 25 em. What will be the depth of 
penetration at a frequency of 4 MHz ? 

(a) 6·25 em 

(b) '50·00 em 

(c) 12·50 em 

(d) 1 00·00 em. 

S'09: 4FN: EC 403 (1479) ( 3 ) (Turn Over) 
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S'10:4FN:EC403 (1479) 

CO~CATIONENGThffiEruNG 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a, b, etc. ) should 

be answered at one place. 

Answer should be bn"ef and to-the-point and be supplemented 

with neat sketches. Unnecessary long answers may 
result in Joss of marks. 

Any missing or wrong data may be assumed suitably giving 

proper justification. 

Figures on the n"ght-hand side margin indicate full marks. 

Group A 

1. (a) Show that div curl A = 0. 4 

(b) Derive the vector statement of Gauss's law. 6 

( c ) Determine three components of electric field in 

spherical co-ordinates due to an electric dipole. 6 

(d) Explain that the 'Ampere's law is not consistent with 

the time varying equation of continuity'. 4 
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Z. (a) What is convection current? Does it obey Ohm's 
~? 3 

(b) Using Maxwell's equations, show that at the surface 
of a perfect conductor, the tangential component of 
His discontinuous by an amount equal to the surface 
current per unit width. 7 

{c) Iff( t) is an even function, show that all the sine term~ 

in the trigonometric Fourier series for f( t ) vanish. 4 

(d) State and prove Parseval's theorem. 6 

3. (a) State and prove Schwarz inequality for a pair of real 

finite energy signals g 1 { t) and g 2 ( t ). 5 

( b ) Show that the random process 

X ( t) =A cos ((I) t +D), 
where D is a random variable uniformly 

distributed in the range ( 0 , 2n ) , is a wide sense 

stationary process. 5 

( c ) What is an ergodic process? 3 

(d) Calculate the RMS value of the thermal noise voltage 

across a parallel combination of a resistor R and a 

capacitor C. 7 

4. (a) A receiver, connected to an antenna of resistance 
50 ohms, has an equivalent noise resistance of 
30 ohms. Find the receiver noise figure in dB. 4 

(b) Describe the Armstrong method of produdng 
frequency modulation and state its advantages and 
disadvantages. 6 

( c) A sinusoidal signal of 1 V amplitude and 800Hz 

frequency is transmitted by delta modulation. 

Determine the minimum step size so that overload 

distortion is avoided. The sampling rate is given to 

be 40,000 samples/sec. 5 

(d) How is the cross-talk in FDM (frequency division 

multiplexing) reduced? 5 

GroupB 

S. (a ) Sketch the magnitude and phase characteristics of a 

channel for distortionless transmission. 3 

(b) Show that an ideal low-pass filter is not physically 

realisable. 6 

( c ) Find the power spectral density (PSD) and the power 

of g(t) ==Acos (rot+ D). 6 

(d) Show that modulation causes a shift of the ESD 

(.!nergy spectral density) of baseband signals. 5 

6. (a ) Explain how SNR can be maximised using a 

Wiener-Hopf filter. 6 

(b) For a baseband binary digital signal m ( t ), show that 

phase modulation is superior to frequency 

modulation from both bandwidth and power point 

ofview. 6 

{ ::: ) What is a matched filter? Derive its impulse response 

in terms of signal components. 3 
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(d) The signal-to-noise quantisation ratio of a binary 

PCM system is required to be at least 1000. 

Determine the minimum number of bits to represent 

the quantising level. 5 

7. (a ) A message source produces five symbols with the 

probabilities of occurrence as 1/2, 1 I 6, 1 I 6, 1 I 12, 

8. 

and 1 I 12. Calculate the entropy of the source. 6 

( b ) A source emits seven symbols With probabilities 

1/2, 1/4, 1/8, 1/16, 1/32, 1/64 and 1/64, 

respectively. Determine a Huffman code for it. 6 

(c) Show that the channel capacity of a channel, disturbed 

by Gaussian white noise, is given by 

C = Blog 2 {1 + S! N) bits/sec. 

(d) What is a binary symmetric channel? 

(a) How are the limits of delta modulation overcome in 

adaptive delta modulation '? 

(b) Explain FSK and PSK systems of digital modulation 

with the help of a suitable diagram. 

(c) What is a modem'? Why is it needed at each end of 

a telephone line for data transmission '? 

(d) Describe necessity of a line code. What is the 

difference between Manchester code and AMI'? 

6 

2 

5 

8 

2 

5 

Groupe 

9. Choose the correct answer for the following: 

( i) The Fourier transform of u ( t) is 

(a) 1 
(b) 2n6{ll>) 

(c) n 6 ( ll>) + 1/jll> 

(d) 1/jll>. 

(ii ) di v grad V is equal to 

(a) zero 

( b ) infinity 

(c) V V 

(d) V 2 v. 

2xl0 

(iii) A vector makes angles a, (3 andy with the co-ordinate 

axes. The direction cosines of the vector are 

( a ) cos a , cos (3 , cos y 

( b ) sin a , sin (3 , sin y 

( c ) tan a , tan (3 , tan y 

( d ) sec a , sec (3 , sec y. 

(iv) For a uniform plane wave, the electric field is 

( a ) a function of t only 

( b ) function of x and t only 

(c) function of x, y and t only 
(d) function of x, y, z and t only. 

( v) Microwave links are generally preferred to coaxial 

cable for TV transmission because 
(a ) they have less overall phase distortion 
( b ) they are cheaper 
( c ) of their greater bandwidth 

( d ) of their relative immunity to impulse noise. 
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W'10: 4 FN: EC 403 ( 1479) 

COMMUNICATION ENGINEERING 

Time :Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY 1WO from Group A, 
ANY 1WO from Group B and ALL from Group C. 

AU parts of a question (a, b, etc. ) should 

be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group .. -\ 

1. (a ) Find the Laplacian of W = 1 0 r sin2 0 cos ~ in spherical 
co-ordinate system. 6 

(b) State and explain Gauss's divergence theorem. 6 

(c) A parallel plate capacitor, with plate area of 

5 cm2 and plate separation of 3 mm, has a voltage of 

50 sin 103 t is applied to its plates. Calculate the 

displacement current assuming E = 2 E0 . 8 
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2. (a) Find the Fourier transform of the signal 

x(t) =e-at u(t) 

where u ( t ) is unit step function using this relationship. 
Determine the Fourier transform of the signal 

y (t ) = e -a I tf. 4 + 4 

( b ) Explain Gram Schmidt procedure for orthogo:1al 

representation of signals. 6 

( c) A voltage, V { t ) , which is a Gaussian ergodic random 

process with a mean zero and a variance of 

9 volt2 is measured by ( i) d.c. motor, (ii) a true rms 
meter, and (iii) a meter which first square, V ( t ), 
and then reads its d.c. component. Find the output 
in each meter. 6 

3. (a ) Determine the frequencies present in upper and lower 

sidebands of AM -SSB spectrum if the modulating 

signal is m ( t ) = cos 2x · 1000 t + cos 2x · 2000 t and 

the carrier is c ( t) =cos 2x · 10000 t. 8 

{ b ) Explain, with a circuit dtagram, FM generation using 

Armstrong's method. 6 

(c) Explain why quantizing noise could affect smaD 

amplitude signals in a PCM system for more thcur 

large signals. What is companding'? Why is it 

used? 

4. (a) Derive Ampere's circuit law using the concept of 

ma~netic vector potential. 6 

( b ) A receiver has an overall gain A , an output resistance 

Ru a bandwidth bf and an absolute operating 

temperature T. If the receiver's input resistance is 

equal to the antenna resistance Ra, derive a formula 

for the noise figure of the receiver. One of the terms 

of this formula will be the noise output power. 8 

(c) Explain the principle of time-division multiplexing 

with a sketch to show how i'lterleaving of channt:ls 

takes place. 6 

GroupB 

S. (a ) Consider a sinusoidal signal with random phase 

X ( t ) = A cos {2x ~ t + ® ) 

where A and t;; arc constants, and ® , a random 
variable that is uniformly distributed over the interval 
(- n, x}, i.e., 

f (9) == (l/2rr.. -1t ~ 9:::: 1t 

® ~J , elsewhere . 

Determine its autocorrelation function aud power 
spectral density. 1 o 

(b) Deduce an expression for the output signal-to-noise 
ratio in PCM including both quantization and thermal 
noise. 

6. (a ) Define channel capacity. Draw the transition 
probability diagram of a binary symmetric channel 
and derive an expression for its capacity in terms of 

10 

probability. 2 + 2 + 4 
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( b ) Prove that 
l(X, Y) =H(X)+H(Y)-H(X, Y) 

where the symbols have their usual meanings. 

( c ) A Gaussian channel has 1 MHz bandwidth. Calculate 
the channel capacity if the signal power to noise 

spectral density ratio ( S 1 n) is 105 Hz. Also, find the 

6 

maximum information rate. 3 + 3 

7. (a) Draw the block diagram of a QPSK transmitter. 
Explain its working using waveform diagrams for a 
suitable sequence. 4 + 4 

( b ) Explain the principle of differential PCM. Explain the 
need of a predictor in such systems. Discuss the 
design of a linear predictor for DPCM. 4 + 4 + 4 

8. Write short notes on the following : 4x5 

(i) Balanced modulator 

( ii) Shannon's theorem for the rate of information 
transmission over a communication channel 

(iii) Matched filter 

( iv) Adaptive delta modulation. 

Groupe 

9. Choose the correct answer for the following: 

( i) In cylindrical co-ordinates, the equation 

a2 'I' + .!. a'l' + az 'I' + 1 0 = 0 
aQ2 Q aQ a z2 

is called 

(a) Lorentz's equation. 

10x2 

(b) Laplace's equation. 

(c) Poisson's equation. 

(d) Helmholtz equation. 

( ii) Which one of the following is not Maxwell's equation 
for a static electromagnetic field in a linear 
homogeneous medium 

(a) §B·dl=JJ.ol 

(b) VxD=O 

(c) § D· dS= Q 

( d ) V2 A = JA.o J 

(iii) The distribution function, F(x ), of a random 
variable is F(x) =P(X~x) =P(-oo <X~x) 
and is given by 

[ 

0, x<O 

F(x) = x 3t27, O~x<3 
1, x:::::3 

The probability P (1 < x ~ 2) is given by 

(a) 1/27 

(b) 7/27 

(c) 1/3 

(d) 1 

( iv) Identify the false statement from the following : 

(a) Transit-time noise is high frequency noise. 

(b) Flicker noise is not serious above 500Hz. 
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S'11: 4FN: EC403 ( 1479) 

COMMUNICATION ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer RYE questions, taking ANY lWO from Group A, 
ANY lWO from Group B and AlL from Group C. 

AD parts of a question (a, b, etc. ) should 

be answered at one place. 

Answer should be brief and to-the-point and be supplemented 

with neat sketches. Unnecessary long answers may 
result in Joss of marks. 

Any missing or wrong data may be assumed suitably giving 

proper justification. 

Figures on the right-hand side margin indicate fuU marks. 

Group A 

1. (a) State and prove Gauss's law .. 
/ 

(b) With Maxwell's curl equations, explain their 
physical interpretations. What is displacement 
current? 

(c) Given the pot~ntial field V = 2 x 2 y-:- 5 z and a point 
P ( -4, 3, 6). At the point P, find out potential V, 
electric field intensity E, flux density D, and volume 

6 

5 

change density Q in free space. 6 

(d) What is Biot-Savart law'? 3 
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2. (a ) Obtain the Fourier transform of the Gaussian pulse 

x ( t) = e-"' 12
• 10 

(b) State and prove Parseval's theorem for energy 

signals. 5 

(c) Describe Gram Schmidt procedure for orthogonali-

sed signal representation. 5 

3. {a ) What is thermal noise? Derive expressions for 

thermal noise using power spectrum density. 8 

(b) Describe in brief the experimental determination of 

noise figure. 6 

(c) Show that the power of a single-tone AM signal is 

Pr=Pc(l+m2!2) 

where Pc is the mean s·quare carrier power and m , 
the percentage modulation. 6 

4. (a) What are AM-DSB/SC and AM-SSB '? How can 

AM -SSS signal be generated using phase shifter '? 7 

( b ) What is QAM for analog signals ? 3 

(c) State Carson's rule for FM bandwidth and justify it 

with proper reasoning. 2 

(d) Explain the working principle of Foster-Seeley 

detector for FM demodulation. 8 

GroupB 

S. {a ) Define entropy of a source. What is conditional 

entropy'? 4 

S'll :4FN:EC403(1479) ( 2 ) (Continued) 

I b ) A binary source emits an independent sequence of 

'Os' and 'Is' with probabilities p and 1-p, 

reRp~ctively. Evaluate the variation of entropy at 

p = 0. 0 5 and 1. 6 

( c) What is panty check matrix'? How parity check rnatrix 

for cyclk code& help in channel coding? 8 

( d) Vv'hat is a prefix condition code '! 2 

6. (a) What an auto-correlation and cross-correlation 

functions? Sh0w that auto-correlation function at 

origin is equal to the average power of the signal. 6 

( b ) Draw the block diagram of a PCM transmitted. 

Explain the. working principle of linear quantizer. 4 

(c) ObtairJ the expressions for mean square valut; of error 

introduced by linear quantization process in a PCM 

system. 10 

7. (a ) What is vocoder? Explain the principle of LPC for 

speech signals. 

{ b J What is TDM? Obtain an expression for TD.M guard 

4 

time. 4 

(c) What is matched filter'? Dcnve the impulse response 
for a matched filter. 6 

(d) Obtain the expression fo;- signal-to-nois•.· ra1 ic' for a 

matched filter. 6 

8. Write short nol•!S on the following : 

( i) Binary era~;e channel 
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( ii) Shot noise 

(iii) Delta modulation 

( iv) Laplace equation and its application. 

GroupC 

9. Choose the correct answer for the following: 10 x 2 

(i) Maximum frequency present in a signal is 2·5.kF.z. 
Then Nyquist rate is 

(a) 10kHz 

(b) 1-5kHz 

(c) 2·5kHz 

{d) 5kHz 

( ii) Actual number of information blocks present in a 
(7, 5) block code is 

(a) 25 

{b) 27 

(c) 22 

(d) 212 

(iii) The existence of vector magnetic potential is possible 

because 

~ ~ 
(b)v·s=o 

~ ~ 
(c) v ·J =-'dp/at 

~ ~ ~ 

{d)\lXH=J 

S'll :4FN:EC403(1479) ( 4 ) (Continued) 

(iv) The power spectral density increases as frequency 
decreases for 

(a ) shot noise. 

( b ) thermal noise. 

( c ) flicker noise. 

(d) Partition noise. 

( v) Kraft inequality is satisfied by 

(a ) block code. 

( b ) prefix code. 

( c ) Hadamard code. 

( d) Hamming code. 

( vi) FM signal can be converted into AM signal using 

(a ) frequency discriminator. 

(b) AFC. 

( c ) slope detector. 

(d) squaring circuit. 

( vii) The position of a pulse is varied in accordance with 
the message signal in 

(a) PDM 

(b) PTM 

(c) PPM 

(d) PAM 

( viii) A linear time invariant system is characterized by 
time invariant output of 

(a) 1FT. 

( b ) convolution. 

(c) FFT. 

( d ) time scaling. 

S'll :4FN:EC403(1479) ( 5 ) (Turn Over) 
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W' 11 :4FN: EC403(1479) 

COMMUNICATION ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a, b, etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Show that V · (V x A) = 0. 4 

(b) Show that the electric flux through any closed surface 
surrounding charges is equal to the amount of charge 
enclosed. s 

(c) Consider a toroidal coil consisting of a large number 
of closely spaced turns on a tubular core. If 'N' is the 
number of turns ; 'L ', the length of the coil ; and 
'/',the current in the coil, derive an expression for the 
magnetic field strength at any point within the core 
using Ampere's circuital law. 6 

(d) Show that at any surface of discontinuity, the 
tangential component of' E' is continuous at the surface. 5 
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2. (a) For a unit step function, u (t), find the Fourier 
transfonn and compare with its Laplace transform. 4 

Group B 
(b) State and prove sampling theorem for baseband s. (a) Show that in order to achieve distortion less signals. 6 

transmission through a system, the transfer function 
(c) Show that the auto-correlation function is related to of the system must be of the from 4 

power spectral density of a random signal. 5 jwt 
H (w) = Ae ' 

(d) Show that an ergodic process is always stationary. 
(b) Using Paley-Wiener criterion, show that an ideal Give an example of a stationary random process that 

is not ergodic. 5 bandpass filter is not physically realisable. 6 

List various sources of random noise, impulse noise 
(c) Show that if a narrow band Gaussian noise with mean 

3. (a) value cr2 is applied to a linear. envelope detector, the 
and external noise. How can they be avoided or output signal has a Rayleigh density function. 7 
minimized? 5 

(b) Derive an expression for the overall noise figure of 
(d) Derive an expression for the equivalent noise 

two cascaded networks having power gains G1 and 
bandwidth of a network. 3 

G
2 

and noise figures F
1 

and F2, respectively. 5 6... (a) Show that the entropy of a sour~e is_ maximum when 

(c) The equivalent noise temperature of a cooled all the symbols are equi-prob~ble. 5 

parametric amplifier is 20°K. Room temperature is (b) State Shannon-Hartley law and show that bandwidth 
290°K. Find the noise factor. 4 trades off with signal-to-noise ratio and vice-versa. 5 

(d) Derive an expression for the mean square thermal . (c) In a picture. transmission, there are about 3 X 105 

noise voltage of a resistor at temperature T for a given 
6 

picture elements and eight equiprobable distinguish-
bandwidth. able levels. Calculate the average infonnation in the 

Show, giving a mathematical proof, how a square law 
picture. 5 

4. (a) 
device can be used to generate an AM signal. 5 (d) Calculate the ~apacity of a 8 kHz telephone channel 

What is the frequency deviation of a narrowband 
having a 32 dB signal-to-noise ratio. 5 

(b) 
FM transmitter when its modulation index is 5 in a 7. (a) Using neat sketches, explain how a PWM signal can 
practical bandwidth of 160 kHz ? 5 be converted into a PPM signal. 5 

(c) What is cross-talk in FDM ? How is it minimized ? 5 (b) Compare the SNR characteristics of PAM and PDM. 5 

(d) A simple diode detector has a load of 500 kO in (c) With the help of a block diagram, explain the working 
parallel with a capacitance of 100 pF.lf the maximum of a PCM system. 5 
modulation depth of the input signal is 80 percent, find 

(d) The number of quantisation levels in a certain the highest modulation frequency that can be detected. 5 
binary PCM system is 64. Determine the signal-

W'11:4FN:EC403 (1479) ( 2 ) ( Continued) 
to-noise ratio for a voltage range ~ 1 0 V. 5 
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8. (a) Draw and explain the block diagram of adaptive 
delta modulation system. 

(b) Explain, with suitable examples, working and design 
of a matched filter used in communication systems. 

(c) What are the advantages ofPSK over FSK? 

(d) A speech signal is transmitted using delta modulaton. 
The pulse repetition frequency is 56 Kbps and the step 
size is I 00 m V. Determine the permissible amplitude 
of the speech signal that can be transmitted by the 

5 

8 

3 

DM system avoiding overload distortion. 4 

Groupe 

9. Choose the correct answer for the following : 10 X 2 

(i) In electromagnetic waves, polarisation 

(a) is caused by reflection. 

(b) is due to the transverse nature of the waves. 

(c) results from the longitudinal nature of waves. 

(d) is always vertical in an isotropic medium. 

(il) An electromagnetic wave is reflected by the 
ionosphere due to its interaction with 

(a) electrons. 

(b) protons. 

(c) water vapour. 

(d) ultravioletrays. 

(ii1) The spectral density of white noise 

(a) varies with frequencies. 

(b) is constant. 

(c) varies with bandwidth. 

(d) is infinite. 

(iv) The modulation index of an AM wave is changed 
from 0 to 1. The transmitted power is 

(a) unchanged. 

(b) halved. 

(c) doubled. 

(d) increased by 50 percent. 

( v) In an SSB transmitter, one is most likely to find a 

(a) class C audio amplifier. 

(b) tuned modulator. 

(c) class B RF amplifier. 

(d) class A RF output amplifier. 

(vi) Quadrature multiplexing is a form of 

(a) TDM 

(b) FDM 

(c) combined TDM and FDM 

(d) None of the above. 

(vii) Redundancy in information theory is given by 

(a) E = H (y /x)IH(x) 

(b) E = l + H (y lx)IH(x) 

(c) E = 1- H (y lx)IH(x) 

(d) E = H (x)IH(y lx) 

(viii) A pulse communication system that is inherently highly 
immune to noise is 

(a) PAM 

(b) PWM 

(c) PPM 

(d) PCM 
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S' 12: 4FN: EC 403 (1479) 

COMMUNICATION ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question ( a,h,etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and he supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification . . 

Figures on the right-hand side margin indicate jul/ marks. 

Group A 

1. (a) State and prove stoke's theorem. 

(h) A square loop of N turns and size length, a, carrying 
current i A. Show that the value of flux density at the 
centre is 

lJ = J.l
1 
N

2 
J2 I 1ta Testa 

6 

g· 

(c) Explain Biot-Savart's law and Ampere's circuital law.· 6 

2. (a) Define auto-correlation, convolution and power spectral 
density. 3 x 2 

(h) State and explain Parseval's theorem. 4 

(Turn Over) 
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(c) Two functions, s
1
(t) and sit), are shown below: 

s,(t~b_ 

0 T 1 

s,~o_ 

L T t 
2 

Here the interval of interest extends from t = 0 to 
t = T. Use the Gram-Schmidt procedure to express 
these functions in terms of orthonormal components. 10 

3. (a) The parallel tuned circuit at the input of a radio receiver 
is tuned to resonate at 120 MHz by a capacitance of 
25 pF. The Q factor of the circuit is 30. The channel 
bandwidth of the receiver is limited to 10 kHz by the 
audio sections. Calculate the effective noise voltage 
appearing at the input at room temperature (290°K). 
k = 1·38 x w-n JIK. 6 

(b) Describe a method for noise figure measurement of 
avalanche diode. 6 

(c) Explain a method of obtaining SSBSC signal. How will 
you demodulate such signals ? 4 + 4 

4. (a) Define and describe pulse position modulation and 
explain with waveforms how it is derived from PWM. 6 

(b) Show diagrammatically, and with explanation, how 
channels are combined into groups and groups into 
supergroups and so on when FDM is generated in a 
system. 6 

(c) Show that PWM demodulation can be achieved by 
sample time averaging ofPWM pulses b.y an averaging 
low-pass filter. 8 

S'l2: 4FN: EC 403 (1479) ( 2 ) (Continued) 

Group B 

5. (a) Consider a random process 

X(t) =A cos (21tf.t -+: @) 

where ® is a uniformly distributed random variable 
over the interval (- 1t, 1t ). Find the power spectral 
density of X(t). 8 

(b) Define noise equivalent bandwidth of a network. How 
will you determine the noise equivalent bandwidth of a 
low-pass filter? 6 

(c) Explain the synchronous and asynchronous time 
division multiplexing ofPCM signals. 6 

6. (a) Definetheterms 'entropy', 'rateofinformation', 'joint 
entropy', 'conditional entropy' and 'channel capacity'. 5 x 1 

(b) An event has six possible outcomes with probabilities 
p 1 = 112, p 2 = l/4, p 3 = 118, p 4 = 1116, p 5 = l/32. and 
p

6 
= 1132. Find the rate of information, ifthere are 

16 outcomes per sec. 5 

(c) State and explain Shannon-Hartley theorem. 5 

(d) For the binary symmetric channel, find the channel 
capacity for p = 0·9. S 

p 

7. (a) Describe delta modulation system. What are its 
limitations ? How can they be overcome in adaptive 
delta modulation? 6 

S'l2:4FN:EC 403 (1479) ( 3 ) (Turn Over) 
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(b) Explain synchronous and asynchronous time division 

multiplexingofPCM signals. 6 

(c) Derive an expression for the signal to quantization noise 

ratio inDM. 

8. (a) What is a matched filter? Derive an expression for its 

8 

transfer function. 6 

(b) Explain the working of an integrate and dump baseband 

signal receiver. Derive an expression for its output 

signal-to-noise ratio. 8 

(c) How does the phase of carrier vary for message 

m(n) = {1, 0, 1, 1, 0, 1, .... } in DPSK? 6 

Group C 

9. Choose the correct answer for the following : 10 X 2 

( i) A charge is uniformly distributed throughout a sphere 

of radius a. Taking the potential at infinity as zero, the 

potential at r = b < a is 

(a) - J ~ Qr /47t Eo a
3 

(c) - J a (Q 141t Eo r2) dr- J b Qr 3 dr 
-oo o 41t Eo Q 

S'12:4FN:EC 403 (1479) ( 4) (Continued) 

(ii) An electromagnetic field is said to be non-existent 
if it fails to satisfy Maxwell's equation and wave 
equations derived from them. Which one of the 
following fields in free space is not Maxwell en ? 

(a) E= 100 cos rot ax 

(b) D = e-loy sin (103
- lOy) az 

(c) H= 10 cos (1051-z/10) ax 

(d) B = (1-pl) sin rot az 

(iii) Identify the incorrect statement: 

(a) Sine function is frequently encountered in spectral 
analysis. 

(b) If for two signals v
1
(!) at1d v

2
(!) the cross­

correlation R
12

(y) = 0, then the signals are 
coherent. 

(c) For any arbitrary signal, v(t), vp)= [v(t)+ v(-t)]/2 
is an even signal. 

(d) A causal signal is one for which v(t) = 0 fort< 0. 

(iv) (1) Gallium arsenide FET is used for low noise MW 
amplification. 

(II) Mean square value of shot noise is proportional 
to d.c. value of the current. 

(Ill) Flicker noise is also known as 1/f noise. 

Here (a) (/)and(//) are true 

(b) only (//) is true. 

(c) (/)and (Ill) are true. 

(d) (/), (//), (Ill) are true. 

S'12:4FN:EC 403 (1479) ( 5 ) (Turn Over) 
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W'12:4FN: EC403 (1479) 

COMMUNICATION ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a, b, etc.) should 
be answered at one place. . 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) State and explain Gauss's law. Apply Gauss's law to 
obtain the field of a point charge which is symmetric 
about a point. 10 

(b) Derive Poisson's equation and obtain the Laplace's 
equation. 4 

(c) Obtain capacitance between two concentric conducting 
spheres. 6 

2. (a) What is Biot-Savart law ? 4 

(b) Write Maxwell's equations in integral form and explain 
their physical significance. 7 

(c) Define (i) magnetic potential and flux density ; 
(ii) displacement current, (iii) equipotential surfaces. 

3x3 



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

61

3. (a) Obtain the Fourier transform of the function x at 

(i) a> 0, (ii) a< 0, where 

x (t) = 1, for- t/2 < t < t/2 

= 0, otherwise. 6 

(b) Explain frequency shifting properties of Fourier 
transform and find Fourier transform of u(t) r/wt. 7 

(c) What is convolution ? State and explain time convolution 
theorem and ~nd Fourier transform output for 

sin (t) *COS2rtfJ 7 

4. (a) Define (i) shot noise, and (ii) flicker noise. 2 + 2 

(b) For AM and FM signals, define the popular modulation 
parameter. 4 

(c) Explain Armstrong method of FM generation. 6 

(d) What is PCM? Derive an -expression for uniform 
quantization noise variance in PCM system. 6 

Group B 

5. (a) What is power spectral density? What are the properties 

6. 

of power spectral density function? 12 

(b) State and prove Parseval's theorem. Show that 
auto-correlation function for energy signals exhibits 
conjugate symmetry. 6 

(c) What are orthogonal signals? Give an example of a 
pair of periodic signals that ar.e orthogonal. 2 

(a) Define (i) mutual information, (ii) joint entropy, 
(iii) prefix code, and (iv) Markov source. 4 x 2 

(b) What is channel capacity theorem? Describe the 
properties of binary erase channel. 8 

(c) Obtain maximum possible entropy for an 8 symbol 
source. 4 

7. (a) What is linear-time invariant system ? Give an example 
to explain it. 4 

(b) What are DPSK and QPSK? For DPSK, find 
the probability of error. 8 

(c) Prove that binary symbols' I' and '0' modulate the 
phase of the carrier in BPSK. How can BPSK signal 

•. suffer with residual AM in the modulated output? 8 

8. Write notes on any two of the following: 

(a) Matched filter 

2 X 10 

9. 

(b) LPC for speech signals 

(c) Comparison of PCM and log-PCM 

. (d) TDM. 

Group C 

Choose the correct answer for the following : 10 X 2 

(i) Charge density is a source (or sink) of electric flux lines 
and is expressed by the equation 

~ ~ 

(a) V · B = 0 

(b) v · n= p 
~ ;:t ~ 

(c) v xE=-aB!at 
~ ~ ~ 

(d) v X H= 8D18t 

~ 

(ii) ~ector magnetic potential A is related with flux density 

Bas 
~ ~ ~ 

(a) A= V x B 
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S'13:4FN: EC 403(1479) 

COMMUNICATION ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group Band ALLfrom Group C. 

All parts of a question (a, b, etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wroiJg data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

. H 2... 2 ... L (a) Gtven ;;;;; X ax+ y ay. Evaluate 

J H ·dl, 
where L is along the curve y = x2 from (0," 0) to (1, I). 6 

(b) State Helmholtz theorem and Stoke's theorem. 2 + 2' 

(c) Derive Ampere's law using the concept of magnetic 
vector potential. 10 

2. (a) Explain the concept of displacement current. A parallel 
plate capacitor with plate area 5 cm2 and separation 
3 mm has a voltage 50 sin 103 t v applied to its 
plates. Calculate the displacement current assuming 
E:;:; 2E0 • 4 + 6 
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(b) Prove the relation (h) A wbi1e Gaussian noise ro(t) of zero mean and power 
f(t- b)* o (t- ~) = j(t- b- c) spectral density N/2 is applied to the following RC 

where * signifies convolution. 5 filter. Find the auto-correlation function of the filtered 

(c) The s~tral range of a function extends from 1 0·0 MHz 
noise. 

R 
10 

to 10·2 MHz. Find the minimum sampling rate and 0 N0 

CI 
0 

maximum sampling time. 5 

3. (a) Define strict-sense stationary, wide-sense stationary, 
white noise 

noise 

multiple, ergodic and Gaussian random process. 5 X} 
ro(t) -r n(t) 

1 (b) Show that (£ [XYJ)2 ~ E (X2) E ( .f2), where X and Y 0 0 

are real random variables with finite second moments. 10 
6. ta) Prove that H (Y) + H (XIY) == H(X) 1- H (YIX). 6 

(c) Describe a method for experimental determination of 
noise figure of an amplifier. 5 (h) Deduce the expression ( 

12 s) 
4. (a) An amplitude modulated signal has a radio frequency C=Blog 2 1+ .II? N 

output of SOW at l 00% modulation. The ihtemallos:5 for channel capacity of a PCM equalizer. 6 
in the moduiator is i 0 W. w-nat is the unmoduiated 
carrier power ? If the percentage modulation is (c) A transmitter has an alphabet of four letters {x

1
, 

reduced to 75 %, how much output is needed from the x 2, X3 , X4) and receiver has an alphabet of three letters 

modulator? 4+4 { Y1,y2,y3 }. The joint probability matrix is 

(b) Explain, with circuit diagrams, the generation of PPM I Y, 
y2 Y3 l signals and its demodulation. 6 x, 0·3 0·05 0 

(c) Explain the principle of time division multiplexing. How P(Y I X)= x2 0 0·25 0~05 J is this concept used for multiplexing several PAM 
xl 0 0·.15 

signals in TOM-PAM systems. 6 
x4 0 0·05 0 ·15 

Group B 

s. (a) Show that the mean-square value of the output of a 
Calculate the entropy H(YIX). 8 

·stable linear time-invariant filter in response to a 7. (a) Compare bandwidths ofBFSK,QPSK, BPSK, M-ary 
wide-sense stationary process is equal to the integral • FSK. MSK and MPSK. • 6 X l 
over all frequencies of the power spectral density of the 
input random process multiplied by the required (b) Explain the basic principle of differential PCM. Why 

magnitude of the transfer function of the filter. LO do ·you need a predictor in DPCM system ? 8 
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8. 

(c) 24 telephone channels, each band limited of3 ·4kHz, 
are to be time division multiplexed by using 8-bit PCM. 
Cal~ulate the bandwidth required for 8 kHz sampling 

frequency. 6 

Write short notes on the following : 6+6+8 

(a) Gram Schmidt procedure for orthogonal representation 

of signals 

(b) Ratio of SNR gains of AM-DSB, AM-DSB/SC and 

AM-SSB system. 

(c) Baseband transmission. 

Group C 

9. Choose the correct answer for ~e following: 10 X 2 

(ij Which one of the following is zero? 

(a) graddiv 

(i;) 

(b) div grad 
(c) curl grad 
(d) curl curl. 

\\'hich one of the following expressions are not 
Maxwell's equations for time-varying fields? 

oB 
(a) V ·E= -at 

oPv 
(b) V·J+ar=O 

(c) §H ·dl = J( a£+ e :}ds 
(d) §B·ds = 0. 

(iii) If the signal v(t) and its Fourier transform V(f) is 

represented by th~ notation v( t ) .f? V (f), the property 
V(t) .f? v(-j) is known as · 

(a) duality property. 

(b) inversion property. 

(c) shift property. 

(d) scaling property. 

(iv) The noise generated in electronic devices from a 
phenomenon associated with flow of current across 
semiconductor junctions is known as 

(a) thermal noise. 

(b) shot noise. 

(c) partition noise. 

(d) transit time noise. 

(v) Indicate which of the following pulse modulation 

system is analog ? 

(a) PCM 

(b) Differential PCM 

(c) Delta 

(d) PWM 

(vi) In a· communication system, the phase of the 

system is allowed to vary by 90° at the most, thus 
giving rise to four signals with phase angles 0°, 90°, 
180° and 270°. The system is known as 

(a) FSK 

(") PSK 

(c) QPSK 

(tf) OQPSK 
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W'l3:4FN: EC 403 (1479) 

COMMUNICATION ENGINEERING 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group Band ALL from Group C. 

All parts of a question (a, b, etc.) should 
be answered at one place. 

Amwe~ should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) State Stroke's theorem. Use divergence theorem to 
find the flux coming out of a box bounded by surfaces, 
described by x = 1, y = 1 and z = 1. The flux density in 
the region is given by D = 4xz i + .i i + yx i , where 

. X y Z 

i , i and i are unit vectors. 6 
X y Z 

(b) Derive Ampere's law using the concept of magnetic 
vector potential. 6 

(c) What are the physical significance of Maxwell's equation? 
Write Maxwell's equation in differential and integral 
forms for free space and for harmonically vatying fields. 8 

2. (a) Find the auto-correlation of a rectangular pulse of 
duration T. 5 
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(b) Explain stationary and oon-stat~na1·y random 

process. 

(c) If X ( w) is the Fourier transform of a contmuous-time 

signal x (t), i.e., x (t~ X((t)), ~hen prove the 

following properties of the Fourier transform: 

(i) Time.:shifti~gproperty, i.e., 

x (t- to) ~ e- )rot~ X( ro). 

(ii) Duality property, i.e., X( t )~ 2n x ( _ ro). 

3. (a) What is noise in communication system? Explain 

5 

5 

5 

different types of noise in communication system. 6 

(b) What is the importance of noise figure ? Describe a 

method for the determination of noise figure. 6 

(c) The noise output of a resistor is amplified by a noiseless 

amplifier having a gain of 60 and a bandw_idth of 

20 kHz. A meter, connected to the output of the 

amplifier, reads I mV r:ns. If the ba~dwidth of the 

amplifier is reduced to 5 kHz, its gain remaining 

constant, what does the meter read now ? Also, i( the 

resistor is operated at 80 °C, what is its resistance? 8 

4. (a) Give the block diagmm of frequency, demodulation and 

calculate figure of merit for it. Discu~s in brief about 

pre-emphasis and. de-emphasis, 

(b) What is meant by pulse width modulation? Explain 

the generation of pulse width modulation. 

(c) What is multiplexing? Compare FDM and TDM. 

8 

6 

6 

5. 

Group B 

(a) Find the constant k for the density function 
f(x) = k;x2 for (0 < x < 2) and zero elsewhere. Also, 

compute P (I< x < 2). 7 

(b) Two random variables,X andY, have joint density · 

functionj(x,y) = 6 (1-x- y), where 0:::;; x:::;; I and 
0 ::;y:::;; 1 -x. Find E(X) and E(Y). 7 

(c) Explain variance and standard deviation of a random 

variable. 6 

6. (a) Prove the following: 5+5 

( i) Power of the energy signal is zero over infinite time. 

(ii) Energy of the power signal is infinite over infinite 

time. 

(b) A source is generating four possible symbols with 
probabilities of 118, 1/8, 1/4, 1/2, respectively. Find 
entropy and information mte, if the source is generating 
1 symbol/ms. 5 

(c) Prove that H(Y) + H(XIY) = H(X) + H(YIX). 5 

7. (a) Compare. bandwidths of BFSK, QPSK, BPSK, 
M-ary FSK, MSK and MPSK. 10 

(b) Derive and explain the Nyquist first criterion to 

minimize lSI. 10 

8. Write short notes on the folJowing: 

(a) Baseband transmission 
(b) SNR in envelope detector 

(c) Matched filter 

4x5 

(d) Quantization noise of a PCM system with uniform 
quantizer. 
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Group C 

9. Choose the correct answer for the following: 10 X 2 

(i) If x. ( I) and x
0 

( t) are even and odd parts of the 

signal x ( t ), then signal x ( t) can be represented as 

(a) xJt) + .t
0
(t) 

(b) x.(t) -x
0
(t) 

(c) x.(t)/x
0
(t) 

(d) x.(t) x x
0
(t) 

( ii) If E and Pare average energy and power of the signal, 

· then power signals are the signals with 

(a) O<E<oo,P=O 

(b) O<E<oo,P=oo 

(c) O<P<oo,E=oo 

(d) O<P<oo,E=O 

(iit) Biot Savart's law is equivalent to 

(a) Coulombs law. 

(b) theory of_relativity. 

(c) Both of them are correct. 

(d) None of the three above. 

( iv) Given vector 

V= i (x+ 2y+ az)+ j(hx- 3y-z) + k(4x+ cy+ 2z) 

is irrotational, the values of a. b, c are given as 

(a} a= 4, b = I, c = 2 

(b) a=-4, b=-1, c=2 

(c) a= 4, b = 2, c =-I 

(d) a= 4, b = -2, c = 2 

( v) A charge particle is moving with velocity v and 

magnetic field B experiences force Fm. Which one of 

the following statement is false ? 

(a) Band Fm are normal to each other. 

(b) F m can perform work. 

(c) Fm depends upon v. 

(d) F m is a deflecting force. 

(vi) If a random processX(t) is ergodic, then 

(a) statistical averages and time averages ·are different. 

(b) statistical averages and time averages are same. 

(c) statistical averages is greater than time averages. 

(d)' both are zero. 
. 

(vii) For scalar field V a_nd vector field A, the div ( JI:"A) will 

be 

(a) Vdiv A 

(b) VdivA+A.divV 

(c) V divA+ A.grade V 

(d) zero. 

(viii) If random variables x andy are independent, then 

(a) f(x, y) = f 1 (x)f 2 (y) 

(b) F (x, y) = F 1 (x) F 2 (y) 

(c) E (XY) = Jlx Jly 

. (d) All the three above. 

( ix) Fourier transform of a d.c. signal with unity strength 

is 

(a) xero 
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